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01.01
Keynote: The role of cell–cell communication for
the transition from inflammation to bone
regeneration
P Thomsen, O Omar, G de Peppo and K Ekström
Department of Biomaterials, Sahlgrenska Academy at University
of Gothenburg, Sweden; BIOMATCELL VINN Excellence Center of
Biomaterials and Cell Therapy, Sweden; The New York Stem Cell
Foundation, USA

It is suggested that early interactions between inflammatory cells, mes-
enchymal stem cells, osteoblasts and osteoclasts are critical for bone
regeneration and stability of prostheses. An example is that the inflam-
matory and regenerative processes seem to be intimately linked. Recent
evidence suggests that signals generated by macrophages have both
immunomodulatory and regenerative effects. For example, classically
activated, in contrast to alternatively activated, macrophages promote
the osteogenic differentiation of human mesenchymal stem cells
(hMSCs) in vitro. This cell–cell communication is mediated both by sol-
uble signals (cytokines and growth factors) and by macrophage-
derived, 50–100 nm, microvesicles/exosomes, containing proteins,
mRNAs and microRNAs, which are internalized by hMSCs. This indi-
cates that multiple cell–cell and cell–implant/matrix interactions play
important roles for the transition from inflammation to osteogenesis.
From a bone engineering point of view, recent data on stem cells of
embryonic origin will be discussed. The differentiation and mineraliza-
tion properties in vitro of matrix free-growth human embryonic stem
cells (MFG-hESCs) and embryonic stem cell-derived mesodermal pro-
genitors (hES-MPs) in relation to hMSCs will be communicated.Valadi,
Ekström et al., Nature Cell Biology, 2007, 9, 654; Peppo et al., Tissue
Engineering Part A, 2010, 16, 2161; Peppo et al., Tissue Engineering
Part A, 2010, 16, 3413; Omar, et al., Biomaterials, 2011, 32, 8190.

01.02
Keynote: Influence of cellular inflammatory
response on integration and vascularization of
synthetic bone substitute materials
S Ghanaati, M Barbeck, R Sader and CJ Kirkpatrick
REPAIR-Lab, Institute of Pathology, Johannes Gutenberg
University, Germany

Clinic for Maxillofacial and Plastic Surgery, Johann Wolfgang Goethe
University, Frankfurt/Mainz, Germany

The present overview focuses on the influence of host cellular
inflammatory response on biomaterial vascularization and integration.
Various synthetic, xeno- and allogenic bone substitute materials and
bio-membranes with or without pre-cultivation with human osteoblasts
were implanted into the subcutaneous tissue of small animals, muscle
tissue in goats or human bone tissue. The materials differed in chemical
composition, size, shape and porosity. The tissue reaction, especially
cellular degradation and vascularization of the biomaterials was sys-
tematically evaluated by applying standardized histological and novel
histomorphometrical techniques. The results showed that changes in
size, shape, porosity and chemical composition led to either a mononu-
clear cellular or a multinucleated giant cell-based tissue response,
which influenced biomaterial vascularization. Interestingly, the in vivo

survival of pre-cultivated osteoblasts on bio-membranes and their pro-
pensity for bone matrix production seemed to be independent of the
material-specific cellular inflammatory response. The present data
underline the fact that changes in biomaterial physico-chemical charac-
teristics can be used to tailor materials for specific applications in tissue
engineering, i.e., soft and hard tissue. The results encourage continua-
tion of development of synthetic bone substitutes and membranes.
These studies were partly supported by German and EU grants Ancabor
and IKTE.

01.03
Poly (L-lactic acid) nano-structured microspheres
for dental tissue engineering
I Garzon, A Arora, RN D’Souza and L Xiaohua
Tissue Engineering Group, Department of Histology, University of
Granada, Spain; Biomedical Sciences, Baylor College of Dentistry,
Texas A&M Health Science Center, USA

Introduction: The development of dentin-like structures by tissue engi-
neering is one of the current challenges. In this context, we developed
novel strategies to prepare poly(L-lactic acid) nanofibrous microspheres
(NF-MS) and smooth surface microspheres (SS-MS) as injectable cell
carriers, and investigated the potential of dental pulp stem cells
(DPSCs) to interact with these carriers for dental tissue regeneration.
Methods: Human DPSCs (5 · 105) were seeded on NF-MS (0.3 mg)
and SS-MS (3.0 mg), respectively. The cell-microsphere constructs
were cultured for 24 h, 3, 7, and 14 days using supplemented DMEM
(2 ml). To determine the cell viability and proliferation, a LIVE/DEAD�

and PCNA detection were performed. DMP1-C, DMP1-N, DSPP, and
RUN·2 markers were analyzed by using western blot and qPCR.
Results: DPSCs on NF-MS showed a higher cell viability level than on
SS-MS. DPSCs maintained adequate cell proliferation levels on both
NF-MS and SS-MS at 24 h, 3 and 14 days. DMP1-C terminal expres-
sion was positive after 24 h, 3 and 14 days on both NF-MS and SS-MS.
However, DMP1-N terminal was exclusively expressed at 24 h on NF-
MS and SS-MS. The expression of DSPP on SS-MS was high along
14 days of culture. Finally, RUN·2 was highly expressed on NF-MS
after culture for 7 days.
Conclusion: DPSCs cultured on the NF-MS are able to retain high cell
viability, proliferation, and physiological functions to induce differentia-
tion into mineralized dental tissues. NIH P30DE2074/FIS PI08–06.

01.04
Research and development of implant-type
tissue-engineered cartilage clinically applied for
the nasal correction of the cleft lip and palate
patients
K Hoshi, Y Fujihara, Y Asawa, S Nishizawa,
S Kanazawa, T Sakamoto, MWatanabe, H Saijo,
Y Mori and T Takato
Graduate School of Medicine, the University of Tokyo, Japan

Secondary correction of cleft lip-nose presents a formidable challenge
in cleft lip and palate surgery. Although, numerous approaches includ-
ing autologous bone graft, autologous cartilage graft and implantation
of artifical materials have been proposed to address the the cleft nose
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deformity, suitable graft materials cannot be obtained from any part of
body or the artifical biomaterials. The clinical application of tissue-engi-
neered cartilage with greater firmness and a 3D structure, which we
term ‘implant-type’, is expected to overcome limitation of the present
graft materials. Therefore, we developed (i) a proliferation medium for
chondrocytes to realize a more than 1000-fold increase in number
without using fetal bovine serum, and (ii) a scaffold system that effec-
tively preserves chondrocytes in the engineered tissue and provides the
adequate 3D shape to the tissue, and finally, we have established the
the implant-type tissue-engineered cartilage, which is made by apply-
ing cultured auloglous auricular chondrocytes to the scaffold consisting
of poly lactide porous body and atelocollagen hydrogel. After the acqui-
sition of institutional and governmental permission, we began the clini-
cal trial of the implant-type tissue-engineered cartilage for treatment of
a nasal deformity in patients with a cleft lip and palate. In the presenta-
tion, we will show the techniques of the implant-type tissue-engineered
cartilage and its clinical outcome at the early stage.

01.05
Craniofacial osseous critical size defect
regeneration is mediated by neural crest specific
regulation of BMP-2-signalling
F Wehrhan, K Amann, A Molenberg, R Lutz,
FW Neukam and KA Schlegel
Department of Oral and Maxillofacial Surgery, University of
Erlangen, Germany; Department of Oral and Maxillofacial
Surgery, University of Erlangen, Germany; Institute of Pathology,
University of Erlangen, Germany; Strauman Research Institute,
Germany

Osseous critical size defect (CSD) - regeneration in craniofacial bones
(CB) has been shown to be accelerated by the use of bone substitute
materials (BSM), soft tissue barrier membranes and local BMP-2 gene
delivery. Related to the cranial neural crest origin of CB, the osteoprolif-
erative BMP-2 downstream transcription factor Run·-2 mark is
expressed exclusively in CB. Ms·-1 functionally antagonizes terminal
osseous differentiation by repressing Dl·-5 expression. It has not been
clarified if Ms·-1 is specifically involved in the BMP-2 mediated guided
CSD regeneration. The aim of the experimental study was to evaluate
the influence of local BMP-2/4 gene transfer on the expression of Ms·-
1, Dl·-5 and Run·-2 during experimental CSD regeneration in CB of
the adult domestic pig.20 adult domestic pigs received cylindric CSD
(1 x 1 cm) in the calvarial bone. Defects were allowed to regenerate
by either filling with: (i) autologous bone; (ii) BSM (HA/TCP), (iii)
BSM (HA/TCP) + BMP-2/4 transfected osteoblasts. All defects were
covered by a membrane (polyethylene glycol, persistence 120 days).
BMP-2 gene transfer was realised by a fusion protein (liposomal in vitro
BMP2-transfection with the artificial tag V5). Quantitative histomorph-
ometry (Toluidin-blue staining) and immunohistochemistry (Ms·-1,
Dl·-5, Run·-2) was perfomed after 4 and 12 weeks. In defects, treated
with autologous bone or BMP-2 transfected osteoblast a significant
higher regeneration was found.

01.P01
Alveolar augmentation by octacalcium phosphate
collagen composites with titanium mesh in
canine mandibular bone defects
K Miura, K Matsui, T Kawai, Y Kato, A Matsui,
O Suzuki, S Kamakura and S Echigo
Tohoku University, Japan

Introduction: The present study investigated whether bone regenera-
tion by implantation of octacalcium phosphate and porcine atelocolla-
gen composite (OCP/Col) would be enhanced if mechanical stress to
the implanted OCP/Col were alleviated.

Methods: OCP/Col disks were implanted into a mandibular defect of
adult beagle dogs that were divided into untreated, OCP/Col, and
OCP/Col/Mesh groups. In the OCP/Col/Mesh group, mechanical stress
toward the implanted OCP/Col was alleviated by a titanium mesh, and
bone regeneration by these three groups was compared after
6 months.
Results: Macroscopically, the alveolus in the OCP/Col/Mesh group was
augmented vertically more than other two groups. In morphometric
analysis, the bone volume in the OCP/Col/Mesh group was signifi-
cantly greater than those in other two groups. Histologically, the OCP/
Col/Mesh-treated alveolus was augmented by matured bone tissue,
and consisted of outer cortical and inner cancellous structure.
Conclusions: Because, the vertical bone regeneration by OCP/Col was
successful when the mechanical stress to the implanted OCP/Col was
alleviated, OCP/Col should be a useful bone substitute with active
structural reconstitution.

01.P02
The effect of ALP expression of gingival fibroblast
according to the culture time
HS Jang and IK Lee
Department of Periodontolgy, School of Dentistry, Chosun
University, Republic of Korea

Gingival fibroblasts (GF) are the most abundant cell type in periodontal
connective tissues, and have distinct functional activities in the repair
of periodontal tissues and in inflammatory periodontal diseases.
Human gingival fibroblasts (hGF) can be used as a stem cell for peri-
odontal tissue engineering. This study examined whether in vitro the
alkaline phosphatase (ALP) expression of hGF can be enhanced accord-
ing to the cultivating time. hGF was obtained from the excised gingival
tissue of an implant patient undergoing second surgery. The tissue was
incubated at 37 �C in 5% CO2 and 95% humidity, and the cultivating
media was changed every 2 days. The fifth passage hGF cells were cul-
tured in a medium containing Dulbecco’s modified Eagle medium
(DMEM) supplemented with 10% fetal bovine serum and 1X antibiotic
antimycotic solution. The control hGF was cultured for 1 day. The
experimental hGF was cultured for 6 and 15 days. With increasing cul-
ture time, the experiment group showed a spindle shape more clearly
than the control group and an increase in the number of cells. This
study evaluated the ALP expression of hGF using ALP staining. In the
experimental group, the hGF showed enhanced positive ALP staining
with increasing cultivating time. No cells showed positive ALP staining
in the control group. Overall, these results suggest that the ALP expres-
sion of hGF can be increased according to the culture time, and that
the hGF can be used for periodontal tissue engineering.

01.P03
Tooth regeneration from dental pulp stem cells:
An allograft swine model
KC Yang, HH Chang, MH Chang, CH Chi, YP Huang, FH Lin and
TF Kuo
Graduate Institute of Veterinary Medicine, School of Veterinary
Medicine, National Taiwan University, Taiwan; School of
Dentistry, College of Oral Medicine, Taipei Medical University,
Taiwan; Department of Dentistry, School of Dentistry, National
Taiwan University, Taiwan; Department of Veterinary Medicine,
College of Life Sciences, National Chiayi University, Taiwan;
Institute of Biomedical Engineering, College of Medicine and
College of Engineering, National Taiwan University, Taiwan

A tissue engineering approach for tooth regeneration may provide a
promising treatment for tooth loss. In this study, the dental pulps
obtained from incisive, canine, premolar, or molar tooth from one-year-
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old pigs were harvested by surgical operation. The dental pulp tissues
were first cultured and expanded in vitro to obtain dental pulp cells
(DPCs), and then DPCs were differentiated to odontoblasts and osteo-
blasts, respectively. The oral epithelium was also harvested from adult
pigs and cultured to obtain the epithelial cells. A three layer structure
gelatin-chondroitin-hyaluronan tri-copolymer scaffold was prepared
and the epithelial cells, odontoblasts, and osteoblasts, and were seeded
into the upper, middle, and lower layer, respectively. This cells/scaffold
construct was transplanted to the right and left mandible alveolar
socket of pig, and totally eight pigs were included. Radiographic and
histologic examinations were used to identify the regenerated tooth at
13.5 months post-implantation. Immunohistochemical staining was
used to detect proteins specific to tooth regeneration. The present
results showed that seven pigs developed a complete tooth with crown,
root, pulp, enamel, dentin, odontoblast, cementum, blood vessels, and
periodontal ligaments. This study revealed that DPCs in combination
with a scaffold can regenerate a complete tooth; the implanted site
may have a critical role for the shape of regenerated tooth.

01.P04
New tissue engineering models for dental tissue
engineering
P Yelick
Tufts University, USA

Introduction: Our previous published research demonstrated that tis-
sue engineering approaches could be used to direct post-natal dental
stem cells to generate accurately formed tooth crowns. Current efforts
focus generating whole teeth of predetermined size and shape.
Materials and Methods: Co-cultured human dental mesenchymal cell
sheets and porcine dental epithelial cell sheets were generated on Up-
Cell Surface thermosensitive tissue culture plates (Thermo Scientific,
Rochester, NY). Cultured human DM cell - GelMA constructs (106

cells/50 ll, GelMA 5%) and unseeded control GelMA were prepared.
Triplicate experimental and control constructs were cultured for 1, 2
and 3 weeks.
Results and Conclusions: GelMA supported the proliferation of human
DM cells. Co-cultured human DM/porcine DE cell sheets layered over
DM cell seeded GelMA formed organized cell layers and expressed
Run·-2 and amelogenin. These results demonstrate the potential use
of novel 3D bioengineered tooth constructs as models to study DE/DM
cell interactions in tooth development, and to facilitate dental tissue
regeneration therapies in humans. Acknowledgements:

Supported by NIH/NIDCR DE016132, OD006058 (PCY) and NIH
EB009196, DE019024, EB007249, HL099073, AR057837 (AK), NSF
CAREER Award DMR0847287 (AK), the Office of Naval Research
Young Investigator Award (AK), and the SysCODE postdoctoral train-
ing fellowship (SS).

01.P05
Potential role for aligned fibre scaffolds in
periodontal tissue engineering
D Alotaibi, A Crawford, G Griffiths and
P Hatton
The School of Clinical Dentistry, University of Sheffield, United
Kingdom

Periodontal disease is a chronic inflammatory process characterized by
destruction and loss of connective and mineralised tissues and current
therapeutic techniques may not result in full regeneration of the lost
periodontal structures. However, a tissue engineering approach has the
potential to fully regenerate the periodontal tissues. The aim of this
study was to investigate the effect of fibre alignment of electrospun
poly-L-lactic acid (PLLA) mats on the biological response of periodontal

ligament fibroblasts (PDLFs). An 8% PLLA polymer solution was elec-
trospun to fabricate aligned scaffolds and random PLLA fibre scaffolds
were fabricated as a control. PDLFs were seeded onto the PLLA scaf-
folds and cultured for varying periods of time with and without
mechanical loading. The resultant constructs were analysed by scan-
ning electron microscopy (SEM), confocal microscopy, immunohisto-
chemistry and q-PCR. Alignment of the electrospun PLLA fibres was
confirmed by SEM and good attachment and proliferation of PDLFs on
both scaffold types was observed. On aligned scaffolds, PDLFs showed
a higher level of cellular activity and were elongated in shape and ori-
ented along the long-axis of the fibres. Immunohistochemical and gene
expression analyses indicated that fibre alignment influenced the phe-
notype of periodontal ligament fibroblasts. In conclusion, aligned fibre
matrices may be suitable candidates for periodontal tissue engineering.

01.P06
A biphasic scaffold for simultaneous alveolar
bone and periodontal ligament regeneration
C Vaquette, W Fan, Y Xiao, S Hamlet, S Ivanovski and
DW Hutmacher
Department of Dentistry and Oral Health, Griffith University,
Australia; Institute of Health and Biomedical Innovation,
University of Technology, Australia

This study describes the design of a biphasic scaffold composed of a
Fused Deposition Modeling scaffold (bone compartment) and an elec-
trospun membrane (periodontal compartment) for periodontal com-
plex regeneration. This strategy combined osteoblast impregnated in
the bone compartment and multiple periodontal ligament (PDL) cell
sheets on the electrospun membrane. After 21 days in culture the os-
teoblasts deposited mineralized matrix in the bone compartment and
the cell sheets formed of a PDL-like tissue. The scaffolds were placed
onto a dentin block and implanted in a rodent subcutaneous model for
8 weeks. In the bone compartment a more intense alkaline phospha-
tase staining was observed with higher bone density as shown by lCT,
when the scaffold contained osteoblasts. A thin mineralized cemen-
tum-like tissue was deposited on the dentin surface for the groups with
multiple PDL cell sheets (as observed by H&E and Azan staining).
These groups showed a better attachment of PDL-like tissues onto the
dentin block compared with the scaffold without cell sheets. Immuno-
histochemistry revealed the presence of cementum protein 1 (CEMP1),
a specific marker for cementum, at the interface between PDL and the
dentine blocks. These results demonstrated that the combination of
multiple PDL cell sheets and a biphasic scaffold allows the simulta-
neous delivery of the cells necessary for in vivo regeneration of alveolar
bone, periodontal ligament and cementum.

01.P07
Adhesion and proliferation of human periodontal
ligament cells on biocompatible polymer
scaffolds
E Kitakami, M Aoki and M Tanaka
Department of Biochemical Engineering, Graduated School of
Science and Technology, Yamagata University, Japan

Human periodontal ligament (PDL) cells obtained from extracted teeth
are expected as a useful cell source for tissue engineering. We have
reported that poly(2-methoxyethyl acrylate) (PMEA) shows excellent
biocompatibility. Here, we investigated adhesion, proliferation, mor-
phology and secreted proteins of PDL cells on PMEA and other poly-
mers, in order to design a scaffold with appropriate periodontal tissue
regeneration. The polymer surfaces were prepared by a spin coater on
a polyethylene terephthalate (PET). The surface analysis was con-
firmed by static water contact angle and X-ray photoelectron spectros-
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copy. After the PDL cells were cultured on PMEA, the cells were fixed
and stained by DAPI, phalloidin and anti-vinculin antibody, and were
observed by confocal laser scanning microscopy (CLSM).The cell mor-
phology was characterized by scanning electron microscopy (SEM).
PDL cells adhered and spread on all tested polymer surfaces except on
poly(2-hydroxyethyl methacrylate) and poly(2-methacryloyloxyethyl
phosphorylcholine-co-butyl methacrylate), with initial spreading and
focal adhesion formation. The number of adhered cells on PMEA
showed almost the same that on PET. The result suggests that the PDL
cells adhered selectively on PMEA, because it was confirmed blood
cells such as platelets did not easily adhere on PMEA. SEM and CLSM
revealed that PDL cells produced extracellular matrices on PMEA.
PMEA can be expected as an excellent scaffold for periodontal treat-
ment.

01.P08
Craniofacial bone tissue engineering with
biomimetic constructs seeded with periodontal
ligament progenitor cells
G Tour, MWendel, G Moll and I Tcacencu
Karolinska Institute, Department of Dental Medicine, Sweden;
Karolinska Institute, Department of Laboratory Medicine, Sweden

Principles of successful bone tissue engineering therapies rely closely
on the ability of scaffolds to guide progenitor cells to the desired phe-
notype. Here, we demonstrate a new approach using biomimetic con-
struct composed of hydroxyapatite modified with in vitro-derived
extracellular matrix (HA-ECM) and seeded with periodontal ligament
progenitor cells (PDLCs). The study aimed to investigate the effect of
HA-ECM on the osteogenic differentiation of PDLC and the effect of
PDLC-seeded HA-ECM on the bone repair. Isolated PDLC, analyzed by
flow cytometry and assessed for osteogenic differentiation ability, were
maintained on HA-ECM or HA alone and assessed by MTT, alkaline
phosphatase (ALP) assays and real-time qPCR at different time inter-
vals after seeding. PDL-seeded constructs with the most prominent in
vitro performance at day 3 and 14 were implanted into rat calvarial
critical size defect and assessed by histomorphometric analysis after
12 weeks. PDL acquired osteoblast-like phenotype on HA-ECM more
efficiently, demonstrated by significantly higher ALP, osteogenic cyto-
kine and osteoblast-related gene expression profiles. Treatment with
PDL-seeded HA-ECM revealed a dramatic improvement in calvarial
bone repair with the highest amount of newly formed bone elicited by
cell-seeded constructs generated at day 14. The results highlight PDLC-
seeded HA-ECM as a promising tool for craniofacial bone repair.

01.P09
Optimizing cell sources for cleft palate repair
S Puwanun, F Bye, RM Delaine-Smith, J Yates, S MacNeil
and GC Reilly
Kroto Research Institute, University of Sheffield, United Kingdom;
School of Dentistry, University of Manchester, United Kingdom

Introduction: In major defects of the cleft palate there is a need for a
suitable bone forming cell to form the hard part of the upper palate.
One option is to use human jaw periosteal cells (HJPs), which can be
easily obtained from the patient using an oral biopsy. The aim is to
compare the osteogenic potential of primary HJPs with an osteogenic
MSC cell line (hESMPs) assessed as an alternative cell source.
Materials: HJP biopsies were received from two donors. HJPs and hES-
MPs were seeded in DMEM and a-MEM, respectively. On day1, samples
were divided into four different media conditions; supplemented with
varying concentrations of Dexamethasone (Dex), with or without
Ascorbic acid-2-phosphate and Beta-glycerolphosphate. Osteogenic dif-

ferentiation was assessed by measuring alkaline phosphatase activity
and calcium deposition by Alizarin red Staining.
Results: The two donor samples yielded cells with differing morpholog-
ies, but both were capable of osteogenic differentiation. One had an ini-
tial fusiform morphology and required Dex to mineralise. The other
had an osteoblast-like morphology and was able to form mineral with-
out Dex. The hESMPs required Dex to stimulate osteogenesis.
Conclusion: Both sets of HJPs showed osteogenic potential but under
different conditions. The conditions required for inducing osteogenesis
may depend on factors, such as patient variability, patient age and site
of extraction. These cells show promise as an autologous cell source for
cleft palate repair.

01.P10
Dentin regeneration using a PLGA-HA scaffold
seeded with human dental pulp stem cells
MHonda, M Morokuma, K Yamanaka, Y Arai, T Kaneko, D Akita,
M Sato and K Isokawa
Nihon University School of Dentistry, GC corp. R&D, Japan

Recently, dentin generation has been demonstrated using dental pulp
mesenchymal cells seeded onto a scaffold. The purpose of this study
was to examine the performance of PLGA-based scaffolds; 80% and
90% porosity, each with or without hydroxyapatite (HA) Human dental
pulp stem cells (hDPSCs) were obtained from molar osteogenic differ-
entiation ability in each lot of hDPSCs was examined in vitro. The hard-
tissue production in the scaffolds which were seeded with hDPSCs was
analyzed by transplanting. At 16 weeks after transplantation, the
implants were retrieved and evaluated by micro-CT, histology, and
immunohistochemistry In vitro osteogenic differentiation ability was
shown in all lots of hDPSCs. In the in vivo experiment, micro-CTanaly-
sis showed calcified tissues in all cases of the HA-added PLGA scaffold
implants. Interestingly, the scaffolds with 90% porosity showed more
increase in density of calcification than those with 80% porosity. In con-
trast, a larger amount of calcified tissue was observed in the scaffolds
with 80% porosity compared with those with 90% porosity. Histologi-
cal examination demonstrated calcified tissue formation in the
implants of HA-added scaffolds. These results suggest that the HA-
added PLGA scaffolds are more suited for promoting the formation of
new dentin-like tissue from hDPSCs. The porosity of the scaffold has an
impact on the quality and quantity of the newly formed tissue.

01.P11
Morphological evaluation of bone after
implantation of bioceramic bone substitutes –
hydroxyapatite (HAP), tricalcium phosphate
(TCP) and biphasic ceramic (HAP/TCP) in
experiment
I Salma, G Salms, M Pilmane, A Skagers, J Locs and L Berzina
Cimdina
Riga Technical University, Latvia; Riga Stradins University, Latvia

Introduction: Hydroxyapatite (HAP), tricalcium phosphate (TCP) and
biphasic ceramic (60/40) are frequently used as bone substitute bioma-
terials for jaw bone augmentation. The aim of our study was to evalu-
ate bone tissue response to different bioceramic bone substitutes in
animal experiments.
Materials and Methods: Intraosal implantation of bioceramic granules
in size range from 0.5 to 1 mm was performed in rabbit lower jaw.
Bone/hybrid biopsies were collected with 3 mm trephine bur after
3 months. Tissues were processed for routine histological examination
(haematoxylin and eosin) and the detection of bone morphogenic pro-
tein (BMP2/4) and osteocalcin (OC).
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Results: HAP granules, followed by a biphasic ceramic, showed the
best integration in bone tissue with remarkable formation of new bone.
Around TCP granules formation of connective tissue capsule was
observed, but without significant signs of inflammation.
Conclusion: Implantation of HAP bioceramic granules, more than TCP
or HAP/TCP granules promotes bone regeneration with pronounced
expression of OC and BMP2. Acknowledgments:

The European Social Fund within the project ‘Multidisciplinary
Research in Biomaterials Technology of New Scientist Group’,
No.2009/0199/1DP/1.1.1.2.0/09/APIA/VIAA/090.

01.P12
Human dental pulp stem cell sheet for bone
tissue engineering
S Tatehara, S Tadokoro, T Imamura, M Tezuka, R Tokuyama and
K Satomura
Department of Oral Medicine and Stolomatolgy, School of Dental
Medicine, Tsurumi University, Japan

Introduction: Cell sheet technology is considered to be useful for tissue
engineering of various tissues and organs including bone. We present
here a cell sheet fabricated by human pulp stem cells for bone tissue
engineering.
Materials andMethods: Dental pulp was obtained from the third molars
of mandible of 19–22-year-old patients. Dental pulp cells isolated by
enzymatic treatment were positive for the stem cell marker, STRO-1.
Cultured cell spontaneously formed sheet structures in several weeks.
Character of the cell sheets were analyzed by immunohistochemistry
and reverse transcriptase-polymerase chain reaction (RT-PCR). In addi-
tion, these cell sheets were transplanted into bone defects and on bone
surface of mice, and the bone formation was histologically observed.
Results: Cell sheets cultured in osteogenic media were positive for aliz-
alin red S staining, indicating their osteogenic/ odontogenic potential.
The cell sheets were immunohistochemically positive for osteocalcin
(OCN), bone sialoprotein (BSP) and dentin sialophosphoprotein
(DSPP). RT-PCR analysis showed the cell sheets expressed alkaline
phosphatase (ALP), Run·-2, collagen type I (Col I), OCN, BSP and
DSPP. In vivo transplantation experiment showed that dentin- or bone-
like tissues were formed within the bone defects. Conclusion: The cell
sheets fabricated by dental pulp stem cells may be useful as a bone tis-
sue engineering technology.

01.P13
Amelogenin peptide induces osteogenesis in
hMSCs via PKC and ERK1/2
R Olivares-Navarrete, SL Hyzy, K Vesper, A Gemperli, C Appert,
BD Boyan and Z Schwartz
Georgia Institute of Technology, USA; Institute of Straumann,
Switzerland

Amelogenin (Amel) assembles as nanospheres in vivo, forming an
extracellular matrix (ECM) complex that releases peptides via proteo-
lytic cleavage. It is the main constituent of enamel matrix derivative
(EMD), a decellularized porcine fetal tooth germ ECM protein com-
plex, used clinically as Emdogain� to promote bone/periodontal regen-
eration and wound healing. It is not clear if the active portion of EMD
is Amel or proteolytically cleaved peptides. We examined if human
mesenchymal stem cells (MSCs) are sensitive to a phosphorylated tyro-
sine-rich Amel peptide (FC), and if FC stimulates MSC osteogenesis.
MSCs were treated with rhAmel or FC for 9, 30, or 90 min and phos-
phorylation of 35 proteins measured by phospho-kinase proteosome
array, which showed that PKC, ERK1/2 and b-catenin were highly
phosphorylated by FC. This was confirmed by measuring PKC activity
and levels of phospho-ERK1/2 and b-catenin: rhAmel and FC increased

PKC at 9 min; FC induced higher phosho-ERK1/2 at 30 min than rhA-
mel; phospho-b-catenin was highest in FC treated cells. rhAmel and FC
induced expression and production of osteogenic markers (alkaline
phosphatase, OCN, OPG, COL1, BMP2, VEGFA) (FC>rhAmel). FC
induces osteogenic differentiation of MSCs, suggesting that it may be
the active bone regeneration component of Amel. FC mediates osteo-
genic differentiation through activation of PKC and ERK1/2 and degra-
dation of b-catenin. This suggests that FC can be used as an ECM for
bone and periodontal regeneration.

01.P14
Engineering of bone using porous calcium
phosphate cement and bone marrow stromal
cells for maxillary sinus augmentation with
simultaneous implant placement in goats
D Zou and X Jiang
Shanghai JiaoTong University, School of Medicine, China

The aim of this study is to explore the effects of maxillary sinus floor
elevation and simultaneous dental implantation with a tissue engi-
neered bone complex of CPC scaffolds combined with BMSCs. Eighteen
bilateral maxillary sinus of nine goats were randomly allocated into
three groups, and the CPC/BMSCs complex were used to elevate maxil-
lary sinus floor with a simultaneous implant placement and the effects
were compared with those treated with CPC alone or autogenous bone.
After a healing period of 3 months, sequential triad-color fluorescence
labeling, Micro-CT, as well as histological and histomorphometric anal-
yses indicated that the tissue engineered BMSCs/CPC complex could
promote earlier bone formation and mineralization, and maximally
maintain the volume and height of augmented maxillary sinus. By
comparison, CPC alone or autogenous bone achieved less bone forma-
tion and later mineralization. Besides, the average bone-implant con-
tact (BIC) value reflecting the osteointegration was
(35.63% ± 9.42%) in BMSCs/CPC group, significantly higher than
(22.47% ± 4.28%) in CPC alone group or (28.26% ± 8.03%) in
autogenous bone group. In conclusion, CPC serves as a potential sub-
strate for BMSCs for the maxillary sinus floor augmentation and simul-
taneous implantation. The tissue-engineered bone might enhance the
stability of implants and thus be of great significance to achieve
improved quality to restore the oral function in clinic.

01.P15
A calcium phosphate coated biphasic scaffold for
periodontal complex regeneration
C Vaquette, P Costa, S Hamlet, R Reis, S Ivanovski
and DW Hutmacher
Institute of Health and Biomedical Innovation, Queensland
University of Technology, Australia; 3B’s Research Group –
Biomaterials, Biodegradables and Biomimetics, University of
Minho, Portugal; ICVS/3B’s – PT Government Associate
laboratory, Portugal; Department of Dentistry and Oral Health,
Griffith University, Australia

Periodontitis is a common infectious disease that results in the degrada-
tion of the supporting tissues around teeth, which if left untreated can
lead to tooth loss in the later stages of the disease. We have developed
a biphasic scaffold for simultaneous regeneration of the alveolar bone
and the periodontal ligament (PDL). This study represents a step for-
ward into the optimization of this scaffold by utilizing a fused deposi-
tion modeling scaffold coated by a calcium phosphate layer for the
bone compartment whereas the periodontal compartment consisted of
a melt electrospun scaffold onto which PDL cell sheets were placed.
Both the in vitro and in vivo performances of this biphasic scaffold were
evaluated and it was observed that the alkaline phosphatase activity
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was significantly higher for the CaP coated samples and that the coated
scaffolds displayed higher mineralization volume than the non-coated
group. The scaffolds were placed onto a dentin block and implanted in
a rodent subcutaneous model for 8 weeks, and higher bone formation
was observed for the coated scaffolds. Histological analysis revealed
that the large pore size of the periodontal compartment permitted the
vascularisation of the cell sheets and a PDL-like tissue was observed at
the dentine interface. This work demonstrates that the combination of
cell sheet technology together with an osteoinductive biphasic scaffold
could be utilized to address the limitations of current periodontal
regeneration techniques.

01.P16
Towards a non-invasive method for phenotyping
differentiating mesenchymal stem cells
CA Dennis, MJ Tomlinson, A Nightingale, J Kang, X Yang
and J Kirkham
University of Leeds, United Kingdom

The ability of mesenchymal stem cells (MSCs) to differentiate along
multiple lineages lends great promise for future regenerative therapies.
Many scientific challenges however have to be addressed before such
therapies can be translated for patient benefit. One challenge is the
need for a non-invasive method for stem cell phenotyping prior to their
use in a medical procedure. The aim of this study was to investigate
the possible use of NMR spectroscopy as a non-invasive analytical tool
to monitor the proliferation and subsequent differentiation of human
dental pulp stem cells (HDPSCs) along an osteogenic pathway, both as
monolayers and following seeding on to 3D scaffolds. HDPSCs were
cultured in basal or osteoinductive medium either as monolayers or on
electrospun collagen or hydroxyapatite wollastonite scaffolds. NMR
spectra were obtained at several time points over a 6 week period.
Spectra were processed as a time series, filtered and clustered accord-
ing to each metabolite profile in order to identify markers responsible
for cell phenotype. Specific patterns were identified coincident with the
start of the differentiation process. Alongside spectral analysis, histolog-
ical staining and biochemical assays were carried out to confirm cell
differentiation. This preliminary data suggests that spectroscopy may
provide a useful non-invasive method for MSC phenotyping to acceler-
ate the route to cell based therapies and potentially act as a quality
control tool at pre-implantation.

01.P17
Suitability of AlgOss 100 for the combined
release of BMP-2 and VEGF
K Zurlinden, M Laub, DS Dohle, E Spassova, R Ewers
and HP Jennissen
Morphoplant GmbH, Germany; Universitätsklinikum Essen;
AlgOss Biotechnologies GmbH, Austria

Angiogenesis and osteogenesis are closely related processes sharing
some essential mediators like VEGF (Vascular Endothelial Growth Fac-
tor) and BMP-2 (Bone Morphogenetic Protein-2). During formation of
new bone VEGF expression is found in the early phases whereas BMP-2
is expressed continuously. Therefore sequential or coincidental release
of these growth factors may result in enhanced bone formation.
Scaffolds loaded with different types of growth factors will presumably
usher a new area of so called multimodal biomaterials. We previously
demonstrated that BMP-2 can be immobilized in high-amounts (up to
10 mg/g) on the phycogenic bone replacement material AlgOSs100
[1]. The bound BMP-2 is released in a highly bioactive form (K0.5 ~
2.4 nM). Here we analyze the suitability of AlgOss 100 for the
controlled binding and release of VEGF. Self-prepared VEGF (K0.5 ~
1.8 pM) could be immobilized in an amount of ca. 80 lg/g AlgOss
100. The protein was released according to a two-phase exponential

decay: an initial burst phase (half-life ca. 1 day) followed by a pro-
longed second phase (half-life ca. 23 days). Due to the high-affinity
binding of VEGF to its receptor the amount of protein released is
entirely sufficient to trigger a biological response. These highly promis-
ing results are the basis for a next set of experiments analyzing the
combined loading and release of BMP-2 and VEGF on AlgOss 100.[1]
Zurlinden, K. et al. (2010) Biomed Tech 55 (Suppl. 1), 28–30

01.P18
In vitro dental stem cell response to hypoxia
mimicking bioactive glasses
SN Fazliah, MM Azevedo, H Autefage, M Hasmaliza, MM Stevens
and M Ishak
Advanced Medical and Dental Institute, University Sains
Malaysia, Malaysia; Department of Materials, Imperial College
London, United Kingdom

A main limitation for regeneration of large bone and dental defects
is the lack of neo-vascularization within the tissue. Development of
smart materials that favour angiogenesis is gaining interest for tissue
engineering applications [1]. In this study, cobalt ions which promote
the expression and release of pro-angiogenic proteins by mimicking
hypoxic conditions [2], were incorporated into bioactive glasses
(BG), to produce a series of cobalt-containing BG (CoBGs) at 0%,
1%, 2% and 4% calcium substitution [3]. Ion release was achieved
by CoBGs incubation in DMEM medium leading to partial dissolution
of the glasses. The wide range of cobalt concentrations released
allowed us to explore the effect of the substitution percentage on the
cell response. Human dental stem cells from permanent (DPSC) and
deciduous (SHED) teeth were isolated and the cell viability and pro-
liferation upon ion release from the CoBGs was assessed using ala-
marBlue�, MTT and BrdU assays. The incubation of conditioned
media with DPSC and SHED showed a dose-dependent effect on cell
metabolic activity and proliferation. Our results suggest that CoBGs
may have the potential to be used as scaffolds for dental repair.
Further investigations are currently being performed to determine
whether CoBGs can favour the production and release of pro-angio-
genic molecules by dental stem cells.
References:
1. ES Place, et al. (2009) Nat Mater.
2. K Peters, et al. (2005) Mol.Cell.Biochem.
3. MM Azevedo, et al. (2010) J Mater.Chem.

01.P19
Characterization of the mesenchymal stem cells
harvested from a new source, human
supernumerary teeth
M Sato, N Watanabe, E Watanabe, D Akita, T Toriumi, K Isokawa,
T Shirakawa and M Honda
Department of Pediatric, Nihon University School of Dentistry,
Japan; Laboratory of Diagnostic Medicine, The Institute of
Medical Science, The University of Tokyo, Japan; Department of
Partial Denture Prosthodontics, Department of Anatomy, Nihon
University School of Dentistry, Japan

Post-natal stem cells in the human dental pulp have been used as a
promising source of multipotent mesenchymal stem cells (MSCs).
Recently, dental pulp of supernumerary teeth was suggested to be
another potent source for MSCs. Since most of the supernumerary
teeth are surgically removed, they may be a suitable source of MSCs.
The objective of this study is to compare the growth rate, gene expres-
sion, immunological phenotype, osteogenic and adipogenic differentia-
tion potentials of MSCs harvested from the dental pulp of permanent,
deciduous, and supernumerary teeth. Dental pulp was isolated
from mesiodens supernumerary teeth (n = 5) extracted at the Dental
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Hospital of Nihon University School of Dentistry. Expressions of embry-
onic stem cell markers were examined. The antigen profiles of cultured
cells were analyzed by detecting the expression of the stem cell surface
markers. In addition, their potential for directional differentiation into
osteogenic and/or adipogenic cell lineages was assessed. All cultures of
the supernumerary tooth-derived dental pulp mesenchymal cells con-
tained the cells which expressed cell markers such as CD73, CD105
and CD146, and successfully differentiated into osteogenic cell lin-
eages; i.e., the cells displayed MSC properties, while their marker
expression varied among samples. In conclusion, the property of dental
pulp-derived mesenchymal cells from supernumerary tooth was
comparable to that of cells from both permanent and deciduous tooth
pulp.

01.P20
Adipose-derived stromal cells as a source in
periodontal regeneration
D Akita, Y Arai, T Kaneko, K Yamanaka, T Mashimo, M Morokuma,
N Tsukimura, K Isokawa, T Ishigami and M Honda
Department of Partial Denture Prosthodontics, Nihon University
School of Dentistry, Japan; Department of Dental Radiology,
Nihon University School of Dentistry, Japan

GC corp. R&D, Department of Oral and Maxillofacial Surgery, 2nd
Department of Anatomy, Nihon University School of Dentistry, Japan

Periodontal regeneration has been a challenge in periodontics.
Mesenchymal stem cells in periodontium have been reported to con-
tribute to reconstruction of the lost periodontium. An alternative
source of adult mesenchymal stem cells is found in adipose tissue.
The purpose of this study was to examine whether adipose-derived
stromal/stem cells (ASCs) may promote periodontal regeneration in
surgical defect. Subcutaneous fat tissue from F344 rat was minced
and digested in collagenase solution. Crude stromal cells after filtra-
tion and centrifugation were cultured and expanded at 37 �C in 5%
CO2 for 7 days. A surgical defect of approximately 2 · 3 · 1 mm was
made in the mandibular body using a bur driven with saline irrigation
under anesthesia. In the defect, periodontal tissue including cemen-
tum, alveolar bone and periodontal ligament were removed from the
buccal surfaces of the first and second molar roots. Cultured ASCs
seeded into PLGA scaffolds (GC Dental Products Company) were
transplanted in the defect. Micro CT analysis and histological examin-
ations at 5 weeks after transplantation revealed an enhanced regener-
ation of periodontal tissue in the defect with ASCs in PLGA, but not
in the defect with PLGA alone. These findings suggest that ASCs infil-
trated into PLGA could be a suitable promoter for the periodontal
tissue regeneration in vivo.

01.P21
Development, characterization and ‘in vivo’
biological assessment of sol-gel coatings for
biomedical application
MMartinez-Ibañez, MJ Juan-Diaz, I Lara-Saez,
M Hernandez-Escolano, J Suay, I Goñi and M Gurruchaga
Jaume I University; University of the Basque Country UPV/EHU,
Spain; Polytechnic University of Valencia

The success of the connection between an oral implant and the bone
substrate depends on either biological factors of the patient or implant
characteristics. The main reason for failure of dental implants is the
wrong anchor with the bone and the fact that osseointegration is a long
process. One way to avoid these problems is the development of coat-
ings to improve the bioactivity of metallic implants. This will allow cre-
ating direct and strong linkages with the bone. In the present work, an
organic-inorganic hybrid coating is obtained via sol-gel from different
molar ratios of silane compounds: MTMOS and TEOS. Since substrate

hydrophobicity influences on the attachment and spreading of cells,
TEOS is used to increase the hydrophilicity. The effect of coatings com-
position in the degradation kinetics, drug release and cellular and tis-
sue biological behaviour were studied. The behaviour of the cells in
contact with the coatings was evaluated through in vitro assays using
ASCM cells. For the in vivo biological evaluation, MTMOS/TEOS
70 : 30 coated Titanium blasted implants were implanted in a proxi-
mal tibial metaphysis of NZ rabbits, during 1, 2, 4 and 8 weeks. In vitro
results showed that coatings with high TEOS content constitute a bet-
ter cellular substrate for the ASCM cells proliferation and differentia-
tion and an improvement in the calcified extracellular matrix
formation. The osseointegration and osseoinduction abilities of coated
implants were improved at 1 and 2 weeks.

01.P22
Biodegradable occlusive membranes for oral and
periodontal surgery
JDS Martins, CMR Henriques, JPMR Borges, SGM Prata,
M Almeida and JAMC Silva
Cefitec, Departamento de Fı́sica, Faculdade de Ciências e
Tecnologia, FCT, Universidade Nova de Lisboa, Portugal;
Cenimat/I3N, Departamento de Ciência dos Materiais, Faculdade
de Ciências e Tecnologia, FCT, Universidade Nova de Lisboa,
Portugal; Ceramed, Cerâmicos para Aplicações Médicas,
Portugal; Unidade de Investigação em Ciências Orais e
Biomédicas (UICOB) da Faculdade de Medicina Dentária da
Universidade de Lisboa, Cidade Universitária, Lisboa

Occlusive membranes are used in oral and periodontal surgery to pre-
vent the ingrowth of soft tissue into areas where slowly regenerating
tissues, like alveolar bone and periodontal tissue, need time and space
for an adequate regeneration. We developed four types of biodegrad-
able occlusive membranes by electrospinning solutions of polycaprolac-
tone incorporating different percentages of HAp in relation to PCL: 0%,
10%, 20% and 30% HAp. The membranes were characterized regard-
ing their morphology, mechanical properties, hydrophilicity, degrada-
tion rate, bioactivity, cytotoxicity and cellular adhesion. Tensile tests
revealed that the incorporation of HAp weakens the membrane but
does not compromise nor its mechanical properties nor its integrity for
the intended purpose. Contact angle measurements revealed the effec-
tiveness of the treatment with NaOH in rendering the membranes
hydrophilic. The membranes showed no evidence of degradation up to
4 weeks in a medium that mimics the oral environment. Simulated
body fluid immersion tests confirmed that the presence of HAp
improves the bioactivity of the membrane, favoring apatite formation.
Cytotoxicity and cellular adhesion tests with SaOs-2 cells revealed no
cytotoxicity and greater relative cell viability compared to the control,
proving the ability of these membranes to interact with the biological
environment and protect and aid the regeneration of bone and peri-
odontal tissue.
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01.P23
Tissue non-specific alkaline phosphatase
expression by human dental pulp cells: A
selectable marker for mineralisation?
MJ Tomlinson, C Dennis, XB Yang and J Kirkham
University of Leeds, United Kingdom

Recently, tissue non-specific alkaline phosphatase (TNAP) was used to
identify a sub-population of bone marrow mesenchymal stem cells
(BMMSCs) with high mineralising potential. We aimed to study TNAP
expression by human dental pulp cells (HDPCs) under various condi-
tions with a variety of MSC markers and to use FACS to determine
TNAP + HDPCs mineralisation potential. HDPCs from third molar den-
tal pulps were culture expanded or directly analysed by flow cytometry.
HDPCs and BMMSCs were cultured at densities of 1·103–1·105 cells/
cm2 and time periods of 1–21 days before expression of TNAP and
other MSC markers was determined. HDPCs, FACS sorted for TNAP,
were cultured in osteogenic media (28 days) before histology, SEM
imaging and EDX analysis. Both primary and cultured HDPCs
expressed TNAP. Analysis of expanded HDPCs revealed TNAP co-
expression with MSC markers such as CD29, CD44 and CD166.
Increased cell density enhanced HDPCs TNAP expression. Following
osteogenic induction, FACS sorted TNAP + HDPCs were shown by his-
tology, SEM and EDX to have more mineral deposits compared to
TNAP- and unsorted HDPCs. These data confirm that TNAP is
expressed by HDPCs together with other MSC markers and show that
cell density affects TNAP expression levels. Sorting for TNAP + cells
gives a subpopulation of HDPCs which are pro-mineralising compared
to TNAP- and unsorted HDPCs. We conclude that TNAP is a potentially
useful marker for HDPC selection in osteoinductive regenerative
therapies.

01.P24
Dental pulp regeneration: The role of
preameloblast -conditioned medium on human
dental pulp stem cells
HW Choung, JH Lee and JC Park
Seoul National University, South Korea

Objectives: Regeneration therapy of pulp using human dental pulp
stem cells (hDPSCs) has been emerged to maintain the tooth vitality
against the conventional endodontic therapy. Preameloblast-condi-
tioned medium (PA-CM) from murine apical bud cells induces the
odontogenic differentiation of hDPSCs and promotes dentin formation.
The present study aims to evaluate the effect of PA-CM with hDPSCs
on pulp regeneration in vivo.
Methods: hDPSCs were seeded in the pulp cavity of 5 mm-thick human
tooth slice with or without PA-CM treatment, and then they were trans-
planted into immunocompromised mice subcutaneously.
Results: In the control group, skeletal muscle with pulp-like tissue was
regenerated in the pulp cavity. Reparative dentin-like structure with
the entrapped cells was lined on the existing dentin wall. However, in
the PA-CM treated group, only pulp-like tissue was generated without
muscle and reparative dentin-like structure. Moreover, human odonto-
blast-like cells exhibited palisade arrangement around the pulp and
typical odontoblast processes elongated into the dentinal tubule.
Conclusion: These findings suggested that PA-CM induced vascularized
pulp-like tissue regeneration of hDPSCs.

01.P25
Axially vascularized bone substitutes, a novel
model introducing regenerative medicine to
reconstruction after cancer surgery
AM Eweida, AS Nabawi, HA Elhammady, MK Marei, M Samir,
U Kneser and RE Horch
Department of Plastic and Hand Surgery and Laboratory for
Tissue Engineering and Regenerative Medicine, University
Erlangen-Nürnberg, Germany; Department of Head and Neck
Surgery, Faculty of Medicine, University of Alexandria, Egypt

Tissue Engineering Laboratories, Faculty of Dentistry, University of
Alexandria, Alexandria, Egypt.
Introduction: The creation of axially vascularized bone substitutes
(AVBS) has been successfully demonstrated in several animal models.
One prototypical indication is bone replacement after cancer surgery
where the challenges include large defects with deficient vascularity
due to eventual irradiation.
Methods: Based on our previous experiments we extended the creation
of an arterio-venous loop to generate vascularized bone substitutes to a
new defect model in the goat mandible. We are presenting a novel
model of inducing axial vascularization of biphasic calcium phosphate
scaffolds to regenerate bone in critical size defects using local vascular
axes (Head and Neck vessels) avoiding any need for further tissue
transfer. Through our controlled comparative study we evaluated the
model through qualitative and quantitative analysis including new
techniques of angiography and complex 3D reconstruction imaging,
mechanical loading, and histological studies.
Results: We were able to show the possibility to generate an in vivo,
functionally competent, axially vascularized bone substitute in goat
mandibular defects harnessing the regenerative capacity of the living
organism and avoiding any significant donor site morbidity.
Conclusion: From our findings we conclude that this novel model may
well offer new perspectives for reconstruction of bone defects following
cancer surgery and irradiation and will benefit from the significant
reduction of donor site morbidity.

01.P26
Proliferation and differentiation of human
periodontal ligament cells on biocompatible
polymers
T Shibuya and M Tanaka
Department of Biochemical Engineering, Graduate School of
Science and Engineering, Yamagata University, Japan

Human periodontal ligament (PDL) cells on extracted third molars are
discarded as medical wastes. PDL cells have an ability of differentiation
capacity same as mesenchymal stem cells derived from bone marrow.
PDL cells could be differentiated into three types of cells: osteoblast,
fibroblast and adipocyte. Therefore, human PDL cells are expected as a
promising source of mesenchymal stem cells. It is necessary to culture
PDL cells on a biocompatible scaffold for the purpose of regenerating tis-
sue. Here, we cultured PDL cells on biocompatible polymers for example
(poly(2-methoxyethyl acrylate)) and cell adhesion, proliferation, focal
adhesion kinase (FAK) and phosphorylated FAK(pFAK) were investi-
gated. Also, PDL cells were evaluated by the protein expression level of
STRO-1 known as mesenchymal stem cell maker. PDL cells cultured on
the biocompatible polymer showed high initial adhesion and prolifera-
tion, and produced a large amount of pFAK. These results indicate that
the signaling between adsorbed proteins and the integrin are highly
activated on the biocompatible polymers, and that PDL cells could be
used in tissue engineering of bone regeneration through activating bone
differentiation gene without using medicine. Finally, these experiments
were approved by the Ethics Committee of Yamagata University.
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01.P27
BMP-2/-6 enhance the proliferation of human
periodontal ligament stem cells via stem cell
factor (SCF)/c-kit signal
S Suphanantachat, T Iwata, J Ishihara, M Yamato, T Okano
and Y Izumi
Department of Periodontology, Graduate School, Tokyo Medical
and Dental University & Global Center of Excellence Program,
Japan; Institute of Advanced Biomedical Engineering and
Science, Tokyo Women’s Medical University & Department of Oral
and Maxillofacial Surgery, Japan; Institute of Advanced
Biomedical Engineering and Science, Tokyo Women’s Medical
University & Division of Cellular Therapy, The Institute of
Medical Science, The University of Tokyo, Japan

Stem cell factor (SCF)/c-kit signaling activates cell proliferation, differ-
entiation, and apoptosis in several biological systems. Although the c-
kit expression in mesenchymal stem cells is low, some researchers sug-
gest the importance of c-kit positive population for regenerative medi-
cine. Therefore, the purposes of this study were investigating the
existence of c-kit positive fraction and the role of SCF/c-kit signaling in
human periodontal ligament stem cells (hPDLSCs). The effects of
rhBMP-2 or -6 on the expression of c-kit in hPDLSCs were also exam-
ined. FACS analysis showed c-kit positive populations (0.65 ± 0.3%,
n = 7) were found in hPDLSCs. Real-time PCR also confirmed the
gene expression of c-kit. The colony forming ability (CFA) of c-kit posi-
tive hPDLSCs was significantly higher than that of the unsorted popula-
tion. The proliferative activity of hPDLSCs was increased after
stimulated with rhSCF. Addition of rhBMP-2 or -6 remarkably enhanced
the expression of c-kit in hPDLSCs demonstrated by real-time PCR and
FACS analysis. These results suggest that c-kit positive fraction existed
in hPDLSCs, and SCF/c-kit signal transduction along with BMP signal-
ing involved in the proliferation of hPDLSCs.

01.P28
Morphogenesis around HAp bioceramic implants
loaded with autologous mesenchymal cells after
implantation in subcutaneous tissue of rabbits
I Cakstina, K Rozenbergs, J Ancans, L Feldmane, A Skagers,
V Zalite and L Berzina Cimdina
Laboratory of Biodosimetry and Bioanalythical methods,
Faculty of Biology, University of Latvia, Latvia; Department of
Pathology, Riga Stradins University; Department of Oral and
Maxillofacial Surgery, Riga Stradins University; Center for
Development and Innovations of Biomaterials, Riga Technical
University

Two options for graft substitutes are used: (i) hydroxyapatite (HAp)
alone, (ii) HAp loaded with mesenchymal cells for replacement of lost
bone tissue in maxillofacial and orthopedic surgery. Histomorphological
evaluation of connecting tissue around HAp and HAp with mesenchy-
mal cells was used. Bonewith bonemarrow sampleswere obtained from
iliac crest of 10 California male rabbits. Mesenchymal cells were isolated
using enzymatic digestion with collagenase type XI and seeded for
expansion in DMEM/10% FBS. HAp tablets loaded with autologous
mesenchymal cells were implanted in subcutaneous tissue of right scap-
ular region. HAp tablets without cells were implanted on the left side.
Six month post implantations, samples were collected and histological
protocol using staining with hem/eoz and Machson trichrome was per-
formed. Two layer capsule formation was observed around HAp tablets
loaded with cells more intensive as in HAp alone samples. Inner part of
formed capsule consisted predominantly of mononuclear cells/plasmo-
cytes and macrophages. External layer of capsule contained mostly con-
nective tissue with separate microvascularised in-grows through

internal capsule into HAp tablet. An active formation of collagen was
observed, whereas no signs of inflammationwere detected. Two layered
capsule around synthetic HAp tablets loaded with autologous cells is
similar to the periosteum structure and may serve as part of bone induc-
tion capacity of bioceramics loadedwith cells.

01.P29
Selection of dental pulp stem cells populations
as a cell source for use in tissue engineering of
the skin and oral mucosa
MAMartı́n-Piedra, JM Viñuela, AC Oliveira, I Garzón, C Alfonso,
IA Rodrı́guez and MC Sánchez-Quevedo
Department of Histology, University of Granada, Spain;
University of Nacional de Córdoba, Rep. Argentina

Introduction: Bioengineered tissues such as skin and oral mucosa could
be generated from alternative cell sources like human dental pulp stem
cells (HDPSC). In these cases, cell viability should always be deter-
mined to ensure adequate cell functions. The aim of this study is to
determine the most appropriate HDPSC cell passage for use in TE.
Materials and Methods: Ten consecutive passages of HDPSC were
obtained by enzymatic digestion of pulp tissue. To determine cell viabil-
ity, trypan blue staining and EPXMA were used in 50 specimens per
passage was performed on the central area of the cell nucleus.
Results: Trypan blue exclusion analysis suggests that the lowest cell
viability level corresponds to cell passage P2, with subsequent increase
and a maximum at P9. By EPXMA, the lowest cell viability was found
at P3 and maximum at P9. An increase of the intracellular chlorine con-
centration was found at P3 and P9, suggesting that a process of necro-
sis and cell senescence could be associated to these passages,
respectively.
Conclusion: EPXMA allows the accurate determination of cell viability
and the identification of mechanisms underlying cell death. According
to our results, P9 would be the best moment for this stem cell source to
be used as substrate for TE of the skin and oral mucosa.
Acknowledgements: Supported by grants FIS PI11-2668 from Instituto
de Salud Carlos III and SAS PI273/2010 from Junta de Andalucia.

01.P30
In vivo evaluation of chitosan/TCP/alginate
self-setting biomaterial for dental application
M Kucharska, G Bubak, P Rzodkiewicz, W Bojar, B Gruber,
J Krzysztoń-Russjan, J Marczewska, E Karwicka, Ł Koperski
and T Ciach
Biomedical Engineering Laboratory, Faculty of Chemical and
Process Engineering, Warsaw University of Technology,
Poland; Institute of Rheumatology; National Medicines
Institute; Department of Pathology, Medical University of
Warsaw

The aim of this study was to formulate the biodegradable, injectable
biomaterial acting as a bone substitute for dental application. The
injectable system was obtained by agglomeration of chitosan/bTCP
microspheres and relied on alginate gel formation in the presence of
calcium ions released from polymer granules. The system consisted of
two phases: solid – CH/ bTCP beads and liquid one – alginate, acting
as a microsphere carrier which tends to gel in presence of Ca2+

released from the beads. Mass relation between CH/TCP and alginate
was 1 : 2 and self-setting time of the biomaterial was influenced by
cross-linker concentration used. The biomaterial was tested in vivo on
rat model and was compared with commercially available product. The
materials were implanted into experimentally created bone defects
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(d = 7 mm) in rats skull. There was histological evaluation and immu-
nohistochemical staining (Sialoprotein, Osterix Sp7) done after 4 and
12 weeks from the surgery. The histological studies showed that in case
of CH/TCP/Alg biomaterial there was newly formed bone tissue
observed around CH/TCP/Alg biomaterial just after 4 weeks from the
surgery and trabecular bone formation after 3 months from the
implantation. In contrast, commercially available product consisting of
TCP granules coated with PLA layer showed inflammatory response
and lack of bone tissue formation neither after 4 nor 12 weeks from
the implantation.

01.P31
Bone regenerative potential after HAP
implantation in to maxillary sinus using
immunohistochemistry
G Salms, M Salma I, Pilmane, A Skagers, J Locs and L Berzina
Cimdina
Riga Technical University, Lettland; Riga Stradins University,
Lettland

Introduction: Bone morphological and immunohistochemical investiga-
tion were used to evaluate bone quality before implantation and after
bone regeneration.
Materials and methods: Twenty patients underwent two stage sinus lift
operations with HAP (RTU) and with Bioss (Geistlich�). 2 mm bone
core biopsies were taken before and 6 months after bone augmenta-
tion. We examined hematoxilin/eosin staining for the review pictures,
bone proteins - osteopontin (OP), osteocalcin (OC), osteoprotegerin
(OPG), cellular stress indicator - heat shock proteins (HSP); growth fac-
tors: TGFb, BMP2/4, antimicrobial protein - defensin b2 (DF).
Results: All patients showed pronounced expression of OC and OP
which are bone mineralization and regeneration markers. Defensin b2
and HSP were low pronounced. Analyzing apoptosis, TGFb, BMP 2/4
high variability were observed. Expression of OP showed strong ten-
dency to elevate to the statistical significant difference after bone aug-
mentation.
Conclusions: Marked expression of osteopontin showed patient bone
remodeling and mineralization potential after bone grafting. Increased
expression of osteoprotegerin after bone grafting indicated the
increased activity of bone cells. This work has been supported by the
European Social Fund within the project ‘Multidisciplinary Research in
Biomaterials Technology of New Scientist Group’, No.2009/0199/1DP/
1.1.1.2.0/09/APIA/VIAA/090, (PVS ID 1380).

01.P32
Artificial skin and oral mucosa generation using
an alternative MSC source
I Garzón, S Arias-Santiago, G Scionti, MA Martı́n-Piedra,
JM Viñuela, IA Rodrı́guez, I Sánchez-Montesinos and
MC Sánchez-Quevedo
Department of Histology, University of Granada, Spain;
University of Nacional de Córdoba, Republic of Argentina;
Department of Anatomy and Embriology, University of Granada,
Spain

Introduction: Human umbilical cord Wharton’s jelly stem cells
(HWJSC) previously demonstrated to have high differentiation poten-
tial. However, differentiation to epithelial cells has been poorly studied.
In this work, we have studied the differentiation potential of HWJSC
into epidermal tissues of oral mucosa and skin.
Methods: Primary cell cultures of HWJSC, oral mucosa and skin fibro-
blasts were obtained from human tissue biopsies. Then, fibrin-agarose
artificial stromas were generated with skin and oral mucosa fibroblasts
within, and HWJSC were cultured on top. Immunofluorescence

analysis was performed at 10, 20 and 30 days to determine the expres-
sion of cytokeratins, PANCK, filaggrin and involucrin.
Results: Our results showed that HWJSC were able to transdifferenti-
ate to epidermal tissues corresponding to oral mucosa, with positive
expression of PANCK and CK1 after 10 days of culture and of filaggrin
and involucrin after 30 days. The analysis of the skin substitutes
showed positive expression of CK1, involucrin and filaggrin after
10 days, and PANCK after 20 days of development.
Conclusion: The results suggest that HWJSC possess the potential to
transdifferentiate ex vivo to epidermal tissues on 3D fibrin agarose scaf-
folds.
Acknowledgements: Supported by FIS11/2668 from the Spanish Insti-
tuto de Salud Carlos III and SAS PI273/2010 from Junta de Andalucia,
Spain.

01.P33
Tooth socket restoration with the application of
bone morphogenetic protein-2-binding heparan
sulfate
A Yeo, B Rai, ZXH Lim, M Sadasivam, V Nurcombe and S Cool
Institute of Medical Biology, A*STAR, Singapore; National Dental
Centre, Singapore General Hospital; Department of Orthopaedic
Surgery, Yong Loo Lin School of Medicine, National University of
Singapore

Dental implants are indicated as impacted teeth replacements, which
often result in a compromised and extended alveolar ridge bone
(ARB). This requires an autograft from the third molar region to the
future implant site. An alternative is therefore necessary as this proce-
dure is associated with graft rejection/resorption and site morbidity.
This study aimed to engineer an bone-graft substitute to accelerate
ARB healing for the anchorage of prosthetic teeth. Since bone morpho-
genetic protein 2 (BMP-2) relies on heparan sulfate for its stability and
bioactivity, we evaluated the in vivo efficacy of a HS variant (HS3) that
we tuned to maximally activate endogenous BMP-2 delivered with a
composite polycaprolactone-tricalcium phosphate (PCL-TCP) biomate-
rial. For each of the 10 male micro-pigs employed, teeth were extracted
and a large lateral buccal-ridge bone defect created on each side of the
mandible. Defects were treated (n = 3/grp) with PCL-TCP scaffolds
alone, 30 lg HS3 or 10 lg BMP-2. X-rays analysis at 6 months showed
similar bone formation in the BMP-2 and HS3-treated groups that was
further verified by lCT. PCL-TCP alone displayed an inferior bone form-
ing capacity. In both the HS3 and BMP-2 groups, new bone infiltrated
the defect from the lower host alveolar bone and sides. Resin histology
on all groups corroborated the lCT data. HS3 was able to stimulate
robust bone formation in an ARB defect model such that the placement
of a prosthetic tooth implant might be possible.

01.P34
Development of mandibular reconstruction device
made of titanium fiber scaffold
MHirota
Yokohama City University School of Medicine, Japan

Introduction: Mandibular reconstruction after tumor ablative surgery is
essential for returning QOL of oral cancer survivors. But bone recon-
struction surgery puts a severe strain on the patient. To date, the author
reported that titanium fiber mesh scaffold had favor biocompatibility
and high bone formation ability that was enhanced by hydroxyapatite
coating with molecular precursor method. In the present study, the
author described the development of new mandibular reconstruction
device with the titanium fiber mesh scaffold.
Materials and Methods: Adult female Japanese white rabbits were used
in the present study. Mandibular reconstruction materials made of tita-
nium fiber mesh scaffold were made with or without hydroxiapatite
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coating. Hydoroxiapatite coating was performed with molecular pre-
cursor method. Under general anesthesia mandibular bone was
resected and a part of the bone was completely removed. The 10 mm
length mandibular defect was reconstructed by the titanium fiber mesh
scaffold. The material was fixed with titanium plate. 21 weeks after
surgery, the five coating and five non-coating animals were sacrificed
and the reconstructed part was evaluated.
Results and discussion: In hydroxyaatite coating titanium fiber mesh
scaffold, newly formed bone were seen in and out of the materials, and
the defect was completely restored with newly formed bone, suggest-
ing that titanium fiber mesh was powerful materials for mandibular
reconstruction device by hydroxyapatite coating.

01.P35
Evaluation of bone regeneration using stem cells
from pulp tissue of human deciduous teeth
seeded onto PLGA scaffolds
GAX Acasigua, L Bernardi, DI Braghirolli, Filho M Sant’Ana,
P Pranke and ACM Fossati
Hematology and Stem Cell Laboratory; Material Science
Post-graduation Programme - Federal University of Rio Grande
do Sul; Stem Cell Research Institute (SCRI); Dentistry Post-
graduation Programme - Federal University of Rio Grande do
Sul; Department of Morphological Sciences - Federal University of
Rio Grande do Sul, Brazil

Bioengineering involves the discovery of new tissue production meth-
ods. Aiming to evaluate the use of nanotechnology with stem cells
(SCs) for bone formation in rats, scaffolds from poly (lactic-co-glycolic
acid) (PLGA) were produced by electrospinning technique. SCs from
five samples of human deciduous teeth (SCDT) in a process of rhizoly-
sis were seeded onto culture plates (control) and scaffolds (test) for
adhesion and cell viability assays. To evaluate their ability to promote
bone formation, critical skull defects (8 mm in diameter) were induced
in 15 rats. They were divided into three groups (n = 5): I–only scaf-
folds; II–scaffolds/SCDT; III–scaffolds/SCDT, kept for 13 days in osteo-
genic medium. Sixty days postoperatively, the caps were removed for
histometric analysis of the amount of new formed bone. Approval was
met by the Ethics Committee of the Federal University of Rio Grande
do Sul (n� 19273). Cellular adhesion and viability in all groups was
observed to be similar throughout the experiment, without statistical
difference. Histological examination demonstrated that group III
showed 17% ± 4.31% of new bone formation with statistical differ-
ence, compared to groups I and II, respectively (10.7% ± 3.22% and
9.39% ± 2.55%). It is concluded that the PLGA scaffolds produce
favorable results in relation to interaction with the SCDT. The use of
PLGA and cells in association with osteogenic medium results in pro-
moting bone formation.
Financial support: CNPq, CAPES, FAPERGS and SCRI

01.P36
Study of the interface between gingival
fibroblasts and dental implants
D Baltriukiene, V Rutkunas, V Sabaliauskas, V Bukelskiene,
A Pilinkiene and E Liutkevicius
Vilnius University Institute of Biochemistry, Lithuania; Vilnius
University Faculty of Medicine Institute of Odontology; Vilnius
University Institute of Biochemistry; Vilnius Gediminas Technical
University

Dental implants are a widely used as an alternative to some conven-
tional dental treatments. However successful use of dental implants
and related prosthetic components depends on the biocompatibility

and bioadhesiveness at the implant-tissue interface. Therefore, it is
important to clarify the mechanisms by which gingival fibroblasts and
osteoblasts attach to artificial surfaces as the implant is in contact with
soft tissue and bone. These knowledges are important both from funda-
mental and practical point of view. The aim of this work was to evalu-
ate factors, which determine attachment of soft tissue cells to the
surface of dental prosthetic materials. For this reason, the primary den-
tal fibroblast lines from human gingival subepithelial tissues were
obtained and characterized. Cell adhesion to the prosthetic compo-
nents made of zirconium oxide, titanium, metal alloys, and ceramic
prosthetic components as well as differently laser modified titanium
samples was investigated. Optimal sample surface processing methods
were selected and their surface topography was evaluated by atomic
power microscopy. Surface roughness indexes were determined as well.
Expression of the adhesion molecules in cells grown on modified tita-
nium samples was evaluated.

01.P37
Lgr5 mediated integrin signaling promotes
the proliferation of dental epithelial progenitor
cells
T Yoshida, T Iwata, T Umemoto, Y Shiratsuchi, N Kawashima,
T Sugiyama, M Yamato and T Okano
Tokyo Women’s Medical University, Japan; Tokyo Medical and
Dental University, Japan; Akita University School of Medicine

Although previous studies suggest the importance of dental epithelial
cells for tooth regeneration, the mechanisms regulating the mainte-
nance and proliferation of dental epithelial cells are not well under-
stood. Rodent incisors are a good model for studying dental
epithelial cells since they grow through their lives and epithelial
stem cells are maintained in their proximal end called ‘cervical loop’.
The committing cells in the cervical loop become dental epithelial
progenitor cells called ‘pre-ameloblasts’, and differentiate into amelo-
blasts forming enamel.In this study, we observed that the lower inci-
sors of null mutant for CD61 (also known as integrin beta 3,
CD61-/-) were significantly shorter than those of wild-type at
8 week-old. The expressions of Fgfr2, Lgr5, and Notch1, which are
involved in the proliferation of pre-ameloblasts and the maintenance
of dental epithelial stem cells, were reduced in the 2 week-old
CD61-/- cervical loop. In a pre-ameloblastic cell line ameloblast-line-
age cell (ALC), suppression of CD61 by the transfection of siRNA
(siCD61) reduced the proliferation. The mRNA expressions of Lgr5
and Notch1 in ALC cells were reduced by siCD61. The suppression
of Lgr5 by siLgr5 inhibited the proliferation of ALC cells. These
results suggest that the integrin signaling is responsible for proper
growth of lower incisor and promotes proliferation of dental epithe-
lial progenitor cells through Lgr5 signal.

01.P38
Pituitary tumor transforming gene 1 (PTTG 1)
regulates migration of human oral squamous cell
carcinoma by regulation of epithelial to
mesenchymal transition
SS Lee, SM Lim, GJ Kim, J Kim and SK Lee
Department of Oral Pathology, College of Dentistry, Gangneung-
Wonju National University, South Korea; Department of
Biomedical Science, CHA University, Republic of Korea;
Department of Oral Pathology, College of Dentistry, Yonsei
University, South Korea

Human pituitary tumor-transforming gene 1 (PTTG1), which is a
newly identified proto-oncogene, overexpress in many nonendocrine-
related tumors as well as endocrine-related cancers. Also, it has been
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known to involve in progression of tumor and metastasis. Epithelial to
mesenchymal transition (EMT) is a crucial step in tumor development
and metastasis. However, the function and the regulation mechanism
of PTTG1 on migration of oral squamous cell carcinoma (SCC) remain
still unclear. Here, we analyzed the expression of PTTG1 in oral SCC
and evaluated the mechanism for invasion of oral SCC cell lines (YD-
10B and YD-15) depends on PTTG1 expression by siRNA. In addition,
the markers expressions of EMT were analyzed. The expression of
PTTG1 in oral SCC tissues was mainly observed in cytoplasm. The inva-
siveness of oral SCC cells using Metrigel was significantly increased

after PTTG1 plasmid transfection comparing to Mock (p < 0.05).
MMP-9 expression by PTTG1 siRNA treatment was significantly
decreased. Also, migration activities of oral SCC cells were significantly
decreased after PTTG1 siRNA treatment (p < 0.001). In addition,
down-regulated PTTG1 induced alterations of integrins in oral SCC cell
lines through the phosphorylations of FAK1 and mTOR and decreased
the expression of epithelial markers, otherwise, increased the expres-
sion of mesenchymal markers. These results suggest that alteration of
PTTG1 could be regulated migration activity of human oral SCC
through regulation of EMT.
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02. Bone Regeneration: Current and Future Strategies

02.01
Keynote: Bone regeneration perspectives:
employ mechano-biological principles to foster
endogenous regeneration
G Duda
Julius Wolff Institute & Center for Musculoskeletal Surgery;
Berlin-Brandenburg Center for Regenerative Therapies, Charité –
Universitätsmedizin Berlin, Germany

Bone is a unique and highly regenerative tissue in vertebrates due to its
capacity to restore pre-fracture properties. Understanding of scar less
repair leads possibly to a path of true regeneration. From a material sci-
ence perspective, native tissue formation and its mechano-senstivity
are fascinating features of this regenerative process. The healing
through formation of inter-mediate tissues (e.g. callus) proved to be
mechano-responsive in type and amount of tissue formed: Demanding
mechanical conditions lead to a prolonged inflammatory phase, a
reduced and delayed angiogenesis, a prolonged cartilaginous phase, a
larger callus and a delay of bridging in enchondral ossification. Even
though it is widely known that cells are sensitive to physical signals,
details of this interplay in tissue regeneration and its relevance at the
various length scales are yet not fully understood. For example, mesen-
chymal stroma cells (MSCs) appear to be mechano-sensitive and by
those mechanisms stimulate pro-angiogenic cascades. These effects are
beneficial to regenerative cascades but the potential seems to decrease
with aging. Another example are immune cells which apparently are
specifically regulated in regeneration and their appearance depends
upon the mechanical local conditions. A further understanding of
underlying mechanism of the link between biology and mechanics
seems to gain further understand of healing cascades, specifically
under compromised healing conditions.

02.02
Enhanced attraction of M1, M2 macrophages and
endothelial cells into mesenchymal stem cell -
seeded fibrin hydrogels transplanted in a rat
long bone fracture gap
E Seebach, H Freischmidt and W Richter
Research Centre for Experimental Orthopaedics, Orthopaedic
University Hospital, Germany

Beyond their multilineage differentiation capacity mesenchymal stem
cells (MSC) provide a supportive cellular microenvironment due to
their chemoattractive, trophic and immunomodulatory properties.
Since only a limited number of MSC can be produced for transplanta-
tion, fast recruitment of additional cells to a defect site may be crucial
for regeneration strategies. Aim of this study was to assess the effect of
MSC on in vivo chemoattraction of host cells into a fibrin hydrogel
transplanted in a rat long bone fracture gap.Female rats received an
empty fibrin clot or male MSC in a fibrin carrier into a 2 mm fracture
gap in the femur. After 3, 6, 14 or 28 days fracture callus was removed
and persistence of transplanted MSC was detected by SRY gene specific
PCR. Day 6 callus (n = 6 per group) was subjected to histology.Male
MSC persisted at day 14, but not day 28. While only a few cells
invaded the MSC-free fibrin clot, the MSC-transplant attracted many
cells. Mean infiltrated area was 10% in the controls while 50% of the
MSC-clot was filled with new cells. Endothelial cells and macrophages
were the main invaders, partly organized along routes. M1 macrophag-

es dominated at the migration front and M2 macrophages were more
spread over the fibrin clot.In conclusion chemoattraction and fast
recruitment of host cells into hydrogels is a dominant action and main
advantage of MSC-transplantation. Long term persistence of MSC and
contribution to the final callus is questionable.

02.03
A Platelet Rich Plasma (PRP) based membrane
as a periosteal substitute with enhanced
osteogenic and angiogenic properties for bone
engineering
RM Elbackly, SH Zaky, A Muraglia, L Tonachini, F Brun,
B Canciani, D Chiapale, F Santolini, R Cancedda and
M Mastrogiacomo
DIMES, University of Genova & A.O.U. San Martino–IST,
National Cancer Research Institute, Italy; Biorigen Srl, Italy;
Department of Industrial Engineering and Information
Technology, University of Trieste, & Sincrotrone Trieste S.C.p.A.,
Italy

The periosteum plays a pivotal role during bone development and
repair by contributing to bone vascularization, together with being the
source of osteoprogenitor cells. We propose a periosteal-like substitute
engineered using a platelet rich plasma (PRP) membrane incorporating
autologous bone marrow derived mesenchymal stem cells (PRP/BMSC
gel membrane) to be used with an osteoconductive scaffold for the
regeneration of compromised critical size bone defects. The PRP/BMSC
gel membrane was engineered and optimized for optimal release of
VEGFand PDGF-BB. Next, survival and proliferation of cells in the opti-
mized PRP gel membrane with time were confirmed in addition to
their capacity to undergo osteogenic differentiation. Furthermore, to
evaluate possible effects of the released products from the PRP/BMSC
gel membrane on surrounding progenitor cells in the injury area, we
found that the PRP/BMSC gel membrane products could significantly
induce the migration of human endothelial cells in vitro, and increased
the expression of BMP-2 in cultured BMSC. The latter cells also
secreted significantly higher amounts of the soluble pro-angiogenic fac-
tors such as PDGF-BB, VEGF, IL-8. Finally, the functionality of the PRP/
BMSC gel membrane periosteal substitute for bone regeneration was
tested in vivo both in an ectopic mouse model as well as in a rabbit seg-
mental bone defect model providing evidence of its capacity to biomim-
ic a periosteal response and enhance bone regeneration.

02.04
Concentration and selection of osteogenic
progenitors using magnetic labeling based on
hyaluronan expression for immediate
transplantation into a canine femoral multidefect
model
T Caralla, P Joshi, C Boehm, T Hefferan, J Herrick,
M Luangphakdy V, Yaszemski, M Zborowski
and G Muschler
Cleveland Clinic, USA; Mayo Clinic, USA

Optimal bone regeneration may require the transplantation of osteo-
genic connective tissue progenitors (CTP-Os). Strategies that increase
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the concentration of CTP-Os and remove non-progenitors are expected
to enhance bone regeneration. Hyaluronan (HA) is enriched on the sur-
face of CTP-Os. This study tested the hypothesis that transplantation of
HA-enriched bone marrow-derived cells will improve bone regenera-
tion in the canine femoral multidefect model. In 10 canines, 48 ml of
heparinized bone marrow (hBMA) was aspirated. Cells presenting HA
on their surface were labelled and separated using a hexapole magnet.
Samples before and after magnetic separation (MS) were assayed for
cells and CTP-Os. Implants were placed in four cylindrical defect sites
(diameter: 10 mm, depth: 15 mm) in the canine femur. Two allograft
scaffolds were loaded with HA+ cells, and two were loaded with
hBMA. Implants were evaluated at 4 weeks using microCT and histo-
morphometry. A mean of 7.8% of the cells partitioned to the HA+ frac-
tion after MS. CTP-Os were significantly enriched in the HA+ fraction,
with a 3.3-fold higher prevalence than hBMA. The percent of CTP-Os
retained in the graft was significantly higher for MS-processed HA+
cells (75.7 ± 22.2% vs 49.0 ± 20.4%). Histomorphometry showed
that defects grafted with HA+ cells had statistically greater new bone
formation and greater vascular sinus area than hBMA. MS selection of
HA+ cells enriches for CTP-Os and improves local bone regeneration in
vivo.

02.05
Platelet rich plasma-mediated delivery of BMP-7
for segmental bone defect regeneration
A Berner, JC Reichert, MAWoodruff, S Saifzadeh, M Schuetz and
DW Hutmacher
Institute of Health and Biomedical Innovations, Queensland
University of Technology, Australia

Introduction: Successful bone tissue engineering concepts include the
combination of scaffolds, growth factors and cells with osteogenic
potential and capacity for graft vascularisation. The development of
appropriate biomaterials for bone regeneration has become a key
research drive, but most biomaterials suffer from bioactivity and there-
fore must be combined with osteoinductive supplements. A frequently
used technique is the local delivery of growth factors, such as bone
morphogenetic proteins (BMP). Our study investigated the osteogenic
potential of a platelet rich plasma (PRP) based delivery of low dose
BMP-7 for bone regeneration.
Methods: A 3 cm segmental tibial bone defect was created in 18 adult
merino sheep. BMP-7 was mixed with autologous PRP, transferred to
the outer cortex of a tubular mPCL/TCP scaffold, and activated with
thrombin. The scaffolds were implanted into the created defects. Empty
scaffolds and the implantation of autologous bone grafts (ABG) served
as controls. Bone healing was assessed after 12 month by radiology,
micro computed tomography and biomechanical testing.
Results: Radiology, microCT and biomechanical testing showed signifi-
cant more bone formation in the BMP-group compared to the empty
scaffold group. The results of the BMP-group showed no significant dif-
ferences compared to the ABG-group.
Conclusion: The use of PRP as a delivery vehicle leads to a low dose
use of BMP-7 with good bone regeneration comparable to the use of
ABG.

02.P01
Strongly enhanced levels of sclerostin during
human fracture healing
K Sarahrudi
Medical University of Vienna, Austria

Introduction: Sclerostin is a negative regulator of bone formation.
However, no data on the role of sclerostin in human fracture healing
exist so far.

Patients and methods: Seventy five patients with long bone fractures
were included into the study and divided in 2 groups. The first group
contained 69 patients with normal healing. 6 patients with impaired
fracture healing formed the second group. 34 volunteers donated blood
samples as control. Serum samples were collected over a period of
1 year. Sclerostin levels were measured in fracture haematoma and
serum of 16 patients with bone fractures.
Results: Fracture haematoma contained significantly higher sclerostin
concentrations compared to patient’s serum. Sclerostin levels in haema-
toma and in serum were both significantly higher than in controls.
Highly elevated sclerostin serum concentrations were found in patients
with physiological fracture healing. Whereas, sclerostin levels were
decreased in patients with impaired healing.
Conclusion: This is the first study to provide evidence of strongly
enhanced sclerostin levels in fracture haematoma and peripheral serum
in patients with long bone fracture. The results indicate local and sys-
temic involvement of sclerostin in humans during fracture healing. Sig-
nificant differencesin the serum sclerostin concentrations between
patients with physiological and impaired healing were not observed.

02.P02
Is the expression of TGF-Beta 1 after fracture of
long bones solely influenced by the healing
process?
K Sarahrudi and G Kaiser
Medical University of Vienna, Austria

Introduction: Circulating TGF-b1 levels were found to be a predictor of
delayed bone healing and non-union. To evaluate the reliability of
TGF-b1 as a predictive bone healing marker the correlation between
the expression of TGF-b1 and the different socio-demographic parame-
ters was analyzed.
Patients and methods: Fifty one patients with long bone fractures were
included into the study and divided in different groups according to
their age, gender, cigarette smoking status, diabetes mellitus and regu-
lar alcohol intake. TGF-b1 levels were analyzed in patient’s serum and
different groups were retrospectively compared.
Results: Significantly lower TFG-b1 serum concentrations were
observed in non-smokers comparing to smokers at week 8 after sur-
gery. Significantly higher concentrations were found in male patients
compared to the female at week 24. Younger patients had significantly
higher concentrations at week 24 after surgery compared to older
patients. Concentrations were significantly higher in patients without
diabetes comparing to those with diabetes at 6 weeks after surgery.
Patients with chronic alcohol abuse had significantly higher concentra-
tions compared to those patients without chronic alcohol abuse.
Conclusion: TGF-b1 serum concentrations vary dependent upon smok-
ing status, age gender, diabetes mellitus and chronic alcohol abuse at
different time points and therefore do not seem to be a reliable predic-
tive marker of fracture healing.

02.P03
Differentiation-dependent secretion of
proangiogenic factors by mesenchymal stem
cells
AI Hoch
UC Davis, USA

Mesenchymal stem cells (MSCs) are a promising cell population for
cell-based bone repair due to their proliferative potential, ability to dif-
ferentiate into bone-forming osteoblasts, and their secretion of potent
trophic factors that stimulate angiogenesis and neovascularization. To
promote bone healing, autogenous or allogeneic MSCs are trans-
planted into bone defects after differentiation to varying degrees down
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the osteogenic lineage. We hypothesized that the proangiogenic poten-
tial of MSCs was dependent upon their stage of osteogenic differentia-
tion. After 7 days of culture, we observed the greatest osteogenic
differentiation of MSCs when cells were cultured with dexamethasone
(OM+). Conversely, VEGF protein secretion and upregulation of angio-
genic genes were greatest in MSCs cultured in growth medium (GM).
Using conditioned media from MSCs in each culture condition, GM-
conditioned media maximized proliferation and enhanced chemotactic
migration and tubule formation of endothelial colony forming cells
(ECFCs). ECFCs seeded on microcarrier beads and co-cultured with
MSCs previously cultured in GM in a fibrin gel exhibited superior
sprouting compared to MSCs previously cultured in OM+. These
results confirm that MSCs induced farther down the osteogenic lineage
exhibit reduced proangiogenic potential, an important finding for bone
repair.

02.P04
Osteoblast differentiation of amniotic fluid-
derived stem cells irradiated with visible light
A Higuchi
National Central University & National Research Institute for
Child Health and Development, Japan

Human cells are known to be sensitive to visible light. The effect of
visible light irradiation on the expression of pluripotent genes (Oct-4,
Sox2, and Nanog) in amniotic fluid-derived stem cells (AFSCs) and
on the osteogenic differentiation ability of AFSCs was investigated
using light emitting diodes (LEDs) at 0–2 mW/cm2 in various wave-
lengths [blue (470 nm), green (525 nm), yellow (600 nm), and red
(630 nm)]. Pluripotent gene expression in AFSCs was up-regulated by
visible light irradiation from a LED for more than 6 h. Green light irra-
diation of AFSCs up-regulated the expression of pluripotent genes
more significantly than irradiation with other light. The osteogenic
differentiation of AFSCs was facilitated by green and blue light irradi-
ation. Facilitated differentiation into osteogenic cells by visible light
irradiation was not mediated by reactive oxygen species (ROS); alkali
phosphatase activity (a marker of early osteogenic differentiation) and
gene expression of osteopontin (a marker of late osteogenic differenti-
ation) did not change significantly between AFSCs in differentiation
medium with or without a ROS scavenger (vitamin C). The mitogen-
activated protein kinase/extracellular signal-regulated protein kinase
(MAPK/ERK) pathway, as well as other unknown signaling pathways,
may be responsible for the activation of signaling pathways that facili-
tate the differentiation of AFSCs into osteogenic cells upon light irra-
diation.

02.P05
Bilayered devices with inner bioactive
nanotexture for long bone treatments
V Guarino, M Alvarez-Perez, V Cirillo and L Ambrosio
National Research Council, Italy

Recent approaches for bone regeneration are commonly aimed at
reproducing the native microenviroment of the natural tissue, i.e., the
mineralized extracellular matrix. The manipulation of chemicals and
morphological features offers the opportunity of tuning scaffold proper-
ties to stimulate ‘ad hoc’ cells activities and, ultimately, to trigger spe-
cific biological functionalities. Here, we propose the design of bilayered
tubes for the ‘in vitro’ regeneration of 3D bone segments. The bi-layer
scaffold was developed by a two-step electrospinning process: the inner
layer made of poly-(�-caprolactone) (PCL) and Gelatin was randomly
electrospun on a grounded metal plate, wrapped on a mandrel and,
subsequently, coated with micrometric PCL fibers which form the outer
layer of the conduit. In the in vitro studies on human mesenchimal

stem cells, we observed that bilayered scaffolds not only are able to
support cell attachment and proliferation but they can also promote
osteogenic differentiation of hMSC and mineralization, thus providing
to a suitable environment for in vitro bone formation. In this context,
the covering of a nanotextured layer - with peculiar topographic and
biochemical cues to improve cells activities - by microfibres, mainly
ensures the mechanical stability required to guide the forming bone
during the regeneration process. Hence, the proposed device can be
considered an innovative scaffold to be successfully used as bone con-
duit for long bone treatments.

02.P06
Analysis of osteoblast viability and activity on
ceramic b TCP/TiO2 biomimetic scaffolds
C Cunha, S Panseri, M Dapporto, S Sprio and ATampieri
Laboratory of Bioceramics and Bio-hybrid Composites, Institute
of Science and Technology for Ceramics, National Research
Council, Italy and Laboratory of Biomechanics and
Technology Innovation, Rizzoli Orthopaedic Institute,
Italy

Calcium-based substitutes are widely used in bone tissue replacement.
In particular, hydroxyapatite (HA) and b-tricalcium phosphate (bTCP)
are attractive bioactive ceramics with good osteoconductive properties
but with poor mechanical strength for use in load-bearing applications.
Here, we have combined the high resorbability properties of bTCP with
the high mechanical strength and bioactivity of titania (TiO2). bTCP/
TiO2 macroporous scaffolds were developed starting from HA and
TiO2 powders, sintered at 1250 �C. Sterile scaffolds were assayed in vi-
tro for osteoblast proliferation, activity, attachment and viability, at 1,
3, 7 and 14 days after seeding of human MG-63 osteoblast-like cells.
Commercially available biomimetic HA bone grafts were used as con-
trols. Scaffolds showed a high proliferation rate, high viability and high
colonization rates, comparable to controls. Moreover, a significantly
higher activity of the osteogenic marker alkaline phosphatase was
found at 3, 7 and 14 days after seeding, with the highest activity after
3 days. These results demonstrate that the in vitro behaviour of bTCP-
TiO2 scaffolds is similar to the commercially available HA scaffolds,
with high biocompatibility and induction of cell proliferation and colo-
nization, but moreover with better induction of osteoblast activity, indi-
cating its higher suitability as biomimetic scaffolds for bone
regeneration.

02.P07
Skeletal stem cell isolation using perivascular
marker CD146, CD105 and STRO-1: A comparative
investigation between single and dual labelling
D Gothard and R Oreffo
University of Southampton, United Kingdom

Skeletal stem cells (SSCs) provide an ideal cell source for bone tissue
engineering strategies, although their homogeneous isolation from
human bone marrow (HBM) remains a significant unmet challenge.
Stro-1 is a robust SSC surface marker, however Stro-1+ populations
exhibit variable colony forming unit-fibroblastic (CFU-F) capacity and
osteogenic differentiation potential. The present study investigates the
use of pericyte marker CD146 and endothelial marker CD105 as SSC
enrichment markers. Marker expression was quantified by flow cytome-
try before MACS and FACS isolation. Isolated populations were charac-
terised in vitro for CFU-F capacity, alkaline phosphatase (ALP) activity
and osteogenic gene expression, and functionally assessed in vivo.
CD146+ and Stro-1+ populations exhibited both enriched CFU-F
capacity, and new bone matrix deposition in vivo, compared to control
and CD105+ populations. Interestingly, gene expression analysis of

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

02. Bone Regeneration: Current and Future Strategies 15



select osteogenic genes showed Stro-1+ and CD146+ populations were
not significantly different. Indeed, a small HBM stromal cell fraction
(2.53%) exhibited positive immunolabelling for both Stro-1 and
CD146. The data presents CD146 as an additional SSC enrichment
marker to Stro-1, which targets a narrower cell population. However,
insignificant molecular difference between Stro-1+ and CD146+ popu-
lations highlights a further requirement for novel SSC specific markers
to isolate clinically homogeneous SSC populations.

02.P08
Elucidating skeletal development to inform tissue
regeneration – lessons from organotypic ex vivo
chick femur culture
E Smith, C Roberts, J Kanczler and R Oreffo
Bone & Joint Research Group, Centre for Human Development,
Stem Cells and Regeneration, Human Development and Health,
University of Southampton, United Kingdom

Enhancement and application of our understanding of skeletal devel-
opmental biology offers innovative strategies to bone tissue regenera-
tion. We have used a 3D embryonic chick femora culture system to
investigate effects of key growth factors on skeletogenesis. Microinjec-
tion of distinct skeletal cell populations into the femurs, or combination
with a chick chorioallantoic membrane (CAM) system, further widen
the potential of the model. Isolated chick femurs were placed in orga-
notypic cultures with 25 lM vitamin D3, 5 ng/ml TGF-b3, or 100 ng/
ml PTHrP. In addition, femurs were microinjected with chick osteo-
clasts to assess bone remodelling. Cultures were analysed by lCT, and
histochemistry (proteoglycan / collagen production, PCNA, STRO-1,
TRAP activity). To confer an angiogenic component, femurs were also
incubated on the CAM of E10 chick eggs to assess vessel invasion. Stim-
ulation of femurs with vitamin D3 or PTHrP initiated osteogenesis,
enhancing bone formation and increasing collagen I and STRO-1
expression. In contrast, TGF-b3 elicited a chondrogenic effect, with sig-
nificant decreases in bone tissue. Microinjection of osteoclasts modu-
lated growth factor activity. This study demonstrates the successful use
of organotypic femur cultures as a model for bone development, pro-
viding a tool for analyzing key temporal stages of skeletal develop-
ment, and a paradigm for translation of bone development to improve
scaffolds and skeletal stem cell treatments for regenerative medicine.

02.P09
Calcium sensing receptor (CaSR) plays a key role
in bone tissue regeneration
A Gonzalez, M Navarro, J Amedeé, J Planell and E Engel
Institute for Bioengineering of Catalonia (IBEC), Spain; INSERM,
France

Introduction: Calcium phosphate glasses, such as G5, are bioactive, bio-
degradable and release Ca2+. Previously, we proved that extracellular
Ca2+ induces angiogenesis on rEPC and osteogenic differentiation on
rMSCs. Our aims are: To evaluate the CaSR’s role on rMSC’s differentia-
tion. To test the G5’s effects on HUVEC-hMSC in vitro and CaSR’s role.
Methods: rMSC were isolated from bone marrow. HUVEC-hMSC were
supplied by Dr. Joëlle Amedeé. CaSR’s role on ALP, Col Ia1 genetic
expression and mineralization were measured on rMSC treated with
10 mM Ca2+ + 5 ng/mL AntiCaSR (blocked CaSR). hMSC and HU-
VEC were seeded on 3d PLA and PLA/G5 scaffolds by 24 h and 72 h
then we performed Immunofluorescence (IF) against CaSR, VECad
and CD31 expression. qPCR to measure CaSR, cbfa, VECad and CD31.
ALP expression was evaluated also.
Results: Calcium’s dependent ALP and Col Ia1 upregulation and che-
motaxis were inhibited on rMSCs with blocked CaSR. Analogous
results were observed on mineralization. Assays show the CaSR

modulates osteogenic differentiation on rMSC. Whereas, IF reveals that
mostly of HUVEC and hMSCs express CaSR. HUVEC on PLA and PLA/
G5 express strongly CD31 and VECad. Cocultured hMSC seeded on
PLA/G5 express ALP stronger than cells on PLA. Otherwise, qPCR
reveals hMSC on PLA/G5 has the highest experssion of cbfa.
Conclusion: Ca2+ and CaSR are responsible of osteogenic effects on
MSCs. Hence to control the Ca2+ release from G5 could be a successful
strategy on bone tissue engineering.

02.P10
Modification of mesenchymal stem cells with a
novel cell-surface reactive polymer for
applications in bone disease
S D’Souza, H Murata, M Jose, RR Koepsel, S Askarova, Y Yantsen,
J Andersen, AJ Russell and C Eddington
University of Pittsburgh, USA

Bone destruction is one of the most prevalent problems due to injuries
on the battlefield, accidents, or cancers affecting the bone. Our labora-
tory has explored how to influence the propensity of circulating cells to
associate with bone by covalently attaching a custom designed polymer
to the cell surface. The polymer has bisphosphonate groups attached at
one end, which enables partitioning to bone and a terminal NHS group
at the other end that enables binding to the surface of cells. We tested
the ability of the polymer to bind cells and found that the polymer
bound both HL60 and mesenchymal stem cells and had no detectable
effect on viability or proliferation. Further, cells that were modified
with polymer containing bisphosphonate bound bone in significantly
higher numbers than cells that were modified with a control polymer
lacking bisphosphonate. Thus, this polymer has the attributes neces-
sary to change the partitioning of cells from the circulation to the bone
while its actual performance in vivo remains under investigation. Flexi-
bility in the synthesis of the polymer allows for the attachment of dif-
ferent targeting molecules and/or binding moieties increasing its
utility.

02.P11
Exploring the growth factor-binding properties of
osteopontin
F Tortelli, M Martino and J Hubbell
Laboratory for Regenerative Medicine and Pharmacobiology,
Institute of Bioengineering, École Polytechnique Fédérale de
Lausanne (EPFL), Switzerland

Wound healing is a complex process where the immune system plays
an important role in guiding tissue regeneration.In this context, the
study of extracellular matrix proteins involved in the crosstalk between
the immune system and the regenerative microenvironment could
open new and promising perspectives in regenerative medicine. Osteo-
pontin (OPN) is a extracellular matrix glycoprotein containing both
heparin- and integrin-binding regions that play an important role in
both inflammation and bone remodeling. Since the growth factor-bind-
ing properties of extracellular matrix proteins are fundamental in creat-
ing the appropriate regenerative microenvironment, we sought to
explore the possible growth factor-binding properties of OPN. Taking
advantage of an ELISA-based approach we tested growth factors from
different families. Interestingly, we were able to indentify several bind-
ers, among them VEGF-165, FGF-2, PDGF-BB and BMP-2. Moreover,
we showed that the binding of OPN to PDGF-BB enhances its effects on
smooth muscle cell migration and sprout formation. The use of wild
type or engineered OPN in combination with growth factors could open
interesting perspectives for the development of novel biomaterials for
bone regeneration. Indeed, the capacity of OPN to bind hydroxyapatite
and growth factors, together with its ability of modulating their activi-
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ties could give rise to a novel class of bone grafts where OPN could help
create an appropriate regenerative microenvironment.

02.P12:
Multiscale modeling of sprouting angiogenesis
and its importance for bone regeneration
AC Carlier, LG Geris and HVO Van Oosterwyck
KULeuven, Belgium; Université de Liège, Belgium

Angiogenesis strongly determines bone regeneration. The current com-
putational models of angiogenesis represent the process of tip cell
selection either at a large scale with phenomenological rules or at a
small scale using detailed agent-based models. This study developed a
true multiscale model of sprouting angiogenesis during bone regenera-
tion, which consists of: (i) a tissue level describing the various key pro-
cesses of bone regeneration with 11 continuous variables:
mesenchymal stem cells, fibroblasts, chondrocytes, osteoblasts, fibrous
matrix, cartilage, bone, oxygen and osteogenic, chondrogenic and vas-
cular growth factors, (ii) a cellular level representing the developing
vasculature with discrete endothelial cells (ECs) (iii) an intracellular
level that defines the internal dynamics of every EC (Dll4-Notch1 sig-
naling). The bone regeneration process was predicted by the model in
accordance with experimental and in silico results. The multiscale
model correctly recapitulated many experimentally observed aspects of
tip cell selection: (i) the ‘salt and pepper’ pattern of cell fates, (ii) an
increased tip cell density in case of Dll4 inhibition and (iii) excessive tip
cell numbers in high VEGF concentrations. In conclusion, the proposed
multiscale method is a useful tool to investigate possible biological
mechanisms across different time and spatial scales, thereby contribut-
ing to the fundamental knowledge of angiogenesis within the context
of bone regeneration.

02.P13
Analysis of bone material during osteotomy
healing in rats
R Hoerth, B Seidt, B Willie, P Roschger, GN Duda, P Fratzl
and WWagermaier
Department of Biomaterials, Max Planck Institute of Colloids and
Interfaces, Potsdam, Germany; Julius Wolff Institute & Center for
Musculoskeletal Surgery, Charité - Universitätsmedizin Berlin,
Germany; Ludwig Boltzmann Institute of Osteology at Hanusch
Hospital of WGKK and AUVA Trauma Centre Meidling, 1st
Medical Department, Hanusch Hospital, Austria

Bone healing is a complex regenerative process with the unique
capacity to fully recover the tissue’s original material properties and
structure. However, the regeneration of large defects remains a major
challenge, as the fundamental processes of tissue formation are not
yet fully understood. The main aim of our study was to better under-
stand these processes during bone healing. Healing of femurs in a
rat osteotomy model with a 1 mm sized defect was analyzed at 2, 3,
4 and 6 weeks after osteotomy to prove our hypothesis that bone
formation during healing happens in two successive waves. This
hypothesis is based on previous results from a sheep osteotomy
model. Furthermore, we compared the uneventful healing situation
with a critical-sized bone defect (5 mm) model in rats where the
bone does not manage to bridge the osteotomy gap. We investigated
the micro-mechanical and structural properties of callus and cortical
regions by X-ray scattering, nanoindentation and backscattered elec-
tron imaging. By this we determined the average mineral particle
thickness, their degree of alignment, the local elastic indentation
modulus and the calcium content. In the uneventful healing situa-
tion, initial results showed that the early callus material in rats is
rather disordered. The indentation modulus is lower in callus regions

compared to cortical regions. These investigations of material proper-
ties along the course of bone healing allow a better understanding
of mineral tissue formation.

02.P14
Microparticles for sustained growth factor
delivery in the reconstruction of critical-sized
segmental tibial bone defects
GTS Kirby, MAWoodruff, LJ White, A Berner, S Saifzadeh, M Yong,
DW Hutmacher and KM Shakesheff
School of Pharmacy, University Park, The University of
Nottingham, UK; Institute of Health and Biomedical Innovation,
Queensland University of Technology, Queensland, Australia;
Department of Trauma Surgery, University of Regensburg,
Germany

The regeneration of large bone defects is a serious clinical problem.
Spontaneous regeneration to fill large defects is limited, as such, tis-
sue engineering has evolved to create scaffolds for bone repair.This
study combined mechanically supportive, highly porous polycaprolac-
tone scaffolds with a controlled delivery system comprising polymeric
microparticles containing multiple growth factors. This delivery sys-
tem afforded spatio-temporal control over released factors.Growth
factor activity has been verified in vitro and microparticle formula-
tions have been tailored towards desired release kinetics for the dif-
ferent growth factors. It is intended that early release of Vascular
Endothelial Growth Factor will promote early vascularisation of the
defect site. Subsequent release of Bone Morphogenetic Protein 2
from a different delivery formulation should promote osteogenic dif-
ferentiation of newly migrated cells in the defect site leading to
increased bone regeneration. This approach is under assessment in
vivo in a critically-sized segmental model involving an ovine diaphy-
seal resection. Our x-ray data at 3 and 6 months demonstrate signifi-
cantly higher bone regeneration in growth factor-loaded groups
compared to scaffolds alone.Controlled release systems for delivering
specific growth factors have the potential to drastically increase the
applications in which growth factor treatments could be therapeuti-
cally applicable and cost effective.

02.P15
Evaluation of osteoconductive scaffolds in the
canine femoral multi-defect model
V Luangphakdy, K Shinohara, H Pan, T Hefferan, T Bauer,
A Vasanji, S Saini, L Griffith, M Yaszemski and G Muschler
Cleveland Clinic, USA; Mayo Clinic, USA; Image IQ, USA; Integra
Life Sciences USA, MIT, USA

Background: In the military and civilian populations, treating large
segmental bone defects in a compromised tissue bed remains an
unsolved clinical challenge. This project was designed to compare
osteoconductive scaffolds and enable selection of the most promis-
ing substrate on which to add cells and/or bioactive surface modifi-
cations.
Method: Scaffolds formulated with polymers such as PLGA, PLCL, tyro-
sine derived polycarbonate (TyrPC), poly(propylene fumarate) (PPF)
were evaluated in the canine femoral multi-defect model. Mineralized
cancellous allograft (MCA) bone provided a comparative reference to
the current clinical standard. Percent bone volume within the defect
was assessed at 4 weeks using both micro-CT and limited quantitative
histology.
Results: Bone formed at the periphery of all scaffolds with varying lev-
els of radial ingrowth. Two scaffolds, TyrPCPL/TCP and PPF4SLA/HA
proved to be significantly better but were not significantly different

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

02. Bone Regeneration: Current and Future Strategies 17



from each other. No polymer scaffold achieved the level of performance
of MCA (ANOVA p < 0.05).
Conclusions: MCA produced a rapid and advanced stage of bone for-
mation and remodeling throughout the defect, greatly exceeded all
polymer scaffold performance. Ongoing work is using MCA to evaluate
advanced methods for transplantation of autogenous cell using a
chronic caprine tibial defect model. Ongoing work is also evaluating
the potential for modification of calcium containing polymer surface
coatings and the delivery of BMP-2.

02.P16
Development of a nano-composite drug eluting
bone plug enhancing fixation of screws in low
quality bone
U Kettenberger, J Bourgon, R Obrist, J Arnoldi, B Eng-Kämpfer,
S Höck, L Pfister, P Luginbühl V, Procter and DP Pioletti
Laboratory of Biomechanical Orthopedics, EPFL, Switzerland;
Stryker Osteosynthesis, Switzerland; Institute of Biotechnology,
ZHAW, Switzerland; Institute of Chemistry and Biological
Chemistry, ZHAW, Wädenswil, Switzerland; Degradable
Solutions, Switzerland

Revision surgery due to screw-cutout is a frequent complication
after the fixation of osteoporotic fractures. In our study we target
the development of a new drug eluting bone plug that enhances
both primary and secondary stability of screws in low quality bone.
This nano-composite implant is designed to be inserted in a pre-
drilled hole prior to screw insertion. The bone plugs are fabricated
from a hybrid composite material consisting of a polylactide
(PDLLA) and hydroxyapatite-nanoparticles (nHA) loaded with the
bisphosphonate Zoledronate (Zol), a potent inhibitor of bone resorp-
tion. A solvent evaporation technique was used to form composite
microspheres with a nHA/Zol-content of 5–25% and a diameter of
100–500 lm. In a second step, the microspheres were fused in
order to get tube-shaped plugs with outer diameters down to
1.5 mm. Handling and pull-out tests in artificial bone have been
performed to optimize the mechanical properties and the material
composition of the bone plugs. These tests confirmed that the plugs
can resist the shear force during insertion with fragments evenly
distributed around bone trabeculae once the screw is inserted. Pull-
out tests in artificial bone with a structure similar to human bone
have shown that the presence of a bone plug improves the pull-out
force of a screw by 16.4%. An animal study using a rat model
including dynamic histomorphometry based on micro-CT scans will
provide information about the drug effect in vivo.

02.P17
Delayed cell injection of allogenic mesenchymal
progenitor cells for bone regeneration in an ovine
critical-sized segmental tibial bone defect
A Berner, MAWoodruff, S Saifzadeh, M Schuetz and
DW Hutmacher
Institute of Health and Biomedical Innovations, Queensland
University of Technology, Australia

Introduction: Mesenchymal progenitor cells (MPCs) represent an
attractive cell population for the concept of bone tissue engineering.
Their special immunological characteristics suggest that MPCs can
be used in an allogenic application. The results using the current
cell-based concepts are discussed controversially. This might be due
to the high rate of cell death caused by local hypoxia and low
nutrition supply in large bone defects. Therefore, we present
a novel technique of delayed cell delivery for large bone defect

regeneration, to improve the outcome of cell transplantation for
bone regeneration.
Methods: A 3 cm segmental tibial bone defect was created in 18 adult
merino sheep. Ovine MPCs were isolated from bone marrow aspirates,
expanded and cultured with osteogenic media for 2 weeks before
implantation. 4 weeks after the implantation of the scaffolds, the cells
were injected percutaneous into a mPCL/TCP scaffold. Bone healing
was assessed after 12 month by radiology, micro computed tomogra-
phy and biomechanical testing.
Results: Delayed injection of allogenic cells did not lead to a local or
systemic rejection. Radiology, microCT, biomechanical testing and his-
tology showed significant more bone formation in the cell groups com-
pared to the empty scaffold group.
Conclusion: This novel procedure of cell delivery could overcome
the current problems of cell-based tissue engineering and serve as
a baseline for the translation of novel concepts into clinical
application.

02.P18
Growth factor-loaded microparticles to promote
the natural healing process of bone
H Rashidi, EL Smith, H Cox, LWhite, ROC Oreffo
and K Shakesheff
University of Nottingham, UK; University of Southampton, UK

Critical sized defects in bone resulting from trauma and primary
tumour resections have presented obstacles to the current treatment
for bone repair. The identification of growth factors which play key
roles in tissue regeneration have attracted great deal of attention in the
past decade, however, the outcome from several clinical trials has been
largely disappointing. The results from previous studies have suggested
that spatio-temporal control is crucial to achieve optimal therapeutic
effects of growth factors. Therefore, scaffolds that can regulate such a
release represent an attractive therapeutic path for bone tissue engi-
neering. In the current study, the effect of different growth factors on
osteogenesis was initially studied in organotypic culture of the chick
femur. Different protocols were developed to produce various formula-
tions and sizes of microparticles containing selected growth factors
using single and double emulsion techniques. Assessment of in vitro
release kinetics showed that tailored release of growth factors was
achieved by the inclusion of a triblock co-polymer in the microparticle
formulations. Finally, the microparticles were transplanted into the
chick femur and cultured for 10 days. The results from release of
growth factors from microparticles by in situ hybridisation and immu-
nostaining demonstrate the potential for controlled spatio-temporal
release of bioactive growth factors for chondrogenesis and/or osteogen-
esis in the chick femur.

02.P19
Influence of low level laser therapy during bone
repair in rats
KNZ Pinto, CRTim, K Fernandes, NA Parizotto and ACM Rennó
Federal University of São Carlos, Brazil; Federal University of São
Paulo, Brazil

Laser therapy has emerged as an efficient noninvasive treatment to
stimulate osteogenesis and to accelerate bone healing. In this context,
this study aimed to assess the effects of LLLT on healing in a model of
tibial bone defects in rats. Animals were randomly distributed into two
groups: control or laser-irradiated group. Were submitted to laser irra-
diation (GaAsAl, 830 nm, 120J/cm2, 100 mW) started immediately
after surgery. Animals were sacrificed on day 15 post-injury. The quali-
tative histological analysis revealed the control group presented inflam-
matory infiltrate and minor amount of granulation tissue, eventually,
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woven bone with no interconnected trabeculaes was observed. The
laser irradiated animals demonstrated mild delimitation of the bordes
of the injury, no inflammatory infiltrate and interconnected concentric
trabeculaes. Still, the animals of this group displayed a moderate
amount of newly formed bone and a better tissue organization com-
pared to control, corresponding to a more advance stage of bone repair.
Also, the laser trated animals showed a higher amount of newly
formed bone was observed at 15 days post-surgery. The immunohisto-
chemical analysis showed that laser irradiation produced a higher
expression of COX-2 and a positive immunoexpression of RUNX-2 at
day 15 post-surgery. Our findings indicate that laser therapy improved
bone healing, by accelerating the development of newly formed bone
and activating the osteogenic factors on tibial defects.

02.P20
Autologous serum improves matrix remodeling
and bone formation in the sheep model
AM Boos, AWeigand, U Kneser, RE Horch and JP Beier
Department of Plastic and Hand Surgery, University Hospital of
Erlangen, Germany

The sheep AV-loop model was established in the last years to engineer
vascularized transplantable tissues in clinically relevant size. Bone
matrices have been vascularized and ectopic bone parts were engi-
neered in this model, but previous studies failed to form a bone block
which is stable enough for transplantation in a critical size bone defect.
The present study now aims at engineering an axial vascularized bone
block with sufficient primary stability.For that purpose the primarily
stable bone substitute NanoBone� was tested subcutaneously with
directly re-transplanted or expanded autologous MSC both in combina-
tion with and without BMP-2. NanoBone� was saturated in fibrin,
autologous serum or cell culture medium prior to implantation. Con-
structs were explanted up to 12 weeks. Autologous serum led to
increased remodeling and earlier bone formation compared to fibrin
within NanoBone� scaffolds. RT PCR analyses proved the upregulation
of osteogenic genes compared to control. Best results were reached
using 6 · 106 expanded MSC in combination with 60 lg/ml BMP-2 in
autologous serum. In pilot experiments NanoBone� blocks were
implanted in the sheep AV-loop model and showed an increasing vas-
cularization pattern after 12 weeks. The next step will be the trans-
plantation of an engineered bone block in the sheep AV-loop model
into a critical size tibial defect. In the future this concept could possibly
replace current therapeutic concepts for treatment of bone defects.

02.P21
A top-down/bottom-up strategy to develop a
bioactive periostium graft
E Tejeda-Montes, KH Smith, E Rebollo, R Gomez, M Alonso,
E Engel and A Mata
Parc Cientific Barcelona, Nanotechnology Platform, Spain;
Confocal Microscopy Unit, IBMB-CSIC, Spain; Biomolecular
Screening & Protein Technologies, CRG, Spain; BIOFORGE
Group, University of Valladolid, Valladolid, Spain; Institut de
Bioenginyeria de Catalunya, IBEC, Spain

This work aims to develop highly bioactive membrane scaffolds based
on elastin-like polymers (ELPs) and multiple signals designed to stimu-
late mesenchymal stem cell (MSC) proliferation, osteoblastic differenti-
ation, mineralization, and angiogenesis during bone regeneration. Four
ELPs exhibiting bioactive epitopes designed to promote either MSC
adhesion (RGDS), endothelial cell adhesion (REDV), or mineralization
(HAP), were synthesized using standard recombinant protein tech-
niques. The ELP membranes were fabricated by a recently reported
drop-casting/evaporation technique and exhibited, in addition to the

inherent epitopes, topographical patterns designed to enhance MSC
proliferation and osteoblastic differentiation. Rat MSCs were used to
evaluate the effects of these signals and analyzed by scanning electron
and confocal microscopy, and a custom-made MATLAB program for
high-throughput image analysis. Cells on ELP membranes with either
RGDS or REDV exhibited faster adhesion and enhanced spreading.
Increased proliferation was observed in cells growing on membranes
with RGDS alone or both RGDS and HAP. Surface topographies also
induced specific effects on cell behaviors. These results demonstrate
the capability to create thin molecularly designed membranes with
both physical and biomolecular signals designed to orchestrate multi-
ple biological processes. This work is part of our ongoing effort to
develop a multifunctional periosteum graft to enhance bone regenera-
tion.

02.P22
Improving bone reconstruction in the rat ulnar
nonunion model via controlling human
recombinant bone morphogenetic protein-2
release
CY Chen, PS Li, MY Hsieh, HH Shen, YH Lin, FH Lin and JS Sun
Department of Biomedical Engineering, National Taiwan
University, Taiwan; Biomedical Technology and Device Research
Laboratories, Industrial Technology Research Institute, Chutung,
Taiwan; Division of Medical Engineering Research, National
Health Research Institutes, Chunan, Taiwan; Department of
Orthopedic Surgery, National Taiwan University Hospital Hsin-
chu Branch, Taiwan

Introduction: Congenital or acquired bone defects are major problems
in orthopedic surgery. In this study, we conjugated a hydrophobic poly-
ester compound, BOX, into the PLGA/PEG thermal hydrogel for control
release model. In the past few years, we had already known that BMP-
2 plays an important role in bone formation. The aim of this study, we
created a model of critical-sized detect and design implants with osteo-
inductive growth factor for bone remodeling.
Materials and Methods: 45 female Wistar rats were assigned into five
groups (n = 9), and created a 5-mm segmental bone defect on bilat-
eral ulnas. Through this study, we can validate the efficiency of colla-
gen sponges and BOX hydrogel cooperating with rhBMP-2 on the
critical-sized defect healing.
Results: Through the data, we demonstrated the efficiency of Colla-
gen/BOX implants combined with BMP-2 has better osteoinductive
effect and can promote fracture healing on critical-sized bone defect
model. Among HE staining of bone defect sections in these two experi-
mental groups at 4 weeks after surgery demonstrated that there were
regenerated bone elements formation, such as endochondral cells, os-
teoblasts and osteocytes. We found that bone formation at Collagen/
BOX group combined with the vascular penetration of new blood ves-
sels into the redeveloped area.
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Conclusions: The results indicated that Collagen/BOX implants adding
BMP-2 would provide the possible clinical applications in orthopedic
surgery and regenerative medicine.

02.P23
2,5-dimethoxy- 2,5-dihydrofuran crosslinked
chitosan for bone tissue engineering application
P Ghosh, S Samanta, SK Ghosh and S Dhara
School of Medical Science and Technology, IIT Kharagpur, India;
Department of Biotechnology, IIT Kharagpur, India; School of
Medical Science and Technology, IIT Kharagpur, India

Biomaterials have emerged as a powerful regulator of the cell-microen-
vironment interactions for modern medicine. Biomaterials provide sites
for cell attachment and initiation of matrix generated cell signalling
pathways. High-throughput techniques of genomics and proteomics
allow screening of a large number of biomaterial scaffolds thereby
improving its efficacy. Chitosan is the second most naturally abundant
polymer and is non-toxic, biodegradable and biocompatible. Despite
being extensively exploited in biomaterials research, chitosan fibers
produced in alkaline bath through pH mediated gelation suffers from
high degradation rate. Crosslinking of the fibers with various chemical
agents is performed to overcome the problem of instability. In this
study 2,5-dimethoxy- 2,5-dihydrofuran (DHF) at various concentra-
tions is used to crosslink chitosan. The furan ring of DHF opens to form
butenedial in acidic conditions aided by mild temperature. The dialde-
hyde formed is used to covalently crosslink chitosan. Though crosslink-
ing strategy of DHF is similar to glutaraldehyde, its nontoxic nature
makes it highly biocompatible. SEM results showed formation of mi-
crofibers (25–65 lm in diameter). Physicochemical properties of cross-
linked and uncrosslinked fibers were compared and their capability to
support the attachment, spreading, and proliferation of osteoblast cells
were studied. Transcriptomic and proteomic expressions of selected
osteoblast genes were assessed.

02.P24
Fabricating and Evaluating the Different ratio of
TCP:HA as scaffold for bone tissue engineering
E Reza, S Aidin, Y Reusmaazran, M Rusnah,
MK Abdul Yazid, M Nor Hazla, BHI Ruszymah and
MH Ng
Tissue Engineering Centre, Universiti Kebangsaan Malaysia
Medical Centre, Kuala Lumpur Malaysia; Department of
Orthopaedics and Traumatology, Universiti Kebangsaan
Malaysia Medical Centre, Kuala Lumpur Malaysia

Tricalcium phosphate (TCP) and hydroxyapatite (HA) are different in
their resorbablity and strength. In view of the need for custom-made
scaffolds for bone tissue engineering purposes, we fabricated a series of
scaffolds with different proportions of TCP ⁄HA and evaluated their
physicochemical & biological properties. The porous b-TCP ⁄HA blocks
were fabricated via a combination of gel casting & sintering methods.
X-ray diffraction profile, microstructural and biomechanical properties
were evaluated. The scaffolds were then placed subcutaneously into
New Zealand White rabbits for three months to access local tissue reac-
tions and biodegradation rates. XRD analysis showed maintenance of
TCP ⁄HA ratio after sintering. Compressive strength was highest in
100%TCP (8.42 ± 0.9MPa) and decreased with reducing TCP propor-
tion. Scanning electron micrograph revealed interconnected pores in
all ratios with increased porosity and pore size with increasing HA pro-
portion. Highest was scored by 100%HA (76.2 ± 4.8% porosity;
1241.667 ± 118.14lm mean pore diameter). All ratios were biocom-
patible and histologically showed no significant differences in local tis-
sue reactions. In vivo CT-image analysis showed that TCP ⁄HA80:20
degraded fastest, with a reduction ratio of 0.43 ± 0.36 by 3 months.
This study described a reproducible method for fabricating scaffolds for
tissue engineering according to the desired shape and dimensions. The
profile of the different TCP/HA ratios can be used as a guide for select-
ing the ideal ratio for different applications.
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03. Tissue Engineering from Lab via Translation to Clinical
Application (TERMIS thematic group) (in coop. Bone-Tec)

03.01
Keynote: Signals in biomaterial constructs to
improve bone vascularization
CJ Kirkpatrick
Institute of Pathology, University Medical Center, Johannes
Gutenberg University, Germany

For bone vascularization the three main components of translational
strategies, namely biomaterials, biosignals and cells, can be used in var-
ious combinations. These range from a minimalist approach, in which
molecular self-assembly of an injectable polymeric system exposes a
bioactive signal in the regenerative niche, to a maximalist strategy with
autologous cells pre-seeded on to a biomaterial scaffold under the
action of growth factors. This presentation will examine ways of using
principles of cellular communication to better advantage in transla-
tional strategies to improve bone vascularization. In the past years our
group has demonstrated the use of cellular crosstalk from heterotypic
interactions to accelerate vascularization. Thus, osteoblasts can drive
endothelial cells to form lumen-containing microvessel-like structures
in an in vitro network which can be rapidly inosculated in vivo. Bioma-
terials could also be functionalized using bioactive signals, such as early
embryonic genes, including sonic hedgehog. A final alternative is the
promotion of vascularization via modulation of the chemical composi-
tion of the biomaterial. In vitro methodology with the use of primary
cells of human origin is a well-established possibility to elucidate bio-
logical mechanisms. Nevertheless, proof of concept in a bone applica-
tion in vivo is still essential as a bridge to clinical translation. (Support
from the BMBF German-Chinese Cooperation in RegMed)

03.02
Keynote: Exploring and engineering the cell-
material interface for regenerative medicine
MM Stevens
Department of Materials, Department of Bioengineering, Institute
for Biomedical Engineering, Imperial College London, UK

This talk will detail materials based strategies to influence cell behav-
iour and differentiation. Both fundamental aspects of the cell-material
interface will be discussed as well as potential applications throughout
the field of regenerative medicine. In particular the influence of sub-
strate mechanics, chemistry and interfacial energy on human stem cells
will be presented. Additionally a thorough materials analysis of tissue
engineered bone will be presented. Indeed many different cells are
used in bone regeneration applications but it is not always clear if they
produce a material that mimics the structural and compositional com-
plexity of native bone. By applying multivariate analysis techniques to
micro-Raman spectra of mineralized nodules formed in vitro, we have
revealed cell-source-dependent differences in interactions between
multiple bone-like mineral environments. These recent findings will be
discussed here. Understanding the biological mechanisms of tissue for-
mation in vitro that contribute to cell-source-specific materials differ-
ences may facilitate the development of clinically successful
engineered tissue. This work is funded from several sources including
the EPSRC and the ERC.

03.03
Keynote: Calcium phosphate cement as drug
delivery vehicle for bone regeneration
JA Jansen, JJJP van den Beucken, XF Walboomers, JGC Wolke and
SCG Leeuwenburgh
Radboud University Nijmegen Medical Center, The Netherlands

Autologous bone grafts are still considered as the golden standard,
albeit that several major drawbacks are related to the transplantation
of autologous bone. Consequently, research is focusing on the develop-
ment and evaluation of (synthetic) materials to replace autologous
bone in grafting procedures. Calcium phosphate cements (CPC) repre-
sent a good candidate material to use as bone substitute. Besides, CPC
can be used as a carrier for local and controlled drug release. Several
aspects need to be considered regarding the incorporation of drugs to
CPC. First of all, it needs to be verified that the setting reaction and
hardening mechanisms and physico-chemical properties do not alter
after the addition of drugs. Secondly, the drug release kinetics in vitro
needs to be characterized, e.g. by in vitro release experiments with ra-
dioiodinated drugs of interest. Subsequently, a release profile is
obtained by measuring in time the remaining activity in a gamma coun-
ter. This needs to be followed by an assessment of the in vivo efficacy
of the drug delivery carrier, after which the clinical use must be evalu-
ated. The efficacy needs to be analyzed because the activity of the
drugs and/or bioactive molecule might be lost due to the chemical
reactions during cement setting, and therefore the drug and/or bioac-
tive molecule will have no clinical effect. The present lecture will dis-
cuss the development and possible use of CPC as a drug delivery
system to support bone regeneration.

03.04
Keynote: Strategies for vascularised bone tissue
engineering: combining honeycombed-like
scaffolds, biaxial bioreactor, growth factors,
co-culture of stem cells
SH Teoh, YC Liu and JKY Chan
Division of Bioengineering, School of Chemical and Biomedical
Engineering, Nanyang Technological University, Singapore;
Biomat Centre, Department of Mechanical Engineering, National
University of Singapore; Experimental Fetal Medicine Group,
Department of Obstetrics and Gynecology, Yong Loo Lin School of
Medicine, National University of Singapore; Singapore

The lack of angiogenesis is the main challenge limiting factor in the
clinical introduction of bone tissue engineering (BTE) approaches for
the repair of large bone defects. We have successfully demonstrated
bony regeneration in rodent models through the use of 3D resorbable
honeycombed-like scaffolds in a novel biaxial bioreactor. Dynamic cul-
ture using the bioreactor resulted in efficient mass transport, homoge-
nous distribution of cells and uniform exertion of shear forces along
the scaffold filaments. Our scaffolds (CE mark and FDA-approved)
have been implanted in more than 1500 patients, reported with high
rates of success. For example, scaffolds for burrhole and cranioplasty
showed bone growth within 3 months. Scaffolds infused with BMP2
showed good bone formation in the mandible. Large cranial recon-
struction using the scaffolds and bone marrow aspirates showed prom-
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ising early-term results. However, there remains a lack of clinical focus
with regards to the need for vascularisation and its potential effects on
long term bone remodelling. Recent investigations relating to coculture
systems have demonstrated the proof of concept that the addition of
endothelial lineages to coculture systems enhances vascularisation
within the scaffold construct. More evidence relating to the quality of
blood vessels formed and bone quality needs to be demonstrated. This
presentation will provide an overview of the current status of engineer-
ing vascularised bone.

03.05
Keynote: Bone engineering from in vivo to clinical
application
M van Griensven, S Schuetzenberger,
G Feichtinger and H Redl
Experimental Trauma Surgery, Klinikum rechts der Isar, Technical
University Munich, Germany; Ludwig Boltzmann Institute for
Experimental and Clinical Traumatology, Austria

Regenerative medicine in the field of bone engineering uses composi-
tions of biomaterials, cells and growth factors. Many different biomate-
rials exist with different properties. Some have mechanical properties
similar to bone, others have a composition close to the bone extracellu-
lar matrix. However, until now no perfect scaffold exists. Nevertheless,
testing of scaffolds in relevant in vivo models has shown that some
induce successfully bone regeneration. To optimize the scaffolds, stem
cells can be added. These can be derived from adipose tissue or bone
marrow. Bone marrow can be directly applied to the scaffold without
being processed. This is an advantage in light of EU legislation. Finally,
growth factors like BMP-2 and BMP-7 are approved for some clinical
bone applications. Strategies were tested in a non-union femur defect
model. This enables investigation of different time points, concentra-
tions and compositions. Finally, we have tested an FDA approved PCL-
TCP scaffold filled with bone marrow and BMP-7 in a pseudarthrosis in
a patient suffering from this condition since more than 2 years. The
composite was put together in vivo. The construct was covered with a
PCL membrane in order to inhibit fibroblast ingrowth from the periph-
ery. Moreover, it could give a guide to periost cells. Within 3 months,
bone formation was observed. The process is still ongoing. In conclu-
sion, several approved components exist and clinical translation in spe-
cific cases seems feasible.

03.06
Keynote: Bone development towards artificial
surfaces
Schuckert KH
Institute Indente, Germany

A large number of papers on bone-TE have been published concerning
bone-to-bone situations, for example non-unions and critical sized
defects. However, developing new bone to artificial surfaces, such as
implant surfaces or non-bony biological surfaces, e.g. root surfaces of
teeth, is still regarded a major challenge. Suitable scaffolds, signaling
molecules and cells (e.g. MSCs, platelets) are necessary to achieve
good results. Requirements for close contact of newly grown bone to
artificial surfaces are:s Rough surfaces (micro- or nano-structured), so
that osteoblasts are able to adhere to.s Optimal surgical approach with
preservation of the periosteum for nutrition. Similar conditions appear
in the development of vertical bone in periodontal defects without
existing bony walls. Results from the following categories will be pre-
sented:s Bone to implant surfaces using different scaffolds, cells and
rhBMP-2.s Bone to exposed implant surfaces, which means implant
surfaces covered with biofilms. In these cases the complete disinfection
of implant surfaces carried out by photodynamic therapy is the most

important initial step. s Bone to exposed root surfaces. 20 patients
with 48 periodontal defects have been treated and examined in a
2 years follow-up.

03.P01
Expression of osteogenic genes and surface
molecule during osteogenesis on bone marrow
stromal cells by bone forming peptide 3 derived
from BMP-7 prodomain
HK Kim, JS Lee, JH Kim, DS Park, MH Jeong and TRYoon
Heart Research Center of CNUH, South Korea; Chosun University,
South Korea

Bone forming peptide 3 (BFP 3, apply for a patent for domestic), from
BMP-7 derived peptide, prepared peptide library screening methods.
The aim of the present study was to investigate the effect of BFP 3 on
ALP, osteocalcin, and CD44 during osteoblastic differentiation of mouse
bone marrow stromal cells. D1 cells were cultured in ODM for 6 days
and treated with BFP 3 for 1 days and then subjected to various tests
MTT assays, alizarin red S staining, and ALP and osteocalcin gene
expression, fluorescence microscopy, flow cytometric analysis and ani-
mal experiments. BFP 3 has alpha helix structure. D1 cells were found
to differentiate into osteoblasts in the presence of ODM. Osteogenic dif-
ferentiation was enhanced when cells were treated with BFP-3, as
determined by alizarin red S staining and osteogenic genes (ALP and
osteocalcin) mRNA expression, and flow cytometric analysis for CD44
surface molecules. Furthermore, X-ray images showed that BFP 3
enhanced bone formation on animal experiments. These findings sug-
gest that BFP 3 enhances osteogenic differentiation via ALP, osteocal-
cin, and CD44 activation when administered to bone marrow stromal
cells in osteogenic differentiation medium.
Acknowledgement: This research was supported by the Pioneer
Research Center Program through the NRF of Korea funded by the
MEST (2011-0001696) and by a grant of the Korea HT R&D Project,
Ministry for Health, Welfare & Family Affairs, Korea (A084869 and
A100012).

03.P02
Interactions between bone and vascular repair in
a composite tissue limb injury model
B Uhrig, J Boerckel, N Willett, M Li, N Huebsch and R Guldberg
Georgia Institute of Technology, USA; Harvard University, USA

Although severe extremity trauma often includes skeletal and vascular
damage, the effect of concomitant vascular injury on segmental bone
defect repair is yet to be investigated. To this end, we developed a
novel composite limb injury model by combining a critically-sized seg-
mental bone defect with surgically-induced hind limb ischemia (HLI).
Based on reported clinical and experimental observations, we hypothe-
sized that HLI would impair bone regeneration. S-D rats received uni-
lateral 8 mm femoral defects alone (HLI-, n = 13) or in combination
with HLI (HLI+, n = 15). Defects were treated with 2 lg rhBMP-2 via
a hybrid nanofiber mesh/alginate hydrogel system. Interestingly, lCT
analysis revealed enhanced bone regeneration in the HLI+ group as
early as week 4 (p < 0.01) that was sustained through week 12
(p < 0.001). lCT angiography at week 12 revealed no differences in
blood vessel volume in the thigh, suggesting a robust neovascular
response to ischemia. Morphological differences persisted, however, as
the HLI+ group possessed a more interconnected network of smaller
diameter vessels (p < 0.001). Ongoing experimLents are studying ves-
sel networks early in the healing process in order to better interpret
our results. While counter to our hypothesis, our results are notable
and suggest interactions in the cellular and molecular mechanisms of
vascular and bone repair. A better understanding of such mechanisms
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may have important clinical implications for improving trauma patient
treatment.

03.P03
A collagen-targeted RGD biomimetic peptide to
enhance bone formation
RVisser, PArrabal, L Santos-Ruiz, E Jimenez-Enjuto, J Becerra and
M Cifuentes
University of Malaga, Spain

Osteogenesis is a complex, multifactorial process in which many differ-
ent signals interact. The bone morphogenetic proteins (BMPs) are the
most potent inducers of osteoblastic differentiation, though very high
doses of BMPs in combination with collagen type I formulations have
to be used for clinical applications. Although integrin-binding arginine-
glycine-aspartate (RGD) peptides have shown some promising abilities
to promote the attachment of cells to biomaterials and to direct their
differentiation, the linking of these peptides to collagen sponges
implies chemical manipulation steps. Here we describe the design and
characterization of a synthetic RGD biomimetic peptide (CBD-RGD),
consisting of a collagen-binding domain derived from the von Wille-
brand factor and the integrin-binding RGD sequence. This peptide was
demonstrated to bind to absorbable collagen type I sponges (ACSs)
without performing any chemical linking, and to induce the differentia-
tion of mouse preosteoblasts and rat bone marrow-derived mesenchy-
mal stem cells. Furthermore, in vivo experiments showed that ACSs
functionalized with CBD-RGD and loaded with a suboptimal dose of
BMP-2 formed ectopic bone in rats while non-functionalized sponges
loaded with the same amount of BMP-2 did not, indicating that the
combination of this biomimetic peptide with the currently used colla-
gen + BMP system might be a promising approach to improve osteo-
genesis and to reduce the doses of BMPs needed in clinical
orthopaedics.

03.P04
Comparative experimental-morphologic study of
the influence of calcium-phosphate materials
(Chronos, Cerosorb, Collapan, Ostim) on
reparative osteogenesis activation
G Berchenko, G Kesyan, R Urazgildeev and D Arsenev I,
Mikelaishvili
CITO Priorov, Russia

Last years in traumatology-orthopedic practice are widely used cal-
cium-phosphate materials for filling bone defects and activation of
bone formation. However, there are no works devoted to the compara-
tive study of these materials.Comparative experimental-morphologic
study of the influence of calcium-phosphate materials, i.e. ß-tricalcium-
phosphate ceramics ChronOs («Mathys Medical Ltd», Switzerland) and
Cero-sorb («Curasan», Germany), biocomposite material Collapan, con-
taining synthetic hydroxyapa-tite, collagen, and antibiotic («Intermed-
apatit», Russia), synthetic hydroxyapatite in the form of paste Ostim
(«Osartis», Germany) upon the activization of reparative osteogenesis
was per-formed in 170 male rats. Preparations were implanted into
metaepiphyseal defect of the tibia. The material was investigated histo-
logically on days 30, 60 and 90 after operation. It was detected that all
test materials promoted the formation on their surface of new bone;
however the most marked activation of reparative osteogenesis was
observed at implantation of Collapan and somewhat less at Ostim
implantation. ChronOs and especially Cerosorb showed delayed substi-
tution by bone growing into their pores. The obtained data were the
basis for successful use of the Collapan for activation of reparative
osteogenesis and prevent of the development of infection in the com-

plex treatment of patients with comminuted fractures of long bones of
the extremities.

03.P05
BMP-2 mediated tissue regeneration is
attenuated in a rat model of composite bone and
muscle injury
NJ Willett, MA Li, BA Uhrig, T Lundgren, JD Boerckel, GLWarren
and RE Guldberg
Georgia Institute of Technology, USA; Georgia State University,
USA

Composite injuries involving bone and surrounding soft tissue comprise
one of the most challenging musculoskeletal conditions to return to
normal function. Our objective was to develop a composite injury
model by combining a segmental bone defect model with an adjacent
muscle injury and characterize tissue regeneration after treatment with
a BMP-2 delivery system. Rats were placed in three groups: muscle
injury (8 mm diameter empty defect in the quadriceps), bone injury
(8 mm critically sized defect in the femur), or composite bone and
muscle injury (n = 6 per group). Bone defects were treated with 2 lg
of BMP-2 delivered in pre-gelled alginate and a nanofiber mesh. Bone
regeneration and angiogenesis were quantitatively assessed using uCT
and limb function was assessed using gait analysis and muscle strength
measurements. At 12 weeks regenerated bone mineral volume was
attenuated in the composite injury group as compared to the bone
injury group. Composite injury animals showed significantly reduced
gait and muscle function as compared to the animals in the single tis-
sue injury groups. Vascular volume increased at 3 and 7 days in the
bone injury group which was not observed in the composite injury
group; both groups showed a comparable significant increase at
14 days as compared to control. This composite injury model produced
severe functional and structural deficits and provides a clinically rele-
vant screening platform which can be used to test novel multi-tissue
therapies.

03.P06
Bone grafts engineered from human adipose-
derived stem cells in dynamic 3d-environments: a
top-down versus bottom-up approach
H Declercq, T De Caluwé, O Krysko, C Bachert and M Cornelissen
Ghent University, Belgium; University Hospital Ghent, Belgium

Introduction: Modular tissue engineering (TE) is promising to over-
come the limits in traditional TE. Adipose tissue derived stem cell
(ADSC)-laden microcarriers can be used as building blocks that can
assemble and create large bone grafts. However, the bone forming
capacity in a bottom-up approach is often not compared with classical
top-down approaches. In the present study, the feasibility of ADSC on
microcarriers was compared with scaffolds to form bone TE grafts.
Materials and Methods: ADSC were phenotypically analyzed by flow
cytometry, followed by a 2D osteogenic differentiation assay. For 3D
analysis, cells were seeded on collagen-based scaffolds/microcarriers
and cultured in static/dynamic conditions. The bone-like morphology
and response to hydrodynamic shear was evaluated by (immuno)histo-
chemistry and gene expression (Runx2, col I, BSP, OCN).
Results: After 6 weeks of dynamic culturing, scaffolds were colonized
until the center in contrast to static cultures, where only the edges were
colonized. Cells on scaffolds showed a downregulation of Runx2 and
colI, in contrary to microcarriers where an upregulation of Runx2, col I,
BSP and OCN was demonstrated. Large bone grafts with sizes of 2 cm2

can be obtained in this bottom-up approach with a cell/surface area
ratio 25–40 times lower than in the traditional top-down approach.
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Conclusion: This study reveals the potential of ADSC-laden microcarri-
ers as building blocks to create macrotissues in a bottom-up approach.

03.P07
Ectopic bone formation by human MSC on
different bone replacement materials
P Voltz, P Janicki, M Egermann, W Richter
Research Centre for Experimental Orthopaedics, Orthopaedic
University Hospital Heidelberg, Germany

A promising approach to tackle the challenge of large non-healing bone
defects in regenerative medicine is the combination of biological or syn-
thetic bone replacement materials and human mesenchymal stem cells
(MSC). However, synthetic bone substitutes like ß-TCP do not form
bone with all donor MSC cultures. Aim of our study was to investigate
whether MSC show superior bone formation on biological bone
replacement materials than on b-TCP and if collagen is an important
component of success.Multilineage potential of donor MSC was con-
firmed in vitro. We compared biological collagen-containing (Duross+,
Tutobone) and collagen-free (Duross-, Bio-Oss) bone substitutes with
b-TCP in vivo. Granules (0.25–1 mm) were seeded with MSC from nine
donors and transplanted subcutaneously into SCID mice. Lowest donor
variability was evident for Duross+ and b-TCP, but bone formation
failed for MSC of one donor with all materials. Histomorphometry
revealed that Duross+ was most successful and mediated significantly
more neo-bone formation than b-TCP (p = 0.003), Duross-
(p < 0.001) and Bio-Oss (p < 0.001). Tutobone showed a higher bone
formation compared to Bio-Oss (p = 0.027). Newly formed bone was
of human origin in all groups. While b-TCP performed similar to several
collagen-free biological bone substitutes, the collagen component in
biological bone substitutes seems favourable for neobone formation by
MSC. Collagen combined with b-TCP might represent a potent
approach for quality improvement.

03.P08
Discontinuous release of Bone Morphogenetic
Protein-2 loaded within interconnected pores of
honeycomb-like polycaprolactone scaffold
promotes bone healing in porcine tibial and
rabbit ulnar defect model
HR Song, JH Bae, SE Kim, YP Yun, KW Park, SH Song
and SH Teoh
Institute for Rare Diseases and Department of Orthopaedic
Surgery, Korea University Medical Center Guro Hospital,
Korea

We have selected a threedimensional polycaprolactone (PCL) scaffold
with an interconnected honeycomb-like porous structure to provide a
conduit for vasculature ingrowth as well as an osteoconductive path-
way to guide recruited cells responding to a unique triphasic release of
osteoinductive bone morphogenetic proteins (BMP) from these PCL
scaffolds. We hypothesize that the use of recombinant human bone
morphogenetic protein 2 (rhBMP2)-PCLconstructs promotes rapid
union and bone regeneration of a large defect. We conducted three
groups of application of PCL scaffold with or without rhBMP-2 (Group
I: 5 15 mm sized porcine tibial defect treated with PCL scaffold, Group
II: 5 15 mm sized porcine tibial defect treated with PCL scaffold coated
with rhBMP-2, Group III: 10 15 mm sized rabbit ulnar defect treated
with PCL scaffold coated with rhBMP-2). Results of Group II and Group
III demonstrated enhanced bone healing with greater amount of
bone formation and bridging under plain radiography and microcom-
puted tomography imaging when compared with an empty PCL and
untreated group after 8 weeks postimplantation. Quantitative
measurements showed significantly higher bone volume fraction and

trabecular thickness, with lower trabecular separation in the rhBMP2-
treated groups. This study serves as preclinical evidence demonstrating
the potential of combining osteoinductive rhBMP2 with our PCL con-
structs for the repair of large defects in a large animal model.

03.P09
Accelerated calcium phosphate cement
degradation due to incorporation of glucono
delta-lactone as porogen
R Felix Lanao, S Leeuwenburgh, J Wolke and J Jansen
Radboud University Nijmegen Medical Center, The Netherlands

Injectable calcium phosphate cements are frequently used for filling of
bone defects due to their excellent osteocompatibility, but their poor
degradability limits complete regeneration of bone defects. Porogens
that produce acid by-products are particularly attractive to create
macroporosity in situ since calcium phosphate cements (CPC) degrade
by acid dissolution. The aim of the current study was to investigate if
glucono delta-lactone (GDL) can be used as acid-producing porogen
for incorporation into CPC without compromising the osteocompatibili-
ty. In vitro studies (microCT, RP-HPLC, XRD and SEM) were performed
in order to optimize the composition and handling properties of CPC-
GDL composites, while an in vivo study (orthotopic implantation in
femoral condyles of rabbits) was carried out for CPCs containing either
low (10 wt%) or high (30 wt%) amounts of GDL. CPCs containing
poly-lactic-co-glycolic (PLGA) or gelatin microspheres were used as
control. In vitro studies confirmed that CPCs containing GDL were
injectable and self-setting, while a considerable amount of porosity was
formed already within 1 day of incubation in PBS. Histomorphometri-
cal evaluation after 6 weeks of implantation revealed that CPCs con-
taining 10% of GDL degraded considerably faster and were replaced by
more bone tissue than the other experimental groups. In summary, it
can be concluded that addition of 10% of GDL to injectable CPCs
results into considerably improved degradation characteristics.

03.P10
Bone-like tissue induced by rhBMP-2, rhBMP-4
and rhBMP-7 in vitro has ossification potential
after implantation
T Hayashi, S Kobayashi, A Mieki, H Kataoka and T Kawai
Department of Dental Materials Science Aichi Gakuin University
School of Dentistry, Japan

Introduction: Recent experiments have attempted to induce bone from
immature muscular tissue (IMT) in vitro using crude BMP and e-PTFE
as a scaffold. Meanwhile, recombinant human BMP (rhBMP)-2, -4 and
-7 has osteogenic potential both in vitro and in vivo. The aim of this
study was to induce bone-like tissue from IMT in vitro using rhBMP-2,
rhBMP-4 and rhBMP-7, and to confirm this tissue has ossification
potential in vivo.
Materials and Methods: Commercially available rhBMP)2, )4 and )7
were used in this study. IMTs were extracted from the 20-day Sprague-
Dawley (SD) embryonic rats and placed on e-PTFE with 10 ng/ll each
of rhBMP)2, )4, and )7, and cultured for 2 weeks. The cultured tis-
sues were analyzed by histological observation and EPMA. RT-PCR was
performed to examine the expression of osteoblastic genes on days 7
and 14. Furthermore, the specimens were implanted subcutaneously
into the backs of SD rats for up to 3 weeks, and then evaluated by lCT
and histological observation.
Results: Mineral deposition was observed by Von Kossa staining. The
expression of all osteoblastic genes was confirmed on both days 7 and
14. Ca, P and O were detected in the extracellular matrix by EPMA. In
addition, the strong radiopacity and ossification was confirmed at
1 week after implantation and that was stronger after 2 weeks.
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Conclusion: The rhBMPs induced IMT differentiation into bone-like tis-
sue in vitro, and this induced bone-like tissue has ossification potential
after implantation.

03.P11
Interactions between tissue growth, pore
geometry and cell mechanics
J Knychala, N Bouropoulos, O Katsamenis and B Sengers
University of Southampton, United Kingdom; University of
Patras, Greece

Pore architecture has a dramatic effect on tissue formation in porous bi-
omaterials used in tissue engineering. However, the wide variety of 3D
structures used indicates there is a clear need for the optimal design of
pore architecture to maximize tissue formation and ingrowth. Further-
more, how precisely cells form tissue in pores of different geometry in
vitro remains unclear. Thus, the first aim of this study was to character-
ize tissue growth solely as a function of pore geometry. Secondly, to
observe how actin organization and thus the potential role of cell gen-
erated forces are implicated in tissue formation. An in vitro system with
well defined open pore slots of varying width was used, providing a 3D
environment for tissue formation while minimizing nutrient limita-
tions. Tissue formation was monitored for 18 days. In addition, 48 h
time-lapse video was applied to investigate tissue formation dynamics
within the constructs. Results demonstrated that tissue formation was
strongly affected by pore geometry. Tissue formation rate increased as
pores became narrower. The level of curvature of the tissue front chan-
ged depending on the pore geometry. This was associated with distinct
patterns of actin organisation depending on pore width, indicative of
the role of active cell generated forces. Time-lapse recording revealed
the highly dynamic nature of tissue formation and showed the effect of
pulling forces exerted by the leading cells which could potentially drive
tissue growth.

03.P12
Evaluation of biologic scaffolds composed of
extracellular matrix for functional restoration of
muscluotendinous tissue defects: Update from
clinical trials
CL Dearth, NJ Turner, BM Sicari and SF Badylak
McGowan Institute for Regenerative Medicine, University of
Pittsburgh, USA

Skeletal muscle has a remarkable capacity for regeneration following
acute injury. However, there are limited therapeutic options for massive
loss of skeletal muscle tissue subsequent to trauma, tumor resection, or
congenital disorders. Biologic scaffolds composed of extracellular
matrix (ECM) have been successfully used in numerous preclinical ani-
mal models to promote constructive remodeling of a variety of dam-
aged tissues, including skeletal muscle. Furthermore, a recent clinical
report demonstrated the ability of ECM scaffolds to promote regenera-
tion of functional site-appropriate tissue in a patient with volumetric
skeletal muscle loss. Currently, our laboratory is involved in two clinical
trials aimed at assessing the use of ECM scaffolds for the restoration of
structure and function in patients with extensive muscluotendinous tis-
sue defects of the upper or lower extremities. Evaluation of tissue biop-
sies taken after ECM scaffold implantation show the presence of
regenerating skeletal muscle tissue as well as neovascularization within
the ECM device. Immunoflourescent labeling reveals multipotent peri-
vascular stem cells (NG2+, CD146+ cells) in addition to desmin posi-
tive cells widely distributed throughout the remodeling ECM. These
results are encouraging in that they demonstrate the ability of ECM
scaffolds to promote the formation of site-appropriate skeletal muscle

tissue, likely through the recruitment and differentiation of multipotent
perivascular stem cells.

03.P13
Effect of a calcium magnesium silicate bioceramic
(merwinite) for bone regeneration: in vivo
M Hafezi Ardakani, AR Talebi, SMMiresmaeili, F Sadeghian and F
Farzaneh
Materials and Energy Research Center, Iran; Research and
Clinical Center for Infertility, Department of Anatomy, Shahid
Sadoughi University of Medical Sciences; Academic Center for
Education Culture and Research,Yazd Branch; Iran

This study investigated the effect of a calcium magnesium silicate bi-
oceramic (merwinite) for bone regeneration in vivo, with hydroxyapa-
tite (HA) as a control. A histomorphology analysis and
histomorphometry of the bioceramics implants in rat femur defect
models indicated that both in early- and late-stage implantations,
merwinite promoted more osteogenesis and biodegradation than did
HA; and in late-stage implantations, the rate of new bone formation
was faster in merwinite than in HA. These results suggest that merwi-
nite might be a potential and attractive bioceramic for tissue engineer-
ing.

03.P14
Apatite microbeads as a means for stem cell
expansion
ES Thian, J Feng, ZY Zhang, M Chong, SH Teoh and J Chan
National University of Singapore, Singapore; KK Women’s and
Children’s Hospital, Singapore

A major barrier to the development of cell-based therapies is the inabil-
ity to expand these cells in abundance within a single run, using the
existing technique of culturing in plastic T75 flasks. In addition, exist-
ing microcarriers are made of polymers or glass-based matrices which
are unsuitable for bone implant science. As such, this work aims to fab-
ricate apatite microbeads as cell carriers. Sodium-alginate and hydroxy-
apatite (HA) were mixed until homogenisation. The suspension was
then extruded dropwise into a calcium chloride solution whereby mir-
cocarriers were formed. The physicochemical properties were then
analysed by scanning electron microscopy (SEM), X-ray diffractome-
tery (XRD), and fourier transform infrared (FTIR) spectrophotometry.
Cell viability on these carriers was evaluated using human fetal mesen-
chymal stem cells (hfMSCs). SEM revealed that apatite microcarriers
were of uniform size ~900 lm, and displayed good spherical morphol-
ogy. At high magnification, these carriers were observed to be intercon-
nected. XRD analysis showed that the peaks were distinct, all
belonging to HA, suggesting that the carriers have a good crystallinity
level. Secondary phases were not detected, confirming that HA
remained stable during sintering. FTIR analysis revealed the presence
of several phosphate bands and an hydroxyl band which are character-
istic of HA. In-vitro work showed that hfMSCs grew well significantly
on these carriers with culturing time.NMRC, SGP (NIG10nov032)
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03.P15
Articular cartilage repair by tissue engineered
hyaline cartilage reconstructed from costal
cartilage
Y Son, JS Lee and E Lee
Kyung Hee University, Korea

Modern Cell &Tissue Technology Inc, Korea: Several attempts have been
made to explore alternative donor cells for the articular cartilage repair.
In this talk, I would like to introduce two possible source for the articu-
lar cartilage repair. One would be costal cartilage which retains many
proliferating cells pool even in the old age. The costal cartilage gave
three-fold higher cell yield and expanded faster than the chondrocytes
derived articular cartilage of the same rabbit. Upon the cell expansion
in the presence of bFGF, the chondrocytes derived costal cartilage
regain MSC-like phenotype and retarded senescence, which could be
successfully redifferentiated to the hyaline cartilage by pellet culture or
by seeding to chitosan /hyaline scaffold. Implantation of those tissue
engineered hyaline cartilage facilitated to heal full thickness pore made
at patella of rabbit articular cartilage without discontinuity between
neighboring cartilage and subchondral bone. Human costal chondro-
cytes were also expanded in the presence of bFGF and redifferentiated
into chondrocytes spheres even after 1 000 000-fold cell expansion,
whose cell processing, safety issue, and future clinical application will
be discussed.

03.P16
In vivo electromagnetic stimulation supports
muscle regeneration after stem cell injection by
boosting muscular metabolism and stimulating
nerve ingrowth
MNL Stölting, C Handschin, A Becskei, T Sulser, and D Eberli
Clinic of Urology/University Hospital of Zurich, Switzerland;
Biozentrum Basel; Institute of Molecular Biology / UZH,
Switzerland

Introduction and Objectives: Skeletal muscle engineering should lead to
muscle tissue with voluntary contractions. Therefore, the development
of the desired tissue specific oxidative muscle fiber type, nerve
ingrowth and formation of new neuromuscular junctions (NMJ) are
mandatory. In this study, we evaluated whether noninvasive electro-
magnetic stimulation (NMS) improves tissue engineered muscle regen-
eration after muscle cell implantation.
Materials and Methods: We implanted muscle cells (MPCs) into a dam-
aged muscle and treated the animals for 5 days with NMS (Bio-
Con2000, 20 min, 50 Hz) and investigated the presence of synapses,
clustering of acetylcholine receptors (AChRs), muscular metabolic
adaptations by immunohistochemistry, RTPCR and WB.
Results: NMS caused no local or systemic damage and increased stem
cell differentiation in vitro and in vivo (p < 0.001). Synapses density
(p = 0.01) and clustering of acetylcholine receptors (AChR) doubled
under NMS treatment (p = 0.003). Muscle metabolism and recon-
struction were enhanced after NMS therapy (p < 0.001). Nerve
ingrowth and branching was stimulated (p < 0.05) and Agrin produc-
tion was boosted (p < 0.05). NMS significantly improved cell integra-
tion and distribution into the regenerating muscle (p < 0.001) and
increased the number of fibres formed by implanted MPCs.
Conclusions: NMS improves functional muscle formation by implanted
MPCs by boosting nerve ingrown, improving synapses formation and
AChR clustering.

03.P17
Biologically modified implant surfaces for
improved outcomes of osseointegration
JS Hayes, DM Devine, J O’Donoghue, F Barry,
MJ Murphy
REMEDI, NCBES, NUI Galway, Ireland; Athlone Institute of
Technology, Ireland; EnBio Ltd, Ireland

Osteoarthritis and osteoporosis constitute a considerable economic and
social health problem. In the absence of a definitive cure, current treat-
ment strategies rely heavily on total joint replacement (TJR). However,
in skeletally diseased patients adequate and long-term device stability
is compromised. Reduced peri-implant osteoprogenitor recruitment
and retention are suggested to contribute to this poor outcome. Here
CoBlast technology is used to produce hydroxyapatite (HA) modified
titanium-4%aluminium-6%vanadium surfaces. This technology incor-
porates HA within the oxide layer, thereby negating issues of delamina-
tion associated with conventional coatings. The surfaces are then
biofunctionalised with collagen (COL) or fibronectin (FN), to improve
cell retention and attachment at the implant surface. Biofunctionalisa-
tion did not alter surface morphology (SEM) or microroughness (White
light interferometery) but produced a chemically stable modification
(XPS, contact angle) for a minimum of 3 months. Protein adsorption
was not affected by functionalisation. Cell attachment after 4 and 24 h
as well as cell viability and proliferation over 10 days was increased on
functionalised surfaces. This preliminary work suggests that biofunc-
tionalisation of clinically used implants may provide an alternative
strategy for improving TJR outcomes in diseased patients. Ongoing
studies are currently evaluating the osteogenicity of the modified sur-
faces.

03.P18
Development of a clinically feasible off-the-shelf
bone tissue engineering strategy with the
integrated use of human fetal mesenchymal stem
cells, polycaprolactone scaffolds and a bi-axial
rotating bioreactor
ZY Zhang, GX Pei, SH Teoh and J Chan
Department of Reproductive Medicine, KK Women’s and
Children’s Hospital, Singapore; Institute of Orthopaedics and
Traumatology, Xijing Hospital, The Fourth Military Medical
University, Xi’an, People’s Republic of China; Department of
Mechanical Enginering, National University of Singapore,
Singapore

Large bone defect treatment still remains a major clinical challenge,
requiring effective bone grafts to achieve healing. Bone tissue engineer-
ing (BTE) strategy provides a promising approach to generate off-the-
shelf tissue engineered bone grafts (TEBG) to address this ever-pressing
clinical need. The clinical success of BTE strategy lies on the synergetic
research efforts from 3D scaffold fabrication, stem cell research, biore-
actor development and scalable bioprocessing technology. Our multi-
disciplinary team has successfully developed a clinically feasible off-
the-shelf BTE strategy. Specifically, we fabricated 3D polycaprolactone
(PCL) scaffolds using rapid prototyping technique, identified human
fetal mesenchymal stem cells (hfMSC) as an ideal off-the-shelf cell
sources via a thorough comparative study, developed and optimized a
unique bi-axial rotating (BXR) bioreactor for BTE application, and
established a microcarrier culture technique for large scale hfMSC
expansion. The proof-of-concept testing in animal models demon-
strated the great defect healing efficacy of this off-the-shelf TEBG gen-
erated from the integrated use of PCL scaffolds, hfMSC and BXR
bioreactor. Lastly, we developed a microsurgery technique to prevascu-
larize the TEBG, which achieved significantly better bone regeneration
and vascularization than non-prevascularized TEBG. Currently, the
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first-in-human clinical trial is underway to evaluate the efficacy of off-
the-shelf TEBG for large defect treatment.

03.P19
Heparan glycosaminoglycans lower the
therapeutic dose of BMP-2
S Cool, D Bramono, ZXH Lim, JJL Lee, M Sadasivam, B Rai
and V Nurcombe
Institute of Medical Biology, A*STAR, Singapore and
2Department of Orthopedic Surgery, Yong Loo Lin School of
Medicine, National University of Singapore, Singapore

Autologous bone graft remains the gold standard for the treatment of
orthopaedic trauma, however donor-site morbidity and insuffient graft
material limit its use. Although bone graft substitutes containing BMP-
2 are efficacious, supraphysiological doses are used clinically due to its
inherent instability. An important therapeutic aim is therefore to lower
the efficacious dose of BMP-2. Heparin, with >90% sulfation, has been
shown to bind and sustain growth factor activity by interacting with
various proteins to both agonize and antagonize them. Heparan sulfate
(HS), a structural analog of heparin that has a greater specificity of
sulfation may provide greater selectivity in protein interactions. The
results revealed that HS3 enhanced BMP-2-induced osteogenic differ-
entiation in a dose-dependent manner. Notably, BMP-2 activity was
greatly augmented in the presence of HS3 through the inhibition of
noggin’s antagonism of BMP-2. This resulted in prolonged ALP activity
in the presence of increasing concentrations of noggin. HS3 reduced
noggin/BMP-2 interactions as revealed by co- immunoprecipitation.
HS3 increased the bioavailability of BMP-2 and sustained pSMAD 1/5/
8 signalling over a 72 h period indicative of accelerated osteogenic dif-
ferentiation. In vivo testing revealed that the delivery of HS3 alone
resulted in robust bone formation that was comparable to exogenous
dosing with BMP-2.

03.P20
Osteointegration enhancement by human BMSCS
and biofactor enriched hydrogels in trabecular
titanium� implants
AB Lovati, S Lopa, G Talò, D Mercuri, F Segatti, L Zagra
and M Moretti
Cell and Tissue Engineering Lab - Gruppo Opedaliero San Donato
Foundation - Milan, Italy; Biosuma, Italy; LimaCorporate spa,
Italy; Hip Surgery Unit - IRCCS Galeazzi Orthopaedic Institute -
Milan, Italy; Cell and Tissue Engineering Lab - IRCCS Galeazzi
Orthopaedic Institute - Milan, Italy

The bone-implant contact represents the weakest point during healing
of prosthetic implant. Coupling Trabecular Titanium�(TT), a porous
structure device, with a hydrogel enriched with progenitor cells and os-
teoinductive factors may represent a promising strategy to improve
implant osteointegration. This study combines TT with an ammidated
carboxymethylcellulose hydrogel (CMCA), strontium chloride (SrCl2)
and bone marrow mesenchymal stem cells (BMSCs). To mimic prosthe-
sis-bone implants, TTwas seeded with human BMSCs differentiated in
osteogenic medium, then grafted into engineered bone. These con-
structs were implanted subcutaneously in athymic mice as unseeded
TTand TT+CMCA or cell seeded TT+BMSCs and TT+CMCA+BMSCs.
After 8 and 12 weeks, osteodeposition, bone mineral density (BMD)
and osteointegration were evaluated respectively by fluorescence imag-
ing, lCT, SEM and pull-out tests. SEM showed a dense matrix filling
the interface between TT and bone scaffold in seeded constructs com-
pared to the unseeded. Fluorescent signal was detected in bone turn
over regions and in seeded constructs compared to the unseeded. lCT

quantified BMD in TT+CMCA+BMSCs higher compared to the unsee-
ded constructs. Pull-out test confirmed the increasing extraction energy
in TT+CMCA+BMSCs compared to others. In this study, we demon-
strate that the association of TT with a SrCl2 enriched CMCA and
BMSCs represents a valid approach and a novel strategy to accelerate
prosthesis osteointegration.

03.P21
In vitro evaluation of bone marrow concentrate/
Bonelike� pellets for bone regeneration
J Torres, A Lopes, MA Lopes, M Gutierres, JD Santos, AT Cabral
and MH Fernandes
CEMUC, Faculdade de Engenharia, Universidade do Porto,
Departamento de Engenharia Metalúrgica e Materiais, Portugal;
Faculdade de Medicina da Universidade do Porto, Hospital de São
João, Largo Hernâni Monteiro, 4200 Porto, Portugal; Faculdade
de Medicina Dentária, Universidade do Porto, Rua Dr. Manuel
Pereira da Silva, Portugal

Human lifespan has been increasing in the last decades, which contrib-
utes to the rising number of bone grafting procedures. The association
of bone marrow, BM (osteogenic and osteoinductive) with an inorganic
scaffold (osteocoductive) may overcome the problems or limitations of
autologous bone. Human bone marrow was collected during orthope-
dic surgical procedure, with patient informed consent. The Biomet Kit
MarrowStimTM kit was used to obtain a concentrate from bone mar-
row aspirate. The same BM volume/ scaffold mass ratio was used in
cell cultures. Bonelike�, is a modified hydroxyapatite matrix with a
homogeneous dispersion of alpha and beta tricalcium phosphate
phases. The pellets used present intra (24.1%) and interpores (31%).
The cell viability of the nucleated cells of the BM aspirates and concen-
trates was similar. Bonelike� pellets colonized with BM concentrates
showed a significantly higher cell viability/proliferation compared to
those seeded with the BM aspirates. Regarding ALP activity, higher val-
ues were seen in the material colonized with the BM concentrates, with
a significant increase between days 9 and 23. Compared to control cul-
tures, pellets colonized with the aspirates or the concentrates exhibited
earlier maximal ALP activity. These results suggest that the association
of autologous BM concentrate to an inorganic scaffold appears to be a
promising approach to improve the final results of fracture healing.

03.P22
Porous polymethylmethacrylate fabricated
intraoperatively as a mandibular space
maintainer post tumor resection: a case series
PP Spicer, AM Henslee, A Nawab, N Demian, FK Kasper, AG Mikos
and MEWong
Rice University, USA; University of Texas Health Science Center at
Houston, USA

Due to the complications of primary mandibular reconstruction, sec-
ondary reconstruction has advantages but with less satisfactory results
due to loss of soft tissue and bone void space. In this case series, three
patients diagnosed with ameloblastoma of the mandible underwent
resection of the tumor and placement of a porous polymethylmethacry-
late (PMMA) space maintainer. This space maintainer was fabricated
by mixing the powder phase of bone cement (SmartSet HV, Depuy
Orthopaedics or Cobalt HV, Biomet) with Surgiflo Hemostatic Matrix
(Ethicon), where the weight of Surgiflo accounted for 30% of the entire
implant. The monomer phase of the cement was added to this mixture
and allowed to polymerize in situ or molded by hand or a silicone cast
ex vivo, creating a porous PMMA material. The defects ranged in size
from a 1.5 · 2.0 cm full thickness notch defect to two continuity
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defects 4.0 and 4.5 cm in length. All space maintainers were held in
place with a titanium plate and screws. Two cases developed small lat-
eral mucosal dehiscences; however these did not increase in size and
maintained enough of the soft tissue envelope that oral surgical
approaches were used to remove the space maintainer and place the
bone graft. All three cases reported a metallic taste for the first 2–
3 weeks of implantation. The space maintainers were explanted 8, 14
and 17 weeks postoperatively. Porous PMMA adequately maintained
space and the soft tissue envelope for secondary mandibular recon-
struction.

03.P23
The importance of continuous hypoxic exposure
for the culture of human fetal mesenchymal stem
cells in bone tissue engineering applications
YC Liu, J Chan, M Chong, M Choolani and SH Teoh
National University of Singapore, Singapore; National University
Health System; Nanyang Technological University, Singapore

Mesenchymal stem cells (MSC) are osteogenic and clinically attractive
for use in bone tissue engineering. As MSC reside in low oxygen ten-
sions in the bone marrow (BM) niche, we hypothesised that oxygen is
a critical parameter for maintaining stem cell phenotype. Human fetal
MSC (hfMSC) expanded in normoxia (21%) previously were used to
study effects on growth and differentiation in 2% and 21% oxygen over
14 days. Results were compared against hfMSC isolated from human
fetal BM aspirates grown continuously in 2% and 21% oxygen from ini-
tial cultures. Studies using normoxia-maintained hfMSC showed 1.3X
higher proliferation (p < 0.01) from Day 3 and 4X increase in colony-
forming units-fibroblasts (CFU-F) (p < 0.01) in hypoxia compared to
normoxia. Alkaline phosphatase levels were lower between Day 7–14
(4.7–5.3X; p < 0.001), with 3.1X reduction in calcium in hypoxia
(p < 0.001; Day 14). CFU-F and proliferation were lowered when
switched from hypoxia to normoxia compared to those kept in continu-
ous hypoxia. Short-term hypoxia maintained self-renewability as seen
from its increased growth kinetics, but osteogenic differentiation was
impeded. hfMSC derived in hypoxia and kept in such conditions
showed more robust osteogenic capacity, with 2.9X higher calcium on
Day 14 (p < 0.001) and higher CFU-F (6.5X; p < 0.05). Continuous
hypoxia resulted in the most potent hfMSC isolates, presenting itself as
promising culture strategy for enhancing therapeutic potential of
hfMSC prior to transplantations.

03.P24
BMP-2 loaded TCP/HAP porous ceramics with a
polyelectrolyte multilayer film coating
T Crouzier, F Sailhan, P Becquart, R Guillot,
D Logeart-Avramoglou and C Picart
Grenoble Institute of Technology, France; Université Paris Diderot,
France

Delivering rhBMP-2 (recombinant Bone Morphogenic Protein-2) at low
but therapeutically efficient dose is one of the current challenges for
bone tissue repair. In this context, Polyelectrolyte Multilayer films
(PEM) represent an attractive rhBMP-2 carrier due to their ability to
protect proteins from denaturation and to coat a wide variety of materi-
als with complex geometry. Herein, we coated macroporous TCP/HAP
granules with a biopolymeric PEM film to deliver rhBMP-2 in a ‘matrix-
bound’ manner. In vitro release kinetics indicated that the PEM-coated
granules sequestered significant amounts of rhBMP-2. The degree of
film crosslinking influenced the quantity of rhBMP-2 trapped within
the films. Bare (uncoated) TCP/HAP scaffolds were also able to retain
rhBMP-2. Bioactivity of rhBMP-2 in the PEM-coated granules was con-
firmed on two cell markers: luciferase expression on BMP-responsive-

element/Luc C2C12 cells and alkaline phosphatase activity induction
on C2C12 cells. Promisingly, rhBMP-2 adsorbed onto PEM-coated and
on bare granules in a lesser extent, could be stored and remained bioac-
tive over at least 3 weeks. In vivo, both uncoated and PEM-coated
TCP/HAP granules loaded with rhBMP-2 exhibited both osteoconduc-
tive and osteoinductive properties. This opens perspective for coating
these bioactive PEM on other types of implantable materials, including
metal alloy that do not exhibit any affinity for rhBMP-2.

03.P25
Regenerative effects of a collagen-based matrix
are amplified in the presence of necrotic stimuli
B Vulesevic, D Kuraitis, A Musarò and E Suuronen
Division of Cardiac Surgery, University of Ottawa Heart Institute;
Deparment of Cellular & Molecular Medicine, University of
Ottawa, Canada; DAHFMO-Unit of Histology and Medical
Embryology, IIM, University of Rome La Sapienza, Italy

Post-natal myogenesis is mainly controlled and preserved by muscle
satellite cells (SCs). When activated (exercise or necrosis), SCs mature
into myotubes and fuse with damaged fibers to regenerate muscle. This
study explored the impact of necrotic milieu on SCs exposed to a colla-
gen matrix designed to promote regenerative myogenesis. Hindlimb
muscle from 4 week-old C57 mice was digested and the resulting
slurry was cultured on collagen-coated culture dishes for 4 days to
yield adherent SCs. SCs were transferred to collagen-coating or matrix
substrates (type I collagen and chondroitin sulfate-C cross-linked with
EDC/NHS) ± necrotic myocyte debris (NMD) from C2C12 cells. After
24 h, morphology, mRNA levels, and supernatant cytokine levels were
assessed. Matrix culture (±NMD) increased myotube number by 4.1-
fold andlength by 1.7-fold (p < 0.05); the addition of NMD generated
larger myotubes, (length by 2.5-fold and width by 1.4-fold; p < 0.05).
Matrix-NMD cultures generated myotubes that spontaneously contract
after 24 h. Matrix alone increased myogenic genes (Mef2C, MyoD, my-
ogenin) by up to 30%; and matrix-NMD culture increased transcription
of Mef2C (350%), MyoD (1210%), myogenin (1180%) and Myf5
(370%). NMD alone did not induce these changes. Matrix-NMD cul-
ture enhanced the production of FGF-2, HGF and SDF-1 (2.1-, 3.3- &
1.6-fold, respectively). To conclude, the presence of necrotic myocytes
augments the collagen matrix’s ability to activate myotube formation
from SCs.

03.P26
Improved ectopic bone formation through
hyaluronan hydrogel-mediated BMP-2 delivery
G Bhakta, R Rai, ZXH Lim, GD Prestwich, SM Nurcombe and
V Cool
Institute of Medical Biology, Singapore

Department of Medicinal Chemistry, University of Utah, Salt Lake City,
USA; Institute of Medical Biology, Singapore.
Introduction: BMP-2 is known to enhance fracture healing when deliv-
ered via a collagen sponge. However, this method requires high very
doses of BMP-2. In this study we used hyaluronan hydrogels and com-
pared them directly to collagen sponges for their ability to efficiently
deliver BMP-2 doses of 0.2, 1.0 and 5.0 lg for tissue engineering.
Materials and Methods: We used thiol-modified hyaluronan (Glyco-
sil�) to incorporate BMP-2 and form hydrogels. We evaluated the
release and subsequent bioactivity of BMP-2 in vitro. The bone-forming
efficacy of both carriers was also tested in a rat ectopic model and eval-
uated after 8 weeks with a combination of 2D radiography, 3D l-CT
and histological analyses.
Results: Collagen sponges released essentially all their loaded BMP-2 in
less than 24 h, whereas Glycosil hydrogels released less than 45% of
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their BMP-2 over a period of 28 days. Glycosil hydrogels were also able
to sustain the bioactivity of their BMP-2, as shown by the enhanced
ALP in C2C12 cells. Analysis by l-CT revealed the BMP-2 dose-depen-
dency in vivo, with 1 lg being the lowest dose required by the collagen
while it was 0.2 lg for Glycosil. Overall the in vivo results demon-
strated that BMP-2-containing hydrogels can induce significantly
greater amounts of bone formation than collagen sponge at all doses.
Conclusions: Glycosil hydrogels show particular promise as a delivery
platform for BMP-2, albeit this strategy needs to be refined in clinically
relevant model.

03.P27
Sutures: a novel way of cell delivery into soft
tissues
DB Horváthy, G Vácz, B Sándor, K Vajda, B Vámos
and Z Lacza
Semmelweis Universtiy, Hungary

Delivery of viable cells into soft tissues is a challenging process. We
hypothesized that growing implantable human stem cells on the sur-
face of sutures may be a suitable source of cell delivery. First, we tested
whether absorbable suture material can undergo the culturing process
without significant changes in its physical properties. We found that
168 h of incubation significantly diminish tensile strength and reduces
in vivo absorption time, while 48 h incubated sutures do not differ sig-
nificantly from the original sutures. Second, we identified the optimal
culture conditions for human BMSCs to proliferate on the surface of
such sutures. In comparison with fibronectin, poly-L-lysine coatings,
we found serum albumin to attach the highest cell number after 48 h.
Furthermore, attached cells proliferate and reach a higher cell density
after 168 h. Third, we tested the in vivo biocompatibility of cell-suture
constructs in an animal model of muscle injury. Cell coated sutures
were implanted in the triceps surae muscle of male Wistar rats. In this
in vivo experiment, we showed that already after 24 h attached cells
starts to leave the suture surface and migrate into the injured tissue.

We conclude that through extensive optimization it is possible to use
regular absorbable sutures for culturing stem cells on the surface and
then using this construct as a cell delivery tool in soft tissue injury. Sup-
ported by TÉT-SIN-CELLTHER, TÁMOP-4.2.1/B09/1/KMR-2010-0001.

03.P28
Irradiated spongy bone allografts as potential
carriers for cell therapy in bone regeneration
E Olender, A Kaminski and AWojtowicz
Medical University of Warsaw, Poland

Introduction: Spongy bone allografts are widely used for bone regener-
ation. Sterilization of allografts results in the loss of cells and changes
in the quality of matrix. The graft functions as a scaffold and a source
of growth factors. Successful regeneration does not occur if recipient’s
cells do not colonize or do not differentiate to osteoblasts. A different
approach is adopted:allografts are seeded with recipient’s cells before
implantation. The aim of the study was to examine the influence on
non-standard doses of sterilization-irradiation on features of bone allo-
grafts as cell carriers ex vivo.
Materials: Spongy bone allografts from four donors, cut into cubes, irra-
diated with one of the doses: 25, 35, 60 and 100 kGy. Adipose derived
mesenchymal stem cells.
Methods: Cytotoxity and genotoxity tests (XTT, micronuclei test) were
performed as high doses of irradiation may induce formation of toxic
derivatives. Adipose derived stem cells were seeded onto the bone
cubes, incubated for various periods. The phenotype of cells was
checked after these periods using real-time PCR. Histolology sections
were prepared in order to visualize the presence and the state of cells.
Results: Neither cyto- nor genotoxic effects were observed. The dura-
tion of incubation and the irradiation dose used influence cell differen-
tiation and hence the effectiveness of the procedure.
Conclusions: Non-standard irradiation is an attractive alternative for
preparation of bone allografts as cell carriers.
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04. Hypertrophic Cartilage and Bone Tissue Engineering

04.01
Keynote: Engineering hypertrophic cartilage
grafts for bone repair via endochondral
ossification
A Crawford, A Kwarciak, K Bardsley, IM Brook, CO Freeman,
M van Griensven, H Redl and PV Hatton
University of Sheffield, UK; University of Oviedo, Spain; Ludwig
Boltzman Institute for Experimental & Clinical Traumatology,
Austria

Engineering large bone grafts and healing of critical sized defects in
vivo is feasible only if adequate vascularisation can be induced in the
tissue. Most research has focussed on engineering bone grafts through
the intramembranous ossification process. An alternative approach is
via endochondral ossification in which a hypertrophic cartilaginous
intermediate is formed which will remodel into bone. This pathway
has the advantage that cartilage is avascular with a better capacity than
bone to survive the low oxygen environment of a wound site. Hypertro-
phic cartilage also contains vascularisation and osteogenesis-enhancing
factors to promote blood vessel in-growth and subsequent bone forma-
tion. Using the endochondral bone formation pathway is now gaining
popularity with most focus being on the use of mesenchymal stem cells
(MSCs) as a source of potential chondrogenic cells. Most studies of
MSC hypertrophy have been in using pellet or micromass cultures. This
study will consider the use of are nasal chondrocytes to prepare hyper-
trophic cartilage grafts. This cell source, can be expanded in vitro, and
seeded onto polymer scaffolds to form a significant extracellular matrix
rich in collagen II and proteoglycans. The chondrocytes can undergo
hypertrophy with extensive collagen X and alkaline phosphatase distri-
bution. When implanted into a bone defect in vivo, the hypertrophic
tissue will undergo mineralisation, vascular invasion and remodelling
into bone.

04.02
Osteoclast-mediated activation of devitalized
engineered cartilage to generate osteoinductive
grafts
A Papadimitropos, C Scotti, A Todorov, A Barbero and
I Martin
University Hospital Basel, Switzerland

Devitalized engineered tissues with the capacity to induce bone forma-
tion are of high clinical and commercial interest. This study investi-
gated whether devitalized hyperthropic cartilage tissues (HCT)
produced in vitro by adult human mesenchymal stromal cells can be
activated by peripheral blood-derived osteoclast progenitors prior to
implantation to induce ectopic bone tissue formation.HCTwere devital-
ized by successive cycles of freeze/thaw and either co-cultured with
freshly isolated and sorted CD14+ osteoclast progenitors from human
peripheral blood, or cultured alone, in the presence of osteoclastogenic
factors (MCSF; RANK-ligand) for 1 day. Samples were implanted ectop-
ically in nude mice for up to 8 weeks. Only the co-cultured constructs
generated frank bone tissue through endochondral ossification, with
3.5-fold higher mineralized volume and less remnants of cartilagineous
tissue as compared to cell-free devitalized HCT.The addition of osteo-
clastic cells on devitalized HCT likely primed the onset of the remodel-
ing process, which is a critical trigger of the endochondral ossification
process. The activation/stimulation of off-the-shelf, devitalized engi-

neered tissues using easily available autologous cells could represent a
novel paradigm in regenerative medicine.

04.03
Engineering a bone organ through endochondral
ossification
C Scotti, E Piccinini, A Papadimitropoulos, P Bourgine, ATodorov,
M Mumme, A Barbero and I Martin
Departments of Surgery and Biomedicine, Basel University
Hospital, Switzerland

In this study, we aimed at developing an upscaled endochondral bone
organ model with a Developmental Engineering approach by using
adult human Mesenchymal Stromal Cells (hMSC). Expanded hMSC
were seeded onto 8 mm diameter, 2 mm thick collagen sponges (Ultra-
foamTM), cultured for 5 weeks in vitro under chondrogenic and hyper-
trophic conditions and then implanted subcutaneously in nude mice.
Samples were analyzed by histology, IHC, biochemistry, flow cytometry,
ISH for human Alu sequences and lCT.In vitro, samples showed a min-
eralized, pre-bone collar (rich in Col1 and BSP) and a hyperthrophic
core (rich in ColX). In vivo, extensive remodeling with vessel ingrowth
(CD31+) and osteoclast activity (TRAP+, MMP9+) took place. Forma-
tion of perichondral and endochondral bone, and, after 12 weeks,
abundant bone marrow were observed. Human cells were detected
mainly in the bone in the core of the samples. Murine bone marrow
cells in the newly generated bone were extracted and characterized as
hematopoietic progenitors (LSK+, clonogenic in methylcellulose), com-
parable to those extracted from mice femurs. This work demonstrates
that hMSC can generate, through endochondral ossification, a ‘bone
organ’ in an upscaled, ceramic-free scaffold model. The findings are rel-
evant towards (i) the development of clinically-sized endochondral
grafts for bone repair and (ii) the engineering of ectopic bone marrow
niches to study and possibly regulate hematopoiesis in normal and
pathologic condition.

04.04
Channelled architectures accelerate in vivo
mineralisation of engineered hypertrophic
cartilaginous constructs
EJ Sheehy, T Vinardell, CT Buckley and DJ Kelly
Trinity Centre for Bioengineering, Trinity College Dublin, Ireland

The formation of canals inside hypertrophic cartilage facilitates vascu-
lar invasion during endochondral ossification. Recapitulating these
developmental processes during endochondral bone regeneration by
modifying the architecture of tissue engineered hypertrophic cartilage
may enable rapid vascularisation and mineralisation. We hypothesised
that the introduction of channels into cartilaginous tissues engineered
using mesenchymal stem cells (MSCs) would accelerate endochondral
ossification in vivo. Bone marrow derived MSCs were encapsulated in
non-channelled cylindrical hydrogels or in channelled hydrogels con-
sisting of a longitudinal array of channels with diameters of 500 lm
and centre-centre spacing of 1 mm. Constructs were maintained in
chondrogenic media at 5% pO2 for 5 weeks and then switched to 20%
pO2 for 1 week to facilitate transition to hypertrophy. Constructs were
implanted subcutaneously in nude mice and retrieved 4 and 8 weeks
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post-implantation. Transfer of constructs to 20% pO2 significantly
increased alkaline phosphatase activity. All constructs stained homoge-
nously for alcian blue pre-implantation. Post-implantation non-chan-
nelled constructs stained positively for alizarin red around the
periphery only whereas channelled constructs stained homogenously
for alizarin red, indicating enhanced mineral deposition. Channels
were highly cellularised post-implantation. To conclude, channelled
architectures show promise for use in endochondral bone tissue engi-
neering.

04.05
Amniotic fluid MSC behaviour in bone
microenviroment: Driving host reparative
response
T Mirabella, A Daga, R Cancedda and C Gentili
University of Genova, Italy; San Martino Hospital, Italy

The repair of skeletal defects represents a substantial economic and bio-
medical burden. Endogenous cell homing is a modern technique that
actively recruits host stem cells into a predefined anatomic location for
in situ tissue regeneration. Here we used human amniotic fluid derived
mesenchymal stem cells (AFSC) as chemoattractant cells to study the
in vivo remodeling of the bone niche. While the in vitro osteogenic dif-
ferentiation of AFSC was successfully obtained both in 2D (culture in
monolayer) and 3D (culture in porous ceramic disks), the early in vivo
recruitment of vessels and pro-inflammatory cells (CD14, CD31, VEGF-
R2 positive cells) was likely responsible for the non traceability of AFSC
(luciferase transfected) at the site of implantation and for the popula-
tion of the ceramic scaffold with host’s tissues of mesodermal origin
such as fat, muscle, fibrous tissues. On the contrary, human bone mar-
row derived MSC remained in the scaffold and formed compact tissue.
When AFSC were added to human osteoblasts (OB), the in vivo formed
bone niche appeared remodeled in terms of vessel density and total
perfusion area. Our findings demonstrate that the benefits of an in vivo
therapy based on uncommitted stem cell sources, such as AFSC, may
be due to the perfusion of a specific niche, with the consequent incom-
ing of progenitors and pro-trophic factors, rather than to the mere dif-
ferentiation of the stem population toward an osteo-phenotype.

04.06
MicroRNA-31 – a novel therapeutic target for
bone regeneration and osteoporosis
S Schraml, S Weilner, KWassermann, M Wieser, P Messner,
AB Maier, H Redl, P Pietschmann, R Grillari-Voglauer, and
J Grillari
VIBT, BOKU Vienna, Austria; LBI for Exp. Traumatology; Leiden
Medical University, Belgium; Medical University Vienna, Austria

The decline of physiological functions during aging results from accu-
mulation of damage in cells and tissues and from decline of the coun-
teracting repair systems. Stem and progenitor cells are such repair
systems and recently their functionality has been found to depend on
the systemic environment, as factors contained in the serum of elderly
individuals inhibit adult stem and progenitor functions. However,
knowledge about the identity and functionality of these factors is scar-
ce.In order to identify such factors, serum of young versus elderly
healthy individuals was tested for the miRNAs and miR-31 was found
higher in elderly donors. As possible source we identified senescent
endothelial cells that secrete miR-31 also in vitro, packaged into exo-
somes. Consequently we aimed at functionally characterizing miR-31
in the context of aging and we found that exosomes of senescent cells
as well as exosomes of elderly donors deliver miR-31 to adipose tissue
derived mesenchymal stem cells (ASCs). Both exosomes and transfec-
tion with miR-31 alone inhibit osteogenic differentiation by downregu-

lation of FZD3 mRNA as target in ASCs. Taken together, our data
suggest that miR-31 is part of the endothelial senescence-associated
secretory phenotype (eSASP), and might serve as a novel biomarker of
cellular senescence and aging. In addition, it might represent a diag-
nostic and therapeutic target whenever osteogenesis is a limiting factor,
especially in age-related diseases like osteoporosis.

04.P01
The effect of composite scaffolds on the
hypertrophy of nasal chondrocytes
K Bardsley, PV Brook I, Hatton and A Crawford
University of Sheffield, United Kingdom

Hypertrophic cartilage has significant potential for use as a graft mate-
rial to repair large bone defects as it can withstand the low oxygen
levels at the wound site, and undergo mineralisation after implanta-
tion through the natural process of endochondral ossification. Our
aim was to prepare poly(co-lactic) acid (PLLA)/calcium phosphate
scaffolds and investigate their potential for tissue engineering hyper-
trophic cartilage. Scaffolds were prepared by precipitating calcium
phosphate within electrospun PLLA meshes using an alternative soak-
ing protocol (1). The precipitated mineral was analysed by scanning
electron microscopy (SEM) and X-ray diffraction (XRD). Scaffolds were
then cultured for 42 days with nasal chondrocytes and analysed for
hypertrophic features. The amount of precipitated mineral seen on and
between the scaffold fibres varied depending on the number of cycles
of alternative soaking performed and was shown to be a mixture of
brushite and hydroxyapatite. Analysis of the tissue constructs showed
that the new composite scaffolds enable cell attachment, proliferation
and hypertrophic differentiation, with some evidence of vertical
growth plate like cell alignment. Therefore, the composite scaffold
could be a useful new material for the development of hypertrophic
cartilage grafts for use in bone repair.1.Taguchi et al J Biomater. Sci.
Polymer Edn 1999;1

04.P02
IL-1b modulates in vitro remodeling and in vivo
bone formation by endochondral primed human
bone marrow mesenchymal stromal cells
MMumme, C Scotti, A Papadimitropoulos, A Todorov,
S Gueven, W Hoffmann, M Jakob, D Wendt, I Martin
and A Barbero
Department of Surgery and Biomedicine, University Hospital
Basel, Switzerland

The milieu of the fracture site contains many inflammatory cytokines.
We aimed at studying the influence of IL-1b on late events involved in
the endochondral bone formation by human bone marrow stromal cells
(hBM-MSC). Expanded hBM-MSC were cultured in collagen sponges,
using a previously established protocol (3 weeks with chondrogenic
medium and 2 weeks with hypertrophic medium with or without
50 pg/ml IL-1b) and then implanted ectopically in nude mice for 5 and
12 weeks. Constructs were analyzed biochemically (calcium, glycosa-
minoglycane (GAG)), by RT-PCR (MMP-13), histologically (Safranin-O,
Alizarin red) and immunohistochemically (cryptic fragment of aggre-
can (Dipen) and with quantitative lCT (total bone volume). Samples
exposed to IL-1b accumulated 38% more calcium resulting in a thicker
calcified bone collar, lost 12% more GAG and expressed higher levels
of MMP-13 mRNA and increased accumulation of DIPEN. After
5 weeks in vivo, IL-1b treated samples contained larger bone marrow
and reduced cartilaginous areas and higher amounts of MMP-13
and DIPEN. After 12 weeks in vivo, IL-1b treated samples showed a
thicker outer bone collar with increased, even though not statistically
significant, total bone volume. IL-1b treatment during the in vitro
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endochondral priming of hBM-MSC resulted in and advanced degree
of cartilage remodeling and subsequent more mature bone in vivo. We
would like to acknowledge the European Union for financial support
(OPHIS#FP7-NMP-2009-SMALL-3-246373).

04.P03
Melt electrospun calcium phosphate coated
scaffolds accelerate ectopic bone formation in the
context of a long term cultured cellular construct
C Vaquette, S Hamlet, S Ivanovski and DW Hutmacher
Institute of Health and Biomedical Innovation, Queensland
University of Technology, Australia; Department of Dentistry and
Oral Health, Griffith University, Australia

Calcium phosphates (CaP) obtained by biomineralisation in Simulated
Boby Fluid have been used for decades to assess the mineralisation
capability of biomaterials. Recently, they have been envisioned as
potential agents to promote bone formation. In this study, we have fab-
ricated and coated with calcium phosphate melt electrospun scaffolds
whereby macropores permit adequate cell migration and nutrient
transfer. We have systematically investigated the effect of coating and
osteoinduction onto the response of ovine osteoblasts and we observed
that the coating up-regulated alkaline phosphatase activity regardless
of the in vitro culture conditions. Micro Computed Tomography
revealed that only scaffolds cultured in an osteoinductive cocktail were
capable of depositing mineralised matrix, and that CaP coated scaffolds
were more efficient at promoting mineralisation. Theses scaffolds were
subcutaneously implanted in athymic rats and this demonstrated that
the osteoinduction was a pre-requisite for bone formation in this ecto-
pic model. It showed that although the bone formation was not signifi-
cantly different after 8 weeks, the CaP coated scaffolds were superior
at inducing bone formation as evidenced by higher levels of mineralisa-
tion at earlier time points. This work demonstrated that CaP coating is
not sufficient to induce bone formation; however the combination of
osteoinduction and CaP coating resulted in earlier bone formation in
an ectopic model.

04.P04
Pleiotrophin potentiates chondrogenic
differentiation of human mesenchymal stromal
cells
T Bouderlique, E Henault, A Lebouvier, H Rouard, J Courty,
PAlbanese and N Chevallier
CNRS EAC7149 Université Paris Est Creteil, France; EA3952-
Université Paris Est-EFS-Ile de France, France

Bone healing is a complicated process that passes through endochon-
dral formation, involving mesenchymal stromal cells (MSC) as key
cellular component and interactions with many growth factors,
tightly regulated to give rise to a suitable bone matrix. Among these,
Pleiotrophin (PTN) is overexpressed in the callus during bone heal-
ing but its role remains controversial. Our goal was to test the effect
of PTN on osteoblastic and chondrogenic differentiation of human
MSC in vitro. No significant effect of PTN was observed on osteo-
blastic differentiation characterized by RT-qPCR analysis of marker
expression and calcification staining. In contrast PTN strongly
increased the expression of cartilage related genes such as Sox9, col-
lagen 2 and COMP during chondrogenic differentiation. The expres-
sion of aggrecan, biglycan, decorin and versican proteoglycans were
up regulated by PTN and correlated with an increase in glycosamino-
glycan content. Finally hypertrophy related genes expression such as
MMP-13 and collagen 10, and hypertrophic shape of chondrogenic
induced cells observed after histological staining, were increased by
PTN treatment. These effects are associated with an induction of

PTN receptors expression. All these data suggest a new role of PTN
in bone development as an inducer of chondrogenic differentiation
toward a hypertrophic state. This is of major interest since PTN could
be used as a new regenerative growth factor to associate with scaf-
fold in a bone lesion model.

04.P05
Vessel derived stem cells contribute to
endochondral ossification of atherosclerotic
plaque
A Leszczynska, E Farrell, A O’Doherty, FJ O’Brien, T O’Brien,
FP Barry and JMMurphy
National University of Ireland Galway, Ireland; Royal College of
Surgeons in Ireland, Ireland

Pericytes, although traditionally considered supporting cells, have
recently been proposed to have a more active role in the repair and
pathogenesis of various vascular diseases. There is growing body of
research work indicating that the vessel wall contains a number of pro-
genitor cell niches that remain as yet incompletely defined. In this
study, we hypothesized that a pericyte-like stem cell population,
termed vessel derived stem cells or VSCs with chondrogenic and osteo-
genic potential exist in the vessel wall and in presence of the inflamma-
tory cytokines seen in atherosclerotic environment, contribute, along
with the circulating mesenchymal stem cells (MSCs), to the calcifica-
tion of atherosclerotic plaques via endochondral ossification. VSCs from
aortae of ApoE-/- mice and background C57BL/6 mice were isolated
and characterised for cell surface markers by flow cytometry and
immunocytochemistry. MSCs from bone marrow of these mice were
also isolated and characterized. To assess the ability of VSCs and MSCs
from normal and ApoE-/- mice to form bone, cells were seeded onto
collagen glycosaminoglycan scaffolds and primed chondrogenically in
vitro followed by subcutaneous implantation for 8 weeks. Chondrogen-
ically primed constructs from both cell types (VSCs and MSCs) showed
the ability to form bone by endochondral ossification in vivo in both
ApoE-/- and C57BL/6 mice. Assessment of quantity and quality of bone
formed is currently being performed.

04.P06
Chondrogenic and hypertrophic differentiation of
human multipotent stromal cells in alginate
hydrogel constructs
JB Doppenberg, J Malda, WJA Dhert, D Gawlitta
Department of Orthopaedics, University Medical Center Utrecht,
The Netherlands; Faculty of Veterinary Sciences, University of
Utrecht, The Netherlands

A crucial step in endochondral bone tissue engineering is the induc-
tion of hypertrophic chondrogenic differentiation of multipotent stro-
mal cells (MSCs) after chondrogenesis. A promising 3D culture
model comprises suspension of single MSCs in alginate beads. To
improve chondrogenesis and hypertrophic differentiation, pellet ver-
sus single cell encapsulation in beads was compared. We hypothe-
sized that encapsulated pellets differentiate more readily due to
cellular condensation. Cultures of three human donors were com-
pared after 28 days of chondrogenic or hypertrophic stimulation. Fur-
ther, MSC differentiation was compared in different formulations of
alginate gel. Cell viability and chondrogenic or hypertrophic differen-
tiation were assessed by (immuno)histochemistry and quantitative
alkaline phosphatase and proteoglycan (PG) detection. Safranin-O
staining revealed donor-dependent chondrogenesis of both groups.
Quantitative analysis showed highest PG content in beads with pel-
lets for 2 out of 3 donors. Hypertrophy, as evidenced by collagen
type X deposition and mineralization, was observed in all donors
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and most extensively in beads containing pellets. No difference in
viability or differentiation was observed for different alginate formu-
lations.This study reveals that alginate encapsulation of pellets is a
suitable model for hypertrophic differentiation of MSCs in vitro. This
design could easily be translated into an in vivo model of endochon-
dral bone tissue engineering.

04.P07
The influence of 3D scaffolds in endochondral
bone formation
S Both, W Yang, F Yang and J Jansen
Radboud University Nijmegen Medical Center, The Netherlands

Bone is second on the list of transplanted materials. However, the cur-
rently used natural and synthetic grafting materials show several draw-
backs. Tissue engineering techniques in which stem cells are combined
with a scaffold material that provides a 3d structure are of great inter-
est. But one of the main challenges remains overcoming necrosis of the
implanted cells, which is mainly caused by limited vascularisation.
Therefore we use the endochondral approach, mimicking the natural
pathway, by implanting cartilage which is replaced by bone. Cartilage
has the ability to survive in a defect area without direct vascularisation,
as it produces the growth factor VEGF. But for clinical application the
scaffold material also plays a critical role since it provides anchorage,
stability and strength. Our aim is to evaluate in vitro and in vivo several
scaffolds as potential candidates. We seeded rat mesenchymal stem
cells onto six materials; HA/TCP, PU(polyurethane), PU/HA, PCL/
PLGA, PCL/PLGA/HA and Collagen I. The cells were differentiated into
the chondrogenic lineage and we measured the GAG content, per-
formed an histological evaluation and did a PCR for chondrogenic
markers. On all scaffolds cartilage matrix was formed but the GAG con-
tent and the expression of (hyperthropic) cartilage markers was highest
for the PCL/PLGA scaffold. Next we implanted all scaffolds subcutane-
ous in rats for a period of 8 weeks. Currently we are evaluation the
amount of bone formed on all scaffolds.

04.P08
Silver nanoparticles stimulate proliferation and
migration of chondroprogenitor cells
KHL Kwan, KWK Yeung, MKT To and J Wu
The University of Hong Kong, China

Bone bridge is present in 1–10% of physeal fracture. The bony structure
lead to deformity and even cease growth. Current therapy could not
resume its growth potential thus there is a need for alternative solu-
tions. One remedy is to promote chondrogenesis at the physeal defect.
Silver nanoparticles (AgNPs) is a powerful medicine for skin wound for
its ability to accelerate healing with excellent regeneration. The objec-
tive of this study is to scrutinise the effect of AgNPs on ATDC5 cells, a
murine chondroprogenitor cell line, in terms of cytotoxicity, prolifera-
tion and migration. In vitro study showed that cytotoxicity of AgNPs is
dose dependent. Concentrations below 1 lM did not show cytotoxicity
in MTTassay. BrdU incorporation assay exhibited a significant increase
in proliferation between 0.1–0.01 lM of AgNPs. This could be
explained by the upregulation of mRNA expression of wnt-5a,-5b,-10
and 11 in real-time PCR. In addition, in vitro scratch assay showed ele-
vated migration rate at 1 lM in 24 h. All assays were analysed using
the Student’s paired t test with p value lower than 0.05 considered as
significant. The finding shows that AgNPs enhance the proliferation
and migration of chondroprogenitor cells at appropriate concentrations
with minimal toxicity. This discovery suggests that AgNPs may help in
the repair of the growth plate in vivo by promoting infiltration of the
chondroprogenitor cells into the injury site and improve chance of car-
tilaginous repair.

04.P09
Functionalization of HA/bTCP scaffolds with
human platelet lysate improves bone tissue
engineering
J Leotot, L Coquelin, G Bodivit, T Bouderlique, P Hernigou, P
Bierling, H Rouard and N Chevallier
EA3952-PRES Paris-Est University, EFS Ile-de-France; EA3952 -
Tissular and Cellular Bioengineering Laboratory, PRES Paris-Est
University; Unit of Engineering and Cell Therapy, EFS Ile-de-
France; Department of Orthopaedic Surgery and Traumatology,
AP-HP Henri-Mondor Hospital, France

Combination of bone substitute materials with human mesenchymal
stem cells (hMSC) represents a promising clinical alternative to
autologous bone graft for the treatment of bone defects. This
approach has shown its efficiency, however, most of the studies lead
to disappointing results, particularly regarding the degree of cell col-
onization and vascularization after transplantation.The human plate-
let lysate (hPL) is composed of many growth factors known for their
osteoinductive, growth and chemoattraction effects on hMSC and
endothelial progenitor cells (EPC). Our approach consisted in use of
hPL coated on HA/bTCP scaffolds to functionalize biomaterials in
order to induce the rapid development of a vascular network and
improve the process of bone repair. This study demonstrated that
coating of HA/bTCP scaffolds with hPL increases chemoattraction,
adhesion, colonization and distribution of hMSC on the biomaterial.
In contrast to soluble hPL, we observed no induction of osteoblastic
genes. However, the coating with hPL induces the secretion of cyto-
kines by hMSC, including vascular endothelial growth factor (VEGF),
which will allow a specific chemoattraction for endothelial cells and
improve in vivo bone formation. The hPL seems a promising candi-
date for potentiating biomaterials properties, inducing a better migra-
tion and colonization of stem cells on scaffold, whether the
implanted cells and/or autologous cells recruited in situ, in order to
increase in vivo bone formation.

04.P10
Platelet rich plasma enhances osteoconductive
properties of a hydroxyapatite-b-tricalcium
phosphate scaffold (Skelite) in critical size rabbit
calvarial defects
RM Elbackly, SH Zaky, B Canciani, MM Saad, AM Eweida,
F Brun, VS Komelev, M Mastrogiacomo, MKMarei
and R Cancedda
Tissue Engineering Labs, Faculty of Dentistry, Alexandria
University, Egypt; Università degli Studi di Genova & Istituto
Nazionale per la Ricerca sul Cancro, Italy; Pharos University,
Egypt; Faculty of Medicine, Alexandria University, Egypt;
Department of Industrial Engineering and Information
Technology, University of Trieste, Italy; Sincrotrone Trieste
S.C.p.A., Italy; A.A. Baikov Institute of Metallurgy and Materials
Science, Russian Academy of Sciences, Russia

The regeneration of large bone defects remains a consistent challenge.
Although platelet rich plasma PRP has been used for many years its
use in bone repair remains highly controversial. In the present work,
we evaluated in a rabbit calvarial defect, the effect of lyophilized PRP
on bone regeneration when associated with a silicon stabilized
hydroxyapatite tricalcium phosphate scaffold (SkeliteTM). Critical
defects were created in the calvaria of 24 rabbits. The periosteum was
removed and the defects were either left empty or with allogeneic PRP
gel; Skelite particles; Skelite and PRP gel. Four animals were eutha-
nized after 4 weeks, 10 animals after 8 and 10 after 16 weeks. Speci-
mens were processed for X-ray microtomography (lCT) and for resin
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embedded histology. lCT analysis revealed significant osteoid-like
matrix and new bone deposition in PRP+Skelite group at both 8 and
16 weeks in respect to Skelite alone. Histologically, PRP+Skelite
defects were well-vascularized, highly cellular with more abundant
osteoid deposition and more regular collagen fibers. Moreover, in vitro
migration assays confirmed the chemotactic effect of PRP to endothe-
lial and osteoprogenitor cells. We conclude that the addition of PRP
influenced the local tissue microenvironment by providing key cryptic
factors for regeneration, thereby enhancing progenitor cell recruitment,
collagen and bone matrix deposition, and by creating a bridging inter-
face between the scaffold and bone.

04.P13
Cell therapy for bone repair: an in vivo study in a
Lewis rat femoral defect model
S Frasca, H Sariali, Visage C Le, F Norol, J-M Collombet,
J-J Lataillade and X Holy
Institut de Recherche Biomédicale des Armées, Soutien Médico-
Chirurgical des Forces, France; Hôpital La Pitié-Salpêtrière,
Chirurgie Orthopédique et Traumatologie; INSERM U698
Hémostase, Bio-ingénierie et Remodelages Cardiovasculaires;
Hôpital La Pitié-Salpêtrière, Biothérapie; CTSA Hôpital
d’Instruction des Armées Percy, France

Bone loss may be a consequence of tumours, traumas or various dis-
eases and is still a great challenge to reconstructive surgery. MSC are
multipotent cells that may offer a valuable therapeutic approach to
bone loss repair. Here, we investigated MSC repair efficiency on experi-
mental bone defects in rats, when associated with a new hydrogel scaf-
fold (pullulan and dextran) successfully developed for cardiac tissue
engineering. We compared it to known calcium-phosphate ceramics
(Calciresorb 35�, HA/TCP = 65/35). Biomaterials were seeded with
rat MSC and surgically implanted for 7, 30 or 90 days in femoral
defects (n = 192). Quantum dot-labelled MSC were evenly distributed
in the defect independently of the treatment up to 30 days. Using l-CT
imaging, mineralization labelling and histochemical analysis, we
showed that MSC seeded-hydrogels induced significant bone regenera-
tion in comparison with MSC-treated rats or empty defect (Bone vol-
ume ·1.43 and ·2.20 respectively after 30 days). However, a different
bone mineralization pattern was observed depending on the consid-
ered scaffold. Using hydrogels, new bone deposition was mainly
detected at the defect periphery while it was evidenced around and
inside ceramics. These results indicate that MSC associated with these
scaffolds positively enhance bone neosynthesis with different repair
patterns. Cell therapy associated with this new hydrogel could be a
promising approach towards bone loss treatments.

04.P14
The periosteum osteogenic potential for cranial
bone defects in a model in vivo
E Ruvalcaba-Paredes, A Sesman-Bernal, V Martı́nez-López,
M Pérez-Dosal, B Vargas-Sandoval, C Ibarra
and C Velasquillo
Tissue Engineering, Cell Therapy and Regenerative Medicine Unit,
Mexico; Service of Plastic and Reconstructive Surgery, National
Institute of Pediatrics, Health Secretary, Mexico; Cellular and
Molecular Morphology Unit, National Institute of Rehabilitation,
Mexico

Introduction: Craniofacial defect reconstruction represents a great surgi-
cal challenge. The use of periosteum combined with bioresorbable
materials is a promising approach for tissue engineering. The aim of
this study was to determine the osteogenic potential of the osteogenic

unit (acellular human dermis and de-mineralized bone) in nude mice
with cranial bone defects.
Methods: We used samples from pediatric patients with primary cleft
palate. The biopsy was digested and cell cultures were maintained in
monolayer during 2 weeks, until confluence was reached. Cultures
were harvested with trypsin (0.25%) and cells seeded onto the osteo-
genic unit. We placed an osteogenic unit in a critical-size defect of
skulls of athymic mice. At 3 months mice were sacrificed, H&E and von
Kossa histological analyses were performed, and immunohistochemis-
try for RUNX-2, Col I, alkaline phosphatase and osteopontin.
Results: We found osteoblasts, and weak positive staining with the von
Kossa method. RUNX-2, Col I, and alkaline phosphatase were positive
and osteopontin weakly stained.
Discussion: These results suggest that the osteogenic unit contains os-
teoblasts and the formed extracellular matrix is similar to immature
bone.

04.P15
Nano-Hydroxyapatite/Cellulose composite
scaffold for bone tissue engineering
O Petrauskaite, J Liesiene, C Santos, PS Gomes, M Garcia,
MH Fernandes, MM Almeida, MEV Costa, G Juodzbalys
and P Daugela
Kaunas University of Technology, Lithuania; Polytechnical
Institute of Setubal, EST, Portugal; Department of Ceramics and
Glass Engineering, CICECO, University of Aveiro, Portugal;
Laboratory of Pharmacology and Cellular Biocompatibility –
Faculty of Dental Medicine, University of Porto – Porto, Portugal;
Department of Maxillofacial Surgery, Lithuanian University of
Health Sciences, Lithuania

Bone engineering via synthetic biomaterials implies the interplay of
various agents including a synthetic scaffold, bone progenitor cells and
growth factors. To perform successfully the ideal scaffold should be a
3D interconnected porous structure promoting cell adhesion, prolifera-
tion and vascularisation and allowing bioactive substances to be sup-
plied to incorporated or ingrown cells. The present work explores the
preparation and characterization of cellulose/hydroxyapatite composite
structures for bone tissue regeneration in maxillofacial region and their
osteoblastic cytocompatibility. Cellulose/hydroxyapatite porous scaf-
folds were produced by freeze drying suspensions of cellulose and
chemically synthesized hydroxyapatite nanoparticles. Experimental
parameters including cellulose concentration, pre-lyophilisation condi-
tions, and hydroxyapatite nanoparticle morphology were used to
manipulate scaffold porosity, micron- and nano-scale topography. The
biological characterization of cellulose/hydroxyapatite composites was
conducted with MG-63 human osteoblastic-cells. The obtained freeze-
dried bodies are highly porous, with pore size ranging from micron to
nanometric scale. Furthermore, assayed composites revealed improved
biological profile, by enhancing the adhesion, proliferation and func-
tional activity of seeded osteoblastic-like cells. Attained results substan-
tiate the suitable application of cellulose/hydroxyapatite scaffolds in
bone tissue engineering applications.

04.P16
Healing rat calvarial critical-sized bone defects
with PCL–TCP/fibrin scaffolds loaded with bone
morphogenetic protein2-binding heparan sulfate
B Rai, ZXH Lim, T Lin, M Sadasivam, JJL Lee, V Nurcombe
and SC Cool
Institute of Medical Biology, A*STAR, Singapore

Dept. of Orthopaedic Surgery, Yong Loo Lin School of Medicine,
National University of Singapore
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The biological activity of bone morphogenetic protein-2 (BMP-2) is
enhanced by glycosaminoglycans. We developed a simple purification
method to isolate an HS variant (HS3) that binds BMP-2 and sustains
its activity. In order to determine its efficacy in vivo, bilateral, critical-
sized bone defects in the calvaria of rats were created and treated with
HS3 delivered on a polycaprolactone-tricalcium phosphate scaffold
(PCL-TCP). Experimental groups (n = 6/group) consisted of; (i)
Empty defect, (ii) Scaffold alone, (iii) BMP-2 (10 lg), (iv) HS3 (5 lg),
or (v) HS3 (30 lg). Our intent was to evaluate the efficacy of HS3 in a
clinically-relevant bone defect model. We hypothesized that providing
exogenous HS3 into the wound milieu would further activate endoge-
nous BMP-2, thereby prolonging its bone inducing activity. At week 12,
X-ray and l-CT imaging showed the presence of bone infiltrating the
defects, albeit to varying extents. Notably, treatment with BMP-2 and
HS3 (30 lg) induced similar amounts of new bone (BV: 8 ± 2 and
7 ± 1 mm3 respectively), that was significantly higher than scaffolds
alone (4 ± 1 mm3). All other groups failed to induce appreciable bone
formation (p > 0.05). Histological evaluation by Hematoxylin/eosin
and von Kossa/McNeals stained sections of the BMP-2 and HS3
(30 lg)-treated defects verified the presence of bone filling the defects.
In conclusion, HS3 proved to be just as effective as BMP-2 in the treat-
ment of rat calvarial critical-sized bone defects.

04.P17
In vitro and in vivo assessment of pro-osteogenic
potential of three ceramics for bone tissue
engineering
L Monfoulet, P Becquart, K Vandamme, H Petite, E Pacard,
V Viateau and D Logeart-Avramoglou
CNRS UMR7052, Université Paris 7, France

For bone tissue engineering, CaP-ceramics and bioactive glass are suit-
able implant materials due to their osteoconductive properties. How-
ever, to the scaffold material, osteocompetent cells such as
mesenchymal stromal cells(MSC) are usually combined to enhance
bone tissue formation. The aim of this study was to assess and to com-
pare both in vitro and in vivo the pro-osteogenic potential of three pop-
ular osteoconductive ceramic scaffolds(HAP/betaTCP, natural Porites
coral and 45S5 bioactive glass) when combined with MSC. Scaffolds
were seeded with human MSC and embedded within fibrin gel. In vi-
tro, the hMSC proliferation and the expression of bone matrix proteins
were higher into 3D bioactive glass-derived cell constructs compared to
the coral- or HAP/betaTCP-derived cell constructs. These three kinds of
constructs were then subcutaneously implanted in Nude mice for
2 months to assess their in vivo bone forming potential. Histomorph-
ometry analysis provided evidence of equal bone formation into HAP/
betaTCP- and coral-derived cell constructs, whereas no bone was
observed onto bioactive glass-derived cell constructs. These results
showed that, when combined with hMSC, HAP/betaTCP and coral
ceramics are both suitable scaffolds for bone tissue engineering applica-
tions. In contrast, despite its in vitro pro-osteogenic potential, bioactive
glass-ceramic needs further physico-chemical improvements before
considering its use with osteocompetent cells for tissue engineering
uses.

04.P18
Fabrication of polymer-ceramic composite bone
scaffolds with controlled multi-scale porosity
N Basaran and G Kiziltas
Sabanci University, Turkey

Introduction: Traditional scaffold fabrication methods have largely been
unsuccessful in controlling the internal architecture to a high degree of
accuracy or homogeneity. Creation of such scaffolds with controlled

macro-micro pores is critical for mass transfer and mechanobiology
investigations. Here a reproducible manufacturing technique based on
Indirect Solid Free Form Fabrication (ISFF) for producing ceramic-poly-
mer bone scaffolds with controlled macro-micro pore size is presented.
Methods: Cylinders with 8 mm diameter and 8 mm height with inter-
connected 600 lm global and 80–200 lm controlled local micro-pores
are designed in Solidworks� and fabricated with two RP systems (SLA
Viper and Projet HD3000). HA with appropriate binders is cast into
designed mold and burned out to remove the polymer based mold.
The HA mold was sintered at elevated temperatures to get rid of
organic binders and then immersed into molten biodegradable com-
posites of PGA, PCL, and PEG (Sigma-Aldrich).
Results: SEM images and Micro-CTanalyses (Skyscan 1172) show that
composite scaffolds were successfully fabricated with interconnected
desired pores. Stiffness and yield stress of resulting scaffolds are mea-
sured according to ASTM standards confirming their predicted values.
Conclusions: Scaffolds with pore sizes of 80–600 lm were attainable
via ISFF method motivating its use for scaffolds with optimal perme-
ability and connectivity providing tissue ingrowth and mechanical
strength.

04.P19
The potential of highly orientated scaffold pore
architecture for bone tissue regeneration
A Petersen, AWoloszyk, A Ellinghaus and GN Duda
Julius Wolff Institute, Charité - Universitätsmedizin Berlin,
Berlin-Brandenburg Center for Regenerative Therapies, Germany

The utilization of biomaterials is one of the most promising strategies
for the regeneration of large tissue defects. Their success, however, is
depending on the ability to guide cell behavior towards functional tis-
sue formation. In this study we investigate the potential of a macropor-
ous collagen-I guiding structure (porosity 98.5%, pore size 80 lm) to
direct cell migration and align newly formed extracellular matrix
(ECM) for improved bone healing. Migration of human and rat mesen-
chymal stromal cells (MSCs) into the highly oriented scaffold and ori-
entation of ECM deposited by human and rat primary fibroblasts were
analyzed in vitro. For in vivo evaluation, the scaffold guiding structure
was implanted in a 5 mm defect of a rat osteotomy model.MSC migra-
tion along the scaffold pores at day 3 was 2.6(±0.4) and 3.1(±1.0)
fold higher compared to migration perpendicular to pore orientation
for human and rat MSCs respectively. Multiphoton microscopy revealed
a long range alignment of ECM fibers within the scaffold pores. In vivo
studies proved soft and mineralized tissue structure following the scaf-
fold pore orientation. Advanced mineralized tissue formation was
found in animals with scaffold pore orientation along the bone axis
compared to perpendicular orientation. The study highlights the poten-
tial of scaffold based guiding structures to direct cell migration and
align ECM formation. This opens new possibilities for the regeneration
of oriented tissue structures like bone.

04.P20
Enhancing the cellular response to PEEK
substrates for bone contacting applications
H Thissen, P Pasic, P Bean, G Johnson, KM McLean, WRWalsh
and R Poggie
CSIRO Materials Science and Engineering, Australia; University
of New South Wales, Australia; BioVera LLC, USA

The ability to control cell-material interactions effectively is the key to
a broad range of applications in tissue engineering and regenerative
medicine. Polyetheretherketone (PEEK) has been widely used as a bio-
material due to its mechanical properties, biocompatibility and chemi-
cal stability. However, the surface properties of PEEK have limited its
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use in bone-contacting applications. Here we present the development
of a tailored polymer coating providing significantly improved bone cell
responses that can be applied to both solid and porous PEEK substrates.
Coatings were deposited on solid and porous (73% porosity, 600 lm
pore diameter) PEEK samples by RAFT-based graft polymerisation of
homo- and copolymers representing different ratios of selected mono-
mers. Coatings were characterised using XPS while cell culture experi-
ments were carried out using human Saos-2 bone-derived cells. Cell
attachment and proliferation were evaluated over 7 days while miner-
alisation experiments were carried out for 21 days. Screening and opti-
misation experiments yielded a copolymer containing 33 mol%
phosphate methacrylate and 67% butyl methacrylate which had the
largest effect on cell attachment and growth while also resulting in an
approx. 4-fold increase in mineralisation. Importantly, an even distribu-
tion of the coating throughout the pores of porous PEEK samples was
demonstrated. This tailored coating is currently undergoing in vivo
testing in an ovine animal model.

04.P21
Production and characterization of chitosan/
calcium phosphate composite microspheres for
bone tissue engineering therapeutics
GSL Gaspar, SJC Silva and BJP Borges
Cenimat/I3N, Departamento de Ciência dos Materiais, Faculdade
de Ciências e Tecnologia, FCT, Universidade Nova de Lisboa,
Portugal; Cefitec, Departamento de Fı́sica, Faculdade de Ciências
e Tecnologia, FCT, Universidade Nova de Lisboa, Portugal

In this work chitosan/calcium phosphates (CS/CP) composite micro-
spheres were produced. The calcium phosphates used were hydroxyap-
atite (HAp) and b-tricalcium phosphate (b-TCP). Acetylsalicylic acid, a
model drug, was encapsulated in the microspheres in order to deter-
mine the therapeutic efficacy of the microspheres. CPs were produced
by sol-gel method and microspheres were produced by microfluidics.
The microspheres were characterized in terms of morphology by scan-
ning electronic microscopy (SEM) and optical microscopy. Encapsula-
tion efficiency and drug delivery profile were studied. CS microspheres
with an average diameter of 337 lm and a smooth surface were
obtained. The composite microspheres with different amounts of HAp
and b-TCP presented the same morphology but a rough surface due to
the presence of the ceramics. The microspheres released about 20% of
the drug on the first day and about 50% of the drug in 16 days. These
results seem to reveal that a surface erosion mechanism is responsible
for the drug release. Results will be interpreted on the basis of data
available in literature.

04.P22
Strontium and calcium ions as liquid
supplementation in cell culture media do not
exert the same inhibitory effect on osteoclastic
resorption capacity as the same ions released
from strontium containing calcium-phosphate/
carbonate powder
G Zimmer, B Berger, O Hoffmann and A Goessl
Baxter Innovations GmbH, Austria; Department of Pharmacology
and Toxicology, University of Vienna, Austria

The literature suggests that strontium (Sr) inhibits the osteoclastic
resorption of bone. Previous studies have shown that Sr ions released
from a Sr containing calcium-phosphate/carbonate (Ca/P/C) powder
indeed inhibit the osteoclastic resorption capacity. This study investi-
gated if this inhibitory effect can be mimicked upon supplementation
of cell culture media with Ca/SrCl2 in the same divalent ionic strength

that have previously been found in conditioned media. Precipitated Sr
containing Ca/P/C material was dried, milled, sterilized and incubated
with cell culture medium on a shaker. After the conditioning process
the remaining powder was eliminated by sterile filtration. After ele-
mental analysis (ICP-OES) of this ‘positive control’ an equal amount of
divalent ions was added as CaCl2 and SrCl2 to cell culture medium.
These media were used to incubate a rabbit bone marrow derived cell
suspension containing mature osteoclasts on bovine bone slices. After
48h the resorption was determined using a pit assay that quantified
the resorbed area as percent of the total bone slice area. Supplemented
Sr and Ca ions as well as both ion species alone inhibited significantly,
but the conditioned media inhibited significantly stronger the resorp-
tion capacity of osteoclasts. Our results suggest additional factors other
than the Sr/Ca2+ content influence OC activity; Cl- anions may inter-
fere with the inhibitory effect of Sr and Ca ions.

04.P23
Coralline scaffold combined with autologous
stem cells for de novo reconstruction of bone
defect in sheep
MManassero, K Viateau V, Oudina, H Petite and M Bensidhoum
Ecole Nationale Vétérinaire d’Alfort-Paris Est, Maisons Alfort,
France; Laboratoire de Biomécanique et Biomatériaux
Ostéoarticulaires UMR, France

Introduction: Tissue construct engineered from osteoconductive scaf-
folds and mesenchymal stem cells (MSC) have been extensively stud-
ied for repairing large bone defects, but bone union did not
consistently occur. Several authors have emphasized that balanced
scaffold resorption and bone apposition must be obtained for bone
healing. To address this question, tissue constructs made of Acropora
coral, a natural fully resorbable scaffold, were implanted with or with-
out MSC in a sheep.
Materials and Methods: Metatarsal segmental critical size defect was
created and filled with a poly-methyl-methacrylate spacer. The spacer
was removed 6 weeks later and the defect was filled either with Acro-
pora scaffold (Group1, n = 4) or with Acropora scaffold loaded with
autologous MSC isolated from bone marrow (Group2, n = 5) (105
MSC seeded per cube of Acropora -3 · 3 · 3 mm- on week before).
Results: Six months after implantation, animals were sacrified and each
defect was assessed by micro-computed tomography and histology. Ac-
ropora resorption was almost complete in Group1 and in Group2
(99.2 ± 0.8% vs. 95.8 ± 4.7%). The amounts of newly formed bone
in Group2 were significantly higher than in Group1 (1357 ± 471 vs.
mm3677 ± 227) allowing a full bone regeneration in one animal.
Conclusion: This study established Acropora/MSC could be successfully
used to obtain bone regeneration in sheep since a bone repair associ-
ated with an almost fully resorption of the scaffold was observed.

04.P24
Biological applications of alternating current
electric fields via various electrodes for bone
tissue regeneration
GH Jin, HG Lee, HJ Jeon, SH Ahn, GH Kim
Bio/nanofluidic Lab, Dept. of Mechanical Eng. Chosun University,
Korea

Various electric fields could be integrated with tissue regenerations in
aspect of cellular homeostasis and healing. Electric stimulation has
been known to initiate signaling pathways and provides a technique to
enhance osteogenic differentiation. The application of electric fields
can be used as substantial therapeutic tools, while the mechanisms
between scaffolds and cells under the electric simulation are still
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researched. The purpose of this study is to track the differentiation pro-
file of osteoblast-like cells (MG-63) undergoing osteogenic differentia-
tion during exposure to electric fields. To achieve this goal, we
designed several electrodes, parallel and interdigitated electrodes to
apply the fields to the cells. From our biological results, the electrical
stimulated groups promote osteosarcoma differentiation by inducing
alkaline phosphatase (ALP) activity, cytoplasmic calcium (bone miner-
alization), and total protein and collagen synthesis in osteoblast-like
cells (MG-63), respectively. From our study, the electrical stimulation
of the scaffold is a useful technique to improve osteogenic differentia-
tion of the osteoblast-like cells (MG-63).
Acknowledgements: This research was financially supported by the Min-
istry of Education, Science Technology (MEST) and National Research
Foundation of Korea (NRF) through the Human Resource Training Pro-
ject for Regional Innovation.

04.P25
Electrospun poly(lactide-co-glycolide):
hydoxyapatite composite membranes intended
for bone tissue regeneration
H Drouin, CJ Wilcock, WAustin, CA Miller, RL Goodchild
and PV Hatton
University of Sheffield, United Kingdom; Ceramisys Ltd, United
Kingdom

Membranes are used in dental implant and periodontal surgery to
exclude soft tissues from the surgical site where bone tissue healing is
required. However, commercially available synthetic membranes con-
tribute little towards bone tissue regeneration beyond this barrier func-
tion. Electrospinning represents a potential method to fabricate
resorbable polymer membranes or meshes with added hydroxyapatite
(HA), and the aim of this research was therefore to evaluate the suit-
ability of electrospinning for the preparation of these composites. HA is
an osteoconductive and highly biocompatible material, and was
obtained from commercial suppliers and synthesised via wet chemical
precipitation. The HA was characterised using routine methodology
including x-ray diffraction (XRD). For electrospinning, poly(lactide-co-
glycolide) (PLGA) was dissolved in dichloromethane at 20 weight %
and spun between 15–18 kV. HA was incorporated into the membrane
by adding it to the polymer-solvent dope between 5 and 20 weight %.
Addition of HA to the polymer-solvent dope was shown to be an effec-
tive method for incorporating ceramic into the fibres.

04.P26
Nanocrystalline spherical hydroxyapatite
granules for bone repair - in vitro evaluation with
osteoblasts and osteoclasts
A Bernhardt, R Dittrich, A Lode, F Despang and M Gelinsky
Technische Universität Dresden, Medical Faculty and University
Hospital, Centre for Translational Bone, Joint and Soft Tissue
Research, Germany; TU Bergakademie Freiberg, Institute of
Electronic- und Sensor Materials, Germany

The majority of hydroxyapatite (HA) bioceramics for bone repair is
obtained by sintering at temperatures above 1100 �C leading to dense
materials with low porosity and poor resorbability due to the loss of
nanocrystallinity. A nanocrystalline microstructure with high porosity
and surface area can be achieved by ionotropic gelation of an alginate/
HA slurry followed by removal of the polymer at 650 �C (1). We
applied this method for the generation of spherical ceramic granules
manufactured by droplet extrusion of alginate sol containing nanocrys-
talline HA powder in the presence of calcium ions and subsequent ther-
mal elimination of alginate at 650 �C. In some cases the resulting

microspheres were coated with an additional SiO2 phase. Non-sintered
granular HA materials were seeded with osteoblast-like cells and culti-
vated for up to 4 weeks. Cells attached, proliferated and differentiated
on the nano-crystalline HA granules. Proliferation rates and specific
ALP activity was comparable to those achieved on the already estab-
lished granular bioceramic Cerasorb M� (Ossacur, Germany). In order
to analyse the potential for active resorption osteoclasts derived from
human monocytes were cultivated on the surface of the spherical gran-
ules. Scanning electron microscopy demonstrated the formation of
osteoclast-like cells on the surface of nanocrystalline HA granules.
Reference:
1. F. Despang, R. Dittrich, M. Gelinsky: In: A. George (Ed.): Advances
in Biomimetics. InTech, Rijeka 2011, 349-372

04.P27
Strontium-modified chitosan/montmorillonite
composite scaffolds for bone tissue engineering
A Koç, H Autefage, YM Elcin and MM Stevens
Ankara University, Stem Cell Institute, Faculty of Science, TEBNL,
Ankara, Turkey; Departments of Materials and Bioengineering,
Imperial College London, United Kingdom; Departments of
Materials and Bioengineering, Imperial College London, UK

Addition of montmorillonite (MMT) to chitosan (C) scaffolds (C/
MMT) has generated interest to improve mechanical properties for
bone tissue engineering applications.1 Due to the intrinsic ability of
MMT to incorporate cations, we developed scaffolds combining C and
strontium-modified MMT (C/Sr-MMT) to further utilise the osteocon-
ductive properties of strontium. Scaffolds were fabricated via lyophili-
sation and characterised using XRD, SEM and ICP-OES. Primary
human osteoblasts (hOBs) were seeded upon C/Sr-MMT and C/MMT
and cultured for up to 28 days. Cell attachment, proliferation, meta-
bolic activity and morphology were evaluated using LIVE/DEAD�

staining, DNA content, MTT assay and SEM, respectively. The results
showed that C was successfully incorporated between the MMT layers,
resulting in highly porous composite scaffolds.When incubated in cell
culture medium, Sr2+ was released from C/Sr-MMT, along with higher
levels of Ca2+ and Mg2+ than C/MMT. hOBs attached, spread and
infiltrated the scaffolds over the culture period. C/Sr-MMT displayed
higher cell proliferation than C/MMT, an effect which may be due to
the ion release. Taken together our results indicate that C/Sr-MMTscaf-
folds are a promising biomaterial for bone tissue engineering.Acknowl-
edgement: Financial support for these studies has been provided by
TUBITAK(Code 2219-Research Project)
Reference:
1. Wang S.F.Poly.Deg.and Sta.(2005)

04.P28
Evaluation of polymer coated hydroxyapatite
ceramic scaffolds
J Locs, G Zalite V, Salma I, Salms, D Loca,
M Pilmane and L Berzina Cimdina
Riga Technical University, Latvia; Riga Stradins University, Latvia

The main limitation for use of the porous calcium phosphate ceramic
scaffolds, in the cases where high load resistance is necessary, lies in
the poor mechanical resistance associated with their porosity. The bal-
ance between porous structure and initial mechanical strength is signif-
icant to provide the necessary parameters of porous bioceramic
scaffold for bone ingrowth under physiological stress in vivo. A possible
approach to achieve better mechanical performance of the implant
would be to develop a polymer-ceramic composite material. The addi-
tion of a polymer phase to a ceramic scaffold has been shown to
enhance toughness and strength. In current research incorporation of a
biodegradable polymer into the ceramic scaffold to increase the
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mechanical properties was studied. Poly L-lactide (PLLA) and Polycap-
rolactone (PCL) was chosen as biocompatible polymer materials.
Results showed that the porous polymer-ceramic composites shows sig-
nificantly higher mechanical properties compare to pure porous cera-
mic scaffold. The in vivo investigations ceramic scaffolds coated with
polymers and non coated ceramic scaffolds were implanted subperios-
tally in angular region of lower jaw in nine rabbits. The Biotin and
streptavidin immunohistochemical method was used to detect the
expression of: defensin beta 2, tumor necrosis factor alpha, bone mor-
phogenic protein BMP 2.

04.P29
Investigating the factors directing the process of
in vitro mineralisation
EM Czekanska, JR Ralphs, M Alini and MJ Stoddart
AO Research Institute, Switzerland; Cardiff School of Biosciences,
Cardiff University, UK; Cardiff CF10 3US, GB, UK

Bone cells, including bone derived stem cells and osteoblasts, interact
with each other as well as extracellular matrix (ECM) through biochem-
ical and mechanical cues, maintaining their specificity and homeostasis
of the tissue. From the bone tissue engineering perspective, bone mar-
row stromal cells (MSC) pose as a great tool as they can differentiate
within the injured areas. Their role in bone is muchwider and exploring
it in detail would contribute much to the cell based bone regenerative
medicine. In this study, we focused on cellular communication between
MSC and osteoblast cells (MG63) and its effect on the in vitro minerali-
sation. For this, a novel culture systembased on type I collagen-hydroxy-
apatite (CHAP) gel was utilised. This gel was stable in long-term culture
and both cell types remained viable during that time. For co-culture
experiments, 50 000 cells of one cell type were plated in monolayer on
13 mm diameter Thermanox discs and overlaid with CHAP gel contain-
ing 250 000 cells of the other type or the same as control. Results
showed that maintaining cells in separated 3D co-culture, or MSC in co-
culture withMG63 embedded in gel, was not sufficient to induce miner-
alisation of these cell types. Only when MG63 cells were cultured on
discs with MSC cells in the gel was mineralisation induced. These data
suggest that paracrine cell-cell communication, together with surface
elasticity, is required for ECMmineralisation in the bone cells.

04.P30
The effect of control-released basic fibroblast
growth factor incorporated in b-tricalcium
phosphate for cranial regeneration in a murine
model
A Shimizu, H Mizuno, R Tanaka, K Okada and Y Tabata
Juntendo University Shizuoka Hospital, Japan; Kyoto University,
Japan

Introduction: In cranioplasty, we usually use the unabsorbable material
or autologous bone. But there is a risk of infection or donor site mobil-
ity. To overcome this, beta-tricalciumphosphate(beta-TCP) has been
developed, but downside of this is the time for osteoinduction. We have
previously developed basic fibroblast growth factors (bFGF) impreg-
nated gelatin, which sustains growth factors and gradually releasing it
from gelatin. The purpose of this study is to evaluate the efficacy of our
new material for bone regeneration in a murine cranial defect model.
Materials and Methods: Bilateral cranial defects of 4 mm in diameter
were made in 10-weeks-old male Wistar rats (n = 24). Each flap
received the following bone graft; Group1: 20 ll saline as control,
Group2: beta-TCP disk in 50 lg bFGF, Group3: beta-TCP disk in 50 lg
bFGF-incorporated gelatin hydrogel. Bone regeneration and beta-TCP
resorption were assessed by Computed Tomography (CT) and histolog-
ical analysis at 1, 2 and 4 weeks postoperatively.

Results: In CT scan, there was an increase in radiolucency of beta-TCP
in group3. In histological analysis, at 2 weeks, there were many capil-
lary formation within the pore in group3. At 4 weeks, average rate of
bone formation was higher in group 3 compared to group1 and 2.
Conclusions: Our new material can accelerate bone regeneration com-
pared to plain beta-TCP in murine cranial defect model and we believe
that it is clinically applicable as an alternative material for bone graft.

04.P31
Bone regeneration using nano/microfibrous
composite scaffolds
KE Park and WH Park
Chungnam National University, Korea

Electrospinning is a widely used simple technique to fabricate micro- to
nanometer-sized fibrous scaffolds from various polymer solutions and
melts. Generally, cell is difficult to infiltrate in the nanofibrous scaffold
because it has a very small pore size in spite of its high porosity. So, we
designed nano/microfibrous composite scaffold to improve cell infiltra-
tion ability. Poly(�-caprolactone)(PCL), FDA-approached polymer, was
used main component in microfiber. Silk fibroin (SF), a biocompatible
natural polymer, was used base material for nanofiber. In this study, we
were fabricated SF/PCL nano/microfibrous scaffolds with various ratios
to improve cell infiltration and cell viability than scaffold consists of
nanofibers or microfibers. And then SF/PCL nano/microfibrous com-
posite scaffolds were analyzed with various conditions. We found that
pore size of the composite scaffolds was decreased with increasing of
SF content by the SEM photographs. It means that we can easily con-
trol pore properties of the composite scaffolds. And in vitro and in vivo
cytocompatibility studies of SF/PCL nano/microfibrous scaffolds
showed that cell viability of composite scaffolds significantly was influ-
enced by content of SF nanofiber in composite scaffolds. As a result of
quantitative real-time PCR analysis for marker sush as ALP, OC and
BSP showed a significantly increase in hMSCs culture on composite
scaffolds. Therefore, SF/PCL composite scaffolds have potential for
bone regeneration.

04.P32
In vivo response of scaffolds of a highly bioactive
glass-ceramic (Biosilicate�)
AR Renno, KZ Zambone, CT Tim, BR Rossi and EZ Zanotto
Unifesp, Brasilia; Ufscar, Brasilia

Biosilicate� is a novel fully-crystallized bioactive glass-ceramic of the
quaternary P2O5-Na2O-CaO-SiO2 system. The stimulatory effects of
this material on bone cells and on fracture consolidation was demon-
strated in in vitro and in vivo studies. A previous in vivo study showed
a positive response of particulated Biosilicate� in the amount of newly
formed bone and biomechanical properties in tibial defects in rats.
However, the effects of a three-dimensional Biosilicate� scaffold have
not been studied yet. Thus, this study aimed to investigate the in vivo
bone response of the implantation of Biosilicate� scaffolds using a tibial
bone defect model in rats. Two groups were created (n = 30 each):
control group and Biosilicate� treated group. Animals were sacrificed
30 and 45 days post-injury. Histology, immunohistochemistry and bio-
mechanical analysis were used. Histological analysis revealed that the
Biosilicate� scaffold group showed a higher amount of newly formed
bone at 30 and 45 days post-surgery compared to the control group. A
positive imunnoexpression of COX-2 and RUNX-2 were observed in this
group, at both periods evaluated. No significantly difference was found
in the biomechanical analysis.Our findings indicate that the Biosili-
cate� scaffolds were able to increase the amount of newly formed bone
and to stimulate the immunoexpression of factors related to bone for-
mation. However, the biomechanical properties of tibial bones were
not improved.
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04.P33
Fabrication gelatinnano bio-glass bone scaffolds:
in vitro and in vivo studies
F Hafezi, F Hossiennejad, MR Nourani, AA Imani and
Mafi S Mohit
Department of Chemistry, Islamic Azad University, Central
Tehran Branch, Iran; Tissue Engineering Division, Baqiyatallah
University of Medical Sciences, Iran; Molecular Biology Research
Center, Baqiyatallah Medical Sciences University, Iran;
Department of Veterinary, Islamic Azad University, Karaj Branch,
Iran

Bioactive glass has played in the bone regeneration field, due to its bio-
activity, osteoconductivity, osteoinductivity. Porous Bioglass/Gelatin

scaffold might be as a suitable candidate during bone formation. Nano-
powders of bio-glass (BG) were synthesized and Bioglass/Gelatin nano
Bio-glass scaffold was made through Sol Gel. Biocompatibility of BG
scaffolds examined by cell culture. Fabricated scaffolds were implanted
to rabbit’s ulna. A 10 mm of the ulna was exchanged with BG scaffold
into the defect site.The increase in cell aggregation on the scaffolds
indicated the ability of the scaffolds to support cell growth. Scaffold
implantation on ulna indicated a good healing of the bone and demon-
strated that the scaffolds could be helpful for new bone formation.
Based on the results, Nano Bio-glass scaffold made a significant contri-
bution to growth and healing of the bone, as it is hoped to use it as an
efficient alternative for the bonein the future.
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05. Intradiscal Technologies and Spine Surgery (in coop. GRIBOI)

05.01
Keynote: MSC for disc regeneration: when and
which way?
M Alini
AO Research Institute, Switzerland

There is evidence that implantation of bone marrow derived mesenchy-
mal stem cells (MSCs) into damaged discs may regenerate the tissue.
MSCs have increasingly been recognized as a promising source of stem
cells for tissue repair and regeneration therapies. Indeed, recent studies
have shown that human MSCs have the capability to survive within the
disc. Injection of human MSCs into injured porcine spinal discs, rat disc
degeneration models, and bovine caudal discs in vitro demonstrated
MSC survival and differentiation towards a disc-like phenotype. It is,
however, not yet clear whether MSCs could also release biological fac-
tors, which will be able to stimulate the resident disc cells or activate
the potential progenitor cells present within the disc. Anyhow, the pres-
ent delivery approach of MSCs within the IVD has to be through injec-
tion, via the annular or end-plate route. In both cases, it would require
to injure intact tissues, which would subsequently lead to further
degeneration, as recently shown by (Carragee et al., Spine 2009). We
have now shown that MSCs have the ability to migrate (homing)
towards sites of injury and aid wound healing and tissue repair, using
our whole organ culture system. This alternative finding is opening
new potential strategies for the systemic delivery of MSCs within the
IVD without damaging neither the annulus fibrosus nor the end-plate
tissues.

05.02
Design of self-assembling peptide/
glycosaminoglycan hydrogels for spinal
therapies
DE Miles, E Mitchell, N Kapur, RKWilcox and A Aggeli
University of Leeds, United Kingdom

This project focuses for the first time on using new peptide gels in the
treatment of degenerative disc disease by providing an injectable
nucleus replacement that can mimic the mechanical function of the
natural tissue and restore the swelling pressure of the disc. Here the
behaviour of a range of designed peptide blocks with systematic varia-
tions in their structure was studied and the design criteria for a suitable
peptide hydrogel were established. The peptides were analysed using a
series of complementary analytical techniques (NMR, FTIR, CDUV &
TEM) to determine their behaviour at the molecular and nanoscale lev-
els. Mechanical tests were also carried out on the peptide gels to estab-
lish their behaviour both inside and outside the disc. The results have
shown that we can control the mechanical properties of the gels by
allowing up to a 10 000-fold variation in the stiffness. The peptide
materials were further optimised by mixing with glycosaminoglycans
that are naturally found within the disc. A range of systematically vary-
ing peptide solutions were injected in discs in vitro and their behaviour
evaluated under compressive loading to discover which peptide formu-
lations restore the biomechanical function of the disc most effectively.
These results demonstrate that the peptides have very real potential for
the treatment of the degenerated disc and could find wider uses in
other fields of regenerative medicine such as substrates for cell growth
or cartilage engineering.

05.03
Inter-vertebral disc tissue engineering through
design of injectable scaffolds and physiologically
informed bioreactors
Y Liu, H Hussein, D Williams and C Lenardi
Loughborough University, United Kingdom; Fondazione Filarete,
Italy

Injectable scaffold loaded with human mesenchymal stem cells
(hMSC) were investigated to demonstrate the feasibility of applying tis-
sue engineering technology for the treatment of inter-vertebral disc
degeneration (IVD). The biomimetic and biocompatible polyamido-
amine hydrogels were explored to identify a suitable formulation of
polymer composites with mechanical property representative NP tissue
that can be used as an injectable scaffold for cell delivery to treat IVD
degeneration. In order to understand the behaviour of hMSC in a phys-
iologically relevant environment, hMSC loaded constructs were cul-
tured in an environment with controlled oxygen concentration and
mechanical stress. A platform evaluating the mechanical compliance of
the cell-loaded constructs were also used to predicate the performance
of the injectable scaffold in vivo. The bioreactor were designed with
IVD products in mind, capable of applying varying fully three dimen-
sional stress systems to deliver dynamic mechanical stimulation condi-
tions. Such a platform with improved design could also be applied as a
testing platform to predicate the behaviour of or even as a manufactur-
ing facility for tissue engineered disc production. Engineering
approaches guided and verified by biological requirements will improve
the design, construction and implementation of such complex system
emulating physiological conditions and facilitate the translation of
technology.

05.04
Optimising microgel niches to influence adipose
derived stem cells differentiation
G Fontana, E Collin, D Thomas and A Pandit
National University of Ireland, Ireland

Cell therapy of the intervertebral disc (IVD) is limited by the lack of
appropriate cell sources and the lack of knowledge on the transdiffer-
entiation of progenitor cells to a nucleus pulposus (NP) phenotype. In
this study, it is hypothesized that spherical structures composed of type
II collagen (coll II) - hyaluronan (HA) will mimic the NP microenviron-
ment and thus promote transdifferentiation of adipose derived stem
cells (ADSCs) towards a NP cells-like phenotype. To achieve this aim,
an optimal microenvironment was designed by varying coll II/HA con-
centration, cell density and amount of crosslinker. Microgels were fabri-
cated by mixing coll II, high molecular weight HA, a PEG-based
crosslinker and ADSCs. The resulting hydrogel was then self-assembled
on a hydrophobic surface to generate a spherical shape and incubated
for 1 h at 37 �C. The spherical hydrogels were maintained in culture
for 14 days before assessing cell viability, cell morphology and gene
expression. Over 80% of cell viability was maintained after 14 days of
culture for each condition. Coll II concentration showed to have a sig-
nificant impact on cell morphology and gene expression. When embed-
ded in high coll II concentration ADSC were rounded in shape and had
a higher coll II and aggrecan expression compared to cells embedded
in lower concentrations of coll II. The resulting cellular phenotype was
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seen closer to that seen in nucleus pulposus.DISC REGENERATION
project (NMP3-LA-2008-213904).

05.05
Covalent incorporation of bone morphogenetic
protein-2 into fibrin-based hydrogels for
intervertebral disc regeneration
LS Karfeld-Sulzer, C Ghayor and FE Weber
University Hospital of Zurich, Switzerland

Degenerative disc disease is characterized by the breakdown of proteo-
glycans and matrix proteins, especially in the inner part of the interver-
tebral disc (IVD), the nucleus pulposus (NP), preventing the NP from
performing its stress transfer functions. Several growth factors, includ-
ing bone morphogenetic protein-2 (BMP-2), have been shown to
increase proteoglycan and collagen content in disc cells. Studies indi-
cated that a proper extracellular matrix environment and growth factor
administration can induce reversal of disc degeneration. Since growth
factors have extremely short in vivo circulation times, we have explored
enzymatic, covalent incorporation of BMP-2 into fibrin, which has been
shown to support NP cells. The tethered BMP-2 can be retained in the
matrix until released by cells through an included plasmin-cleavable
site. Recombinant human BMP-2, including amino acids for Factor XIII
crosslinking and plasmin cleavage, was cloned, expressed, purified,
and refolded in our lab. BMP-2 was integrated into fibrin gels formed
with fibrinogen, thrombin, and preactivated Factor XIII. Extracts from
hydrogels digested with trypsin were assayed on Western blots and a
decrease in mobility in SDS gels of BMP-2 indicated that BMP-2 was
covalently incorporated. Additionally, released BMP-2 from trypsin-
digested gels was functional, as measured with an alkaline phospha-
tase assay. These findings indicate the potential of this growth factor
delivery system for IVD regeneration.

05.06
Assessment of an intradiscal injectable hydrogel
stick
PA Prewett, YJ Yue and MR Morgenstern
Replication Medical, Inc., Cranbury, USA; Yale University
Department of Orthopaedic Surgery 800 Howard Avenue, USA;
Morgenstern Institute of Endoscopic Spine Surgery, Spain

Introduction: Degenerative disc disease associated with diminished
water-binding capabilities of the nucleus, leads to disc dehydration,
volume reduction, altered cellular activity, and pain. When non-surgical
treatment fails, alternatives to highly invasive intervention are few. The
GelStix� nucleus augmentation device is a hydrogel that exhibits simi-
lar properties to native nucleus in terms of water binding, absorbs up
to 90% w/w of fluid, pressure-hydration response (similar response to
published data on human cadaveric tissue)and pH. The hydrogel is a
synthetic block co-polymer composed of hard and soft segments. The
hydrophobic C-C backbone is highly resistant to degradation and the
hydrophilic block is composed of carboxylic acid, amidine and amide
pendant groups. The GelStix hydrogel implant has similar water bind-
ing capabilities to nucleus, similar modulus and functions as a buffer
restoring pH. Extensive animal studies demonstrate the implant is
highly biocompatible. In a 10 patient safety study, two or three hydro-
gel implants were delivered into each disc level of patients with disco-
genic bain pain and were followed up to 1 year.
Results: Patients showed a significant reduction in back pain. No com-
plications or adverse events were observed.
Conclusions: GelStix nucleus augmentation device exhibits similar
chemical and physical properties to native nucleus pulposus and holds
promise as a non-surgical, minimally invasive treatment for degenera-
tive disc disease.

05.P01
Detection of cells in human degenerated
intervertebral discs that express stem cell- and
progenitor markers including OCT3/4
H Barreto Henriksson, K Larsson, N Papadimitriou, C Brantsing,
A Lindahl, B Rydevik and H Brisby
Institute of Clinical sciences/Orthopedics, Gothenburg University,
Sweden; Institute of Biomedicine, Clinical Chemistry and
Transfusion Medicine, Gothenburg University, Sweden

Introduction/aim: Low back pain is common and degenerated
discs(DD) are believed to be a major cause. In non-degenerated discs
presence of stem-/progenitor cells was recently reported in different
mammals. Understanding processes of discdegeneration and regenera-
tive mechanisms within DD is important. Aim of the study was to inves-
tigate presence of stem-/progenitor cells within human DD.
Material and Methods: Human degenerated disc tissues (2–3 on
Thompson scale) were collected, patients (n = 12) undergoing spinal-
fusion surgery. Isolation of RNA and Quantitative Real-time-PCR was
performed using standard protocols. Real-time-PCR was performed
with assays for: OCT3/4,CD105,CD90, STRO-1,NOTCH1. Protein
expression was analyzed by IHC using antibodies: antiOCT3/4, an-
tiCD105, antiSTRO-1, antiCD90, antiNotch1.
Results: Gene expression of OCT3/4, CD105, CD90, STRO-1 and
Notch1 were found in 11/12 samples. Results were supported by find-
ings of cells expressing the same markers on protein level which were
detected sparsely in the tissue as solitary cells or cell-foci.
Discussion and Conclusion: Expression of OCT3/4, multipotency mar-
ker and NOTCH1, regulator of cell fate, mesenchymal stem cell mark-
ers CD105, CD90 and STRO-1 indicate that primitive cell populations
are present within DD. OCT3/4+ cells have not previously been
reported to be present in intervertebral discs. Possibly, these cellpopu-
lations participate in repair attempts of DD and may be possible to
stimulate.

05.P02
The use of adipose derived stem cells and cell-
sheets for inner and outer annulus fibrosus
regeneration: a comparative study with native
IVD cells using two chondrogenic induction
cocktails
PY Neo, EYS See, SL Toh and JCH Goh
National University of Singapore, Singapore

Intervertebral disc (IVD) regeneration hinges on the successful tissue
engineering (TE) of the nucleus pulposus (NP) and annulus fibrosus
(AF). The AF is a complex structure with distinct inner and outer
regions. Using IVD cells for TE is difficult because extraction of IVD
cells inflicts injury on healthy discs. Adipose derived stem cells (ASCs)
is a potential cell source to use for AF regeneration. The objective of
this study is to assess the suitability of ASCs and ASCs cell-sheets (ASC-
CSs) for outer and inner AF regeneration by: (i) comparing the gene
expression of chondrogenically differentiated ASCs and ASC-CSs with
inner and outer AF cells, and (ii) assessing the phenotype of chondro-
genically differentiated ASCs and ASC-CSs. Isolated ASCs are cultured
in ascorbic acid supplemented medium to form 1 week old cell-sheets.
ASCs and ASC-CSs were then chondrogenically differentiated using
two chondrogenic induction cocktails. Cocktail A consists of pyruvate
supplemented HG-DMEM with BMP-6 and TGF-b3, while cocktail B
consists of pyruvate absent HG-DMEM with TGF-b1. Immunohisto-
chemistry results showed that cocktail A gave a stronger phenotype
expression of Type II collagen (Col) in ASCs than ASC-CSs, while cock-
tail B showed a distinctly stronger Type I Col phenotype expression in
ASC-CSs than ASCs. Under suitable chemical cues, ASC-CSs appear to
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be more suitable for the regeneration of the fibrous outer AF, while
ASCs appear to be more suitable for inner AF regeneration.

05.P03
A constrained disc organ culture model for in
vitro simulation of cell therapy approaches
C Neidlinger-Wilke, A Mietsch, C Jahn, J Mollenhauer, D Docheva,
M Schieker, HJ Wilke and A Ignatius
Institute of Orthopaedic Research and Biomechanics, Ulm,
Germany; NMI Natural and Medical Sciences Institute at the
University of Tuebingen; Experimental Surgery and Regenerative
Medicine, Dept. of Surgery, LMU Munich, Germany

Our purpose was the establishment and characterization of a disc
organ culture model that allows the evaluation of the fate of injected
cells under the simulation of a degenerative environment. Bovine disc
punches were injected by a fluorescent GFP-cell-line, PKH67- or
PKH26- labelled disc cells in each 50 ll albumin hyaluronan hydrogel,
and cultured at constrained conditions. The analyses at day 1, 7, and
14 were performed by histomorphology, immunohistochemistry and
DMMB assay. Constraining prevented disc swelling with maintenance
of the original height. A decreased GAG content was shown by reduced
Alcian blue staining and increased GAG-concentration in the condi-
tioned media. Fluorescent cells could be detected at each sampling
time point. Close to the injection site, sporadic cell clusters were found.
Disc matrix around injected cells showed a more intense Alcian blue
staining suggesting a locally increased GAG deposition. The detection
of fluorescent cells at different time-points after injection allows ongo-
ing characterization of cell reactions in this organ culture environment.
Our finding of a locally increased GAG deposition suggests that the
injected cells are metabolic active. As the organ cultures loose matrix
proteoglycans with time in culture and as this environment can also be
varied with regard to nutrient supply, our approach is promising to
observe the fate of injected cells with simulation of a degenerative disc
environment. Supported by HEALTH-F2-2008-20162

05.P04
Differentiation of nucleus pulposus cells alters
their responsivity to glucose reduction and
mechanical stimulation
A Mietsch, A Ignatius, M Schultheiss, M Brayda-Bruno
and C Neidlinger-Wilke
Institute of Orthopaedic Research and Biomechanics,Germany

Department of Trauma, Hand, Plastic and Reconstructive Surgery, Ulm,
Germany; Istituto Ortopedico Galeazzi, Italy: With proceeding disc
degeneration and calcification of the endplate the main route of trans-
port of nutrients is impaired. Purpose was to investigate the influence
of glucose deprivation on mechanical sensitivity of nucleus pulposus
(NP) cells after differentiation.Bovine NP cells were cultured in alginate
beads in high glucose chondrogenic medium. After differentiation, part
of the samples was exposed to reduced glucose concentration (5 mM)
for 3 days prior to further reduction to 0, 0.5 or 5 mM for 24 h. After-
wards, half of all samples were mechanical loaded by hydrostatic pres-
sure. Gene expression was analysed by real-time RT-PCR.
Differentiation increased gene expression of matrix molecules while
MMP13 expression decreased. Subsequent reduction of glucose con-
centration significantly decreased expression of matrix molecules but
increased MMP13 expression. Mechanical stimulation led to greatest
effects in cells, which were maintained in chondrogenic medium. In
cells exposed to glucose reduction, the mechanically induced changes
in gene expression were minimal. Thus, glucose deprivation revealed a
strong down-regulating impact on gene expression of matrix molecules.
Application of hydrostatic pressure could not change these results.
However, in chondrogenic medium, hydrostatic pressure increased

expression of matrix molecules and decreased expression of catabolic
enzymes. These findings indicate that mechanical sensitivity of NP cells
depends on environmental conditions.

05.P05
Mesenchymal stem cells promote bone tissue
regeneration in a preclinical rat model of
vertebral body defect
V Vanecek, K Klima, A Kohout, O Jirousek, J Stulik
and E Sykova
Institute of Experimental Medicine, Academy of Sciences of the
Czech Republic, Czech Republic; Division of Oral and
Maxillofacial Surgery, Department of Stomatology, First Faculty
of Medicine, Charles University and General University Hospital,
Czech Republic; The Fingerland Department of Pathology, Charles
University Medical Faculty and Teaching Hospital in Hradec
Králové, Czech Republic; Institute of Theoretical and Applied
Mechanics, Academy of Sciences of the Czech Republic, Czech
Republic; Center for Spinal Surgery, Charles University, Second
Medical Faculty and University Hospital Motol, Czech Republic

In orthopedics, vertebral body fractures are one of the most common
disorders. Effective repair can be achieved using an autologous graft,
the amount of which is usually limited for transplantation and the har-
vest is associated with donor site morbidity. We evaluated the efficacy
of human mesenchymal stem cells (MSC) combined with a hydroxyap-
atite scaffold in a rat model of vertebral body defects. MSC were iso-
lated from the bone marrow of healthy donors, then cultivated,
expanded and characterized under Good Manufacturing Practice
guidelines. Vertebral body defects (1.5 · 5 · 1.5 mm) were created in
32 Wistar rats and either left empty (control) or transplanted with a
hydroxyapatite scaffold (CEM-OSTETIC�), alone or loaded with
0.5 million or 5 million MSC. After 8 weeks the animals were sacri-
ficed and the vertebrae dissected and analyzed. The cells’ viability and
attachment to the scaffold material in-vitro were confirmed by fluores-
cent microscopy. Histological analysis and histomorphometry showed
significant bone formation in the group transplanted with 5 million
MSC in comparison to a scaffold alone or loaded with 0.5 million MSC.
There was no sign of inflammation or tumor formation in any group.
Micro-CTanalysis did not reveal any substantial deformation of the ver-
tebral body. Our results show that MSC combined with a hydroxyapa-
tite scaffold may represent a safe and effective alternative for vertebral
body repair. Supported by P304/10/0320, AVOZ 503905703, GACR
P304/11/0653

05.P06
Tissue Enigineered Construct (TEC) prevents disc
degeneration after nucleotomy in a rat model
M Yu
Department of Orthopaedics, Osaka University Graduate School
of Medicine, Japan

Back pain, a significant source of morbidity in our society, is directly
linked to the pathology of the intervertebral disc. We have developed a
novel scaffold-free three-dimensional tissue-engineered construct
(TEC) derived from cultured synovial mesenchymal stem cells (MSCs)
as a unique approach for cartilage repair (W Ando et al. Biomaterials
2007). This study explores the use of TEC derived from synovial MSCs
as a cell-based therapy for intervertebral disc regeneration. Synovial
MSCs were isolated enzymatically from rat synovial membranes as pre-
viously reported. For development of the TEC, cells were cultured at
the density of 4.0 · 105/cm2 in the presence of 0.2 mM ascorbic acid
2-phosphate for 2 weeks. The monolayer cultured cell-matrix complex
was then detached from cell-substratum interface by addition of shear
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stress to convert to suspension culture. The cell-matrix complex imme-
diately starts active contraction to form the three dimensional TEC.
Two most cranial tail discs of nine rats were denucleated and/or trea-
ted with TEC (controls were denucleation only), giving three discs per
group per time point. At 2, 8 and 12 weeks after implantation, the ani-
mals were euthanized and discs were evaluated. At the 8- and 12-week
time point, untreated group experienced severe disruption of the anu-
lus fibrosus and end plate, whereas such degenerative changes were
significantly alleviated with TEC implantation. This study showed that
TEC could prevent postnucleotomy disc degeneration.

05.P07
A novel nano-biopolymer for intervertebral disc
regeneration: In vitro study on nucleus pulposus
cells
Z Li, R Sirkis, M Peroglio, AWertzel, B Amit, M Alini, S Grad
and A Yayon
AO Research Institute, Switzerland; Procore laboratories, USA

A novel nano-biopolymer, based on Hyaluronic acid (HA)-Fibrinogen
(FBG) conjugate, was developed to mimic native extracellular matrix
for minimally invasive intervertebral disc regenerative treatment. This
study aimed to evaluate different formulations of HA-FBG conjugates
for their ability to provide an optimal 3D environment for nucleus
pulposus (NP) cell growth and differentiation. Bovine NP cells were
seeded into conjugates of different HA molecular weights (B, C) and
FBG : HA ratios (2, 4) and combined with thrombin for gelation; con-
structs were cultured for 14 days. Constructs of pure FBG and non-con-
jugated FBG-HA mixtures served as controls. The FBG and FBG-HA
mixtures degraded faster than the conjugate constructs, and glycosami-
noglycan (GAG) accumulation was higher in the conjugate constructs.
B2 conjugates showed the least degradation and retained the highest
GAG by day 14. There was a trend for highest gene expression of colla-
gen II and transcription factor Sox9 in B2 conjugates. A decrease in
aggrecan and collagen II expression was observed during culture, while
the NP markers carbonic anhydrase 12, keratin-19 and biglycan were
maintained or up-regulated in all materials. To conclude, HA-FBG con-
jugate provides the cells with a 3D environment of HA as a natural NP
matrix component and FBG, which facilitates gelation and provides cell
adhesion and stability. This study indicates that HA-FBG conjugate may
be a suitable injectable hydrogel for biological NP regeneration.

05.P08
In vitro and in vivo biological performance of
modified gellan gum-based hydrogels for
nucleus pulposus tissue engineering
J Silva-Correia, B Zavan, MB Vindigni V, Oliveira, JF Mano,
H Pereira and JM Oliveira, J Espregueira-Mendes, G Abatangelo
and RL Reis
3B’s Research Group – Biomaterials, Biodegradables and
Biomimetics, University of Minho, Portugal; ICVS/3B’s – PT
Government Associate Laboratory, Portugal

Department of Histology, Microbiology and Biomedical Technology,
Univ. Padova, Padova, Italy; Department of Plastic Surgery; ICVS/3B’s
Associate Laboratory, Portugal

Saúde Atlântica Sports Center – F.C. Porto Stadium, Portugal; Ortho-
pedic Department Centro Hospitalar Póvoa de Varzim, Portugal

Ionic- (iGG-MA) and photo-crosslinked (phGG-MA) methacrylated
gellan gum hydrogels have been proposed as biomaterials for support-
ing nucleus pulposus (NP) regeneration and/or repair. In this study, the
mechanical stability and biocompatibility of these hydrogels have been
evaluated in vitro. Human intervertebral disc cells obtained from herni-
ated patients were cultured within both hydrogels, for 1–21 days.
Dynamic mechanical analysis and biological characterization (Live/

Dead assay, ATP and DNA quantification, PCR and immunocytochemis-
try) were performed after specific times of culturing. The in vitro study
showed that both cell loading and culturing time do not affect the
mechanical properties of hydrogels. In addition, the iGG-MA and
phGG-MA hydrogels showed to be effective on supporting cells encap-
sulation and viability up to 21 days of culturing. In vivo biocompatibil-
ity screening was also performed, by subcutaneous implantation of
both hydrogels in Lewis rats for the period of 10 and 18 days. Haemat-
oxylin & eosin staining revealed that the hydrogels do not elicit necro-
sis, calcification or acute inflammatory reaction. The present study
demonstrates that the iGG-MA and phGG-MA hydrogels support cells
encapsulation and viability, and are well-tolerated, stable and non-cyto-
toxic in vitro and in vivo, thus possessing promising features for finding
application as viable NP substitutes.
Acknowledgements: Funding from EU FP7 project Disc Regeneration
(NMP3-LA-2008-213904)

05.P09
The effect of different defects and hydrogels for
nucleus replacements on the biomechanical
response of the intervertebral disc
S Reitmaier, U Wolfram, HJ Wilke, A Ignatius, J Silva-Correia,
M Oliveira, RL Reis and H Schmidt
Institute of Orthopaedic Research and Biomechanics, Germany;
3B’s Research Group, Portugal

Hydrogels offer unique opportunities for regenerative strategies of the
intervertebral disc. A nucleotomy necessary for the implantation of hy-
drogels, however, disrupts the annulus integrity and destroys natural
interfaces in the disc. To clarify whether hydrogels can restore the
mechanical competence of the disc an experimental test was used. Intra-
discal pressure(IDP) in an ovine disc was measured in vivo for 24 h and
adapted to an axial compressive test consisting of three cycles 15-min
diurnal and 30-min night load. To study the fluid mechanics, 30 motion
segments in different defect conditions were used: (i) INTACT; (ii) DEF-
ANN: isolated annulus defect; (iii) DEF-NUC: re-implanted nucleus; (iv)
DDAHA and (v) iGG-MA: two hydrogels. DEF-ANN showed no signifi-
cant difference in disc height loss or IDP compared to INTACT, while
DEF-NUC reduced the IDP by ~30%(p = 0.03) and tended to increase
the height loss(p = 0.2). Both DDAHA and iGG-MA better reflected the
height loss of INTACT, but caused an even stronger loss in IDP than
DEF-NUC(~34%). Neither the hydrogels nor the re-implanted nucleus,
assumed to be the ideal implant, could restore the mechanical function-
ality of the disc. Hydrogels designed to mimic the mechanical behavior
of the native nucleus may fail in restoring IDP due to the destruction of
natural interfaces and an inappropriate annulus closure. To regain a bio-
mechanical equivalent of the natural nucleus, more attention needs to
be paid to the anchoring of the substitute inside the disc.

05.P10
Cell-loaded gellan gum-based hydrogels for
nucleus pulposus regeneration
RTsaryk, J Silva-Correia, JM Oliveira, RL Reis and CJ Kirkpatrick
Institute of Pathology, University Medical Center of the Johannes
Gutenberg University Mainz, Germany; 3B’s Research Group,
University of Minho, Portugal; ICVS/3B’s – PT Government
Associate Laboratory, Portugal

Limitations of current treatments for intervertebral disc (IVD) degener-
ation encourage the development of tissue engineering approaches.
Injectable hydrogels loaded with cells can be used as substitute mate-
rial for the inner part of the IVD, the nucleus pulposus (NP), and pro-
vide an opportunity for minimally invasive treatment of IVD
degeneration. The NP is populated by chondrocyte-like cells, therefore,
chondrocytes or mesenchymal stem cells (MSC), stimulated to differen-
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tiate along the chondrogenic lineage could be used to promote NP
regeneration. Here we present an in vitro response of bone marrow-
derived MSC and nasal chondrocytes (NC) to modified gellan gum-
based hydrogels. Both ionic- (iGG-MA) and photo-crosslinked (phGG-
MA) methacrylated gellan gum showed no cytotoxicity in extraction
assays with MSC and NC. Furthermore, the materials did not induce
pro-inflammatory responses in endothelial cells. MSC and NC attached
and formed a monolayer on the hydrogel surface. Moreover, both cell
types could be encapsulated into the hydrogels and remained viable for
at least 2 weeks, as shown by live cell staining and histochemistry.
Importantly, encapsulated MSC and NC showed an increased expres-
sion of chondrocytic markers in response to chondrogenic conditions.
Altogether, the data confirm the potential of modified gellan gum-
based materials in NP tissue engineering.
Acknowledgements: The funding was provided by EU FP7 project Disc
Regeneration (Grant No. NMP3-LA-2008-213904).

05.P11
Evaluation of different formulations of gellan
gum-based hydrogels for tissue engineering of
intervertebral disc
SK Lee, J Silva-Correia, SG Caridade, JF Mano, JM Oliveira,
G Khang and RL Reis
3B’s Research Group – Biomaterials, Biodegradables and
Biomimetics, University of Minho, Headquarters of the European
Institute of Excellence on Tissue Engineering and Regenerative
Medicine, Caldas das Taipas, Guimarães, PT Department of BIN
Fusion Technology & Department of Polymer Nano Science &
Technology, Chonbuk National University, Dukjin, South Korea

Gellan gum based-hydrogels present advantageous features for applica-
tion as acellular and cellular nucleus pulposus (NP) substitutes due to
the possibility of fine-tuning its physico-chemical and biological proper-
ties. In this study, ionic-crosslinked hydrogel discs were produced by
means of mixing a raw and chemically modified material, i.e., high acyl
gellan gum (HAGG) and methacrylated low acyl gellan gum (GG-MA),
respectively. The hydrogel discs were characterized in terms of its
mechanical properties and degradation/swelling ability. The biocom-
patibility of the different hydrogel formulations was assessed in vitro
using NP rabbit cells isolated from the intervertebral disc. The biologi-
cal performance of the developed gellan gum-based hydrogels formula-
tions was evaluated by: (i) culturing of NP cells in the presence of the
hydrogel leachables, and (ii) seeding or encapsulation of the NP cells
within the hydrogels. The present work demonstrated that as HAGG
content increases, the modulus of the hydrogels decreases. Moreover,
the increase of the HAGG content induces a higher weight loss of the
GG-MA/HA-GG formulation as compared to GG-MA hydrogel. The in
vitro study revealed that hydrogels are non-cytotoxic and support the
encapsulation of rabbit NP cells. The methacrylated gellan gum and
formulations possessing high acyl gellan gum present tunable proper-
ties that may be interesting for application as NP substitutes.

05.P12
A novel injectable hydrogel for intervertebral disc
regeneration
JE Frith, DJ Menzies, AR Cameron, S Gronthos, ACW Zannettino,
P Ghosh and JJ Cooper-White
University of Queensland, Australia

Intervertebral disc (IVD) degeneration is a leading cause of lower back
pain and major health problem worldwide. Current treatments do not
enable disc repair and so there is interest in a tissue engineering ther-
apy to generate functional fibrocartilage. Mesenchymal progenitor cells
(MPCs) are prime candidates for such a therapy because they can be

readily isolated, expanded in vitro and are able to differentiate into car-
tilage. However, use of MPCs will require an effective delivery system,
as well as the correct physical and chemical cues to direct and support
differentiation of these cells to generate new functional tissue. We have
developed an injectable hydrogel system based on polyethylene glycol
and hyaluronan and examined the effects of adding both bound and
soluble pentosan polysulphate (PPS), a factor which has been shown
to induce chondrogenesis in MPCs even in the absence of additional
growth factors. We show that the gelation rate and mechanical
strength of the resulting hydrogels can be tuned and have optimized
the conditions required to produce gels with the desired properties for
an IVD scaffold. We show that human immunoselected STRO-1+MPCs
remain viable within the gels for long-term culture periods and show
elevated expression of chondrogenic markers including Sox9 and Colla-
gen-II, compared to monolayer MPCs, which is further enhanced in the
presence of PPS. These data provide evidence that such a system may
be of use for the treatment of IVD degeneration.

05.P13
Thermo-reversible hydrogel for nucleus pulposus
replacement: feasibility under static loading in a
mild papain-induced disc degeneration model
C Malonzo, SC Chan, M Peroglio, D Eglin, S Grad, H Bonél,
LM Benneker, B Gantenbein-Ritter
ARTORG Center, University of Bern, Switzerland; AO Research
Institute, Switzerland; Institute for Diagnostic, Pediatric and
Interventional Radiology, Insel University Hospital, Switzerland;
Orthopaedic Department, Insel University Hospital, Switzerland

Nucleus pulposus (NP) replacement by application of injectable hydro-
gels seems a straightforward approach for intervertebral disc (IVD) tis-
sue engineering. We investigated a thermo-reversible hydrogel (TH-
RHG), based on a modified polysaccharide with a thermo-reversible
polyamide poly(N-isopropylacrylamide = pNIPAAM). The gel behaves
like a liquid at room temperature and is gelling at >32 �C. Here we
investigate the performance of the TH-RHG in situ in bovine IVD with
preconditioning of human mesenchymal stem cells (hMSC) with GDF-
5. IVDs with bony endplates were harvested from calf tails and cultured
in vitro for 16 days (d) with induced ‘cavity’ in the NP using our papain
disc degeneration model (PDDM). Primary hMSCs from bone marrow
(ethically approved) were seeded at 4 M cells/ml in the TH-RHG and
pre-conditioned with 100 ng/ml GDF-5 for 7 days. Then, the TH-RHG
was injected into the IVD and kept under static loading of 0.1 MPa for
7 days. MRI was employed to image the cavity before and after loading
at day 9 and day 16, and of hMSCs RT-PCR, cell viability, sulphated gly-
cosaminoglycan synthesis and DNA content was measured at day 1, 8
and 15. MRI images confirmed a central positioning of the TH-RHG. A
drop in volume across all groups in the NP region and consequently of
disc height was observed between day 9 and day 16. hMSCs expressed
a more ‘discogenic’ phenotype after exposure to the 3D organ culture
system.
Acknowledgements: Funded by Hans Jörg Wyss Award #102646 from
AOSpine International.
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05.P14
Viscoelastic properties of the nucleus pulposus
change with mild intervertebral disc
degeneration after CABC injection
SEL Detiger, RJW Hoogendoorn, MN Helder, BJ van Royen,
AJ van der Veen, GH Koenderink and TH Smit
Department of Orthopaedic Surgery, VU University Medical
Center, Amsterdam, The Netherlands; Department of Physics and
Medical Technology; FOM Institute AMOLF, The Netherlands

Intervertebral disc (IVD) degeneration causes increased mobility in
spinal motion segments. Besides, early IVD degeneration alters nucleus
pulposus (NP) signal on MRI indicating changed NP composition.
Hence, we hypothesize that NP viscoelastic (VE) properties also change
with degeneration. To test this we used our previously validated goat
model. In eight goats, three lumbar IVDs were chemically degenerated
using chondroitinase ABC (CABC) confirmed by radiography and MRI.
Neutral zone stiffness (NZS) and range of motion (ROM) were deter-
mined sagitally, laterally and rotationally. NPs were tested in oscillatory
shear experiments on a rheometer. Water content was quantified by
freeze-drying. Disc height (-6%) and MRI signal (-22%) were signifi-
cantly lower after CABC treatment, confirming our model. CABC-
injected IVDs had overall lower NZS and larger ROM than controls.
Elastic and viscous moduli varied widely between subjects, but within
goats a significant decrease (-10%) was observed in NPs after CABC
injection. Surprisingly, water content was unaffected by CABC, remain-
ing at ~75%. VE moduli and water content were not related.In conclu-
sion, CABC injections into the NP change VE properties within subjects
while water content remains unaltered, as observed earlier by Boxber-
ger et al. However, the relatively large variation between subjects was
remarkable. Together, these findings raise the question what parame-
ters regenerative strategies should aim at to achieve IVD regeneration.

05.P15
Lumbar intradiscal treatments: early evaluation
of patient satisfaction in disc repair by nucleus
augmentation (GelStix�)
SH Singh
Spine Centre, Pantai Medical Centre, Malaysia

Introduction: There are many methods of intradiscal treatments for
degenerative disc disease. This is an early report of patient satisfaction
via a method of disc repair by nucleus augmentation (GelStix�);
which reverses the degenerative process by restoring pressure, hydra-
tion and physiological pH to the nucleus. This novel concept proposes
nucleus/disc preservation; rather than nucleus/disc replacement which
is the current art in motion preservation in the lumbar spine.
Methods: Twenty two (22) patients with clinically significant lumbar
disc disease as defined by back pain with or without leg pain, with an
MRI proven disc lesions (disc bulge, ‘black discs’, contained hernia-
tions) were treated by nucleus augmentation via intradiscal, percutane-
ous insertion of GelStix� between November 2011 and January 2012
(2 months). Mean follow up was 6 weeks. VAS and ODI were assessed
pre procedure and at 4 weeks post intervention. The surgical technique
of insertion of the nucleus augmentation device is via percutaneous 18
gauge needle; similar to discography, and can be used as part of a
nucleus ablation or decompression procedure (eg RF or laser nucleus
ablation).
Results: At 4 weeks VAS reduction was from 8.5 to 3.0 (p < 0.0001);
and ODI was 25.1 to 10.2 (p < 0.0001). No procedural complications
were noted in the study period.
Conclusion: This early experience with GelStix�, has produced good
patient acceptance, reduced pain scores and improved daily function
significantly.
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06. Tissue Engineering of Functional Tendons and Ligaments

06.01
Keynote: Translation for tendon engineering:
efficacy, safety and standardization
W Liu, B Wang, B Chen, D Deng, Z Tan, P Zhang and Y Cao
Dept.Plast.Reconstr.Surg., Shanghia Jiao Tong Univ. Sch.Med.,
Shanghai Key Lab. Tiss.Engn., Nat.Tissue Eng. Ctr.China,
Coll. Chem. Eng.Textile, Dong Hua, Univ. Shanghai,
China

Tendon engineering is an important research area of center. In the past
10 years, tremendous effort has been made in basic and applied
researches to prove the feasibility of engineered tendon repair in ani-
mal studies. To further strengthen the translational research, a particu-
lar focus has been given on the proof of biosafety of in vitro expanded
cells, and biocompatibility and biosafety of scaffold materials. Further-
more, a special production line was set up in our center to produce ten-
don scaffold materials automatically by the machine in order to
guarantee controllable and repeatable quality control. Additionally,
pharmaceutical level GMP facility is under construction in our center to
provide the safety control of expanded cells and in vitro engineered
tendon graft. With the efficacy study in large animal studies and the
accomplishment of safety approval, it is likely for us to move forward
towards clinical trials of engineered tendon repair. This talk will pro-
vide an overview of related researches in our center.

06.02
The blood-tendon barrier: A new jigsaw piece for
understanding the tendon niche?
C Lehner, R Gehwolf, AWagner, H Resch, HC Bauer, H Bauer
and H Tempfer
University Clinic for Trauma Surgery and Sports Injuries,
Salzburg, Austria; Institute for Tendon and Bone Regeneration,
Paracelsus Medical University, Austria; University of Salzburg,
Department of Organismic Biology, Austria

Cell therapy and tissue engineering approaches are tempting to acceler-
ate tendon healing. A major challenge for these strategies is to under-
stand the niche that regulates tendon cell differentiation and cell
renewal.Along our attempts to characterize tendon cells we observed a
population of perivascular cells expressing tendon- and neuronal stem
cell associated markers. We also observed that tendon endothelial cells
express the tight junction (TJ) associated marker Occludin. We there-
fore hypothesize that tendon vessels form a barrier between blood and
tendon tissue, establishing a privileged microenvironment.By immuno-
histochemistry, Lasermicrodissection, qRT-PCR and transmission elec-
tron microscopy we examined human biceps and semitendinosus
tendons and mouse achilles tendons for TJ associated markers and
structures. Occludin, Claudin5 and ZO1 protein localize at the cell
boundaries of tendon endothelial cells, as confirmed by confocal
microscopy of isolated tendon vessels. Besides, these cells express
mRNA encoding for Occludin, Claudin1, Claudin5 and Claudin11.The
finding of TJ- like structures in human tendons is confirmed by TEM
images published by others, not focussing on TJs.The finding of TJ- like
structures in tendons sheds new light on the composition of the tendon
niche. The role of this barrier in tendon de- and regeneration as well as
its implications on tendon cell culture for tissue engineering purposes
will have to be addressed by further studies.

06.03
Mechanostimulation of human mesenchymal
stem cells in PHBHHx /collagen hybrid scaffolds
for tendon tissue engineering applications
AJ Lomas, GQ Chen, AJ El Haj and NR Forsyth
Keele University, UK; Tsinghua University, China

Tendon injury is increasingly prevalent with a lack of an associated
effective treatment. PHBHHx is a biopolymer with potential for use as
a biomaterial. Here, we investigate how in vitro mechanical stimulation
(MS) influences human mesenchymal stem cell (hMSC) behaviour in a
PHBHHx/collagen scaffold designed for tendon tissue engineer-
ing.hMSCs were suspended in rat type I collagen gels, injected into the
lumen of a porous PHBHHx tube, continuously exposed to either no
growth factor additions (no GF media) FGFs 4, 6, and 8 (FGF) or BMPs
12 and 13 (BMP), and tensile strain applied for a maximum of 20 days
using a BOSE biodynamic chamber. Mechanical testing, histological
analysis and molecular characterisation were performed to explore dif-
ferentiation. Static controls showed little or no evidence of collagen
remodelling into fibril-like structures. The addition of GF to media
resulted in remodelling at 5 days and extensive remodelling after
10 days whereas only slight remodelling was apparent after 10 days
MS in non GF media. Tenomodulin expression increased with MS, with
the addition of FGF and BMP increasing further. Tensile force signifi-
cantly increased in day 10 and day 20 in non GF and BMP-supple-
mented constructs over static controls. Mechanical stimulation of
PHBHHx/collagen/hMSC constructs promotes tenogenic differentia-
tion which is enhanced by BMP supplementation. The generation of in
vitro tendon-like constructs holds promise for future tendon repair
strategies.

06.04
Three dimensional collagen scaffolds
functionalised with glycomoieties
K Keane, A Pandit and D Zeugolis
Network of Excellence for Functional Biomaterials, Ireland

Introduction: Proteoglycans, glycoproteins and glycosaminoglycans
form the gel-like structure, in which collagen fibrils are embedded in.
Glycomoieties maintain the structural stability of collagen fibrils; play a
primary role in cell-cell and matrix-cell interactions; and determine cell
phenotype and function. Despite these facts, there is limited work
available studying the influence of sugar molecules on tendon repair.
Materials & Methods: Collagen fibres were produced through a serial
extrusion in neutral buffers maintained at 37 �C. Following fibre pro-
duction, functionalisation with sulphated and non-sulphated polysac-
charides took place. Subsequently, biophysical (e.g. tensile testing,
thermal analysis), biochemical (e.g. ninhydrin, FTIR) and biological
(e.g. collagenase digestion, cell viability, metabolic activity and gene
analysis) assays were carried out.
Results: Incorporation of sugar moieties in the collagen fibres enhanced
cell attachment, viability and metabolic activity. No significant differ-
ence in thermal properties was observed. Mechanical analysis and gene
expression assays are on-going to fully comprehend the influence of
sugar molecules on the mechanical properties of the fibres and on cel-
lular behaviour respectively.
Conclusions: These preliminary results indicate the suitability of sugar-
functionalised scaffolds for tendon repair.
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06.05
Effects of BMP-2 eluting biphasic silk scaffold on
ligament regeneration and bone tunnel healing
in rabbits
TKH Teh, PJ Shi, SLToh and JCH Goh
National University of Singapore, Singapore

To tackle graft harvesting morbidity and graft-host integration issues,
we have proposed a functionalized biphasic silk scaffold for complete
ligament and bone regeneration. It is hypothesized that the hydroxyap-
atite nanoparticles (n-HA) and BMP-2 loaded ends of this silk scaffold
system will enhance enthesis regeneration and bone tunnel healing,
while the central one-third supports ligament regeneration. Two groups
of biphasic scaffolds, distinguished by the different ends’ composition,
were fabricated: SF/n-HA (0.78 mg/end, Ctrl) and SF/n-HA/BMP-2
(0.78 mg/end and 29 lg/end respectively, Exp). In vitro and in vivo
characterizations (8, 16, 24 weeks) using the rabbit model were per-
formed on these rabbit MSC-seeded constructs. The bioactivity of BMP-
2 was ascertained and shown to be eluting with an initial burst and a
subsequent lowered sustained release. Osteogeneic genes were upregu-
lated in both the end types compared with pure SF. Osteogeneic differ-
entiation was further substantiated by the increased calcium
deposition. Gross observation of the excised knee joints did not indicate
osteoarthritis and the ligament portion was regenerated. Bone tunnel
narrowing was observed with histological evidences indicating enthesis
regeneration in Exp. Better integration was observed from the superior
pull-out strength of Exp compared to Ctrl. The BMP-2 eluting biphasic
silk scaffold was thus shown to be a promising TE solution for
enhanced ligament regeneration and bone tunnel healing.

06.06
In vivo tendon engineering using skeletal muscle
derived cells
B Chen, B Wang, G Zhou, W Zhang, Y Cao and W Liu
Shanghai 9th People’s Hospital, Shanghai Jiao Tong University
School of Medicine, China

Cell source is one of the key issues for tendon engineering research and
application. Considering that muscle and tendon have the same origin
during development, we thus hypothesize that muscle derived cells
(MDCs) may serve as the cell source for in vivo tendon engineering.
Mouse skeletal muscles and tendons were harvested to extract muscle
MDCs and tenocytes respectively. Cell characterization showed that
MDCs are a mixed cell population that contains MyoD, Desmin and Vi-
mentin positive cells, and both cell types expressed collagens I, III and
VI, GDF-8, sceleraxis, and tenomodulin indicating the similarity
between them. qPCR showed higher expression of GDF-8, collagens III
and VI in MDCs and higher expression of sceleraxis, tenomodulin and
collagen I in tenocytes. MyoD was only found in MDCs. Additionally,
MDCs proliferated much faster than tenocytes (p < 0.05) with signifi-
cantly higher percentage of S+M2 phase cells as opposed to tenocytes
(p < 0.05). After in vivo implantation along with polyglycolic acid
fibers in nude mouse, MDC engineered tendons exhibited much stron-
ger mechanical properties with greater collagen fibril diameter when
compared to the tendon engineered with tenocytes. Furthermore, MDC
engineered tendon gradually decreased and lost the expression of
MyoD and Desimin and gradually increased the expression of tenomod-
ulin, suggesting that MDCs have been transformed into tenocyte type
with increased implantation times.

06.P01
Tissue engineering for the rotator cuff
Z Ahmad, R Brooks, J Wardale, F Henson, K Arshad, S Ghose,
A Noorani, G Tytherleigh-Strong and N Rushton
Barts Health NHS Trust, UK; Orthopaedic Research Unit,
University of Cambridge, UK; Tigenix Ltd, UK

Introduction: Rotator cuff tears remains a problem, with massive rotator
cuff tears having a failure rate of repair of up to 90%, despite new sur-
gical techniques. Tissue engineering techniques offer the possibility of
generating pre-injury tendon tissue. We present a case-control study of
where we place an interpositional graft in the infraspinatus tendon of
the humerus.
Methods: A total of 24 sheep were operated on, with the infraspinatus
tendon being surgically cut from its attachment on the humeral head.
The sheep were divided into four groups, all repaired with either:
empty control, novel collagen fibre with PRP, collagen sponge, and col-
lagen sponge with PRP.
Results: Our findings showed that the tendon augmentation graft was
well integrated into the tissue, with minimal inflammatory process.
The material however had not yet begun to break down as expected,
however there were indications that this was occurring. We found that
the delivery of platelet rich plasma using the device does enhance the
repair of the tendon.
Conclusion: Platelet rich plasma and tendon graft augmentation offers
exciting new prospects in tendon healing.

06.P02
Development of a tissue engineered meniscal
replacement
J Hasan, GL Jones, MJ Stanley, J Fisher and E Ingham
Institute of Medical and Biological Engineering, United Kingdom;
Faculty of Biological Sciences and School of Mechanical
Engineering; University of Leeds

The knee joint is the largest and most complex joint in the human body.
Owing to its anatomical structure it is susceptible to injury and damage
through wear and tear. The menisci reside within this joint and play a
vital role in joint stability, shock absorption and load transmission.
Hence, injury to the menisci leads to altered joint biomechanics, and
coupled with an inability to heal due to avascularity, this leads to subse-
quent degeneration of surrounding tissues characteristic of osteoarthri-
tis (OA). There are approximately a million procedures related to the
meniscus every year in the United States alone, and current treatment
options only delay the onset of OA and do not provide a cure. There-
fore, a meniscal replacement is necessary in order to halt the progres-
sion of OA and restore native joint biomechanics. Many avenues have
been investigated in the search for a meniscal replacement, from autog-
enous, allogeneic and xenogeneic tissue sources, to more recent tissue
engineering strategies. The aim of this study was to develop a decellu-
larised porcine bone-medial meniscus-bone construct for use as a meni-
scal replacement. Bone-medial meniscus-bone was dissected from six
month old pigs before decellularisation using a method adapted from
Stapleton et al. (2008). Decellularised bone-medial meniscus-bone was
then characterised histologically, immunohistochemically, biochemi-
cally and biomechanically to assess level of decellularisation and to
compare to native porcine tissue.
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06.P03
Tendon construct development in vitro
A Herchenhan, ML Bayer, SP Magnusson and M Kjaer
Institute of Sports Medicine Copenhagen, M81, Department of
Orthopaedic Surgery Bispebjerg Hospital, Denmark

Anterior Cruciate Ligament rupture is a vast problem in sports and
occupation and has poor healing qualities. Tissue engineering of ten-
don and ligaments appear as a promising tool to overcome this prob-
lem in the future. Recently, we have introduced an in vitro tendon-like
construct with adult human tendon cells that demonstrates similar
properties to embryonic tendon. In this study we investigated the
mechanical and structural development of these tendon constructs
over time. Fixed length tendon constructs were prepared with tendon
cells from five individuals and cultured under constant conditions.
After 14, 21, 28 and 35 days the mechanical properties of the con-
structs were evaluated and the collagen fibril diameter was measured
by electron microscopy. The tendon constructs increased over time in
strength from 0.9 ± 0.1 MPa (mean ± SE) to 4.9 ± 0.6 MPa
(p < 0.001) and in stiffness from 5.8 ± 0.8 MPa to 32.3 ± 4.2 MPa
(p < 0.001). However, the rupture tensile strain remained constant at
approximately 15%. Synchronously with the mechanical properties,
the average collagen fibril diameter increased from 37.9 ± 1.9 nm at
14 days to 59.7 ± 3.9 nm after 35 days (p < 0.001). In conclusion,
the human tendon constructs develop considerably in structure and
strength over time. The average collagen diameter increased signifi-
cantly and corresponded with that found in mature human tendon and
ligament. Despite significant increases, the mechanical strength
reached only 10% of that in human ligament.

06.P04
Investigating the biological influence of
biophysical stimulation on primary human
tendon stem progenitor cells (hTSPCs)
D Stanco, L De Girolamo, P Romeo, M Vigano’, A Lovati, G Thiebat
and V Sansone
Orthopaedic Biotechnologies Lab - Galeazzi Orthopaedic Institute,
Milan, Italy; Orthopaedic Department of University of Milan -
Galeazzi Orthopaedic Institute, Milan; Cell and Tissue
engeneering Lab - Gruppo ospedaliero San Donato Foundation –
Milan; Sports Traumatology and Arthroscopic Unit - Galeazzi
Orthopaedic Institute, Italy

Numbers of traumatic tendon injuries and tendinopathies are increas-
ing, and the functional recovery is often problematic. The biology of
tendon healing has been widely investigated but it is not completely
understood. Among conservative approaches, pulsed magnetic fields
(PEMFs) and extracorporeal shock wave therapy have been used with
success, although the biological mechanisms of their action need to
be further studied. We have investigated the effects of PEMFs on pri-
mary human tendon stem progenitor cells (hTSPCs) isolated from
semitendinosus tendons. After accurate characterization by FACS anal-
ysis, passage 4 hTSPCs (n = 10) were exposed to PEMFs (1.5 mT,
75 Hz) for 4, 8 and 12 h and evaluated at different time points (0, 2,
7 and 10 days). 8 h of PEMF exposure influenced the cell proliferation
at 0 day (+21% vs. untreated cells), while after 4 and 12 hours of
treatment we observed an increase of 15% and 28% at 2 days, respec-
tively. Tissue specific gene expression (collagen I, tenomodulin, scler-
axis) was differently affected by PEMF treatment. A stronger effect of
PEMFs was observed when TSPCs were treated daily for a week.Unfo-
cused shock waves (0.17 mJ/mm2; 1000 shots, 3 Hz) were also able
to positively affect hTSPC proliferation, viability and specific gene
expression for up to 14 days from treatment (n = 10). The cells were
treated in plastic adherence conditions, differently from the common

in vitro practice, to better mimic the physiological tendon environ-
ment.

06.P05
Novel compound polylactic-glycolic acids with
adipose derived stem cells for tendon tissue
engineering
D Deng, W Liu, G Zhou and Y Cao
Shanghai Ninth People’s Hospital, Shanghai Jiaotong University
School of Medicine, China

Polylactic-glycolic acids (PLGA) have been widely used for soft tissue
construction but still faces the challenge of limited mechanical proper-
ties. This study aimed to explore the possibility of employ a novel
compound PLGA with autologous adipose derived stem cells (ASCs)
to effectively repair Achilles tendon defect in a rabbit model. Cells
were seeded on longitudinally arranged PLGA fibers rolled by PLGA
network followed by 5 weeks cultivation in a special stretching biore-
actor to reduce degrading acids (n = 12 for each group) before im-
plantion. Scaffold only were used as the control. After 5 weeks of
dynamic cultivation, cell-scaffold constructs with tensile stress near
50MPa were generated in experimental group when PLGA fibers were
partly degraded. At 12 weeks post operation, most of PLGA networks
were still existed grossly complete but became much weaker (only
15% of normal tendon) probably contributed to scaffold degradation.
At 21 weeks, parallel collagen alignment was observed at both ends,
but not in the middle in histology, with tensile stress reached to 55%
of normal tendon again. At 45 weeks, engineered tendons exhibited
similar histology to natural tendon with relatively mature parallel col-
lagens formation (fibril diameter around 100 nm) whith complete
scaffold degradation and higher tensile stress (80 MPa). While in con-
trol group, neo-tissue was formed only at the peripheral area, which
was histologically disorganized and mechanically weaker than cell-
engineered ten.

06.P06
Interaction of different cell types and cells with
collagen based scaffolds for meniscus tissue
regeneration
J Weyhmüller, L Rackwitz, A Steinert, M Rudert and H Walles
University Hospital Würzburg Dept. Tissue Engineering and
Regenerative Medicine, Germany; Orthopedic Center for
Musculoskeletal Research, Germany

For meniscus regeneration the interaction of meniscus cells (MCs) with
neighboring endothelial cells (ECs) and their collagen-rich ECM plays
pivotal roles. To further examine we explored the interaction between
different cell types in a co-culture-system. Furthermore we generated
an electro-spinning scaffold (ESPS) and seeded with human mesen-
chymal stem cells (hMSCs) for observation of cell matrix interactions.
Finally we developed a bioreactor to explore cell responses by cultur-
ing cell seeded scaffolds under mechanical stress.The co-culture model
was established by seeding human MCs on a PET insert and human
microvascular ECs on the bottom of a well plate. After 7 days RNA
was isolated and the supernatant was analyzed with an endostatin
assay. ESPS were fabricated by containing collagen I isolated from rat
tail and collagen II from calf knees and seeded with hMSCs. Constructs
were analyzed by alcianblue staining and immunhistochemistry. The
bioreactor was made with a 3D construction software. By co-culturing
hMCs with hmvECs the endostatin expression is increased compared
to the mono-culture. HMSCs seeded on ESPS showed already at day
seven a spontaneous chondrogenic differentiation as indicated by the
synthesis of proteoglycans and Col II. Further investigations have to
show whether a co-culture of the three cell types in 3D constructs has
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an influence on the differentiation of the cells. To simulate the
forces exposed to native tissue dynamic culture experiment have to be
done.

06.P07
Extracellular matrix based device for
reconstruction of the temporomandibular joint
(TMJ) meniscus
BN Brown, WL Chung, AJ Almarza, MD Pavlick, SN Reppas, MW
Ochs, AJ Russell, SF Badylak
University of Pittsburgh, USA

For a percentage of TMJ patients the only available treatment is me-
niscectomy, which results in wear of the articulating surfaces and leads
to corrective surgeries. No alternatives exist for reconstruction, and
removal without replacement is the ‘gold-standard’ for patient care.
Urinary bladder extracellular matrix (UBM) was investigated as a scaf-
fold for meniscus reconstruction. Five dogs were subjected to unilateral
resection and replacement with UBM. Ten additional dogs were sub-
jected to bilateral resection and replacement on only one side with
UBM. The device remodeled rapidly and was indistinguishable from
new host tissue. Remodeling was characterized by mononuclear and
smooth muscle actin (SMA)+ cells at early time points changing with
time to SMA- cells resembling those of the native meniscus. The remod-
eling process showed deposition of predominantly type I collagen, the
density and organization of which resembled that of the native menis-
cus. Ingrowth of skeletal muscle tissue was observed at the periphery
of the implant and was similar to that at the periphery of the native
meniscus. Biomechanical testing showed that the mechanical proper-
ties were similar to those of native meniscus. No adverse changes in
the articulating surfaces were observed in implanted joints. Results of
this study suggest that the UBM device may represent an effective, off-
the-shelf interpositional material while also serving as an inductive
template for reconstruction of the TMJ meniscus.

06.P08
A novel triphasic composite silk fibroin scaffold
with zonal release of multiple growth factors via
microspheres delivery for integrated ACL-bone
regeneration
YW Jiang, SLToh and CH Goh
Department of Bioengineering, National University of Singapore,
Singapore

Development of an integrated ACL-bone tissue is always a challenge in
orthopedics tissue engineering due to the composition of three different
regions (ligament, fibrocartilage, and bone) at the interface. A promis-
ing strategy is to build a biomimic stratified scaffold with appropriate
cell source for the matrix heterogeneity development which mimics the
multi-tissue organization of the native ACL-bone interface. It is well
known that the mesenchymal stem cell can undergo multiple lineages
of differentiation under induction of different growth factors. Based on
this, this study focuses on design of a novel triphasic composite silk
fibroin scaffold with three distinct yet continuous layers, each layer
being embedded with different growth factor loaded gelatin micro-
spheres and the multi-lineage differentiation of the MSC on the tripha-
sic scaffold. The zonal protein distribution, protein release kinetics and
bioactivity were studied before cell culture on the scaffold and then cell
proliferation, migration and differentiation were investigated and both
genotype and phenotype results demonstrate the heterogeneity of
matrix deposition as well as the formation of the fibrocartilage
interface, which indicates the great potential of this biomimic triphasic
composite silk fibroin scaffold for integrated ACL-bone tissue
formation.

06.P09
Induction of tenogenic differentiation in human
adipose stem cells by manipulating culture
medium supplements
AI Gonçalves, MT Rodrigues, RL Reis and ME Gomes
3B’s Research Group, Univ. of Minho, AvePark, Portugal / ICVS/
3B’s - PT Government Associate Laboratory, Portugal

Introduction: The limited ability of tendon to self-repair and the limita-
tion of treatment regimes have hastened the motivation to develop
cell-based strategies for tendon repair. Growth factors (GFs) such as
EGF, FGF, PDGF and TGF-b participate in tendon formation, ECM syn-
thesis or healing, and may assist tenogenic differentiation. Thus, this
work aims to establish culturing conditions that induce tenogenic dif-
ferentiation of human adipose stem cells (hASCs) using these GFs.
Materials&Methods: hASCs were isolated and expanded in a-MEM basic
medium. Both freshly isolated and cryopreserved hASCs (P3) were fur-
ther cultured with different supplements namely basic medium with
glutamine (2 mM) and ascorbic acid (0.2 mM) plus i) EGF (10 ng/
ml), ii) FGF (10 ng/ml), iii) PDGF (10 ng/ml) or iv) TGF-b (10 ng/
ml) for 7, 14, 21 or 28 days. hASCs differentiation into tenocytes was
assessed by real time PCR analysis of the expression of collagen type I
and type III, decorin, and scleraxis.
Results: In i) and ii) media, hASCs showed a tenocyte-like aligned dis-
tribution after 14 days, while in iii) and iv) it was only observed by
21 days. Overall, hASCs showed a higher gene expression in media i)
and ii).
Conclusions: EGF and FGF evidence a higher potential to induce the
expression of tendon-related markers in hASCs and the cryopreserva-
tion may influence the expression of these genes. This might be a use-
ful approach to have high number of cells to use in cell-based tendon
regeneration therapies.

06.P10
Effects of vibration on the proteome expression
of anterior cruciate ligament cells
HJ Kim and CW Kim
Korea University, Korea

Recent reports have suggested that vibration has beneficial effects on
knee healing response; however, the biomechanism of these beneficial
effects still need to be determined on the anterior cruciate ligament
(ACL) cell level. In this study, we applied a 20 Hz vibration to ACL
cells, which produced a 20% increase (p < 0.001) in cell activity and
17% increase (p < 0.001) in intracellular sulfated glycosaminoglycan
(GAG) levels. In the 20 Hz vibration-stimulated ACL cells group, eight
up-regulated (100~300%) protein spots were identified compared to
the control group by proteomics analysis. Among these proteins, Ann-
exin A2 and Prolyl 4 hydroxylase (PH4B) were shown to have a 71%
and 16% higher expression, respectively, in the 20 Hz vibration-stimu-
lated ACL cells group by western blotting (p < 0.001). These results
indicate that vibration produces a positive cellular environment, and
Annexin A2 and P4HB are expected to help ligament repair and ACL
cell proliferation by controlling cell membrane and extra cellular
matrix formation.
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06.P11
Molecular and cellular architecture of tendon and
ligament: How diverse are anterior cruciate
ligament and semitendinosus tendon?
AWagner, R Gehwolf, H Tempfer, C Hirzinger, M Toljan, C Lehner,
H Resch, HC Bauer
Paracelsus Medical University Salzburg, Inst. Tendon and Bone
Regeneration, Austria; University Hospital Salzburg, Department
of Traumatology and Sports Injuries, Austria; Sportmed Institut
Linz, Austria

Tendons and ligaments are both dense connective tissues which are
phenotypically similar, but differ in their functions. While the cellular
constituents of tendon tissue including tendon progenitor cells have
been well characterized, less information for ligament cells is available.
We explore similarities and differences between tendon and ligament
cells at a molecular and biochemical level. Therefore we used biopsy
tissue of semitendinosus tendon (ST) and anterior cruciate ligament
(ACL) since ruptured ACL often is reconstructed by autologous ST
grafts. The expression of progenitor cell markers (Nestin, CD133, Scler-
axis) in ACL and STwas analysed by immunhistochemistry and quanti-
tative RT-PCR revealing differences in their expression levels and
patterns. We also studied the expression of extracellular matrix compo-
nents (Collagen I, III, Aggrecan), matrix remodelling proteins (MMP-2,
-9, LOX) and Substance P, a neurotransmitter in pain perception. The
mRNA expression of Collagen I and III, MMP-2 and LOX was signifi-
cantly higher in ACL than in ST. Substance P was only detectable in
ACL, Scleraxis and Nestin showed no differences. The ratio of Collagen
I to III mRNA was significantly higher in ACL indicating structural and
functional differences. Our results contribute to the understanding of
tendon and ligament nature and origin, and might provide clues for
new therapeutic ways in ligament regeneration or reconstruction. Sup-
ported: PMU-FFF E-09/09/051-BAH & ABT GmbH.

06.P12
A revised surgical concept of anterior cruciate
ligament replacement in a rabbit model
K Ficek, J Wieczorek, E Stodolak, M Kajor and Y Kosenyuk
Galen- Orthopedics, Bieruń, Poland; Department of
Biotechnology of Animal Reproduction National Research
Institute of Animal Production, Balice; Department of
Biomaterials, Faculty of Materials Science and Ceramics,
University of Science and Technology, Cracow; Medical University
of Silesia, Poland

This particular project on Anterior Cruciate Ligament (ACL) replace-
ment in rabbits was created for the preclinical phase of investigating a
new biomaterial. This material was based on the resorbable aliphatic
polyesters, i.e. poly-(L/DL)-lactide (PLA), which has been designated
as an osteoconductive agent in reconstructive ligament surgery. The
aim of this investigation was to assess the possibility of including a per-
forated tube which surrounds the graft as a means of PLA application
in ACL surgery. The rabbits (Ethic Committee approval 668/09, July 7,
2009) were divided into four groups, experimental and control, and
were euthanized 6 or 12 weeks after surgery for histological evalua-
tion. The long digital extensor tendon of the right hind limb was
detached from its lateral femoral condyle, as well as from the muscle
belly. The interior of the knee joint with the ACL was exposed. The
native ACL was removed from the joint. Porous PLA material, molded
into a perforated tube, was inserted within the bone tunnel according
to its length and diameter. The outer surface of the grafted tendon
adhered to the inner part of the perforated PLA tube. All the tunnel and
graft parameters were precisely noted. This innovative concept of PLA
tube application in ACL surgery elevated the quality of healing between
the tendon and bone, which has been confirmed in histologic scans.

Acknowledgements: This study was kindly provided by Professor Syl-
wester Gogolewski, D.Sc., Ph.D.

06.P13
Bioresorbable polylactide (PLA) beads promote
tendon healing in the bone tunnel
K Ficek, J Wieczorek, E Stodolak, M Kajor and Y Kosenyuk
Galen- Orthopedics, Bieruń, Poland; Department of
Biotechnology of Animal Reproduction National Research
Institute of Animal Production, Balice; Department of
Biomaterials, Faculty of Materials Science and Ceramics,
University of Science and Technology, Cracow; Medical University
of Silesia, Poland

Objectives: The outcome of reconstructive ligament surgery is depen-
dent on the quality of healing of the transplanted grafts in the bone
tunnels. In this study, microporous polylactide (PLA) beads of a con-
trolled pore size were impregnated with peripheral blood and evalu-
ated in bone tunnels of rabbits to assess their potential to enhance
tendon graft osteointegration after ligament reconstruction surgery.
Material: The beads were produced from poly(L/DL-lactide) - PURAC
Biochem, The Netherlands. 24 rabbits (Ethics Committee approval
668/09, July 7, 2009) were divided into four groups of six animals
each, euthanized after 6 and 12 weeks. The long digital extensor ten-
don of the right hind limb was detached from the lateral femoral con-
dyle and then implanted in the bone tunnel which was drilled in the
proximal tibia metaphysis. Porous PLA material was distributed around
the graft.
Results: Histological scans confirmed the osteoconductive attributes of
the biomaterial and their synergism with osteoinductive properties of
the cells from the blood and bone marrow. Proliferation of the bone
around the tendon [um2] was statistically significant in both PLA
groups after 6 weeks p = 0.034 and after 12 weeks p = 0.014
(p < 0.05 were considered) in post hoc Sheffe test.
Conclusions: The new bone was almost exclusively formed in these
areas where PLA paste was in direct contact with the bone and tendon.
Acknowledgements: This study was kindly provided by Prof. S. Gogo-
lewski.

06.P14
Patterning biochemical and structural cues in
collagen-GAG scaffolds to drive mesenchymal
stem cell differentiation for tendon insertion
regeneration
SR Caliari, DWWeisgerber, RA Hortensius, LC Mozdzen,
DO Kelkhoff and BAC Harley
University of Illinois at Urbana-Champaign, USA

New tissue engineering strategies are needed to meet clinical needs to
regenerate spatially-ordered, multi-tissue structures. Orthopedic inter-
faces such as the tendon-bone-junction (TBJ) are a prototypical class of
such tissues. The TBJ contains a graded interface linking tendon and
bone that is critical for mechanical competence but is also a common
injury site. Our goal is to develop a spatially-patterned collagen-GAG
(CG) scaffold to drive multilineage mesenchymal stem cell (MSC) dif-
ferentiation in a spatially-selective manner to regenerate the TBJ. We
have developed fabrication schemes to control alignment, mineraliza-
tion, and mechanics of CG scaffolds as well as liquid-phase and solid-
phase (immobilized) biomolecule supplementation strategies to mimic
the structural and biochemical heterogeneity of the TBJ. Scaffold
anisotropy, pore size, mineral, and biomolecule supplementation are
critical regulators of tenocyte bioactivity and MSC differentiation
towards tendinous, cartilagenous, and osseous phenotypes. Composite
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biomolecule supplementation strategies have been optimized to drive
simultaneous proliferation (i.e. IGF-1) and lineage specification (i.e.
GDF-5 for tenocytes). Ongoing work is investigating the influence of
the degree of GAG-sulfation in the scaffold to control transient biomol-
ecule sequestration and optimizing coincident matrix and biomolecule
cues to drive regional MSC differentiation and tissue biosynthesis.

06.P15
Stimulation of ligament tissue formation on a silk
scaffold with mechanical loading using a custom-
made bioreactor system
ATeuschl, E Aigner, M Hohlrieder, K Cicha, J Stampfl
and H Redl
Ludwig Boltzmann Institute for Clinical and Experimental
Traumatology, Austria; A.M.I. Agency for Medical Innovations,
Austria; Institute of Materials Science and Technology, TU
Vienna, Austria

The aim of the study is to generate a tissue engineered silk scaffold
with mechanical properties similar to human anterior cruciate ligament
(ACL) that could possibly guarantee long-term clinical success in ante-
rior ACL regeneration/replacement. The silk scaffold was made of
white raw Bombyx mori silkworm fibers in a wire-rope design. The
alterations in the mechanical properties due to the preparation process
(sericin removal) pull-to-failure tests were performed. Furthermore
cytotoxicity has been evaluated in vitro by MTT assay and BrdU-Elisa.
In parallel a bioreactor system has been developed that enables the
mechanical stimulation of our constructs. Mechanical properties (maxi-
mum load/stiffness) of our silk scaffolds (2023 ± 109N/336 ± 40 N/
mm) were compareable to the human ACL (2160 ± 157 N/
242 ± 28 N/mm [1]). Cell culture experiments proved the non-toxic-
ity of our silk constructs. First bioreactor tests showed a significant pro-
duction of ECM proteins on the scaffolds under biaxial mechanical
stimulation. Moreover, real-time PCR analysis showed a significant
enhanced production of ligament related genes.We could generate a
silk scaffold matching the mechanical properties of the human ACL.
Furthermore, we could build up a novel bioreactor system that enables
investigation of cell and tissue growth on our scaffold under biaxial
mechanical loading.

06.P16
A multiscale computational model of tendon to
characterize the optimum microenvironment for
tissue engineering
SV Shim, CJ Cornish, LD Llyod and HP Hunter
Auckland Bioengineering Institute, University of Auckland, New
Zealand; Faculty of Medical and Health Sciences, University of
Auckland, New Zealand; Department of Mechanical Engineering,
Griffith University, Australia

Accurate characterization of tissue microenvironment is vital in devel-
oping successful tissue engineering scaffolds and strategies. We present
a multi-scale computational model of tendon using the open-source on-
tologies developed for the Physiome Project with accurate descriptions
of the hierarchical structure of tendon at the cellular, micro and macro
levels. Using this framework, we can effectively model the influence of
whole body loadings at the macro level, the influence of tissue organi-
sation and architecture at the micro level and have cell level processes
determine the activation of relevant signaling pathways. Cell informa-
tion is then passed up the spatial scales to modify micro architecture
and provide a macro spatial characterisation of tendon tissue. We eval-
uate the framework by simulating the integration of a number of
different scaffold materials to tendon under physiological loading con-

ditions. The presented modelling framework is a web-based open-
source repository of models, which contributing scientists can easily
use and disseminate their findings. This framework provides a ‘virtual
tendon scaffold simulator’ for evaluating performances of different scaf-
fold materials and designs for developing an optimal tendon tissue
engineering constructs.

06.P17
Demineralized bone matrix augmented tendon-
bone healing
PR Heuberer, V Lovric, N Russell, JA Goldberg
and WRWalsh
Orthopaedic department Krankenhaus der Barmherzigen
Schwestern Wien (St. Vinzenz Hospital), Austria; Surgical &
Orthopaedic Research Laboratories (SORL) Prince of Wales
Clinical School - The University of New South Wales Prince of
Wales Hospital Sydney, Australia; Orthosports Sydney, Australia;
Prince of Wales Clinical School - The University of New South
Wales Prince of Wales Hospital Sydney, Australia

Background/Aim: Although rotator cuff repair is among the most com-
mon procedures inshoulder surgery, retear rates are still high and
enhancements in tendon to bone fixations stillrepresent challenging
problems. Administering demineralized bone matrix (DBM) is one of
the attempts to deliver osteoinductive agents improving tendon to
bone healing. The aim of the study was to compare histomorphology
between a reattached infraspinatus tendon with DBM administered to
the bone bed (DBM group) and without DBM (control group) in ano-
vine model.
Method: From a total of eight sheep the left infraspinatus tendon was
detached from its insertion and reinserted into a prepared bone bed in
a transosseous equivalent fashion using suture anchors. For the reat-
tachment of six sheep DBM was administered to the bone bed. The
DBM was prepared beforehand from ovine bone according to a modi-
fied Urist protocol. All animals were sacrificed after 4 weeks and histo-
morphologic analysis was performed.
Results: DBM augmentation resulted in increased amounts of fibrocarti-
lage and mineralized fibrocartilage compared to the control group
without DBM. Fibrocartilage was organized and chondrocytes were ori-
entated in the direction of the insertional collagen fibres.
Conclusion: This study showed that DBM augmentation of a tendon to
bone repair leads to more organized tendon to bone interface with less
scar formations, thus to a morphology closer to a normal enthesis
which may reduce repair failure rates.

06.P18
Cell sources for anterior cruciate ligament
reconstruction
HAM Fernandes, C Kelder and D Saris
University of Twente, The Netherlands

Mesenchymal stromal cells (MSC), multipotent cells usually isolated
from bone marrow aspirates, hold great potential for regenerative med-
icine applications. However, because large number of cells are needed
to regenerate worn-out tissues, extensive in vitro expansion is needed
prior to in vivo use. Tendons and ligaments (T/L) are often injured not
only in young active people but also in old people suffering from osteo-
arthritis, for example. Currently, surgeons use autografts or allografts
to replace the damaged T/L. Upon replacement, the new T/L will be
remodeled and integrate with the bone. However, due to poor vascular-
ization during the initial stage, loss of ECM and cellularity occur in the
new graft. In order or accelerate the remodeling stage and the integra-
tion with the host tissue - therefore decreasing the recovery time of
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patients - MSCs can be co-delivered during the surgical procedure. Here
we show that ligament-derived cells are multipotent cells with pheno-
typical resemblance to MSCs. Interestingly, and in contrast with MSCs,
they can be expanded in vitro, without loss of pluripotentcy, for much
longer than MSCs (at passage five MSCs loose multipotentcy whereas

ligament-derived cells maintain pluripotentcy up to passage 10. We
believe these cells can play a key role in cell-based therapy for T/L
regeneration. By gaining more knowledge on the pathways that control
their differentiation, we can understand how the ligament is regener-
ated.
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07. Cartilage and Joints (in coop. ICRS)

07.01
Keynote: Biomaterials for autologous matrix-
associated chondrocyte transplantation
S Marlovits
Medical University of Vienna, Austria

Scaffold composition and architecture are considered to be important
parameters for cell differentiation and gene expression in matrix-associ-
ated chondrocyte transplantation (MACT). In preclinical experiments
four different biomaterials were compared using morphological and
molecular biological techniques. Major differences in cell distribution
related to scaffold density, pore size and architecture were observed.
Material composition influenced the quantity of autogenous matrix
used for cellular adhesion. Cell bonding was further influenced by the
geometry of the scaffold subunits. On scaffolds with widely spaced
fibers and a thickness less than the cell diameter, chondrocytes sur-
rounded the scaffold fibers with cell extensions. On those fibers, chon-
drocytes were spherical, suggesting a differentiated phenotype. Fiber
sizes smaller than chondrocyte size, and widely spaced, are therefore
beneficial in terms of improved adhesion by cell shape adaptation.
Scaffold characteristics as well as culture conditions also highly influ-
enced gene expression in cartilage transplants and these parameters
may have profound impact on the tissue regeneration after MACT. All
four biomaterials have been used in the clinical treatment of full-thick-
ness cartilage defects of the femoral condyle in the knee. The outcome
after 5 years is described with clinical parameters and magnetic reso-
nance imaging using the MOCARTscore.

07.02
Tissue engineered nasal cartilage for the
regeneration of articular cartilage in goats
K Pelttari, M Mumme, S Gueven, K Nuss,
B von Rechenberg, M Jakob, I Martin and A Barbero
Department of Biomedicine, University Hospital Basel,
Switzerland; Musculoskeletal Research Unit (MSRU), Equine
Hospital, Vetsuisse Faculty Zurich, Switzerland; Center for
Applied Biotechnology and Molecular Medicine (CABMM),
Switzerland

Compared to articular chondrocytes (AC), nasal septum chondrocytes
(NC) have a higher and more reproducible chondrogenic differentia-
tion capacity and their use would reduce donor site morbidity. Our
study aimed to demonstrate safety and feasibility of tissue engineered
(TE) cartilage grafts based on autologous NC for the repair of articular
defects in goats.Expanded and GFP-labelled NC and AC from six goats
were seeded on Chondro-Gide� (Geistlich). After 2 weeks of chondro-
genic culture, 2 NC- and 2 AC-based grafts were implanted into chon-
dral defects of the same posterior stifle joint and the repair tissue
evaluated after 3 and 6 months. Furthermore, isolated cells from sur-
rounding fat pad, ligament, synovium, tendon and patellar cartilage
were tested for GFP-positivity. No complications or signs of inflamma-
tion occurred in any of the animals. GFP-positive cells in the repair tis-
sue indicate the contribution of the implanted cells to the newly
formed cartilage. O’Driscoll scores of 8.6 and 7.6 after 3 months
increased to 14.1 and 12.4 after 6 months for NC- and AC- grafts,
respectively. Surrounding tissues showed no or very low (fat pad
£0.36%) migration of the grafted cells. We demonstrated that the use
of NC is safe and feasible for TE approaches in articular cartilage repair.

The repair tissue-quality generated by NC-grafts was at least compara-
ble to that of AC-grafts, thus opening the way for clinical tests of NC as
a more reproducible cell source for cartilage repair.

07.03
Ex vivo imaging and tracking of spion labelled
mesenchymal stem cells and chondrocytes in
orthopaedic cell based therapies
HMarkides, R Morris, S Roberts and J El Haj
Institute for Science and Technology in Medicine, Keele University,
UK; School of Science and Technology, Nottingham Trent
University, UK

Advances in tissue engineering play a significant role in creating novel
therapies in the orthopaedic field. It is vital to evaluate these therapies.
Magnetic Resonance Imaging (MRI) can be used to image and track
cells labelled with superparamagnetic iron oxide nanoparticles (SPI-
ONs) in vivo. Previous studies have focused on the development of a
standardised tagging and imaging protocol for clinical use. SPIONS of
various sizes and concentrations were investigated to establish mini-
mum visibility thresholds within cartilage defects. In this study the suit-
ability for applying this protocol to a range of orthopaedic tissues and
the migration of particle-labelled cells within collagen hydrogels is
investigated. Human mesenchymal stem cells and porcine chondro-
cytes were isolated, expanded and labelled with SPIONs. SPION-
labelled cells were implanted into various orthopaedic tissues within
cadaveric porcine legs and visualised using MRI. In vitro cell migration
was investigated by implanting labelled cell populations into collagen
hydrogels and visualised using MRI. Ex vivo MRI scans demonstrated
good contrast which varied in accordance to particle size, cell dosage,
and implantation site. Migratory patterns demonstrated variability in
cell velocity and localisation in relation to SPION size and concentra-
tion through the collagen hydrogel. The evaluation of bio-distribution
and cell survival post transplantation may allow for optimized delivery
methods and dosage schemes.

07.04
Combining freshly isolated CD271+ positive
infrapatellar fat pad stem cells and a TGF-b3
releasing scaffold to develop a single stage
therapy for cartilage repair
HVAlmeida, CT Buckley, GM Cunniffe, M Ahearne, FJ O’Brien
and DJ Kelly
Trinity Centre for Bioengineering, Trinity College Dublin, Ireland;
Department of Anatomy, Royal College of Surgeons in Ireland,
Ireland

Clinical translation of cell based therapies for articular cartilage (AC)
repair is being impeded by the high cost and time required for stem cell
(SC) culture. Adipose tissue is an attractive source of SCs because it is
abundant, easy to access and it provides a high number of cells. This
fact lead to the suggestion that freshly isolated adipose derived SCs can
be used in one-step procedures for AC repair (Jurgens et al., 2011).
The aim of this study was to investigate the use of freshly isolated
CD271+ infrapatellar fat pad derived cells seeded onto a TGF-b3
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releasing scaffold for one-step cartilage regeneration therapies. Cells
were isolated within 3 h of harvest, enriched for CD271+ and seeded
onto freeze-dried agarose constructs containing TGF-b3 releasing micr-
ospheres. Fresh unsorted cells were also seeded onto scaffolds as con-
trols. Approximately 1 million unsorted cells were seeded onto each
scaffold, while around 60 000 CD271+ were seeded onto each scaffold
(representing the 6% of unsorted cells positive for CD271). Cells from
both populations were also assayed for their tripotentiality. Signifi-
cantly more sGAG accumulated in scaffolds seeded with unsorted cells,
but when normalised to DNA content, sGAG synthesis was higher in
CD271+ constructs. This suggests that the CD271- cell population also
contains a population of chondro-progenitor cells. This study demon-
strated the potential of combining TGF-b3 delivery scaffolds and
freshly isolated SCs for AC repair.

07.05
Biomaterial-based anti-angiogenic drug delivery
system enhances the in vivo chondrogenesis of
freshly seeded chondrocytes-based constructs
M Centola, FAbbruzzese, G Vadalà, C Scotti,
A Barbero, I Martin, M Trombetta, A Marsano and A Rainer
ICFS - University Hospital Basel, Switzerland; CIR - University
Campus Biomedico of Rome, Italy

Standard cartilage repair approaches consist in the implantation of
freshly cell seeded-constructs whose survival and further development
might be compromised by the initial host reaction. Blood vessels
ingrowth and macrophages migration within the implant might indeed
accelerate its resorption. Control of VEGF signal has been shown to
provide great benefits to counteract these problems (Matsumoto,
2009; Zentilin, 2006). We here propose a clinically relevant fibrin/hya-
luronate scaffold functionalized with an anti-angiogenic drug (Bev-
acizumab) – a VEGF165A monoclonal antibody – which sequestrates
VEGF from the surrounding environment. We hypothesized that block-
ing of angiogenesis right upon ectopic implantation in nude mice might
provide a better survival, as well as a superior long-term quality, of not
fully developed constructs generated by human nasal chondrocytes.
We demonstrated that the initial Bevacizumab release efficiently
blocked vessels ingrowth, as quantified by CD31+ area inside the neo-
formed cartilage (0.2% vs. 1.0% at 3 weeks after implant), and
enhanced both the in vivo survival of the constructs (75% vs. 18% at
6 weeks after implant) and the quality of the engineered cartilage in
terms of GAG and collagen II expression, with respect to the not func-
tionalized group. The proposed approach shows a great clinical poten-
tial, as it would allow the early implantation of cartilaginous grafts,
achieving their in vivo maturation while retaining control over angio-
genesis.

07.06
Keynote: Biomechanics and mechanobiology of
cartilage defect repair
R Sah
UCSD Dept of Bioengineering, UCSD Dept of Orthopaedic
Surgery, USA; Howard Hughes Medical Institute, Chevy Chase,
USA

Focal defects of articular cartilage are found commonly in both symp-
tomatic and asymptomatic knees, and often progress over time. Aber-
rant strain occurs in the articular cartilage near a focal defect during
compressive loading and sliding, and such strain may contribute to car-
tilage remodeling and deterioration, and predispose joints to secondary
osteoarthritis. A functional implant would ideally restore both the bio-
mechanics and mechanobiology of the articular cartilage. One
approach to assessing the functionality of an implant, and its influence

on surrounding and opposing cartilage, is to determine the biomechan-
ics of repaired defects in an ex vivo model. Using such a biomechanical
model with an osteochondral fragment from the human femoral con-
dyle, samples with a full-thickness cartilage defect, compared to intact
samples, was found exhibit abnormal strain in the cartilage adjacent to
and opposing the defect when subjected to compression. Then, when
the defect was filled with an implant with appropriate mechanical
properties, the strains were normalized to those approximately of nor-
mal cartilage. Thus, such an ex vivo system allows systematic analysis
of certain functional aspects of repair strategies for articular cartilage
cartilage defects.

07.P01
Growth and differentiation of pre-chondrogenic
ATDC5 cells on bioactive self-assembled peptide
nanofibers
S Ustun, ATombuloglu, G Uzunalli, MO Guler and AB Tekinay
UNAM-Institute of Materials Science and Nanotechnology, Bilkent
University, Turkey

Healing of cartilage defects is still a problem since the current treat-
ments are ineffective to restore full function and return the tissue to its
normal state. Cartilage tissue, having slower metabolism than other tis-
sues, cannot repair itself after damage. For this reason, developing ther-
apies for the treatment of cartilage tissue damages occuring as a result
of common joint diseases like osteoarthritis and accidents is of major
importance. Regeneration of damaged cartilage tissue and complete
recovery of its functionality may be possible with tissue engineering
studies that hold great promise by offering novel solutions for genera-
tion of functional tissue substitutes. Heparan sulfate proteoglycan mol-
ecules are important constituents of both developing and mature
cartilage ECM. Several studies indicate that action of regulator proteins
of cartilage development depends on these proteoglycans. Here we
explored the role of heparan sulfate mimetic self-assembling nanofibers
as a scaffold in inducing chondrogenic differentiation of chondropro-
genitor ATDC5 cells. Chondrogenic differentiation is defined by sul-
fated GAGs deposition and expression of cartilaginous ECM proteins
like collagen II and aggrecan. In insulin-free medium, ATDC5 cells rap-
idly aggregated and formed nodules and deposited sGAGs shown by
Safranin-O staining. Moreover, qRT-PCR results showed that collagen II
and aggrecan expressions are highly enhanced when ATDC5 cells are
cultured on heparan mimetic scaffold.

07.P02
Low friction nanocrystallino-amorphous nc-TiC/
a-C coating on Ti-6Al-7Nb alloy
T Moskalewicz, J Karbowniczek, B Wendler, G Cempura
and A Czyrska-Filemonowicz
AGH University of Science and Technology, Poland; Technical
University of Lodz, Poland

Titanium alloys are widely used for components of joint prostheses due
to advantageous mechanical properties and excellent resistance to cor-
rosion. The application of titanium and its alloys as biomaterials is lim-
ited by poor tribological properties (e.g. low wear resistance, high
friction coefficient and tendency to gall). Therefore, in order to improve
its tribological properties, duplex surface treatment combined oxygen
hardening with deposition of low friction nanocomposite nc-TiC/a-C
coating was applied. A microstructure, surface topography as well as
micro-mechanical and tribological properties of the nc-TiC/a-C coating
deposited on oxygen hardened Ti-6Al-7Nb alloy were examined. Ana-
lytical- and high-resolution transmission electron microscopy investiga-
tion on cross-section FIB lamellas was used for determination of a
microstructure and phase composition of the coated alloy. It was found
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that the coating is composed of 2–5 nm sized TiC nanocrystals embed-
ded in an amorphous carbon matrix. The a(O) solid solution enriched
by oxygen was present in the near-surface region. Oxygen hardening
improved alloy hardness and wear resistance, while nanocomposite
coating significantly decreased friction coefficient of the alloy. High val-
ues of the Rq, Ra and SAF measured by AFM indicate that the coating
exhibited high surface development. Furthermore, the cell proliferation
in vitro tests were performed to analyze the biocompatibility of coated
alloy (results in evaluation).

07.P04
Preliminary study of nanoparticulate bioactive
glass as a substrate for cartilage tissue
engineering
S Novak, N Drnovšek, A Gantar, L Girandon, A Barlič, B Dovgan
and N Kregar Velikonja
Jožef Stefan Institute, Slovenia; Educell d.o.o., Slovenia

Bioactive glass is a biomaterial that has an ability to facilitate repair
and rebuilding of damaged tissues, particularly hard tissue. Its good
bioactivity is ascribed release of ions, which are not just critical for
bond formation with the bone, but are also known to stimulate expres-
sion of several families of genes that control osteogenesis. Some reports
also suggest that they stimulate angiogenesis and support the growth
of chondrocytes. Therefore we performed preliminary tests to see if our
formulation of bioactive glass can be used as a potential candidate for
cartilage tissue engineering. Bioactive glass was prepared by particulate
sol-gel method. Powder was then used to form sintered porous sub-
strates for further tests. Rate of dissolution, released ions concentra-
tions and pH change on a substrate surface and its surroundings were
measured in order to evaluate the effect on cell growth and phenotype.
The influence of bioactive glass on cell growth and proliferation was
tested with cell culture cytotoxicity assays, by direct contact and with

liquid extracts. Cytotoxicity tests were performed using L929cell line,
primary chondrocyte, osteoblast, smooth muscle and vascular epithe-
lium cell cultures in direct contact to evaluate cell type specific differ-
ences in cytotoxic/ conductive response. Suitability of bioactive glass as
a material or component of scaffolds for cartilage tissue engineering
was evaluated with analysis of chondrocyte specific gene expression
profile.

07.P05
Engineering cell-cell interactions in 3D
biomimetic hydrogels for cartilage tissue
engineering
F Yang
Stanford University, USA

Cell-cell interactions is a critical component of stem cell niche and play
important roles in regulating tissue development. Conventional meth-
ods for examining cell-cell interactions utilize transwell co-culture in
monolayer or mixing different cell types as a dense cell pellet. Despite
the broad use of these models, they have limited control over cell den-
sity and distribution, and cell behavior in monolayer (2D) or dense pel-
let culture may not mimic their cell behavior in three dimensional (3D)
extracellular matrices. To overcome these limitations, here we devel-
oped 3D mimetic hydrogels to examine cellular interactions between
adipose-derived stem cells (ADSCs) and neonatal articular chondro-
cytes (ACs), for the purpose of cartilage tissue engineering. Specifically
we designed various 3D co-culture models including: (i) mixed co-cul-
ture at different cell ratios; (ii) bi-layered co-culture that confined the
two cell types in separate layers; and (iii) cells cultured with condi-
tioned medium from the other cell type. By varying mixed ratios, we
can control the effective distance between two cell types, which con-
trols the local paracrine signal concentration. Our results suggest that
local concentration and distribution of paracrine factors play a crucial
role in mediating cell-cell crosstalk and the subsequent neo-tissue for-
mation. This study suggests that engineering cellular interactions using
3D biomimetic hydrogels may provide a novel strategy for promoting
desired tissue repair.

07.P06
Tailorable scaffold morphologies for zonal
articular cartilage regeneration
JAM Steele, SD McCullen, A Callanan, H Autefage and
MM Stevens
Department of Materials, Department of Bioengineering, Institute
of Biomedical Engineering, Imperial College London, South
Kensington Campus, UK

Introduction: Articular cartilage is a highly organised anisotropic tissue.
Current tissue engineering solutions fail to mimic this zonal organisa-
tion and functionality of cartilage*; thus the goal of this work was to
fabricate composite scaffolds using a combination of scaffold morpho-
logies to mimic the native tissue organisation in regards to morphology
and end function. Methods: Porous poly(�-caprolactone) (PCL) scaf-
folds were produced by porogen leaching by suspending a high density
of coarse (1 mm3) or fine-grained (0.3 mm3) salt in solubilised PCL.
Upon porogen extraction, a 100 lm layer of aligned PCL fibres
(ø1 lm) was electrospun onto the surface. Composite scaffold samples
were assessed for mechanics (tensile/compressive/roughness) as well
as for in vitro cartilage formation (biochemical/PCR) up to 4 weeks.
Results: Deposition of electrospun aligned fibres increased both tensile
strength and modulus of the scaffolds, while also decreasing the sur-
face roughness. Varying porogen size yielded scaffold systems of differ-
ing pore size with significantly different compressive moduli (15 ± 0.8
and 39 ± 3.5 kPa). In vitro assessment with bovine chondrocytes dem-
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onstrated that all scaffolds supported cell adhesion, proliferation and
matrix accumulation.
Conclusion: We have fabricated a novel tailorable scaffold that incorpo-
rates combinatorial morphologies to mimic the morphological and
functional organisation of articular cartilage.*Place, Evans, Stevens.
Nat Mat. 2009

07.P07
Chondroitin sulfate immobilization at the surface
of electrospun nanofiber meshes for cartilage
regeneration
JF Piai, AM Martins, ML Alves da Silva, RL Reis, EC Muniz,
NM Neves
3B’s Research Group, University of Minho, Zona Industrial da
Gandra, Portugal ICVS/3B¢s Associate Laboratory, Portugal;
Universidade Estadual de Maringá, Brazil; Grupo de Materiais
Poliméricos e Compósitos, Universidade Estadual de Maringá,
Brazil

Aiming at improving the biocompatibility of biomaterial scaffolds, sur-
face modification presents a way to preserve their mechanical proper-
ties and to improve the surface bioactivity. In this work, chondroitin
sulfate (CS) was immobilized at the surface of electrospun poly(capro-
lactone) nanofiber meshes (PCL NFMs). The immobilization was per-
formed with 1-ethyl-3-(3-dimethyl- aminopropyl) carbodiimide
(EDC)/N-hydroxysuccinimide (NHS). Contact Angle, SEM, Optical Pro-
filometry, FTIR, X-ray photoelectron spectroscopy techniques confirmed
the CS-immobilization in PCL NFMs. Furthermore, CS-immobilized
PCL NFMs showed lower roughness and higher hydrophilicity than the
samples without CS. Human articular chondrocytes (HACs) were cul-
tured on electrospun PCL NFMs with or without CS immobilization. It
was observed that HACs proliferated through the entire time course of
the experiment in both types of scaffolds. SEM observations revealed
that HACs maintained their typical morphology and produced extracel-
lular matrix. Glycosaminoglycans quantification showed increased val-
ues over time. Quantitative-PCR of cartilage-related genes revealed
over-expression of Aggrecan, Collagen type II, COMP and Sox9 on both
types of NFMs tested, with higher values for PCL. In conclusion, CS
immobilization in PCL NFM was achieved successfully and provides a
valid platform enabling further surface functionalization methods in
scaffolds to be developed for cartilage tissue engineering.

07.P08
Chondrocytes from human elastic cartilage
maintain their phenotype in a CHT-PVA-ECH
based polymer
Y Melgarejo, E Domı́nguez, C Gutiérrez-Gómez,
ZY Garcı́a-Carvajal, G Luna, C Ibarra, C Velasquillo
Laborato, Mexicorio de Biotecnologı́a, CENIAQ-INR, Mexico;
Laboratorio de Biotecnologı́a, CENIAQ-INR, Mexico; Universidad
Politécnica de Puebla, Mexico; Servicio de Cirugı́a plástica y
Reconstructiva, Hospital General Dr. Manuel Gea González,
Mexico; Unidad de ingenierı́a de tejidos, terapia celular y
medicina regenerativa, Instituto Nacional de
Rehabilitación, Mexico; Laboratorio de Biopolı́meros,
CINVESTAV Qro, Mexico

Microtia is a malformation or hypoplasia of the auricle associated with
hearing and cognitive deficiency. Auricular reconstruction using autolo-
gous costal cartilage is the conventional treatment with many side
effects. Our purpose was to evaluate the phenotype, viability and bio-
compatibility of chondral cells seeded onto a CTS-PVA-ECH polymer as
a scaffold to study neotissue formation after implantation in an animal

model. Tissue was obtained from ear reconstruction procedures. Chon-
drocytes were isolated from elastic cartilage and expanded in vitro.
After P1, cells were seeded onto CTS-PVA-ECH polymers and cultured
for 20 days. Cell viability was assessed, constructs were analyzed by
SEM and subsequently implanted in athymic mice. Matrix proteins
were detected by IHC and PCR was performed to determine cartilage
molecular markers. Elastic cartilage chondrocytes reached 80% conflu-
ency 3 weeks after every passage. Calcein assays revealed 85% to 87%
of cell viability when seeded onto the scaffold and alter 20 days in cul-
ture. Cell adhesion and extracellular matrix formation was confirmed
by SEM. PCR and IHC analysis allowed us to confirm the presence of
elastic cartilage proteins such as ELN, COL2 and ACAN in a lesser
extent. Cell survival and matrix formation are desirable characteristics
in biomaterial for TE. According to our results, the CTS-PVA-ECH poly-
mer could be used for further experiments in order to obtain a suitable
scaffold for elastic cartilage regeneration.

07.P09
Chondrogenic medium components have distinct
effects on growth factor production from adipose
stem cells
CSD Lee, EAWatkins, Z Schwartz, BD Boyan
Georgia Institute of Technology, USA

Previous studies showed that chondrogenic media (CM) decreased
expression and secretion of angiogenic factors and increased expres-
sion and secretion of chondrogenic factors in adipose stem cell
(ASC) cultures, making them more viable for stimulating endogenous
cartilage regeneration. The objective of this study was to determine
the effect different chondrogenic medium components have on ASCs
in order to optimize growth factor secretion for cartilage repair. 90%
confluent P1 ASCs isolated from male Sprague Dawley rats were
treated for 5 days with growth medium (GM; DMEM +1 g glucose/l
+10% FBS) supplemented with different combinations of 50 lg/ml
ascorbic acid-2-phosphate (A2P), 100 nM dexamethasone (Dex),
10 ng/ml TGF-ß1, and 100 ng/ml BMP-6 or chondrogenic medium
(CM; DMEM +4.5 g glucose/l +1% ITS+) excluding different com-
binations of A2P, Dex, TGF-ß1, and BMP-6. Gene expression and
growth factor production over 24 h were quantified. A2P increased
IGF-I and TGF-ß2 secretion and decreased fgf18 expression and
VEGF-A secretion in both GM and CM. Dex increased bmp2 and
fgf18 expression and decreased VEGF-A secretion in both GM and
CM. TGF-ß1 increased FGF-2 and VEGF-A secretion and decreased
igf1 and pthlh expression in both GM and CM. BMP-6 increased nog
and fgf18 expression and TGF-ß2 secretion in both GM and CM.
These results show that CM components can tailor ASC growth fac-
tor production for cartilage repair.

07.P10
The effects of an in vitro low oxygen tension
preconditioning of MSC on their in vivo
chondrogenic potential: application for cartilage
tissue engineering
S Portron, C Merceron, O Gauthier, J Lesoeur, S Sourice,
M Masson, BH Fellah, P Weiss, J Guicheux and C Vinatier
INSERM UMRS 791-LIOAD/ Group STEP, France; Ecole
Nationale Vétérinaire de Nantes (ONIRIS,) France

Mesenchymal stem cell MSC-based regenerative medicine is promising
for cartilage repair. Cartilage is an avascular tissue in which cells expe-
rience hypoxia. Low oxygen tension is known to promote the chondro-
genic differentiation of MSC. In this context, we investigate whether
hypoxia may be an instrumental tool to exploit the regenerative poten-
tial of MSC.MSC from rabbit or human adipose tissue were in vitro
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preconditioned for 3 weeks in control or chondrogenic medium in 5 or
21% O2. Chondrogenic commitment was monitored by RT-qPCR. Pre-
conditioned MSC were associated to Si-HPMC hydrogel and injected in
nude mice subcutis for 5 weeks or in rabbit articular cartilage defects
for 18 weeks. Newly formed tissue was evaluated by histological stain-
ing.5% O2 increased the in vitro expression levels of chondrogenic
markers in MSC cultured in inductive medium. Analyses of implants
showed the formation of a cartilaginous tissue for cells preconditioned
in chondrogenic medium in 5 or 21% O2. These data show that MSC-
based regenerative therapy could be a relevant strategy for cartilage
repair. Whereas a 5% O2 up-regulates the in vitro chondrogenic differ-
entiation of MSC, it does not stimulate the in vivo chondrogenic regen-
erating potential of MSC. With respect to the putative role of oxygen
tension in the control of terminal hypertrophic differentiation, we ques-
tioned whether a 5% O2 in vitro treatment may be instrumental to con-
trol the terminal differentiation of MSC after implantation.

07.P11
Human epiphyseal chondro-progenitors provide a
stable cell source for cartilage repair and
regeneration
SE Darwiche, C Scaletta, W Raffoul, DP Pioletti
and LA Applegate
Ecole Polytechnique Fédérale de Lausanne, Switzerland; Centre
Hospitalier Universitaire Vaudois, Switzerland

Articular cartilage possesses a limited inherent regenerative capacity,
mainly due to its low cell to tissue volume ratio and its avascular and
alymphatic nature. Defining a gold standard in cell based cartilage ther-
apies has been challenging, particularly in choosing a cell type with a
balanced combination of responsiveness and stability. The work pre-
sented focuses on the reliable expansion and characterization of a clini-
cal-grade human epiphyseal chondro-progenitor (ECP) cell bank from
a single tissue donation. ECPs exhibited remarkable homogeneity in
expansion with a steady proliferative potential across population dou-
blings and a resistance to cryogenic shock. Surface marker analysis
revealed no detectable contaminating subpopulation or population
enrichment during prolonged culture periods. 3D micro-pellets of ECPs
grown in morphogen-free conditions spontaneously deposited aggre-
can and collagen type I and II. Sox9 nuclear localization was also
equivalent across population doublings indicating a stable chondrogen-
ic potential. The propensity for multilineage commitment was also
investigated. Osteogenic induction was restricted across population
doublings as observed by calcified matrix deposition and a notable
down-regulation of classic cartilage hypertrophic markers such as Col-
lagen X, MMP13 and ADAMTS5. The reliability, stability and respon-
siveness of ECPs over prolonged culture confer a major advantage in
defining novel ECP based strategies for cartilage regeneration.

07.P12
Wnt3a and FGF2 administration during expansion
phase of adult mesenchymal stem cells
synergistically enhances proliferation and
chondrogenic potential
R Narcisi, M Cleary, D ten Berge, PA Brama, J Verhaar
and GJ van Osch
Erasmus MC, Department of Orthopaedics, Rotterdam, The
Netherlands; Erasmus MC, Stem Cell Institute, Department of
Cell Biology, The Netherlands; School of Veterinary Medicine,
University College Dublin, Ireland

Bone-marrow-derived mesenchymal stem cells (BMSC) are used to
repair cartilage defects. Few studies, however, have investigated the
relevance of expansion medium composition in sustaining proliferation

and improving cartilage formation, as is known for fibroblast growth
factor-2 (FGF2). Moreover, during embryogenesis, FGFs and Wnt pro-
teins are known to promote proliferation and maintain progenitor cells
in an undifferentiated state. Here we evaluated the effect of Wnt3a
(W3a)-administration during expansion and its effect on differentiation
potential.BMSC from three donors were grown under four different
conditions: (i) 10% fetal calf serum (FCS), (ii) FCS + FGF2, (iii)
FCS + W3a, (iv) FCS + FGF2 + W3a. Cells cultured with W3a, with
or without FGF2, had smaller size and polygonal shape. Similarly,
FGF2 or W3a enhanced the proliferation rate compared to FCS-only
and the combination FGF2 and W3a promoted cell growth even fur-
ther. After expansion, chondrogenesis was assessed by pellet culture,
and osteogenesis or adipogenesis were evaluated in monolayer. Combi-
nation of FGF2 and W3a displayed the best chondrogenic potential
(Collagen-2 and Glycosaminoglycans), while FCS + W3a or FCS-only
failed to promote chondrogenesis. Interestingly, condition FCS + W3a
displayed also the lowest osteogenic and adipogenic capacity, respec-
tively detected by VonKossa or Oil-Red staining. Our data show that
during expansion Wnt and FGF signals synergistically promote prolifer-
ation and chondrogenic potential of BMSC.

07.P13
Effects of dynamic compression on
chondrogenesis of bone marrow and infrapatellar
fat pad derived stem cells
L Luo, SD Thorpe and DJ Kelly
Trinity College Dublin, Ireland

The aim of this study was to investigate the effects of dynamic com-
pression on chondrogenesis of bone marrow (BM) and infrapatellar fat
pad (IFP) derived stem cells. Cells were encapsulated in agarose hydro-
gels and cultured in free swelling (FS) conditions in a chondrogenic
medium supplemented with 10ng/ml of TGF-b3 for 21 days. Dynamic
compression was then applied to samples (10% strain for 1 h/day).
Control samples were maintained in FS conditions. After 42 days in
culture, constructs were assessed mechanically, biochemically and his-
tologically. Dynamic compression had no effect on sGAG accumulation
for BM constructs; however it did lead to an increase in collagen con-
tent and significantly improved the mechanical properties of the engi-
neered tissue. In contrast, loading had no effect on the mechanical or
biochemical properties of cartilaginous tissues engineered using IFP
derived stem cells, although these tissues were functionally superior to
those generated using BM derived stem cells. Dynamic compression
also appeared to suppress hypertrophy of BM derived stem cells, as evi-
dent by reduced mineralization of the engineered tissue. No evidence
of mineralization was observed in IFP constructs. In conclusion, infra-
patellar fat pad derived stem cells respond differently than bone mar-
row derived stem cells to both biochemical and biophysical cues.

07.P14
Hypoxic culture of mesenchymal stem cells for
bone tissue engineering
AM Kop, DA Morrison and A Nilasaroya
Royal Perth Hospital, Australia

Introduction: The use of mesenchymal stem cells (MSC) with resorb-
able ceramics in bone tissue engineering is motivated by the cells’ mul-
tipotency, growth factor releasing capacity and the bioceramics’ ability
to promote bone formation. Maintaining MSC multipotency is critical,
but prolonged normoxic culture induces DNA damage reducing differ-
entiation potential. Hypoxic culture, which mimics MSC environment
in vivo, may improve proliferation and differentiation potential,
although reported results are mixed. The aims are to establish MSC
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response to hypoxia and elucidate the effect of hydroxyapatite (HA)
and tricalcium phosphate (TCP) substrates.
Materials/Methods: A hypoxic chamber (37 �C-5% CO2-2% O2) was
commissioned. Baseline MSC experiments on tissue culture plastics
were performed up to 21 days. Hypoxia was confirmed using a Sensor-
dish reader and a Hypoxyprobe cell kit, cell proliferation by MTS assay,
and DNA assessment by RT PCR. Experiments were repeated with MSC
on HA and TCP composites. Results

An initial drop in cell number for hypoxically cultured MSC was
noted; however after 7 days the proliferation rate was higher than cells
in normoxia. Multipotency of the cells was maintained. Work is contin-
uing with hypoxic cell culture on HA and TCP.
Conclusions: This work highlights the potential for hypoxic culturing of
MSC for clinical applications, which may reduce cell culture times and
preserve stemness. The effect of bioceramics on hypoxic cell culture
will be outlined.

07.P15
Characterization of mesenchymal stem cells of
patients with late osteoarthritis - towards in situ
tissue engineering in arthritis
J Ringe, T Dehne, K Gulich, K Andreas and M Sittinger
Tissue Engineering Laboratory & Berlin-Brandenburg Center for
Regenerative Therapies, Charité-Universitätsmedizin Berlin,
Germany

OA leads to joint destruction and arthroplasty. Cell-based ACI/MACI or
cell-free AMIC, used to treat early OA cartilage lesions, delay but not
cure OA. We aim to develop an approach to treat late OA cartilage
lesions. Here, unlike AMIC, where bone marrow MSC passively flow in
a matrix, factor-delivery stimulates active migration of MSC into a
matrix and then cartilage formation. Factors also improve cartilage
metabolism. Based on FACS, end-stage OA-MSC are CD45-, CD73+,
CD90+ and CD105+. As verified by histology, antibody staining and
microarray, in 3D-PLGA-culture, TGFß3 stimulation results in cartilage
formation comparable to normal donor cartilage. Based on antibody
staining and qPCR, they have similar chemokine receptor- and chemo-
kine secretion profiles. In chemotaxis assays, synovial fluid, SDF1 and
TECK recruited OA- and ND-MSC. After TECK stimulation, microarrays
showed upregulation of genes involved in pathways related to homing
(CXCL2, -3, PDE4B), cytoskeletal and membrane reorganization (IG-
FBP1) and movement (CXCL6, PTGS2, TGM2). We also developed a
PLGA-based delivery system for SDF1 and TECK, and in vitro/in vivo
(MRT) studied the effect of factor delivery on superparamagnetic iron
oxide nanoparticle labeled MSC. In conclusion, we show that end-stage
OA-MSC behave like ND-MSC and established key tools for active cell-
free OA tissue engineering. Release of anti-inflammatory factors will
allow the use during inflammation and thus, in future, other arthritis
types.

07.P16
High-density stem cell systems with incorporated
growth factor-releasing microspheres for
cartilage tissue engineering
P Dang, L Solorio and E Alsberg
Case Western Reserve University, USA

Human mesenchymal stem cells from bone marrow (hMSC) and adi-
pose tissue (hASC) are attractive cell sources for cartilage tissue engi-
neering, as they are easily accessible and multipotent. These cells are
often cultured in medium containing TGF-b1 at high density to facili-
tate cell-cell interactions advantageous for chondrogenesis. However,
diffusion limitations of TGF-b1 can be a barrier to differentiation of
cells within the construct interior and extended in vitro culture periods

are tedious and costly. We report the engineering of systems of TGF-b1-
releasing polymer microspheres incorporated within high-density stem
cell constructs for the spatiotemporal regulation of chondrogenesis.
Fast- or slow-degrading gelatin microspheres loaded with different
TGF-b1 concentrations were incorporated into stem cell aggregates or
self-assembled sheets in different amounts to attain varied temporal
and spatial TGF-b1 delivery profiles. Microsphere-incorporated con-
structs formed cartilage at levels equivalent to or greater than control
constructs cultured in TGF-b1-containing medium as measured by type
II collagen and glycosaminoglycan production. Under some conditions,
microsphere incorporation increased construct thickness, matrix unifor-
mity, and equilibrium elastic modulus. Overall, these results demon-
strate the spatiotemporal regulation of chondrogenesis via
incorporated TGF-b1-releasing microspheres and may enable in vivo
cartilage formation without extended prior in vitro culture.

07.P17
CD73 conjugated microspheres as targeting
vehicles for mesenchymal stem cells
S Ansboro, U Greiser, J Hayes, V Barron, S Brown, A Pandit
and M Murphy
Regenerative Medicine Institute (REMEDI), National University of
Ireland, Ireland; Network of Excellence for Functional
Biomaterials (NFB), Ireland

Whether MSCs differentiate in the context of tissue repair or exert their
therapeutic effects via trophic or paracrine factors at the site of the
damaged tissue, successful engraftment and retention of the cells is
prerequisite. We propose that incorporation of microspheres composed
of natural components of the extracellular matrix (hyaluronan or colla-
gen) and functionalised with MSC antibodies will help guide MSCs to
sites of injury where they can elicit their therapeutic effects. This strat-
egy may be particularly applicable to articular cartilage, since it has
been previously demonstrated that MSCs when delivered to the joint
engraft at sites of meniscus, synovial capsule and periosteum, yet not
to fibrillated cartilage. The aim of this study was to identify micro-
spheres that would be considered appropriate for targeting therapeutic
cells. Both hyaluronan and collagen microsphere were characterised.
TEM and SEM confirmed formation of microspheres and assessed their
morphology and size distribution. Confocal microscopy and flow
cytometry was utilized to investigate co-localisation of microspheres
with hMSC and potential uptake of the microspheres by the cells.
Effects of microspheres on cell viability and cell number were deter-
mined using Alamar blue test and PicoGreen dsDNA assay, respectively.
Finally, the targeting ability of the antibody functionalised micro-
spheres was assessed in vitro.

07.P18
Antagonistic activities of GDF-5: A key for
cartilage maintenance?
JN Nickel, UK Klammert and TMMüller
University Hospital Würzburg, Lehrstuhl für Tissue Engineering
und Regenerative Medizin, Germany; Lehrstuhl für Mund-,
Kiefer- und plastische Gesichtschirurgie, Universität Würzburg,,
Germany; Lehrstuhl für molekulare Pflanzenphysiologie und
Biophysik, Julius-von-Sachs-Institut für Biowissenschaften,
Universität Würzburg, Germany

Joint forming interzones are suggested to be mainly responsible for the
development of articular chondrocytes being essential for a proper
biomechanical function of the joint throughout life. In the past years,
extensive molecular and genetic studies revealed that joint develop-
ment and maintenance requires a fine balanced interplay of
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gene-products with pro- and anti-chondrogenic activities. This intrigu-
ing concept becomes markedly apparent e.g. in human syndromes cor-
relating with either gain- or loss of function mutations in growth and
differentiation factor 5 (GDF-5). Since both types of mutations affect
the joint forming process we assumed that GDF-5, aside of its pro-chon-
drogenic activities, might also antagonize signaling of other factors
being expressed at the sites where joints will form such as bone mor-
phogenetic protein 2 (BMP-2) or BMP-4. Indeed, wtGDF-5 as well as
the mutant GDF-5R57A both antagonize BMP-2 mediated alkaline
phosphatase (ALP) gene expression in C2C12 cells which exclusively
involves type I receptor BMPR-IA signaling. The same BMP-2 antago-
nizing properties could be observed in vivo when implanting BMP-2
and either one of the two GDF-5 ligands simultaneously at heterotopic
sites in a rat model. These findings might shed new light on GDF-5¢s
role in limb development and cartilage maintenance. GDF-5 might
inhibit certain osteogenic activities thereby keeping chondrocytes
arrested in a defined differentiation stage throughout life.

07.P19
TGFbeta-depletion during expansion enhances
chondrogenesis of human chondrocytes
R Narcisi, L Signorile, JAN Verhaar, P Giannoni
and GJVM van Osch
Erasmus MC, Department of Orthopaedics, Rotterdam, The
Netherlands; Advanced Biotechnology Center, Stem Cell
Laboratory, Italy

Autologous chondrocyte implantation is a cell-based treatment to
repair cartilage defects, relying on the availability of culture expanded
chondrocytes. Unfortunately, the expansion process causes phenotypi-
cal changes, requiring re-establishment of the chondrogenic phenotype
to sustain proper repair. Transforming Growth Factor-beta (TGFb) stim-
ulates chondrogenic redifferentiation of human articular chondrocytes
(HACs) if provided after the expansion, but it downmodulates it if
added concomitantly. Hence we investigated the effects of the deple-
tion of TGFb present in serum or endogenously produced by HACs dur-
ing the expansion phase.HACs were isolated from articular cartilage
and expanded in serum-supplemented medium (FCS) or in a chemi-
cally-defined (CD) medium, with or without anti-TGFb antibody (aT-
Gab).Cell proliferation in CD-medium was unaffected by aTGab. In
FCS-medium cells expanded to a slower rate and addition of aTGab
further decreased both proliferation and the activity of Smad1/5/8,
protein involved in the TGFb intracellular pathway. Challenging FCS-
or CD-media with aTGab during expansion enhanced chondrogenesis
and inhibited hypertrophic differentiation in the subsequent pellet cul-
tures. Interestingly, the TGFb1 level detected during expansion was cor-
related with collagen type-X mRNA expression after redifferentiation.
These results evidence the relevance of the expansion medium compo-
sition to improve chondrogenic redifferentiation and inhibit hypertro-
phy.

07.P20
GDF5 induces redifferentiation without
hypertrophy of human articular chondrocytes
L Enochson, J Stenberg and A Lindahl
Clinical Chemistry and Transfusion Medicine, The Sahlgrenska
Academy, Sweden

Introduction: Growth and differentiation factor 5 (GDF5) belongs to
the BMP family and the TGFbeta superfamily. It is a key regulator of
mesenchyme condensation and chondrogenic differentiation in devel-
oping joints. The aim of this project was to investigate the potency of
GDF5 for the redifferentiation of human articular chondrocytes (hACs),

in comparison to TGFb1, and to define the synergistic relationship
between GDF5, TGFb1 and dexamethasone. Materials and methods

hACs were cultured in micromass cultures, in medium formulations
defined using factorial design. The effects of the components for the re-
differentiation of the cells were investigated using qPCR. A linear dose
dependence of the GDF5 for the redifferentiation of the hACs was
investigated using qPCR, histology and biochemical assays.
Results: GDF5 showed a synergistic effect with dexamethasone, but not
with TGFb1, for the redifferentiation process. GDF5 significantly
increased the GAG/DNA ratio in the cultures in a dose dependent man-
ner, with the highest ratio at the highest concentration (200 ng/ml).
The GAG/DNA ratio was significantly lower than in the cultures with a
TGFb1 induced re-differentiation (-420%). GDF5 did not, as TGFb1,
induce collagen X expression. Conclusions

GDF5 can be used for the re-differentiation of hACs, does not have
any synergistic effects with TGFb1, and is less potent for the re-differ-
entiation process. GDF5 does not, as TGFb1, induce hypertrophic dif-
ferentiation of the hACs.

07.P21
Drug-induced re-expression of the chondrogenic
phenotype – actin cytoskeleton integrity and its
links to PI3K-, PKC- and MAPK-signaling
pathways
M Rottmar, M Zenobi-Wong, V Vogel and K Maniura-Weber
Empa - Swiss Federal Laboratories for Materials Science and
Technology, Switzerland; ETH Zurich, Switzerland

Cartilage can withstand tremendous amounts of stresses and strains
throughout daily activity. Upon damage however, it largely fails to heal
and current repair strategies show only limited success. Cell-based ther-
apies represent a promising approach; however, upon in vitro culture
expansion on 2D substrates, the cells rapidly lose their chondrogenic
phenotype and acquire a fibroblast-like appearance. Re-differentiation
has been achieved by different cultivation protocols, but the mecha-
nisms regulating this process are still not well understood. The aim of
this project was to understand drug-induced re-expression of the chon-
drogenic phenotype and the mechanisms that are involved in the regu-
lation thereof. Primary bovine chondrocytes were serially passaged to
induce de-differentiation. Re-differentiation was induced by application
of cytochalasin D or staurosporine and assayed via stainings for colla-
gen II and glycosaminoglycans or via qRT-PCR analysis for SOX9 and
collagen II. For signaling pathway analysis, specific inhibitors were
added to the medium. Fibroblastic chondrocytes displayed re-differenti-
ation upon treatments with actin disrupting agents cytochalasin D and
staurosporine, but only with the latter drug re-expression of the full
chondrogenic phenotype was observed. Additional treatment with spe-
cific inhibitors revealed that the actin cytoskeleton is involved in this
response via its intricate links to PI3K-, PKC- and MAPK-signaling path-
ways.

07.P22
Biological roles of glial fibrillary acidic protein as
a biomarker indicating matrix production of
cultured chondrocytes in cartilage regenerative
medicine
SK Kanazawa, TT Takato and KH Hoshi
The University of Tokyo, Japan

Glial fibrillary acidic protein (GFAP) is a intermediate filament that is
expressed in astrogrial cells, but is also specifically express in auricular
chondrocytes, which are good cell sources of cartilage regenerative
medicine. Although our group uses GFAP, as a biomarker of matrix
production in the cultured auricular chondrocytes, the biological roles
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of GFAP in auricular chondrocytes remained unknown. In this study,
we demonstrated biological functions of GFAP in the human and
mouse derived auricles to clarify significance and role with the chon-
drocytes of GFAP as the purpose to provide useful information for reli-
ably and safety regenerative medicine. We examined the cell responses
to stretch stress for these chondrocytes. Although most of the human
chondrocytes at passage 3 (P3) and murine chondrocytes of wild type
(Gfap+/+) maintained the cell attachment and cell viability, GFAP defi-
cient mouse derived auricular chondrocytes (Gfap-/-) were detached
and decreased the cell viability. We also examined nuclear morphologi-
cal analysis. P3 human and Gfap+/+ nuclei were shaped columnar. In
contrast, P8 human and Gfap-/- chondrocytes significantly showed the
flattening and the irregularity of nuclei. Based on these results, GFAP
seems to support the resistance to severe mechanical stress in the tissue
which physiologically suffers from stretch overload, and play pivotal
roles in the conservation of cell structures and functions through the
maintenance of nuclear morphology.

07.P23
Chondrogenic modulation by thermogenesis
PAbdel-Sayed, A Vogel and D Pioletti
Ecole Polytechnique Fédérale de Lausanne, Switzerland

Intervertebral discs (IVDs) as well as knee cartilage (KC) are soft tis-
sues having viscoelastic properties. Under cyclic loadings, viscoelastic
tissues dissipate mechanical loadings through production of heat. In
IVD and KC, this heat might not be convected, since they are not vascu-
larized, resulting thus in a local temperature increase. This local
increase in temperature has been mostly ignored in the description of
these tissues. As cells are sensitive to temperature, the increase in tem-
perature through this thermo-mechanical process could influence their
metabolism. The goal of this study is to evaluate the specific effect of
temperature increase on chondrogenesis. First, we focused our work in
measuring the heat generated in cartilage as a result of deformation. A
custom-made calorimeter has been developed allowing a real-time
quantification of entropy generated in samples subject to compression.
Thus, a direct correlation between the dissipated energy revealed by
hysteresis curves and the measured heat has been established. On a cel-
lular level, the effect of thermogenesis on cell metabolism has been
assessed looking at the gene expression of transcription factors
involved in chondrogenesis. Human mesenchymal stem cells (MSCs)
were cultured in DMEM at 34 �C, 37 � and 39 �C. An up-regulation of
sox9 as well as its co-activators can be already observed after 72 h at
39 �C. Primary results point to a thermal effect on chondrogenesis.

07.P24
Platelet lysate maintains chondrogenic potential
and promotes cartilage regeneration
R Pereira, M Scaranari, P Strada, RL Reis, R Cancedda
and C Gentili
Dipartimento di Medicina Sperimentale, Universita’ di Genova,
AOU San Martino – IST Istituto Nazionale per la Ricerca sul
Cancro, Italy; Dipartimento di Medicina Sperimentale,
Universita’ di Genova, 3B’s Research Group – Biomaterials,
Biodegradables and Biomimetics, University of Minho, ICVS/3B¢s
PT Government Associate Laboratory, Braga/Guimarães
Portugal; AOU San Martino – IST Istituto Nazionale per la
Ricerca sul Cancro, Italy

Platelet-Rich Plasma (PRP), a concentrate of autologous blood platelet
growth factors, obtained with a simple, low cost and minimally inva-
sive method, has been proposed into clinical therapies to improve
tissue regeneration. In our study we investigated the effect of the

Platelet Lysate (PL), a PRP derivative, on primary human articular
chondrocytes, with regard to the stimulation of cell proliferation and
the maintenance of a cartilage commitment both in vitro and in vivo.
When added to the culture medium, PL induced a strong mitogenic
response in the chondrocytes. The in vitro expanded cell population
maintained a chondrogenic potential as revealed by micromass culture
in vitro and ectopic cartilage formation in vivo. We report that in a
mimicked inflammation environment, PL is playing a role as a pro-
inflammatory agent, acting synergistically with cytokine IL-1a to an ini-
tial inflammatory response, with a drastic enhancement of the synthe-
sis of the cytokines IL-6 and IL-8 and of NGAL, a lipocalin expressed in
chondrogenic lineage. Subsequently PL can contribute to the down
modulation of the NF-jB signal pathway and the COX-2 expression,
triggering the resolution of the inflammation and driving the cartilage
regenerative process. Our findings support the concept that the platelet
products could the activation and the resolution of the inflammatory
process, provide a rational for their use as therapeutic agents in carti-
lage inflammation and damage.

07.P25
Oxygen consumption during chondrogenesis in
hydrogels seeded with chondrocytes and stem
cells isolated from different tissues
SF Carroll, DJ Kelly and CT Buckley
Trinity College Dublin, Ireland

The objective of this study was to quantify the local oxygen environ-
ment within cartilaginous grafts engineered using different stem cell
(SC) sources and to relate this to the local biochemical composition of
the resulting tissue. Agarose hydrogels were seeded with bone marrow
derived mesenchymal SCs, infrapatellar fat pad derived SCs and chon-
drocytes (CCs) at various seeding densities and cultured in various
external oxygen environments. O2 levels were measured over 24 days
of culture in chondrogenic media. Constructs were separated into ann-
uli and cores regions to determine the spatial accumulation of sGAG
and collagen. O2 levels were lower in the SC seeded constructs, imply-
ing that CCs have a lower oxygen consumption rate than SCs. For all
cell types, the amount of sGAG synthesised was higher in the more
hypoxic core region than in the annulus, confirming the importance of
a low oxygen tension for promoting a chondrogenic phenotype. Reduc-
ing the external oxygen tension or increasing the cell seeding density
(and hence the absolute level of oxygen consumption) was observed to
reduce oxygen levels within the constructs, which correlated with an
increase in sGAG synthesis in only the annular region. This led to devel-
opment of a more homogeneous tissue with superior functional proper-
ties. In conclusion, CC and SCs have a unique oxygen consumption
rate which may be related to their niche and which needs to be consid-
ered when engineering cartilaginous grafts.

07.P26
The effect of mechanical environment on repair of
artificial cartilage
T Guo and C Zhang
Harbin Institute of Technology Shenzhen Graduate School,
China; TianJin University of Technology, China

The stress distribution situation in artificial and host cartilage is one of
the most important factors for a successful cartilage defect repair with
a tissue engineering cartilage. The objective of this study is to simulate
and analyze the effect of elasticity modulus of artificial cartilage, com-
pression rate, walking speed and defect size on stress distribution of
host and artificial cartilage after repairing defect by tissue engineering.
A three dimensional articular of knee finite element model was con-
structed under rolling – compression dynamic loads and tibia cartilage
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– hip boundary conditions. The simulation results show that under
usual load and normal defect size, three times different elasticity mod-
ulus of artificial cartilage could cause 2.47 times stress variation on arti-
ficial cartilage and 4.31 times variation on host cartilage, the
maximum stress presented under the defect area; six times different
compression rate of artificial cartilage could cause 7.2 times stress vari-
ation on artificial cartilage and 11.9 times variation on host cartilage.
The results show that the elasticity modulus of the artificial cartilage
and compression rate had significant effect on stress distribution of arti-
ficial cartilage and host cartilage. The effect of walking speed and
defect size are not obvious.

07.P27
Global gene array comparison between
successful and failed outcome after autologous
chondrocyte implantation
J Stenberg, T De Windt, J Van der Lee, M Brittberg,
D Saris and A Lindahl
The Sahlgrenska Academy at University of Gothenburg, Sweden;
The University Medical Centre Utrecht, The Netherlands

Introduction: The purpose was to search the chondrocyte transcriptome
for early molecular markers associated with clinical outcome after
autologous chondrocyte implantation (ACI).
Methods and Materials: Five graft success patients with clinical
improvement after ACI and five graft failures requiring re-intervention
after ACI were included. Total RNA was extracted and analyzed using a
whole transcript Affymetrix array. Hierarchical clustering analysis with
Pearson-correlation as distance matrix and students T-tests were used
to identify differentially expressed genes between groups.
Results: The graft success group showed up regulation of 39 genes with
a fold change ‡1, 2 and down regulation of 38 genes with a fold
change ‡1, 2 (p < 0.05). Functional annotation clustering analysis in
DAVID showed the up-regulated genes to be involved in control of G-
protein coupled and Beta-catenin mediated signaling and transcription
regulation. Functional annotation analysis in DAVID of down-regulated
genes with a fold change ‡1, 2 showed enrichment of genes involved
in apoptosis.
Conclusion: This study demonstrates that chondrocytes from successful
ACI treatment differ in gene expression pattern from chondrocytes used
in non-successful ACI. These results may reveal new markers for quality
control and evaluation of articular cartilage tissue engineering.

07.P28
ACSI:autologous chondrocyte sheet implantation
for full-thickness articular cartilage defects
LYang, ZQ Tian, YJ Zhang and Y Jin
Research and Development Center for Tissue Engineering, Fourth
Military Medical University, China; Engineering Technology
Center for Tissue Engineering of Xi’an, China

Introduction: Cartilage defects can be traditionally repaired by Autolo-
gous Chondrocyte Implantation(ACI).However,it is difficult to collect
intact extracellular matrix(ECM) when using ACI since it utilizes
enzymes to harvest cells.To facilitate the collection of intact ECM, we
used folded chondrocyte sheet to repair full-thickness articular cartilage
defects.
Methods: The autologous chondrocyte sheet(ACS),harvested by forceps
after the cultured cells reached confluency, was folded and implanted
into the defect on rabbit. Fibrin glue was used to close the defect and
fasten the sheet. A second group was conducted using Fibrin glue with-
out cells. For comparison, we also include the ACI experiment as the
third group. For all groups, the operational complexity, morphologic
characteristics,chondrogenic marker genes, mechanical function were
assessed.

Results: In observation period, the defect was left unrepaired in the sec-
ond group. By contrast,the ACSI and the ACI groups showed good mor-
phologic characteristics of hyaline cartilage and positive for Toluidine
blue and collagen type II. There were differences between the two
groups in GAGs contents and gene expression.The mechanical function
in the ACSI group was better than the ACI group. The surgical time of
the ACSI was significantly shorter than the ACI.
Conclusions: ACSI is as effective as ACI. Additionally, surgical procedure
of ACSI is much faster than ACI and the neo-cartilage of ACSI is better
than ACI in mechanical function.

07.P29
Hyaline cartilage regeneration with microfracture
and long-term BMP-2 delivery
HS Yang, Y Ma, WG La, SH Bhang, HJ Kim, GI Im, H Lee
and BS Kim
Interdisciplanary program of Bioengineering, Seoul National
University, Korea; Department of Bioengineering, Hanyang
University; School of chemical and biological engineering, Seoul
National University, Korea; Department of Orthopaedic surgery,
Korea University, Korea; Department of Orthopaedics, Dongguk
University, Korea; Department of Chemistry and Graduate School
of Nanoscience & Technology, Institute for BioCentury &
NanoCentury, KAIST, Korea

Introduction: Microfracture of cartilage induces migration of bone-mar-
row-derived mesenchymal stem cells (BMMSC). However, this treat-
ment often results in fibrocartilage regeneration. Growth factors such
as Bone morphogenetic protein-2 (BMP-2) induce the differentiation of
BMMSC into chondrocytes, which can be used for hyaline cartilage
regeneration. Here, we tested the hypothesis that long-term delivery of
BMP-2 to cartilage defects subjected to microfracture results in regener-
ation of high-quality hyaline-like cartilage.
Methods: Heparin-conjugated fibrin (HCF) and fibrin were used as car-
riers for the long- and short-term delivery of BMP-2. Rabbit articluar
cartilage defects were treated with microfracture combined with one of
the following: no treatment, fibrin and BMP-2 or HCF and BMP-2.
Results: Eight weeks after the treatment, histological analysis revealed
that the long-term delivery of BMP-2 group (microfrac-
ture + HCF + BMP-2) showed the most staining with alcian blue. The
long-term delivery of BMP-2 group had the highest expression level of
collagen type? and highest GAG content.
Conclusions: Taken together, the long-term delivery of BMP-2 group
resulted in regeneration of hyaline-like cartilage regeneration. There-
fore, this method could be more convenient for hyaline cartilage regen-
eration than autologous chondrocyte implantation due to its non-
invasive nature and lack of cell implantation.

07.P30
Moderate physical exercise results in increased
cell activity in articular cartilage of knee joints in
rats
H Brisby, N Papadimitriou, E Runesson, N Sasaki, A Lindahl,
H Henriksson Barreto
Institute of Clinical sciences/Ortopaedics,Gothenburg University,
Sweden; Department of Orthopaedic Surgery, Fukushima Medical
University, School of Medicine, Japan; Institute of Biomedicine,
Clinical Chemistry and Transfusion medicine, Gothenburg
University, Sweden

Introduction/aim: A moderate exercise regime has displayed minor
positive effects on matrix turnover (proteoglycans) in articular carti-
lage, while effects on the cellular level are scarcely described. This
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study aimed to investigate effects of moderate exercise on cell prolifera-
tion in different regions of the knee joint.
Methods/materials: Eighteen rats (Sprague-Dawley) were given BrdU
in drinking water(14 days) for DNA-in-vivo labelling. nine rats under-
went treadmill training 50 min/day, 5 days/week (exercise group) and
nine controls (non-exercise group). The animals were sacrificed after
14, 56 or 105 days and femurs/tibias collected. BrdU were visualized
by IHC and BrdU+ cells counted by 2 blinded observers in (i) articular
cartilage(AC), (ii) stem cell niche(PN)(posterior), (iii) potential migra-
tion area(PMA)(region between PN and AC including PN) and (iv)
epiphyseal cartilage (EP).
Results: Exercise-group compared to controls: BrdU+cells/mm2 in AC
(tibias) was increased at day 14 (p = 0.022) and day 105 (p = 0.045)
and in AC(femurs)at day105(p = 0.014), BrdU+cells were increased
in PMA region of tibias(p = 0.00076) and femurs (p = 0.0080) at day
105. No significant differences in BrdU+cells/mm2 were seen in PN or
EP between groups when compared in each time-point.
Discussion/Conclusion: The results indicates increased cell activity in
AC of the knee joint by physical exercise and add understanding of AC
regeneration, which can contribute to development of treatment strate-
gies for injured AC.

07.P31
Autologous cell carrier for autologous
chondrocyte transplantation
AWysocka, P Sitek, F Kępski, A Kurzak, D Król, H Bursig and
S Dyląg
Regional Blood Center, Poland

Aim of study: Autologous Chondrocyte Implantation has been shown to
be a promising method for treating deep defects in the articular carti-
lage. We performed autologous chondrocyte implantation in autolo-
gous fibrinogen in 35 patients with cartilage defects in the knee.
Materials and methods: Patient’s autologous chondrocytes were cul-
tured about 20 days. 450 ml patient’s own blood were collected before
transplantation in Regional Blood Center of Katowice to produce autol-
ogous fibrinogen. For graft preparation chondrocytes were mixed with
fibrinogen, aprotinin/tranexamic acid and thrombin resuspended in
CaCl2.
Results: Between 2006 and 2012 we performed autologous chondro-
cytes for 134 patients. We used autologous fibrinogen as a three dimen-
sional cell carrier in 35 cases. Average diameter of cartilage defect was
2 cm. The cell viability before transplantation was always above 85%.
Gene expression profile confirmed chondrogenic phenotype of
implanted cells. Average concentration of fibrinogen was 45 mg/ml.
Histological evaluation of biopsy reveal round-shape chondrocytes and
proteoglycan presence.
Conclusions: We considered autologous chondrocytes implanted in
autologous fibrinogen is the safest one technique. Our results suggest
that it’s a promising and feasible method for treatment of cartilage
defect. The main advantage of our fibrin carrier is good adherence
within the cartilage defect and possibility of graft injection by arthros-
copy.

07.P32
Repair of large osteochondral defect by ‘Rib-
mosaicplasty’ in a rabbit model: a study of
osteochondral interfacial regeneration in vivo
DJ Du, N Sugita, Y Moriguchi, A Myoui,
K Nakata, T Murase, L Shao and H Yoshikawa
Harbin Medical University, China; Osaka University, Japan

This study developed a novel method, called ‘Rib-mosaicplasty’, to
repair large osteochondral defect by multiple sliced costal cartilage,

and the regenerative results of cartilage and osteochondral interface
were evaluated in a rabbit model. Japanese white rabbits were used in
this study. Two pieces of ribs were taken within the chondral region.
After the perichondrium was removed, the ribs were sliced into seg-
ments about 3 mm. Osteochondral defects (diameter, 5 mm; depth,
3 mm) were made on the patellar groove of the distal femur, and
repaired by the costal cartilage segments with or without mid-cutting
longitudinously in a mosaic method, or remained empty (n = 7). After
1 and 3 months the defects were examined grossly by ICRS Macro-
scopic Score and microscopically by H&E staining and Safranin-O stain-
ing. Both after 1 and 3 months, not only the ICRS Macroscopic Score
but also the ICRS Visual Histological Score were higher in mosaic
group, and highest in the 3-month mosaic group. The biological inte-
gration of transplanted costal cartilage and native cancellous bed was
also observed in mosaic group after 3 months. Our results suggested
that the osteochondral interface could be regenerated in vivo by costal
cartilage and native cancellous bone in a rabbit model. As large costal
hyaline cartilage store, and less functional impairment in the donor site
and easier to restore condylar contour, ‘ Rib-mosaicplasty ‘ is expected
to provide an effective solution for cartilage repairment.

07.P33
Engineering zonally organized articular cartilage
EE Coates, JP Fisher
Fischell Department of Bioengineering, USA

The zones of articular cartilage have differing structure,composition,
and chondrocyte phenotype. Despite these differences, there is a lack
of articular cartilage regeneration treatments which aim to restore the
zonal organization utilizing stem or mature cell therapy. The aim of our
work is to guide mesenchymal stem cell (MSC) fate into chondrocytes
of zonal phenotype capable of producing zonally organized tissue. To
this end, we first isolated zonal chondrocyte populations, and classified
differences in gene expression and protein production between popula-
tions. From these results, and reports in the literature, it was clear one
of the major differences between zones was the production of a critical
lubricating protein, PRG4, in the superficial zone only. We then evalu-
ated the potential of MSCs to differentiate into chondrocytes with two
distinct phenotypes; superficial zone chondrocytes with elevated PRG4
production, and middle/deep zone chondrocytes without PRG4 expres-
sion. Results show incorporation of hyaluronic acid, a major cartilage
matrix component, downregulated mRNA expression of PRG4, but
enhanced retention of the protein within our scaffolds. Coculture with
primary superficial zone chondrocytes upregulated expression of PRG4
in MSCs, as well as temporal growth factor delivery during chondro-
genesis. In conclusion, we identified PRG4 as a marker for superficial
zone cell phenotype, and identified culture conditions which upregu-
late its expression in MSCs.

07.P34
A tissue engineered osteochondral composite for
cartilage repair: a large animal study
GM Peretti, C Sosio, D Deponti, M Melato, A Di Giancamillo,
F Gervaso, S Kunjalukkal Padmanabhan, C Domeneghini,
G Fraschini and A Sannino
Division of Orthopaedics and Traumatology, San Raffaele
Scientific Institute, Italy; Faculty of Exercise Sciences, University of
Milan; Residency Program in Orthopaedics and Traumatology,
University of Milan; Faculty of veterinary sciences, University of
Milan; Department of Engineering for Innovation, University of
Salento, Italy

Objectives: The aim of this work was to validate an osteochondral com-
posite for the repair of an osteo-chondral lesion in adult pigs.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

62 07. Cartilage and Joints (in coop. ICRS)



Methods: An osteo-compatible cylinder was combined with a neo-
cartilaginous tissue obtained by seeding chondrocytes into a collagen
scaffold. Articular cartilage was harvested from the trochlea of six
adult pigs; chondrocytes were isolated, expanded and then seeded
onto the collagen phase of the scaffold. The seeded osteochondral
scaffolds were cultured for 3 weeks in vitro in a chondrogenic med-
ium; then, they were surgically implanted in osteo-chondral lesions of
adult pigs. As control, some lesions were treated with acellular scaf-
folds and others were left untreated. The repair tissue was analyzed
after 3 months.
Results: The histologic ICRS II scale showed higher values in chondro-
cytes morphology and in the superficial layer recovery in the unseeded
osteochondral scaffolds with respect to the lesions treated with the
seeded scaffolds or left untreated. The biochemical analysis showed a
higher DNA content in the lesion repaired with cellular scaffold and a
higher GAGs/DNA ratio in the lesions with the spontaneous repair.
Conclusions: This study demonstrated that the osteochondral scaffold
was able to integrate with the surrounding tissue. The quality of the
repair was higher when the scaffold was not seeded with chondrocytes,
but filled with cells migrated from subchondral bone.

07.P35
Interaction of multipotential stromal cells (MSCs)
with cartilage is enhanced by synovial fluid
manipulation.
T Baboolal, E Jones, S Calder and D McGonagle
University of Leeds, UK; Leeds Teaching Hospital NHS Trust, UK

MSCs are highly proliferative multipotential stromal cells capable of
regenerating cartilage, bone and other joint tissues. Our group discov-
ered a resident population of MSCs in synovial fluid (SF) of normal
joints in humans and bovines, and have thus discovered an intrinsic
pool of MSCs in the knee having direct access to superficial cartilage
and other joint structures. Here we investigate the influence of SF on
the interaction of MSCs with the cartilage surface. We have developed
an in vitro model to investigate MSC attachment to macroscopically
normal cartilage in the presence of human SF. Confocal microscopy is
used to detect MSCs, tagged with Fluorescent Micron-sized Particles of
Iron Oxide attached to the cartilage surface. Data show OASF to be
anti-adhesive, inhibiting MSCs attachment to both tissue culture plastic
and cartilage. Pre-incubation of OASF with hyaluronidase decreases
this anti-adhesive property giving a 160–300% increase in MSC attach-
ment to cartilage (n = 3). SF from inflamed joints is intrinsically less
anti-adhesive allowing more MSCs to adhere to both plastic and carti-
lage. Here we show the anti-adhesive nature of SF extends beyond sim-
ply lubricating joint articulation, but to affecting the interaction
between MSCs and cartilage. This effect is reduced with inflammation
and with enzymatic degradation of the MSCs hyaluronan-coat. These
finding suggest manipulation of the synovial environment may be an
important factor when considering MSC therapy.

07.P36
Influence of cryopreservation, cultivation time
and patient’s age on the gene expression in
cartilage transplants
C Albrecht, B Tichy, S Hosiner, L Zak, S Aldrian, S Nürnberger
and S Marlovits
Department of Traumatology, Medical University of Vienna,
Austria; Austrian Cluster for Tissue Regeneration, Austria

Our aim was to evaluate the impact of various parameters (cryopreser-
vation, culture time and patient’s age) on the expression of specific
chondrogenic markers in cartilage transplants used for MACT. Gene
expression of chondrocyte markers (Col1, Col2, aggrecan, versican,

MIA and IL-1b) were analysed in cartilage biopsies (n = 26) and
transplant samples (Hyalograft C, n = 91) by real-time PCR. The cells
of 13 out of 91 transplant samples had been cryopreserved prior to
transplantation. Correlation analyses were performed to evaluate the
influence of several parameters on the gene expression level. Cryopres-
ervation of cells was found to decrease Col2 and MIA significantly (4.7-
fold, p < 0.01 and 2-fold, p < 0.045, respectively). Duration of cryo-
preservation had no further influence on the gene expression. No corre-
lation was detected between cultivation time and expression level of
any gene. Transplants of older patients (>35 years) exhibited a signifi-
cantly higher Il-1b expression (3.7 fold, p < 0.039) than transplants of
younger patients (£35 years).Our data demonstrate that cryopreserva-
tion has a profound impact on chondrocyte metabolic activity by
decreasing Col2 and MIA expression, independently on the duration of
cryopreservation. This implicates that cryopreservation for a short time
should be considered very carefully, whereas long time cryopreserva-
tion seems to be a good way of keeping the cells for future transplanta-
tions without any further negative effect.

07.P37
Attenuation of inflammation by immune
modulation for cartilage repair in osteoarthritis
N Fahy, E Farrell, A Ryan, M Harte, T Ritter and MMurphy
Regenerative Medicine Institute, National University of Ireland,
Ireland

Osteoarthritis (OA) is a disabling degenerative joint disease affecting
synovial joints. OA is characterised by the loss or damage of articular
cartilage, but the disease process affects the entire joint structure,
involving changes in subchondral bone and inflammation of the synovi-
um. Synovial inflammation is believed to contribute to both symptoms
and disease progression. The release of pro-inflammatory cytokines
such as tumour necrosis factor-a (TNF-a) and interleukin-1b (IL-1b),
and soluble mediators by inflamed synovium may accelerate cartilage
matrix degradation. These cytokines have been reported to compro-
mise cell-based cartilage repair strategies in inflamed joints, such as
inhibiting chondrogenesis of mesenchymal stem cells (MSCs). The
main objective of this study is to understand the role of inflammation
in OA disease progression and the ability of IL-10 overexpressing MSCs
to modulate this inflammation. IL-10 has been reported to modulate
inflammation in a sepsis model following administration of MSCs and
to attenuate symptoms in a rheumatoid arthritis model in mice using
overexpressing MSCs. We have observed reduced TNF-a production by
LPS stimulated monocytes in response to treatment with IL-10 condi-
tioned media harvested from transduced MSCs. The effect of released
IL-10 on macrophage polarisation state has been investigated, and the
levels of other anti/pro-inflammatory molecules have been assessed by
ELISA of culture supernatant.

07.P38
Two year follow up of arthroscopic implantation
of matrix-encapsulated autologous chondrocytes
in the knee
C Ibarra, A Izaguirre, E Villalobos, I Alba,
C Velasquillo, S Cortés, D Chavez,
FX Pérez-Jı́menez and LG Ibarra-Ibarra
National Institute of Rehabilitation, Mexico

Introduction: Autologous chondrocyte implantation is a cell based
approach for treatment of chondral lesions to the knee. During culture
passages chondrocyte phenotype is altered. In this study our objective
was to determine clinical efficacy and safety of a novel method of redif-
ferentiated matrix-encapsulated autologous chondrocytes in 10
patients after minimum 2 year follow-up.
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Methods: After biopsy chondrocytes were proliferated up to second pas-
sage and seeded tridimensionally in a collagen scaffold. Gene expres-
sion analysis for Col I, II; and SOX-9 was done with qRT-PCR. Fixation
of the implants was achieved securely by means of bioabsorable
anchors and PDS suture to the subchondral bone adjacent to the chon-
dral lesion. Comparisons were tested with Wilcoxon paired samples
test, p value was set at <0.05.
Results: We completed 100% of follow-up at 2 years. Mean age was
35 ± 8, twenty percent were women. Normal collagen I, II, and SOX-9

expression was obtained in the tridimemensional construct before
implantation. Clinical evaluations improved at 2 years (Preoperative
vs. Postoperative): Lysholm 49.60 ± 17.71 vs. 80.70 ± 11.91
(p = 0.008); IKDC 41.40 ± 16.03 vs. 66.30 ± 14.06 (p = 0.028).
Our mean results with arthroscopic second look were almost normal in
all cases (ICRS 11.1 + 0.87).). We did not found adverse events.
Discussion: This novel matrix-encapsulated chondrocyte culture tech-
nique is efficacious and safe for cartilage repair.
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08. Cartilage and Joints - Cartilage Tissue Engineering

08.01
Keynote: Cartilage engineering based on adult
stem cells
Y Cao, G Zhou, K Liu, X Liu, T Liu, X Lv and W Liu
Department of Plastic and Reconstructive Surgery, Shanghai 9th
People’s Hospital, Shanghai Jiao Tong University School of
Medicine, China; Shanghai Tissue Engineering Center, National
Tissue Engineering Center of China, China

Adult stem cells are an important cell source for cartilage engineering.
The current studies aim to establish a series of methods for cartilage
defect repair and in vitro cartilage construction based on adult stem
cells and biodegradable polymers, including: (i) Bone Marrow Stromal
Cells (BMSCs): Pig BMSCs were seeded on polylactic acid coated poly-
glycolic acid (PLA/PGA) for autologous articular cartilage repair in vivo
or for cartilage engineering in vitro. During in vitro chondrogenesis,
BMSCs was induced by: A. Growth factor combination, including
TGFbeta1, IGF-I, and dexamethasone. B. Mixed co-culture with chon-
drocytes on the scaffold. C. Soluble factors secreted by chondrocytes in
a trans-well separate co-culture system. (ii) Adipose-Derived Stem Cells
(ASCs): Pig ASCs were seeded onto the PLA/PGA scaffold for engi-
neered repair of autologous articular cartilage defect. For in vitro study,
human ASCs were isolated, expanded, and sorted by MACS with
CD105 as a marker. The CD105+ and CD105- cells were seeded onto
the PGA/PLA scaffolds respectively and induced by the above growth
factors. The results demonstrate that it is completely feasible to repair
articular cartilage defect or to construct cartilage tissue in vitro using
adult stem cells and biodegradable polymers. These methods estab-
lished in the current studies provide technical parameters that are cru-
cial for clinical translation of cartilage engineering based on adult stem
cells.

08.02
In vivo assessment of the regenerative potential
of a novel multi-layer scaffold for osteochondral
defect repair
TJ Levingstone, P Brama, RT Brady, E Thompson, FJ O’Brien and
JP Gleeson
Royal College of Surgeons, Ireland; University College Dublin,
Ireland

A healthy, functional cartilage layer is essential for smooth pain free
movement of articular joints. However, cartilage has a poor ability to
regenerate and success using current surgical therapies has been lim-
ited. The potential role for tissue engineering in osteochondral defect
repair has been recognised of late. ChondroColl, a novel collagen based
multi-layer scaffold (WO 2010/084481) designed to mimic the struc-
ture and composition of native tissue has recently been developed in
our lab. This study aimed to assess the regenerative potential of Chon-
droColl in vivo in a small animal model and also long term repair in a
large animal model. Short term repair was assessed in a 3 mm · 5 mm
defect in a rabbit femoral condyle model. Evaluation of repair tissue
using micro-CT and histological analysis at 12 weeks showed that
ChondroColl enabled generation of both cartilage and subchondral
bone in the defect space. Newly formed cartilage tissue was well inte-
grated and had a hyaline-like appearance. Further in vivo assessment
was carried out in 6 · 6 mm defects in the medial femoral condyle
and lateral trochlear ridge in a caprine model, initially in a 6 week pilot

study followed by a long term 6 month study. Good scaffold retention
and subchondral bone formation were observed at 6 weeks. The
6 month study is ongoing. Positive results to date indicate the potential
of ChondroColl over current clinical treatment options such as micro-
fracture and osteochondral grafting.

08.03
Cartilage repair in transplanted scaffold-free
chondrocyte sheets using a minipig model
M Sato, G Ebihara, T Nagai, G Mitani, T Kutsuna, M Kokubo,
M Kobayashi, M Yamato, T Okano and J Mochida
Tokai University School of Medicine, Japan; Tokyo Women’s
Medical University, Japan

Cartilage damage is typically treated by chondrocyte transplantation,
mosaicplasty or microfracture. Recent advances in tissue engineering
have prompted research on techniques to repair articular cartilage
damage using a variety of transplanted cells. The authors studied the
repair and regeneration of cartilage damage using layered chondrocyte
sheets prepared on a temperature-responsive culture dish. We pre-
viously reported achieving robust tissue repair when covering only the
surface layer with layered chondrocyte sheets when researching par-
tial-thickness defects in the articular cartilage of domestic rabbits. In
this study, the use of layered chondrocyte sheets facilitated the repair
and regeneration of tissue in a minipig model of full-thickness cartilagi-
nous defects in the knee joints. Good safranin-O staining and integra-
tion with surrounding tissue was noted in the transplantation group,
which achieved sufficient cartilaginous repair and regeneration. How-
ever, some animals in the transplantation group exhibited poor safra-
nin-O staining of the repaired and regenerated tissue in the
subchondral bone. Transplantation conditions and other factors must
therefore be further investigated.

08.04
VEGF blockade by soluble VEGF receptor-2
induces in vivo chondrogenesis of human
mesenchymal progenitor cells blockade by
soluble VEGF receptor-2 induces in vivo
chondrogenesis of human mesenchymal
progenitor cells
C da Cunha Medeiros, A Marsano, S Ghanaati, M Centola,
M Barbeck, CJ Kirkpatrick, P Bernegger, S Schaeren, I Martin
and A Banfi
Department of Surgery and of Biomedicine, University Hospital
Basel, Switzerland; Institute of Pathology, Johannes Gutenberg
University of Mainz, Germany

Vascular Endothelial Growth Factor (VEGF) regulates vascular invasion
during cartilage growth and endochondral ossification. VEGF expres-
sion is suppressed during hyaline cartilage formation and maintenance,
and blocking of angiogenesis results in improved cartilage repair in
mice models (Matsumoto 2009). We hypothesized that blocking VEGF
would improve in vivo chondrogenesis of bone marrow-derived
mesenchymal stromal cells (BMSC) for tissue engineering.VEGF block-
ade was achieved by transducing human BMSC to express soluble
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VEGF receptor-2 (sFlk-1). Cell-based constructs were generated with
either sFlk-1-expressing or control cells loaded on collagen-based scaf-
folds and were implanted in vivo in an ectopic mouse model.The
released sFlk-1 effectively blocked vascular ingrowth into the implant.
Chondrogenesis was observed only for sFLK-1-expressing cells. Cartila-
ginous extracellular matrix was stable up to 8 weeks in vivo. At
12 weeks after implantation a cartilage remodeling was observed, con-
firmed by an upregulation of type X collagen at the mRNA level in the
implant generated by sFlk-1-expressing BMSC. sFlk-1 did not increase
the in vitro chondrogenic differentiation of BMSC, excluding a cell-
autonomous effect of VEGF blocking. VEGF blockade was sufficient to
induce in vivo chondrogenesis of BMSC in the absence of other exogen-
ous morphogens. The long-term stability of the generated cartilage
requires further investigations. Funding: EU FP7 project NMP3-LA-
2008-213904.

08.05
Engineering of human ear shaped cartilage by
co-culturing of human microtia chondrocytes with
BMSCs
Y Liu, L Zhang, G Zhou, W Liu, WJ Zhang and Y Cao
National Tissue Engineering Center of China, China;Shanghai
9th People’s hospital, China

Due to the lack of clinically appropriate seed cells, previous success on
engineering human ear shaped cartilage has not yet been promoted
into clinical applications. It has been demonstrated that maturely
developed chondrocytes in the co-culture system with bone marrow
stromal cells (BMSCs) can promote the chondrogenesis of BMSCs with-
out ectopic ossification by providing a synthetic chondrogenic niche.
However, it is still uncertain whether microtia chondrocytes also pos-
sess the similar chondro-induction function and hence the feasibility to
construct the ear shaped cartilage by co-culturing BMSCs with a small
portion of microtia chondrocytes. This study investigated the character-
istics of microtia chondrocytes and their chondrogenic influence on
BMSCs as well as the feasibility of constructing a human ear shaped
cartilage with the co-culture system. The results confirmed that
although microtia chondrocytes proliferate robustly and can sponta-
neously form cartilage pellets, dedifferentiation does occur and cells
after passage 3 can no longer form pellets with obvious cartilage speci-
fic markers. However, like normal chondrocytes, microtia chondrocytes
also can induce BMSCs to form cartilage in PGA scaffolds. Most impor-
tantly, the human ear shaped cartilage was successfully constructed in
nude mouse by co-culturing of microtia chondrocytes with BMSCs on
1 : 3 ratios. These results may provide a promising seed cell strategy
for translating cartilage tissue engineering into clinic.

08.P01
Biological, biochemical and biomechanical
characterisation of cartilage from the porcine,
bovine and ovine hip and knee
HL Fermor, SWDMcLure, SD Taylor, SL Russell, S Williams, J
Fisher and E Ingham
IMBE, University of Leeds, United Kingdom

Osteoarthritis is the most common disease affecting joints. The progres-
sive degeneration of articular cartilage (AC) causes pain and loss of
mobility for millions worldwide. Early intervention therapies to repair
initial AC defects and preserve AC function are preferential over total
joint replacements for younger patients, however current therapies are
ineffective. An acellular xenogenic osteochondral (OC) graft may pro-
vide an effective repair material for OC lesions. This study aims to char-
acterise AC from the acetabulum, femoral head, groove, condyles and
tibial plateau of pigs, cows and sheep. This information will allow the

most optimal starting material for decellularisation to be determined.
AC was analysed by histology using H&E and alcian blue staining to
determine glycosaminoglycan (GAG) distribution. From the resultant
images, cellularity and AC thickness were determined. GAG and col-
lagen content were quantified. Following lyophilisation, AC water con-
tent was calculated. OC pins were compressed using an indenter to
determine AC deformation. The permeability and elastic equilibrium
modulus of AC were derived using a finite element method. Porcine AC
had the highest concentration of GAGs, AC from the femoral knee
showed higher GAG content than other joint areas. AC from younger
tissues had higher cell content and was thicker, reflecting the effects of
age on AC structure. AC from old sheep had a much stiffer elastic mod-
ulus and was less permeable than other species.

08.P02
Mechanisms involved in chondrogenic
differentiation of mesenchymal stem cells in an
osteochondral in vitro model
Mde Vries - van Melle, W Koevoet, N Kops, J Verhaar,
P der Kraanvan, G Oschvan
Erasmus MC University Medical Center Rotterdam, Departments
of Orthopaedics and Otorhinolaryngology, The Netherlands;
Radboud University Medical Center Nijmegen, Department of
Rheumatology, The Netherlands

Little is known about mechanisms involved in the formation of repair
tissue after treatment of cartilage defects. Often, fibrocartilage is
formed rather than articular cartilage. We have reported a model that
can be used to study cartilage repair in vitro. Mesenchymal stem cells
(MSCs) are interesting for cartilage repair strategies, based on their dif-
ferentiation potential. We have studied the differentiation of MSCs in
an osteochondral environment. We simulated cartilage damage in
bovine osteochondral biopsies. hMSCs were suspended in alginate and
polymerized in the defects. Alginate beads served as controls. For posi-
tive controls, 10 ng/ml TGFb1 was added. An antibody against TGFb
or an inhibitor of smad2/3 phosphorylation (smad2/3p) was used to
assess the role of TGFb. Culture medium was stored weekly for ELISA.
After 28 days samples were harvested for PCR, histology and biochem-
istry. hMSCs differentiated without addition of TGFb in our model in
contrast to culture in alginate beads. This was reflected by positive col-
lagen type 2 staining and expression of cartilage genes. The biopsies
produced 600 pg/ml TGFb1 per 3 days. Strikingly, chondrogenesis of
hMSCs was still observed when the produced TGFb was captured or
when smad2/3p was inhibited. Our findings suggest that chondrogen-
esis of hMSCs is not solely mediated by TGFb in an osteochondral
environment. Financial support: the European Union’s 7th Framework
Programme, no. NMP3-SL-2010-245993.

08.P03
Development and characterization of an in vitro
model of cartilage degeneration
C Taylor, S Russell, J Fisher, E Ingham and J Tipper
Institute of Medical and Biological Engineering, University of
Leeds, United Kingdom

Osteoarthritis (OA) is a dehabilitating disease affecting over 27 million
people in the US alone. There is a need to investigate novel early inter-
vention therapies for management of the disease. Novel therapies will
require pre-clinical testing in physiological models of degenerated carti-
lage. A simple configuration pin on plate simulator was used to gener-
ate mild and moderate mechanical models of cartilage degeneration in
bovine tissue. Biochemical assays were used to assess collagen and gly-
cosaminoglycan (GAG) content in normal and degenerated cartilage.
Histology and immunohistochemistry were used to visualise cartilage
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architecture and components. TEM and ESEM were used to visualise
cartilage ultrastructure and the cartilage surface respectively. Mild and
moderate damage models displayed features that coincided with mild
and moderate degeneration grades of human OA cartilage [Osteoar-
thritis Research Society International Cartilage Histopathology Assess-
ment System]. Mechanically damaged specimens showed a loss of
GAG and collagen content. The cartilage surface became fibrillated and
cracked. The mechanical models have produced damage to the carti-
lage that was representative of OA cartilage in patients. The methods
developed in this project will complement future studies of whole joints
in physiologically relevant simulators, which will be used for the pre-
clinical testing of novel cartilage substitution therapies.

08.P04
A new approach to producing solvent-free
scaffolds for tissue engineering
J Minton, C Janney and A Yousefi
Bioengineering - Miami University, USA

3D porous scaffolds hold promise for tissue engineering and cell-based
gene therapy. A major obstacle is maintaining adequate nutrient and
oxygen diffusion to embedded cells. Our previous work on solvent-
based macro/microporous scaffolds, produced by hybrid 3D-plotting/
porogen-leaching technique, demonstrated the capacity of these con-
structs as delivery systems for treating anemia and hemophilia B. The
scaffolds seeded with mesenchymal stem cells (MSCs) supported
human factor IX (hFIX) delivery for over 12 weeks. While the presence
of interconnected macropores enhanced cell migration, the microporos-
ity improved cell survival and cellular microenvironment. The hybrid
fabrication technique has also enabled us to design constructs mimick-
ing the anisotropy and poroelasticity of articular cartilage. Developing
a solvent-free technology to fabricate engineered scaffolds would make
the technology readily translatable to clinical trials. Single- or twin-
screw extruders and conventional techniques used for melt processing
of scaffolds could lead to particle break-down and may adversely affect
the consistency and reproducibility of the produced constructs. This
work aims to develop a solvent-free scaffold fabrication technique with-
out compromising the original particle size of the constituents (i.e., salt
and polymer powder). Reproducible solvent-free scaffolds with con-
trolled architecture and composition would advance the field of tissue
engineering and cell-based gene therapy.

08.P05
Effect of gelatin microsphere size and cell/
microsphere ratio on transforming growth factor-
beta3-induced chondrogenesis of human
mesenchymal stem cells
GK Tan and Y Tabata
Department of Biomaterials, Field of Tissue Engineering, Institute
for Frontier Medical Sciences, Kyoto University, Japan

Gelatin microspheres (GM) have a potential as an injectable cell carrier
for cartilage repair. The effect of microspheres size and cells/micro-
spheres ratio on the chondrogenesis of immortalized human bone mar-
row-derived mesenchymal stem cells (hMSCs) was evaluated. GM
were fabricated by the conventional water-in-oil emulsion method,
sieved and dehydrothermally crosslinked. hMSCs were then mixed
with GM with sieve-sizes ranging from 20 to 32 or 53 to 75 lm at 1 : 1
or 1 : 2 ratio, and cultured as cell aggregates (CA) in chondrogenic
medium for 14 days. The size of CA was monitored microscopically,
while cellular proliferation and sulfated glycosaminoglycan (sGAG)
production were examined using a DNA quantification and a dimethyl-
methylene blue assay, respectively. hMSCs in the CA formed compact
spherical masses within 24 hr, while this was evident in cell-GM

mixture only after 5–7 days. By day 14, mean diameters of cell-GM
aggregates were 1.2–1.5 times larger than those without GM. Overall,
the hMSC proliferation was significantly enhanced when cultured on
GM, with the greatest extent was observed in cultures with bigger sized
GM. Nonetheless, the latter attenuated sGAG/DNA content in CA by
58–73% compared with that of other groups. In contrast, cells cultured
on smaller sized GM retained the ability to synthesize sGAG, resulting
in the largest CA. GM size, but not cells/microspheres ratio, appears to
have pronounced effects on hMSC proliferation and sGAG production
in the CA culture.

08.P06
BMP-7 expressing genetically modified primary
chondrocytes in cryogel scaffolds for rabbit
auricular cartilage repair
S Odabas, G Feichtinger, P Korkusuz, I Incı, E Bilgic, AS Yar, T
Cavusoglu, S Menevse, I Vargel and E Piskin
Hacettepe University, Chemical Engineering Department and
Bioengineering Division, and Center for Bioengineering –
Biyomedtek, Beytepe, 06800, Turkey; Ludwig Boltzmann
Institute for Experimental and Clinical Traumatology/AUVA
Research Center, The Austrian Cluster for Tissue Regeneration;
Hacettepe University, Faculty of Medicine, Department of
Histology and Embryology, Turkey; Gazi University, Faculty of
Medicine, Department of Medical Genetic, Teknikokullar,
Ankara, Turkey; Kirikkale University, Faculty of Medicine,
Department of Plastic and Aesthetic Surgery, Turkey

The loss of cartilage tissue due to trauma, tumour resection or congeni-
tal defects like microtia and anotia is one of the major concerns in head
and neck surgery. Autologous cell transplantation and/or using various
polymeric implants or silicon prosthesis to support the defect are con-
ventional treatment methods for repairing damaged cartilage tissue.
However, lack of appropriate cells and inherent drawbacks of implant’s
can cause problems in application. In recent years, researches are deal-
ing with novel tissue engineering approaches. For head and neck sur-
gery, proper cartilage tissue can be developed by the combination of
tissue engineering principles with basic biological science. In this study,
primary chondrocytes were genetically modified with plasmid encod-
ing Bone Morphogenetic Protein-7 (BMP-7). It was a goal to bring in
the ex-vivo transfected chondrocytes to re-synthesize BMP-7 in in-vitro
like as in-vivo. Genetically modified cells were implanted into gelatin/
oxide dextran scaffolds and cartilage tissue formation was investigated
in 15 · 15 mm auricular cartilage defects in-vivo in New Zealand (NZ)
White Rabbits for 4 months. Results were evaluated via histology and
early gene expression. Results indicated that a suitable healing of auri-
cular cartilage with BMP-7 modified (transfected) cells in comparison
with non-modified (non-transfected) group and as well as the control
was achieved.
Key Words: Auricular cartilage, primary chondrocytes, plasmid DNA,
non-viral gene therapy.

08.P07
Chondrocytes suppress tissue reactions in tissue-
engineered cartilage through induction of
immune privilege
Y Fujihara, T Takato and K Hoshi
Department of Cartilage & Bone Regeneration (Fujisoft), The
University of Tokyo Hospital, Japan; Division of Tissue
Engineering, The University of Tokyo Hospital, Japan

Clear understanding of tissue reactions after transplantation of engi-
neered tissue is imperative for clinical application of tissue engineering.
In this study, we examined interaction between tissue-engineered carti-
lage and host cells, and explored ways to control it. Tissue-engineered
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cartilage consisting of C57BL/6 mice chondrocytes and poly-L-lactic
acid scaffolds were transplanted in EGFP transgenic mice. Host-
derived EGFP+ cells were mostly F4/80+ macrophages, which were
decreased and excluded to non-cartilage areas after 2 weeks. Mean-
while, IL-1b was significantly lower in tissue-engineered cartilage than
in PLLA scaffold alone, suggesting tissue reactions were suppressed in
tissue-engineered cartilage. Since some immune privilege factors
including FasL were expressed on chondrocytes, we cultured chondro-
cytes of FasL-hypomorphic mice (gld) with macrophages, demonstrat-
ing that chondrocytes of gld were less efficient in inducing apoptosis
of macrophages than did wild-type. Proteome array of co-culture
medium and subsequent real-time RT-PCR detected G-CSF as an indu-
cer of FasL in chondrocytes. Furthermore, G-CSF-treated tissue-
engineered cartilage underwent less infiltration of macrophages with
more matured cartilage. It was therefore suggested that G-CSF
secreted from macrophages could increase FasL on chondrocytes and
induce immune privilege, which may in turn suppress the viability
and localization of macrophages, promoting the maturation of tissue-
engineered cartilage.

08.P08
Photocrosslinkable hydrogels for cartilage tissue
engineering
PA Levett, FP Melchels, K Schrobback, DW Hutmacher, J Malda
and TJ Klein
Queensland University of Technology, Australia; University of
Utrecht, Belgium

Articular cartilage is a highly hydrated, matrix-rich tissue that does not
heal when damaged. Tissue engineering techniques involving encapsu-
lating chondrocytes in a hydrogel to fill a cartilage defect are promis-
ing, but an optimal hydrogel for cartilage regeneration remains to be
developed. Here, we evaluated the ability of four photocrosslinkable
hydrogels to promote chondrogenesis in serum-free conditions. Hya-
luronic acid, polyethylene glycol, alginate, and gelatin hydrogels were
selected to provide a broad range of functionalities. The response of
encapsulated human chondrocytes was highly dependent on the
hydrogel environment. Chondrogenesis was supported in HA con-
structs, with high levels of collagen II and aggrecan gene expression
and protein deposition, and a corresponding 4-fold increase in stiffness
during culture. Gene expression and protein accumulation in PEG con-
structs were low. High collagen II expression in alginate did not trans-
late to protein deposition, and constructs softened during culture.
Gelatin constructs supported the highest production of glycosaminogyl-
cans, and stiffness increased 35-fold during culture, however collagen I
expression was highly upregulated. Microcomputed tomography
showed a heterogeneous GAG distribution in these constructs, indicat-
ing location in the hydrogel may impact on the response of encapsu-
lated cells. This study highlights the potential to harness cell-material
interactions for enhanced cartilage regeneration.

08.P09
Injectable scaffold as noninvasive technique for
cartilage tissue engineering: in vivo case study
A Solouk, H Mirzadeh and S Amanpour
Tehran Polytechnic University, Iran; Medical Sciences/University
of Tehran, Iran

IntroductionCartilage is a tissue, with limited repair capacity and also
sparse population of cells entrapped within a dense extracellular
matrix (ECM), therefore; delivery of chondrocytesto site of damaged
cartilage can improve the treatment. The use of injectable scaffolding
materials in order to carry and keep cells in the site of injury for in vivo
tissue regeneration has raised great interest. In this study, the potential

of an injectable system based on injection of scaffold and cell simulta-
neously as noninvasive technique was investigated.
Materials and methodsPoly(D,L-lactide-co-glycolide)(PLGH) a copoly-
mer with a 50:50 molar ratio containing carboxyl end groups, and algi-
nate are injectable and biodegradable scaffolds that they were mixed
with chondrocytes, were isolated from the metacarpophangeal joints of
new born calf, and injected for repair of cartilage in nude mice model.
ResultsNude mice were sacrificed at 2, 4, 6, and 8 weeks and safranin-
O and hematoxylin and eosin staining for histological examination was
done. It was seen that the incorporation of scaffolds with adjacent tis-
sue was excellent, and also a fibro-cartilage as immature cartilage has
been formed within 2 weeks after injection.
ConclusionWe found that PLGH/ alginate/chondrocytes as a noninva-
sive injectable scaffold have an excellent potential for formation of
fibrocartilage for cartilage repair.

08.P10
Acellular constructs for cartilage repair
S Finlay, J Kirkham and BB Seedhom
University of Leeds, United Kingdom

Introduction: Strategies are emerging to meet clinical needs for repair-
ing articular defects. Our strategy aims to create acellular constructs to
meet this need. The aim of this study was to determine the effect of
application of compressive loading on the quality of engineered con-
structs.
Materials & Methods: Bovine synoviocytes were seeded onto polyethy-
lene terephthelate (PET) fibre scaffolds and incubated in chondrogenic
media for 4 weeks. Developed constructs were compressed to an aver-
age of 20% strain by an in-house bioreactor at 1 Hz, 1 h / day for an
additional 4, 8 or 12 weeks. Resulting protein, DNA and compressive
engineering moduli were measured and construct histology deter-
mined.
Results: Loaded constructs had comparable protein contents to non-
loaded controls throughout; whilst cellularity increased significantly in
loaded samples. Compressive moduli of loaded constructs at weeks 4,
8 and 12 were on average 5.6, 45.2 and 54.6 MPa respectively. Those
for non-loaded controls were 1.6, 4.5 and 11.9 MPa. Histology
revealed dense inter-fibrillar deposits of Alcian Blue staining matrix in
the loaded samples at the later time points.
Conclusion: Culture of synoviocytes with PET scaffolds in chondrogenic
media followed by compressive loading produced constructs with com-
pressive moduli and matrix staining similar to native cartilage. Future
work will focus on construct decelluarisation to eliminate an immune
response for their potential use in cartilage defect repair.

08.P11
Development of a collagen-glycosaminoglycan
scaffold for cartilage defect repair applications
A Matsiko, C Murphy, T Levingstone, FJ O’Brien and J Gleeson
Royal College of Surgeons in Ireland, Ireland

Articular cartilage has a limited capacity for self-repair. However, the
use of tissue engineering (TE) biomaterials has shown significant pro-
mise in healing defects (Cheng et al., 2010). The aim of this study was
to develop collagen-glycosaminoglycan scaffolds with properties opti-
mised for cartilage repair. We investigated the effect of (i) glycosamino-
glycan (GAG) type (chondroitin sulphate (CS) or hyaluronic acid
(HyA)), (ii) mean pore size (130 lm and 300 lm) and (iii) scaffold
stiffness (0.5, 1.0 and 1.5 kPa), on mesenchymal stem cell (MSC) dif-
ferentiation and cartilage matrix production in vitro. Collagen-CS
(CCS) and collagen-HyA (CHyA) scaffolds were fabricated by freeze-
drying (O’Brien et al., 2005) and subsequently cultured with rat
MSCs in chondrogenic medium for 28 days. It was evident that CHyA
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scaffolds facilitated greater cell infiltration and sulphated GAG distribu-
tion than CCS scaffolds. Interestingly, scaffolds with large mean pore
sizes (300 lm) exhibited significantly higher (2-fold) sulphated GAG
content than scaffolds with smaller mean pore sizes (130 lm). Further-
more, scaffolds with low stiffness (0.5 kPa) exhibited higher chondro-
genic gene expression (SOX9) than scaffolds with higher stiffness. In
summary, we have developed a novel scaffold with optimised proper-
ties (composition, architecture and stiffness) that favour MSC infiltra-
tion, chondrogenesis and matrix distribution, thus exhibiting great
implications for cartilage defect repair applications.

08.P12
Porcine auricle perichondral cells may serve as
cell source for in vitro cartilage differentiation
A Hilfiker, M Derks, T Sturm and A Haverich
MHH HTTG/LEBAO, Germany

Cartilage has a limited regeneration capacity and its replacement
requires a suitable cell source with the following attributes: stable phe-
notype without hypertrophic cartilage development, broad availability,
and high proliferative potential. Thus, we analyzed proliferation and
chondrogenic differentiation capacity of porcine perichondral progeni-
tor cells from ear cartilage (ePPC) and tracheal cartilage (tPPC).Proli-
feration of both cell types was analyzed by measurement of doubling
time. PPC-pellets were cultured in chondrogenic differentiation med-
ium for 4 weeks. Chondrogenic differentiation was determined by gene
expression of cartilage markers (collagen II, cartilage oligomeric matrix
potein (COMP), aggrecan, precartilage marker collagen I, hypertrophic
cartilage marker collagen X), immunohistological and histological
stainings. ePPC exhibited a higher proliferative capacity than tPPC.
Both cell types expressed collagen II, aggrecan, which was more pro-
nounced in tPPC, COMP and collagen I after chondrogenic stimulation.
No collagen X could be detected. Histology showed that both cell types
produced cartilage-like extracellular matrix components, whereas no
production of elastic fibers could be observed. Perichondral progenitor
cells represent a promising source for cartilage TE. ePPC seem to be
more convenient than tPPC caused by their high proliferative capacity
and accessibility, whilst showing a similar chondrogenic differentiation
potential.

08.P13
A modified three dimensional polyelectrolyte
scaffold for cartilage tissue engineering
D Raghothaman, MF Leong, Z Yang, Kah Chin J Toh, Tze Chiun
A Lim, H Lu, Chwee Aun AWan and Hin Lee Eng
Department of Orthopaedic Surgery, Yong Loo Lin School of
Medicine, National University of Singapore, Singapore; Institute
of Bioengineering and Nanotechnology, Singapore; Tissue
Engineering Program, Life Sciences Institute, National University
of Singapore

Although cartilage tissue engineering using stem cells holds great
potential, it is yet to provide satisfactory quality of repair. Recent
insights from tissue engineering paradigm underscore the need for cells
to interact and remodel their extracellular matrix (ECM) for optimal
tissue regeneration. Providing an instructive, permissive three-dimen-
sional (3D) matrix for cartilage regeneration is critical. To this end, a
chitin-alginate based 3D scaffold was developed through interfacial
polyelectrolyte complexation (IPC), for encapsulation and chondro-
genic differentiation of human bone marrow derived mesenchymal
stem cells (MSC). An IPC based approach was employed for fabricating
instructive matrices as it offered great control in varying ECM cues
within the 3D niche of encapsulated cells. MSC were encapsulated in
IPC scaffolds with and without type I collagen (Col-I) incorporation, to
study the effects of Col-I on MSC chondrogenesis. Chondrogenic differ-

entiation was analysed by qualitative histochemical staining and quan-
titative measurement of the components of cartilaginous ECM
formation. Our results show that Col-I incorporation promoted superior
chondrogenic differentiation of MSC. It also caused significant changes
in cell morphology and cell-cell interactions as observed by F-actin and
N-cadherin staining. Thus IPC based scaffolds offer an attractive plat-
form to study the effect of various ECM cues on MSC chondrogenesis,
pertaining to the functional tissue outcome.

08.P14
Engineering functional cartilaginous grafts using
chondrocyte-agarose constructs supported by a
superficial layer of stem cells
T Mesallati, CT Buckley and DJ Kelly
Trinity Centre for Bioengineering, Ireland

During early postnatal bone development progenitor cells in the super-
ficial region of articular cartilage drive the rapid growth of the tissue
and later direct the formation of mature hyaline cartilage. These devel-
opmental processes may provide directions for the optimal structuring
of co-cultured chondrocytes (CC) and stem cells required for engineer-
ing cartilaginous grafts. The objective of this study was to engineer
such grafts by recapitulating aspects of cartilage growth where a pool
of superficial cells drives tissue development. Infrapatellar fat pad
derived mesenchymal stem cells (FPSC) were self assembled (SA) on
top of CC laden hydrogels. Control constructs were formed using CC
SA on top of FPSC laden hydrogels. In order to determine the effect of
these structured co-cultures, FPSC and CC SA constructs, as well as
FPSC and CC laden hydrogels, were cultured independently. After
4 weeks in culture, a structured co-culture consisting of FPSC SA onto
CC hydrogels accumulated more sGAG and collagen than all other
groups. When separated at the interface, we found that CC in the
hydrogel layer of the structured co-culture proliferated faster than iso-
lated CC embedded into control hydrogels, leading to greater levels of
matrix accumulation. In conclusion, assembling FPSC onto CC laden
hydrogels enhances tissue development. It appears that the superficial
layer of stem cells is driving CC proliferation beneath it, mimicking cer-
tain aspects of developing articular cartilage.

08.P15
Increase of chondrogenic potential in adipose-
derived stromal cells by co-delivery of specific
genes
BH Cha, JC Ahn, JH Kim, SH Lee
CHA University, South Korea

Stem cell therapy has been developing rapidly as a potential cure for
repairing or regenerating the functions of diseased organs and tissues.
Adipose-derived stromal cells (ASCs) are an attractive cell source for
stem cell therapy because they can be isolated easily from fat tissue in
significant numbers and exhibit multiple differentiation potential under
appropriate in vitro culture conditions. However, ASCs derived from
individual donors can show wide variations in differentiation potential.
In addition, the regulatory mechanisms underlying stem cell differen-
tiation remain unclear. Bone morphogenic protein 2 (BMP-2) is an
important signal for up-regulation of osteogenesis and chondrogenesis
of stem cells. SRY-related HMG-box gene 9 (SOX-9) has also been
reported as one of the key transcription factors for chondrogenesis.
Meanwhile, transforming growth factor b (TGFb) is a well-known ASC
chondrogenic differentiation factor that stimulates ASC signaling path-
ways by activating transmembrane type I and type II receptors. We
hypothesized that co-delivery of those genes would result in improved
efficiency of recovery of normal chondrogenic properties in dedifferen-
tiated chondrocytes.
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08.P16
Combining extracellular cartilage matrix and
mesenchymal stem cells for cartilage tissue
engineering
KEM Benders, W Boot, DBF Saris, PR vanWeeren, WJA Dhert and
J Malda
University Medical Center Utrecht, The Netherlands; Department
of Equine Sciences, Utrecht University, The Netherlands

Extracellular matrix (ECM)-derived implants are clinically used to
replace damaged tissues, including skin and heart valves. Bioactive
cues present within the natural ECM are thought to drive regeneration
and repair. Within the field of orthopedics, cartilage repair remains a
challenge. Therefore, this study aimed at using ECM-derived scaffolds
to drive cartilage formation by chondrocytes and MSCs in vitro.Carti-
lage and chondrocytes were harvested from equine knees (n = 3; 3–
8 years). Equine MSCs (eMSCs) were harvested from the bone marrow
of mature healthy horses (n = 3). Cartilage for scaffold production
was decellularized using mechanical and enzymatic treatments. Chon-
drocytes and eMSCs were seeded on the scaffolds and harvested after
either 2, 4 or 6 weeks of culture. Samples were analyzed histologically
for cells, glycosaminoglycans (GAGs), and collagen type I, II, and VI,
and biochemically for GAG content using DMMB. Histology of the gen-
erated scaffolds showed successful decellularization (no cells present).
Interestingly, eMSCs outperformed chondrocytes in producing new car-
tilage-like ECM. This was confirmed by positive stainings for GAG and
collagen type II, as well as an approximately 7 times increased GAG
content (0.57 ± 0.29 vs 3.95 ± 1.58 lg GAG/mg scaffold, P < 0.01).
Cartilage ECM-derived scaffolds show potential in inducing cartilage
matrix formation by chondrocytes and MSCs. Moreover, MSCs are
more potent in producing new cartilage-ECM than chondrocytes.

08.P17
Dynamic compression improves biosynthesis of
human zonal chondrocytes from osteoarthritis
patients
J Jeon, K Schrobback, D Hutmacher and T Klein
Queensland University of Technology, Australia

ObjectiveWe hypothesize that chondrocytes from osteoarthritis (OA)
patients can be used to engineer cartilaginous tissues and that their bio-
synthesis would be enhanced from compressive stimulation. In this
study, we aimed to determine the effect of dynamic compression on
superficial (S) and middle/deep (MD) zone chondrocytes from OA
patients in alginate model.
DesignHuman S and MD chondrocytes from OA joints were encapsu-
lated in 2% alginate, pre-cultured, and subjected to compression with
varying dynamic strain (5, 15, 50% at 1 Hz) and loading duration (1,
3, 12 h). Chondrocyte responses to loading were evaluated following
shorter compression (qRT-PCR), and long-term compression (GAG,
compressive modulus, immunofluorescence).
ResultsCompressive stimulation significantly induced ACAN, COL2A1,
COL1A1, PRG4, and COL10A1 gene expression after 2 h of unloading,
in a zone-dependent manner (P < 0.05). ACAN and PRG4 mRNA
levels depended on strain and load duration, with 50% and 3 h load-
ing resulting in highest levels (P < 0.05). Long-term compression
increased collagen type II and aggrecan immunostaining and total GAG
(P < 0.05), but only S constructs showed more PRG4 stain, retained
more GAG (P < 0.01), and developed higher compressive moduli than
non-loaded controls.
ConclusionsThe biosynthetic activity of zonal chondrocytes from OA
joints can be enhanced with selected compression regimes, indicating
the potential for cartilage tissue engineering applications.

08.P18
Injectable cell/microsphere aggregates for
cartilage regeneration
E Woo, H Park and KY Lee
Hanyang University, South Korea

Injectable delivery systems have been attractive in tissue engineering,
as they can deliver cells into the body in a minimally invasive man-
ner. We hypothesized that microspheres modified with cell adhesion
ligands could be useful to form shear-reversible cell aggregates as an
injectable. Alginate is a natural polymer that is broadly used in many
biomedical applications, due to its good biocompatibility, low toxicity,
and mild gelation conditions to form a cross-linked structure. Algi-
nate microspheres were prepared by the water-in-oil emulsion
method and solidified with a use of calcium chloride (mean dia-
meter = 16 lm), followed by modification with RGD peptides using
carbodiimide chemistry. RGD-alginate microspheres formed a solid-
like, aggregated structure when mixed with either ATDC5 cells or pri-
mary chondrocytes without additional cross-linking agents, in which
microspheres and cells were uniformly dispersed and closely packed.
The aggregation behavior was shear-reversible, which was confirmed
by a rotational rheometer. However, non-modified alginate micro-
spheres formed a phase separated structure, due to the lack of speci-
fic interactions between microspheres and cells. RGD-alginate
microspheres/chondrocytes mixtures were injected into the dorsal
region of mice and the efficacy of the mixtures in cartilage regenera-
tion was tested in vivo. These cell/microsphere aggregates may find
useful applications in tissue engineering as an injectable system.

08.P19
Overexpression of PTHrP-related miRNA
enhances chondrogenesis and inhibits
hypertrophy in human bone marrow derived stem
cells
JM Lee, KI Kim, JM Ahn, GI Im
Dongguk University Ilsan Hospital, South Korea

MicroRNAs (miRNAs) are 20–25-nucleotide-long endogenous non-cod-
ing RNAs that are involved in multiple biological pathways in a variety
of animals. miRNA can regulate target gene expression through transla-
tional repression and/or target mRNA degradation in a sequence-
dependent manner. In this study, we performed microRNA microarray
analysis with total RNAs from PTHrP-treated BMSCs. Four novel micro-
RNAs were detected by microarray analysis, we confirmed that one of
them increased the chondrogenic potential of BMSCs. The miRNA
microarray data showed that miR-im6, 7, 8 and 9 were significantly
up-regulated at 4 weeks following PTHrP-treated chondrogenic induc-
tion, with expression levels that were 1.5-fold greater than those in
PTHrP untreated conditions. Lentivirus-mediated overexpression of
has-miR-im6 increased GAG/DNA content and metachromasia in Safra-
nin-O staining. Western blot analysis also revealed a significant
decrease in alkaline phosphatase (ALP) expression with overexpression
of has-miR-im6. We report that miR-im6 acts as a positive regulator of
chondrogenic differentiation as well as a hypertrophy blocker in BMSCs
by decreasing the ALP expression through unknown mechanism. To
our knowledge, this is the first report showing that a specific micro-
RNA, miR-im6, plays a crucial role in the course of chondrogenesis.

08.P20
Chondroprotective effect of sulforaphane and
PLGA-based delivery system
K Ji-Yun, C You-Jeong, I Gun-Il
Department of Orthopaedics, University of Dongguk Ilsan
Hospital, Korea

IntroductionRecent study suggests that sulforaphane(SFN) suppresses
MMP production from chondrocytes stimulated with either IL-1 or
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TNF-a and that SFN inhibits NF-KB and JNK activation in pro-inflam-
matory cytokine-stimulated chondrocytes. In this study, chondrocytes
derived from OA patients were used for in vitro model to investigate
the protective effect of SFN on inflammatory damage induced by LPS.
In addition, we devised SFN delivery system using biodegradable PLGA
and demonstrated that the system has enduring chondroprotective
effect on inflammatory damage induced by LPS.
Materials & methodsThe cells were pretreated with 1 lg/ml LPS for 6 h
and subsequently with 0–20 lM SFN for 18 h. Effect of PLGA-based
SFN delivery system on cartilage protection was examined by the
experiments using transwell insert.
ResultsSFN was not toxic to chondrocytes upto the dose of 5 lM. How-
ever, SFN at 5 lM significantly inhibited mRNA expression and protein
level of ADAMTS-5 and MMP-2 without cytotoxicity. In addition, slow
release SFN delivery system (SFN-PLGA) inhibited mRNA and protein
level of COX-2, ADAMTS-5 and MMP-2 by LPS. TIMP-2 mRNA expres-
sion and protein level were increased by SFN-PLGA system.
ConclusionsThese results indicated that SFN has chondroprotective
effect on inflammatory damage induced by LPS. PLGA-based delivery
system may provide an effective tool for the controlled release of SFN.

08.P21
Towards a chondromimetic scaffold for cartilage
repair
V Barron, K Merghani, L Moroni, A Nandakumar, L Lorenzo,
P Habibovic, G Shaw, C Coleman, C van Blitterswijk, F Barry,
M Murphy
National University of Ireland, Galway, Ireland; University of
Twente, The Netherlands

Over the last 20 years, there have been many tissue engineering and
cell therapies developed for the repair of damaged or diseased carti-
lage. Despite the fact that no optimal modality has been identified,
mesenchymal stem cells (MSC) have shown tremendous potential. To
deliver these cells to the site of injury, two scaffolds were selected; a
monophasic polyethylene oxide terephthalate/polybutylene terephtha-
late (PEOT/PBT) scaffold and a biphasic PGA/PLGA+CaS construct
(Trufit�). Rabbit MSC were isolated, cultured and characterized,
where it was shown that 2% rabbit serum was required for optimal col-
ony formation, characteristic MSC morphology, growth, proliferation
and tri-lineage differentiation. Subsequently, optimal cell seeding den-
sity and attachment conditions were evaluated and found to be 25-mil-
lion cells/ml and 50 lg/ml fibronectin for both scaffolds. Cartilage
repair was examined in an osteochondral defect in a rabbit model, with
test groups including, empty defect, PEOT/PBT scaffold, PEOT/
PBT+MSC, Trufit� and Trufit� + MSC. Tissue repair was assessed in
terms of toluidine blue staining. A modified ICRS scoring system was
used to evaluate defect fill, surface continuity, architecture, integration,
cellular morphology and matrix staining. In combination, the staining
and scoring system revealed that for both scaffolds, the presence of the
MSC enhanced repair and that bioinspired architectural cues are pro-
mising strategies in the design of future delivery vehicles.

08.P22
Tissue engineering cartilage from multilayer
extracellular matrix materials
A Callanan, S McCullen, T McGloughlin and M Stevens
Department of Materials, Institute of Biomedical Engineering and
the Department of Bioengineering, South Kensington Campus,
Imperial College London, United Kingdom

Successful treatment of articular cartilage lesions remains a major clini-
cal challenge. Naturally derived extracellular matrix material such as
urinary bladder matrix (UBM) and small intestine submucosa (SIS)
have potential in cartilage tissue engineering as they can be actively
remodelled by cells and contain growth factors such as transforming

growth factor-b1 (TGF-b1). This study investigates the 3D culture of
chondrocytes in multi-layered scaffolds of UBM, SIS and electrospun
poly-L-lactide acid (PLLA) for tissue engineered cartilage. PLLA fibrous
constructs were fabricated by electrospinning. SIS and UBM were fabri-
cated through a decellurisation process. Bovine chondrocytes were iso-
lated and seeded on the scaffolds, specifically five individual layers
were seeded (200K cells/layer), assembled into multi-layered scaffolds,
and cultured for 4 weeks. All groups were cultured with or without
TGF-b1. Glycosaminoglycans (GAG) and DNA analysis showed signifi-
cant differences between the multi-layered scaffolds with the SIS scaf-
folds showing the highest level (350 ± 67 lg). The lowest production
of GAG was seen in the PLLA scaffolds. The mechanical properties of
the SIS were significantly higher in the TGF-b1 group (98 ± 21 kPa)
at 4 weeks of culture compared to without (40 ± 5 kPa) and displayed
similar properties to that of native cartilage. This study displays how
the use of ECM materials in their native configuration is a promising
possibility in tissue engineered cartilage.

08.P23
Chemical and physical cues to regulate the
development of cartilaginous tissues engineered
using osteoarthritic human infrapatellar fat pad
derived stem cells
Y Liu, C Buckley, R Downey, K Mulhall and D Kelly
Trinity Centre for Bioengineering, School of Engineering, Trinity
College Dublin, IrelandSports Surgery Clinic, Ireland

Stem cells from adipose tissue can potentially be used in cell-based
therapies for cartilage repair. We have previously explored the potential
of infrapatellar fat pad derived stem cells (FPSCs) isolated from
osteoarthritic patients for engineering functional cartilaginous tissues,
however the mechanical properties of the grafts were significantly
lower than normal articular cartilage. The aim of this study was to
identify alternative biochemical and biophysical cues for engineering
functional cartilaginous tissues using FPSCs. Firstly, we systematically
investigated how the addition of different growth factors, specifically
BMP-6 and FGF-2, to a chondrogenic media containing TGF-b3 would
influence the development tissues engineered using FPSCs embedded
into agarose hydrogels. It was observed that continuous supplementa-
tion with TGF-b3 and the presence of dexamethasone is required for
robust chondrogenesis of diseased human FPSCs. Supplementation
with FGF-2 suppressed matrix synthesis, with BMP-6 supplementation
enhancing matrix synthesis in a cell seeding density dependent man-
ner. Having identified the most beneficial growth factor supplementa-
tion regime, we further stimulated the constructs with cyclic
hydrostatic pressure, which was observed to further enhance the func-
tional development of the engineered tissue. In conclusion, the func-
tionality of cartilaginous tissues engineered with human FPSCs can be
improved by employing specific biochemical and biophysical cues.

08.P24
Increased viscosity media for use in bioreactor
culture to prepare tissue engineered cartilage
constructs for tribo-mechanical testing
RA Senior, M Plainfosse, A Crawford, S Williams, ZM Jin, J Fisher
and PV Hatton
University of Sheffield, UK;University of Leeds, UK

Tissue engineering (TE) techniques have the potential to provide a
patient-specific treatment for the repair and regeneration of articular
cartilage. We showed previously that small TE cartilage pins (5 mm Ø)
with a coefficient of friction comparable to native tissue can be made in
a rotating wall vessel (RWV) bioreactor. To be more physiologically
representative in tribological tests, however, large (10 · 15 · 1 mm)
TE ‘plates’ must be engineered, and existing methodological
approaches have been shown to be unsuitable due to limitations of the
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RWV bioreactor. The aim of this research was to develop a high viscos-
ity media using dextran to enable culture of large hyaline cartilage con-
structs in the RWV bioreactor. Large constructs were engineered using
PGA scaffolds and P2 bovine articular chondrocytes in semi-static cul-
ture and in an RWV bioreactor using normal and high viscosity media,
biological quality was assessed using histology and biochemical analy-
sis. In standard viscosity medium large constructs proved unsupporta-
ble due to their weight, shear stresses caused by the subsequent
agitation resulted in low glycosaminoglycan (GAG) and collagen II
levels. However construct integrity was improved compared to static
and semi-static controls. TE cartilage cultured in a high viscosity, low
shear stress environment in the RWV bioreactor could demonstrate low
friction properties in common with native tissue and superior to those
shown by tissue cultured under standard conditions.

08.P25
Functionalized biomimetic poly (ethylene glycol)
hydrogels utilizing GFOGER peptides for cartilage
tissue engineering
R Mhanna and M Zenobi-Wong
ETH Zurich, Switzerland

Chondrocytes cultured in 3D hydrogels have been shown to maintain
the cartilage phenotype. Synthetic gels such as poly (ethylene glycol)
(PEG) are attractive for 3D culture of chondrocytes, as they can be
functionalized with specific adhesion sequences. Recently the GFOGER
peptide was identified as the sequence responsible for chondrocyte
adhesion to collagen type 2. We hypothesized that chondrocytes encap-
sulated in GFOGER functionalized PEG gels would have a better chon-
drogenic activity compared to commonly used RGD-modified gels.
Passage 3 chondrocytes were encapsulated in 1% alginate beads, non-
modified PEG, PEG modified with 70 lM RGD, 155 lM RGD, 70 lM

GFOGER and 155 lM GFOGER peptide. Disks of 30 ll volume were
cast in a QGel caster at 6 · 106 cells/ml. Cells were also cultured on
tissue culture plastic at 1000 and 5000 cells/ml as controls. Samples
were collected at days 1, 4 and 7 for gene expression and cytoskeletal
analysis. Cell spreading was observed in all modified PEG gels after
24 h of encapsulation but only minimally in the 0 lM peptide PEG or
1% alginate gels. GFOGER modified gels improved cell spreading in a
dose dependent manner. Gene expression of Col2 and Sox9 was high-
est in the 1% alginate and 0 lM peptide gels over 7 days of culture.
The 70 lM GFOGER modified PEG gels maintained the highest expres-
sion of Col2 and Sox9 among peptide modified gels at 4 and 7 days.
This novel system provides a better cartilage mimic and might be bene-
ficial in cartilage engineering.

08.P26
Selecting the best candidate to treat cartilage
and bone defects in the knee: differentiative
potential of MSCs from infrapatellar and
subcutaneous fat
S Lopa, A Colombini, LJ Turner, de Girolamo V, Sansone L
and M Moretti
Cell and Tissue Engineering Lab - IRCCS Galeazzi Orthopaedic
Institute - Milan, Italy;Cell and Tissue Engineering Lab, Gruppo
Ospedaliero San Donato Foundation, Italy; Laboratory of Cell
Cultures and Molecular Biology, Orthopaedic Biotechnologies Lab
- IRCCS Galeazzi Orthopaedic Institute - Milan Italy; Orthopaedic
Department University of Milan, Italy

The identification of specific features in different mesenchymal stem
cells (MSCs) populations may help to select the most suitable candi-
date for a specific application. Infrapatellar and subcutaneous fat are
easily harvestable during knee surgery, which makes MSCs resident in
these sites (IFP-MSCs and ASCs) appealing candidates for orthopaedic
applications. We compared osteogenic and chondrogenic potential of
IFP-MSCs and ASCs and we performed autologous coculture mixing

them with articular chondrocytes (ACs) to evaluate the combined use
of MSCs and ACs to treat chondral lesions.Cells were isolated from 25
donors with osteoarthrosis. Surface marker expression was assessed by
cytofluorimetry. After osteo- and chondro-induction, the expression of
specific markers was determined by biochemical and gene expression
analysis. In coculture pellets 75% IFP-MSCs or ASCs were combined
with 25% ACs.IFP-MSCs and ASCs displayed surface markers typical of
MSCs. Following osteo-differentiation, Alkaline Phosphatase and Col-
lagen I were significantly more expressed in ASCs. On the contrary,
IFP-MSCs pellets were characterized by a significantly greater glyco-
samminoglycans content and higher expression of chondrogenic genes
compared to ASCs. In coculture pellets chondrogenic genes were upre-
gulated, with IFP-MSCs pellets performing better than ASCs pellets.
The dissimilarities in IFP-MSCs and ASCs differentiative potential sug-
gest their use to treat respectively cartilage and bone defects.

08.P27
TiO2-coating promotes human mesenchymal
stem cell proliferation without losing the capacity
of the chondrogenic differentiation
S Kaitainen, AJ Mähönen, R Lappalainen, H Kröger, MJ Lammi,
CJ Qu
Institute of Biomedicine, University of Eastern Finland, Finland;
Department of Applied Physics, University of Eastern Finland;
Department of Orthopaedics and Traumatology, Kuopio
University Hospital, Finland

Human mesenchymal stem cells (hMSCs) have wide area of applica-
tions, which require large amount of cells. However, the proliferation
rate of hMSCs has certain limitations during monolayer expansion. We
studied whether TiO2-coating on cell culture dishes could promote
hMSCs proliferation without losing the chondrogenic capacity.Thin
TiO2-coating layer was deposited onto the dishes or coverslips by ultra-
short pulsed laser ablation. Human MSCs from 3 donors were
expanded on them until 95 % confluence. The cells were evaluated by
morphology, immunocytochemistry and qRT-PCR. The chondrogenic
differentiation was also performed after cultivation on TiO2-coated
dishes. After chondrogenesis, the pellets were evaluated by histological
staining of proteoglycans (PGs), collagen II, and qRT-PCR.Human MSC
specific markers Stro-1, CD44, CD90, CD73, CD105 and CD146 did not
change after expansion on TiO2-coated coverslips as compared to non-
coated ones. However, their proliferation increased by 46%. Impor-
tantly, TiO2 coating did not cause significant differences in the PG and
collagen II staining of the pellets, or the expression of chondrocyte-spe-
cific genes in the chondrogenesis assay. The TiO2 thin film didn’t
reduce the transparency of culture dishes significantly allowing optical
transmission microscopy.We conclude that the proliferation of hMSCs
could be significantly increased when cultured on TiO2-coated dishes
without weakening their chondrogenic differentiation capacity.

08.P28
Engineering zonal cartilaginous tissue using
infrapatellar fat pad derived stem cells
L Luo, SD Thorpe and DJ Kelly
Trinity College Dublin, Ireland

The depth dependant structure and composition of articular cartilage
(AC) are critical to its biomechanical function. We have previously
demonstrated that bone marrow derived stem cells can be used to
engineer cartilaginous grafts that mimic certain aspects of the zonal
composition of AC by modulating the local environment through the
depth of the construct, although native levels of matrix accumulation
were not reached. The aim of this study was to explore if infrapatellar
fat pad (IFP) derived stem cells can be used to engineer cartilaginous
grafts with near native levels of matrix accumulation and distribution.
Agarose hydrogels were seeded with IFP derived stem cells and then
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radially confined to half their thickness and subjected to dynamic
compression (DC). Overall, sGAG and collagen accumulation reached
approximately 2% and 1.5% of construct wet weight respectively. In
unconfined free swelling constructs, similar levels of sGAG and col-
lagen synthesis were observed in the top and bottom regions of the
construct. In contrast, sGAG synthesis was greater in the bottom of con-
fined constructs, with the combination of confinement and DC leading
to greater levels of collagen synthesis in the top of engineered tissues.
The bottom of engineered constructs had a higher equilibrium modu-
lus. In conclusion, cartilaginous grafts with improved composition and
organization can be engineered by modulating the environment within
hydrogels seeded with IFP derived stem cells.

08.P29
Collagen-hydroxyapatite tubular scaffold with
radially oriented porosity for osteochondral
defect replacement
L Salvatore, S Kunjalukkal Padmanabhan, F Gervaso, S Scaglione,
M Catalano, ATaurino, A Licciulli and A Sannino
Department of Engineering for Innovation, University of Salento,
Italy;National Research Council (CNR), IEIIT Institute,
Italy;National Research Council (CNR), IMM Institute, Italy

When the cartilage damages, sometimes the subchondral bone is
involved becoming pathologically altered. An alternative therapeutic
approach to surgery for osteochondral defect replacement may consist
in the use of innovative scaffolds able to be colonized by cells in vivo. A
key role in the scaffold colonization by cells is played by its vasculariza-
tion. Aim of the present study is to develop a hydroxyapatite-collagen
(HA-Coll) tubular scaffold with a radially oriented porosity in order to
enhance the angiogenesis within the scaffold structure. HA crystals in
collagen matrix composites 70wt% Coll - 30wt% HA were prepared
by direct nucleation of HA using Ca(OH)2 and H3PO4 as calcium
and phosphorus precursors; tubular scaffolds were produced by a
spin-casting technique followed by a standard freeze-drying and
dehydrothermal crosslinking. XRD and EDS spectrum revealed the for-
mation of HA crystals on the collagen matrix. SEM analysis of tubular
scaffold confirmed the formation of nano-sized apatite crystals on the
fibrous collagen with radial oriented pores. FTIR diagram evidenced
the chemical interaction between HA crystals and collagen. In vitro/in
vivo tests have been used to evaluate the ability of the scaffolds to
be colonized by cells, enhance angiogenesis, and sustain the osteo-
chondral matrix formation.

08.P30
Dual growth factor delivery from bilayered
composite hydrogels for osteochondral tissue
repair in a rabbit model
K Kim, J Lam, S Lu, Y Tabata, AG Mikos and K Kasper
Rice University, USA; Kyoto University, Japan

Bilayered oligo(poly(ethylene glycol) fumarate (OPF) hydrogels encap-
sulating gelatin microparticles (GMP) have been utilized as growth fac-
tor (GF) delivery vehicles for spatially defined osteochondrogenesis. It
is hypothesized that (1) the dual release of insulin-like growth factor-1
(IGF-1) and transforming growth factor-b3 (TGF-b3) from OPF hydro-
gels will act in combination to improve the quality of osteochondral tis-
sue repair compared to IGF-1 alone in vivo and (2) modulating the
incorporation method of TGF-b3 can change the release profile of TGF-
b3 and influence the degree of articular cartilage regeneration. To
assess GF release kinetics, bilayered hydrogels were prepared with the
top layer containing 125I-labeled GF-loaded GMPs and the bottom
layer containing blank GMPs. Group 1 contained only IGF-1; TGF-b3
was additionally incorporated in the gel phase in Group 2; Group 3
contained both IGF-1 and TGF-b3 loaded in GMPs. The radioactivity of
released GFs was counted over 28 days in vitro. A sustained and con-

trolled release of IGF-1 and TGF-b3 from bilayered OPF hydrogels was
achieved and the release kinetics of TGF-b3 were significantly changed
by different loading methods. For in vivo evaluation, GF-loaded hydro-
gels were implanted in a full-thickness defect in rabbit femoral con-
dyles for histological evaluation at 12 weeks. Ongoing histological
analysis will show the effects of dual GF release and varying TGF-b3
release kinetics on osteochondral tissue regeneration.

08.P31
Combinational effects of BMP9, Raloxifene and
Pluronic F-68 on OA-like chondrocytes
A Kavas, M Özdemir, Ö Erdemli, S Gürses, D Keskin
and ATezcaner
Department of Engineering Sciences, Middle East Technical
University, Turkey;Department of Engineering Sciences and
BIOMATEN Center of Excellence in Biomaterials and Tissue
Engineering, Middle East Technical University, Turkey

The aim of this study was to assess combinational effects of BMP9,
Raloxifene (Ral) and Pluronic F-68 (PLF-68) on osteoarthritis (OA)-like
chondrocytes and develop a biomechanical model to further evaluate
the results. To trigger OA-like changes, rat articular chondrocytes in
agarose discs were exposed to 5-azacytidine (Aza-C). The chondrocytes
were then treated with BMP9-Ral, BMP9-PLF68, Ral-PLF68 and BMP9-
Ral-PLF68 for 10 days. Doses used for BMP9, Ral and PLF68were 5 ng/
ml, 5 lM and 12 mg/ml, respectively. For 30 min/day (5 days/week),
dynamic hydrostatic pressure (max 0.2 MPa, 0.1 Hz) was applied to the
discs. After 10 day-treatment, sGAG and collagen amounts in the discs
were measured and unconfined compression stress relaxation test was
performed to the discs. To analyze viscoelastic behaviour of the depos-
ited matrix in the discs, the Kelvin model was fit to the relaxation data.
Material parameters-namely relaxation time constant, s?, instantaneous
modulus, Eo and relaxed modulus, E¥ were estimated with the model.
Once the model paramaters were estimated, the recovery effects were
discussed both in static and dynamic loading cases through simulations.
The combination groups positively affectedmatrix deposition byOA-like
chondrocytes. Except BMP9-Ral group, the positive effects were also
reflected to the material parameters. In conclusion, it can be suggested
that combination groups of BMP9, Ral and PLF68 are potential candi-
dates for restoration fromOA-like changes.

08.P32
Synergistic effects of growth factors with
diffusion in scaffold-free cartilage tissue under
shear flow conditions
KS Furukawa, T Tateishi and T Ushida
University of Tokyo, Japan

The relationships between tissue growth, oxygen/nutrient supply, phe-
notypic modulation and necrosis formation is not yet clear. The balance
between tissue size and the provided oxygen/nutrient supply may be
crucial for life-or-death decisions for organs formed by tissue engineer-
ing-based technologies. Our purpose is to verify this hypothesis by
using a scaffold-free cartilage model cultured under shear flow condi-
tions. Since BMP-2 has a strong potential in promoting matrix produc-
tion by chondrocytes, it is likely to be an important factor in
determining the size of tissue engineered cartilage. Rotational shear
flow culture supplies oxygen and nutrients in a simple manner; there-
fore, we focused on an investigation on the synergetic effect of BMP-2
with dynamic flow conditions on a scaffold-free cartilage model. The
addition of BMP-2 under static conditions induced a flared and dis-
tended plate formation containing dead cells and cell-debris. However,
rotational culture with BMP-2 resulted in living tissues that were flat
without any flapping or distention, and also had increased chondro-
genic matrix production and enhanced compressive mechanical proper-
ties. In conclusion, our findings suggest that the balance between
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tissue development by growth factors such as BMP-2 and nutrient/oxy-
gen supply and demand levels by dynamic cultures should be consid-
ered for tissue formation in regenerative medicine.

08.P33
The interplay between chondrocyte
redifferentiation pellet size and oxygen
concentration
B Kul, M Kabiri, P Levett, T Klein, R Crawford and M Doran
Stem Cell Therapies Laboratory, Tissue Repair and Regeneration
Program, Institute of Health & Biomedical Innovation,
Queensland University of Technology, Australia

Autologous chondrocyte implantation and similar cartilage repair stra-
tegies require ex vivo expansion of the donor chondrocytes in order to
generate sufficient cell numbers. Monolayer expansion of chondrocytes
is known to result in dedifferentiation. Formation of a cell aggregate is
commonly used to restore chondrogenic phenotype following mono-
layer expansion. Traditional pellets contain approximately
200 000 cells and have diameters of 1–2 mm. Such length scales result
in the formation of diffusion gradients causing in a heterogeneous
microenvironment within the pellet. We hypothesized that a reduction
in pellet dimensions would minimize diffusion artifacts and result in
more homogeneous tissue formation. Our studies indicate that rediffer-
entiating chondrocytes in micropellets of 166 cells rather than in
macropellets of 200 000 cells does indeed result in more homogeneous
and richer matrix formation. Further, we show that these enhanced out-
comes are dependent on the provision of a hypoxic atmosphere. In sub-
sequent studies, we have demonstrated that these potent micropellets
can be assembled into macrotissues. The ability to generate larger
homogeneous tissues frommicropelletsmaymake this a useful platform
for cartilage defect repair, either through the assembly of macrotissues
in vitro or the in situ assembly of a repair tissue within cartilage defects.

08.P34
High-hydrostatic pressurization decellularized
bovine articular cartilage scaffolds for cartilage
tissue engineering
TS Ting, HY Hashimoto, KA Kishida, UT Ushida and FK Furukawa
University of Tokyo, Japan; Tokyo Medical and Dental University,
Japan

Tissue engineering is emerging as a promising method to treat cartilage
diseases. Decellularized articular cartilage is an ideal scaffold for carti-
lage tissue engineering as it is biomimetic in both the biochemical com-
position and morphology. In our study, bovine articular cartilage was
decellularized using a high-hydrostatic pressurization (HHP) method
for use as a scaffold for cartilage tissue engineering. Under HHP, the
cells in the cartilage are disrupted and these cellular components are
removed with a simple PBS wash for one or 2 weeks. This method is
ideal as it uses no detergents, so cytotoxicity effects are negligible. The
resulting scaffolds were critical-point dried and treated with EOG gas
prior to reseeding with dedifferentiated articular bovine chondrocytes.
Histological and DNA analysis of HHP-treated cartilage confirmed the
absence of visible cells and genomic DNA from the matrices after
2 weeks of washing, with a 93% removal after 1 week. Cells were suc-
cessfully reseeded into the decellularized scaffolds. These results indi-
cate that HHP-decelluarized scaffolds could be a useful model for the
treatment of osteochondral defects through cartilage tissue engineer-
ing.

08.P35
Stem cell-based cartilage repair in isolated
articular cartilage lesions and arthritic conditions
AI Akgun, UMC Unlu, EOA Erdal and OT Ogut
Istanbul University Cerrahpasa Medical Faculty Dep. of
Orthopedics and Traumatology, Istanbul, Turkey; Karadeniz
Technical University Dep. of Medical Microbiology, Turkey

Mesenchymal stem cells (MSCs), nonhematopoietic progenitor cells
found in various adult tissues, are characterized by their ease of isola-
tion and rapid growth in vitro while maintaining their differentiation
potential, allowing culture expansion to obtain large quantities for ther-
apeutic use. These properties make MSCs an ideal cell type as building
blocks for tissue engineering efforts to regenerate tissues and repair
damaged structures encountered in isolated cartilage lesions and
arthritic conditions. Promising results have been introduced in animal
experiments about treatment of cartilage defects with autologous MSC
implantation (AMSCI) but there are only a few case reports in humans.
The purpose of this study was evaluating the effect of AMSCI on carti-
lage healing, in patients with isolated cartilage lesion or degenerative
joint disease as a cell based treatment. MSCs impregnated collagen
scaffolds were implanted into the defects in 12 patients with isolated
cartilage lesion in knee or ankle. MSCs prepared as an injectable solu-
tion were injected into the joint in 12 patients with arthritic condition
in knee or ankle. Functional and radiographic evaluation revealed
moderate and good results at short to midterm follow up. The study
revealed that autologous MSC is a promising method for stem cell-
based cartilage repair.

08.P36
Elastomeric PLCL/chitosan scaffold for cartilage
repair with mesenchymal stem cells under
dynamic compression
ZT Zhang, YZ Yang and HJ Hui
Department of Orthopaedic Surgery, Yong Loo Lin School of
Medicine, National University of Singapore, Singapore

Articular cartilage is a connective tissue which has limited self-repairing
capacity. Cell-based cartilage repair, e.g. autologous mesenchymal stem
cell (MSC) via scaffolds implantation has been developed for decades.
However, the neocartilage could not perfectly replace the original
articular cartilage for it indicates fibrocartilaginous tissue and unsatis-
factory mechanical properties. Thus, an ideal scaffold for cartilage tis-
sue engineering should exhibit appropriate mechanical responses as
native cartilage does. This study focuses on an implantable porous scaf-
fold, Poly (L-lactide-co-�-caprolactone) (PLCL) for its characteristics of
elasticity and biodegradation. Our previous results have shown that
chitosan modified PLCL scaffolds promote biodegradation and indicate
a strong ability of absorbency. Due to better MSC proliferation, extra-
cellular matrix (ECM) deposition and mechanical strength of PLCL/
chitosan constructs, we continue to use these scaffolds in a dynamic
compressive cultural condition. In this study, we optimized the com-
pressive parameters, i.e. 0.5 Hz, 5%strain, 2 h per day, and created a
MSC-inducing PLCL/chitosan construct with better cell morphology
and differentiation, ECM deposition and mechanical properties in vitro,
which could highly meet the standard of native cartilage characteris-
tics. Further studies will include mechanism analysis on cell adhesion
and migration by examining cytoskeleton distribution, and intracellular
signaling cascades.
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09.01
Nerve guides using a three-dimensionally
structured chitosan core with an electrospun
poly-caprolactone shell for peripheral nerve
reconstruction
B Glasmacher, S Wienecke, T Chakradeo, S Duda
and K Haastert-Talini
Institute for Multiphase Processes, Leibniz University Hannover,
Germany; Institute of Neuroanatomy, Hannover Medical School,
Germany; Center for Systems Neuroscience (ZSN) Hannover,
Germany

Clinical standard for treatment of large scale peripheral nerve defects is
nerve autotransplantation. But availability of autologous nerves is lim-
ited, needs further surgical interventions and functional recovery is
often limited. Here we present the development of a nerve construct
consisting of an inner chitosan core having axially oriented, continuous
pores made using directional solidification, with an outer shell of elec-
trospun poly(caprolactone) (PCL) fibres. The nerve guide construct
had a diameter of 1.3 mm. The chitosan core had a diameter of
0.7 mm with a pore size of 40 lm. Thickness of the electrospun wall
was 0.3 mm with a fibre diameter of 3–4 lm. Pore size of the chitosan
core, as well as wall thickness and fibre diameter of the electrospun
shell, can be tailored as required by changing the process parameters.
Adult female Wistar rats (n = 8) underwent unilateral 10 mm gap sci-
atic nerve reconstruction by either autotransplantation, transplantation
of the compound construct or of the chitosan core alone in the epineur-
ial sheath. Over 12 weeks motor nerve conduction velocity was
recorded biweekly in anaesthetized animals using subcutaneously
inserted needle-electrodes. Weekly, footprint analysis (Static Siatic
Index, SSI) and evaluation of sensory recovery (pinch test) was per-
formed. Direct nerve electrophysiology and lower limb muscle weight
analysis will be followed by nerve morphometry to comprehensively
analyse the quantity and quality of axonal regeneration.

09.02
End-to-side neurorrhaphy using an electrospun
PCL/collagen nerve conduit for complex
peripheral motor nerve regeneration
B-K Lee, YM Ju, J Jackson, SJ Lee, A Atala and J Yoo
Wake Forest Institute for Regenerative Medicine, USA

In cases of complex neuromuscular defects, finding the proximal stump
of a transected nerve in order to restore innervations to damaged mus-
cle is often impossible. In this study we investigated whether a neigh-
boring uninjured nerve and a biomaterial-based nerve conduit could
reinnervate the denervated muscle while still preserving the donor
muscle function. Tubular nerve conduits were fabricated by electrospin-
ning a polymer blend consisting of poly(�-caprolactone) (PCL) and type
I collagen. Using a rat model of common peroneal injury, the proximal
end of the nerve conduit was connected to the side of the adjacent
uninjured tibial branch (TB) of the sciatic nerve after partial axotomy,
and the distal end of the conduit was connected to the distal stump of
the common peroneal nerve (CPN). The axonal continuity recovered
through the nerve conduit at 8 weeks after surgery. Recovery of dener-
vated muscle function was achieved, and simultaneously, the donor
muscle, which was innervated by the axotomized TB also recovered at
20 weeks after surgery. Therefore, this end-to-side neurorrhaphy (ETS)

technique using the electrospun PCL/collagen conduit appears to be
clinically feasible and would be a useful alternative in instances where
autologous nerve grafts or an adequate proximal nerve stump is
unavailable.

09.03
Rescue of injured lumbar motorneurons after
ventral root avulsion by grafted neuroectodermal
stem cells
G Pajenda, K Pajer, G Márton, H Redl and A Nógrádi
Ludwig Boltzmann Institute for Experimental and Clincal
Traumatology, Austria

Plexus injuries are based on avulsion of one or more ventral roots from
the spinal cord. Such lesions lead to death of the majority of affected
motoneurons. In this study we investigated whether immortalized clo-
nal neuroectodermal stem cells applied to the injured cord in various
ways posses effective neuroprotective effect on motoneurons destined
to die.
Methods: The lumbar 4 ventral root of Sprague-Dawley rats was
avulsed and reimplanted ventrolaterally into the injured cord. NE stem
cells were injected immediately following avulsion into the L4 segment,
into the reimplanted ventral root or were placed in fibrin clot around
the reimplanted root. Three months after the primary surgery the L4
motoneuron pool was retrogradely labelled with Fast blue and the
numbers of reinnervating motoneurons were determined.
Results: Animals that received intraspinal stem cell grafts or Riluzole
treatment, had approx. 70% of their L4 motoneurons regenerated into
the vacated endoneural sheaths of the reimplanted root. Intraradicular
neural stem cell grafting (transplantation into the reimplanted root)
resulted in moderate morphological and functional reinnervation,
while both negative controls and animals with perineural stem cell
treatment showed poor motor recovery.
Conclusion: Significant numbers of motoneurons can be rescued both
by Riluzole treatment and stem cell grafting. Intraradicular stem cell
transplantation appears to be a promising procedure to rescue dam-
aged motoneurons.

09.04
Transitioning to a non-human primate nerve
defect model for peripheral nerve repair
KG Marra, YC Lin, J Bliley, D Minteer, MMMcLaughlin
and SJ Oh
University of Pittsburgh, USA

Peripheral nerve injuries can occur due to trauma (including battlefield
injuries, violence and vehicular accidents), as well as tumor removal or
disease states. While there are several hollow tube nerve guides on the
market, none are cleared for nerve gaps >3 cm in humans. The use of
an autograft is currently the gold standard, but there are several disad-
vantages with the use of an autograft, including potential lack of suffi-
cient tissue and mismatch of cable diameter leading to underwhelming
functional recovery. We have developed a biodegradable conduit con-
taining neurotrophic factors to enhance repair. The neurotrophic fac-
tors are encapsulated within double-walled polymeric microspheres
and embedded within the walls of the nerve guide. After demonstrat-
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ing success in a critical-sized rat sciatic nerve defect model, our next
step is to examine the nerve guide in a non-human primate model.
After identifying the appropriate gap size of 5 cm in the median nerve,
extensive animal training begins. Functionality assessment also
includes electrophysiology measurements, including somatosensory
evoked potentials and nerve conduction velocity. Histological analysis
is conducted to determine the degree of axonal regeneration. In sum-
mary, we are currently examining the novel nerve guides in a non-
human primate median nerve defect model, and we will present our
initial results and describe the numerous requirements necessary to
establish such a model.

09.05
Immune response to the acellular nerve
xenograft laden with allogeneic adipose derived
stem cells in rhesus monkey
QT Zhu, XJ Huang, L Jiang, CB Zheng, ZW Zhu, QS Lu, YF Xu, LQ
Gu and XL Liu
Department of Microsurgery and Orthopaedic Trauma, the First
Affiliated Hospital of Sun Yat-sen University, China

Introduction: Tissue-engineered nerves constructed with acellular
nerve xenograft and autologous adipose-derived stem cells (ADSCs)
have showed promising outcomes in rats. The aim of this study was to
test the hypothesis that acellular nerve xenograft laden with allogeneic
ADSCs would not elicit rejection response in rhesus monkeys.
Materials and methods: Ten adult rhesus monkeys were divided into
Group A and Group B. A 25 mm-length radial nerve defect was created
and repaired with acellular porcine nerve laden with allogeneic ADSCs
(Group A), or acellular porcine nerve(Group B). The count of lympho-
cytes and T cells, percentage of CD4+ and CD8+ T cells, and the ratio
of CD4+/CD8+ in peripheral blood was measured preoperatively and
on the postoperation day (POD) 14, 60 and 90. The grafts were har-
vested 5 months after surgery and underwent histological examina-
tion.
Results: Lymphocyte analysis pre- and post-operation showed no statis-
tical differences except the percentage of CD4+ T cells on POD-14 in
Group A was lowered. No necrosis or fibrosis was found in the grafts
5 months after surgery, only scattered CD68+ and CD163+ cells were
revealed. The positive rate of CD68 and CD163 stain were comparable
in both groups.
Conclusion: Transplantation of acellular nerve xenograft elicits neither
systemic nor local immune rejection response in rhesus monkeys.
Implantation of allogeneic ADSCs might result in transient depression
of CD4 Tcells proliferation early after surgery.

09.06
Outcomes with the use of human acellular nerve
graft for repair of digital nerve defects: a
prospective, multicenter, controlled clinical trial
B He, QT Zhu, YM Chai, XH Ding, JY Tang, LQ Gu, JP Xiang,
YX Yang, JK Zhu and XL Liu
The First Affiliated Hospital of Sun Yat-sen University, China;
Shanghai JiaoTong University Affiliated Sixth People’s Hospital;
Chinese People’s Liberation Army No. 401 Hospital; Xiangya
Hospital; Central South University; Guangzhou Zhongda Medical
Equipment Company Limited, China

Peripheral nerve defects usually require nerve graft implantation. We
developed a human acellular nerve graft (hANG) as an alternative to
autogenous nerve and herein we report its safety and efficacy. This trial
was designed as a non-inferiority study. There were 72 patients that
received digital nerve repair with hANG and 81 that received conven-

tional direct suture repair of the nerve defect under conditions of no
tension. The efficacy of the treatment was evaluated by static 2-point
discrimination (s2PD) and Semmes-Weinstein (SW) monofilaments
testing. Safety was evaluated by local wound response and laboratory
testing. Results showed that hANG group’s efficacy, and the non-inferi-
ority hypothesis was proven. The excellent and good rate of s2PD in
the test group was 65.28% and 95% CI was 51.98–78.93%. During fol-
low-up, the vital signs in all patients who were followed-up were stable
with II/A healing for contaminated wounds and I/A healing for clean
wounds. All results of blood tests were within the normal range. No
serious adverse event or product-related event was reported. The
results of this study indicate that hANG is clinically safe and effective.
It was capable of returning adequate sensation in nerve defects ranging
from 1 to 5 cm.

09.P01
Investigating maleic anhydride and acrylic acid
plasma polymers as coatings for peripheral nerve
guide conduits
JHA Bell and JW Haycock
Sheffield University, UK

Nerve guide conduits for peripheral nerve repair are used clinically and
whilst most degrade at an appropriate rate, the maximum distance for
re-innervation is limited to approximately 20 mm. Coating existing
FDA approved materials may be a way of increasing nerve regeneration
across conduits. The aim of the present work used plasma polymerisa-
tion of acrylic acid and maleic anhydride to investigate if these surface
coatings improved neural attachment, growth and differentiation.
Plasma polymerisation was carried out and X-ray photoelectron spec-
troscopy (XPS), contact angle and time of flight secondary mass spec-
troscopy (ToF-SIMS) used to confirm the functional group presence.
NG108-15 neuronal cells were cultured on surfaces for 4 days, fixed
and stained with b-tubulin III / DAPI. Epifluorescence microscopy iden-
tified total cell number, percentage of neurons with neurites, number
of neurites per neuron and length of longest neurite. XPS and ToF-
SIMS demonstrated that the desired chemical functionalities had been
deposited. Contact angle measurements were 58̊ for acrylic acid and
46̊ for maleic anhydride. Maleic anhydride surfaces stimulated the lon-
gest neurite lengths compared to all other surfaces, including laminin.
Viability was highest on maleic anhydride and laminin surfaces. Maleic
anhydride surfaces stimulate neurite formation and could be promising
as coatings for nerve guide conduits, especially as the coating tech-
nique can be applied to any material.

09.P02
Amine functionalised nanodiamond for neuronal
cell culture
AP Hopper and F Claeyssens
Department of Materials Science & Engineering, The Kroto
Research Institute, North Campus, University of Sheffield, UK

The unique combination of properties that diamond possesses such as
its biocompatibility, high strength and tuneable electrical characteristics
make it an emerging biomaterial in clinical applications such as retinal
prostheses and biosensors. The ability to functionalise diamond further
allows its properties to be tuned to enhance cellular adhesion, prolifer-
ation or differentiation. In this study we report the manufacture of a
specialised surface based on nanodiamond particles for the culture of
neuronal cells which improves cellular dendricity. Currently poly-L-
lysine is used as a substrate coating to support neuronal cell culture.
However its apparent cytotoxicity and animal-derived origin pose prob-
lems for in vivo use in applications such as nerve guidance conduits
(NGCs). To achieve a nanodiamond-based neuronal substrate surface,
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hydrogenated nanodiamond was photochemically functionalised with
trifluoroacetic acid protected 10-amino-dec-1-ene (TFAAD). Upon de-
protection, amine-coated particles were produced which electrostati-
cally adhered to plasma-polymerised acrylic acid coated glass, forming
a coherent surface layer. Over a period of 7 days in vitro culture,
NG108-15 cells cultured upon this surface exhibited significantly
longer dendrites compared to glass and proliferated at a faster rate
than upon poly-L-lysine surfaces. Primary cells (dorsal root ganglia and
Schwann cells) were also successfully cultured illustrating the coating’s
versatility.

09.P03
Enhanced guided axonal growth through fibrin
microchannels
TJ Morton, Y Berkovitch, S Mosia, R Hopf, A Gugerell, D Seliktar,
H Redl and R Schmidhammer
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology / AUVA Research Center and Austrian Cluster for
Tissue Regeneration, Austria; Technion-Israel Institute of
Technology, Israel; Baxter Innovations GmbH, Biosurgery, Austria

The ability of bioscaffolds to improve the process of neuronal regenera-
tion of peripheral nerves was evaluated using microchannels in trans-
parent fibrin that direct the regenerating axonal growth to penetrate
through the nerve guide conduit and bridges over the nerve injury site.
Fibrinogen (100 mg/ml) and thrombin (4 I.E./ml) were injected into
1.5 mm inner diameter silicone tubes and polymerized inside the tubes
at 37 �C. Polymerized material was taken out from the tubes, and 20
microchannels were photoablated into the bioscaffold using a focal
laser microdissector (P.A.L.M.). After the ablation fibrin constructs were
washed carefully and returned into silicone tubes and covered with
PBS containing 1.500 U/ml aprotinin until implantation. All was pre-
pared under sterile conditions. Female Sprague-Dawley rats were oper-
ated under anesthesia. The sciatic nerve was exposed and sharply
transected (8 mm gap), two nerve stumps were pulled into the silicone
tube and tightly sutured to the bioscaffold material. After 6 and
12 weeks of healing samples were explanted and prepared for H&E
and staining for S100, NF and CAB. Immunohistological evaluation
showed nearly a 70% regeneration of the sciatic nerve after 12 weeks
compared to the healthy site and the controls using an empty silicone
tube. First results suggest an improvement of axonal growth regenera-
tion through guided fibrin microchannels. The project was supported
by the EU FP7-NMP-2007 Angioscaff’ project.

09.P04
Nerve guides – the role of topography on
monocyte differentiation
LR Pires, MJ Oliveira, V Guarino, MA Barbosa, L Ambrosio
and AP Pêgo
INEB – Instituto de Engenharia Biomédica, Portugal

Introduction: Nerve regeneration can be impaired by an uncontrolled
inflammatory reaction. The key role of macrophages in the inflamma-
tory response led us to study their cellular behavior when differentiated
on distinct topographical cues.
Methods: Poly(trimethylene carbonate-co-e-caprolactone) (P(TMC-
CL)) (11 mol% of TMC, Mn = 8.2E4, Mw/Mn = 1.6) solutions of
10% and 6% (w/v) in dichloromethane were used to prepare electro-
spun fibers and solvent-cast films, respectively. Human monocytes were
isolated from Buffy coats and seeded (1E5 cells/cm2), 24 h after, on
P(TMC-CL) substrates sterilized by gamma irradiation (25 kGy), or on
glass coverslips. Cells were cultured in supplemented RPMI (10% FBS)
during 9 days. Cell morphology (F-actin and a-tubulin) was evaluated

by confocal microscopy. Total protein was quantified from cell lysates.
Secreted IL6 and IL10 were quantified by ELISA.
Results: P(TMC-CL) substrates favored monocyte adhesion, as sug-
gested by the high protein content of cell lysates. Macrophages cul-
tured on P(TMC-CL) fibers (1.1 ± 0.1 lm) developed an elongated
morphology, parallel to fiber orientation, and accompanied by lamelli-
podia-like structures at the cell edge. On solvent-cast films cells are
rounded, with actin-enriched podosomes-like structures at cell periph-
ery. On fibers, macrophages release less IL6 suggesting that such sub-
strates can minimize the pro-inflammatory response, creating a
regenerative niche at the lesion site. Authors thank FEDER, COMPETE
and FCT

09.P05
Multi-walled carbon nanotubes-coated
phosphate glass fibers enhance the regeneration
of peripheral nerve following injury; in vitro and
in vivo studies
JK Hyun, MS Kim, JW Kim, HW Kim and JC Knowles
Dankook Univ, South Korea; Univ Coll London, UK

Peripheral nerve injury is frequently seen in the clinical setting; how-
ever current medical and surgical managements are not sufficient to
regenerate completely in the most cases. We developed aligned phos-
phate glass microfibers (PGf) which could provide a direction for the
regenerating axons and enhance early functional improvements in pre-
vious studies. Carbon nanotubes (CNT) are known to promote neurite
outgrowth of neuronal cells. In this study, we aimed to get any syner-
gistic effects on the regeneration of injured peripheral nerves by apply-
ing the combination of PGf and multi-walled CNT. For in vitro study,
dorsal root ganglion (DRG) cells from young adult rats were placed on
multi-walled CNTcoated PGf. For in vivo study, three-dimensional scaf-
fold of CNT-coated PG fibers (CNT-PGf) was developed and inserted
into completely transected sciatic nerve of rats, and PGf scaffold with-
out CNT and collagen scaffold were also made for controls. We found
that the maximal length of neurite outgrowth of DRG cells, which were
cultured on CNT-PGf, were significantly higher than controls. In CNT-
PGf scaffold implanted rats, the number of axons crossing transection
site and distal stump of injured sciatic nerve and the cross-sectional
area of plantar muscles were increased and the sensory and motor
functions were recovered more than controls at 4 weeks post-implanta-
tion. As conclusion, multi-walled CNT and PGf have the synergistic
effect on the regeneration of injured peripheral nerve.

09.P06
A biosynthetic hydrogel matrix used for neuronal
guidance in peripheral nerve repair
Y Berkovitch and D Seliktar
Technion – Israel Institute of Technology, Israel

To overcome a limited regenerative capacity of peripheral nerve inju-
ries, engineering strategies have aimed to produce nerve guidance con-
duits (NGCs) that can promote nerve regeneration. In this research we
explored the use of semi-synthetic hydrogels as NGCs that provide pre-
cisely controlled environmental stimuli to activate neuronal and glial
cell repair. The nerve conduit was comprised of proteins, including
fibrinogen, gelatin, or albumin, which were conjugated to a synthetic
polymer, PEG. By changing the relative amounts of protein and PEG,
we achieved the desired protein composition, mechanical properties,
degradation rate, and structural features of the NGC matrix. We dem-
onstrated the capability of the PEG-Fib, PEG-Gel, and PEG-Alb hydro-
gels to support neurite and Schwann cell invasion from encapsulated
DRGs using an in vitro assay. Altering the matrix properties resulted in
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different invasion kinetics of the DRG cells into the various hydrogel
compositions. Accelerated directional outgrowth of neuritis was further
attained by creating laser-ablated microchannels in these hydrogels.
Finally, the PEG-Fib hydrogels were used to accelerate in vivo nerve
regeneration in an 8-mm rat sciatic nerve resection model. We con-
clude that the structural versatility and bioactivity of this semi-synthetic
NGC material is important in providing the means to control and
enhance natural repair processes of injured peripheral nerves.

09.P07
In vivo evaluation of axonal regeneration using
fibrin-agarose artificial nerve conduits
V Carriel, J Garrido, I Garzón, P Hernández-Cortés,
FJ Torres-Barroso, A Campos, M Alaminos
Department of Histology, University of Granada, Spain; Div.
Traumatology, Univ. Hospital San Cecilio, Spain

Introduction: In this work, we evaluated the nerve regeneration and re-
myelination capability of a fibrin-agarose collagen conduit (FAC).
Materials and methods: Ten millimetre of the sciatic nerve were excised
in a group of Wistar rats. Then, we surgically implanted the FAC
between both nerve stumps and the animals were followed for
12 weeks. Then, tissues were extracted for histological analysis using
the MCOLL histochemical method and S-100 and GAP-43 immunohis-
tochemistry.
Results: Our results revealed that FAC promotes peripheral nerve
regeneration with the formation of a thick regeneration cone accompa-
nied by remyelination of the axonal sprouting, surrounded by collagen
fibers forming fascicles. The regeneration cone and the axonal sprout-
ing were positive for S-100 and GAP-43, thus confirming the involve-
ment of the Schwann cells and axonal regeneration in the process of
nerve regeneration.
Conclusion: Our results demonstrate that the FAC model promotes
peripheral nerve regeneration and remyelination induced by the Schw-
ann cells. In addition, fibrin-agarose hydrogels have promising results
during this process, although further analyses are in need to identify
the clinical usefulness of this model.
Acknowledgements: Supported by grant IPT-2011-0742-900000 from
the Spanish Ministry of Science and Innovation.

09.P08
Bacterial nanocellulose scaffolds; a novel three-
dimensional in vitro model for neuronal cell
culture
S Johannesson, M Innala, V Kuzmenko, I Riebe, E Hanse
and P Gatenholm
CHALMERS University of Technology, Sweden; Gothenburg
University, Sweden

Neurodegenerative diseases, including Alzheimer’s disease and Parkin-
son’s disease, are characterized by loss of synapses and neurons. To be
able to achieve a deeper understanding of the mechanisms behind neu-
rodegenerative diseases, advanced and reliable in vitromodels, prefera-
ble based on human cells, are needed. This project focuses on the
development of an in vitro artificial 3D neuronal network model based
on neuronal cells seeded on nano-cellulose scaffold. The viability and
maturity of the neuronal cells grown on the scaffolds have been evalu-
ated using electron microscopy, immunohistochemical- and electro-
physiological methods. We have investigated the possibility to use
bacterial nanocellulose (BNC) as an extracellular matrix mimic for neu-
ral cell culture. To further enhance cell attachment on the BNC we used
different chemical surface modifications (THMAP and CDAP-treat-
ment) and protein coatings such as Collagen type 1. The human neuro-
blastoma cell line SH-SY5Y, was used as a neuronal cell model due to

its ability to be differentiated into mature neurons. With electron
microscopy the cells were visualized on the material, showing that the
cells were well integrated with the BNC and showed good proliferation
and viability. Whole cell patch clamp recordings showed that it is possi-
ble to differentiate the SH-SY5Y cells to mature neuronal cells on the
BNC, as demonstrated with an ability of the cells to produce mature
action potentials.

09.P09
Functionalised degrable photocurable polymers
for peripheral nerve repair
C Pateman, RA Plenderleith, S Rimmer, F Claeyssens
and JW Haycock
Sheffield University, UK

Current Nerve Guidance Conduits (NGCs) have limited regenerative
capacity, mainly due to the absence of physical guidance cues and
poor support for nerve cell growth. The aim of this work is to
develop NGCs with improved bulk materials, physical design and sur-
face chemistry. Here the use of biodegradable, peptide functionalised,
photocurable pre-polymers for 3D structuring via laser stereolithogra-
phy is reported.Caprolactone and trimethylene carbonate pre-poly-
mers were microwave synthesised, methacrylate functionalised and
characterised by THF-GPC, MALDI-TOF, MS and NMR. Pre-polymers
were UV cured into 2D sheets and 3D structures via stereolithogra-
phy. Surfaces where then modified by addition of RGD / IKVAV pep-
tides and characterised by XPS / SEM. Characterisation revealed an
accurate reliable production method. In vitro testing included cultur-
ing, cell viability testing and immuno-fluorescence labelling of neuro-
nal cells, rat-derived primary Schwann cells and dorsal root ganglia,
demonstrating cellular adhesion and neurite outgrowth on these
materials. Degradable, functionalised, photocurable pre-polymers for
3D structuring have considerable potential for the manufacture of a
new generation of NGCs, combining improved physical and biochem-
ical properties. This technique is highly adaptable and is not
restricted to NGCs - with potential for a range of applications where
accurately fabricated 3D scaffolds for medical device or tissue con-
struct formation is required.

09.P10
RGD functionalised highly branched poly(N-
isopropylacrylamide) (HB-p(NIPAM)) semi
interpenetrating polymer networks (semi-IPNs)
for peripheral nerve repair
RA Plenderleith, CJ Pateman, JW Haycock, FC Claeyssens
and S Rimmer
University of Sheffield, United Kingdom

This work introduces highly branched HB-p(NIPAM) materials as a
platform for adding peptide functionality to clinically approved poly-
mer systems. Peptide functionalised HB-p(NIPAM) was shown previ-
ously to have minimal cytotoxicity and will lift cells from tissue culture
plastic. Here we show how it can be used to modify synthetic hydrogel
systems, initially with RGD functionality, to be used for nerve repair.
HB-p(NIPAM) was synthesised and functionalised with RGD based
peptides. Microfabrication of the HB-p(NIPAM) in clinically approved
monomers using 470 nm laser and digital micromirror device (DMD)
to create structures of semi-IPN. 2D sheets and 3D channels were made
for in vitro testing with rat derived primary Schwann cells and dorsal
root ganglia.It was shown that even with rigorous extraction, most of
the HB-p(NIPAM) cannot be extracted from the semi-IPN. FTIR demon-
strated that the LCST behaviour characteristic of p(NIPAM) was main-
tained when entrapped within a semi-IPN. In 2D and 3D neuronal cell
culture it was shown that introduction of the RGD peptide functiona-

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

78 09. Peripheral Nerve Repair



lised HB-p(NIPAM) increased cell adhesion compared to the control
with no RGD peptide functionalised HB-p(NIPAM).RGD-HB-p(NIPAM)
can be used to increase biofunctionality in preformulated systems - in
the present work as improved materials for nerve guides. The
entrapped HB-p(NIPAM) cannot be fully extracted from the semi IPN
and maintains it’s LCST behaviour when entrapped.

09.P11
Naturally-derived hydrogels for growth factors
release in peripheral nerve tissue engineering
C Tonda-Turo, F Ruini, S Gnavi, L Di Blasio, L Primo, V Chiono,
I Perroteau and G Ciardelli
Department of Mechanical and Aerospace Engineering,
Politecnico di Torino, Italy; Department Of Human and Animal
Biology, University of Turin, Italy; Institute for Cancer Research
and Treatment, Italy

Introduction: Naturally-derived hydrogels are often used as localized
drug depots. In this work, biocompatible and biodegradable hydrogels
based on blends of natural polymers were developed for the loading
and the release of growth factors (GFs) to accelerate the nerve regener-
ation process. Vascular endothelial growth factor (VEGF) was loaded
into the hydrogels allowing the localized release of chemotactic cues.
Methods: Agar (A) and gelatin (GL) were dissolved in phosphate buf-
fered saline (PBS) obtaining a 2% wt./vol. solution (A/GL 20/80 wt./
wt.). Genipin (GP) was added as a crosslinker. Finally, VEGF was incor-
porated into the solution in mild conditions prior to gelification. Physi-
cochemical, rheological and biological properties of hydrogels were
evaluated. The VEGF release was quantified by Enzyme-linked Immu-
nosorbent Assay (ELISA) and its biological activity was examined by
Western Blot analysis.
Results: The developed hydrogels were found to promote glial-like cells
adhesion, proliferation and to allow their migration in the inner part of
the hydrogels. VEGF was successfully loaded into the hydrogels and
the release of bioactive VEGF was observed until 30 days.
Conclusions: The developed hydrogels allowed the release of bioactive
VEGF and can be easily inserted into a syringe and then injected into
nerve guides during in vivo implantation. Acknowledgements:

This work was supported by BICONERVE (Regional Project, Regione
Piemonte) and MOVAG (Compagnia SanPaolo).

09.P12
Bioengineered nerve conduits co-delivering
synergistic neurotrophic factors with controlled
release kinetics for axonal regeneration
S Catrina, B Gander and S Madduri
Institute of Pharmaceutical Sciences, ETH Zurich, 8093 Zurich,
Switzerland

Repair and regeneration of injured peripheral nerves remains critical
due to lack of appropriate delivery systems for controlled co-release of
multiple neurotrophic factors (NTFs). We have demonstrated the syn-
ergistic function of nerve growth factor (NGF) and glial cell-line
derived neurotrophic factor (GDNF) on axonal growth. To avoid
unwanted branching effect and exploit the synergistic function on axo-
nal elongation, NGF should be released at lower rate (<1 ng) and
amount than GDNF (>1 ng). We have developed eight different nerve
conduits (NC) loaded with both NGF and GDNF by gel spinning of col-
lagen (Col) or silk fibroin (SF) individually or layer-by-layer (Hybrid
NC) or using blends (blended NC). All NC types showed sustained
release of bioactive NTFs over 28 days. SF NC exhibited significantly
slower release than Col NC, although release kinetics for GDNF and
NGF appeared similar. Interestingly, all hybrid and blended NC showed

significantly different kinetics, and NGF was released at lower rates
than GDNF, as was desired. In case of blended NC, GDNF showed a
trend towards decreased release with increase in SF content. These
results were further supported by porosity and swelling and thermal
behaviour of NC scaffolds. SF/Col-based bioengineered NC scaffoldings
provides an adaptable delivery system for co-delivery of several growth
factors with predefined release kinetics and holds potential for nerve
regeneration and possibly for other tissue engineering applications.

09.P13
Adipose-derived stem cells in rodents enhance
early peripheral nerve regeneration
M Tremp, M Meyer zu Schwabedissen, A Fischmann, DJ Schaefer
and DF Kalbermatten
Department of Plastic, Reconstructive and Aesthetic Surgery,
Handsurgery, University Hospital Basel, Switzerland

Introduction: The aim of this study was to investigate if human or
rodent adipose-derived stem cells (ADSCs) injected into a fibrin con-
duit enhance early peripheral nerve regeneration in an immunocompe-
tent rat model.
Methods: ADSCs from the neck and perineural region of adult female
Sprague Dawley rats and human ADSCs from deep and superficial lay-
ers of abdominal fat were isolated. In 28 female Sprague Dawley rats
(four groups of seven animals, 8 weeks old) the left sciatic nerve was
transected and the fibrin conduit with either culture medium alone, rat
ADSCs or human ADSCs (1 · 106 cells) was connected to the nerve
stumps. After 2 weeks, the nerves were harvested and morphological
(immunohistochemistry) and imaging analysis (MRI) were performed.
Results: The isolated ADSCs were positively characterised by immuno-
cytochemistry. Immunohistochemical analysis (S100, PGP 9.5) showed
a significant longer growth cone in rat ADSCs compared to culture
medium alone and human ADSCs from the superficial layer. Using a
clinical 3T MRI scanner with human wrist coils we were able to visual-
ize the graft as a small black outline and a small hyperintensity indicat-
ing the growth cone.
Conclusions: Rat ADSCs had a significant better regenerative capacity
than culture medium alone or human ADSCs from the superficial layer.
Also, MRI with human approved equipment was able to visualize the
fibrin conduit and growth cone which can be a valuable clinical tool to
measure nerve regrowth.

09.P14
Experimental use of hyaluronic acid tubes filled
with ‘adipose-derived adult stem cells-ADAS’ to
enhance peripheral nerve regeneration in lesions
up to 2 cm: a preliminary report
L Annacontini, D Parisi, F Lembo, A Maiorella, A Campanale,
L Cagiano, A Iannelli, M Rucci and A Portincasa
Plastic and Reconstructive Surgery Department, University of
Foggia, Italy

Introduction: Recent studies identified stem adipose-derived adult
stem cells (ADAS) characterized as multipotent adult stem cells. New
tubular conduits (hyaluronic acid) used after a lesion as peripheral
nerve regeneration guide were filled with ADAS trying to enhance this
process.
Methods: November 2009–January 2011: 30 Wistar, mean weight
180 g, divided in two Groups (control and study). Group 1: 15 rats
(control) with an inverted autologous sciatic nerve graft at the left leg
and hyaluronic acid tubular conduit at the right leg (study). Group 2:
15 rats (control) with an inverted autologous sciatic nerve graft at the
left leg and hyaluronic acid tubular conduit addicted with autologous
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fat taken from the groin region at the right leg (study). At 7, 30,
60 days motor function was evaluated (walking test and sciatic func-
tional index) and objectified throught a grading in four levels (poor-
moderate-good-complete). At 60 days morphohistological (E/E) and
immunohistochemical (s-100) studies were carried out on central and
lateral sciatic nerve sections.
Results: Hyaluronic acid nerve guide allows an appreciable nerve
regeneration. Our data show that further investigations are still neces-
sary to evaluate the role of ADAS in enhancing nerve regeneration
inside hyaluronic acid grow chamber.
Conclusions: Hyaluronic acid tubes are a valid option for nerve lesions
up to 2 cm in length. The enrichment with ADAS, thus the wellknown
regenerative properties, is nevertheless not justified.

09.P15
Human dental pulp stem cells have a positive
influence on neural regeneration
MWMartens, BA Bronckaers, HP Hilkens, GP Gervois, PC Politis
and LI Lambrichts
Laboratory of functional morphology, Biomedical Research
Institute Hasselt University, Belgium

Stem cell-based therapies can be a future novel strategy to repair
peripheral nerve injury, based on their multilineage differentiation
potential and ability to produce and secrete (neuro)trophic factors.
Recently, a possible transdifferentiation of MSC into SC have been dem-
onstrated which had a positive effect on neuronal survival and neurite
outgrowth. In this study, dental pulp stem cells (DPSC) are differenti-
ated toward SC via a mix of growth factors. In addition the influence of
secreted neurotrophic factors by DPSC and SC-DPSC on neuronal out-
growth and survival is investigated. After 21 days of differentiation,
the expression of SC-markers GFAP, p75 and S100 was observed
together with a decreased expression of nestin and Stro-1. Ultrastruc-
turally, SC-DPSC displayed a spindle-shaped bipolar morphology with
numerous organelles spread throughout the cell cytoplasm. Further-
more, collagen fibers were observed in the extracellular matrix. DPSC
and SC-DPSC produced and secreted several neurotrophic factors
which promoted the survival and neurite outgrowth in DRG cultures,
with SC-DPSC yielding a significantly better effect than control DPSC.
The results of this study indicate that DPSC are capable of differentiat-
ing towards SC. Moreover, differentiated DPSC had a better neuropro-
tective and neurotrophic effect than naı̈ve stem cells suggesting that
DPSC can be good candidates for cell-based therapies as treatment for
peripheral nerve injuries.

09.P16
Effect of neurotrophic factors on Schwann cell
differentiation prior to transplantation
N Jesuraj and S Sakiyama-Elbert
Washington University, USA

Schwann cells (SCs) secrete neurotrophic factors (NTs) that promote
neuronal survival and guide axons during regeneration. The addition
of SCs to nerve grafts is a promising strategy for enhancing peripheral
nerve regeneration. To obtain a sufficient number of cells for trans-
plant, SCs must be expanded in vitro. However, in our lab, we have
shown that after long-term in vitro expansion SCs de-differentiate into
an immature state. In vivo as axons grow, cues from the environment
guide SC differentiation into mature myelinating SCs to support func-
tional recovery. The goal of this study was to determine the effect of
NTs on SC differentiation. SCs were harvested from motor and sensory
branches of rat femoral nerves and expanded in culture until the cells
were confluent (~30 days). Cells were then seeded in media with 0,
50, or 100 ng/ml of nerve growth factor (NGF) or glial-derived neuro-

trophic factor (GDNF). SC differentiation was evaluated by qRT-PCR to
determine the levels of S100 (mature SC) and nestin (dedifferentiated
SC) compared to fresh nerve and SCs that were freshly passaged (Day
0). The addition of NGF or GDNF increased S100 and decreased nestin
expression in motor and sensory-derived SCs at 3 and 7 days. This
change in gene expression suggests that NTs may provide cues to guide
SC differentiation. Culturing SCs with NTs prior to transplantation may
promote differentiation into mature SCs, which may increase myelina-
tion of nerves to restore function more quickly.

09.P17
Antioxidant and neuroregenerative properties of
chondrotin sulfate-coated scaffolds in an in vitro
oligodendroglial cell model
J Diez-Garcia, I Gartzia, M Granado, A Alonso-Varona, F Tazon,
T Palomares and B Castro
Histocell, S.L., Spain; University of the Basque Country, Spain

Radical oxygen species are metabolism waste products that in excess
lead to oxidative stress involved in several neurodegenerative diseases.
In the CNS, oligodendrocytes are especially vulnerable to ROS. Here
we studied the potential of chondroitin sulfate as antioxidant and neu-
roregenerative biomaterial for nerve tissue regeneration. HOG cells
reach mature phenotype by replacing growth media with differentia-
tion media. Cells are cultured and differentiated on CS- coated scaf-
folds or other ECM components. Oxidative stress is H2O2. Cell
proliferation was analysed by spectrophotometry, viability and apopto-
sis by annexin staining and flow cytometry. ORAC method reported
antioxidant capacity. HOG cells maintain their proliferative capacity up
to moderate levels of oxidative stress but once differentiated moderate
concentrations of H2O2 affect viability. Oligodendroglial cells cultured
on ECM components-coated surfaces have differential cell proliferation
profile which shows that GAGs facilitate cell proliferation over ECM
proteins. ORAC test reports that CS has antioxidant properties lasting
longer than ascorbic acid. Finally, CS exerts immediate mild neuropro-
tective effect on HOG cells and also promotes proliferation up to 48 h.
CS presents relevant properties for oligodendrocyte protection and
regeneration. This GAG acts as antioxidant and enhances HOG cell pro-
liferation. Therefore, CS has potential value as a component of a bio-
material designed to promote remyelination.

09.P18
Extracellular-matrix mimetic peptide nanofibers
for neural regenerative medicine
AB Tekinay and B Mammadov
Bilkent University, UNAM, Turkey

Regenerative medicine studies rely on mimicking the natural extracel-
lular matrix for promoting new tissue formation by host cells. Extracel-
lular matrix contains an abundant variety of signals that are received
by cell surface receptors contributing to cell fate, via regulation of cellu-
lar activities such as proliferation, migration and differentiation. Neural
extracellular matrix (ECM) is rich in axonal growth inducer proteins
and by mimicking these permissive elements in the cellular environ-
ment, neural differentiation as well as neurite outgrowth can be
induced. In this study, we used a synthetic peptide nanofiber system
that can mimic not only the activity of laminin, an axonal growth pro-
moting constituent of the neural ECM, but also the activity of heparan
sulfate proteoglycans in order to induce neuritogenesis. Heparan sul-
fate mimetic groups that were utilized in our system have affinity to
several growth factors including NGF and enhance the neuroregenera-
tive effect of laminin mimetic nanofibers. The self-assembled nanofi-
bers with heparan sulfate mimetic and laminin derived epitopes
significantly promoted neurite outgrowth by PC-12 cells. In addition,

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

80 09. Peripheral Nerve Repair



these nanofiber systems were even effective in the presence of chon-
droitin sulfate proteoglycans (CSPG), which are the major inhibitory
component of central nervous system. In the presence of these nanofi-
bers, cells could overcome CSPG inhibitory effect and extend neurites
on peptide nanofiber scaffolds.

09.P19
Design of PCL and PCL/gelatin electrospun
conduits for in vivo evaluation in rat sciatic nerve
model
V Cirillo, BA Clements, V Guarino, J Kohn and L Ambrosio
National Research Council, Italy; New Jersey Center for
Biomaterials, USA

Material choice plays a crucial role in ensuring the success of neural tis-
sue engineering strategies, minimizing inflammatory response and pro-
viding the required support and guidance to regenerating axons. Here,
poly-(�-caprolactone) (PCL) or PCL and gelatin solutions were pro-
cessed by electrospinning to fabricate fibrous conduits as artificial
grafts for sciatic nerve repair after transection. We demonstrated that
the integration of gelatin in PCL fibers reduced the characteristic net-
work size scale – average diameter of 0.59 ± 0.15 lm - compared to
micrometric PCL fibers (5.61 ± 0.80 lm), interacting more effectively
with cells in vitro, due to the higher scaffold surface area. The presence
of gelatin also affected the stiffness of conduits, with PCL/gelatin con-
duits having a smaller compressive modulus than PCL conduits in lon-
gitudinal compression tests. Conduits were also compared in vivo when
implanted in the 5 mm rat sciatic nerve defect in an 18-week study.
Animals implanted with PCL conduits showed better recovery of the
injured muscle weight and electrophysiological signal, as well as more
mature nerve morphology as compared to PCL/gelatin conduits. In vivo
data suggested that bioactive signals induced by gelatin are countered
by unfavorable mechanical properties of PCL/gelatin conduits. Hence,
PCL electrospun conduit appears to be the more promising device to
support the in vivo regeneration of peripheral nerve.

09.P20
Intraluminal fiber based scaffolds: a platform for
cell migration and axonal regrowth and
increased targeted nerve regeneration
WTD Daly, LY Yao, M Abu Rub, C O’Connell, D Zeugolis,
AWindebank and A Pandit
NFB, Ireland; Wichita State University; NCLA, UK

Introduction: This study investigates the ability of intraluminal colla-
gen fibres (ICFs) to improve existing nerve guidance conduits (NGCs).
It is hypothesized ICFs increase the surface area available for cell adhe-
sion and migration, and provide structural cues to regenerating axons
for improved nerve repair.
Method: SICFs were produced in a multi-step process and their sur-
faces characterised using SEM-FIB analysis. Neuronal interaction and
cell migration were assessed in vitro using both neural and migratory
cells. ICFs were enclosed within a hollow NGC, and implanted in a rat
sciatic nerve model for 16 weeks. After 16 weeks, retrograde tracing
and nerve morphometric analyses were carried out.
Results: In vitro assessment on the ICFs, showed a significant increase
in neurite length and higher alignment versus controls, with cells suc-
cessfully migrating across the fibres. After implantation, all ICF groups
regenerated across a 10 mm nerve gap. ICFs showed a significant
decrease in the number of misdirected axons versus autograft treat-
ment. Conclusion:

NICFs increase aligned nerve growth and act as a platform for cell
migration in vitro. In vivo ICFs significantly reduce the numbers of ax-
ons incorrectly re-innervating distal targets versus autograft repair.

Acknowledgements: Science Foundation Ireland, Grant No. 07/SRC/
B1163 and Enterprise Ireland - Proof of Concept Grant (PC/2008/399)

09.P21
Activated Schwann-like cells guided by fibrin
structures enhance Axonal Regeneration
C Schuh, A Banerjee, S Mosia, R Hopf, C Grasl, H Schima,
R Schmidhammer, H Redl, D Rünzler and TJ Morton
University of Applied Sciences Technikum Wien - Department of
Biochemical Engineering, Austria; Ludwig Boltzmann Institute
for Experimental and Clinical Traumatology, Austria and
Austrian Cluster for Tissue Regeneration; Center for Biomedical
Engineering and Physics, Medical University of Vienna and
Ludwig Boltzmann Cluster for Cardiovascular Research, Austria

Introduction: The gold standard in peripheral nerve regeneration is the
autologous nerve transplant, which is limited by source. New
approaches include not only nanoscaled guiding structures but also
activated Schwann cells (SC) forming bands of Bungner for enhanced
axonal outgrowth. In this study we characterize rat Schwann-like cells
(SCLs) differentiated from adipose derived stem cells (ASCs) concern-
ing SC markers for the use in vivo.
Materials and methods: SCLs were evaluated morphologically, with
flow cytometry (P75, S100, MAG, P0), PCR (ATF3, cJun, PAX3) and
Western Blot (ATF3, cJun, PAX3) concerning differentiation and activa-
tion status. SCLs were cultured with/without forskolin to trigger both,
proliferation and potential myelination. Seeded on an electrospun
fibrin matrix, SCLs were used to bridge an 8 mm dissected rat sciatic
nerve.
Results: Cultured with forskolin SCLs appeared spindle-like and
expressed P75, S100, ATF3 and cJun- indicating an activated status.
Cultured without forskolin SCLs appeared more flat and round,
expressing S100, MAG, P0 and PAX3 - indicating a promyelinating sta-
tus. Grafting a sciatic nerve in vivo, animals treated with SCLs showed
enhanced axonal regeneration.
Conclusion: It is possible, to trigger SCLs in activated or promyelinating
status, similar to native SC. Activated SCLs seeded on fibrin guided
structures are promising for axonal regeneration. Financial support
from FFG (#818412) and City of Vienna is gratefully acknowledged.

09.P22
A living replacement tissue for peripheral nerve
that can enhance regeneration in vitro and in vivo
M Georgiou, SC Bunting, JP Golding, JA Loughlin and JB Phillips
The Open University, UK

Introduction: A peripheral nerve repair device with the ability to
enhance regeneration would be a promising alternative to nerve auto-
graft repair. The growth of axons across a lesion is most effective when
supported by columns of aligned Schwann cells that provide cell-level
guidance, as found in an autograft. Here we report the development
and testing of engineered neural tissue (ENT): aligned Schwann cells
in a 3D collagen environment, which supports and guides neuronal
growth.
Methods: Collagen gels containing F7 Schwann cells were tethered for
24 h to permit cellular self-alignment and then stabilised by rapid
removal of interstitial fluid. This process generates sheets of ENT,
which are stable tissue-like gels with cells organised within a 3D
matrix. Cell alignment was monitored before and after stabilisation.
Dissociated dorsal root ganglia neurons were cultured on the surface of
the material for 3 days and neurite growth assessed. Sheets of ENT
were rolled into columns and packed together to form the core of a
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repair device. Various column formats were tested in a rat sciatic nerve
model.
Results: Chains of aligned Schwann cells formed within the collagen
matrix and persisted following stabilisation to form a robust, aligned
cellular biomaterial that promoted and guided neuronal growth in vitro
and in vivo.
Conclusion: Engineered neural tissue containing aligned Schwann
cells can form the basis of a functional conduit for peripheral nerve
repair.

09.P23
Microanatomy of the separable length of cervical
nerve 7
Q Ben-Gang, G Li-Qiang, L Zhen-Guo, L Xiao-Lin, L Ping, Z Zhu,
F Guo, Z Jai-Kai and H Bo
The First Affiliated Hospital, Sun Yat-sen University, PR China

Abstract not available.
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10. Axonal Regeneration and Repair in the Peripheral Nervous
System

10.01
Keynote: New concepts in peripheral nerve’s
tissue engineering
S Geuna
Department of Clinical and Biological Sciences, San Luigi
Gonzaga School of Medicine, University of Turin, Italy

Although peripheral nerves have an intrinsic potential for spontane-
ously regenerating after trauma or disease, the clinical outcome in
patients who suffered for a severe nerve lesion is often unsatisfactory.
Recently much interest has been dedicated to the perspective of
improving peripheral nerve repair and regeneration by means of tissue
engineering and, similarly to many other fields of regenerative medi-
cine, great expectations have risen within the general public. However,
in spite of the scientific advancements, applications to the patients is
still very limited and it appears that to optimize the strategy for the tis-
sue engineering of the peripheral nerves in the clinical view, more basic
science research is needed and neuroscientists have to strive for a new
level of innovation which will bring together (in a multi-translational
approach) different regenerative approaches. In this presentation, the
basic concepts of repair and regeneration of peripheral nerves are intro-
duced. In addition, a brief overview of the today’s key strategies to
peripheral nerve tissue engineering is carried out in order to throw a
light on the most promising future perspectives in combining the differ-
ent approaches for improving posttraumatic recovery in patients.
Finally, examples of successful translational research in tissue engineer-
ing of peripheral nerves are provided together with a critical discussion
on some of the pitfalls which may arise in this intriguing scientific field.

10.02
Keynote: New molecules and biohybrid
templates to increase peripheral nerve
regeneration
K Haastert-Talini, Collaborators BIOHYBRID consortium
Neuroanatomy, Hannover Medical School, Germany

This paper will first present two molecules as new candidates to
increase peripheral nerve regeneration. At first, the 26 amino-acid-frag-
ment, derived from the Clostridium botulinum C3 exoenzyme, which
has shown good potential as therapeutic agent for the topical treat-
ment of peripheral nerve repair sites. The 2nd molecule, the Growth/
Differentiation Factor-15, GDF-15, has been found to positively influ-
ence regeneration when exogenous GDF-15 was substituted into
10 mm sciatic nerve gaps in adult rats. The paper will further introduce
the BIOHYBRID consortium of eight academic partners and three
small-medium-enterprises (SMEs) from Europe and Israel. Based on
the on extensive basic and clinical experience within the consortium,
the main objective of the BIOHYBRID project is the development of a
regenerative therapy using an innovative biohybrid artificial nerve
device with the goal of repairing damaged nerve trunks. The work pro-
gram includes an integrated experimental approach combining: (i)
reconstructive microsurgery, (ii) regenerative scaffolds and (iii) trans-
plantation. This approach will allow the biological pre-fabrication of
biohybrid nerve devices, their transplantation into nerve gaps in vari-
ous animal models and the comprehensive evaluation of the regenera-
tive outcome. A key objective of the BIOHYBRID project will be to

generate a protocol that can serve as a template for future clinical trials
in the regenerative therapy of damaged peripheral nerves.

10.03
Keynote: Novel approaches to accelerate axon
elongation by growth factors
L Klimaschewski
Department of Anatomy and Histology, Division of
Neuroanatomy, Austria

Peripheral nerve lesions cause functional deficits with often serious
clinical consequences. Therefore, improvement of long-distance axon
growth is required for fast regeneration of axons to their targets which
atrophy in the absence of reinnervation. Fibroblast growth factors
(FGFs) play an important role in axon growth during brain develop-
ment and regeneration in the adult nervous system. FGF-2 has been
shown to promote neurite outgrowth mainly via activation of FGF
receptor type 1 (FGFR1). Our laboratory focusses on the signaling
pathways activated by FGFR1 to exert neurotrophic effects. FGFR1
overexpression and inhibition of receptor degradation strongly stimu-
late the neuronal ERK pathway and promote elongative axon growth
of adult sensory neurons. Sprouty proteins act as negative feedback
inhibitors of the ERK pathway. Down-regulation of Sprouty2 via trans-
fection of shRNA promotes elongative axon growth by peripheral and
central primary neurons. In response to Sprouty2 knockdown,
enhanced FGF-induced activation of ERK and Ras is observed, but
phosphorylation of Akt and p38 remains unaffected. Moreover, Sprou-
ty2-knockout mice reveal improved axonal elongation in vitro and in
vivo. Our results imply that Sprouty2 is highly expressed in
adult peripheral neurons and its down-regulation strongly promotes
elongative axon growth by activation of the Ras/Raf/ERK pathway
suggesting novel therapeutic strategies to promote peripheral nerve
regeneration.

10.04
Keynote: The influence of nanostructures on
cellular processes during differentiation of
neuronal stem cells
U Schäfer, S Haubenwallner, M Katschnig, C Holzer, S Laske,
W Balika, N Andraschek, U Fasching and S Patz
Research Unit Experimental Neurotraumatology, Department of
Neurosurgery, Medical University Graz, Austria; Department
Polymer Engineering and Science, Chair of Polymer Processing,
Montan University Leoben, Austria; SONY DADC Austria AG,
Anif, Austria

Stem cell differentiation can be driven by the material /cell interface
which allows for a chemistry independent manipulation of stem cells.
Identification of polymers and surfaces that modulate stem cell fate
have remained elusive. It was our aim, to identify specific polymers
and nanostructures that modulate proliferation and/or migration of
neuronal stem and that allow for a selection of functional high qualtiy
stem cells for transplantational approaches. The neuronal stem cell line
Ntera-2 was cultured on COP, PMMA, PS, PP, PLA, PC for 4 days. Adhe-
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sion and viability of Nteras was significantly increased when cells were
cultured on corona or plasma treated COP and PMMA as compared to
commercially available PS culture dishes from Nunc or Costar
(242.72%, p < 0.001; 227.78%, p < 0.0001 respectively). Based on
these results corona treated COP and PMMA culture plates were further
processed for nanostructure studies such as pillars and ridges. A signifi-
cant increase of adhesion of undifferentiated neuronal stem cells was
only observed on ridges with dimensions of 1 lm width, spacing and
depth. Furthermore, Nteras were found to align with the striations at
these dimensions, exhibiting an elongated dipolar phenotyp. On pillars
with dimensions of 1 lm width, spacing and depth cell morphologies
are comparable to cells grown on smooth surfaces. Nanostructure
induced morphological changes are currently being quantified with a
specific imaging software.

10.05
Keynote: Extracorporeal shock wave treatment
induces improved rate of functional recovery in
the rat
T Hausner, K Pajer, G Halat, R Hopf, R Schmidhammer, H Redl
and A Nógrádi
Austrian Cluster Tissue Regeneration, LBI Exp.Clin.Traumatol,
Research Center AUVA, Austria; Department for Trauma Surgery
and Sports Traumatology, Paracelsus Medical University, Austria;
Department Ophtal., Albert Szenti-Györgyi Clin.Ctr., University of
Szeged, Hungary; Millesi Ctr. Surg. Periph. Nerve, Vienna Private
Clinic, Austria

De-focused low energy extracorporeal shock wave therapy (ESWT) has
been widely used in various clinical models such as epicondylitis and
also bone and wound healing. Little is known about its effects on ner-
vous tissue. We aimed to investigate whether ESWT improves the

regeneration of injured nerves in an experimental rat model. Sprague-
Dawley rats received an 8 mm long homotopic nerve autograft into the
right sciatic nerve. Two experimental groups were set up: group 1 ani-
mals received ESWT (300 impulses, 3 Hz) immediately after surgery,
group 2(control) animals received only autografts. Serial functional,
electrophysiological and morphological investigations were carried out.
Survival time was either 3 weeks or 3 months. At 6–8 weeks of sur-
vival the ESWT group of animals showed a significantly improved func-
tional recovery relative to the controls. Electrophysiological studies at
3 weeks after surgery revealed marked values of amplitude and com-
pound nerve action potential in the ESWT group, but there were no
detectable amplitudes in the control group. Significantly greater num-
bers of myelinated nerve fibres in the middle of the graft and in the dis-
tal stump of ESWT animals relative to the controls 3 weeks after
surgery could be found. Three months after surgery, no significant dif-
ferences were observed in the functional, morphological and electro-
physiological data. These results suggest that ESWT induces an
improved rate of axonal regeneration and an improved rate of func-
tional recovery.
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11. Spinal Cord Injury - Neuroreconstruction of the Acutely and
Chronically Injured Spinal Cord

11.01
Keynote: Stem cells and biomaterials for the
treatment of spinal cord injury
E Sykova, P Jendelova, A Hejcl, O Forostyak and G Dayanithi
Institute of Experimental Medicine ASCR and 2nd Medical
Faculty, Charles University, Czech Republic

Stem cells have been investigated for their therapeutic potential in
spinal cord injury (SCI). We compared human mesenchymal stem cells
(MSC) from bone marrow and a conditionally immortalized human
stem cell line from fetal spinal cord (SPC-01) for their capacity to
migrate towards lesion sites, differentiate and induce better regenera-
tion. We used a balloon-induced compression lesion in rats, followed
by the transplantation of MSC or SPC-01 labeled in culture with iron-
oxide nanoparticles for MRI tracking. Electrophysiology was used to
study the properties of SPC-01-derived neurons in vitro. Animals were
tested using the BBB (motor) and plantar (sensory) tests for up to
6 months after acute (7 days post-injury) or chronic (5 weeks post-
injury) transplantation. Animals with chronic injury were implanted
with a PHPMA hydrogel seeded in vitro with cells. Ca2+ imaging on
single SPC-01 cells revealed voltage-activated Ca2+ channels, typically
observed in neurons. In vivo MRI proved that both MSC and SPC-01
migrated into the lesion and survived for several months. Animals
implanted with MSC or SPC-01 showed functional improvement; MSC
rarely differentiated into neurons, while SPC-01 implantation resulted
in greater improvement and many implanted cells differentiated into
motoneurons. Improved motor and sensory scores in chronic SCI were
found after the implantation of biomaterials seeded with MSC or SPC-
01. A clinical trial using hydrogels seeded with MSC is under consider-
ation.

11.02
Keynote: Biomaterials for cell transplantation
and drug delivery after spinal cord injury
S Sakiyama-Elbert and P Johnson
Department of Biomedical Engineering, Washington University in
St. Louis, USA

The development of biomaterials to serve as scaffolds for wound heal-
ing and tissue repair is crucial for successful tissue engineering. My
research focuses on developing biomaterials that promote cell survival
and/or differentiation after transplantation for the treatment of nerve
injury. The lab has developed heparin-binding affinity-based drug
delivery systems that sequester growth factors within scaffolds and
release growth factors in response to cell in-growth during tissue regen-
eration. More recently we have combined these scaffolds with embry-
onic stem cell-derived neural progenitor cells and shown that the
combination of fibrin scaffolds and growth factor delivery can enhance
cell survival and differentiation of neural progenitor cells transplanted
after spinal cord injury. Furthermore, we demonstrated this approach
enhanced functional recovery after spinal cord injury, as assessed by
gridwalk. In conclusion, fibrin scaffold containing our drug delivery
system can serve as a platform for cell transplantation for many appli-
cations in regenerative medicine by tailoring the choice of growth fac-
tors and the cell type used. This study was supported by the National
Institutes of Health, USA.

11.03
Keynote: PEG-based improvement of axon
regeneration and functional outcome in chronic
spinal cord trauma
V Estrada, N Brazda, C Schmitz and HWMüller
Molecular Neurobiology Laboratory, Dept. Neurology, Heinrich-
Heine-University Düsseldorf, Germany

We have established a chronic spinal cord injury (SCI) and scar resec-
tion model in rat in order to identify suitable biomatrices to support
axon regeneration and improve functional outcome. Five weeks after
SCI the scar was resected via aspiration and the resulting cavity was
filled with one of the following materials: MatrigelTM, polyethylene gly-
col (PEG) and alginate hydrogel. The polymers were compared with
respect to tissue compatibility and tested for axon regeneration promot-
ing features. We observed remarkable polymer-specific differences
regarding cell invasion, revascularization, fibroblast invasion and extra-
cellular matrix formation. Astroglial, Schwann cell and endothelial cell
invasion was increased in the PEG-grafted area, whereas at the same
time fibroblast invasion and scarring was reduced. We provide the first
direct comparison of these polymer matrices in chronic SCI ranking the
biopolymers in the following order for their supporting effects: PEG >
alginate hydrogel > MatrigelTM. PEG was superior to alginate hydro-
gel and MatrigelTM with respect to axon regeneration. MatrigelTM did
not support axon growth in our SCI model. The PEG bridge allowed
regenerative long-distance axon growth into and beyond the grafted
area. The remarkable beneficial effects of PEG implantation in chronic
SCI were accompanied by long-lasting functional improvement. Sup-
ported partly by the Medical Faculty of the University of Düsseldorf
and the German Paraplegia Foundation (DSQ).

11.04
Keynote: Bridging the spinal cord –a step
towards functionalisation
A Pandit
Network of Excellence for Functional Biomaterials, National
University of Ireland, Ireland

The development of nerve guidance conduits is constantly evolving as
the need arises for therapies for spinal cord injury. In addition to pro-
viding a path for regrowing axons to reconnect with their appropriate
targets, the structural and biochemical cues provided by these conduits
need to be permissive for directional neurite outgrowth and be protec-
tive against inhibition in the vicinity of the injury site. We have devel-
oped biomimetic substrates by exploiting iso-electric focusing to drive
the alignment of supramolecular fibrils into self-assembled hydrogels
(300 lm diameter), and tested these hydrogels for the ability to direct
and enhance the migration of neurites. Structural characterization
revealed anisotropic alignment of nanofibrillar aggregates, arranged in
micron-scale bundles similar to the hierarchical size scales observed in
native tissues. Neurite outgrowth extended bidirectionally along the
axes of aligned hydrogels. Furthermore, it was shown that, as opposed
to poly-D-lysine, neurite outgrowth on aligned hydrogels is not inhib-
ited in the presence of myelin-associated glycoprotein (p > 0.05).
These results highlight for the first time a structural and biochemical
role for aligned hydrogels in controlling neuronal growth, and indicate
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that the short-term signaling associated with these hydrogels can be
used in adjunct therapy following injury to the spinal cord.

11.05
Altering secondary injury: How hydrogel
scaffolds influence the inflammatory response in
the spinal cord
PD Dalton, HY Li, T Fuerhmann and Y Zhou
Queensland University of Technology, Australia; Shanghai Jiao
Tong University, China

The treatment of spinal cord injury has proved resistant to therapeutic
strategies due to the complex inflammatory reaction and inhibitory fac-
tors to regeneration. Secondary injury, which increases the region of
functional deficit and defines the inhibitory boundary of the astrocytic
scar is largely driven by excitotoxicity, ischemia and inflammatory pro-
cesses. This study compares short time points to gather insights into
the innate immune reaction associated with implanting a foreign mate-
rial into the spinal cord. Within the injury parenchyma and scaffold
microenvironment, the recruitment of neutrophils into the non-degrad-
able pHEMA hydrogel was rapid and after 24 h the scaffold was filled
exclusively with these cells. Migration of activated macrophages into
the scaffold was apparent after 3d, with many of these cells seen in the
highly vascularised grey matter. Significantly greater gene expression
of TGF-b after 6d occurs with scaffolds implanted in both the grey and
white matter. TGF-b is recognised as an important inflammatory medi-
ator in this injury scenario, and influences the remodelling of ECM after
injury. Importantly, small injury models could distinguish the molecular
environment attributed to TE scaffold implantation. Whilst similar lev-
els of neutrophils and macrophages invade the TE scaffold and lesion
controls, a differing molecular environment is observed surrounding
cell-invasive scaffolds implanted in the spinal cord that has implications
on secondary injury.

11.P01
Therapeutic effects of time window for human
umbilical cord blood-derived mesenchymal stem
cells with methylprednisolone treatment in the
contused rat spinal cord
P Sang In
Institute of Catholic Integrative Medicine (ICIM), Incheon St.
Mary’s Hospital, The Catholic University of Korea, South Korea

Methylprednisolnone (MP), a glucocorticoid steroid, has an anti-
inflammatory action and seems to inhibit the formation of oxygen free
radicals produced during lipid peroxidation in a spinal cord injury
(SCI). Currently MP is the standard therapy after acute SCI on reported
neurological improvements. The combination therapeutic effect of
human umbilical cord blood-derived mesenchymal stem cells (hUCB-
MSCs) for transplantation time (1d, 7d, and 30d) after MP treatment
on the axonal regeneration and on the behavioral improvement in SCI
were studied in the rat. The spinal cord was injured by contusion using
a weight-drop at the level of T9 and MP (30 mg/kg, i.m., 10 min and
4 h) was acute administered after injury. hUCB-MSCs were labeled
GFP and our study was performed the efficacy for transplantation time
(1d, 7d, and 30d) of hUCB-MSCs into the boundary zone of injured
site. Efficacy was determined by histology, anterograde and retrograde
tracing, and behavioral test. We found that hUCB-MSCs with MP treat-
ment exerted a significant beneficial effect by neuroprotection and
reducing cavity volume. Also the transplantation of hUCB-MSCs with
MP treatment was significantly improved functional recovery. Com-
bined transplantation at 7d after SCI provided significantly greater effi-
ciency than combined transplantation at 1d and 30d. These results
suggest that transplantation time window of the hUCB-MSCs with MP

treatment give rise to an earlier neuron protection strategy and effect
of cell.

11.P02
Therapeutic effects of brain-derived neurotrophic
factor-expressing human umbilical cord blood-
derived mesenchymal stem cells in the contused
rat spinal cord
J Yu Jin
Institute of Catholic Integrative Medicine (ICIM), Incheon St.
Mary’s Hospital, The Catholic University of Korea, South Korea

Mesenchymal stem cells (MSCs) transplantation has been proposed as
a therapeutic strategy for spinal cord injury (SCI) repair. The aim of this
study was to evaluate the efficacy in adult rat contused spinal cord of
adenovirus vector-mediated brain-derived neurotrophic factor (BDNF)
gene transfer to human umbilical cord blood (hUCB)–derived MSCs
(UCB-MSCs). We efficiently were engineered UCB-MSCs secreted of
BDNF (MSC-BDNF) via adenoviral transduction mediated by cell-per-
meable peptides. SCI was induced by contusion using a weight-drop at
the level of T9 and then the MSC-BDNF (3 · 105) were transplanted
into the boundary zone of injured site at 1 week after injury. BDNF pro-
duction by MSC-BDNF was greater than seen in uninfected MSCs.
MSC-BDNF showed significantly more functional recovery than did
control rats following SCI. MSC-BDNF at 6 weeks after transplantation
were found to survive and preferentially localize to near the injury site.
Also these cells were differentiated neurons and astrocytes. These data
suggest that MSC-BDNF may be useful in the treatment of SCI and
may represent a new strategy for the treatment of SCI.

11.P03
Transplantation of human mesenchymal stem
cells and syngeneic macrophages into mice with
contusive spinal cord injury
IV Kholodenko, AA Konieva, AY Lupatov, YE Yegorov
and KN Yarygin
Institute of Biomedical Chemistry, Russian Academy of Medical
Science, Russia; Institute of General Pathology and
Pathophysiology, Russian Academy of Medical Science; North
Ossetia-Alania State Medical Academy Institute of Molecular
Biology, Russian Academy of Science, Russia

Transplantation of a variety of cell types induce favorable effects in
animals with experimental spinal cord injury (SCI). Here we demon-
strate that so does transplantation of human placenta mesenchymal
stem cells (hpMSC) or syngeneic macrophages directly to the injury
site in mouse contusive SCI model. SCI was produced by the impact
of a load falling onto the open dorsal surface of the spinal cord caus-
ing limited tissue necrosis, demyelination, inflammation, and scar for-
mation. Functional damage included paraplegia and pelvic problems.
Transplantation of hpMSC or activated murine macrophages attenu-
ated SCI-induced neurological deficit. Some hpMSC remained at the
injury spot, but most cells migrated within the spinal cord and, sur-
prisingly, to certain remote brain locations including hippocampus.
Only a small fraction of hpMSC could be detected at the injury spot
and throughout spinal cord and brain 45 days after transplantation.
Some of them expressed neuronal or astroglial markers but never
showed typical neuronal or glial morphology. Hence, beneficial effects
of hpMSC transplantation are unlikely to be associated with substitu-
tion of damaged cells. It is likely that human placenta cells facilitate
regrowth of axons through the injury site and renovation of the pools
of host’s neurons and glia. Activated macrophages probably partici-
pate in the reshuffling of scar tissue facilitating axon regrowth. Com-
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bined transplantation of MSC and macrophages may have clinical
potential.

11.P04
Combination of human eyelid adipose stem cells
implantation and 17-beta-estradiol administration
improve spinal cord injury repair
J Zhou, P Lu, H Ren, ZF Zheng, JF Ji, FZ Jiang, SC Ling, XQ Hu
and HW Ouyang
Center for Stem Cell and Tissue Engineering, School of Medicine,
Zhejiang University, China; Department of Plastic Surgery, 2nd
Affliated Hospital, School of Medicine, Zhejiang University,
China; Institute of Anatomy and Cell Biology, School of Medicine,
Zhejiang University, China

Stem cell transplantation and pharmaceutical administration represent
two promising strategies for the repair of spinal cord injury (SCI). How-
ever, the synergistic effect of the combination of these two approaches
has yet to be evaluated. Here, we report that 17-b-estradiol (E2)
administration together with human eyelid adipose-derived stem cells
(hEASCs) transplantation synergistically improved the functional repair
of SCI. Our results showed that E2 boosted the survival of grafted hEA-
SCs by reducing apoptosis through regulating the expression of cas-
pase-3 and bcl-2. E2 also increased the secretion of growth factors by
hEASCs. The survived hEASCs preferentially differentiated into neu-
rons instead of glias. Furthermore, E2 combined with hEASCs trans-
plantation synergistically reduced cavity formation and promoted axon
remyelination as well as motor function recovery. Our study demon-
strated that combination of estrogen administration and hEASCs trans-
plantation improved functional recovery of SCI. It provides a promising
chemo-cell cocktail strategy for the treatment of incurable neurodegen-
erative diseases.

11.P05
Biomodified hydrogel scaffolds for neural
differentiation and the treatment of spinal cord
injury
S Kubinova, A Hejc, S Forostyak, L Baranovicova, D Horak,
Z Plichta, V Proks and E Sykova
Institute of Experimental Medicine, AS CR, Prague, Czech
Republic; Institute of Macromolecular Chemistry, AS CR, Czech
Republic

Spinal cord injury (SCI) is accompanied by tissue damage and the for-
mation of physical and biochemical barriers that prevent axons from
regenerating. To create scaffolds that would bridge the area of injury
and promote neural tissue regeneration, poly(2-hydroxyethyl methac-
rylate) (PHEMA) hydrogels modified with laminin-derived peptide
sequence IKVAV (Ile-Lys-Val-Ala-Val) have been developed. In an in vi-
tro study, IKVAV-modified hydrogels were shown to support cell
attachment and proliferation, as well as the differentiation of rat adi-
pose-derived stromal cells into a neuronal phenotype. In an in vivo
study, hydrogels with parallel oriented channels were implanted to
bridge the spinal cord lesion cavity. Histological evaluation was done
1–6 months after implantation and revealed the good incorporation
of the implanted hydrogel into the surrounding tissue and the
ingrowth of neurofilaments and blood vessels into the hydrogel chan-
nels. The parallel orientation of the hydrogel channels promoted axo-
nal sprouting across the lesion; however, the number of axons
observed within the scaffolds 2 months after implantation decreased
after 4 and 6 months. The results show that IKVAV-modified PHEMA
hydrogels are able to bridge a spinal cord lesion. Nevertheless, the
combination of scaffold bridging with further therapeutic approaches

is essential to achieve effective spinal cord repair. Supported by:
P304/11/0731, P304/11/0653, P304/11/P633, IAA500390902,
10810/1560, KAN200520804.

11.P06
Multiple drug delivery hydrogel system for spinal
cord injury repair strategy
F Rossi, S Papa, M Santoro, M Masi, G Forloni, P Veglianese
and G Perale
Politecnico di Milano, Italy; Mario Negri Institute, Italy

Spinal cord injury (SCI) remains one of the most devastating conditions
among neurological diseases, due to the acute and long-term health
effects, the reduced quality of life and the high economic impact on
society. The primary target for neuroscientists is to obviate the mecha-
nisms of secondary injury to minimize its pathological consequences.
This issue can be addressed by using polymeric smart drug delivery sys-
tems, providing local multiple administration able to reduce systemic
side effects of drugs and synergize treatment efficacy. The in vivo test-
ing in animal SCI models was approached with the aim to demonstrate
the complete neutrality of this gel with respect to the host tissue. Bio-
compatibility was assessed by examining different time of gel injection,
in according with a translational clinical approach and no significant
differences were shown in terms of behavior and histological analyses.
Furthermore, to achieve multiple release profiles, the combination of
fast diffusion-controlled release of low steric hindrance molecules and
slow drug release of high steric hindrance ones was here investigated
in vitro, ex vivo and in vivo. Release studies showed an independent
combination of fast diffusion-controlled kinetics for small molecules
(mimicking drugs typically used for short term neuroprotection pur-
poses), together with slow ones for compound with high steric hin-
drance (e.g. antibodies), such as those used for long term
neuroregeneration approaches.

11.P07
Functional recovery of spinal cord injured rats
after implantation of a novel biodegradable 3D
scaffold
N Silva, R Sousa, N Sousa, M Shoichet, A Salgado
and R Reis
3B’s Research Group – Biomaterials, Biodegradables and
Biomimetics, University Minho Guimarães, Portugal; Life and
Health Science Research Institute (ICVS), School of Health
Sciences, University Minho, Campus de Gualtar, Portugal;
Department of Chemical Engineering and Applied Chemistry,
University of Toronto, Canada

Spinal cord injury represents a major world health problem. In this
sense, the objective of this work was the development and characteriza-
tion of a new range of 3D hybrid structures, based on rapid prototyped
starch scaffolds, aimed at offering spine stabilization, and gellan gum
hydrogels, aimed at inducing the regeneration within SCI sites. Six dif-
ferent 3D scaffold designs were developed and characterized. The his-
tomorphometric analysis showed a interconnected network of pores
with porosity ranging from 70% to 85%. Cytotoxicity assays revealed
that the hybrid SPCL/Gellan Gum scaffolds displayed a nontoxic behav-
iour. Moreover, to enhance cell adhesion, the gellan gum was modified
using click chemistry with a fibronectin-derived peptide (GRGDS).
Amino acid analysis demonstrated that 328 nmol/ml of GRGDS was
immobilized to the gel. Moreover, this modification had a profound
influence on NSCs and MSCs growth, morphology and secretome pro-
file. Afterwards, the in vivo evaluation revealed a good integration and
an absence of inflammatory response to the scaffolds implantation. Fur-
thermore, we show a correlation between spine stabilization and motor
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recovery after SCI in rats. Moreover, the peptide modification in the hy-
drogel demonstrated to highly improve its capacity to promote neuro-
nal repair. Animals showed significant improvements on BBB scale,
rearing activity, and motor coordination. These results indicate that this
strategy may have therapeutic benefit for SCI repair.

11.P08
Biodistribution and preliminary therapeutic
potential of CMCht/PAMAM dendrimer
nanoparticles administration in rats
SR Cerqueira, VH Pereira, JM Oliveira, N Sousa, AJ Salgado and
RL Reis
Life and Health Sciences Research Institute/ ICVS/3B’s Associate
Lab, Portugal; 3B¢s Research Group - Biomaterials,
Biodegradables and Biomimetics / Life and Health Sciences
Research Institute/ ICVS/3B’s Associate Lab, USA

The development of drug delivery systems (DDS) for targeted intracel-
lular delivery of therapeutic agents has been attracting great deal of
attention. In traumatic central nervous system conditions, where thera-
pies have been revealing to be highly inneficient and non-specific, these
targeted DDS could be highly beneficial. We have previously shown in
vitro studies where the carboxymethylchitosan (CMCht)/ poly(amido-
amine) (PAMAM) nanoparticles (NPs) were able to be uptaken by dif-
ferent cell types (neurons and glial cells), while not evidencing any
cytotoxicity. In the present study, in vivo biodistribution of the CMCht/
PAMAM NPs was investigated. Following intravenous injection in adult
male Wistar rats, the NPs showed to be stable in circulation and able to
be internalized by cells from different tissues (e.g., brain, liver, kidney
and lung). Afterwards, methylprednisolone (MP)-loaded fluorescently-
labelled NPs were administered in the cerebrospinal fluid of the cis-
terna magna of adult male Wistar rats. Upon the intracisternal injec-
tion, NPs were detected throughout the cortical and parenchimal areas
of the brain, namely in the prefrontal cortex, hippocampus and peri-
ventricular areas after 24 h. More recently, ongoing studies are focusing
on the therapeutic value of these methylprednisolone-loaded NPs
administered following a spinal cord lesion in rats. Significant differ-
ences in the BBB locomotory test were found in MP-NPs treated rats
1 month after injury.

11.P09
CLMA scaffold and FM19G11 for a proper spinal
cord-derived neural progenitor niche
T Valdes, DM Garcia, JL Escobar, FJ Rodriguez, A Alastrue,
M Monleon and V Moreno-Manzano
Centro de Investigación Principe Felipe, Valencia, Spain; Centro
de Biomateriales e Ingenierı́a Tisular. Univ Politécnica Valencia,
Spain

Spinal cord injury (SCI) is a major cause of paralysis. Currently, there
are no effective therapies to reverse this disabling condition. Recently
we have shown that acute transplantation of ependymal stem/progeni-
tor cells (epSPC) –spinal cord-derived neural precursors- rescue lost
neurological function after SCI in rodents. However, in a chronic sce-
nario, with axon repulsive reactive scar, a combinatorial approach is
necessary. The integration of biomaterial scaffolds for a physical sup-
port with the cell-replacement therapy and pharmacological treatments
to protect and induce neuronal survival offers a good formula for
chronic SCI regeneration. Here we show a new application of caprolac-
tone 2-(methacryloyloxy)ethyl ester (CLMA) as porous scaffolds. The
epSPC can growth and expand into the scaffolds in the presence of
EGF and FGF, however significant reduction on the cell population was
achieved after 6 days in vitro (DIV). FM19G11, first described as a HIFa
protein inhibitor, which is able to allow progenitor cells to differentiate

under hypoxia, under normoxic conditions induces self-renewal. epSPC
growth in CLMA scaffolds in the presence of FM19G11 significantly
divide more at 6 DIV than the ones treated with vehicle alone. Stronger
protein expression of oligodendrocyte precursor cells occurs by
FM19G11 treatment. Overall, epSPC seeded in CLMA scaffolds and
activated by FM19G11 would offer a good combination for the chronic
SCI treatments. Work supported by FISS PI10/01683.

11.P10
Influence of porosity and surface modification of
biocompatible hydrogels on mesenchymal stem
cell survival and tissue repair in a model of
spinal cord injury
J Ruzicka, A Hejcl, M Kapcalova, E Sykova and P Jendelova
Institut of Experimental Medicine, Academy of Sciences of the
Czech Republic, Czech Republic

Combined therapy using hydrogels and stem cells seems to be a prom-
ising approach to restoring damaged tissue following spinal cord injury
(SCI). Mesenchymal stem cells (MSC) were seeded on 4 different hy-
drogels: hydroxy propyl methacrylate-RGD prepared by heterophase
separation (HPMA-RGD-HS) and 3 other hydrogels polymerized in the
presence of a solid porogen: HPMA-SP, HPMA-RGD-SP and hydroxy
ethyl methacrylate [2-(methacryloyloxy)ethyl] trimethylammonium
chloride (HEMA-MOETACl). Cell adhesion and survival were evaluated
1, 7 and 14 days after the seeding of MSCs on the hydrogel scaffolds.
HEMA-MOETACl and HPMA-RGD-SP hydrogels were superior in the
number of cells attached in vitro. Cell-polymer scaffolds were then
implanted into hemisected rat spinal cords for 1 month. The best sur-
vival of MSCs was found in HEMA-MOETACl hydrogels; however, only
a small ingrowth of blood vessels and axons was observed. Both
HPMA-SP hydrogels showed better survival of MSCs compared to the
HPMA-RGD-HS hydrogel. Both RGD-attached hydrogels contained sig-
nificantly higher numbers of blood vessels. Further, both HPMA-SP hy-
drogels promoted a significantly greater ingrowth of axons into the
implant. Our results demonstrate that the physical and chemical prop-
erties of HPMA-RGD-SP hydrogels result in the best combined effect in
serving as a stem cell carrier and a bridging material for the treatment
of SCI.Supported by: AV0Z50390703, IAA 500390902, P304/11/P633
and P108/10/1560

11.P11
Development of 3D co-culture of aligned glial
cells in nanofibre scaffolds for implantation into
neural injury sites
AWeightman, M Pickard, S Jenkins, D Chari and Y Yang
Keele University, UK

Research into the utility of nanofibres in neural tissue engineering has
overwhelmingly relied on the use of basic 2D culture models employ-
ing cell lines and monocultures. This ‘proof-of-principle’ study reports
the fabrication of 3D nanofibre-hydrogel constructs for alignment and
co-culture of the major glial cell subpopulations (viz. astrocytes, OPCs/
oligodendrocytes and microglia). Electrospun aligned, fluorescent PLA
nanofibres were transferred to portable acetate frames that permitted
their layering onto hydrogels. A single nanofibre layer was used to
quantify the elongation (aspect ratios) of individual cells from pure,
primary astrocyte, OPC cultures, or their co-cultures, compared with
control hydrogel constructs. Astrocytes showed attachment and align-
ment on nanofibres and displayed healthy nuclei with evidence of cell
proliferation. OPCs showed poor survival on hydrogels alone or those
containing nanofibres. However, the survival, proliferation and elonga-
tion of OPCs was pronounced in co-cultures with astrocytes, with differ-
entiation into oligodendrocytes after an extended culture period.
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Preliminary feasibility of addition of microglia to astrocyte-OPC co-cul-
tures is demonstrated, along with the alignment of astrocytes in multi-
nanofiber layers. This approach provides evidence of the feasibility of
developing a portable, functionalised nanofibre construct, of enhanced
cellular complexity with potential for implantation into neural injury
sites such as spinal cord.

11.P12
Olfactory Ensheathing Cells (OEC) plus fibroblast
growth factor (a-FGF) and fibrin glue (FG)
implantation in a model of transected spinal cord
in adult rats.
R Gomez, A Munoz, A Mejia and J Bernal
Universidad de La Sabana, Colombia; Pontificia Universidad
Javeriana, Colombia

The olfactory system is well known as one of the places where neuro-
genesis in the nervous system takes place in adult mammals. Different

studies of spinal cordlesions report how the use of these cells has been
found to help with axonal regeneration and mobility improvement.
Bulb and Laminar olfactory cells, combined with a-FGF and FG, from
male adult rats with spinal cords transection lesions were used in this
study where three groups are compared: a control one, another where
only cells were transplanted and a third one where the cells combined
with a-FGF and FG were transplanted and signs of locomotor func-
tional recovery were examined using the Basso Bresnahan and Beattie
(BBB) scale, adding the analysis of the track left on paper in each walk.
Results obtained from the BBB scale show that the combination of en-
sheathing olfactory cells and a-FGF plus FG significantly improves
(12.50 ± 3.51) the locomotors function when compared with the
other experimental groups. (OEC: 6.75 ± 0.957 and a-FGF plusFG:
6.00 ± 1.414). Histological cuts suggest a reconnection of the two
ends of the transection. The study confirms that olfactory ensheathing
cells improve functional locomotor recovery in paraplegic rats and sug-
gests that a-FGF plus FG can increase the effect of these cells, possibly
because they stimulate cellular proliferation. The results of the combi-
nation of olfactory ensheathing cells and a-FGF plus FG as a therapeu-
tic strategy.
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12. Spinal Cord Injury (in coop. Wings for Life)

12.01
Keynote: A novel self-assembling peptide
attenuates glial scarring and promotes
neurological recovery following spinal
cord injury
Y Liu, H Ye, K Satkunendrarajah, Y Bayon and MG Fehlings
Genetics and Development, Toronto Western Research Institute,
Krembil Neuroscience Centre, University Health Network,
Division of Neurosurgery, University of Toronto, ON, Canada;
Covidien – Sofradim Production, France

The pathophysiology of spinal cord injury (SCI) involves post-traumatic
inflammation and glial scarring which interfere with repair and recov-
ery. Self-assembling peptides (SAP) are new molecules designed for tis-
sue engineering; they form biocompatible nanofibers to support cell
growth. Here, we tested the ability of QL6, a novel SAP to attenuate
inflammation and glial scarring and to facilitate functional recovery.
We successfully injected QL6 into the rat spinal cords 24 h after SCI.
GFAP, Iba1 antibodies and TUNEL immunostaining were used to evalu-
ate astrogliosis, inflammation and apoptosis, respectively. QL6 led to a
significant reduction in post-traumatic apoptosis, inflammation and as-
trogliosis. It also resulted in significant tissue preservation as deter-
mined by quantitative histomorphometry. Furthermore, QL6 promoted
axonal preservation, demonstrated by BDA anterograde and Fluoro-
gold retrograde tracing. In vitro and in vivo electrophysiology con-
firmed that QL6 led to significant functional improvement of axons,
including increased conduction velocity, reduced refractoriness, and
enhanced high frequency conduction. These neuroanatomical and elec-
trophysiological improvements were associated with significant neuro-
behavioral recovery as assessed by the BBB technique. As the first
detailed examination of the pathophysiological bases of QL6 in SCI,
this work highlights the therapeutic potentials of the SAP in this devas-
tating disorder and other forms of CNS injury.

12.02
Keynote: Combined treatments to repair the
injured spinal cord
K Fouad
University of Alberta, Canada

Following spinal cord injury in adult mammals axonal regeneration is
restricted by multiple factors. These factors include myelin-associated
inhibitors, a dense scar tissue surrounding the lesion site, cavitation,
intracellular changes, and the lack of growth promoting neurotrophic
factors. Thus, it appears intuitive that addressing only a single factor
results in only very limited axonal regeneration. Consequently, com-
bined approaches addressing various growth limiting factors in one
treatment promise to be more effective and should result in enhanced
functional recovery. However, such approaches have been proven to be
challenging. Here we will present results from a combination of cell
grafts and various growth promoting treatments following complete
and incomplete spinal lesions in adult rats. Our results demonstrate
that especially a subset of axonal populations can be encouraged to
grow into and beyond a cellular graft and that this regeneration is
accompanied by moderate functional recovery. However, our results
also indicate that some treatment components that maybe beneficial
on their own, can interfere with recovery when combined with others.
Thus, in the future more of such combinations have to be tested and

detailed studies with a large amount of control groups are needed to
develop safe treatments for individuals with spinal cord injury.

12.03
Keynote: Axonal regeneration across cellular
bridges in the lesioned spinal cord – challenges
on the other side
A Blesch
Spinal Cord Injury Center, University Hospital Heidelberg,
Germany; Department of Neurosciences, University of California,
La Jolla, CA, USA

Over the last decade, there has been substantial progress in enhancing
axon regeneration in animal models of spinal cord injury. Several
experimental approaches have targeted multiple mechanisms of axon
regeneration failure to maximize the intrinsic growth capacity of
injured neurons, to overcome inhibitory influences in the injured spinal
cord and to stimulate growth at the injured axon tip. We have investi-
gated in detail regeneration of dorsal column sensory axons stimulated
by gradients of neurotrophin-3 and enhancement of the intrinsic regen-
erative capacity by conditioning lesions and increases in cellular cAMP
levels. Using such combinatorial approaches, axons can extend for sev-
eral mm beyond a lesion site in the acutely and chronically injured
spinal cord and reinnervate their original target nucleus in the medulla.
However, despite the formation of new synapses, electrophysiological
recovery is not observed, possibly due to a lack of remyelination.
Regenerated axons that do not form axodendritic synapses also appear
to be highly dependent on the continuous presence of neurotrophic fac-
tors. Taken together, these data highlight the complexity of axon regen-
eration to result in functional recovery after spinal cord injury.

12.04
Keynote: CNS remyelination - can we wrap it up?
Regulators of oligodendrocyte precursor cells in
the process of myelin regeneration
M Kotter
University of Cambridge, UK

The process of myelin regeneration (also termed ‘remyelination’) in the
CNS is mediated by a pluripotent adult stem-precursor cell population
commonly referred to as oligodendrocyte precursor cells (OPCs). Suc-
cessful remyelination relies on the recruitment of OPCs into areas of
demyelination, their subsequent engagement of denuded axons and
their differentiation into mature oligodendrocytes. Although spontane-
ous remyelination can occur in the adult CNS it often fails leaving ax-
ons denuded and thus prone to chronic degeneration. Enhancing
remyelination in the central nervous system by stimulating the differen-
tiation of OPCs has been recognised as an important strategy to amelio-
rate the devastating consequences of a number of neurological
diseases, including spinal cord injury. An important strategy to promote
CNS remyelination is to enhance the differentiation of the endogenous
OPC population into oligodendrocytes. Here a series of experiments
will be presented demonstrating that environmental factors in the CNS
exert inhibitory effects on OPC differentiation. The identification of
lesion associated inhibitory factors enables to neutralise of effects and
to enhance OPC differentiation in vitro. Furthermore, overcoming the
inhibitory effects in vivo is able to accelerate the differentiation of OPCs
into oligodendrocytes and promote CNS remyelination.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

90 12. Spinal Cord Injury (in coop. Wings for Life)



13. Skin Regeneration

13.01
Keynote: A versatile, biodegradable polyurethane
scaffold for tissue repair and drug delivery
SA Guelcher, E Adolph, R Guo, PP Young, C Nelson, DL Duvall,
LB Nanney and J Davidson
Department of Pathology, Microbiology and Immunology,
Vanderbilt University School of Medicine; Medical Research
Service, VA Tennessee Valley Healthcare Service, Tennessee, USA;
Department of Chemical and Biomolecular Engineering,
Vanderbilt University School of Engineering, Tennessee, USA;
Department of Biomedical Engineering, Vanderbilt University
School of Engineering, Tennessee, USA; Departments of Plastic
Surgery and Cell and Developmental Biology, Vanderbilt
University School of Medicine, Tennessee, USA

We are investigating the basis of regeneration in the MRL/MpJ mouse
(MRL) through gene expression profiling, proteomics, stem cell biology,
scaffold development, and drug delivery. The scaffold for validation is
a biocompatible polyurethane foam (PUR), tunable for mechanical,
drug delivery, porosity, and biodegradation properties. The PUR scaf-
fold can also be formed in situ as an injectable material. PUR peptide
delivery is effective in soft and hard tissue, making the foams versatile,
inductive tissue templates for tissue repair. MRL mouse mesenchymal
stem cells (MSC) enhance wound healing, due in part to over expres-
sion of a Wnt inhibitor, as shown by gene transfer and mimicked by a
small molecule, pyrvinium. Cell- and drug-based strategies reveal the
usefulness of PUR scaffolds for delivery of repair agents that recapitu-
late the MRL regenerative phenotype. The PUR foam has been vali-
dated as a useful dermal scaffold in the mouse, rat, and pig, although
the macrophage-driven degradation kinetics varies among species.
PUR scaffold is capable of robust (>80–90%), long-term (>3 weeks)
suppression of target genes in vivo through delivery of interfering RNA.
Synthetic scaffolds offer a chemically defined means of creating a cellu-
lar microenviroment that can be tuned to a wide variety of tissue repair
applications. Supported by the NIAMS (JMD), Department of Veterans
Affairs (JMD,PPY), NIDDK (CLD), Vanderbilt Discovery Grant (CLD),
NHLBI (PPY), NIBIB (CLD), NSF (SAG), and AFIRM (SAG).

13.02
Development of a vascularized skin construct
using adipose derived stem cells from debrided
burn skin
S Natesan, DG Baer, DO Zamora, NLWrice, SC Becerra
and RJ Christy
United States Army Institute of Surgical Research, USA

Current skin substitutes used to treat large surface area burns are lim-
ited due to the availability of autologous cells and tissue. The standard
of care involves surgical debridement of necrotic tissue along with the
removal of subcutaneous layers. We hypothesize resident stem cells
within the subcutaneous adipose tissue survive and used as a cell
source to develop a tissue-engineered skin equivalent. Debrided skin
was collected from severely burned patients (HSC20080290N) and
Adipose Stem Cells (dsASCs) isolated and characterized. The skin
equivalent contained a collagen–polyethylene glycol fibrin (FPEG)-
based bilayer hydrogel which differentiate dsASCs to form a vascular-
ized dermis and epithelial layer. RT-PCR and immunocytochemistry of

lineage specific markers confirmed the dsASCs differentiation into
stromal, vascular and epithelial phenotypes. The dsASCs proliferated
and remained spindle-shaped in collagen, developed a tubular micro-
vascular network in FPEG and, when induced, a cuboidal keratinocyte-
like morphology on collagen. RT-PCR and immunocytochemical analy-
sis showed a matrix and time-dependent change in the expression of
differentiated cell markers. dsASCs isolated from debrided skin can be
used as a single autologous cell source to develop a vascularized skin
construct, without the addition of exogenous growth factors, in a
matrix dependent fashion. This technique provides an approach to
treat extensive burn skin injuries and potentially enhance graft success.

13.03
Allogeneic living cell spray: a new concept in the
treatment of wounds
RV Ronfard and GK Grover
Healthpoint Biotherapeutics Fort Worth Texas, USA

Currently available cell-based therapies have been successfully used to
treat a variety of injuries. Despite interesting results, new approaches
continue to emerge, such as cell spray treatments which are a poten-
tially viable improvement to standard grafting procedures. An allogenic
living cell spray (ALCS) has been developed for the treatment of
chronic venous ulcers. It consists of two components: growth arrested
allogeneic keratinocytes and fibroblasts suspended in thrombin and
cryoprotectant and a solution of fibrinogen. The product is stored fro-
zen at -80 �C until use. The ALCS technology is a novel concept in the
treatment of hard to heal ulcer: (i) the fibrin produces a biocompatible
matrix allowing the embedded cells to secrete and locally deliver
growth factors and ECM components critical to the wound healing pro-
cess, (ii) the cells are a key component to the efficacy of this product,
optimal proportion and quantity has been defined, (iii) the growth
arrest allow a controlled dose of secreted growth factors by preventing
cell proliferation, (iv) the freezing process allow a long term storage of
the product with consistent properties, (v) the spray provide an easy
handling and delivering to the wound. A multicentre randomised dos-
ing trial using ALCS has been completed showing a strong healing
stimulation of healing for chronic VLU when compared to placebo.
Future challenges and opportunities for improving wound care using
this technology will be addressed.

13.04
Skin tissue engineering in burns
LP Kamolz, D Lumenta and H Selig
Division of Plastic, Aesthetic and Reconstructive Surgery, Medical
University of Graz, Austria

Skin grafts are still the gold standard in the treatment of deep skin
defects. However, in patients with more than 50% burned skin area,
donor sites are limited. Hence the need for cost effective and user
friendly synthetic or engineered skin grafts, which can serve for acute
and chronic wounds and which can be also used in critically ill patients,
is at hand. During the last 30 years a huge number of biological and
synthetic skin graft materials and products based on the patient’s own
cells were launched on the market. Researchers and clinicians are con-
stantly working on further improvements. One possibility is the engi-
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neering of skin grafts in vitro, which have to be integrated into the
wound bed after transplantation. Another approach is the fabrication
of biocompatible and bioresorbable matrices, which can attract host
cells and stimulate a wound-healing process without scars. However,
the skin graft materials available today cannot yet replace skin grafts
completely because of their inherent limitations. Thus researchers in
the field of skin tissue engineering are still working on the final goal of
developing a skin graft which has all the features of healthy human
skin and is capable of replacing human skin completely. This presenta-
tion gives on overview of the currently available solutions and products
in the field of skin tissue engineering.

13.05
Development, validation and testing of a human
tissue engineered hypertrophic scar model
LJ van den Broek, FB Niessen, RJ Scheper and
S Gibbs
Department of Dermatology, VU University Medical Center, the
Netherlands; Department of Plastic, Reconstructive and Hand
Surgery, VU University Medical Center; Department of Pathology,
VU University Medical Center, The Netherlands

A major problem in burn wound care is the quality of the scar. Develop-
ment of new therapies is hindered by a lack of relevant models. We
developed an in vitro tissue engineered human hypertrophic scar
(HTS) model derived from a reconstructed epidermis on a dermal
matrix containing adipose mesenchymal stem cells (ASC) for testing
therapeutics. Similar to HTS the model showed increased thickness of
the dermis, collagen 1 secretion, contraction and number of epidermal
cell layers and decreased degree of epithelialisation, IL-6 and CXCL8
secretion. The HTS model was first validated with known scar thera-
peutics: 5-fluorouracil (5FU) and triamcinolone (TC), and a therapeu-
tic known not to be effective in scar reduction: 1, 25-dihydroxy vitamin
D3 (VitD3). Both treatment with 5FU or TC partially normalized two
different parameters: contraction, epidermal thickness or collagen 1
secretion. VitD3 did not correct scar phenotype in the model. Potential
novel scar therapeutic atorvastatin normalized the abnormal thickness
of the dermis, epidermal thickness and CXCL8 secretion. In line with
the clinical experience, 5FU and TC were not able to totally restore
HTS to normal skin. Each therapeutic selectively effected a different
combination of parameters. As expected, VitD3 was not effective in scar
reduction. Atorvastatin may be a new scar therapeutic. Our results sug-
gest that the in vitro HTS model can be used to test new anti-scar ther-
apeutics and test combinations of existing therapeutics

13.06
Wnt signalling as a target for skin regeneration
ND Evans
University of Southampton, United Kingdom

Aberrant or incomplete wound healing in the skin impart significant
economic and social burdens on the health of human populations.
Therapies that expedite wound healing or stimulate the regeneration
of functional skin would alleviate many of these problems. We hypoth-
esize that the Wnt signalling pathway is a target for such therapies. To
determine whether elevated Wnt signalling promotes wound healing
and tissue regeneration in the skin, we created full-thickness skin
wounds in the back skin of mice heterozygous or homozygous for the
replacement of Axin2, a negative regulator of Wnt signalling, with LacZ
(Axin2LacZ/+ or Axin2LacZ/LacZ respectively). We also investigated
the therapeutic potential of Wnt elevation at injury sites by delivering
exogenous liposomally-packaged Wnt3a to skin wounds at various
time-points post-injury. We found that following wounding, Axin2 pro-
moter activity was increased in cells of both the dermis and epidermis
at the wound periphery, and in cells of the granulation tissue. There

were no significant differences in the rate of re-epithelialization
between groups but we found a significant increase in hair follicle neo-
genesis in Axin2LacZ/LacZ compared to Axin2LacZ/+ mice, or follow-
ing injection of Wnt3a liposomes. We conclude that while increased
Wnt signaling does not stimulate re-epithelialization of wounds in
healthy mice, it promotes hair follicle neogenesis. This suggests Wnt
signalling is an attractive target for skin regenerative therapies.

13.P01
Isolation and culture of human keratinocytes and
epidermal stem cells for clinical purposes
M Pikula, P Langa, J Drukala, K Kondej, A Hedrych-Ozimina,
M Graczyk-Aszkielowicz, AWardowska, A Renkielska,
J Jaskiewicz and P Trzonkowski
Department of Clinical Immunology and Transplantology,
Medical University of Gdansk, Poland; Laboratory of Cell and
Tissue Engineering, Department of Cell Biology, Jagiellonian
University; Department of Plastic Surgery, Medical University of
Gdansk, Poland; Department of Surgical Oncology, Medical
University of Gdansk, Poland

Keratinocytes and epidermal stem cells have been under extensive
investigation due to their increasing potential and application in medi-
cine and biotechnology. Cultured epidermal cells are used in treat-
ment of chronic wounds, as well as they became a target for gene
therapy and toxicological studies. In this paper we present methods of
cell isolation and culture with the following technique of implementa-
tion of cultured cells to the patient. The applied enzymatic method,
allows to obtain an average of 1.4 ± 0.28 · 106 cells from 1 cm2 of
skin, with cell viability over 96%. Routinely, cell for patients were cul-
tured in medium KBM/KGM (without serum and bovine pituitary
extract), until the second passage. These cells were characterized by
low differentiation status (high expression of beta-1 and alpha-6-inte-
grins and low expression of involucrin), without features of apoptosis.
Additionally, these cells displayed high mitotic activity (cells in the cell
cycle phase S + G2/M = 32.4 ± 2.3%, Ki67+ = 41% ± 3.1%). In
presented clinical case, cultured autologous cells were given to the
patient twice, on burn non-healing wounds. Our method included
fibrin gel, which components were combined directly during applica-
tion on the wound. An increase in the wound healing parameters was
obtained and the wound was healed completely within 14 days after
cells application. Summarizing, the presented technique allows effec-
tive isolation, cell culture and application of cells on non-healing
wounds.

13.P02
The efficacy of Adipose-Derived Adult Stem Cells
(ADSC) in improving the evolution of scars
F Lembo, D Parisi, L Annacontini, A Maiorella, M Rucci
and A Portincasa
Plastic and Reconstructive Surgery Department, University of
Foggia, Italy

Introduction: Autologous adipose tissue grafting (lipofilling) is currently
used for clinical applications such as volume correction due to malfor-
mations, pathological scars and after oncologic and/or aesthetical pro-
cedures. Many protocols have been tried for treatment of pathological
scars but there are not yet precise guidelines. Purpose of this study was
to investigate if autologous fat grafting is a good strategy for the man-
agement of these scars.
Materials and methods: Twenty five patients, from January 2006 to
June 2010 underwent lipofilling according to Coleman’s technique
(16F,9M, range 13–58, mean age 36 yrs) for pathological scars of face
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(6 cases), breast (8), thorax (4), abdomen (4), upper and inferior limbs
(3). Always short-term profilaxis. Mean hospital stay: 3.8(3–5 days).
Follow up performed at 3, 6 and 12 months.
Results: Using the Vancouver scale we observed a significant improve-
ment of four variables: vascularity, thickness, pliability and pigmenta-
tion. Patients also reported a remarkable reduction of unpleasant
sensations. No complications excepted the necessity to repeat the lipo-
filling (a mean of 40–50% of injected adipose tissue was resorbed after
6–12 months).
Conclusions: ‘Lipostructuring’ appears to be a reliable, safe, easy,
repeatable technique able to improve tissue healing, cells regeneration,
bothersome symptoms. Identification of ADSC in the grafted adipose
tissue, clarify why skin trophism and healing processes improve dra-
matically after lipostructuring.

13.P04
Optimization of auto-assembled tissue-
engineered autologous bilamellar skin substitute
reconstructed from a decellularised dermal
matrix
C Beaudoin Cloutier, R Guignard, DA Lacroix and FA Auger
Centre LOEX de l’Université Laval, Tissue engineering and
regeneration : LOEX - FRSQ Research Center of the Quebec City
Affiliated Hospital-University Center (CHA), and Department of
Surgery, Faculty of Medicine, Université Laval, Canada

Introduction: The Laboratoire d’Organogenese Experimentale (LOEX)
uses a unique autologous bilamellar auto-assembly skin reconstruction
technique to treat severely burned patients. Current research aims to
shorten the eight weeks production delay in order to reduce patient
morbidity. A novel approach with a dermal matrix is used to prevent
epidermal cysts and achieve a structure similar to native human skin.
Materials and Methods: Dermal matrices are reconstructed by the auto-
assembly technique then decellularised, dehydrated and frozen. At
need, matrices are thawed and seeded with fibroblasts to restore matrix
cellular population. The dermis is further seeded with different kerati-
nocytes concentrations and matured with an air-liquid interface on
plexiglas or nylon support.
Results: Absence of epidermal cysts is achieved with reduced keratino-
cytes concentration and nylon support. Continuous basal collagen IV
and laminin with keratin 10, transglutaminases, involucrin and fillagrin
support adequate skin architecture. Basal keratin 19 and Ki67 suggest
the presence of stem cells in the substitute. This pattern is similar to
native human skin and suggests a permanent grafting potential.
Conclusion: We propose a novel faster technique for producing autolo-
gous bilamellar auto-assembled skin substitutes using a dermal matrix.
This process requires 5 instead of 8 weeks for complete skin reconstruc-
tion. This could be an important clinical gain, thus paving the way for
future clinical trials.

13.P05
Autologous tissue-engineered skin preserving
epithelial stem cells applied to the permanent
coverage of large burn wounds and to skin
reconstruction
A Lavoie, D Larouche, B Goyer, I Perreault, H Genest,
L Duranceau, V Moulin, A Auger and L Germain
Centre LOEX de l’université Laval, Centre de recherche FRSQ du
CHA universitaire de Québec, Canada; CHUM-Hôtel-Dieu de
Montréal; Centre des grands brûlés, Hôpital de l’Enfant-Jésus,
CHA Canada

Stem cells are at the forefront of tissue engineering of self-renewing
tissue such as skin, since their presence is required to ensure the
long-term renewal of the epidermis. Here, the presence and func-

tionality of stem cells within tissue-engineered skin substitutes
(TES) elaborated by the self-assembly approach of tissue engineer-
ing were investigated. A subset of basal cells exhibiting the stem-
cell associated slow-cycling property were identified using 5-bromo-
2’-deoxyuridine (BrdU) within the epidermis of TES cultivated in vi-
tro. Immunofluorescence and flow cytometry analysis revealed that
an important proportion of the slow-cycling cells highly expressed
keratin (K) 19. In addition, keratinocytes harvested from TES gave
rise to stem cell-like colonies in secondary monolayer subcultures.
TES were used as autologous full-thickness grafts for the permanent
coverage of full-thickness burn wounds of few patients. The integ-
rity of the transplanted TES persisted over time with low occur-
rence of scarring. More than 5 years after grafting, no epidermal
regeneration defect was observed confirming the presence of func-
tional stem cells. These results indicate that the microenvironment
supports epithelial stem cell survival and function within TES in vi-
tro and after grafting in patient in vivo.

13.P06
In vitro and in vivo evaluation of an artificial skin
model based on fibrin-agarose biomaterials
V Carriel, AC Oliveira, C Alfonso, S Arias-Santiago, I Garzón,
S Oyonarte, M Alaminos and MC Sánchez-Quevedo
Department of Histology, University of Granada, Granada,
Spain; Blood and Tissue Bank of Granada, Spain

Introduction: In this work, we describe a novel human dermo-epider-
mal substitute based on fibrin-agarose biomaterials and we evaluated
the sequential changes that take place during its in vivo maturation
and integration.
Materials and Methods: Primary cultures of human keratinocytes and fi-
broblasts were generated and a human skin substitute was developed
using fibrin-agarose biomaterials. After 4 weeks of in vitro develop-
ment, the skin substitute was grafted in immunodeficient mice, and
evaluated after 10, 20, 30 and 40 days. Collagen fibers and proteogly-
cans were evaluated by histochemistry and electron microscopy. The
expression of cytokeratins 1 and 5 was analyzed by immunofluores-
cence.
Results: Analysis of the epidermis revealed a progressive epithelial
stratification with positive reaction for CK1 and CK5 after in vivo graft-
ing. A progressive increase and organization of collagen fibers and pro-
teoglycans was found from day 10 to 40. Well-developed desmosomes
were found at the epithelium, with a mature basement membrane at
the dermal junction.
Conclusion: Our results confirm the progressive in vivo maturation and
integration of the human dermo-epidermal substitute, with structural
and functional characteristics similar to native human skin. For all
these reasons, we hypothesize that this human dermo-epidermal sub-
stitute based on fibrin-agarose biomaterials might be useful for clinical
trials.
Acknowledgements: Supported by SAS PI273/2010 from Junta de And-
alucia Spain

13.P07
Autologous cell therapy for facial rejuvenation
GJ Merizalde, CM Arenas, S Estrada, M Morales, J Puerta
and LM Restrepo
GITTC, Universidad de Antioquia, Colombia; IPS Universitaria,
Colombia

Introduction: The dermis is mainly conformed by fibroblasts which pro-
duce collagen and elastin to provide mechanical support to the epider-
mis. Based on a previous assayed cell therapy product consisting of a
suspension of cultured autologous fibroblasts, that demonstrated its
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efficacy on nasolabial fold wrinkles treatment, we proposed a modified
protocol in order to improve the described product.
Methods: Patients approved the procedure by written consent. A 5 mm
punch biopsy was collected from behind the ear. Tissue was received in
sterile DMEM/pen-strep, and seeded as explants on culture flasks. After
15 days, the cells were expanded to obtain sufficient quantity for treat-
ment, and cryopreserved until the patient could be scheduled for cell
application. The injection was prepared by thawing and packaged to be
administered within 6 hours of product release. We tested the treat-
ment on nasolabial, periocular and forehead wrinkles. Photos were
taken before/after treatment and subjected to qualitative comparison
by physician, patient and a blind observer. Patient¢s satisfaction data
were obtained through a questionnaire.
Results: Ten men and 40 women with one or two applications were
involved. No adverse effects were observed. Average cell viability was
85 ± 12%, mean cell concentration was 8 · 106 ± 2, 7 · 106. Most
patients felt satisfied and ask for another application.
Conclusion: This is an attractive, efficient and economic therapy for
facial rejuvenation.

13.P08
Degradable gelatin microcarriers for cell delivery
to cutaneous wounds and enhanced wound
healing
SMK Lönnqvist, K Briheim and G Kratz
Linköping University, Sweden

Cell delivery with the aid of spherical gelatin micro carriers seeded
with keratinocytes was previously found to accelerate healing of epi-
dermis in an in vivomouse cutaneous wound model. Additionally, gela-
tin spheres were recolonized by surrounding fibroblasts under the
newly formed epidermal cell layer. In an in vitro human excised full
thickness skin wound healing model we have investigated the effect of
keratinocyte introduction to the wound and the improved milieu for
dermal regeneration provided by the gelatin microcarriers prior to deg-
radation. Wounds were cultured in the presence of gelatin microcarri-
ers only or microcarriers seeded with human primary keratinocytes
and rate of wound healing was monitored by paraffin embedding at at
set days of culture and hematoxylin and eosin stain. Collagen deposi-
tion by colonizing fibroblasts was visualized with Masson’s thrichrome
stain. We show effects of the microcarriers on wound healing in our in
vitro human wound healing model.

13.P09
Genomic alterations in cultured epithelial
autograft (CEA) associated with the development
of squamous cell carcinoma
C Finnerty, R McCauley, H Hawkins and D Herndon
Shriners Hospitals for Children, Galveston; Department of
Surgery, University of Texas Medical Branch; Sealy Center for
Molecular Medicine and the Institute for Translational Sciences,
University of Texas Medical Branch, USA; Shriners Hospitals for
Children – Galveston; Department of Plastic Surgery, University
of Texas Medical Branch, USA; Department of Pathology,
University of Texas Medical Branch, USA

Introduction: Autologous stem-cell derived products are applied to the
wounds of severely burned patients when split-thickness skin autograft
is not possible due to the lack of donor material. Cultured Epithelial
Autograft is composed of cultured dermal keratinocytes from autolo-
gous tissue. CEA is ideal for use on patients with limited donor sites.
CEA restores the epidermal barrier in patients with limited donor sites,
providing an environment that is optimal for wound healing

Methods: Techniques used to create CEA may select for highly prolifer-
ative cells with impairment of regulatory processes that restrict cell
growth or cell death. Keratinocytes are also treated with a cell immor-
talizing agent and sheets of this cell product are grown and applied to
the patient. Recent detection of a new squamous cell carcinoma in
three patients who received CEA coverage has raised concerns that the
clonal amplification of cells selected for rapid and aggressive growth -
which are then grafted onto patients with chronic systemic inflamma-
tion may have introduced genetic alterations which now result in
malignancy.
Results: Three cases of squamous cell carcinoma have developed in
patients treated covered in this manner. We have examined one of the
carcinomas which have curious genetic alterations.
Conclusion: The potential for alterations at the genetic and genomic
levels, which may alter the behavior of the cells must be considered
when utilizing stem cell products such as these.

13.P10
Effects of surface chemistry and topography on
fibroblasts
T Kangur, P Reemann, M Plaado, E Shulga, V Kiisk, A Lõhmus
and M Järvekülg
Institute of Physics University of Tartu, Estonia; Department of
Physiology University of Tartu, Estonia

Healthy skin has a vital role in survival of an organism, and transplan-
tation is often the best treatment for extensive chronic wounds and
burn injuries. However, complications frequently occur in skin-transfer
and the elaboration of improved engineered solutions for normally
functioning artificial skin is an ongoing challenge. It has been shown
that cells are mainly affected not only by the chemistry, mechanical
properties and microstructure of the surrounding environment, but also
by the nanostructure of the substrate. Carbon nanotubes (CNT) with
excellent properties are widely explored as potential applications in
regenerative medicine. Furthermore, conductivity of CNTs can also
have a significant role as electrical stimulation has been shown to
enhance wound healing by various mechanisms. CNT-microfibers can
be potentially used in scaffolds as they can be engineered to mimic the
natural collagen-fiber network in extracellular matrix (ECM). We have
studied the chemical and topographic interactions between fibroblasts
and sol-gel patterned surfaces as well as CNTcomposites with different
surface structure and functionality. Laminin, a component of ECM in
natural skin, was also included. Primary human dermal fibroblasts
were used to evaluate cell viability, adhesion, migration and spreading
on prepared surfaces by fluorescence and scanning electron microscopy
analysis.

13.P11
In situ bioprinting of autologous skin cells
accelerates skin regeneration
MZ Albanna, S Murphy, W Zhao, IB El-Amin, J Tan, JD Jackson,
A Atala and JJ Yoo
Wake Forest Institute For Regenerative Medicine, USA

Conventional skin grafts are often limited in providing immediate cov-
erage for large wounds. We developed a skin bio printer that accurately
delivers skin cells and biomaterials to stabilize large wounds. We inves-
tigated whether large full thickness wounds could be repaired using
the skin bioprinter in a porcine model. Four full thickness excisional
wounds of 10 · 10 cm in size were created on the back of a pig model
(n = 6). Autologous and allogeneic dermal fibroblasts and keratino-
cytes, suspended in fibrinogen/collagen solution, were sequentially
printed directly on two wounds. The remaining two wounds received
gel only or left untreated. The animals were followed for up to 8 weeks
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and analyzed for wound healing, re-epithelialization, contracture, new
tissue formation and angiogenesis. Animals treated with autologous
cells showed faster wound healing as compared to the other treatment
groups. Autologous cell treated wounds showed 95% reduction in
wound size, 90% re-epithelialization and 20% contracture of original
wound size within the first 3 weeks. Animals treated with allogeneic
cells showed comparable wound size, re- epithelialization and
wound contracture to the controls and had complete healing and re-
epithelialization in 6 weeks. This study indicates that skin bio printer
may be a preferred approach to rapidly cover extensive skin defects
such as burn.

13.P12
How fibroblasts respond to different
biomaterials: comparative adhesion and
proliferation studies
SR Gomes, GM Rodrigues, GG Martins, CM Henriques, JP Borges
and JC Silva
Departamento de Fı́sica and CeFITec – Centre for Physical and
Technological Research, Faculdade de Ciências e Tecnologia, FCT,
Universidade Nova de Lisboa, Portugal; Departamento de
Biologia Animal and CBA – Centre for Environmental Biology,
Faculdade de Ciências da Universidade de Lisboa, FCUL;
Cenimat/I3N Laboratorio Associado, Departamento de Ciencia
dos Materiais, Faculdade de Ciências e Tecnologia, FCT,
Universidade Nova de Lisboa, Portugal

Biomaterials from different categories have been thoroughly investi-
gated regarding their use in scaffolds for skin tissue engineering. How-
ever, a direct comparison between polymers of different natures is
seldom reported. Therefore, we decided to study the performance of
three different polymers in promoting the adhesion and proliferation of
fibroblasts grown on electrospun nanofibers. A polyester (polycaprolac-
tone), a polysaccharide (chitosan) and a protein (gelatin from cold
water fish skin) were used. Characterization of the electrospun mats
was conducted by SEM, porosity evaluation and mechanical testing. In
vitro tests were made by culturing 3T3 fibroblasts up to 7 days. Cell
viability was determined using the WST-8 assay. Morphology was
observed using SEM. Cells were stained for confocal microscopy obser-
vation of the nuclei and cytoskeleton. Gelatin scaffolds had the best
overall performance: cells attached and spread well, their number
equalled that of the controls and they exhibited the expected morphol-
ogy with polygonal shapes. Cells then proliferated until confluence.
Adhesion to chitosan nanofibers was less efficient: cell number
decreased significantly but then initial seeding density was reached by
day 3. In addition, we observed that cells tended to grow in clumps.
PCL showed to be the least suitable substrate in terms of cell adhesion:
a high number of cells died; however, those that attached proliferated
and the initial seeding density was reached by day 6.

13.P13
Superficial and deep dermal fibroblasts
differentially interact with keratinocytes:
implications for development of the basement
membrane.
M Varkey, J Ding and E Tredget
University of Alberta, Canada

Dermal fibroblasts are heterogeneous in size and biochemical proper-
ties, and based on location are known as superficial (SF) and deep der-
mal fibroblasts (DF).We recently identified that DF differentially
remodel collagen-glycosaminoglycan (C-GAG) matrices and play a
major role in hypertrophic scarring (HTS). Further characterization of
SF and DF, and their interaction with keratinocytes (K) would enable

development of novel skin substitutes and effective treatment strate-
gies for HTS. This work aimed at studying SF, DF and their interaction
with K using C-GAG matrices as 3D substrate, assessing biomechanical
differences and proteoglycan composition. SF, DF and K from female
abdominoplasty patients were cultured on C-GAG matrices separately
and co-cultured, and used in assays (7, 14, 21 days). Cell viability was
assessed by MTT and matrix contraction by Image J. Gene expression
of basement membrane and extracellular matrix proteins nidogen, ker-
atin-5, laminin-5, E-cadherin, fibronectin, collagen IV and VII was ana-
lyzed by RT-qPCR. Expression of proteoglycans: decorin, versican and
fibromodulin were also assessed. Viability of cells increased with time.
Contraction of the matrices followed the order: DF > DF + K > SF >
SF + K. Matrices with DF and K had higher levels of laminin-5, E-
cadherin, fibronectin and versican, but lower levels of decorin and fi-
bromodulin. Our results show differential interaction of SF and DF with
K, and their differential role in basement membrane formation and
HTS.

13.P14
Human STSG storage: changes in graft quality
and performance.
A Knapik, K Kornmann, M Calcagni, K Kerl, B Vollmar, P Giovanoli
and N Lindenblatt
Division of Plastic and Reconstructive Surgery, Department of
Surgery, University Hospital Zurich, Switzerland; Department of
Dermatology, University Hospital Zurich, Switzerland; Institute
for Experimental Surgery, University of Rostock, Rostock,
Germany

Introduction: Storage of new and utilization of previously harvested
split-thickness skin grafts (STSGs) is part of the clinical routine in burn
surgery. This study determines the quality of stored skin and examines
the performance of preserved human STSGs in vivo.
Materials & Methods: A modified dorsal skinfold chamber was per-
formed in SCID mice (n = 15). Human STSGs harvested from healthy
patients undergoing abdominoplasty were transplanted immediately or
after 3 and 7 days of storage in saline-soaked gauze at 4 �C. Intravital
microscopy (IVM) was performed. Apoptosis (TUNEL assay) and prolif-
eration staining (Ki67) were performed on paraffin-embedded samples
taken 0, 3, 5 and 7 days after harvesting to assess graft quality. Meta-
bolic activity was measured in a MTTassay.
Results: STSGs manifested an increase of proliferating cells (25% of
total cells) on day 3 of storage which was significantly dropping to a
level of 7% on day 7. The fraction of apoptotic cells slightly increased
on day 5 (25%) and remained constant until day 7. Metabolic activity
decreased by 30% on day 7 of storage. Capillary widening was only
observed via IVM after fresh STSG placement. The host wound bed
reacted with an early angiogenic response on day 3 after grafting of
fresh STSGs. Preserved STSGs exhibit a delayed but markedly
increased response on day 5.
Conclusion: Storage influences wound bed angiogenesis and has a
significant effect on the proliferation andmetabolic activity of graft cells.

13.P15
Creation of a novel wound dressing consisting
of collagen vitrigel combined with plastic film
S Aoki, T Takezawa, S Ikeda, Y Narisawa and S Toda
Department of Pathology & Microbiology, Saga University,
Japan; Transgenic Animal Research Center, National Institute of
Agrobiological Sciences, Japan; Department of Dermatology,
Saga University, Japan

The skin’s primary role is as a barrier separating an organism’s inner
from outer space. This barrier inhibits undesirable water losses and
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defends the body against infection. This barrier function depends on
the physical character of epidermis and dermis: tightly packed epider-
mis reduces the gap in the barrier, and collagen fiber shaping dermal
fibroblast supports the barrier’s biomechanical strength and the skin’s
biological microenvironment. To mimic the basic function of the skin,
we created a novel wound dressing comprising collagen vitrigel mem-
brane made up of high density collagen fibrils and plastic film (CVP).
This alternative skin replicates the physical barrier and provides extra-
cellular matrix.CVP was evaluated as a wound dressing: full-thickness
transcutaneous dermal wounds induced in C57BL6J mice were treated
with CVP. Macroscopic monitoring
Results: The number of deaths due to severe dehydration decreased,
and the wound bed was far smaller, in animals of the CVP group than
in control group. Histology revealed no granulomatous inflammatory
reaction or foreign-body type reaction in skin lesions with CVP. These
findings support the local and systemic histocompatibility of the bioma-
terial. The present data suggest that this biomaterial may enhance
regeneration of an extensive skin wound.

13.P16
Modified collagen-PCL scaffolds enhance skin
cell ingrowth and promote skin regeneration
during wound healing
Y Wang, C Chong, C Blaker, P Maitz and Z Li
ANZAC Medical Research Institute, Concord Hospital, Australia;
Burns Unit, Concord Hospital, Australia

Introduction: Burn injuries are among the most physically and psycho-
logically traumatic injuries. Globally six million patients suffer from
severe burns each year. Therefore, development of skin equivalents to
promote wound healing is of clinical importance.
Methods: Microporous collagen-polycaprolactone (PCL) scaffolds are
produced by modified electrospining. The surface morphology was
characterized by SEM. Human fibroblasts were co-cultured with kerati-
nocytes on the scaffolds to reconstruct skin equivalents. Cells growth
rate was monitored by counting DAPI stained cells. Biopsies were also
collected and stained with H&E staining. A mouse model was estab-
lished to assess the bio-safety of the skin equivalents. Wound healing
rate were determined and biopsies were collected for histology analysis.
Results: The 3D collagen-PCL scaffolds were developed with optimised
internal structure. In cell culture, fibroblasts and keratinocytes colo-
nized efficiently on the surface over 21 days. SEM and histology analy-
sis showed enhanced cells attachment and proliferation. Animal study
demonstrated that the scaffolds promoted wound healing with wound
size reduced approximately 50% by day 7. H&E and Masson’s thricome
staining showed excellent cells ingrowth and formation of a collagen
layer. Early stages of angiogenesis were evidenced by small capillaries
in neo-dermis. Our study will provide significant information on devel-
opment of skin equivalents in wound healing and skin regeneration.

13.P17
A novel antimicrobial bacterial cellulose
membrane for repair and reconstruction of skin
wound healing
J Wu, YD Zheng, QY Cui, XY Liu and XY He
School of Materials Science and Engineering, Beijing University of
Science and Technology, China; Beijing Dinghan Henhai
Biotechnology Development Co., Ltd, China

Bacterial cellulose membranes have attracted a great deal of attention
as novel wound-dressing materials, unfortunately, without antimicro-
bial activity. In this work, we developed a novel method to synthesize
silver nanoparticles in situ of bacterial cellulose membranes (n-Ag/BC)
through the reaction of Tollens’ reagent with aldehydes. Synthesis pro-
cessing of silver nanoparticles in the nano-network of BC was investi-

gated. In vitro Ag releasing property of n-Ag/BC was tested in PBS
buffer solution and the circulation of PBS buffer solution. The determi-
nation of their antibacterial activity using Escherichia coli, Staphylococ-
cus aureus and Pseudomonas aeruginosa is presented in this article.
Co-cultivation of epidermal cells was designed to investigate possible
effects of n-Ag/BC on epidermal growth. The experiments include
observation of epidermal cells of fetal rats’ fusion on membranes, the
determination of MTT curves and cell growth curves. The results show
that n-Ag/BC is a useful antimicrobial membrane without toxicity,
allowing attachment and growth of the epidermal cells. Thus, we antic-
ipate that n-Ag/BC might have a beneficial contribution to future appli-
cations of bacterial cellulose with not only antibacterial properties but
also abilities to promote skin growth as a wound dressing. This study is
supported by Beijing Municipal Science and Technology Plan Projects
(No. Z111103066611005) and the Royal Society-NSFC international
joint project (51111130207).

13.P18
Comparisons of biocompatible scaffolds for
human and mouse hair regeneration study
JW Oh, M Kim, JC Kim, M Kim and JO Lim
Department of Immunology Kyungpook National University
School of Medicine, South Korea; Department of Pathology
Yeungnam University College of Medicine; Joint Institute for
Regenerative Medicine (JIRM) Kyungpook National University
Hospital, South Korea

Hair follicle is known for distinct organ of epithelial mesenchymal inter-
action. Since regenerative medicine start to use biocompatible scaffold,
fiber sheet and sponge type of scaffold are commonly used for tissue
regeneration. Once the cells are out for growth in vitro, they tend to
lose the character they have in vivo. The three-dimensional cell cultiva-
tion can enhance the natural property of the cell and restore the func-
tional feature of them. In this study, we tried several scaffold for
making functionally working epithelial structure for human and mouse
hair regeneration study. The bladder-submucosal sponge (BSM hybrid
sponge) could be applicable to the study of epithelial mesenchymal sig-
naling pathway. Fiber sheet has less porous as well as thinner than
BSM sponge and has advantage for cell attachments. The human outer
root sheath keratinocytes did make cluster onto the mouse newborn
epithelial skin scaffold (NESS) unevenly due to the physical damage
during preparation. This study speculated the possibility of using scaf-
fold for hair regeneration study as point of epithelial cells. The present
findings could be relevant model for epithelial cells to advance our
understanding of the hair regeneration and cure for hair loss.

13.P19
Revcel, a resorbable biomaterial as wound
dressing
M Rottmar, M Richter, X Maeder, K Grieder, B von Rechenberg,
K Nuss, E Zimmermann, S Buser, B Blume
and A Bruinink
Empa - Swiss Federal Laboratories for Materials Science and
Technology; CABMM Tierspital Zurich, nolax AG, Empa - Swiss
Laboratories for Material Science and Technology, Switzerland

Chronic wounds of the skin, if at all, generally take very long to heal.
Stagnation of wound healing usually results in excessive extracellular
matrix (ECM) degradation, which is however crucial for tissue regener-
ation (growth factor reservoir and matrix for cell ingrowth). Current
treatment systems are relatively expensive and often contain collagen
which has the potency to transmit pathogens. The aim of this project
was to develop a biocompatible, degradable artificial ECM based on
polyurethane for wound healing. The Revcel materials were produced
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by nolax in a discontinuous procedure by combining polyol and isocya-
nate. Potential adverse effects of Revcel extracts and degradation prod-
ucts were assessed by according ISO10993-5 measuring total protein
content as well as metabolic activity. Cell adhesion was evaluated by
cultivating 3T3 mouse fibroblast cells on the material. Revcel is a syn-
thetic, soft, foam-like scaffold with tunable degradation time yet form-
stable and that offers optimal pore size for angiogenesis. With the base
formulation, extracts showed small adverse effects and cells formed
clusters when seeded on foams. Modified formulations affected protein
levels to a lesser extent, and exhibited good cell attachment and
spreading. Products formed by an in vivo like degradation were found
to be non-toxic. The results therefore suggest that Revcel has the poten-
tial to support wound healing in vivo. We acknowledge support by the
CTI (project 11874.1 PFLS-LS)

13.P20
Evaluation of the potential of
polyhydroxybutyrate-co-hydroxyvalerate bi-
layered scaffolds for skin tissue engineering
A Zonari, M Cerqueira, S Novikoff, AM Goes, AP Marques,
VM Correlo and RL Reis
3B¢s Research Group - University of Minho; ICVS/3B¢s - PT
Government Associate Laboratory, Portugal; Department of
Biochemistry and Immunology - Federal University of Minas,
Brazil

Polyhydroxybutyrate-co-hydroxyvalerate (PHB-HV) is natural-based
polyester produced by microorganisms under unbalanced growth con-
ditions. This polymer is known for its biocompatibility and biodegrad-
ability and has been explored for tissue engineering approaches. The
aim of this work was to create a bi-layered construct, based on PHB-
HV, for skin tissue replacement. The PHB-HV bi-layered scaffold was
produced taking into consideration the two main skin strata, the epi-
dermis and the dermis. For the epidermal fraction, a membrane was
developed using a solvent cast approach, while freeze-drying was used
to obtain the dermal fraction. The two structures were combined to
obtain a scaffold that has a thin compact surface (epidermal) and a por-
ous structure (dermis), as confirmed by scanning electron microscopy
(SEM) and micro-CTanalysis. Each layer of the scaffold, epidermal and
dermal, was respectively seeded with human keratinocytes (Kc) and
human dermal fibroblasts (Fb). The characterization by SEM con-
firmed the typical morphology of Kc and Fb on the expected surfaces.
Calcein-AM and DNA quantification showed that both type of cells
remained viable along the experiment and were able to attach and pro-
liferate on the respective seeding layers. In conclusion, the developed
PHB-HV scaffolds have shown suitable properties to sustain the co-cul-
ture of Kc and Fb, which constitutes a solid base for further work to
demonstrate its potential for skin replacement.

13.P21
Potential of multiscale fibrous scaffolds for skin
tissue engineering
S Dey Sarkar, B Farrugia, T Dargaville, J Chatterjee
and S Dhara
Indian Institute of Technology, India; Queensland University of
Technology, Australia

Mimicking structure, hierarchy and biological functions of native extra-
cellular matrix (ECM) have been one of the major goals of tissue engi-
neering. However, most of scaffold materials for skin tissue
engineering highlights on resembling biochemical composition of
native tissue. Here we present a rather innovative hierarchical nano/
microfibrous chitosan/collagen scaffold, for skin tissue engineering.
Scaffolds were developed by sequential electrospinning and freeze-dry-

ing. SEM microscopy showed formation of nano/microfibrous layers
(~75 nm and ~10 lm fiber diameters). Physico-chemical properties of
scaffolds (eg., porosity, tensile strength, swelling behavior, biodegrad-
ability) were tested. Scaffolds showed a distinct zone of inhibition
against E.coli. Scaffolds were evaluated in vitro using 3T3 fibroblasts
and HaCaT keratinocytes, for assessing matrices’ cytocompatibility and
cellular response. Presence of type-I collagen in scaffolds encouraged
better cell attachment and improved cellular viability. In addition, scaf-
folds were tested in ex vivo human skin equivalent (HSE) model, as a
preliminary alternative to in vivo animal testing. Results showed migra-
tion of keratinocytes along scaffold’s surface, causing re-epithelisation
of wound-a prerequisite healing and regeneration. Taken together, we
observe that by closely mimicking structural/functional attributes of
skin, here-in proposed chitosan/collagen scaffolds show great potential
for skin tissue engineering application.

13.P22
Healing potential of O2- hydrogels on a full-
thickness excision cutaneous wound in diabetic
mice
MS Kim, KW Shin, WI Kim, HS Cho and J Kwon
Biosafety Research Institute, College of Veterinary Medicine,
Chonbuk National University, South Korea

Foot ulcers and wound healing are problematic for patients with diabe-
tes. At present, many therapies are directed at accelerating wound
healing, such as applying electric currents, living skin equivalents, and
pharmacological manipulation of factors that modulate the wound
healing process. Oxygen (O2) is a very important mediator associated
with wound treatment, and its availability can limit healing rate. We
tested the potential effects of O2-hydrogel therapy on wound healing
and regeneration. O2-hydrogel treatment resulted in accelerated
wound closure and formation of granulation tissue in the wound area
compared with those in water-hydrogel treated mice. These data sug-
gest that O2 hydrogels may ultimately provide a novel therapy for
accelerating wound healing in patients with diabetes.

13.P23
Comparison of blue and red low level light by
LED on healing processes in a skin flap model in
rats
P Dungel, J Hartinger, T Morton, H Redl and R Mittermayr
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology / AUVA Research Center and Austrian Cluster for
Tissue Regeneration, Austria

Most studies of low level light therapy have been performed in red or
infrared range. We showed the significant impact of blue light to
release nitric oxide from nitrosyl complexes. Here we aimed to compare
the effects of red and blue light from LED on wound healing in a skin
flap model. A skin flap supported by either left or right inferior epigas-
tric neurovascular bundle was illuminated post-OP and on five consec-
utive days for 10 min with light-emitting diodes (LED) at either
470 nm or 630 nm with 50 mW/cm2. On day 7 size of necrotic area,
flap perfusion, histologic and immunohistochemical parameters were
analysed. In both light treated groups wound healing was enhanced,
necrotic areas were significantly smaller and flap shrinkage less pro-
nounced compared to controls. Immunohistochemical analyses
revealed profound effects of light on neoangiogenesis. In both light
treated groups blood vessel count in the perimuscular layer of the skin
was twice higher. In the subepidermal layer blue light doubled and red
light tripled the amount of blood vessels. Consistently, tissue perfusion
was twice higher in both light treated groups as determined by Laser
Doppler Imaging. Our data suggest that red and blue light can enhance
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wound healing processes. By improving angiogenesis and tissue perfu-
sion, light treatment can help to attenuate pathophysiological compli-
cations like ischemia-induced necrosis. LLLT would provide an easily
applicable and cost-effective treatment for skin wounds.

13.P24
Effects of low level light therapy by LED on
healing processes in porcine skin
P Dungel, J Hartinger, G Feichtinger, H Redl
and R Mittermayr
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology / AUVA Research Center and Austrian Cluster for
Tissue Regeneration, Austria

Treatment of donor sites after meshed skin graft harvesting is impor-
tant to prevent infections and attenuate pain and regenerate the skin
for further harvesting. Low level light therapy can be an efficient
means to promote wound healing. Here we aimed to compare the
effects of red and blue light from LED on wound healing in donor
sites in a pig model.05 in Eight 0.5 mm thick epidermal wounds mea-
suring 5 cm · 5 cm were made paravertebrally on the back of pigs.
Wounds were illuminated post-OP and on day 2 for 10 min with
light-emitting diodes (LED) at either 470 nm or 630 nm with
10 mW/cm2. On day 5 planimetric, histologic and immunohistochem-
ical parameters were analyzed. In both light treated groups wound
healing was enhanced. Red light reduced open wound area by 49%,
blue light by 62% (P < 0.01 vs. untreated control). Gene expression
analysis showed down-regulated VEGF-A and VEGF-R2 reaching sta-
tistical significance in the blue light group, suggesting that wound
healing is already completed. Furthermore, Coll I mRNA was
decreased in both light groups, indicating less scar formation. Our
data suggest that LLLT with red and blue light can enhance wound
healing processes and may reduce scar formation. LLLT would provide
an easily applicable and cost-effective treatment for surface wounds.
Lorenz Böhler Fonds 12/08.

13.P25
Selection of new targets to modulate
inflammation in diabetic foot ulcers
C Helary, P O’Gaora and A Pandit
Network of Excellence for Functional Biomaterials, National
University of Ireland, Ireland; University College Dublin; Network
of Excellence for Functional Biomaterials, Ireland

Macrophages are key cells in the resolution of inflammation as they
can secrete pro-inflammatory and wound healing cytokines. In the
case of diabetic foot ulcers, macrophages are locked in their inflam-
matory phenotype. In this study, it was hypothesized that hyperglyce-
mia is responsible for chronic inflammation in diabetic patients. The
objective was to detect relevant genes with an altered expression in
high glucose conditions. THP-1 cells were cultivated in normo or
hyperglycemia for 60 days. Then, cells were differentiated into mac-
rophage like cells with PMA and activated with LPS. Total RNA was
extracted and analysed by hybridisation to microarrays. Differences
in gene expression between normal and high glucose cells were
determined. The microarray revealed that 546 genes were statisti-
cally up or down regulated in hyperglycemia. Among these genes,
seven pro-inflammatory cytokines were up regulated in hyperglyce-
mia. Several effectors of the Wnt5A signalling pathway were also up
regulated. Regulation of GM-CSF and Wnt5A was verified and these
molecules are potentially new targets to modulate inflammation.
When Wnt5A links its receptor, the downstream effect is the increase
of intracellular [Ca2+]. The final effect is the production of pro-
inflammatory cytokines. Cytokine GM-CSF is known to maintain the

pro-inflammatory phenotype in macrophages. Hence, silencing of
Wnt5A and GM-CSF using siRNA technology could lead to the mod-
ulation of inflammation in diabetic patients.

13.P26
Reducing lysil hydroxylase 2 expression in a
fibrotic environment by introducing repressive
epigenetic marks in the PLOD2 promoter
RAF Gjaltema, C Huisman, MG Rots and RA Bank
Epigenetic Editing, Tissue Generation & Repair, Pathology &
Medical Biology, University Medical Center Groningen, University
of Groningen, The Netherlands

Lysyl hydroxylase 2 (LH2), encoded by PLOD2, initiates pyridinoline
(pyr) cross-linking of collagen. These hard-to-degrade cross-links are
increased in fibrotic collagen, resulting in poorly digestible collagen. To
date, no therapeutics has been developed that reduce pyr cross-linking.
Therefore we aim to down regulate LH2 expression by targeted tran-
scriptional repression of important transcription factor (TF) binding
sites. To identify TFs and their binding to the PLOD2 promoter, we per-
formed luciferase assays, low molecular weight compound (LMWC)
inhibition of TFs, and chromatin immunoprecipitations (ChIPs). Influ-
ence of DNA methylation on LH2 expression was assessed by bisulfite
sequencing and in vitro methylation of promoter-luciferase constructs.
Currently we are engineering zinc-finger proteins to target transcrip-
tional repressors to the PLOD2 promoter. The region -500 ATG showed
the highest reporter activity after TGFb1 stimulation. This region con-
tains putative SP1 and Smad3 binding sites and LMWC inhibition of
either TF reduced LH2 expression of stimulated cells. ChIP indicated
binding of both TFs to the promoter. No differences in DNA methyla-
tion patterns were observed after stimulation. However, in vitro meth-
ylation of the PLOD2 promoter by M.SssI prevented reporter activity
during stimulation. To conclude, our data indicates that introducing
repressive epigenetic marks at indicated TF binding sites to be a potent
tool in reducing fibrosis-related LH2 expression.

13.P27
Leptin promotes wound healing in the skin
S Ide, R Tokuyama, H Umeki, S Tadokoro, S Kumasaka, S Tatehara
and K Satomura
Department of Oral Medicine and Stomatology, School of Dental
Medicine, Tsurumi University, Japan

Leptin, a circulating hormone, has various physiological actions. Inter-
estingly, skin wound healing was proven to be delayed in leptin-defi-
cient ob/ob mice. However, little is known on mechanism of this
phenomenon. In this study, we attempted to elucidate a role of leptin
in wound healing of skin. First, chemical burn wounds were created on
the back skin of male ICR mice. Wounds were covered with sustained-
release absorbable hydrogel containing leptin or PBS. At day 4 and 8,
wound repair was quantified by measuring the area of the epithelial
defect. Also, the skin including the wound was extirpated for histologi-
cal examination and immunohistochemical analysis for leptin receptor
and CD31. Then, number of CD31-positive cells was counted. More-
over, gene and protein expressions of leptin receptor in human skin fi-
broblasts were analyzed by RT-PCR and Western blotting. As a result,
the wound healing at day 8 was significantly enhanced in leptin-trea-
ted group. Immunohistochemistry revealed that leptin receptor was
expressed in the healing skin. At day 8, more CD31-positive cells were
observed in the subcutaneous area around ulcer in leptin-treated
group. RT-PCR and Western blotting showed that human skin fibro-
blasts expressed leptin receptor. These findings suggest that leptin pro-
motes wound healing in the skin by accelerating angiogenesis. The
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possibility that leptin may be useful as a new medicine to promote
wound healing in the skin is also suggested.

13.P28
Antimicrobial and cytotoxic effects of silver
nanoparticles in electrospun skin substitutes
RM Rosa, I Santos-Sanches, AI Silva, JAMC Silva
and CMR Henriques
Cefitec, Departamento de Fı́sica, Faculdade de Ciências e
Tecnologia, FCT, Universidade Nova de Lisboa, Portugal;
Departamento de Ciências da Vida e CREM – Centro de Recursos
Microbiológicos, Faculdade de Engenharia, Universidade Católica
Portuguesa, Portugal

Silver nanoparticles (NPs) have emerged as good candidates to confer
skin substitutes with protection capabilities against infections. Electro-
spun mats (EMs) are particularly adequate for such an application. We
produced polyvinylpyrrolidone (PVP) EMs from solutions containing
AgNO3. EMs morphology was characterized by SEM. UV irradiation
photo cross linked the polymer and induced the formation of NPs. Both
processes, as well as the release of NPs from EMs to water, were ana-
lyzed by UV-Vis spectrophotometry. Weight loss of EMs when immersed
in water was measured. NPs were characterized by TEM. Their activity
against several microorganisms and toxicity to Human Ephithelial Kid-
ney (HEK) cells were assessed, respectively, by disk diffusion/minimal
inhibitory concentration and in vitro cell viability tests. Results indicate
that as UV irradiation time increases the EMs weight loss decreases and
absorbance at 290 nm increases. When either the ratio of PVP: AgNO3

used or the UV irradiation time increases, the mean NPs size (all below
10 nm) and the dispersion of particles size increase. The NPs originate
an absorbance peek (around 425 nm) which increases in the first 4 h
of irradiation, then stabilizes, and shifts as the NPs mean size in a sam-
ple increases. The concentration of NPs released to water from an
immersed EM increases in the first 2 h and then tends to stabilize.All
EMs showed inhibitory effects on microorganisms and cytotoxicity to
HEK due to the presence of NPs.

13.P29
Bilayered macroporous templates for skin tissue
repair and regeneration
S Geethapriya and K Ashok
Indian Institute of Technology, India

Skin tissue engineering is a promising area of research where a number
of tissue engineered medical products have been commercialized. Fur-
ther research is required to be carried out to improve the quality of
wound healing to mimic native tissue that can improve angiogenesis in
scaffolds, reduce scar formation in sensitive areas and minimize antimi-
crobial resistance against wound pathogens. In our laboratory we have
synthesized bilayered bioartificial skin grafts consisting of a regenerat-
ing layer and an antiseptic layer. The regeneration layer is made up of
gelatin as a three-dimensional supermacroporous cryogel sheets for the
dermis and two-dimensional thin films for the epidermis, respectively.
The antiseptic layer consists of polyvinyl pyrrolidone cryogel sheet cou-
pled with iodine for minimizing anti-microbial resistance against
wound pathogens. Further in order to improve the angiogenic and
regenerative properties of the scaffolds, gelatin microspheres of bioac-
tive components such as mannose-6-phosphate, zinc oxide and fibrino-
gen, respectively have been incorporated into the dermal regeneration
templates for specific applications. Cell culture studies in different types
of skin cells such as NIH3T3, L929 and A431 have been studied and
animal studies in rabbit model systems have shown promising results
with the bilayered skin grafts.

13.P30
Gene expression profiling of negative-pressure-
treated skin graft donor site wounds
K Nuutila, A Siltanen, M Peura, A Harjula, T Nieminen, J Vuola,
E Kankuri and PAarnio
Institute of Biomedicine, University of Helsinki, Finland

Negative-pressure wound therapy (NPWT) is widely used to improve
skin wound healing. Although NPWT has been studied as a treatment
for wound closure and healing, the molecular mechanisms explaining
its therapeutic effects remain unclear. To investigate the effect of
NPWTon gene expression, and to discover the genes most dominantly
responding to this treatment during skin wound healing, we applied
negative pressure on split-thickness skin graft donor sites from the
first postoperative day (POD) to the seventh POD. Biopsies were col-
lected from intact skin before graft harvesting, and on the seventh
POD from the donor site wound. Each sample underwent a genome-
wide microarray analysis. Gene expression profiles of NPWT-treated
samples were compared with untreated control samples. In addition,
we analysed wound exudates for volume, and for concentrations of
leukocytes, erythrocytes, and hemoglobin. NPWT induced major
changes in gene expression during healing. These changes ranged
from 10-fold induction to 27-fold suppression. The genes most
induced were associated with cell proliferation and inflammation, and
the most down-regulated genes were linked to epidermal differentia-
tion. Our results suggest that NPWT enhances specific inflammatory
gene expression at the acute phase associated with epithelial migra-
tion and wound healing. However, its continued use may inhibit epi-
thelial differentiation.

13.P31
The use of high-hydrostatic pressure treatment to
decellularize normal skin
PH Liem, N Morimoto, R Ito, A Mahara, K Shima, K Kawai,
T Fujisato, T Yamaoka and S Suzuki
Department of Plastic and Reconstructive Surgery, Graduate
Shool of Medicine, Kyoto University, Japan; Department of
Biomedical Engineering, National Cerebral and Cardiovascular
Center Research Institute, Japan; Osaka Institute of Technology,
Japan

Introduction: High-hydrostatic pressure (HHP) is a new decellulariza-
tion treatment in order to produce acellular matrix. The aim of this
study is to explore the possibility to produce acellular dermis (AD) from
normal skin using HHP method.
Materials and Methods: Skin specimens were obtained from patients
with informed consent. We compared four kinds of pressure to decellu-
larize: 0 (control group), 100, 200, 100 MPa. Specimens were pressur-
ized using a cold isostatic pressurization machine. We evaluated the
structure of skin in H-E staining, and confirmed the structure of base-
ment membrane of epidermis and capillaries using IHC staining for
type IV Collagen and vWF. We counted viable cells using a WST-8 assay
(Cell Count Reagent SF) before and after treating, 7, 14 days washing.
The absorbance of the colored product, which represents quantitatively
the degree of cell in skin, was read on a microplate reader at wave-
length of 450 nm. Results: The epidermis was removed from skin after
treating with pressure 200, 1000 MPa. The basement membranes and
capillaries remain intact in all specimens that were treated with each
pressure after treating, 7, 14 days. In the 200, 1000 Mpa groups, the
numbers of viable cells (absorbance) were significantly smaller than
those of other groups.
Conclusion: In this experiment, we could prepare AD from skin tissues
using HHP. Next step, we will produce cultured skin using AD and cul-
tured cells, and try to reconstruct skin defects using animal models.
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13.P32
Amniotic membrane attenuates TGFß signalling,
induces c-jun expression and modifies the
glycosilation profile of several proteins in HaCaT
cells. Molecular lessons from the
re-epithelialisation induced by AM in deep
large-surface wounds
A Alcaraz, A Mrowiec, CL Insausti, EM Garcı́a-Vizcaı́no,
C Ruiz-Cañada, JM Moraleda and FJ Nicolás
Oncologı́a Molecular y TGFbeta, Hospital Universitario Virgen de
la Arrixaca, Spain; Terapia Celular, Hospital Universitario Virgen
de la Arrixaca, Spain

Amniotic Membrane (AM) is a tissue of particular interest as a biologi-
cal dressing due to its biological properties and immunologic character-
istics. In patients with extensive wounds, AM was used as a wound
dressing and induced a robust eptithelialisation and the formation of a
well-structured skin. TGFß, initially released at the wound bed by
platelets, has an important role in wound healing. TGFß induces
migration of monocytes and fibroblasts into the wound bed. Addition-
ally, TGFß induces a powerful cell cycle arrest in keratinocytes. All
together, this prevents wound re-epithelialization before dermis is fully
repaired. In big massive wounds, the high concentration of TGFß
induced by inflammation may be the cause that prevents re-epithelial-
ization. The application of AM may antagonise these TGFß effects. To
test this hypothesis we used an epithelial model: HaCaTcells. We stud-
ied the effect of AM on the TGFß induced genetic response. HaCaTcells
treated with or without AM were stimulated with TGFß. AM treatment
triggered the activation of several signalling pathways, including MAP
kinase pathway and modifies the genetic program that HaCaT cells
exhibit in response to TGFß. In Mv1Lu cells, AM induced a migration
response that was prevented by SP600125 (JNK inhibitor). Moreover,
AM causes changes in the oligosaccharide branching of some proteins.
Also, AM had several effects on TGFß-induced cell cycle arrest of Ha-
CaTcells.

13.P33
Polysaccharide based hydrogels for the delivery
of umbilical cord derived mesenchymal stem
cells for cutaneous wound healing
PH Blit, M Al-Shehab, A Arno, HC Tien and MG Jeschke
Sunnybrook Research Institute, Canada; The Trauma Program
and the Department of Surgery; Ross Tilley Burn Centre,
Sunnybrook Health Sciences Centre, Department of Surgery,
Division of Plastic Surgery, Department of Immunology,
University of Toronto, Canada

Introduction: Millions of patients world-wide suffer from acute and
chronic wounds. Systemic and local injections of mesenchymal stem
cells (MSCs) have proved effective for wound healing applications;
however, alternative methods for the delivery of cells directly to the
wounds are warranted. The incorporation of MSCs into a polysaccha-
ride based carrier system would allow for their direct application to
wounds.
Materials and Methods: Pullulan based hydrogels and porous scaffolds
were fabricated by using sodium trimetaphosphate as a cross-linker
under basic conditions. Gelatin was also included in some scaffolds to
promote bioactivity. Porous scaffolds were fabricated by sodium chlo-
ride salt leaching and lyophilisation steps. MSCs were cultured from
the Wharton’s jelly of human umbilical cords and seeded on the materi-
als. Live/dead staining allowed for the determination of cell distribu-
tion and viability within the cross-linked pullulan scaffolds.
Results: Pullulan hydrogels containing 10–25% gelatin were shown to
improve MSC adhesion after 1 week of culture. Salt leaching and ly-
ophilization steps resulted in porous sponge-like pullulan scaffolds
which, when seeded with MSCs, showed relatively high cell viability
after 1 day of culture.
Conclusions: The pullulan/gelatin based scaffolds promote MSC
attachment and viability and thus, these constructs may act as carrier
systems for the delivery of MSCs to wounds for potential cutaneous
wound healing applications.
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14. A Novel Generation of Skin Substitutes to Clinically Treat Severe
Skin Defects (in coop. EuroSkinGraft)

14.01
Keynote: A novel generation of skin substitutes
to clinically treat severe skin defects
E Reichmann
Tissue Biology Research Unit Deparment of Surgery University
Children’s Hospital, Switzerland

This symposium is an attempt to present an overview of an FP7
HEALTH project, designated ‘EuroSkinGraft’ that aims at the produc-
tion of novel, bio-engineered skin grafts, which are to be applied in
Phase I and Phase II clinical trials. Two different autologous, bio-engi-
neered skin grafts and an acellular, off the shelf skin substitution
product, were designed to serve specific purposes in plastic skin sur-
gery. All three products are intended to be applied in one surgical
intervention. The speakers in this session will report: a surgeon’s point
of view concerning the project (second key note) the experiences
made in previous, related clinical trials the science that preceded the
development of the skin grafts on how a lab tries to analyze and eval-
uate the quality of the skin grafts prior and after transplantation a
companies’ point of view, which is involved in the projection how a
Clinical Trial Center experiences regulatory and other aspects of the
project. By presenting this global sight of the project, the organizers
hope to initiate a stimulating and fruitful discussion about the
approach in general and the undertaking of this type of clinical trial
in Europe in particular.

14.02
Keynote: Skingineering for large full thickness
skin defects
MMeuli
University Children’s Hospital Zurich, Switzerland

Burn, plastic, and reconstructive surgeons are still facing considerable
and sometimes unsurmountable problems when large or massive full
thickness skin defects require definitive and functionally optimal autol-
ogous coverage. Today’s options include repetitive split thickness graft-
ing, cultured epidermis, and combinations thereof. If the patient
survives, functional and cosmetical long term results are often far from
satisfactory, in particular due to severe scarring. The growing organism
of pediatric patients adds an additional challenge because scars do not
proportionally grow with the patient. The goal of this presentation is to
illustrate the above mentioned problems with typical clinical situations,
to outline what the current therapeutic armamentarium can achieve,
and, finally, to review the rationale for our attempts to bioengineer an
autologous and clinically applicable full thickness skin analogue to
overcome said shortcomings.

14.03
Cultured keratinocytes for burn wound treatment,
preliminary results of a prospective randomized
controlled intra-patient comparative study
RE Marck, MCT Bloemen, T Waaijman, S Gibbs,
E Middelkoop and MMVV Ulrich
Association of Dutch Burn Centres, Department of Plastic,
Reconstructive and Hand Surgery and Research Institute Move,
VU- University Medical Center Amsterdam, The Netherlands;
Department of Dermatology, VU Medical Center Amsterdam,
A-SKIN, The Netherlands

Standard treatment for large burns is transplantation with meshed split
skin graft (SSG). A disadvantage of this treatment is that healing is
accompanied by scar formation. Application of cultured autologous
keratinocytes (CK) may enhance wound closure and improve scars. A
prospective, multicenter randomized trial is currently being performed,
in 50 adult patients with acute full thickness burns, an intra-patient
comparison is made of the effect of treatment with CK with SSG com-
pared to SSG alone. A biopsy is obtained from unaffected skin and cul-
tured for 2–3 weeks. The expanded keratinocytes are seeded on a
collagen carrier and transplanted onto the SSG. Primary outcome mea-
sures are wound closure and graft take (GT) after 7 days. Scars are
evaluated at 3 and 12 months. Eighteen patients are included so far.
There is a significant better wound healing in the areas treated with
the CK compared to the standard treatment only, 67.1% (SD 27.2)
compared to 61.1% (SD 27.4), p = 0.01) A positive trend is seen com-
paring mean GT, 89.1% (SD 15.0) and 85%,78% (SD 19.5). Three
months post-operative, objective and subjective scar evaluations show
a positive trend for the experimental area. The preliminary data show
positive results for treatment of burns with CK, both in the early out-
come parameters as well as in the follow-up at 3 months. In this pre-
sentation we will share our experience with coordinating and
performing this multicenter study in clinical but also regulatory and
logistic perspective.

14.04
The tissue engineering of human skin:
Assembling an organ in vitro
D Marino, F Hartmann, E Braziulis, T Biedermann, J Luginbuehl,
L Pontiggia, S Scola, S Böttcher, A Klar and E Reichmann
Tissue Biology Research Unit (TBRU), University Children’s
Hospital Zurich, Switzerland

The engineering of skin substitutes and their application on human
patients has become a reality. However, scientists and surgeons are still
struggling to generate permanent skin substitutes. Constructing an
autologous dermo-epidermal graft that rapidly vascularizes, optimally
supports epidermal stratification and that can be conveniently handled
by the surgeon, is now the ambitious goal. In the last decade, our
extensive preclinical data on both small (rat) and large (pig) animal
models have shown that cellular (consisting of keratinocytes and fibro-
blasts) dermo-epidermal skin substitutes based on collagen hydrogels
optimally reconstitute full-thickness skin defects. Very recently, we have
set up a European consortium (FP7 framework), the EuroSkinGraft, to
perform both phase I and II multi-center clinical trials for our grafts.
Apart from these achievements in the direct clinical application of skin
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substitutes, our research is focusing on the efficient pre-vascularization
of skin grafts, on the characterization of epidermal stem cells and on
the incorporation of melanocytes to reconstitute the ‘color’ and UV pro-
tection of human skin. In conclusion, our intense research on tissue
engineering of skin has developed into clinically applicable products
and their efficacy will now be tested and evaluated.

14.05
High density gene expression microarrays as a
novel read-out tool in regenerative medicine
G Lammers, C Gilissen, St Nillesen, PJ Uijtdewilligen,
RGWismans, JA Veltman, WF Daamen and TH van Kuppevelt
Department of Biochemistry, Nijmegen Centre for Molecular Life
Sciences, The Netherlands

The in vivo performance of tissue-engineered constructs is often based
on generally accepted read-out parameters, like (immuno) histology. In
this study, we probed an alternative strategy for in vivo evaluation,
which is based on high-density gene expression microarrays and gene
ontology analysis. This approach was applied for the identification of
the biological processes occurring after implantation of an acellular col-
lagen-based skin construct using a rat full-thickness wound model. A
freely-available program (DAVID) was used to identify up/down regu-
lated biological processes (GO-terms), and results were compared to
wound healing/regeneration without a construct. Conventional
(immuno) histology was used to validate the biological processes iden-
tified and it indicates that microarray analysis may provide a valuable,
fast and unbiased tool to evaluate the in vivo performance of tissue-
engineered constructs. However, challenges remain e.g., with regards
to the development of specific GO-terms and annotation of the (rat)
genome.

14.06
Development of a novel collagen-based dermal
regeneration scaffold (Novomaix); control of pore
architecture
L Olde-Damink, L Eummelen, A Buehren, F Schuegner,
H Leemhuis and J Heschel
Matricel GmbH, Germany

Introduction: The use of a dermal regeneration scaffold during trans-
plantation of full thickness dermal wounds with autologous split skin
graft is advocated to improve treatment outcome. The migration of dif-
ferent cell types into the dermal regeneration scaffold and the role of
these cells in the regenerating tissue are directed by the composition
and architecture of the artificial extracellular matrix. By fine-tuning the

composition and pore architecture of the dermal scaffold, we anticipate
to achieve improved wound healing and reduced scar formation during
healing of full thickness wounds.
Materials and Methods: Porcine collagen Type-I, Type-III and insoluble
fibrous elastin were used as starting materials for scaffold preparation.
Porous scaffold architecture was obtained using a directional ice crys-
talization method followed by lyophilization.
Results: A collagen sponge scaffold manufacturing technology was
developed to create orientated longitudinal pores as guiding structures
for regenerating tissue during dermal regeneration. This method allows
to achieve reproducible, uni-directional pore structures to obtain an
optimal pore architecture. In addition, scaffolds had optimized han-
dling properties compared to currently available dermal regeneration
templates. (improved tensile strength, rapid rehydration).
Conclusion: A set of technologies was developed for manufacturing of
dermal repair scaffolds with predictable and reproducible uni-direc-
tional pore structure.

14.07
Improving quality in non-commercial academic
clinical research
SG Senti, FA Freiburghaus and FC Fritzsche
Center for Clinical Research – Clinical Trials Center, University
and University Hospital, Zurich

Investigator Initiated Trials (IITs) are clinical trials that are initiated by
academic researchers and are aimed at acquiring scientific knowledge
and evidence to improve patient care. As regulatory requirements for
non-commercial IITs and industry sponsored trials are identical, the
burden of complying with these is high for the investigators of IITs. In
the last years inspections by Swissmedic (the Swiss federal regulatory
authority) were focused on IITs. These inspections revealed several
critical deficiencies in academic clinical research as to fulfil the require-
ments became very difficult and almost impossible to perform aside a
clinical routine work in a hospital. For this reason clinical researchers
in large academic and teaching hospitals need professional support to
fulfil national, international and GCP requirements. The Clinical Trials
Center (CTC) at the Center for Clinical Research, an institution of the
University Hospital (and the University of Zurich) was founded to pro-
vide professional support, expert advice and services in the range of
clinical research activities to achieve compliance with GCP and GMP
guidelines, the Declaration of Helsinki and the national legal require-
ments. In Switzerland there is a close collaboration of Universities,
University Hospitals and the Swiss National Science Foundation with
the aim to improve academic clinical research. The services are subsi-
dized by the University and provided to the researchers on a non-profit
basis.
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15. Cardiac Regeneration

15.01
Keynote: Engineered heart tissue for myocardial
regeneration
G Vunjak-Novakovic
Columbia University, USA

This talk reviews some recent and ongoing work towards re-establish-
ing the structure and function of injured myocardium through coordi-
nated use of human stem cells, advanced scaffold and bioreactor
systems. Human cardiomyocytes derived from embryonic stem cells by
staged application of molecular regulatory factors were conditioned by
electromechanical signals to enhance their maturation. Physical condi-
tioning resulted in upregulation of multiple cardiovascular genes, syn-
chronization of cell contractions and greater mechanical force
generated by cultured cells. To incorporate signals provided by extra-
cellular matrix, both native and synthetic scaffolds were developed,
with the structure and mechanical properties similar to native cardiac
matrix. To enable cultivation of a thick and functional cardiac patch,
we also developed a bioreactor system providing interstitial flow
through the cell-seeded scaffold (to maintain cell viability) and the
application of electrical stimulation (to enhance cell function). Various
types of cardiac patches were evaluated in small animal models. These
studies suggest some interesting directions for the application of molec-
ular, structural and electromechanical signals to regulate the differenti-
ation and assembly of cardiac cell populations into a functional cardiac
patch.

15.02
Keynote: Engineered heart tissue to model
human disease
T Eschenhagen
Department of Experimental Pharmacology and Toxicology,
University Medical Centre Hamburg-Eppendorf, Germany

We have developed means to generate 3D force-producing engineered
heart tissues (EHT) from neonatal rat heart cells, human embryonic
stem cell and induced pluripotent stem (iPS) cell-derived cardiac
myocytes. The talk gives an overview on recent developments that
are directed towards improving the system as an in vitro assay. (i) A
semi-automated 24-well-EHT assay allows medium throughput
screening of pro-arrhythmic and cardiotoxic drugs. (ii) Disease model-
ing. Human iPS cells have opened the possibility to model human dis-
eases in the dish. To assess the validity of the EHT assay for this
purpose we generated EHTs from myosin binding protein C (cMyBP-
C) knockout (KO) and knockin mice (KI) and wild-type control EHTs
(WT). KO and, to a lesser degree, KI EHT showed hypercontractility,
increased sensitivity to external calcium, decreased response to the
calcium sensitizer EMD 57033 and reduced sensitivity to verapamil.
These results reproduce abnormalities observed earlier in cMyBP-C
KO and KI mice and point to novel aspects of a hypertrophic cardio-
myopathy phenotype. (iii) We have developed a new in vitro hyper-
trophy model by subjecting mature EHTs for 5 days to enhanced
afterload. This intervention induces cardiac myocyte hypertrophy with
molecular and functional hallmarks of pathological hypertrophy. Cur-
rent efforts are directed towards improvement of current cardiac myo-
cyte differentiation protocols from hiPS cells, a critical bottleneck for
human disease modelling

15.03
Creation of cell sheet-based bioengineered heart
tissue using ES/iPS cells-derived cells
KMMatsuura, TS Shimizu, MWWada, YH Haraguchi, SA Aoki,
MS Sato, KK Konishi, NH Hagiwara and TO Okano
Tokyo Women’s Medical University, Japan; ABLE Corporation
Japan, Asahi Kasei Co. LTD, Japan

The bioengineered functional heart tissue is expected to function for
repairing the broad injured heart. We have developed the cell sheet-
based bioengineered vascularized heart tissue, however the function of
stem cell-derived heart tissue remain elusive. Recently we have estab-
lished the culture system with the suitable conditions for expansion
and cardiac/vascular endothelial differentiation of mouse ES cells and
human iPS cells using three-dimensional bioreactor. After the differenti-
ation and purification steps using mouse ES cells and human iPS cells
that express some drug resistant genes under the control of alpha MHC
promoter, a large amount of cardiomyocytes were collected. The co-cul-
ture of ES/iPS cells-derived cardiomyocytes with the appropriate num-
ber of primary cultured fibroblasts on the temperature-responsive
culture dishes enabled to form the cardiac cell sheets. Consistent with
the findings that cardiomyocytes in cell sheets beat spontaneously and
synchronously, Connexin 43 was expressed at the edge of the adjacent
cardiomyocytes and the action potential propagation was observed
between cell sheets. Furthermore when ES-derived CD31 positive
endothelial cells were co-cultured with ES-derived cardiomyocytes and
fibroblasts, robust vascular network formation was observed in the
whole cell sheet area. These findings indicate that the layered cardiac
cell sheets using stem cell-derived cardiomyocytes with vascular net-
work might function as a regenerated heart tissue.

15.04
Ischemic preconditioning for cardiac tissue
engineering with stem cells
S Lim, S Hsiao, D Lee, P Sivakumaran, D Crombie, M Dottori,
A Pebay, R Dilley and G Dusting
O’Brien Institute, Department of Surgery, Australia

Ischemic preconditioning (IPC) is a powerful mechanism that protects
the heart from damage by releasing mediators that promote cell sur-
vival. We have now used IPC to promote the growth and development
of cardiac tissue from stem cells in vivo. We employed an in vivo vascu-
larized tissue engineering strategy in rats, where polyacrylate chambers
were placed around the femoral vessels. IPC was induced by three
cycles of 5 min femoral artery occlusion interspersed with 5 min reper-
fusion. Chambers subjected to IPC generated bigger tissue constructs at
7 and 28 days post-implantation of ‘empty’ chambers, the IPC con-
structs showing significantly greater volumes of fibrin matrix, granula-
tion tissue and vasculature. To investigate whether IPC was
cytoprotective, neonatal rat cardiomyocytes (CMs) were implanted into
chambers for 3 days: IPC significantly reduced CM apoptosis. Rat car-
diac constructs harvested 4 weeks post-implantation contracted spon-
taneously and cardiac muscle volume was larger after IPC. We are now
generating human cardiac tissue from human induced-pluripotent stem
cells (hiPS), which are pretreated with trichostatin-A to produce func-
tional CMs. Implanting spontaneously differentiated hiPS in the cham-
bers produced teratomas, so it is clearly important to purify hiPS-
derived CMs before growing them into constructs. In summary, IPC
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enhances tissue growth and protects implanted cells, and we will take
advantage of this approach in future engineering of cardiac tissue.

15.05
Design of synthetic patch for congenital heart
defect repair using self-assembled
polycaprolactone and gelatin-chitosan hydrogel
S Pok and G Jacot
Rice University, Department of Bioengineering; Texas Children’s
Hospital Division, of Congenital Heart Surgery, USA

A 3-D scaffold comprised of self-assembled polycaprolactone (PCL)
sandwiched in a gelatin-chitosan (GC) hydrogel was developed as a
biodegradable patch for surgical reconstruction of congenital heart
defects (CHD). These multilayered scaffolds have suturability and high
tensile strength provided by the PCL core, along with cardiomyocyte
binding sites, and control of the degradation rate provided by the GC
hydrogel. Blended or pure MW PCL scaffolds were formed by self-
assembly in an aqueous environment, then assessed for pore structure,
elastic modulus, tensile strength and degradation time. SEM analysis
showed that scaffolds containing lower MW PCL have larger pore sizes.
These samples have ~1.8 MPa of elastic modulus. The degradation
rate increased in scaffolds containing 10 kDa PCL in physiologic condi-
tions. PCL scaffolds were coated with a GC mixture to facilitate cell
attachment and form 3-D tissues. These coated scaffolds showed no
significant alteration in tensile stress, strain and tensile modulus. How-
ever the compressive modulus of the composite tissue was in a range
more similar to native tissue (~15 kPa for 1 : 1 = G : C). A 3-D hive
like porous structure was formed with a mean pore diameter ~80 lm,
allowing for invasion of neonatal rat ventricular myocytes (NRVM).
NRVM were viable for 14 days, and formed spontaneously beating
engineered tissues. In summary, we were able to form a multilayered
scaffold containing NRVM with sufficient tensile strength for use in
CHD repair.

15.P01
Perfusion of vascularized engineered heart tissue
I Vollert, M Seiffert, A Eder, L Conradi, A Vogelsang, T Schulze,
J Uebeler, A Hansen and T Eschenhagen
Department of Experimental Pharmacology and Toxicology,
University Medical Center Hamburg, Germany; Department of
Cardiovascular Surgery, University Heart Center, Germany

A critical factor for the potential clinical use of engineered heart tissues
(EHT) for cardiac repair remains their limited size. Here we report on
our efforts to integrate perfusable vessels in EHT to overcome this bot-
tleneck. Adapting our previously published protocol, we generated
EHT with a size of 22 · 15 · 1.5 mm spanning between six silicone
posts hold by a silicone rack with hollow central posts. Thin calcium-
alginate fibers were generated by extrusion technique and positioned
into the outlet of the hollow posts. A reconstitution mix of neonatal rat
heart cells, fibrinogen and thrombin was pipetted around the lower
part of the silicone posts including the alginate fiber. For dissolving of
the alginate fiber without impairing the EHT function incubation in
0.78 mM citrate solution or 0.78 lg/ml alginate lyase for 22 h was
found to be optimal. This method gave rise to a tubular lumen
(~100 lm) throughout the length of the EHT that could be connected
to a perfusion system via the hollow silicone tubes. By varying flow
rate, time point, duration and medium constitution of the perfusion we
achieved viable beating EHT with increased cardiac myocyte density
and distribution. Histological analysis suggested at least partial
endothelial coverage of the lumen. This is the first report on a novel
approach to achieve perfusion of living, actively contracting and force-
generating 3D engineered tissues that is, in principle, applicable for all
types of tissue engineering.

15.P02
The functional evaluation of ES cell-derived
cardiac cell sheet with different types of
fibroblasts
T Iwamiya, K Matsuura, T Shimizu, N Yasuda, D Sasaki
and T Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, TWIns, Japan

The evidences that fibroblasts are widely used for the fabrication of cell
sheets indicate the importance of the appropriate cellular network and
the extracellular matrixes. However the suitable conditions for cardiac
cell sheets remain elusive. In this study, we evaluated the function of
cardiac cell sheets fabricated in co-culture with mouse ES-derived car-
diomyocytes and a variety of fibroblasts by assessing sheet forming
ability, action potential propagation and cardiomyocyte hypertrophy.
Mouse ES cells-derived cardiomyocytes were co-cultured with three
types of fibroblasts (mouse neonatal cardiac Fibroblasts (NCFs), mouse
adult cardiac fibroblasts (ACFs) and mouse adult dermal fibroblasts
(ADFs)) on FBS-coated UpCell for 5 days. After lowering temperature,
it took around 75 min (NCFs), 30 min (ADFs), and 22 h (ACFs) to
detach from dishes. When the extracellular action potential of each cell
sheet was examined using multi-electrode system, synchronous con-
traction among cardiomyocytes was observed in the sheets with NCFs
and ACFs, but not with ADFs. Finally the localization and the cell mor-
phology of cardiomyocytes were elucidated with immunocytochemis-
try. Cardiomyocytes in cell sheets with NCFs and ACFs were elongated
and evenly distributed, while those with ADFs showed the diminished
size and localized. These findings suggest that cardiac fibroblasts might
be supportive for cardiac function in cell sheet and the precise mecha-
nisms of it remain to be determined.

15.P03
Effect of endothelial cell-cardiomyocyte 3D
co-culture on the properties of an engineered
cardiac tissue
P Zorlutuna, N Annabi, N Mehdi, M Sattarov, G Camci-Unal,
H Bae and A Khademhosseini
Harvard Medical School, USA

Endothelial cell (EC)-cardiomyocyte (CM) crosstalk through paracrine
interactions is important in the control of myocardial development,
growth and function such as contractility. Therefore, a functional engi-
neered cardiac tissue should be able to accommodate ECs, not only for
neo-vessel formation, but also for the proper function of the muscle
cells. In this study we co-encapsulated ECs with CMs in photo-pattern-
able hydrogels to assess the physiological effects of EC presence in a
3D engineered cardiac tissue under normal and pathological condi-
tions. Our results showed that, EC presence did not hinder cardiac
function under normal physiological conditions as proven by similar
Connexin 43 and Troponin I expression and similar beating behavior
throughout 15 days of culture. Moreover, EC presence improved CM
survival significantly under oxidative stress conditions as shown by
live/dead and MTS assays. Interestingly, our photopatternable system
allowed us to distinguish between two different effects originating
from ECs themselves, and from EC culture media. We found that at
least one of the EC driven factors that govern this cardioprotective
effect is Endothelin-1 (Et-1) and suggest that Et-1 has a positive cardio-
protective effect locally. The engineered myocardium in this study,
which we have control over the spatial distribution of its constituent
cells, is important for cardiac regeneration and as a model tissue for
investigating myocardial physiology.
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15.P04
Dynamics of engraftment of cardiac cell sheets in
vivo and their angiogenic potential
RTakeuchi, Y Kuruma, H Sekine, T Shimizu, I Dobashi,
K Matsuura, N Hagiwara, E Kobayashi, M Umezu
and T Okano
Graduate School of Advanced Science and Engineering, Waseda
University, Japan; Research and Development Headquarters,
Terumo Corporation, Japan; Institute of Advanced Biomedical
Engineering and Science, Tokyo Women’s Medical University
(TWIns), Japan; Department of Cardiology, Japan; Division of
Development of Advanced Treatment, Center for Development of
Advanced Medical Technology, Jichi Medical University, Japan

Myocardial tissue engineering has been pursed as a new possibility to
repair the damaged myocardium. Previously, we have created cardiac
cell sheets that have pulsatile function and endothelial cell network
using the novel temperature responsive culture dishes, and demon-
strated high viability of engrafted cells in vivo and the significant
improvement of cardiac function. In this study, dynamics of vascular
formation and engraftment of cell sheets were investigated after they
were implanted. Cardiac cell sheets of Luciferase-transgenic neonatal
rat or GFP-transgenic neonatal rat were implanted into dorsal subcuta-
neous tissues in nude rats. Real time PCR analysis revealed higher
expression of HIF-1 in 6 h, VEGF and MMP-9 in 6 h and 1 day, and
PDGF-BB and Ang1 during 3–28 days than other time points. The
results correlated with the macroscopic view of the vascular formation
inside the cell sheets: fast vascular formation in 6 h, functional vessel
formation in 12 h, and their maturation in 7 days. Furthermore, the
vessels formed initially possibly contributed to 1.5 year-survival of the
cell sheets in vivo that shown by the imaging luciferase activities. The
findings of the time course of mRNA expression that induce vascular
formation and long-term survival of the cell sheets could be a driving
force for in vitro tissue construction with appropriate cytokine control.

15.P05
The beneficial effects of delayed delivery on the
efficiency of hydrogel therapy post myocardial
infarction
NH Davies, K Kadner, S Dobner, T Franz, MS Sirry,
D Bezuidenhout and P Zilla
Cardiovascular Research Unit, University of Cape Town, South
Africa; UnivCardiovascular Research Unit, University of Cape
Town; Centre for High Performance Computing, South Africa

Remodelling following myocardial infarction (MI) can result in a pro-
gressive decline in left ventricular performance leading to heart failure.
The delivery of hydrogels to infarcted hearts reduce remodelling
through limiting increase in wall stress. The aim of this study was to
directly compare the effect of injecting an enzymatically degradable
polyethylene glycol (PEG) gel immediately or 7 days post-MI on patho-
logical remodelling of the infarcted rat heart. Following permanent
ligation of the left anterior descending artery in rats, PEG gel mono-
mers were injected into the infarcted area and polymerized in situ. The
gel was delivered either immediately or 1 week after infarct induction.
Function was assessed by echocardiography and scar thickness quanti-
fied by histomorphometric analysis. The study was blinded and ran-
domized. Degradation of fluorescently labeled gels was tracked over
the implant period. Delay of treatment by 7 days improved fractional
shortening at both 2 and 4 weeks post-MI and resulted in thicker scars
relative to immediate treatment (p < 0.05). Gel distribution for imme-
diate injection was intricately striated and temporary whilst 7-day
delivery resulted in a cohesive mass that persisted for 4 weeks. We
believe that the different morphologies were due to infarction-induced
changes in the cardiac structure and influenced the degradability of the

injectates. The results indicate timing of delivery is important and very
early time points may be less beneficial.

15.P06
Relationship between exercise-induced blood
lactate concentration and hematopoietic stem
cell mobilization in heart disease patients
JM Kroepfl, G Tschakert, K Pekovits, I Stelzer, G Dohr, W Domej,
S Wallner-Liebmann, M Mueller and P Hofmann
HPR Graz (KFU & Med Uni Graz), Austria; Institute of Cell
Biology, Histology & Embryology (Med Uni Graz); Clinical
Institute of Medical and Chemical Laboratory Diagnostics (Med
Uni Graz); Institute of Pulmonology (Med Uni Graz); Institute of
Pathophysiology and Immunology (Med Uni Graz); HPR Graz &
Institute of Biophysics (Med Uni Graz); HPR Graz & Institute of
Sports Sciences (KFU Graz), Austria

Background: Hematopoietic stem cell (HSC) mobilization is not yet
completely understood. Literature describes possible triggers such as
the internal elevation of growth factors and chemokines, or the exter-
nal influence of stress factors like hypoxia, and exercise. Exercise is
known to be an evidence based part of cardiac rehabilitation. One
effect of exercise could be an elevated concentration of HSCs in the
peripheral blood. The aim of this study was to evaluate the influence of
different blood lactate (La) concentrations on the number of HSCs in
the blood of patients recovering from coronary incidences.
Methods: Seven patients (63.4 ± 7.0 years) performed 2–3 different
randomized exercise test protocols (n = 18) out of four possibilities
(ergometry, constant-load, short-interval or long-interval tests), pro-
ducing different La-concentrations. Blood was drawn from the cubital
vein before and instantly after each intervention. The number of HSCs
in the peripheral blood was evaluated by means of flow cytometry
(CD34+/CD45+). La-concentration was measured via ear-capillary
method.
Results: There was a significant positive correlation (r = 0.63,
p < 0.01) between the difference in HSCs in the peripheral blood and
the maximal La-concentration accumulated during each test indepen-
dent of the exercise mode.
Conclusions: An elevated La-concentration supports the increase of
HSCs in the peripheral blood, possibly due to an enhanced release of
progenitors from the bone marrow.

15.P07
Effects of macrophage polarization on
mesenchymal stem cells in the context of
myocardial regeneration
DO Freytes, JW Kang, D Ge, R Anfang, S Cannizzo,
L Santambrogio and G Vunjak-Novakovic
Columbia University, USA; Albert Einstein University, USA

The outcome of cardiac cell therapy will significantly depend on the
inflammatory environment at the site of injury. Following myocardial
infarction, tissue repair is mediated by pro-inflammatory (M1) and
anti-inflammatory (M2) macrophages that are recruited during the
early and late stages of cardiac ischemia. Repair cells delivered into the
injured myocardium are inevitably subjected to this inflammatory
milieu. The present study investigated how M1 or M2 environments
affect the survival and function of mesenchymal stem cells (MSCs),
which are the most frequently used cells in human clinical trials of
heart repair. Human MSCs were cultured with M1 and M2 macrophag-
es (both in direct and indirect culture) and the cytokines they secrete.
For co-cultures, macrophages were polarized into M1 and M2 macro-
phages in vitro. The effect of polarization on the growth and function
of MSCs was determined by measuring cell growth and differentiation
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potential. The M1 and M2 cytokines decreased and increased respec-
tively the numbers of MSCs when compared to controls, and changed
the differentiation potential of MSCs. There was a consistent increase
in the number of MSCs during indirect and direct co-cultures with M2
macrophages. The data suggest that M2 macrophages augment sur-
vival and growth of mesenchymal stem cells while M1 macrophages
inhibit the growth of MSCs. There seems to be a dynamic effect
between macrophages and MSCs that may dictate the type of repara-
tive response.

15.P08
Development of new bioactive implant to assist
cardiac tissue regeneration (EU RECATABI
Project)
C Castells-Sala, T Fernandez Muiños, L Recha-Sancho, M Arnal,
C Soler-Botija, B Sanchez, M Monleón Pradas, A Bayés-Genis,
R Bragós and CE Semino
Tissue Engineering Laboratory, Bioengineering Department,
Institut Quı́mic de Sarrià, Universidad Ramon Llull, Spain;
Center for Biomaterials, Universidad politécnica de Valencia,
Spain; Fundació Institut d’Investigació Sanitària Germans Trias i
Pujol, Spain; Department d’Enginyeria Electrònica, Universitat
Politècnica de Catalunya (UPC), Spain

The main problem of many cardiovascular diseases is the presence of
necrotic tissue. Current treatments consist in cellular therapy where
stem cells are seeded into scaffolds and then grafted onto infarcted
ventricles. Due to the adverse conditions of the damaged tissue it is dif-
ficult to maintain alive the implanted cells, therefore the main motiva-
tion of the EU granted project (RECATABI) is to develop a bioactive
implant which will enhance cell survival. The bioactive implant under
development consists of two components: an engineered micro-scale
elastomeric biomaterial -which will match the requirements of the
implanted tissue- and a soft nano-fiber self-assembling hydrogel
(RAD16-I), which will provide adequate 3D-microenvironment. In this
work we have evaluated the effect that RAD16-I would have on cardiac
differentiation of subcutaneous adipose tissue-derived progenitor cells
(subATDPCs). We found that when subATDPCs were cultured for
2 weeks in RAD16-I gels with cardiogenic media, the cells presented
an aligned growth along the scaffold and preliminary qPCR results indi-
cate up-regulation of cardiac markers at same culture times. We also
analyze the effect of electrical stimulation detecting good cell viability
and up-regulation of Troponin-I expression after 2 weeks of culture in
control media. These results suggest that 3D environment provided by
RAD16-I might be a good strategy to enhance the differentiation of
suATDPCs into cardiac progenitor-like cells.

15.P09
Human cardiac progenitor cell sheets as a source
of autologous contractile and vascular cells for
cardiac repair
G Forte, S Pietronave, G Nardone, A Zamperone, S Pagliari,
F Pagliari, T Okano, M Minieri, M Prat and P Di Nardo
National Institute for Materials Science (NIMS), Japan;
Università Piemonte Orientale ‘A. Avogadro’, Novara, Italy;
Università di Roma Tor Vergata, Italy; Tokyo Women’s Medical
University Japan

Human adult heart harbors a population of resident progenitor cells
that can be isolated by Sca-1 antibody and expanded in culture. These
cells can differentiate into cardiomyocytes and vascular cells in vitro
and contribute to cardiac regeneration in vivo. However, when directly
injected as single cell suspension, the survival rate and retention is
really poor, less than 1% of injected cells being detectable in the host

tissue within few weeks. The present study aimed at investigating the
possibility to produce scaffoldless, thick cardiac progenitor cell-derived
cardiac patches by thermo-responsive technology. Human cardiac pro-
genitors obtained from the auricles of patients were cultured as scaf-
foldless engineered tissues fabricated using temperature-responsive
surfaces obtained by poly-N-isopropylacrylamide (PNIPAAm) surface
immobilization. In the engineered tissue, progenitor cells established
proper three-dimensional intercellular relationships and produced
abundant extracellular matrix, while preserving their phenotype and
plasticity. Cell phenotype and viability within the 3D construct were fol-
lowed for 1 week, showing that no significant differentiation or apop-
totic events occurred within the construct. After engineered tissues
were leant on visceral pericardium, a number of cells migrated into the
myocardium and in the vascular walls, where they integrated in the
respective textures. The study demonstrates the suitability of such
approach to deliver stem cells.

15.P10
Transplantation of bone marrow-derived human
mesenchymal stem cell sheets attenuated left
ventricular remodeling in porcine ischemic
cardiomyopathy model
M Kawamura, S Miyagawa, T Ishikawa, A Saito, T Sakaguchi,
H Nishi, Y Yoshikawa, S Fukushima, S Saito and Y Sawa
Osaka University Graduate School of Medicine, Japan; Osaka
University Hospita, Japan

Introduction: Clinical trials of bone marrow-derived autologous human
mesenchymal stem cell (MSC) transplantation via needle injection
have shown to be modest effects. Whereas, cell sheet technique have
been proven to transplant abundant cells and enhance the efficacy of
cell therapy. We hypothesized that transplantation of hMSC sheet may
be feasible, safe and effective in treating ischemic cardiomyopathy
(ICM).
Methods and Results: Human MSCs were acquired from bone marrow
and they were positive for CD73, CD90 and CD105, and negative for
CD11b and CD45.Ten hMSC sheets were created from total cell num-
ber of 1 · 108 h MSCs using thermoresponsive dishes. They were suc-
cessfully transplanted over the infarct myocardium of porcine ICM
model induced by placing ameroid constrictor on LAD without any pro-
cedure related complications (MSC group = 6: sheet transplantation
with tacrolimus, Sham = 6). Premature ventricular contractions were
rarely detected by Holter ECG in the MSC group. On echocardiography,
cardiac performance of the MSC group was significantly better than
that of Sham at 8 weeks after transplantation (EF; 51 ± 5% vs
35 ± 5%, p < 0.001). On histological examination, LV remodeling
was significantly attenuated compared with sham (cell size;
13 ± 1 lm vs 20 ± 2 lm, p < 0.001, fibrosis; 2.2 ± 0.3% vs
6.9 ± 0.4%, p < 0.0001).
Conclusions: hMSC sheets improved cardiac function and attenuated
LV remodeling in ischemic cardiomyopathy without major complica-
tions, indicating that this strategy would be applicable into clinical set-
ting.
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15.P11
Biofunctionalization of CoCr surfaces with dimeric
peptides and REDV elastin-like polymers to
improve endothelization of cardiovascular
implants
MI Castellanos, D Humbert, JC Rodrı́guez-Cabello, C Mas-Moruno,
FJ Gil, JM Manero and M Pegueroles
Biomaterials, Biomechanics and Tissue Engineering Group
(BIBITE), Universitat Politècnica de Catalunya (UPC), Spain;
BIOFORGE Research Group, University of Valladolid, CIBER-BBN,
Spain

To improve cardiovascular implant success, biomaterial surfaces are
designated to modulate endothelial cells (EC) response in order to pre-
vent atherosclerosis, restenosis and thrombosis diseases. We aimed to
obtain a new family of biofunctionalized CoCr alloy surfaces by cova-
lently-anchoring biofunctional molecules to enhance EC adhesion and
growth. CoCr alloy (ASTM F90) discs were treated with plasma (PL)
and etched with 5 M NaOH 2 h (NaOH) previous to silanization with
3-chloropropyltriethoxysilane (PL + CPTES and NaOH + CPTES) and
functionalized with REDV elastin-like polymer and dimeric peptides
(containing RGD, REDV, YIGSR). SEM, interferometry, contact angle,
zeta potential, XPS and ToF-SIMS were used to determine physico-
chemical surface properties at each procedure step. Biofunctional mole-
cules quantification and HUVEC cell studies were performed by means
of QCM-D, FITC, and fluorescence microscopy. ToF-SIMS and XPS con-
firmed the immobilization of the biofunctional molecules on CoCr sur-
faces. NaOH + CPTES treated surfaces and the use of biomolecules
enhanced EC adhesion after 4 h of incubation. This can be explained
by the higher quantity of attached molecules, which suggests that the
effect of nano-roughness and, the high electronegative surface charge
are controlling the biomolecules adsorption and guiding cell response.
Biofunctional molecules immobilization on CoCr surfaces represents an
innovative technique to improve stents endothelization.

15.P12
The effects of electrical field stimulation on
cardiomyocyte growth on collagen gel and
2D-coating
K Kujala, A Ahola, M Pekkanen-Mattila, L Ikonen, E Kerkelä,
J Hyttinen and K Aalto-Setälä
Institute of Biomedical Technology, University of Tampere,
Finland; Department of Biomedical Engineering, Tampere
University of Technology, Finland

Electrical field stimulation has been shown to improve cardiac cell dif-
ferentiation, alignment and functional properties. In this study, neona-
tal rat cardiomyocytes were exposed to both long-term and short-term
stimulation with the goal of investigating whether it is possible to
achieve cell orientation and the maturation of cardiomyocytes with a
novel, microelectrode array (MEA)-compatible electrical stimulation
platform. Cells were cultured on gelatin-coated MEA chambers and on
collagen gel.Cells were viable after electrical stimulation, but no orien-
tation or other morphological changes were observed. However, the
electrode wires in MEA dishes affected the cell orientation. Cardiomyo-
cytes grew well on collagen gel but no differences between coating and
collagen gel were seen in cells after stimulation. Cell contractions syn-
chronized with pacing, but settled back to their original frequency in
the absence of stimulation. The gene expression of Cx-43 and MYH-7
was stronger in stimulated cells than in controls. In summary, the sur-
face topography was a stronger determinant of cardiomyocyte orienta-
tion than the applied electrical field stimulation, suggesting that the
micro architecture of the biomaterials should be carefully designed for
cell applications. However, electrical stimulation and its duration

affected gene expression, so a stimulation system may prove useful to
enhance the cardiac differentiation of stem cells.

15.P13
Secretome of apoptotic peripheral blood cells
(APOSEC) attenuates microvascular obstruction
in a porcine closed chest reperfused acute
myocardial infarction model: Role of platelet
aggregation and vasodilation
K Hoetzenecker, A Assinger, M Lichtenauer, M Mildner,
T Schweiger, Z Petrási, C Plass, M Gyöngyösi, I Volf
and HJ Ankersmit
Christian Doppler Laboratory for Cardiac and Thoracic Diagnosis
and Regeneration, Austria; Institute of Physiology, Medical
University Vienna, Austria

Our group has recently found that paracrine factors secreted from
apoptotic peripheral blood mononuclear cells (APSOEC) attenuate the
size of acute myocardial infarction (AMI). The aim of this study was to
determine the influence of APOSEC on microvascular obstruction
(MVO) in a porcine AMI model. Treatment of AMI with cell culture su-
pernatants derived from irradiated apoptotic peripheral blood mononu-
clear cells (APOSEC) resulted in a significantly improved microvascular
perfusion (Myocardial blush grade: 1.3 ± 0.3 vs 2.5 ±0.3;
p = 0.033). Platelet activation markers (P-selectin, CD40L, PF-4, TSP-
1) were reduced in plasma samples, suggesting an anti-aggregatory
capacity of APOSEC. This finding was confirmed by in vitro tests show-
ing significantly impaired aggregation of APOSEC treated platelets, par-
alleled by vasodilator-stimulated phosphoprotein-mediated inhibition.
In addition, APOSEC evidenced a significant vasodilatory capacity on
coronary arteries. HUVECs co-incubated with the compound substan-
tially upregulated iNOS expression. Treatment of isolated coronary
arterial segments with APOSEC resulted in a dilation of the vessels in a
dose dependent manner (APOSEC from 5 · 105 cells: 23% dilation;
1 · 106: 26%; 5 · 106: 34%).Our data give first evidence that APOSEC
reduces the extent of MVO during AMI. This explains the improved
long-term outcome after APOSEC treatment in AMI as previously
described.

15.P14
Evaluation of electrocardiographic analysis
routines to characterize qualitative changes
associated with mesenchymal stem cell (MSC)
administration in a porcine model
M Johnson and T Baird
MPI Research, USA

Stem cell therapies for potential treatment of myocardial ischemia are
often evaluated in porcine models using various biomarkers diagnostic
of ischemic status, as well as diverse methodologies for electrocardio-
gram (ECG) collection and analysis. This project was designed to assess
the relative effectiveness of different sampling strategies with regard to
providing definitive, quantitative data on ECG rhythm variants in the
context of ongoing MSC therapy in a myocardial infarction (MI) model.
Secondary objectives were to correlate key biomarkers (troponin, CK-
MB) with ECG variants, particularly those of a malignant nature, as
well as to determine the influence of volume of cell administration on
study outcome measures. Twenty pigs (n = 5/group) underwent a
myocardial ischemia protocol (Day 1) with subsequent (Day 4) injec-
tion (n = 10 sites/heart) of either 0.5 or 1.5 ml cell/carrier volumes
per injection. ECGs were measured continuously and subsequently ana-
lyzed in discrete intervals using a range of sampling methods. Post-
euthanasia heart tissue examinations included quantification of infarct
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volume and assessment of localized tissue response to injection proce-
dures. Results demonstrate that contemporary minimalist strategies for
ECG collection and analysis of arrhythmic potential are inadequate to
define baseline arrhythmia and differentiate potential amelioration or
exacerbation of ischemia-induced rhythm variants.

15.P15
Engineering of human 3D cardiac muscle patches
based on a biological scaffold and specific
bioreactor technology
S Schürlein, M Glanowski, A Hönig, G Eißner, S Gattenlöhner,
A Müller and HWalles
University Hospital of Würzburg, Germany; University Hospital
of Munich, Germany; University Hospital of Gießen, Germany

Remodeling processes of heart tissue after a myocardial infarct could
cause cardiac insufficiency. Current innovative therapeutic concepts lack
ideal autologous cell source, sufficient efficiency and missing long term
success compared to already clinically proven cell transplants. We pro-
pose cardiosphere derived cells (CDCs) as possible cell source which
can be generated from autologous biopsies. CDCs show characteristics
of adult cardiac stem cells. Another human cell source can probably be
umbilical cord stem cells (UCMSCs). They have the potential to differ-
entiate into cardiomyocytes. Both cell types were isolated by enzymatic
digest. The UCMSCs were differentiated with oxytocin or azacytedine.
The CDCs and the differentiated UCMSCs were both seeded on a colla-
gen-basedmatrix and cultured statically, under laminar or pulsatile flow
in a bioreactor. After culturing for 7 days, immunohistochemical stain-
ing for cardiac markers were performed. All generated tissues express
myocardial markers such as cActin, Connexin 43, and MYH7.To ensure
the culture of cells in deeper regions of the scaffolds, the different seed-
ing and cell culture conditions described above will be combined.
Furthermore, cardiac differentiationwill be verified immunohistochemi-
cally and by PCR. Patch clamp technology will be established for the
functional characterization of the engineered tissues.

15.P16
Development of an electrical stimulation-based
bioreactor to enhance cardiac commitment of
human adult stem cells.
A Zamperone, S Pietronave, F Oltolina, A Pavesi, F Consolo,
GB Fiore, M Soncini, E Novelli, M Marco and M Prat
Department of HealthSciences, Università del Piemonte Orientale
‘A. Avogadro’ Novara, Italy; Department of Mechanics,
Politecnico di Torino; Department of Bioengineering, Politecnico
di Milano; Division of Cardiosurgery, ClinicaS. Gaudenzio,
Novara, Italy

Introduction: Recent studies have shown that an exogenous electric
field (EF) can positively affect stem cell differentiation towards the
cardiomyogenic lineage. However, the effects of pulsed EF involved
in myogenic commitment are poorly understood. The aim of this
work is to clarify the effects of mono and bi-phasic electrical cur-
rent on human adult stem cells isolated from human adipose tissue
and heart.
Methods: Device: The culture system is equipped with a chassis, includ-
ing electrical wiring systems and housings for multiple removable cul-
ture chambers, made in PDMS in which stainless steel electrodes are
embedded. The bioreactor is driven by a graphical-interface software.
Biological experiments: human adult stem cells were seeded on colla-
gen coated glass slides and 24 h later the EFs square monophasic or
biphasic were applied for different periods (3, 8 and 24 h). Cells were
analyzed for the expression of two cardiac commitment markers Conn-
exin 43 (Cx-43) and Gata-4.

Results and Conclusion: When the two cell types were exposed to
biphasic pulsed EF, Cx-43 was relocated at the cell membrane earlier
and at higher levels. Bi-phasic stimulation induced also the up-regula-
tion of the early cardiac transcription factor GATA-4. It is thus sug-
gested that biphasic EF can be an effective stimulus to induce
myogenic commitment for stem cells. Experiments which combine this
stimulus with other cues, such as stiffness and topography of the cul-
ture substrate are in progress.

15.P17
Human cardiac biopsy-derived cells - a novel
strategy for cell-based cardiac therapy
MHaag, S Van Linthout, K Miteva, MP Becher, J Ringe, C Tschöpe
and M Sittinger
Charité-Universitätsmedizin Berlin Tissue Engineering
Laboratory & BCRT, Germany; Charité-Universitätsmedizin
Berlin Department of Cardiology and Pneumology & BCRT,
Germany

Cell therapy represents a promising treatment option for cardiovascular
diseases. We identified a novel cell type from human endomyocardial
biopsies: cardiac-derived adherent proliferating cells (CAPs). The aim
of our study was to investigate the effect of intravenous (i.v.) and intra-
myocardial (i.m.) administration of CAPs in Coxsackievirus B3 (CVB3)-
induced myocarditis and angiotensin (Ang) II-induced heart failure. In
vitro, CAPs decreased the CVB3-induced HL-1 apoptosis by 3.5-fold
(p < 0.05) and the activation of splenic mononuclear cells by 2.9-fold
(p < 0.05) in a nitric oxide- and interleukin 10-dependent manner. I.v.
injection in CVB3-infected mice resulted in a decrease of cardiac apop-
tosis, CVB3 viral load, and cardiac mononuclear cell activity. These
findings were associated with a 1.1-fold (p < 0.05) increase in LV pres-
sure and a 1.3-fold (p < 0.05) and 1.3-fold (p < 0.01) improvement
in dP/dtmax and dP/dtmin, respectively. With respect to fibrosis, in vi-
tro, CAPs reduced the Ang II-induced proliferation, oxidative stress and
collagen production in cardiac fibroblasts. Furthermore, i.m. injection
of CAPs decreased the Ang II-induced accumulation of collagen I and
III in Ang II-treated mice, which was paralleled by an improvement in
LV systolic and diastolic function. In conclusion, CAPs represent a
unique cardiac-derived cell type with promising features for the treat-
ment of cardiovascular diseases.

15.P18
The role of electromechanical stimulation in
engineered myocardium function
K Ye, K Boutin and D Black
Tufts University, USA

Tissue engineering of myocardium represents a promising approach for
the treatment of myocardial infarcts. A number of groups have
attempted to recapitulate the physical stimulation (electrical and
mechanical) present in the heart; however, these have been done in
isolation, while combined electromechanical stimulation is present in
vivo. Moreover, there has been no direct comparison of the two stimuli
and their benefits. We hypothesized that alterations in the type of bio-
physical stimulation would significantly impact engineered myocar-
dium function. Myocardial equivalents were created by entrapping
neonatal rat cardiomyocytes (CM) in fibrin, and cultured under electri-
cal, mechanical and combined electromechanical stimulation (synchro-
nized pacing with release of stretch). After 2 weeks, constructs were
harvested and analyzed via contraction force, DNA assay, histology and
Western blots for important CM proteins. Stimulation resulted in
increases in twitch force above static controls; however, no significant
differences between stimulation types were noted. A less functional
form of Connexin 43 (phosphorylated at Ser368) was upregulated in
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mechanical as compared to electrical stimulation, indicating better cou-
pling with electrical pacing. Combined stimulation was similar to elec-
trical stimulation in most aspects. Preliminary data indicate differences
in function when altering the timing of the combined stimuli (synchro-
nized vs offset), and future work will focus on this aspect.

15.P19
Engineering natural matrices: patterning cells
derived from embryonic stem cells into
implantable carriers that are designed to support
cardiac tissue regeneration
WS Turner, M McCord, SF Badylak and KE McCloskey
University of California, USA; North Carolina State University;
University of Pittsburgh, USA

Biomaterials and methods for cell delivery in cardiac regeneration have
been previously explored. These studies often ignore design factors crit-
ical for rebuilding tissue, by reducing cell retention and/or structural
support. Key patch elements include biomaterial architecture, material
strength, compliance, cell patterning, and incorporation of multiple cell
types. We investigated the combinatorial use of decellularized tissues,
moldable hydrogels, cell patterning, and cell-sheet engineering to
develop an organized patch for treating myocardial infarctions based
upon the hypothesis that alignment of cardiomyocytes will increase
patch integration, cellular retention, and cardiac function. We show
our previously developed wrinkled microchip, treated with thermore-
sponsive p-NIPAAM induces cellular alignment of transferrable cardio-
myocytes sheets. Decellularized urinary bladder matrix (UBM) which
supports cell survival is compliant and sutureable, does not allowmain-
tenance of transferred cell-sheets. However, UBM filled with hyaluro-
nan hydrogels (shown to be proangiogenic), created a surface capable
of supporting cell sheets, allowing delivery of endothelial and cardio-
myocyte cell types. Our data shows that an optimal design for generat-
ing a 3D cardiac tissue includes decellularized matrix seeded with
endothelial cells in a HA hydrogel layered with aligned cardiac sheets
fabricated using our ‘wrinkled’ microchips and the thermo-responsive
polymer.

15.P20
A novel perfusion bioreactor for
cardiomyogenesis
ATeo, M Lim, MB Chan, A Bismarck and A Mantalaris
Imperial College London / Nanyang Technological University,
Singapore

Cardiovascular diseases are the leading cause of mortality in developed
nations. Cellular therapies offer great potential, but face many limita-
tions such as generation of sufficient cell numbers, purity and cardiac
functionality. To achieve the production of clinically-relevant cell num-
bers, production of cardiac cells from pluripotent stem cells in con-
trolled bioreactor cultures was attempted. We encapsulated murine
embryonic stem cells (mESCs) in alginate-gelatin hydrogels and cul-
tured in a novel perfusion novel bioreactor. Cardiomyogenesis was
assessed in the 3D cultures under both fed-batch and perfusion modes.
After 21 days, cell numbers in the perfusion bioreactor were similar to
the fed-batch culture, generating 3.5 · 106 cells/ml, and were signifi-
cantly higher than the static 3D cultures. The perfusion bioreactor also
resulted in significantly higher cardiac gene expression (alpha-MHC
and Troponin-T) and achieved structural organization of cardiac pro-
teins and cardiac functionality. Furthermore, the perfusion bioreactor
allows control of oxygen levels. Oxygen tension was then varied (4%
and 20%) to determine the impact of oxygen on cardiomyogenesis.
The usage of our bioprocess system facilitates a uniform supply of sig-
nals that enhances cardiomyogenesis compared to static controls, mak-

ing it a feasible tool for future regenerative strategies for
cardiomyogenesis.

15.P21
Injectable gellan/gelatin microspheres for the
treatment of heart failure
E Rosellini, N Barbani, C Cristallini, L Seik, C Frati, G Graiani,
D Madeddu and F Quaini
Department of Chemical Engineering, University of Pisa, Italy;
CNR-IMCB, Italy; Immunological and Biochemical testsystems
GMBH, Germany; Department Internal Medicine, University of
Parma, Italy

Injectable scaffolds are receiving a great interest as strategies to repair
the infarcted myocardium. The aim of this work was the preparation
and characterization of injectable microspheres for myocardial tissue
engineering. Gellan/gelatin microspheres were prepared by a single
water-in oil emulsion, using phosphatidylcholine as surfactant. The
obtained particles underwent morphological, physicochemical and
functional investigation. Loading with IGF-1 was then performed by
adsorption. Loaded and unloaded particles, in combination with rat
cardiac progenitor cells, were injected after cryoinjury on the rat heart.
The morphological analysis showed a spherical shape and microporous
surface. The infrared analysis confirmed the presence of interactions
among the functional groups of the two biopolymers. Injectability
through a narrow needle was verified. Preliminary in vivo tests, per-
formed by three intramyocardial injections of cell loaded microspheres
in a rat model of myocardial injury, documented that progenitor cells
homed to the damaged myocardium and IGF-1 functionalization
increased their engraftment. The results obtained showed adequate
morphological, physicochemical, functional and biological properties
for application as injectable scaffold for myocardial repair. This work
was supported by the European Commission FP7 Programme, grant
214539.

15.P22
Mouse mesenchymal stem cells derived from
induced pluripotent stem cells demonstrated
myocardiogenesis potential
YY Chow, SY Liao, YL Zhang, QZ Lian and HF Tse
The University of Hong Kong, China

This study is to derive mouse MSCs from iPSCs for myocardiogenesis
potential study in experimental myocardial infarction models. Mesen-
chymal-like stem cells were isolated from mouse iPSCs by removing
feeder cells and leukemia inhibitory factor (LIF). MSCs were enriched
by conditioned medium with basic fibroblast growth factor (FGF2) and
epidermal growth factor (EGF) supplements before phenotypical char-
acterization by flow cytometry. Multipotent differentiation studies,
including adipogenesis, osteogenesis and chondrogenesis have been
carried out. Purified MSCs were further engaged to a recombinant
cocktail formulated with transforming growth factor-beta 1, bone mor-
phogenetic protein-4, activin A,retinoic acid,insulin-like growth factor-
1,fibroblast growth factor-2, alpha-thrombin, and interleukin-6.
Derived cardiopoietic mouse MSCs were transplanted into myocardial
infracted murine model. The iPSC derived cells were negative for
hematopoietic markers CD34 and CD133, pluripotency markers Oct4
and TRA-1-60, while being positive for mesenchymal markers, CD44,
CD73 and CD90. These cells were induced into osteocytes and chon-
drocytes. High expression of homeobox transcription factor Nkx 2.5,
ventricular myosin light chain MLC-2V, and sarcomeric alpha-actinin
were observed in cardiopoietic mouse MSCs. Mouse iPSCs derived
MSCs demonstrated myocardiogenesis potential induced by a recombi-
nant cocktail of growth factors. They hold potential capacity to attenu-
ate ischemic cardiomyopathy.
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15.P23
Controlling micro-structure to enhance de novo
extracellular matrix deposition in elastomeric
scaffolds for cardiac tissue regeneration
A D’Amore, J Stella, R Hoff, N Amoroso, M Sacks and WWagner
University of Pittsburgh, Fondazione RiMED, USA; University of
Texas at Austen, USA

Elastomeric scaffolds have been adopted for cardiac tissue regeneration
in several scenarios including: myocardial wall, arteries and heart
valves. Scaffold local deformations play a crucial role in, extracellular
matrix (ECM) deposition, and tissue remodeling. To date, our under-
standing of how scaffold micro-architecture translates the organ level
deformation into local deformation experienced by the cells remains
inadequate. In this study we investigated on how strain levels and/or
scaffold micro-structure impact on ECM formation. We hypothesized
that (i) optimal levels of strain (ii) optimal micro - structure architec-
tures can be identified to improve ECM production in quantity (colla-
gen mass) and quality (level of structural organization). Vascular
smooth muscle cells (VSMCs) seeded polyurethane scaffolds have been
dynamically cultured using a uniaxial stretch bioreactor. Different levels
of uniaxial strain (n ‡ 7, 15, 30, and 50% at 1 Hz, 21 days) have been
imposed, results (collagen mass) showed the existence of optimal
strain levels (30%). Similarly, VSMCs seeded scaffolds with different
micro-structure (groups having the same mechanical response but dif-
ferent number of fiber intersections/area) have been dynamically cul-
tured for 21 days at 30% strain, 1 Hz, n = 9. Results showed the
existence of optimal micro-structures, scaffolds with about 0.03 and
0.06 intersections/lm2 produced 30.1 and 85.8 [ng/g] respectively
(collagen mass).

15.P24
Dissection and reconstruction of the extracellular
matrix - a cardiac regenerative niche
D Nascimento, A Silva, M Oliveira, M Barbosa and
P Pinto-do-Ó
NEWTherapies Group, INEB - Instituto de Engenharia Biomédica,
Portugal; Faculdade de Medicina da Universidade de Coimbra
(FMUC), Portugal; ICBAS – Instituto de Ciências Biomédicas Abel
Salazar, Universidade do Porto, Portugal

Besides being tissue-specific, the extracellular matrix (ECM) is also
developmental-stage specific and is actively involved in the tissue
remodeling response to stress conditions, e.g. tissue injury. Thus, we
hypothesize that the ECM plays a key role on determining whether the
wound healing process develops along a regenerative response (fetus)
or leads instead to scar formation (adult). To address this we are per-
forming pioneering work by implementing in vitro model-systems of
decellularized ECM from fetal and adult hearts. Herein we report on
the fetal (E18) heart whole-organ decellularization, with well-pre-
served ECM structure and composition. Fragments of adult myocar-
dium were decellularized using the same protocol to legitimate
comparison of the bio-chemical, -physical and cardioinductive proper-
ties of the ontogenic distinct native ECM-systems. DAPI staining of de-
cellularized matrices confirmed the absence of nuclei and
immunofluorescence confirmed the lack of cardiomyocyte (CM) con-
tractile components and specific cardiac-cell markers. Preservation of
the collagen network that surrounded CM in the normal tissue, and
correct collagen fiber assembly was demonstrated by Masson’s tri-
chrome stain and TEM, respectively. Aiming at exploring differential
cell responses/dynamics while in contact with adult versus fetal ECM,
rat neonatal CM were seeded onto the acellular matrices. A first sketch
for the kind of cellular repopulation obtained throughout time will be
presented.
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16. Heart Valve Generation

16.01
Keynote: The role of textiles in cardiovascular
tissue engineering
V Gesché, P Mela, C Monfeld, JS Sachweh and S Jockenhoevel
Institut für Textiltechnik of the RWTH Aachen University,
Germany; Department of Tissue Engineering & Biomaterials,
AME-Helmholtz Institut, Germany

The scaffold plays a central role in the production of tissue engineered
structures. Although the vision of tissue engineering is the complete
autologous implant, the use of supporting materials enabling the for-
mation of 3D structures is mostly necessary. Different kinds of scaffold
materials are in use including biodegradable or non-biodegradable
polymers, biological materials like fibrin, collagen, hyaloronic acid etc.
and acellularized xeno- or homografts. Although cardiovascular tissue
has made a significant step forward in the last decade, the tissue engi-
neered constructs hold mostly insufficient mechanical properties for
the arterial circulation. Therefore the textile reinforcement of tissue
engineered structures allows the combination of the ideal properties of
cell carrier scaffolds (e.g. hydrogels) with the defined mechanical prop-
erties of textile structures. The presentation will give an overview on
the different kinds of textile scaffold materials and there use in reinforc-
ing and organizing hydro-gel-based cardiovascular implants.

16.02
Autologous CD133+ tissue-engineered pulmonary
valved stent implantation: a percutaneous
technique
J Boldt, G Lutter, J Pohanke, G Fischer, J Schoettler, J Cremer
and A Metzner
UKSH, Campus Kiel, Department of Cardiovascular Surgery,
England; Department of Pediatric Cadiology, Germany

Introduction: The feasibility of percutaneously implanting autologous
tissue engineered valved stents in the pulmonary artery was pursued to
overcome the current limitation of degeneration and calcification of
the bovine jugular vein valves.
Materials and methods: Porcine pulmonary heart valves and small
intestinal submucosa were obtained from a slaughterhouse. To avoid
stent strut related tissue damage small intestinal submucosa layer was
put onto the inside of the pulmonary valved stent. The porcine valves
were decellularized enzymatically. CD133+ cells were isolated from
bone marrow of juvenile sheep. After seeding the construct was placed
in a dynamic bioreactor for 16 days. The autologous tissue engineered
valved stent was implanted into the pulmonary artery with a deploy-
ment catheter. The constructs were explanted after 3 months.
Results: The angiography demonstrated orthotopic position of the
stents (n = 7) at implantation and explantation. A confluent endothe-
lial lining displayed typical cobblestone morphology. Immunocyto-
chemistry demonstrated strong expression of a-smooth muscle actin in
the leaflet. V Kossa staining demonstrated mild calcification on the
annular side of the valve after 3 months. No signs of inflammation
were detected by using anti-CD3, anti-CD20, anti-CD45 and anti-
CD68.
Conclusions: In this study we demonstrated good function of the leaf-
lets of CD133+ tissue engineered valved stents after percutaneous
implantation and 3-month follow-up.

16.03
Modification of human pericardium based on
dynamic loading, a new approach for heart valve
tissue engineering
F Straka, D Schornik, J Masin, E Filova, Z Burdikova, T Mirejovsky,
E Honsova, H Chlup, J Pirk and L Bacakova
Institute for Clinical and Experimental Medicine, Institute of
Physiology Academy of Sciences of the Czech Republic, Czech
Republic; Institute of Physiology Academy of Sciences of the Czech
Republic; Laboratory of Biomechanics, Faculty of Mechanical
Engineering, Czech Technical University in Prague, Czech
Republic

The challenge of heart valve tissue engineering is to create a living
human biological heart valve prosthesis for clinical use. We prepared
three cusp heart valve constructs from living autologous human peri-
cardium harvested during cardiac surgery. These were then modified
by conditioning in a dynamic culture system for up to 3 weeks and
compared to unconditioned pericardial samples from the same patient
and to the normal human aortic heart valve using immunohistochemi-
cal and biomechanical analysis. Dynamic loading was shown to influ-
ence extracellular matrix (ECM) composition and cellular
differentiation. There was a three-fold increase in the total number of
vimentin positive pericardial interstitial cells (PICs, quiescent pheno-
type) and a twofold increase in alpha-actin positive PICs (active, myofi-
broblast-like phenotype). Dynamic conditioning induced PICs
proliferation as shown by the presence of the proliferation marker Ki-
67 in conditioned samples. There was a substantial increase in colla-
gen, elastin and glycosaminoglycan content as evidence of new ECM
production. All results were statistically significant (p £ 0.001). Our
heart valve constructs were shown to have a normal transvalvular gra-
dient (up to 6 mm Hg). The mechanical properties (secant elastic mod-
ulus) of human living pericardial tissue (13.1 ± 8.3 Mpa) are similar
to native aortic heart valve tissue.
Acknowledgements: Supported by the Grant Agency of the Ministry of
Health of the CR (project No.NT/11270).

16.04
Fibronectin coating supports early in vivo
repopulation of decellularized aortic conduits in a
rat transplantation model
A Assmann, C Delfs, K Horstkötter, H Munakata, K Huynh,
V Stoldt, A Lichtenberg and PAkhyari
Department of Cardiovascular Surgery and Research Group for
Experimental Surgery, Heinrich Heine University, Medical
Faculty, Duesseldorf, Germany; Institute of Haemostaseology and
Transfusion Medicine; Institute of Haemostaseology and
Transfusion Medicine, Germany

Proactive coating represents a promising approach to accelerate the in
vivo neoendothelialization and medial repopulation of decellularized
cardiovascular implants. Detergent-decellularized aortic rat conduits
(n = 24) were coated with covalently Alexa488-labelled fibronectin
(FN; 50 lg/ml, 24 h) and infrarenally implanted in Wistar rats
(groupA; n = 18). Uncoated implants served as controls (groupB;
n = 18). Preoperatively and at postoperative day 1 and week 1, 4 and
8, fluorescence-based detection of FN coating was conducted. Cellular
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repopulation was examined by histology and immunohistochemistry.
RNA analysis after explantation was performed by quantitative realtime
PCR. Unimpaired survival was 100%. Green FN fluorescence on both
surfaces of the aortic conduits was bright at days 0 and 1 and
decreased after 1 week, however, it was still present after 4 and
8 weeks. After 8 weeks, the intima-to-media (I/M) thickness was sig-
nificantly in-creased in GroupA versus GroupB (p < 0.01), particularly
due to a myofibroblast hyperplasia (aSMA+). However, relevant medial
repopulation originating from the adventitial zone was observed only
in groupA (p < 0.001). In both groups vonKossa staining revealed
sparse medial calcification and staining against inflammatory cell
markers (CD3 & CD68) was negative. Biofunctional FN coating of car-
diovascular implants proved feasible, persisted up to 8 weeks in the
systemic circulation and induced a significantly increased medial recell-
ularization.

16.05
Spatially selective cell embedding in fibrin based
tissue engineered heart valves
MWeber, C Oedekoven, T Schermer, J Frese, T Schmitz-Rode,
S Jockenhoevel and P Mela
Department of Tissue Engineering & Textile Implants - Helmholtz
Institute Aachen, Germany

Introduction: Native heart valves (HV) are highly heterogeneous. In
the wall, the cells stain positive for a smooth muscle actin (a-SMA)
indicating a contractile phenotype, while hardly any a-SMA is detect-
able in the leaflet. On the contrary, the wall and the leaflets of tissue
engineered heart valves (TEHVs) are normally seeded with the same
cells. We aim at mimicking the spatial distribution of the cell phenotype
of native HVs in a fibrin-based scaffold by means of a newly developed
2-step injection moulding process.
Materials and methods: HVs were produced by polymerizing ?brinogen
with CaCl2, thrombin and cells. Non-contractile MFs from ovine umbil-
ical cord arteries were embedded in the leaflet during the first mould-
ing step. Contractile MFs from ovine carotid arteries were then used for
the wall.
Results: An optimized chemical formulation of the fibrin gel enabled
the two step-moulding process and the realization of a HV with the
leaflets firmly connected to the wall. After a 3-week dynamic condi-
tioning in a bioreactor, immunohistology confirmed distinct phenotypes
in the different areas of the HV and consequent differences in the
deposited extracellular matrix.
Conclusion: A biomimetic cell distribution is a step towards TEHVs
with optimal heterogeneous properties, e.g. a mechanically stable wall
and leaflets with no tissue contraction, a major limitation of TEHVs
related to the cells’ contractile activity.

16.06
Valvular tissue formation and remodeling under
physiological loads
V Ballotta, A Driessen-Mol and FPT Baaijens
Eindhoven University of Technology, The Netherlands

A new in situ strategy for heart valve regeneration has been proposed,
less time-consuming and with reduced infection risks as compared with
the traditional in vitro approach. Previous studies demonstrated that in
vitro tissue formation is enhanced by mechanical strains induced by
pressure loads. What still needs to be investigated in order to allow for
in situ tissue formation and remodeling is the behavior of freshly
seeded cells in scaffolds under physiological conditions and the correla-
tion between the applied deformation and matrix production. By apply-
ing an array of pressure differences on seeded scaffolds with varying
mechanical properties, the deformation range that induces optimal

tissue production can be defined. Experimentally obtained data serves
as input for a computational model that enables the assessment of scaf-
fold deformation. Polycaprolactone scaffolds were seeded with human
venous vascular cells or adipose-derived mesenchymal stem cells. They
were directly exposed to physiological transvalvular pulmonary pres-
sure for 48 h in a pulse duplicator and afterward the expression of
genes involved in extracellular matrix development was analyzed with
qPCR. Expression of matrix genes was retained by both myofibroblasts
and stem cells, but it was influenced by strain and mechanical proper-
ties of the scaffold. This study suggests that tuning the strain in in situ
valvular tissue regeneration can control cell behavior in terms of matrix
production.

16.P01
Development of textile scaffolds for tissue
engineered heart valves
C Fano, T Hollweck, B Akra, M Dauner and H Planck
Institut für Textil- und Verfahrenstechnik Denkendorf, Germany;
Herzchirurgische Klinik und Poliklinik LMU, Germany

Introduction: To overcome the limitations of conventional heart valves:
rejection, calcification or thrombosis, a new heart valve is required.
Materials and methods: A nonwoven scaffold of polyurethane was
developed by a patented fiber spraying process. With this method valve
and aortic root were produced in order to develop heart valve subsi-
tutes for tissue engineering applications. To optimize the properties of
the new valve scaffold, various process parameters were considered:
the tensile strength of the aortic root and valve, pull-out strength and
valve bending. The effects of these values were tested and evaluated
by using scanning electronic microscopy methods.
Results: Fine fibers and denser nonwovens gave the best result for ten-
sile strength. The valve showed the same strength as a human valve
but higher elongation. Thick fibers are required to improve pull-out
strength of the valves from the aortic root. The bending test showed
that the porcine valves are more flexible than the polyurethane scaf-
folds. Perfusion tests demonstrated smooth opening and closing of the
valves.
Conclusion: Modification of the parameters showed higher valve ten-
sile strength and prevented separation of valves from aortic root. The
valves remain flexible, open and close smoothly, having the same
strength but higher elongation than homografts.

16.P02
Investigation of a new material for heart valve
tissue engineering
CM Brougham, N Shen, A Cudsworth, TC Flanagan,
S Jockenhoevel and FJ O’Brien
Dublin Institute of Technology and Royal Collage of Surgeons in
Ireland, Ireland; Trinity College Dublin and Helmholtz Institute
for Biomedical Engineering & Institute for Textile Engineering
University Hospital Aachen, RWTH Aachen University, Ireland;
University College Dublin, Ireland; Royal College of Surgeons in
Ireland and Trinity College Dublin, Ireland

Limitations exist with current treatments for heart valve disease espe-
cially for paediatric patients, as no therapy is capable of growth or
remodelling in vivo. Tissue engineering may be able to create a new
therapy; however, there has been an inability to produce a scaffold
with sufficient stiffness to resist the forces which result in non-coapta-
tion of the valve leaflets. We proposed a scaffold which will have suffi-
cient mechanical properties to resist the contractile forces of cells
acting upon it; a fibrin gel reinforced with a collagen- glycosaminogly-
can (CG) matrix. We have previously developed a mould for the con-
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struction of heart valve conduits. The scaffolds produced in a modified
version of this mould, were evaluated on their pore size, porosity and
homogeneity. Methods of adding the fibrin into the CG and the effect
of crosslinking on the stiffness of the CG were assessed. A set of opti-
mised freeze drying parameters were established under which a
homogenous, repeatable scaffold was fabricated. Injection of the fibrin
solution allowed for an even distribution of polymerised fibrin through-
out the material. The proof of principle that fibrin can be successfully
infiltrated into the CG material has been demonstrated and a stable
ratio of fibrin to CG was determined in this study. Crosslinking was
found to increase the stiffness of the material backbone which will
improve the ability of the material to withstand the contractile forces of
the cells on the material.

16.P03
Extracellular matrix structure of autologous
human pericardium and significance for heart
valve tissue engineering
D Schornik, F Straka, Z Burdikova, J Masin, E Filova, T Mirejovsky,
A Lodererova, H Chlup, J Pirk and L Bacakova
Institute of Physiology, Academy of Sciences, Prague, Czech
Republic; Institute for Clinical and Experimental Medicine, Czech
Republic; Department of Biomathematics, Institute of Physiology,
Czech Republic

Collagen, elastin and glycosaminoglycans are responsible for the
mechanical properties of the normal aortic heart valve and represent
the major components of the heart valve extracellular matrix (ECM).
Our objective was to compare the histological structure of autologous
human pericardium to that of the human aortic heart valve. Normal
aortic heart valves were obtained during heart transplantation and
compared to autologous human pericardium before and after
dynamic conditioning using histological assessment, immunohisto-
chemical analysis and confocal microscopy to determine any correla-
tion in structure. The ECM architecture and cellular organization of
human pericardial tissue was shown to be very similar to that of the
normal aortic heart valve. The pericardium possesses one layer
whose densely packed collagen bundles closely resemble that of the
lamina fibrosa of the native aortic heart valve by confocal micros-
copy. Elastin fibers are evenly and diffusely distributed throughout
the entire thickness of the human pericardium. The distribution and
cellular morphology of pericardial intersticial cells (PICs) closely
resembles that of valve intersticial cells (VICs) of native aortic heart
valve tissue. Dynamic conditioning of human pericardium positively
influenced collagen, elastin and glycosaminoglycan production by
PICs (p < 0.001).
Acknowledgements: Supported by the Grant Agency of the Ministry of
Health of the Czech Republic (project No. NT 11270).

16.P04
The tube-in-tube: a tissue engineered autologous
semilunar heart valve based on tubular leaflet
design
E Heta, R Moreira, MWeber, J Frese, J Sachweh, S Jockenhoevel
and P Mela
Department of Tissue Engineering & Textile Implants, AME -
Institute of Applied Medical Engineering, Helmholtz Institute
Aachen, Germany

The function of the leaflets of the native semilunar heart valve (HV)
can be performed by a simple tubular construct sutured along a circum-
ferential line at the root and stitched at three single points at the sino-
tubular junction. Here we apply this concept and develop a tissue
engineered autologous HV based on tubular leaflet design with the aim
of obtaining a living valve with remodelling and growing capability,

particularly important for the paediatric population. A fibrin based
tubular structure embedding myofibroblasts from the human umbilical
cord artery was realized by moulding. The structure was sutured inside
a silicone rubber tube representing the root featuring the sinuses of Val-
salva. A relatively uncomplicated suturing procedure resulted in a valve
with rapid and smooth motion of the leaflets as revealed by high speed
videos. The construct was dynamically cultivated for 3 weeks in a bio-
reactor. Immunohistological staining showed deposition of collagen
which conferred good mechanical properties to the leaflets. The diame-
ter of the inner tube was found to be a crucial parameter for valve per-
formance in terms of height and area of coaptation, radial expansibility
of the commissures and orifice area during systole. Alternatively, a com-
plete HV based on the presented concept can be obtained by moulding
also the scaffold for the root in case the complete valve needs to be
replaced.

16.P05
Decellularisation of allogeneic aortic and
pulmonary valves using low concentration SDS
T Vafaee, D Thomas, P Rooney, J Kearney, H Berry, S Korossis,
LM Jennings, J Fisher and E Ingham
Institute of Medical and Biological Engineering, University of
Leeds, UK; NHS Blood and Transplant Tissue Services, Speke, UK;
Tissue Regenix Group plc, The Biocentre, UK

Over 200 000 aortic valves are replaced annually worldwide. Cryop-
reserved allografts are the ‘gold standard’ but suffer immunological
responses resulting in reoperations. We have developed methods to
remove the immunogenic cells from porcine aortic valves whilst pre-
serving the biochemical and biomechanical properties (1, 2) and
shown these to regenerate in the pulmonary position in sheep. This
project aimed to translate this technology to human cardiac valves.
Five aortic and three pulmonary cryopreserved valves were treated
sequentially with: hypotonic tris buffer, 0.1% (w/v) SDS in hypo-
tonic buffer plus protease inhibitors and then nucleases. The histol-
ogy and DNA content of four different regions of the acellular valves
was compared to untreated cryopreserved valves. In order to test the
robustness of the process, studies were repeated on eight valves.
Dilation tests were carried out on acellular and native valves (three
aortic; three pulmonary). H&E staining of acellular tissues showed
no evidence of cell nuclei or cell remnants. DNA assay confirmed
91–99.6% removal of DNA. Dilation tests showed no difference
between treated and native valves. Allogeneic cardiac valves were
successfully decellularised using low concentration SDS, whilst main-
taining their histoarchitecture. Initial assessment of biomechanical
properties indicated that treatment had no effect on compliance of
the allogeneic valvular scaffolds.
References:
1. Booth et al., J HVD 2002 11:457–62.
2. Korossis et al., J HVD 2

16.P06
Comparative analysis of material properties of
fetal and adult porcine mitral heart valve leaflets
V Kasyanov, I Ozolanta, M Kalejs, P Stradins and V Mironov
Riga Stradins University, Latvia Cuspis Inc., USA

The main function of the mitral heart valve is to enable unidirectional
blood flow. The realization of heart valve function depends on adapta-
tion of their material properties to progressive age-related changes in
the cardiovascular hemodynamic during embryonic and postnatal
development. The aim of this study to compare the material properties
of fetal and adult porcine mitral heart valves and the associated
structural and biochemical properties of their extracellular matrix dur-
ing natural process of valvular tissue maturation. Using tensile tests it
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was demonstrated that the material properties of porcine mitral heart
valves progressively increase with age. The collagen content of the
adult heart valve as estimated by hydroxyproline assay increases three
times as compared with fetal heart valves. Transmission electron
microscopy demonstrated that the diameter of collagen fibrils
increased in adult heart valves compared with fetal heart valves.
Finally, the level of collagen cross-linking is lower in the fetal heart
valve than the adult heart valve. In short, the reported age differences
in the materialproperties of fetal and adult porcine heart valves were
associated with increases in collagen content, the diameter of collagen
fibrils and the level of collagen cross-linking. These data are essential
to define the desirable level of tissue maturation in heart valve tissue
engineering.

16.P07
Production and characterisation of low
concentration SDS decellularised porcine
pulmonary valvular conduits
J Luo, SA Korossis, J Fisher and E Ingham
IMBE, University of Leeds, United Kingdom

The aims of this study were to develop methods to produce an acellular
porcine pulmonary valve conduit. A decellularisation process was
developed incorporating trypsin digestion of the outside of the pulmo-
nary artery and sequential treatment with: hypotonic Tris buffer (HTB;
10 mM Tris pH 8.0, 0.1% EDTA, 10KIU aprotinin), 0.1% SDS in HTB,
DNase and RNase, and sterilisation with 0.1% peracetic acid. Histology
showed the scaffolds were devoid of cells and retained gross histoarchi-
tecture. DNA levels were reduced by >90% throughout the acellular
tissue compared to fresh tissue. No functional genes were detected in
the acellular tissue by PCR. Immunohistochemistry showed an absence
of a-gal epitopes. In vitro biocompatibility studies showed the acellular
leaflets were not cytotoxic to L929 cells. Fresh and acellular leaflets
and arterial wall samples, were subject to uniaxial tensile tests, in cir-
cumferential and axial directions. No significant differences were
observed in the tensile properties of fresh and acellular leaflet. With
the exception of the elastin phase slope [significantly decreased in both
directions], there were no significant differences in the tensile proper-
ties of the fresh and acellular pulmonary wall samples. Pulsatile flow
testing indicated the acellular pulmonary roots had excellent hydrody-
namic function and leaflet kinematics compared to fresh tissue. Overall,
the acellular porcine pulmonary roots have excellent potential for clini-
cal translation.

16.P08
Long-time conditioning of re-seeded,
dezellularized homografts for aortic valve tissue
engineering
N Thierfelder, N Haller, T Hollweck, F König, A Uhlig, U Haas, E
Wintermantel, C Schmitz, C Hagl and B Akra
Department of Cardiac Surgery, Medical Center Munich
University, Germany; Chair of Medical Engineering, Technical
University Munich, Germany

Introduction: Tissue engineered aortic valve prostheses are a promising
approach for heart valve replacement. The aim of the study was to doc-
ument the cell behaviour of seeded cells on decellularized homografts
during a long-time low-flow conditioning period.
Material and methods: Fibroblasts (FB) and endothelial cells (EC) were
isolated from human saphenous vein segments and were expanded in
culture. After thawing, homografts (n = 6) were decellularized by
detergents and were consecutively seeded with FB and EC using a spe-
cial dynamic 3-D seeding device for 24 h. After initial FB- and EC
adherence, cells were cultivated under static conditions for 6 days.
Re-seeded homografts were exposed to a low pulsatile flow (750 ml/
min for 9 days; 1100 ml/min for 3 days) in a self-made bioreactor for

12 days. Nativ, decellularized, seeded and perfused samples were anal-
ysed by scanning electron microscopy (SEM) and immunohistochemis-
try (IHC).
Results: IHC analysis revealed an intact cellular coating after perfusion.
SEM demonstrated a confluent cell layer with EC-typical cobblestone
relief after cell seeding and conditioning. Additionally, cell orientation
in flow direction was detected after perfusion.
Conclusion: Long-time conditioning of re-seeded, dezellularized homo-
grafts permit cell adaption to flow conditions, offering a potential use
of these tissue engineered heart valves in aortic valve replacement.

16.P09
Growth and differentiation of valve interstitial
cells on aligned and randomly oriented
nanofibres
E Filova, M Vandrovcova, F Straka, J Svobodova, M Juklickova,
K Rubackova and L Bacakova
Institute of Physiology of the Academy of Sciences of the Czech
Republic, Czech Republic

Polymeric materials have been extensively studied for their potential in
tissue engineering of heart valves. We evaluated growth and differenti-
ation of pig aortic valve interstitial cells (VICs) on aligned and ran-
domly oriented electrospun nanofibres made of polylactide (PLA),
polycaprolactone (PCL), polyamide 6/12 (PA), chitosan, and gelatine.
In cell lysates, we measured concentrations of vinculin, talin, alpha-
actin, vimentin, and ICAM-1 by the enzyme-linked immunosorbent
assay. On aligned nanofibres, VICs grew in parallel with fibres. Nanofi-
bres supported formation of alpha-actin cytoskeleton and focal adhe-
sion plaques containing talin or vinculin. The highest concentration of
both alpha-actin and vimentin was found in VICs cultured on aligned
gelatine mats, which indicates a myofibroblast phenotype of VICs on
this material. An increased concentration of vinculin was observed in
VICs on both PA and chitosan mats. The lowest concentration of ICAM-
1 was in cells cultured on gelatine mats, while higher concentrations
were in cells on chitosan and PCL nanofibres. In the study, aligned
nanofibres made of gelatine, chitosan and PA seem to be most favour-
able for VICs adhesion, growth and differentiation, and are promising
for tissue engineered heart valves. Supported by the Grant Agency of
the Ministry of Health of the Czech Republic (grant No. NT/11270 –
4), and the Grant Agency of the CR (‘Centre of Excellence’, grant No.
P108/12/G108).

16.P10
Decellularization decelerates the calcification of
aortic conduit implants in a standardized rat
transplantation model
A Assmann, K Horstkötter, H Munakata, C Delfs, U Boeken,
A Lichtenberg and PAkhyari
Department of Cardiovascular Surgery and Research Group for
Experimental Surgery, Heinrich Heine University, Medical
Faculty, Germany

The present study aimed at examining the calcifying degeneration of
aortic conduit implants in dependency on the presence of donor cells in
a rat transplantation model of accelerated cardiovascular calcification.
Detergent-decellularized aortic conduits of Sprague-Dawley rats were
infrarenally implanted (day 0) in Wistar rats suffering from an inter-
ventionally induced aortic insufficiency (AI) grade II–III (day-14) and
fed with a procalcific diet, composed of high-dose vitamin D, choles-
terol and calciumphosphate (groupA; n = 6). Cryopreserved implants
served as controls (groupB; n = 6). Functional assessment was
conducted by Doppler sonography at days-14, 0, 28 and 84. Graft
explantation, histological and immunohistochemical analyses followed
after 4 and 12 weeks. Functional competence of the implants and over-
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all survival of the rats were 100%. After 12 weeks, not only the native
aorta, but also the implants were severely calcified, with significantly
increased calcium burden in groupB (p < 0.01), accompanied by an
invasion of Syndecan-3 positive cells. Moreover, in comparison to
groupA, increased intimal hyperplasia with a-smooth muscle actin
expressing cells, elevated intima-to-media ratio (p < 0.001) and an
increased inflammatory activity was detected. In a standardized rat
transplantation model, decellularization mitigated the pro-degenera-
tive dietry effect on aortic conduit implants. Future work should eluci-
date the role of the observed chondroid cells in this context.

16.P11
Evaluation of the effectiveness of several
antimicrobial disinfection protocols in tissue
banking
S Suessner, S Schreiberhuber, C Renke, A Peterbauer-Scherb
and C Gabriel
Red Cross Blood Transfusion Service of Upper Austria, Austria

Introduction: The aim of our study was to monitor the efficiency of sev-
eral decontamination protocols for cardiovascular and bone grafts with
low-concentration antibiotic/fungicide cocktails at a temperature of
4 �C.

Materials and methods: Three different antimicrobial cocktails A, B and
C were tested against eight bacterial and fungi test strains in duplicate
with a concentration of 1 · 106 CFU in the first part of our study. Sam-
ples for the detection of microbiological growth were taken after
24 ± 2 h decontamination and the testing was performed with two
different methods: aerobic and anaerobic bottle for testing in the BacT/
Alert 3D for 7 days at 37 �C and soya-bean casein bouillon for 14 days
at 20–25 �C and thioglycollate bouillon for 14 days at 30 �C. All sam-
ples which had no growth at 106 CFU after antibiotic treatment were
considered as negative result. All microorganism with positive results
at 106 CFU were retested in a stepwise concentration within the range
of 103–106 CFU.
Results: Cocktail B and C showed the same results. All bacteria with a
concentration of 106 CFU did not survive the antimicrobial treatment.
The decontamination success with Cocktail A was similar except for
pseudomonas aeruginosa which survived the antibiotic disinfection. All
three cocktails had no impact on fungi.
Conclusion: Both cocktails B and C are qualified for routine bacterial
decontamination of cardiovascular and bone grafts.
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17. Skeletal Muscle

17.01
Keynote: Determinants of skeletal muscle
regeneration: results of preclinical and clinical
studies
N Turner, B Sicari, P Rubin, K Jones and SF Badylak
University of Pittsburgh, USA

Volumetric muscle loss is associated with aesthetic and functional mor-
bidity, and surgical treatment options are limited. Skeletal muscle has
more innate regenerative potential than most tissues in adult mam-
mals, but the loss of greater than 20% of the mass of any single muscle
group results in the formation of dense scar tissue. The use of appropri-
ately prepared biologic scaffold materials composed of mammalian
extracellular matrix (ECM) has been associated with robust skeletal
muscle regeneration [1] and a predominant M1 to M2 macrophage
phenotype switch; events which induce stem and progenitor cell accu-
mulation in situ [2]. Preclinical models and the results of a human clini-
cal trial will be presented. Results of these studies show the formation
of functional skeletal muscle tissue induced by the use of ECM scaffold
material and the associated recruitment of site appropriate stem and
progenitor cells.
Reference:
1. Valentin, J.E., et al., Functional skeletal muscle formation with a bio-
logic scaffold. Biomaterials, 2010. 31(29): p. 7475–84.
2. Crisan, M., et al., Perivascular multipotent progenitor cells in human
organs, in Hematopoietic Stem Cells Vii, L. Kanz, et al., Editors. 2009.
p. 118–123.

17.02
Myogenic differentiation of mesenchymal stem
cells by co-transplantation with myoblasts in the
neurotised AV-Loop model
JP Beier, FF Bitto, D Klumpp, M Boos, A Arkudas, O Bleiziffer,
U Kneser and RE Horch
Department of Plastic and Hand Surgery, University Hospital of
Erlangen, Friedrich-Alexander-University of Erlangen, Germany

Generation of axially vascularised muscle tissue aims at restoring dam-
aged muscle tissue in clinical scale. Mesenchymal stem cells (MSC)
could be used as alternative cell source to myoblasts due to their ability
to be expanded to large cell numbers without losing their differentia-
tion capacity. Previous in vitro experiments showed that co-cultures of
primary myoblasts and MSC are able to undergo myogenic differentia-
tion by stimulation with bFGF and dexamethason. In this study MSCs
with and without myoblasts were transplanted in a novel rat AV-loop
model (EPI-loop) after 2 weeks of prevascularisation. Neurotisation
was induced through implantation of a motor nerve. Constructs (five
specimens per group and time point) were harvested and analyzed 2
and 8 weeks after implantation by immunohistochemistry and quanti-
tative polymerase chain reaction (PCR). Survival of stable transduced
GFP-transduced MSC was assessed by fluorescence microscopy. After
2 weeks myotube formation and MEF2 und MHC expression were
detected to a minor extend. RT-PCR showed an expression of myogenic
markers in all specimens with strongest continuous expression after
8 weeks in the group with co-implantation of MSC and primary myo-
blasts. Thus neurotisation and bFGF and dexamethason may induce
myogenic differentiation in MSC in an axially vascularized model. The
next step towards generation of vascularized, innervated muscle tissue
will be the use of electrospun nanofiber scaffolds.

17.03
Combined systemic and local delivery of stem
cell recruitment for in situ tissue regeneration
IK Ko, YM Ju, J DeLeon, A Atala, JJ Yoo and SJ Lee
Wake Forest Institute for Regenerative Medicine, USA

The concept of in situ tissue regeneration utilizes host responses to effi-
ciently recruit neighboring stem and progenitor cells to a site of injury
without the need for in vitro cell manipulation. For efficient tissue
regeneration in situ, recruitment of sufficient numbers of stem cells
should be achieved. In order to enhance infiltration of stem cells into
implants, we developed a combination delivery system of ‘systemic
delivery’ of substance P (SP) via intravenous injection and ‘local
release’ of stromal-derived factor-1a (SDF-1a) from an implanted scaf-
fold. In a subcutaneous implantation mouse model, flow cytometry
and immunostaining results demonstrated that our combination deliv-
ery system significantly enhanced recruitment of mesenchymal stem
cells, pericytes, and hematopoietic stem cells into the implants, as com-
pared to no delivery and single local delivery groups. In a large trau-
matic defect model, the combination delivery system, incorporated
with local delivery of insulin-like growth factor-1 (IGF-1), facilitated
efficient recruitment of satellite cells and pericytes into the implants
and more newly formed myofibers when compared to the no delivery
groups. The incorporation of multiple regulatory signals into a scaffold-
ing system and our combined delivery may be a promising approach
for more efficient and effective muscle regeneration in situ.

17.04
Autologous progenitor cells in a hydrogel form a
supernumerary and functional skeletal muscle
in vivo
C Fuoco, S Cannata, R Bottinelli, D Seliktar, G Cossu
and C Gargioli
Faculty of Biomedical Engineering, Technion – Israel Institute of
Technology, Israel; Department of Biology, Tor Vergata Rome
University, Italy; Department of Physiology and Interuniversity
Institute of Myology, University of Pavia, Italy; Division of
Regenerative Medicine, San Raffaele Scientific Institute, Italy

Extensive loss of skeletal muscle tissue results in incurable mutilations
and severe loss of function. In vitro generated artificial muscles
undergo necrosis when transplanted in vivo before host angiogenesis
may provide the amount of O2 required for muscle fibre survival. Skele-
tal muscle tissue engineering has met with limited success, due to the
complex tissue architecture and the presence of a dense microvascular
network without which muscle fibers do not survive once implanted in
vivo. Here we report a novel strategy exploiting the good survival and
differentiation of mouse mesoangioblasts in a recently discovered bio-
material, PEG-Fibrinogen, and their ability, once engineered to express
Placenta derived Growth Factor and embedded in this material, to
attract host vessels and nerves while myotubes begin to form. Mesoan-
gioblasts, embedded into PEG-Fibrinogen hydrogel, generate an addi-
tional muscle on the surface of the Tibialis Anterior. When PF
embedded Mabs are implanted underneath the skin on the surface of
the tibialis anterior (TA), the normal contractile activity of this muscle
induces fiber orientation and maturation, resulting in an extra muscle
that is morphologically and functionally very similar to the underlying
TA. This strategy opens the possibility of in vivo autologous muscle cre-
ation for a large number of pathological conditions.
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17.05
Engineering muscle tissues on microstructured
polyelectrolyte multilayer films
C Monge, K Ren, R Guillot, K Berton, D Peyrade and C Picart
Grenoble Institute of Technology, France; CEA, France

The use of surface coating on biomaterials can render the original sub-
stratum with new functionalities which can improve chemical, physical,
and mechanical properties as well as enhancing cellular cues such as
attachment, proliferation, and differentiation. In this work, we com-
bined biocompatible polydimethylsiloxane (PDMS) with a biomimetic
polyelectrolyte multilayer (PEM) film made of poly(L-lysine) and hyal-
uronic acid (PLL/HA) for skeletal muscle tissue engineering. By micro-
structuring PDMS in grooves of different width (5, 10, 30 and 100 lm)
and by modulating the stiffness of the (PLL/HA) films, we guided skel-
etal muscle cell differentiation into myotubes. We found optimal condi-
tions for the formation of parallel-oriented myotubes and for their
maturation. Importantly, the myoblasts were collectively pre-aligned to
the grooves prior to their differentiation. Formation of myotubes was
observed regardless of the size of the micropatterns and we found that
their typical width was 10–12 lm. Their maturation, as characterized
by striation of myosin heavy chain, was not affected by the topography
except for the 5 lm wide micropatterns. We highlighted spatial con-
strains that led to an important nuclei deformation and further impair-
ment of maturation within the 5 lm grooves. All together, our results
show that PEM film combined with PDMS is a powerful tool for skele-
tal muscle engineering.

17.P01
Cell therapy for the treatment of compartment
syndrome in rats
TL Criswell, Y Zhou, Z Wang and S Soker
Wake Forest Institute for Regenerative Medicine, USA

Introduction: Compartment syndrome (CS) is a serious complication
arising from a variety of extremity injuries and resultant swelling
within the fascicles of the muscle tissue. The current standard of care
for CS is fasciotomy, which relieves the intra-compartmental pressure
but inflicts further tissue damage. We have developed a rat model of
CS that closely mimics the sequelae of the human condition for the
testing of cellular therapy for CS.
Methods: Neonatal blood pressure cuffs were placed on the hind limbs
of nude rats. A pressure of 120–140 mm Hg was held for 3 h to
induce CS in the anterior muscle compartment. Myoblasts (MPCs)
derived from GFP+ mice or vehicle alone (PBS) was injected in a
100 ll volume into proximal, center and distal regions of the TA at 4,
7 and 11 days after injury. The tibialis anterior (TA) muscle was
removed14 and 28 days after injury and prepared for histological
analyses.
Results: Immunohistochemistry revealed the presence of MPCs within
the muscle tissue at 14 and 28 days after injury. GFP+ MPCs differen-
tiated into mature myofibers and integrated into the host tissue. A
modest functional recovery was seen in muscles receiving cell injec-
tions.
Conclusions: The use of fluorescently labelled cells allows for the detec-
tion and localization of cells up to 28 days after injection. Injected
MPCs are able to differentiate into mature myofibers. This data demon-
strates the utility of MPC therapy for the treatment of CS.

17.P02:
Treatment of volumetric muscle loss injury with
muscle-derived ECM and BMSCs promotes
functional recovery in rat tibialis anterior muscle
BT Corona, X Wu and TJ Walters
US Army Institute of Surgical Research, USA

Introduction: Volumetric muscle loss (VML) is the traumatic or surgical
loss of skeletal muscle that results in permanent functional impairment.
VML therefore represents a challenging clinical problem for both mili-
tary and civilian medicine. The purpose of this study is to improve func-
tional recovery after VML with treatment of muscle extracellular
matrix (ECM) and bone mesenchymal stem cells (BMSC).
Materials and methods: Male Lewis rats had a ~20% by mass,
~1 · 0.5 · 0.5 cm surgical defect created in the middle third of the
tibialis anterior (TA) muscle. At the time of injury, VML was repaired
with ECM in some (ECM) but not all rats (VML). In a subset of ECM-
repaired rats, 1.0 million BMSCs were injected into the ECM 7 days
post-injury (BMSC). TA muscle peak tetanic isometric force (Po) was
measured via neural stimulation in injured and contralateral uninjured
muscles at 2 or 4 months post-injury.
Results and conclusion: The contralateral control groups produced simi-
lar Po at the two (~11.6 N; p = 0.791) and 4 month time points
(~12.6 N; p = 0.572). At both time points, VML resulted in a -30% Po
deficit and ECM did not significantly improve these deficits (i.e., 2 and
4 months = -23 & -25%, respectively). BMSC did not improve func-
tional recovery at 2 months (-22%), but this group was significantly
improved (-18%; p = 0.045) at 4 months compared to VML. These
results show that the treatment of VML with a biological scaffold com-
bined with BMSCs can significantly improve muscle function.

17.P03
Tissue enginnered skeletal muscle
T Fujisato, T Kamon, S Takagi, T Nakamura and H Tsutsui
Osaka Institute of Technology, Japan

A tissue-engineered skeletal muscle is a promising strategy for the
reconstruction of skeletal muscle loss. It may also be applicable to treat
the muscular dystrophy if the genetically modified cells were com-
bined. However, the current major issue is a lack of angioarchitecture
to maintain clinically applicable scale. In this study, a collagen scaffold
having uniaxially oriented porous structure was developed for the
large-scaled tissue-engineered skeletal muscle. The collagen scaffolds
having diameter of 13 mm and length of 20 mm was prepared by a
unidirectional freezing process of collagen solution. The C2C12 cells
were seeded in the scaffold and cultured 1 week by using medium flow
bioreactor. The scaffolds colonized with cells were implanted subcuta-
neously into the nude mouse. The explanted constructs were subjected
to histological and contractile force evaluation. The scaffold was deter-
mined by SEM to have a uniaxial porous structure in communication
with each other. The C2C12 cells were well seeded in the scaffold and
dispersed throughout the entire structure. Sections of tissue-engineered
skeletal muscle revealed myotubes had formed unidirectional orienta-
tion. After the implantation study, the construct was well maintained
and showed further maturation of seeded cells. Furthermore, they
showed much higher contractile force than them before implantation.
This scaffold may be useful for giving the large-scaled tissue-engi-
neered skeletal constructs.
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17.P04
Cellulose nanowhiskers and nechanotransduction
as strategies for tissue engineering skeletal
muscle from human mesenchymal stem cells
JM Dugan, SH Cartmell, SJ Eichhorn and JE Gough
School of Materials, The University of Manchester, UK; College of
Engineering, Mathematics and Physical Sciences, University of
Exeter, UK

There is a significant need for tissue engineering skeletal muscle for
treatment of congenital deformities and trauma. We present a novel
strategy for muscle tissue engineering using either Cellulose Nanowhis-
kers (CNWs) as nanoscale topographical cues, or cyclic strain to drive
the myogenic differentiation of Mesenchymal Stem Cells (MSCs) in co-
culture with a skeletal muscle cell line. By manipulating the mechanical
and topographical aspects of the cell microenvironment, a pro-myo-
genic regime has been developed. CNWs, rod-like particles prepared
from the marine invertebrate Ascidiella sp., are spin-coated onto a
charged substrate. The resulting films are highly oriented, inducing
contact guidance in myoblasts. Due to the nanoscale topography of the
films (5–6 nm high features) terminal differentiation is upregulated
and a high degree of myotube orientation results. An alternative
approach uses cyclic strain to promote myogenesis via mechanotrans-
duction. A FlexCell device is used to apply dynamic strain to cells using
flexible culture surfaces. When an optimum regime is employed along
with laminin coated surfaces, myogenesis may be promoted. Using
such strategies, MSCs from bone marrow or adipose tissue are encour-
aged to fuse with nascent myotubes in vitro, introducing transcription-
ally active nuclei of non-muscle origin. Such an approach has
significant potential for tissue engineering skeletal muscle or for thera-
pies for conditions such as Duchenne’s Muscular Dystrophy.

17.P05
Age and gender limitation for the bioengineering
of contractile muscle tissue for human muscle
precursor cells (MPC)
MNL Stölting, LJ Hefermehl, M Tremp, FAzzabi, R Largo,
D Haralampieva, T Sulser, D Eberli, MNL Stölting
and LJ Hefermehl
Clinic of Urology/University Hospital of Zurich, Switzerland

Introduction: MPCs are quiescent muscle cells capable of muscle fiber
reconstruction. Therefore, autologous MPC transplantation is envi-
sioned for the treatment of muscle diseases, many occurring in the
aged population. However, density of MPCs and proliferation potential
gradually decline with age. The goal of this research was to assess the
limitations of age and gender on the ability to bioengineer contractile
muscle with human MPCs.
Materials and methods: Human MPCs were harvested from the rectus
abdominalis of 30 patients [15M, 15F] undergoing abdominal surgery
[23–82 years]. Growth curves, muscle phenotype and function were
analyzed by FACS and cytological assays. In vivo muscle formation and
contractility was assessed by histology, WB and organ bath.
Results: We were able to confirm the myogenic phenotype, a great
expansion potential and fiber formation for all ages and both gender.
Male cultured cells had an increase differentiation ratio in vitro
(p = 0.03). Female cells were more stable in vitro, grew faster
(p = 0.016) and contracted better upon electrical stimulation
(p < 0.001). To gain sufficient cells the biopsy size needed to be bigger
in male and older patients (p < 0.001). MPCs of all ages were able to
form muscle in vivo, but an age-dependent decline in contractile
response could be detected.
Conclusion: Our results suggest that human MPCs for cellular therapies
can be successfully isolated and grown from patients of all ages and
gender.

17.P06
Macrophage and progenitor cell participation in a
regenerative medicine approach to volumetric
muscle loss
BM Sicari, B Siu, LC Carey, V Agrawal, N Turner and SF Badylak
University of Pittsburgh, USA

Skeletal muscle has a robust capacity for regeneration following minor
injury. However, this inherent constructive and functional remodeling
response is limited following trauma that results in volumetric muscle
loss (VML). Traumatic penetrating soft tissue injuries, tumor ablation,
or large congenital muscle defects create a need for regenerative med-
icine strategies that can promote the de novo reconstruction of func-
tional skeletal muscle tissue. Biologic scaffold materials composed of
xenogeneic or allogeneic extracellular matrix (ECM) have been suc-
cessfully used to repair or replace a variety of damaged tissues includ-
ing skeletal muscle. The mechanisms responsible for this constructive
remodeling response include progenitor cell recruitment and modula-
tion of the host innate immune response among others. The present
study examined the spatial and temporal pattern of macrophage accu-
mulation, macrophage phenotype, and progenitor cell participation
following surgical placement of an ECM scaffold within a mouse
model of VML. Results showed a robust and heterogeneous popula-
tion of macrophages at the surgical placement site, along with active
multipotential progenitor cells. After 56 days, treatment with an ECM
scaffold was associated with a site-specific and constructive remodel-
ling outcome.

17.P07
Tissue-specific stem cell recruitment for in situ
muscle tissue regeneration
YM Ju, A Atala, J Yoo and SJ Lee
Wake Forest Institute for Regenerative Medicine, USA

In this study we sought to utilize muscle-specific stem cells to regener-
ate muscle tissue through the use of a tissue scaffolding system. The
objectives of this study were to evaluate a group of myogenic factors
for muscle cell migration, proliferation, and differentiation in vitro and
to investigate the possibility of using the tissue scaffolds to initiate cell
mobilization and recruitment in vivo. Myogenic factor-containing scaf-
folds were implanted in the lower leg muscle of rats. Retrieved scaf-
folds showed progressive tissue ingrowth over time. By the fourth
week after implantation, the scaffolds were completely infiltrated by
host cells, including inflammatory cells and stromal mesenchymal-like
cells. Interestingly, Pax7 was expressed within the implanted scaffolds
at all time points. These findings indicate that host muscle satellite/
progenitor cells are able to migrate into the implanted scaffolds. Fur-
thermore, the myogenic factors effectively promoted myogenic cell
migration, proliferation, and differentiation in vitro and the number of
cells expressing Pax7 was increased within the implanted scaffolds that
contained myogenic factors, suggesting that these factors can be used
to mobilize muscle progenitor cells within an implant. We demonstrate
that cells expressing muscle satellite/progenitor cell markers can be
mobilized into an implanted tissue scaffold and that these cells are
capable of differentiating into muscle cells.

17.P08
Effect of electrical stimulation on contractile
properties of tissue-engineered skeletal muscle
S Takagi, T Kamon, T Nakamura and T Fujisato
Osaka Institute of Technology, Japan

It is well known that cell behavior may be highly influenced by external
stimuli. In this study, electrical stimulation was used as a tool to
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advance differentiation and enhance contractile properties of the tis-
sue-engineered skeletal muscle. A porcine aorta was digested in an
enzymatic solution to remove elastic fibers and cells inside. The acellu-
lar tissue was cut into circular forms and two of them were put apart
on a silicone sheet as tendons. The C2C12 cells were embedded within
cold type I collagen gel solution and the cell suspension was placed
between two tendons. The construct was cultured for 2 days in DMEM
containing fetal bovine serum and then the medium was shifted to
DMEM containing horse serum to enhance differentiation of the cells
to the myotubes. At the same time as medium shift, the constructs were
placed between two platinum electrodes for continuous electrical stim-
ulation for 7 days. The isometric twitch force of the tissue-engineered
skeletal muscle increased by five times when the electrical stimulation
of 5 V and 2 ms at 0.5 Hz was applied. The tetanus force increased by
5.5 times (223.8 lN vs 39.6 lN). The difference between the groups
with and without stimulation was statistically significant
(p < 0.05).These results suggest that the electrical stimulation may
have a positive effect on the contractile properties of tissue-engineered
skeletal muscle.

17.P09
Advanced differentiation of the C2C12 cell line
and primary skeletal myoblasts by uniaxial cyclic
strain
CP Pennisi, JI Andersen, T Nielsen, M Juhl and V Zachar
Aalborg University, Department of Health Science and
Technology, Laboratory for Stem Cell Research, Denmark

Recent developments in skeletal muscle tissue engineering represent a
promising approach for the treatment of musculoskeletal disorders.
Although adult skeletal muscle cells sense and respond to mechanical
forces, mechanical stimulation strategies to optimize myogenesis in vi-
tro remain limited. We have recently shown that uniaxial cyclic tensile
strain (CTS) drives the assembly and differentiation of the C2C12 myo-
genic cell line. Here, we aimed to validate the responses obtained with
C2C12 using primary myoblasts. C2C12 and human skeletal muscle
myoblasts (HSMM) were cultured on flexible-bottomed culture plates.
Upon confluence, cells were subjected to uniaxial CTS during 48 h in
reduced serum conditions. Differentiation profiles were assessed by
morphological and biomolecular indicators. For both cell types, the uni-
axial CTS protocol resulted in an array of cross-striated fibers aligned
perpendicularly to the axis of strain. Furthermore, differentiation was
enhanced by CTS, as evidenced by a short period of myogenin activa-
tion and significant increases in the myotube to myoblast ratio and per-
centage of myosin positive myotubes. Although the differentiation
efficiency was similarly enhanced by CTS in both cell types, the num-
ber of HSMM-derived myotubes was significantly larger. The use of
HSMMs in combination with CTS may represent a valuable approach
to optimize engineering of functional skeletal muscle.

17.P10
Novel biomaterial strategies for repairing
musculoskeletal defect
B Abtahi
Shahid Beheshti University of Medical Sciences, Iran

One of the basic process after injury or fracture is bone repairing. This
study is about our recent research in the field of bio-inspire materials
and bone’s tissue regeneration. Bone- engineering plainly is performed
using biomaterials methods based on hydro gels or strontium contain-
ing bioceramics. Becauese of remarkable effects of Strontium ranelate
on oral anti-osteoporosis drug via osteoblasts and osteoclasts it has a
critical role in this way. Nowadays improvement of materials that is
poly-c-glutamic acid based can be use for tissue repair. Further

thorough materials analyses of tissue engineered bone will be pre-
sented. Recent studies shown that many different cells such as mesen-
chymal or endothelial progenitor stem cells are used in bone
regeneration application but in this way the main problem is the lack
of suitable material can act as bone in both physical and structural
point which can be joint to those cells in bone repairing. By investigat-
ing different analysis methods to micro-Raman spectra of mineralized
nodules formed in vitro, we have found cell-source-dependent varia-
tions in relations between multiple bone-like mineral backgrounds. In
this study comprehending the biological mechanism of bone formation
in vitro that contribute to cell-source-specific materials differences may
ease the improvement of clinically successful engineered bone.

17.P11
Phenotypic and functional muscle regeneration in
a murine model of muscular dystrophy using a
collagen matrix
D Kuraitis, A Musaro and EJ Suuronen
University of Rome La Sapienza, Italy; University of Ottawa,
Canada Heart Institute, Canada

Therapeutic myogenesis holds great promise for treating many preva-
lent myopathies. This may be achieved by application of stem cells,
growth factors or biomaterials. In previous work, we used an injectable
collagen-based matrix, with properties similar to those of muscle extra-
cellular matrix, to regenerate ischemic muscle. This study sought to
characterize its regenerative potential in established murine models of:
(i) degenerative Duchenne’s muscular dystrophy (mdx mouse, n = 3);
and (ii) atrophic Amyotrophic Lateral Sclerosis (MLC/SOD, n = 3).
The EDL muscle is used to characterize disease progression. EDL mus-
cles in both models received an injection of PBS or matrix (collagen I
and chondroitin sulfate-C crosslinked with EDC/NHS). After 2 week,
matrix-treated mdx mice were able to run 30% further (p = 0.04) and
at speeds 19% greater (p = 0.06) than PBS controls; however, matrix
treatment did not confer any improved mobility in MLC/SOD animals
at 2 months (p > 0.7). Furthermore, matrix-treated mdx animals had
greater levels of myogenin, desmin and Pax3 transcripts (by 2.0-, 1.6-,
4.0-fold; p = 0.03, 0.07, 0.06, respectively), while there were no differ-
ences in transcript levels in the MLC/SOD model. In both models,
TNFa transcript levels did not differ among treatments (p = 0.9).
Despite a lack of improvement or evidence for myogenesis in an atro-
phic model using a matrix therapy, the matrix presents itself as a candi-
date for phenotypic and functional regeneration of dystrophic muscle.
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18. Pancreas Replacement & Liver Regeneration

18.01
Keynote: Engineering an optimal implant for islet
transplantation
C Stabler
University of Miami, USA

Clinical islet transplantation (CIT), the intraportal infusion of alloge-
neic pancreatic islets into a diabetic recipient, is a promising treatment
for type 1 diabetes; however, the success of clinical islet transplantation
is hindered by the location of the implant site, which is prone to
mechanical stresses, inflammatory responses, and exposure to high
drug and toxin loads, as well as the strong inflammatory and immuno-
logical response to the transplant in spite of systemic immunosuppres-
sion. To address these challenges, we are focused on three primary
strategies: the development of scaffolds to house islets at alternative
transplant sites; the fabrication of nano-scale encapsulation protocols
for the immuno-camouflage of the transplant; and the production of
bioactive biomaterials for the local delivery of oxygen and immuno-
modulatory drugs and/or cells. Three-dimensional scaffolds can serve
to create a more favorable islet engraftment site, by ensuring optimal
distribution of the transplanted cells, creating a desirable niche for the
islets, and promoting vascularization. Nano-scale encapsulation can
substantially decrease the need for systemic immunosuppression of the
recipient, by preventing host recognition of surface antigens. Finally,
localization of immunomodulatory agents to the site of the transplant
can serve to concentrate protection to the site, while minimizing the
side effects commonly observed with systemic delivery of these agents.
Success in these strategies.

18.02
Therapeutic neo-islet engineering in
subcutaneous site by islet sheet transplantation
K Ohashi, S Yamashita, H Shimizu, K Ise, R Utoh, T Masuda,
M Gotoh and T Okano
Tokyo Women’s Medical Univeresity, Japan; Fukushima Medical
University, Japan

Recent clinical success in islet transplantation has encouraged further
investigation into bioengineering islet tissues. The present study dis-
cusses our novel islet tissue engineering approach using a fabricated
monolayered tissue sheet composed of dissociated single islet cells.
Temperature-responsive culture dishes specific to islet cell culturing
were prepared by covalently immobilizing a polymer, poly(N-isopropyl-
acrylamide) to cuture dishes, followed by laminin-5 coating. Dissoci-
ated rat islet cells were plated onto the dishes. After reaching
confluency, cells were harvested as a uniformly connected tissue sheet
by lowering culture temperature. Electron microscopy revealed that
numerous secretion granules and cell-to-cell connections were
observed within the sheets. Upon transplanting islet cell sheets into the
subcutaneous space of diabetic SCID mice, neo-islet tissues were suc-
cessfully engineered. Therapeutic effectiveness of this islet bioengineer-
ing procedure was confirmed by the findings that hyperglycemia was
successfully reverted to a steady euglycemic state. We also succeeded
in creating islet sheets using cryopreserved islet cells. The present study
succeeded in generating neo-islet tissues in diabetic individuals using
monolayered islet sheets. Because of higher and persistent functional-
ities of the neo-islet tissues, our approach could contribute in advanc-
ing the regenerative medicine toward diabetes.

18.03
Coating Islets of Langerhans with cells improves
sprout formation in vitro
M Buitinga, KK Janeczek-Portalska, J Hilderink, EJ de Koning,
MA Engelse, C van Blitterswijk, M Karperien, J de Boer
and AA van Apeldoorn
Department of Developmental Bioengineering, University of
Twente, The Netherlands; Department of Tissue Regeneration,
University of Twente, The Netherlands; Department of
Nephrology, University Medical Center Leiden, The Netherlands

Background: Intrahepatic allogeneic islet transplantation in patients
with type 1 diabetes has become an alternative for total pancreas trans-
plantation. Long-term insulin independency is often not achieved due
to severe islet loss shortly after transplantation. It has been suggested
that co-culturing islets with endothelial cells and/or mesenchymal stro-
mal cells (MSCs) enhances sprouting in vitro. We developed a new
model of coating islets with cells to improve vessel formation and islet
survival. We used various cell types and studied their effect on insulin
responsiveness and sprouting.
Methods: Human islets from different donors were covered with MSCs,
Endothelial-like MSCs (EL-MSCs) or HUVECs/MSCs in custom
designed agarose microwells. At day 1 and 5, islets were challenged for
insulin secretion. Sprouting of uncoated and coated islets was quanti-
fied at 24, 48, and 96 h on fibrin and Matrigel.
Results: Twelve hours after seeding, islets were uniformly covered with
cells. All cell types significantly improved the formation of capillary like
structures without decreasing islet functionality. Islets coated with EL-
MSCs sprouted earlier and had more tubes per islet compared to MSC
and HUVECs coatings. Currently we are performing in vivo studies to
assess islet vascularization and revascularization time.
Conclusion: This study describes a reproducible method to improve
islet sprouting in vitro without compromising islet function.

18.04
Novel oxygen generating biomaterial for
enhancing cell survival under hypoxic conditions
M Coronel, E Pedraza and C Stabler
University of Miami, USA

A significant challenge in implanting engineered tissues is sufficient
oxygenation during engraftment. While various efforts have sought to
accelerate implant vascularization, these methods still result in the
insufficient implant oxygenation for extended periods. We have
recently developed a novel oxygen generating biomaterial, based on
the encapsulation of calcium peroxide within silicone, termed PDMS-
CaO2. PDMS-CaO2 disks (0.08 cm3) were found to generate oxygen
over 1 month. We explored the potential of PDMS-CaO2 disks to pre-
vent hypoxia-induced cell death in beta cell lines and pancreatic islets.
A PDMS-CaO2 disk prevented hypoxia-induced cell death and main-
tained cell function and viability at levels equal to normoxic controls.
Seeking to translate these findings in vivo, we developed a 3-D con-
struct containing a PDMS-CaO2 disk, loaded the implant with beta or
islets and evaluated the capacity of our materials to prevent hypoxia-
induced cell death in vivo and in vitro. We found the presence of a
PDMS-CaO2 disk within our 3-D constructs to significantly prevent
hypoxia-induced loss in both beta cell and islet viability, with levels sta-
tistically equivalent to normoxic controls. Insulin responsiveness was
also retained. Evaluation of effects in vivo is on-going. Overall, we have
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demonstrated the usefulness of our materials to mitigate hypoxia-
induced cell death, which would be highly desirable for preserving the
viability of the transplanted cells after transplant.

18.05
Micropatterned electrospun fibrous scaffolds for
coculture of hepatocytes and fibroblasts
YW Liu, HN Li, QJ Liu and XH Li
Southwest Jiaotong University, China

Cocultivation of hepatocytes and fibroblasts plays an essential role in
maintaining the hepatocyte phenotype, but the ‘randomly distributed’
coculture conditions lead to significant loss of liver-specific functions.
Electrospun nanofibers have gained widespread interests for tissue
engineered scaffolds because of their high specific surface area and
highly porous structure. In this study, micropatterned electrospun mats
are introduced using a patterned collector, including a series of parallel
bands with width ranging from 200 to 400 lm, and hepatocytes and fi-
broblasts were seeded onto the spatially isolated bands. Blend electros-
pinning of poly(ethylene glycol)-poly(DL-lactide) (PELA) and
galactosylated poly(DL-lactide) was used for primary hepatocyte
attachment, while NIH3T3 fibroblasts were seeded on PELA fibers con-
taining collagen I. Micropatterned hepatocytes and fibroblasts were
visualized with fluorescent dye and found to locate predominantly
within micropatterned bands. Compared with culture alone of hepato-
cytes and randomly distributed coculture of hepatocytes and fibro-
blasts, the micropatterned cocultures resulted in stabilized hepatocytes
phenotype and aggregation for several days, and significantly higher
urea synthesis and albumin secretion. The above results suggest the
potential of micropatterned electrospun mats for tissue regeneration
and therapeutic applications. This work was supported by National
Natural Science Foundation of China (51073130).

18.P01
Encapsulation of protein microfiber networks
supporting pancreatic islets
JAM Steele, AE Barron, E Carmona, JP Hallé and RJ Neufeld
Queen’s University, Canada; Stanford University, USA;
Maisonneuve-Rosemont Hospital Research Centre, Canada;
University of Montreal, Canada

Pancreatic islet tissue engineering is traditionally divided between mac-
roscopic matrices, which attempt to restore the chemical and physical
microenvironment, and microparticle-based immunoisolation, which
eliminates the need for systemic immunosuppression. A method has
been developed to produce and incorporate a network of crosslinked
gelatin microfibers around a pancreatic islet within a barium alginate
microcapsule. This technique is the first example of the immunoisola-
tion of intact islets within a fibrous protein matrix. Microfibers
22.3 ± 0.4 lm in diameter were produced from a novel vortex-drawn
extrusion system. Microfibers and islets were encapsulated within
294 ± 4 lm 1.6% barium alginate microparticles by electrostatic-med-
iated dropwise extrusion. The islets, which were extracted from Spra-
gue–Dawley rats, were analysed over a 21-day preliminary in vitro
study. Fluorescent viability staining indicated a significant increase in
viability for the fiber-laden particles relative to fiber-free control parti-
cles at days 7, 14, and 21. The fiber-laden system also reduced the inci-
dence of islet disruption from 31% to 8% at day 21, and showed
evidence of islet-fiber adhesion. Further investigation into benefits of
islet encapsulation within an extracellular matrix fiber network will be
the subject of future studies. Additionally, the process has applications
in the immunoisolation of other large aggregate systems.

18.P02
Pseudo-islets as an in vitro model to study
biomaterials for transplantation of islets of
langerhans
G Marchioli, J Hilderink, M Engelse, E de Koning,
C van Blitterswijk, L Moroni, J Alblas, M Karperien
and A van Apeldoorn
Department of Developmental BioEngineering, University of
Twente, The Netherlands; Department of Nephrology, University
Medical Center Leiden, The Netherlands; Department of Tissue
Regeneration, University of Twente, The Netherlands; Department
of Orthopaedics, University Medical Center Utrecht, The
Netherlands

Background: Although allogenenic islet transplantation offers a prom-
ising therapy for type 1 diabetes patients, more than 60% of the islets
are lost shortly after transplantation. To improve islet survival, biomate-
rials that can serve as a supportive and protective islet carrier are being
developed. However, fast screening of these biomaterials is hampered
by the scarce availability of donor islets. To address this problem, we
have developed a high-throughput platform for generation of pseudo-
islets as a standardized model for pancreatic islets.
Results: Non-adherent agarose microwells (fabricated using negative
molds of PDMS) enable the formation of stable INS-1E beta cell aggre-
gates with a well-defined size that is linearly correlated to the seeding
density and ranges from 50 to 200 micrometer. The pseudo-islets
secrete insulin when challenged with a high glucose concentration,
mimicking the response of islets of Langerhans. Insulin secretion of the
pseudo islets was found to be dependent on aggregate size after 7 days
of culture, suggesting that cell-cell signaling plays a key role. To further
develop the model, we are currently generating pseudo-islets of multi-
ple cell types and testing their function.
Conclusion: This study demonstrates a novel method for the controlled
generation of stable cell aggregates as a model for islets of Langerhans.
This model enables in vitro evaluation of new biomaterials that can
improve islet transplantation for type 1 diabetes.

18.P03
Transplantation of co - aggregates of dissociated
islet cells and sertoli cells to treat type 1
diabetes in mice.
N Takemoto, X Liu, K Takii and H Iwata
Kyoto University, Japan

Transplantation therapy utilizing isolated, donor islets of Langerhans
(islets) has been employed successfully to treat insulin - dependent
diabetes mellitus (type 1 diabetes). However, patients who undergo
islet transplantation must maintain an immunosuppresive drug regi-
men to prolong graft survival. The long term effects of immunosup-
pression involve complication, and improved approaches which avoid
their use are desired. We examined co - transplantation of islets with
sertoli cells which are known to have immunosuppressive ability. We
describe a method for the preparation of cell aggregates of islet and
sertoli cells, their in vitro function, and their potential to cure diabetes.
Islets and sertoli cells were isolated from BALB/c mice. Aggregates of
1500 dissociated islet cells and 1500 sertoli cells were prepared via
hanging drops. The sertoli cells occupied the core part while islet cells
engulfed the sertoli core aggregate. The sertoli portion of co - aggre-
gates continuously released activin, and islet cells could regulate insu-
lin release in response to glucose concentration changes. Eight
hundred co - aggregates were transplanted into each diabetic C57BL/6
mouse via the portal vein, and their blood glucose levels were moni-
tored. Six of seven recipients demonstrated normoglycemia for more
than 100 days.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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18.P04
Release of exendin-4 from multilayered alginate
microcapsules protect islet cells after
transplantation
SJ Park, S Shin, J Choi, OJ Koo, JH Moon, G Jang, YJ Yoo and
BC Lee
Department of Theriogenology and Biotechnology, College of
Veterinary Medicine, Seoul National University, Korea; School of
Chemical and Biological Engineering, Seoul National University,
Korea

Multilayered alginate microcapsules coated with a semipermeable
poly-L-lysine (PLL) membrane have been investigated for the encapsu-
lation and transplantation of islets as a treatment for type 1 diabetes
mellitus. The long lasting glucagon-like peptide-1 (GLP-1) receptor
analogue, exendin4, has been shown to enhance cell mass in rodents
through inhibition of cell apoptosis, stimulation of cell proliferation
and islet neogenesis. Furthermore, exendin-4 reduces cytokine-
induced apoptosis in purified rat islet cells. Here we generate the mul-
tilayered alginate microcapsules with an outer alginate layer that can
be used for the delivery of exendin-4. The influence of alginate con-
centration and viscosity on outer layer, release kinetics, insulinotropic
properties and protection against inflammatory cytokines in porcine
neonatal pancreatic cell clusters (NPCCs) in vitro was investigated.
The technique results in a stable outer layer of alginate with high vis-
cosity 2% alginate displaying the most sustained release. The released
exendin-4 promotes insulinotropic performance and also decreases
apoptosis induced by sTNFa in porcine neonatal islet cells. The effect
of exendin-4 from multilayered alginate microcapsules in vivo was
also investigated. In conclusion, this technique could be used to gener-
ate encapsulation that delivers exendin-4 for successful islet transplan-
tation.

18.P05
Hepatocyte embedded-functional gel-filled
scaffold is effective for the construction of liver
tissue-like structure
H Ijima, N Shirakigawa, H Mizumachi and S Nakamura
Kyushu University, Japan

Introduction: Liver is a central organ for metabolism in our body and is
complicated structure. Therefore, Liver Tissue Engineering (LTE) recon-
structing a functional liver tissue is one of the most important and diffi-
cult themes in Tissue Engineering field. In this paper, growth factor-
immobilizable ECM was developed for the creation of effective cell
transplantation technology and the effectiveness was evaluated by ani-
mal experiments.
Methods and results: Heparin-collagen conjugate and solubilized ECM
of liver were developed as growth factor-immobilizable materials.
VEGF and HGF were immobilized on these functional materials and
the immobilized ratios were more than 90%. Adult rat hepatocytes on
these functional materials well expressed various liver-specific func-
tions in vitro. Adult rat hepatocytes or fetal liver cells-embedded func-
tional gel-filled macroporous scaffold (CGS) was subcutaneously
transplanted into rat. Hemoglobin content in transplanted samples and
viability of transplanted hepatocytes were enhanced in the functional
gel by combining 70% partial hepatectomy treatment. The effective-
ness enhanced by spheroid transplantation. Furthermore, transplanted
fetal liver cells form liver tissue-like structure with vascular network.
Therefore, hepatocyte embedded-functional gel-filled scaffold is a
potential method to create LTE.
Acknowledgments:
This work was supported in part by a Grant-in-Aid for Scientific
Research (B): 22360348 from the MEXTof Japan.

18.P06
Multi-layered hepatocyte co-culture systems
mimicking the liver microstructure
KS Kim, K Ohashi, R Utoh and T Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, TWIns, Japan

Since hepatocytes are known to lose their functions within several days
under monolayer culture conditions, novel culture systems, which
allow hepatocyte to preserve their morphologies and functions for a
long-term period, are required to be established. The present study was
conducted for creating highly functional hepatocyte culture systems
mimicking in vivo liver microstructures. Various types of multi-layered
co-culture systems were produced as follows: (1) rat hepatocyte sheet
(Hep), (2) Hep-Hep, (3) Hep-bovine carotid artery endothelial cell
sheet (EC), (4) EC-Hep, (5) EC-Hep-EC and (6) Hep-EC-Hep. Multi-
layered co-culture systems were cultured and assessed by functional
and morphological analyses. Among co-culture systems tested, a triple-
layered hepatocyte sheet sandwiched between EC sheets (EC-Hep-EC)
was found to show the highest albumin and urea synthesis values. In
regard to morphology at 7 days, hepatocytes cultured in a sandwich
configuration between EC sheets (EC-Hep-EC) possessed cuboidal cell
shape and intact bile canaliculi, similar to the morphology observed in
early stage of monolayer hepatocytes culture. EC-Hep-EC group struc-
turally resembled the liver microstructures was the most effective struc-
ture for preserving not only hepatic functions but also characteristic
hepatic morphologies. These cell sheet based three-dimensional (3-D)
co-culture system will be a useful tool for tissue engineering
approaches and an assessment tool for drug screening.

18.P07
Liver derived decellularised matrices in
bioreactors
G Mattei, V Di Patria, G Elia, A Alaimo, A Corti, A Paolicchi
and A Ahluwalia
Department of Chemical Engineering Industrial Chemistry and
Materials Science, Faculty of Engineering, University of Pisa,
Italy; Interdepartmental Research Center ‘E.Piaggio’, Faculty of
Engineering, University of Pisa, Italy; Department of
Experimental Pathology, Medical Biotechnologies, Infectious
Diseases and Epidemiology, Faculty of Medicine and Surgery,
University of Pisa, Italy

Hepatic tissue and its derivatives have a wide range of in vitro applica-
tions. Reproducing the 3D organisation of the liver and ensuring an
effective mass transport of oxygen, nutrients and wastes is crucial in
developing a robust analog in vitro. There is interest in using tissue
derived extracellular matrix as a biological scaffold for hepatocytes and
other liver cells since hepatocytes seeded on decellularized scaffolds
have been shown to possess higher metabolic activity than monolayer
cultures. This study was aimed at obtaining a 3D in vitro liver model in
a Quasi-Vivo bioreactor using pig liver derived extracellular matrices
(dECMs). Different decellularisation procedures were investigated in
order to obtain dECMs from bulk untreated hepatic tissues. The
absence of any cellular component within the dECMs was confirmed
using H&E staining. The total protein content per gram of dECM was
determined with the Bradford protein assay. Results showed that the
proposed decellularisation procedures do not significantly alter the
extracellular protein content respect to the one of fresh liver. Moreover,
the morphology of dECMs, investigated using micro-tomography
(micro-CT), confirmed a highly porous structure with interconnected
pores ranging from few to hundreds of micrometers in diameter. Once
characterised, dECMs were seeded with hepatocytes and cultured in
dynamic conditions within our bioreactors, obtaining robust 3D liver
models with high levels of protein expression.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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18.P08
Modified gelatin as encapsulation material for
HepG2 cells: a study of viability and functionality
E Gevaert, T Billiet, P Dubruel and M Cornelissen
Ghent University, Belgium

Introduction: Hepatocyte culture is highly sensitive to the extracellular
matrix for the maintenance of viability and differentiation. It is known
that modification of a substrate with galactose is correlated with
increased hepatocyte functions. Therefore we aim to investigate the
feasibility of a chemically crosslinked gelatin hydrogel,containing
galactose side groups, for the encapsulation of HepG2 cells.
Materials and methods: Cell viability was assessed by MTT assay and
live/dead staining. Functionality was investigated using IHC stainings
and real-time PCR.
Results: The MTTassay shows a significant reduction of the amount of
cells. After 24 h, no further reduction is observed and the encapsulated
cells remain viable at least during 7 days. This is confirmed by the live/
dead staining and was the case in both the galactosylated and non-ga-
lactosylated hydrogel.Staining shows a maintenance of albumin and
HNF4a synthesis and glycogen storage in both hydrogels. Quantifica-
tion of expression of several hepatocyte specific genes shows higher
expression of all investigated genes in the galactosylated hydrogel,
compared to the non-galactosylated hydrogel and the control.
Conclusions: The viability and functionality tests indicate that the
chemically crosslinked gelatin hydrogel is suitable for the encapsula-
tion of HepG2 cells. Modification of the hydrogel with galactose
improves the maintenance of hepatocyte functions and might be more
suitable for the cultivation of hepatocytes.

18.P09
In vitro and ex vivo functional evaluation of a
hollow fiber type bioartificial liver module
immobilizing ES-derived hepatic cells
N Amimoto, T Miyazawa, H Tani, H Mizumoto,
K Nakazawa, H Ijima, K Funatsu and K Toshihisa
Kyushu University, Japan; The University of Kitakyushu, Japan

We previously reported the hepatic differentiation of mouse ES and
iPS cells using hollow fiber (HF)/organoid culture. In this study, we
evaluated the performance of an ES cells-immobilized bioartificial
liver module based on HF/organoid culture in vitro and ex vivo.
Mouse ES cells were immobilized in a module with one-layer textile
HF sheet. The HF module was cultured under the perfusion condi-
tion. To induce hepatic differentiation, differentiation-promoting
agents were added to the culture medium (sodium butyrate, dexa-
methasone, oncostatin M, and insulin-transferrin-selenium). Male Wi-
star rats weighting 250g were used for the animal experiments. The
liver failure model with 60% spontaneous recovery ratio. After induc-
tion of liver failure, the rats were connected with the ES-module with
differentiating ES cells or control-module (without cells), and 1 hour
extracorporeal circulation at 1 ml/min was initiated. We measured
changes in the blood biochemistry level. The liver specific functions
were detected by 2 weeks of culture. In animal experiments, all of
the 3 rats applied the control-module died. However, the rat applied
ES-module, although the number of application has only been one
case, recovered and the blood biochemistry levels a week after
become equivalent to the healthy level. Although it needs further
researches, these results shows that our module have the potential for
supporting liver functions and inducing liver regeneration of the liver
failure rats.

18.P10
Bioengineering human livers with primary liver
progenitor cells - in situ differentiation into
biliary ducts and drug metabolizing hepatocytes
P Baptista, D Vyas, A Atala and S Soker
Wake Forest Institute for Regenerative Medicine, USA

Liver transplantation is presently the best therapy able to extend sur-
vival for end-stage liver disease. Nevertheless, the waiting list for liver
transplantation is extensive and many patients will not survive long
enough due to dramatic organ shortage. To address this unmet clinical
need, our lab and others have recently developed whole organ scaf-
folds for liver bioengineering. The engineered organoids have shown
putative hepatic markers and exhibit some hepatic functions. Neverthe-
less, they lack extensive biliary ducts and mature hepatocytes capable
of drug metabolization.To address these issues, we have seeded large
numbers of human fetal liver progenitor (hFLC) and endothelial cells
(hEC) and allowed them to differentiate in situ in the liver bioscaffolds
for 2 weeks.Immunohistochemistry showed progressive tissue organi-
zation with clusters of hepatocytes (albumin, a-fetoprotein, cytochrome
P450 2A, 3A, Hep-1 positive). Several long ductular structures staining
positive for biliary markers (CK19, EpCAM, and ASBT - bile salt trans-
porter) were also present throughout the bioengineered liver. When
exposed to diazepam and 7-ethoxycoumarin, the differentiated hepato-
cytes were able to metabolize these drugs into some of their metabo-
lites, showing broad cytochrome P450 activity. These results represent
a clear proof of principle that immature hFLCs, used for liver bioengi-
neering, can lead to fully functional liver tissues for transplantation.

18.P11
Development of a multilayered fibroblast/
hepatocyte sheet for regenerative medicine
Y Sakai, M Takatsuki, K Yamanouchi, A Soyama, I Muraoka,
R Utoh, K Ohashi, T Okano, T Kuroki and S Eguchi
Nagasaki University Graduate School of Biomedical Sciences,
Japan; Tokyo Women’s Medical University, Japan

Single layer hepatocyte sheets have already been developed as an
effective method for hepatocyte transplantation (Ohashi et al., Nat.
Med. 2007). In this study, the effect of our newly-developed multilay-
ered fibroblast/hepatocyte sheet was evaluated and the results were
compared to those obtained with single layer hepatocyte sheets in
vivo.TIG-118 cells (human skin-derived fibroblasts) were inoculated
onto the UpCell (temperature-responsive PIPAAm culture dish, Cell-
Seed Inc.) at a density of 2.3 · 104 cells/cm2, and formed a confluent
monolayer within 2 days of beginning the culture. HepaRG cells
(human hepatoma-derived cells) were inoculated onto the TIG-118 cell
layer at a density of 1.39 · 105 cells/cm2 (TIG+HepaRG). As a control,
HepaRG cells were cultured on the UpCell at the same density (He-
paRG). The HepaRG and TIG+HepaRG cell sheets were harvested and
transplanted independently onto the subcutaneous sites of NOD/scid
mice after 4 day of culture. To evaluate the hepatocyte function, the
human albumin concentrations in the mouse serum were assayed in
each group.The mean human albumin concentrations of mice trans-
planted with the TIG+HepaRG cell sheets were significantly higher
than those of mice transplanted with the HepaRG cell sheets
(528 ± 192 vs 84 ± 78 ng/ml/106 transplant-cells (p < 0.01),
respectively).In conclusion, the hepatocyte function of the newly-devel-
oped multilayered fibroblast/hepatocyte sheets was better than that of
single layer hepatocyte sheets.
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18.P12
Construction of liver tissue in vivo with
preparative hepatic irradiation and growth
stimuli: lower invasive techniques and progenitor
cells
K Yamanouchi, I Yamaguchi, Y Sakai, A Soyama, F Fujita,
M Takatsuki, K Kanetaka, T Kuroki,
C Guha and S Eguchi
Department of Surgery, Nagasaki University Graduate School of
Biomedical Sciences, Japan; Department of Radiation Oncology,
Albert Einstein College of Medicine, Japan

Introduction: We have succeeded in selective proliferation of trans-
planted hepatocytes by providing a growth stimulus concomitant with
hepatic irradiation (HIR) that can suppress proliferation of host hepato-
cytes. We have made experiments focusing on I) lower invasive tech-
niques and II) progenitor cells. Methods and Results; I) 1)partial HIR.
Dipeptidyl-peptidase IV (DPPIV)-F344 rats received partial HIR (only
30%ofwhole liver) and portal vein branch ligation (PVBL). Hepatocytes
from DPPIV+rats were transplanted at 1 · 107 intrasplenically after
HIR+PVBL. 2) HGF supply. C57Bl/6 mice received HIR, followed by
injection of a adenovirus vector expressing HGF. Hepatocytes from the
liver of Rosa mice expressing beta-gal were transplanted at 1 · 106.
With both preparations, 16 weeks later, the donor cells constitutedmore
than 70%of the hepatocytes of irradiated lobe, and they expressed conn-
exin 32, PCK1 and glycogen storage. II) After HIR+PVBL with DPPIV-
rat, (i) small hepatocytes fromDPPIV+rat were transplanted at 2 · 106.
After 3 months, more than 70% of host hepatocytes were replaced. (ii)
adipose-derived stem cells from DPPIV+rat that were CD90/34+,
CD45/31- were transplanted. Although donor cells were detected, no
proliferation was observed. Conclusion; HIR can be given to a part of
liver and is a low-invasive and effective means for transplanted hepato-
cytes to proliferate. Even smaller number of small hepatocytes can con-
struct liver tissuewith their prevailing proliferative ability.

18.P13
Adult human liver derived stem cells differentiate
into hepatocytes in in partial hepatectomy-
induced liver regeneration
LJH Ji-Hyun, P Hey-Jung, K Young-A, L Doo-Hoon, N Jeong-Kwon,
Y Hee-Hoon, J Soo-Min, K Choon Hyuk David and L Suk-Koo
Samsung Biomedical Research Institute, Korea; Biomedical
Research Center, LifeLiver Inc., Korea; Department of Chemical
and Biochemical Engineering, Dongguk University, Korea;
Department of Surgery, Samsung Medical Center, Sungkyunkwan
University, Korea

The human liver stem cells (HLSCs) are recently identified new type of
stem cells. It has previously been shown that HLSCs expressed mesen-
chymal markers among which vimentin, CD73, CD90, CD105 but not
hematopoietic stem cell marker. The HLSCs may be a candidate seed
cell for liver regeneration. To research the survival and migration in vivo
of HLSCs and to explore the expression of hepatocyte-like function.
Thirty SD rats (weighing 120–150 g) were randomly divided into 3
groups (groups A, B, and C, n = 10). The rats of groups A and B were
made the 2/3 partial hepatectomy model, and the rats of group C
underwent open abdominal operationwithout hepatectomy. The HLSCs
were transplanted into the intraportal in groups B and C with a cell den-
sity of 1 · 107/ml and a volume of 0.2 ml; the same volume of normal
saline was injected in group A. After 4 and 8 weeks, transplantedHLSCs
were detected in the rat liver by immunohistochemical staining in serial
sections. Sections from rat liver were stained the anti-human albumin,
HepPar and AAT antibody revealing specific detection of the respective
antigens in human liver, only. And human albumin secretion was
detected in rat serum of groups B and C by ELISA assay. In conclusion,
the ability of isolated HLSCs to proliferate and differentiate into hepato-

cyte-like cells in vivo leads to propose them as an attractive expandable
cell source for stem cell therapy in human liver diseases.

18.P14
In vitro recapitulation of the hepatic metabolism
using in vitro liver model from murine ES/iPS
cells
M Tamai and Y Tagawa
Department of Biomolecular Engineering Graduate School of
Bioscience and Biotechnology Tokyo Institute of Technology, Japan

Introduction: Polygonal and multipolar hepatocytes in the liver are sur-
rounded by sinusoids, by the bile canaliculus, and by adjacent hepato-
cytes. It is only in the context of hepatic tissue architecture that
hepatocytes can express their specific and multiple functions. Hepato-
cyte polarity exerts a major influence on the cell’s physiology. Recently,
we established a unique system of in vitro liver model derived from
murine ES/iPS cells, IVL.
Method: The IVL, consisting of not only hepatocytes, but also endothe-
lial networks, together with cardiac mesoderm differentiation, was
induced after the embryoid body formation.
Results: To confirm the functionality of the cultures, first, dichlorofluo-
rescein diacetate (CDFDA) was added into the IVL. Green fluorescent
CDF accumulated at the boundary of the cells in the IVL, but not in pri-
mary hepatocyte culture. Second, we tried to enhance urea cycle by
addition of L-ornithine in the IVL or liver perfusion system. Urea pro-
duction increased and ammonia decreased in a dose-dependent man-
ner with respect to the amount of L-ornithine both in the IVL and the
liver perfusion system, but not in primary hepatocyte culture.
Conclusion: Here, we demonstrated that architectural and functional
properties in the IVL was quite similar to the liver perfusion system,
but different from the culture of primary hepatocytes. The IVL has great
promise to be useful for drug metabolism and pharmacokinetics in liver
as an alternative to animal experiments.

18.P15
Transplantation of CD34+ human umbilical cord
blood derived stem cells in rabbits’ fibrotic livers
R Mehanna, M El Dakhakhny, M Marei, N Habachi, G Sharara and
M Sharaan
Faculty of Medicine - Alexandria University, Egypt; Faculty of
Dentistry - Alexandria University, Egypt

Introduction: The prognosis of patients with liver fibrosis is poor as its
therapeutic treatment remains inadequate. Liver transplantation is cur-
rently the only curative approach, an alternative method of treatment
to whole organ transplantation is essential.The aim of this work was to
investigate whether human umbilical cord blood (HUCB)CD34+ stem
cells could improve liver fibrosis in an experimental model.Methods:
Liver fibrosis was induced in V-Line New Zealand male rabbits using al-
lyl alcohol.CD34+ magnetically fortified stem cells derived from HUCB
were transplanted undifferentiated into the liver through portal vein
infusion after being assessed for purity and viability using the flowcyto-
metric immunophenotyping technique. Experimental animals were not
subjected to immunesuppression.2 months after transplantation, they
were sacrificed for assessment in comparison to positive control group.
Assessment was done through liver function tests and histopathological
analysis, images were analyzed using image analysis system.
Results: results were statistically analyzed and showed significant
improvement of liver functions and significant regression of fibrotic areas
in stem cell treated group in comparison to the control group. All rabbits
survived healthy through the study periodwithout immune suppression.
Conclusion: The purified viable HUCB CD34+ stem cells are able to
survive and engraft in fibrotic liver. Toleration of these cells across HLA
barrier.
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19. Urogenital Tract

19.01
Keynote: Amniotic derived cells for cell based
therapies
P De Coppi
UCL Institute of Child Health, United Kingdom

Human amniotic fluid cells, which have been used as a diagnostic tool
for the prenatal diagnosis of fetal genetic anomalies, can also harbour a
therapeutic potential for human diseases, as different populations of
fetal-derived stem cells have been isolated from amniotic fluid. Mesen-
chymal stem cells were the first to be described, which possess the
higher proliferation and differentiation plasticity of adult stem cells
and are able to differentiate towards mesodermal lineages. Amniotic
fluid stem (AFS) cells have also more recently been isolated from
humans and rodents. They are characterized by the expression of the
surface antigen c-kit (CD117), the type III tyrosine kinase receptor of
the stem cell factor. AFS cells represent a novel class of broadly multi-
potent stem cells with intermediate characteristics between embryonic
and adult stem cells, as they are able to differentiate into lineages rep-
resentative of all three germ layers but do not form tumours when
injected in vivo. Finally, c-Kit(+)Lin(-) cells derived from amniotic fluid
displayed a multilineage hematopoietic potential. These characteristics,
together with the absence of ethical issues concerning their employ-
ment, suggest that stem cells present in the amniotic fluid might be
promising candidates for gene and stem cell therapy of several human
disorders. It is possible that, because of they are easy to derive during
gestation, AFS cells could have a specific role for the treatment of pre-
natally diseases.

19.02
Keynote: Human endometrial mesenchymal stem
cells and novel meshes as an autologous cell-
based therapy for pelvic organ prolapse (POP)
C Gargett, S Edwards, D Ulrich, J White, G Rajaraman, KS Tan,
J Ramshaw, A Rosamilia and J Werkmeister
The Ritchie Centre, Monash Institute of Medical Research,
Monash University Department of Obstetrics and Gynaecology,
Australia; CSIRO Materials Science and Engineering, Australia

POP is the herniation of bladder, bowel &/or uterus into the vagina
causing incontinence and sexual dysfunction. 19% of women require
treatment by reconstructive surgery and re-operation for surgical failure
is common. Meshes provide structural support but fail to repair tissues.
We propose to use cell-based therapy for POP using autologous mesen-
chymal stem cells, isolated from the highly regenerative endometrium
(eMSC) delivered in novel meshes. EMSC were isolated from endome-
trial biopsies by enzymatic dissociation and flow cytometry
(CD140b+CD146+) or magnetic bead (W5C5+) cell sorting. Xcelli-
gence and MTS viability assays showed that optimized culture of eMSC
compliant with GMP was with fibronectin matrix and in-house DMEM/
FGF2/EGF serum-free and Lonza TP-SF� media in 5% O2 in both 2D
and 3D. We fabricated 3 novel warp-knitted meshes, polyetheretherke-
tone (PEEK), polyamide (PA) and PA+gelatin (PA+G) composite to
deliver eMSC into tissues. EMSC attached and proliferated on all
meshes in vitro, but not commercial polypropylene. Biomechanical
assessment of the meshes (minus cells) in a rat abdominal hernia repair
model showed increasing stiffness over time in load elongation
curves;greatest for PA+G by 90 days. Collagen deposition mirrored

stiffness, macrophage infiltration and degree of foreign body reaction
and was similar for all meshes, indicating similar biocompatibility.
EMSC seeded onto PA+G mesh may provide a novel autologous cell
based therapy for pelvic organ prolapse.

19.03
Keynote: Pre-establishment of a vascular
network for urinary sphincter engineering
RA Largo, VM Ramakrishnan, JS Marschall, A Ziogas, J Plock,
T Sulser, M Ehrbar and D Eberli
Department of Urology, University Hospital Zurich, Switzerland;
Department of Obstetrics, University Hospital Zurich; Division of
Plastic and Hand Surgery, University Hospital Zurich,
Switzerland

The use of autologous muscle precursor cells (MPC) is a promising
strategy in reversing sphincter muscle damage. Until now, the con-
struction of large volumes of functional muscle tissue by MPC trans-
plantation is limited by insufficient vascular supply. The transient
expression of VEGF165 in transplanted MPCs was not sufficient in
supporting sustained muscle growth. Therefore, we employed fibrin
gels which allow cell-demanded release of covalently bound TG-
VEGF121 (TGV). The stability and biological activity of TGV over
3 weeks was demonstrated in vitro by ELISA, HUVEC proliferation
assay and activation of the VEGF signalling pathways (pVEGF-R,
ERK1/2). In vivo data revealed robust induction of new vessels by
fibrin-bound TGV over a period of 12 days, whereas non-bound
VEGF121 failed to support vessel formation (histology/IHC/vessel
density). Further, we demonstrated that remaining TGV liberated
from explanted fibrin gels (day 12) retained its biological activity.
Taken together, these data demonstrate that fibrin constructs contain-
ing covalently-bound TGV can form a robust neo-vascular network
due to its prolonged delivery in a bioactive form. Within a transla-
tional context, this slow release material can be injected directly into
a damaged sphincter before cell therapy. Well-vascularized tissue
could support functional muscle tissue development after cell injec-
tion. This method could impact many organ systems and help to over-
come current limitations in organ engineering.

19.04
Cell therapy for the treatment of neurogenic
urinary incontinence (UI) in female nonhuman
primates
J Williams, S Badra and J Yoo
Wake Forest Institute for Regenerative Medicine, USA

Treatments for women with urinary incontinence (UI)are not always
adequate and alternatives are needed. Our approach was to test the
efficacy of autologous skeletal muscle precursor cell (skMPC) therapy
on sphincter regeneration in a primate model of neurogenic UI. Female
monkeys were divided into 3 groups: control; sphincter injury (bilateral
pudendal nerve transection); or sphincter injury + sphincter injection
of 5-million skMPC. In vivo urodynamic and nerve stimulation studies
were done prior to, and at 1 and 3 months post-injury, followed by his-
tological assessment of sphincter structure and cell content. The injured
group had 40% reduction in urethral sphincteric pressure, 80% reduc-
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tion of sphincteric response to pudendal nerve stimulation and 52%
loss of muscle and neuronal content. skMPC treatment restored pre-
injury urethral pressures, nerve responses and muscle and motor end-
plate content by 3 months post injection. Female primates share with
women similar anatomy and physiology of the genitourinary tract. As
such, this study provides direct translational evidence that cell skMPC
therapy may help regenerate both nerve and muscle loss associated
with this form of UI.

19.05
Repopulation of primary renal cells for whole
organ engineering
SM Agcaoili, TAboushwareb, JD Jackson, A Atala
and JJ Yoo
Wake Forest Institute for Regenerative Medicine, USA

Shortage of donor organs has been a continued problem for patients
with end stage renal disease. A regenerative medicine approach-using
patient’s own cells seeded onto a renal scaffold could be an alternative
method to donor transplantation. This study describes the preliminary
results using porcine primary renal cells seeded onto acellular renal
scaffolds for the engineering of a whole kidney. Primary cultures of por-
cine renal cells were expanded, characterized and seeded into multiple
regions of acellular whole kidney scaffolds at a concentration of
5 · 106/ml (total of 200 · 106 cells) using a needle. The cell seeded
renal scaffolds were placed in a perfusion bioreactor at 37oC, 5% CO2,
with 10 ml/min flow rate. H&E, immunohistochemistry and TUNEL
staining were performed after 3, 7, 14, 21 and 28 days. Cell seeded
renal scaffolds showed excellent cell attachment and early cell organi-
zation. TUNEL staining demonstrated that cells were viable up to
28 days. Maintenance of the renal cell phenotypes was confirmed by
staining with antibodies specific to Aquaporin-1, Aquaporin-2, Aquapo-
rin-4, EPO and Ezrin. In conclusion, acellular porcine renal scaffolds
seeded with primary porcine renal cells showed evidence of cell attach-
ment and early cell organization. Cells are viable for up to 28 days and
maintain their major renal cell phenotypes. These results provide preli-
minary data for the generation of a transplantable renal graft as a
potential treatment for end-stage renal failure.

19.06
Autologous mesenchymal stem cells seeded on a
nanofibrous PLLA matrix for urethral
reconstruction
H Tian, X Lu, G Liu, P Ma, A Atala and Y Zhang
Tongji Medical College, China

Introduction: We evaluated whether bone marrow mesenchymal stem
cells (BMSC) seeded on 3D nano-fibrous poly-L-lactic acid (PLLA)
matrix could be used as a novel tissue engineering-based therapy for
the treatment of urethral strictures.
Materials and methods: Human BMSC and the human bladder smooth
muscle cells (SMC) used as controls. The cells were seeded onto PLLA
matrices and cultured for 3 days. Four types of cell-matrices were pro-
duced: myogenically-differentiated BMSC-PLLA, BMSC-PLLA, SMC-
PLLA and cell-free PLLA. These constructs were implanted subcutane-
ously in athymic mice. The implants were harvested 4 weeks later and
were assessed in terms of blood vessel density and endothelial cell
markers and immunocytochemistry was used to visualize SMC markers
and human nuclei.
Results: BMSC expressed the SMC markers desmin and myosin
14 days after they were induced to differentiate in vitro. The PLLA scaf-
fold provided a 3D structure maintained myogenic differentiation of
the induced BMSC, and promoted tissue remodeling with rich capillary
formation in vivo compared to control. Numbers of cells expressing

SMC makers, endothelial cell markers, human nuclei, and vessel den-
sity significantly increased in induced BMSC-PLLA grafts.
Conclusions: Our results demonstrate that myogenically-differentiated
BMSC seeded on a nano-fibrous PLLA scaffold could be used for cell-
based tissue engineering for urethral reconstruction or other urological
tissue repair.

19.P01
Bio-engineered human kidney for the study of
nephrotoxicity and kidney disease
TM DesRochers, W Ko, B Subramanian, R Perrone, JV Shah
and DL Kaplan
Tufts University, UK

Introduction: Current work in toxicology and kidney disease relies
upon animal models and cells cultured in monolayer. Neither method
is capable of recapitulating the biology or response of the human kid-
ney in vivo. This is significant for the determination of drug toxicity
and the study of kidney disease as the data drawn from these model
systems makes it difficult to draw relevant conclusions. We have bio-
engineered human kidney tissue to test drug nephrotoxicity and mimic
the biology of kidney diseases such as ADPKD.
Methods: Human kidney cells were embedded in a matrix of collagen
and Matrigel, allowed to form structures, subjected to drugs and ana-
lyzed for kidney injury and cell death. For modeling ADPKD, the cells
were infected with a tet-responsive shRNA against pkd1 and gene
silencing was initiated after tissue development. Tissues were analyzed
for changes in morphology, function, gene expression and protein local-
ization.
Results: Bio-engineered human kidney tissues were able to mimic in
vivo structure and function. Additionally, the tissues were more sensi-
tive to drugs than 2D monolayers of cells.
Conclusions: Our human kidney model mimics the human kidney in its
response to drugs, its structure and its function. This model will pro-
vide relevant data for drug development both in terms of drug toxicity
and kidney disease research while reducing the number of animals
used in research.

19.P02
Hypertonicity maintains a differentiated renal
epithelial monolayer: a promising approach for
bioartificial kidney
S Al-Lahham and R Bank
University Medical Centre Groningen, The Netherlands

The development of a successful bioartificial kidney (BAK) faces some
challenges such as overgrowth and dedifferentiation of epithelia on
synthetic membranes. It is known that hypertonicity suppresses the
proliferation of renal epithelia and modulates the synthesis of the
extracellular matrix proteins, therefore one could envisage that hyper-
tonicity may overcome these challenges. Human epithelial cells were
treated with 300 (regular medium), 400 and 500 mOsm media (made
by adding NaCl) for 8, 24, 48 and 72 h. We found that 400 and
500 mOsm suppressed or tended to suppress the mitochondrial activity
after all time points, suggesting the suppression of the overgrowth of
cells. Morphological evaluation revealed that 400 and 500 mOsm
media maintained an intact epithelial monolayer, while 300 mOsm
medium treatment resulted in a disrupted layer of cells, where some
cells looked like mesenchymal cells. 400 and 500 mOsm treatments for
72 h significantly induced the mRNA expression of E-cadherin, EpCAM
and ZO-1, while it induced slightly, but significantly N-cadherin and
had no effect on a-SMA and K-cadherin. 500 mOsm media significantly
induced the mRNA expression of Col1A1 after 72 h, while there was
no effect on the mRNA expression of Col4A1 and fibronectin. Our
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results are promising for BAK, since they suggest that hypertonicity
inhibits the overgrowth of the cells and maintains an intact differenti-
ated monolayer, which are some of the major obstacles in the develop-
ment of BAK.

19.P03
Regenerating kidney tissue with a neo-kidney
augment implant containing selected renal cells
and natural biomaterial
D Jain, J Ludlow, C Halberstadt, R Payne, K Guthrie, C Genheimer,
T Spencer, E Rivera, N Garg and T Bertram
Tengion Inc, USA

Chronic kidney disease (CKD) is a global public health concern
involving progressive loss in renal function. New treatments to restore
renal function thereby delaying or eliminating dialysis and transplant
are needed. We have identified a population of selected renal cells
(SRC) that positively affect several aspects of the CKD condition. Bio-
material addition to SRC provides cell stability, enhanced shelf life
and targeted delivery. This study reports on the development of a
Neo-Kidney Augment (NKA) product containing SRC and natural bi-
omaterials that, upon implantation into rat or canine kidney, catalyzes
kidney tissue regeneration. SRC are obtained from a kidney biopsy
and density gradient separation of cells. NKA product prototypes use
SRC and gelatin-based hydrogel biomaterials. SRC have been shown
to provide a significant regenerative stimulus in the rodent models of
CKD, delaying disease progression and reduced disease-related mor-
tality. A canine nephrectomy model was used for evaluation in the
large animal model of CKD. Treatment with SRC results in a statisti-
cally significant increase in uromodulin (THP) and a decrease of vita-
min D binding protein in the urine, indicative of restoration of
tubular cell function. Histological evaluation in the dogs revealed that
NKA product prototypes were well tolerated. These observations pro-
vide evidence that selected renal cells and natural biomaterial may
be effective for neo-kidney tissue regeneration in chronic kidney dis-
ease.

19.P04
The feasibility of using autologous renal cells
from diseased kidneys for the treatment of renal
failure
SK George, K Gyabaah, M Abolbashari, C Kim, JD Jackson,
TAboushwareb, A Atala and JJ Yoo
Wake Forest Institute for Regenerative Medicine, USA

Cell-based therapies have been proposed as a means to augment and
restore renal function in patients with chronic kidney disease (CKD).
However, it is uncertain whether cells obtained from diseased kidneys
exhibit similar cellular characteristics as normal kidney (NK) cells. In
this study we examined whether primary renal cells obtained from
CKD patients retain normal phenotypic and functional characteristics
for cell therapy in patients with renal failure. Donor kidneys (3NK and
3CKD) were obtained from Carolina Donor Services, NC. Primary renal
cells were isolated and culture expanded. Proximal, distal, and podo-
cyte cells were isolated and characterized. Analyses of specific cellular
functions were measured and compared between the cells. Normal and
CKD isolated cells showed similar phenotypic and functional character-
istics. The percentage of proximal and distal tubular and podocyte cell
populations from both groups showed no statistical difference. SEM
images of proximal tubular cells showed the presence of normal mi-
crovilli in both cell groups. There was no significant difference in oxida-
tive stress or functional analyses performed. This study shows that
renal cells obtained from diseased kidneys possess similar characteris-
tics as normal kidney cells. This study confirms the possibility of using

autologous renal cells as a reliable cell source for the treatment of renal
failure.

19.P05
Using whole organ decellularisation to create
recellularised kidney constructs
MHe, C A, Chiappini Callanan and MM Stevens
Department of Materials, Department of Bioengineering, Institute
of Biomedical Engineering, Imperial College London, South
Kensington Campus, UK

Renal transplantation is the optimal form of renal replacement therapy
but is critically restricted by the limited pool of donated organs. The
technique of whole organ ‘perfusion’ decellularisation produces extra-
cellular matrix (ECM) bio-scaffolds which can be recellularised to cre-
ate a potentially functional organ construct. Wistar rat whole kidneys
were decellularised with 1% w/v SDS. Characterisation of decellulari-
sation included histology (H+E), immunohistochemistry(IHC) for
ECM components, vascular corrosion resin casting with Batson’s no. 17
kit, and ECM growth factor quantification. Recellularisation with i) rat
primary renal cells and ii)rat bone-derived mesenchymal stem cells
were performed within a bioreactor for 7 days. Recellularised construct
viability was shown with live/dead staining and Alamar blue assay and
characterisation by histology, IHC for renal cell differentiation, and
electron microscopy. Rat kidneys were successfully decellularised using
the perfusion method to create whole kidney ECM bio-scaffolds. Char-
acterisation of the bio-scaffold demonstrates good decellularisation,
preservation of ECM components/growth factors, renal-specific archi-
tecture and preservation of the vasculature. Recellularisation studies
show penetration and distribution of viable cells throughout the bio-
scaffold architecture within ‘renal-like’ structures, suggesting an appro-
priate response to structural and bio-inductive cues within the bio-scaf-
fold.

19.P06
Production and characterization of human renal
and ileal ECM scaffols: the ideal platform for
renal and intestinal bioengineering
investigations
G Orlando, Z Wang, C Booth, C Ross, G Totonelli, P De Coppi,
F Marini, A Atala, RJ Stratta and S Soker
WFIRM -Wake Forest Baptist Hospital, USA; GOSH, UK

Backround: It is important to identify new sources of transplantable
organs because of the critical shortage of donor organs. Tissue engi-
neering holds the potential to address this issue through the decellular-
ization/recellularization of whole organs. We are currently
implementing this technology to produce extracellular matrix scaffolds
(ECMs) from human kidneys and small intestine.
Methods: Segments of normal human ileum (NHI) and human kidneys
(HK) discarded from transplantation in reason of severe glomeruloscle-
rosis were decellularized with detergent-based solutions. After rinsing
with PBS to remove detergents, the so-obtained ECMs were processed
for histology and vascular imaging as previously described (Orlando et
al. ANN SURG, in press)(Totonelli et al BIOMATERIALS 2012).
Results: acellular intestinal ECMs were consistently obtained from
NHI. As well, acellular renal ECMs were successfully produced from
HK regardless of the degree of glomerulosclerosis of the discarded kid-
neys. ECMs from both organs retained innate architecture and molecu-
lar components. H&E and DAPI confirmed acellularity. Imaging
revealed an intact vascular tree with no leak.
Conclusions: Our investigations show that both NHI and glomerulo-
sclerotic HK discarded from the organ donor network, can be success-
fully decellularized to produce acellular ECMs. ECMs maintain their
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3D architecture and vasculature and so may represent the ideal plat-
form for kidney and intestine bioengineering studies.

19.P07
Muscle precursor cells for the treatment of fecal
incontinence
LE Brügger, R Inglin, D Candinas and D Eberli
Laboratory for Stem Cell Therapy and Tissue Engineering,
University Hospital Zurich, Switzerland; Department of Visceral
Surgery and Medicine, Inselspital, University of Bern, Switzerland

The surgical repair of external anal sphincter is still limited today. We
hypothesize that autologous Muscle Precursor Cells (MPC) injected
into the damaged anal external sphincter muscle are able to form new
functional muscle tissue.In this research rodent MPCs were harvested
and characterized by FACS, immunostaining and fiber formation
assays. We established a fecal insufficiency model, which induces a
constant sphincter damage and allows for detailed functional assess-
ment of the external and internal anal sphincter. Morphological and
functional outcome after MPC injection was compared up to 6 weeks.
Collagen-only injections served as controls. We demonstrated that
rodent MPCs were reproducibly harvested, cultured and expanded in
vitro. MPC-injection for anal sphincter reconstruction resulted in
improved sphincter contraction in response to electrical stimulation
(p = 0.016). Significant improvement of sphincter contraction at
4 weeks (18.3 vs 8.7 cmH2O; p = 0.003) and at 6 weeks after MPC
injection (27.6 vs 11.1 cmH2O; p < 0.001) was demonstrated. No dif-
ference between the groups was found for the resting pressures. Forma-
tion of new tissue with myofibers was demonstrated by
immunostaining.We conclude that cell therapy using cultured MPCs
might be a promising option for the treatment of anal sphincter insuffi-
ciency in near future.

19.P08
Re-endothelialization of acellular kidney
scaffolds for whole organ engineering
IK Ko, S-H Mirmalek-Sani, T Aboushwareb, A Atala, S Soker
and J Yoo
Wake Forest Institute for Regenerative Medicine, USA

The lack of transplantable allografts for renal failure has prompted the
development of engineered whole kidneys. Decellularized solid organs
such as the kidney hold great promise due to the maintenance of struc-
tural integrity while removing resident cellular components. However,
acelluar kidney vasculature needs an endothelial cell lining to avoid
blood clotting when transplanted into a living recipient. In order to
maintain blood circulation and induce renal functions, re-endothelial-
ization of acellular scaffold is necessary. In this study, we describe an
endothelial cell seeding method that permits effective endothelial cell
coating on the vascular walls of the decellularized porcine renal scaf-
folds. Histological results showed that a cell seeding technique, consist-
ing of combined static and ramping perfusion of the renal vessels
facilitated the development of a well-organized and viable endothe-
lium throughout the renal scaffold. Furthermore, the cell-seeded
(MS1) scaffolds appeared to be functional as evidenced by the mainte-
nance of stable parenchymal pressures during blood perfusion and sig-
nificant inhibition of platelet adhesion on cell-seeded vascular surfaces,
as compared to the unseeded scaffolds. These results are a promising
indicator that the formation of a fully endothelialized vascular tree
could prevent blood clotting and deliver oxygen and nutrients to a tis-
sue-engineered kidney in vivo.

19.P09
Uretheral muscle regeneration using injectable
gelatin-based hydrogel with heparin nanogel
KM Park, JY Son, IG Kim, JY Lee and KD Park
Ajou University, South Korea; The Catholic University, South
Korea

Injectable hydrogels have been received the tremendous attention due
to the minimal invasiveness and maximal effectiveness for delivery of
therapeutic agents and regeneration of damaged tissues. In this study,
in situ cross-linkable gelatin hydrogels incorporated with heparin nano-
gels were prepared via enzyme-mediated reaction using horseradish
peroxidase for urethral muscle regeneration. For this study, gelatin-
poly(ethylene glycol)-tyramine (GPT) and heparin-Pluronic (HP) were
synthesized by PNC and EDC/NHS chemistry. The HP nanogels
(HPNP) were prepared by the direct dissolution method and the HPNP
loaded GPT hydrogels (GPT/HPNP) were fabricated by the enzymatic
reaction. The bFGF was released from the hydrogels for 30 days in a
controlled manner due to the heparin binding affinity. To assess the
smooth muscle regeneration, in vivo animal study was carried out,
resulting that the most effective muscle tissue regeneration was shown
in the case of the GPT/HPNP containing bFGFas compared to other hy-
drogels and controls. The obtained results demonstrated that the
injectable GPT/HPNP hydrogels have a great potential for the urethral
sphincter muscle regeneration.
Acknowledgements: This research was supported by the grants from
the Korea Science and Engineering Foundation, Ministry of Education,
Science and Technology (2011-0001805) and the National Research
Foundation of Korea (NRF) grant funded by the Korea government
(MEST) (2010-0027776).

19.P10
A bedside collagen-PLGA nanofibrous construct
for autologous transplantation of minced bladder
mucosal
FAjalloueian, S Zeiai, M Fossum and J Hilborn
Isfahan University of Technology, Iran; Karolinska Institutet;
Uppsala University, Sweden

Introduction: Bladder regeneration using minced bladder mucosa is an
alternative to costly and time-consuming conventional in vitro cultur-
ing of urothelial cells. In this method, the uroepithelium expands in
vivo and the patient body appears as an incubator. With our prelimin-
ary successes, designing an appropriate scaffold that supports in vivo
cell expansion and surgical handling in a clinical setting was our aim.
This study, investigates cell expansion in a hybrid construct of colla-
gen/poly (lactic-co-glycolide)(PLGA).
Materials and methods: An electrospun PLGA mat was placed on a
semi-gel collagen inside a mold and covered with a second collagen
layer. After gel formation, minced particles of pig bladder mucosa were
seeded on the hybrid construct and then processed by plastic compres-
sion (PC). The scaffolds were incubated for 2, 4 and 6 weeks in vitro
for further studies.
Results: Tensile tests show an increase in tensile strength of 0.6 ± 0.1
MPa in PC collagen to 3.6 ± 1.1 MPa in hybrid construct. Morphologi-
cal studies, histological staining and SEM show that the construct has
kept its integrity during the time and proliferated urothelial cells have
reached confluence after 4 weeks and a multi-layered urothelium after
6 weeks.
Conclusion: We have designed a mechanically robust scaffold that per-
mits surgical handling and tissue expansion in vivo. The construct is
easy-to-use for clinical application in an ordinary surgical operating
theater for bladder regeneration.
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19.P11
Adipose-derived stem cells (ADSCs) and muscle
precursor cells (MPCs) for the treatment of
bladder voiding dysfunction
M Tremp, S Salemi, R Largo, TAboushwareb, T Sulser
and D Eberli
Department of Urology, University Hospital Basel, Switzerland;
Wake Forest University Health Sciences, Wake Forest Institute for
Regenerative Medicine, USA

Bladder outflow obstruction is common in the elderly and can result in
bladder voiding dysfunction (BVD). The goal of this research was to
evaluate the use of adult stem cells for the treatment of BVD in a rat
model. Adipose-derived stem cells (ADSCs) from the inguinal region
and Muscle Precursor Cells (MPCs) from the soleus muscle of adult
male Lewis rats were harvested, expanded in culture and character-
ized. Bladder outflow obstruction was induced by tying a suture
around the urethra in male Lewis rats (6–8 weeks old). After 6 weeks
the development of a hypocontractile bladder was confirmed by urody-
namic studies, organ bath and molecular expression. Injection of ADS-
Cs or MPCs into the bladder wall and synchronous deligation was
performed 6 weeks after the obstruction. 4 and 8 weeks after cell injec-
tion, morphological and functional changes were assessed. Obstructed
rats had a significant larger bladder weight, lower maximum bladder
pressure and lower contractility than age-matched rats. Labelled ADSCs
and MPCs were detected after 4 weeks in the bladder wall expressing
smooth muscle-specific markers. Organ bath analysis and urodynamic
studies showed an improved contraction and higher maximal bladder
pressure 4 and 8 weeks after cell injection. The same trend was seen
on RT-PCR and Western-Blotting where gene expression and protein
translation of important contractile proteins after stem cell therapy
were upregulated.

19.P12
The effect of porosity on tissue ingrowth and
vascularization in electrospun hybrid scaffolds
for bladder regeneration
MHorst, V Milleret, S Noetzli, R Gobet, T Sulser
and D Eberli
Department of Materials, Switzerland; University Childern’s
Hospital, Switzerland; University Hospital Zurich, Laboratory for
Tissue Engineering and Regenerative Medicine, Switzerland

Introduction: Scaffold porosity governs cellular infiltration, tissue
ingrowth and early revascularization which promotes oxygenation of
the graft. We investigated the role of porosity of hybrid scaffolds con-
sisting of bladder acellular matrix (BAM) and electrospun poly(lactide-
co-glycolide) (PLGA) mimicking morphological characteristics of the
bladder wall. Scaffolds with different porosity seeded with smooth
muscle cells (SMCs) were evaluated in a cystoplasty model.
Materials and methods: Single-spun scaffolds (SSS) were compared
with a scaffold with increased porosity (CSS) obtained by co-spinning
of PLGA and Polyethylene glycol. Scaffolds were characterized by scan-
ning electron-microscopy. Ex vivo proliferation assays and histological
examinations were performed. 16 rats received partial cystectomy fol-
lowed by augmentation cystoplasty with seeded SSS or CSS. Morpho-
logical and histological studies were performed after 2 and 4 weeks.
Results: The porosity of the micro-fiber scaffold (4.4 ± 0.7 lm) was
75.8 ± 1.2% (SSS) and 80.7 ± 1.8% (CSS). Ex vivo evaluation
showed an increased cell proliferation on CSS. In vivo histology
revealed a bladder wall-like structure with urothelial lining, and SMC
infiltration. The micro vessel density was significantly increased in CSS
after 2 and 4 weeks (p = 0.04, p < 0.001 respectively).
Conclusion: We were able to demonstrate that increased scaffold
porosity significantly enhances cell infiltration and revascularization in
bladder TE.

19.P13
Compressed fibrin-collagen scaffolds for
enhancing bladder tissue regeneration:
a bioreactor cell culture system
E Vardar, EM Balet, JA Hubbell and P Frey
Institute of Bioengineering, École Polytechnique Fèdèrale de
Lausanne, Switzerland; Department of Pediatric Surgery and
Urology, Centre Hospitalier Universitaire Vaudois, Switzerland

Bladder tissue engineering plays a pioneering role among many
branches of tissue engineering. Surgical repair of the urinary tract is
required when the tissue is damaged by malignancies, trauma, or con-
genital pediatric disorders (Atala, 2011). The reconstructive procedures
used in clinic have several drawbacks such as secondary malignancies,
intestinal adhesions, and chronic infections. Therefore the latest devel-
opments in bladder tissue engineering have been aiming to design
novel cellular scaffolds and culture techniques for urinary tract repair.
The use of bioreactors in tissue engineering is regarded as a further step
in comparison with conventional tissue engineering techniques. In this
this study, compressed collagen-fibrin scaffolds were assessed under
dynamic culture conditions inside a novel bioreactor system imitating
the dynamic environment of the bladder. Mechanical properties, degra-
dation, morphology, and in vitro biocompatibilities via smooth muscle
and urothelial cells of these engineered gels have been investigated.
Currently biological performance of the compressed gels is being evalu-
ated by AlamarBlue assay, Live/Dead staining, and immunohistochem-
istry.
Acknowledgements: This study is supported by the European Commis-
sion under the 6th framework programme (EuroSTEC).
Reference:
1. Atala A., ‘Tissue engineering of human bladder’, British Medical
Bulletin, 97: 81–104, 2011.

19.P14
Single cell analysis of porcine and human
urothelial cells
HM Larsson, F Gorostidi, Y Barrandon, JA Hubbell
and P Frey
Laboratory for Regenerative Medicine and Pharmacobiology,
Institute for Bioengineering, EPFL, Switzerland; Laboratory of
Experimental Surgery Stem cells, Department of Experimental
Surgery, CHUV, Switzerland; Laboratory of Experimental
Pediatric Urology, Department of Pediatric Urology, CHUV,
Switzerland

An estimate of 400 million people worldwide suffers from bladder dis-
eases. The epithelium of the urinary tract, the urothelium, is an epithe-
lial with many unanswered questions, concerning tissue homeostasis,
injury and disease. In the case of congenital anomalies and acquired
diseases when replacement surgery is necessary, the current treatment
plans are not optimal. Tissue-engineered constructs will be a clinical
option. The aim with the tissue-engineered constructs is that it should
function throughout a patient’s lifetime. Elucidating, the specific cells
that are important for functional tissue-engineered constructs for the
bladder will have a clinical impact. We addressed with single cell analy-
sis, the capacity of single urothelial cells to proliferate and differentiate,
to observe if there was an in vitro cell hierarchy that could be traced
back to what we could observe in vivo. RT-PCR was used to investigate
the single urothelial cells gene expression. We observed different
growth capacity and ability to form colonies of clonal cell lines originat-
ing from human and porcine urothelium. Differences in gene expres-
sion could be observed between the clonal urothelial cell lines.
Currently, these clonal urothelial cell lines differentiation capacity is
being investigated with implantation sub-kidney capsular in nude mice.
This study will bring us closer to an understanding of how the urotheli-
um self-renew and differentiate in vitro and in vivo.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

19. Urogenital Tract 129



19.P15
Human amniotic membrane scaffolds promote
urothelial cell differentiation: a potential
application for the urinary tract reconstruction
ME Kreft and U Dragin
Institute of Cell Biology, Faculty of Medicine, University of
Ljubljana, Slovenia

A challenge in tissue engineering (TE) is to establish a fully functional
tissue that could be used to replace damaged or defective tissues or
organs. Amniotic membrane (AM) has unique biological and mechani-
cal properties that promote cell growth and thus presents an excellent
scaffold for TE.Our aim was to determine urothelial cell (UC) differen-
tiation on three different AM scaffolds. Normal porcine UCs were
seeded on cryopreserved human intact AM, denuded AM or AM
stroma, and cultivated for 3 weeks. UCs differentiation was determined
by electron microscopy and immunofluorescence of urothelial differen-
tiation-related markers.On all three AM scaffolds the normal urotheli-
um composed of basal, intermediate and superficial cells expressing
uroplakins was established. The highest differentiation stage of UCs
was demonstrated on AM stroma scaffold. Superficial UCs cultured on
AM stroma were large, with apical plasma membrane shaped in the mi-
croridges, discoidal vesicles in the apical cytoplasm and the highest flu-
orescence intensity of uroplakins. Our findings indicate that AM stroma
scaffold enables the development of tissue-engineered urothelium with
molecular and ultrastructural properties comparable to native urotheli-
um. Since such urothelium enables the effective permeability barrier
with immediate protection of the underlying stroma, we consider the
highly differentiated urothelium on the AM stroma scaffold suitable for
use in the urinary tract reconstruction.

19.P16
Injectable pDNA-loaded bulking agent for the
treatment of urinary incontinence
SJ Choi, SH Oh, SY Chun and JH Lee
Hannam University, Korea; Kyungpook National University,
Korea

The injection of bulking agents has been commonly used as the first
line therapy for the treatment of urinary incontinence due to its low
cost and the minimally invasive procedure compared to surgical tech-
niques. In spite of the short-term success achieved by this therapy, the
procedures are hindered by the need of multiple injections caused by
the resorption or particle migration over time, indicating that the cure
rate relies on the passive bulking effect by the volume injected. In this
study, we prepared plasma DNA (pDNA; encoding for bFGF) complex-
loaded polycaprolactone (PCL) particle/poly(DL-lactic-co- glycolic
acid) (PLGA) mixture as an injectable bioactive bulking agent which
can provide bulking effect and stimulate the defect tissues around ure-
thra for the effective treatment of urinary incontinence. The pDNA
complex was continuously released from the PCL/PLGA mixture over 3
months. The released pDNA complex was effectively transfected into
the cells around urethra and synthesized the bFGF from the cells. From
the animal study using a rat model, it was observed that the pDNA
complex-loaded PCL/PLGA mixture has effective cure behaviors for uri-
nary incontinence as follows: the narrowed urethral lumen, the regen-
eration of smooth muscle around the urethra, and the effective
urethral contractions. The pDNA complex-loaded PCL/PLGA mixture
may be a good candidate as an injectable bioactive bulking agent for
the treatment of urinary incontinence.

19.P17
Combination of human adipose-derived stem
cells and cross-oriented bilayered scaffold for
urethra reconstruction
CL Chen, ZXY Zeng, WBLWu and ZYQ Ye
Department of Urology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, China

An organ or a tissue in body is commonly composed of several layers
and components. However, traditional tissue engineering fabricated
with conventional scaffold and seed-cells provides solutions by dressing
or stuffing, which means to repair physically, not regenerate function-
ally. Clinically, urethra diseases including congenital malformation,
trauma, tumor, etc. cause urethral defects. Doctors are often stumped
for the lack of smooth muscle cells (SMCs) which belong to stable cells
and hardly regenerate. Urethra tissue engineering has shown great
potential for urethral reconstruction. The native urethra is character-
ized for inner longitudinal and outer circular layers of SMCs in anat-
omy, which is confirmed to be the foundation for storage and emiction
of urine. Therefore, we manipulated electrospinning technique to pre-
pare oriented nanofibers and then manufactured a bilayered and cross-
arranged scaffold by vertical overlying. On the other hand, the SMCs
were induced by human adipose-derived stem cells (ASCs) and seeded
on the scaffolds to construct muscle tubes. The biocompatibility of
ASCs-derived SMCs and nanofibers including proliferation, attachment
and spreading were investigated. In addition, the cell-scaffold construct
was functionally detected by organ bath and the contraction and relax-
ation could be controlled by atropine and carbachol. Our findings
paved a new way for functional urethra tissue engineering in the
design from biomimetic construction to biological function.

19.P18
A novel tissue engineering construct using
human endometrial mesenchymal stem cells and
polyamide mesh for pelvic organ prolapse (POP)
repair
D Ulrich, S Edwards, J White, A Rosamilia, J Ramshaw, L Lo,
J Werkmeister and C Gargett
Monash Institute of Medical Research, Australia; CSIRO
Materials Science Engineering, Australia; Monash University
Department of Obstetrics and Gynaecology, Monash Medical
Center, Australia

POP is defined as the descent of one or more of the pelvic structures
into the vagina and includes uterine prolapse, vaginal vault prolapse,
anterior or posterior vaginal wall prolapse. The treatment of POP
includes conservative surgical treatment and/or implantation of syn-
thetic/biological mesh. However, the long-term outcome of synthetic
mesh surgery is unsatisfactory due to surgical failure and post-surgical
complications. Our aim was to improve the in vivo biocompatibility of a
novel synthetic Polyamide gelatine coated mesh with a novel source of
mesenchymal stem cells (MSC) using a tissue engineering approach.
Human endometrial MSC (eMSC) were isolated from hysterectomy tis-
sue by FACS, seeded onto scaffolds (25 · 10 mm, 500.000 cells/mesh)
and subcutaneously implanted dorsally in immunocompromised rats
for 7, 30, 60 and 90 days (n = 8/gp). Flow cytometry was used to
detect eMSC after explantation. Immunohistochemical assessment of
foreign body reaction and tissue integration was performed using colla-
gen antibodies (I, III, VI), CD31, CD45, CD68, and alpha-smooth-mus-
cle-actin antibodies. The implanted materials were well tolerated, no
mesh erosions or shrinkage occured at any timepoints. The meshes
with cells attracted fewer macrophages and promoted vessel forma-
tion. This tissue engineering application might be an alternative option
for future treatment of POP.
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19.P19
Biomechanical properties of implanted mesh: a
rat study for pelvic organ prolapse repair
SL Edwards, D Ulrich, T Supit, JF White, JA Ramshaw,
A Rosamilia, C Gargett, JAWerkmeister
CSIRO Materials Science and Engineering, Australia; Monash
Institute of Medical Research, Monash University, Australia;
Monash University, Department of Obstetrics and Gynaecology,
Australia

Pelvic organ prolapse (POP) is a major hidden burden affecting mil-
lions of women worldwide. POP is the herniation of the bladder,
bowel and/or uterus into the vagina. Polypropylene (PP) mesh is
widely used to support the pelvic organs, but has inferior biome-
chanical properties to vaginal tissue. In this study, we have fabricated
mesh from a range of polymers, and using a rat hernia model com-
pared implanted mesh biomechanical properties to native tissue
properties. Polyetheretherketone (PEEK), polyamide (PA) and gelatin
coated PA (PA+G) knitted mesh were implanted into the abdominal
cavity of rats. A commercial PP mesh (Polyform�, Boston Scientific)
was also implanted for comparison. After 7, 30, 60 and 90 days
mesh were explanted and assessed for their biomechanical proper-
ties. Similar levels of stiffness were determined for the non-
implanted mesh and day 7 explants in the toe region (up to 20%
strain) of the load-elongation curves. Increased stiffness was deter-
mined for the day 30 explants in this region. Within the linear
region of the curves, the day 30 explants were stiffer, with lower
strain at mesh rupture, than the day 7 explants. Throughout implan-
tation the PA+G mesh was generally the strongest of all meshes,
including the PP mesh, with most similar biomechanical properties
to adjacent rat tissue. These results indicate that implanted PA+G
mesh possessed similar levels of stiffness and breaking load/strain to
native rat tissue, and may be a candidate in POP repair.

19.P20
Novel biomaterials for pelvic organ prolapse
(POP) repair
D Ulrich, S Edwards, T Supit, J White, A Rosamilia, L Lo,
J Ramshaw, J Werkmeister and C Gargett
Monash Institute of Medical Research, Australia; CSIRO
Materials Science Engineering, Australia; Monash University
Department of Obstetrics and Gynaecology, Monash Medical
Centre, Australia

POP is the descent of one or more of the pelvic structures into the
vagina and includes uterine, vaginal vault as well as anterior and pos-
terior vaginal wall prolapse. Treatment of POP includes surgical treat-
ment and/or implantation of synthetic mesh. However, the long-term
outcome of synthetic mesh surgery is unsatisfactory due to surgical fail-
ure and post-surgical complications. We have fabricated 3 novel warp-
knitted synthetic scaffolds, Polyetheretherketone (PEEK), Polyamide
(PA) and gelatine coated PA (PA+G). Our aim was to compare the in
vivo biocompatibility of these meshes with a commercial Polypropylene
(PP) mesh. A SD rat abdominal hernia model was used to implant PA,
PEEK, PA+G, PP meshes (25 · 35 mm, n = 24/gp). After 7, 30, 60,
90 days tissues (n = 6/mesh) were explanted for immunohistochemi-
cal assessment of foreign body reaction and tissue integration, using
CD31, CD45, CD68, alpha-SMA antibodies. CD68+ macrophages
showed a trend toward decreased numbers in PP compared to PA,
PA+G and PEEK. The smooth muscle content at 60 days was signifi-
cantly higher in PA and PA+G meshes compared to PP (p > 0.05), but
there were no significant differences at 90 days. The collagen content
was similar for all meshes at 90 days(p > 0.05). PA, PA+G and PEEK
appear to have similar biocompatibility properties compared to PP,

inducing a similar foreign body reaction response. These novel meshes
may provide an alternative option for future treatment of POP.

19.P21
Development of ovarian follicle-like structures
S Joo, A Helms, S Sivanandane, JD Jackson, S Soker, SJ Lee,
A Atala, E Opara and JJ Yoo
Wake Forest Institute for Regenerative Medicine, USA

The ovary contains cells that secrete hormones, which maintain female
sexual characteristics as well as egg production. Loss of ovarian tissue
function due to various endocrine and fertility disorders requires
chronic estrogen and progesterone administration. While conventional
hormone replacement therapy is able to maintain female sexual charac-
teristics, this therapy is unable to restore ovarian tissue function, which
includes the production of eggs. This is critical for premenopausal
women who desire to conceive. Creation of ovarian tissue that pro-
duces eggs would provide numerous benefits to women of all ages.
Toward this goal, this study aimed to develop an ovarian cell cultiva-
tion system that could lead to the production of eggs. We investigated
whether adult ovarian cells could produce oocytes and form follicle-like
structures. Ovarian cells from 3-week old female rats were isolated and
cultured with glial cell-derived neurotrophic factor and leukemia inhib-
itory factor. Colonies were placed under 3D collagen gel. Cell growth,
gene expression and hormone production were assessed. As culturing
continued, oocytes protruded from the clusters of ovarian cells and
formed compact colonies resembling follicle-like structures. These cells
expressed germ cell markers and zona pellucida, and exhibited steroi-
dogenic capacity. We conclude that adult ovarian cells obtained from
rats are capable of maturing into oocytes and form ovarian follicle-like
structures.

19.P22
Transplantation of an alginate-matrigel matrix
containing isolated ovarian stromal cells: first
step to develop an artificial ovary
J Vanacker, MM Dolmans, A Des Rieux, J Jaerger, V Luyckx,
A Van Langendonckt, J Donnez and CA Amorim
Institut de Recherche Expérimentale et Clinique Belgium,
Belgium; Louvain Drug Research Institute, Institut de Statistique,
Biostatistique et Sciences Actuarielles, Belgium

For women diagnosed with leukemia, transplantation of cryopreserved
ovarian tissue after disease remission is not advisable due to the risk of
reintroduction of malignant cells. To restore their fertility, a biodegrad-
able artificial ovary that allows isolated follicles and stromal cells (SCs)
to survive and grow needs to be developed. The aim of this study is
therefore to test the survival and proliferation of isolated SCs encapsu-
lated in an alginate-matrigel matrix. For this, 4 NMRI mice were ovari-
ectomized and SCs were isolated from their ovaries. Groups of 50 000
SCs were embedded in an alginate-matrigel matrix for fixation (fresh
controls), 1 week of in vitro culture (IVC) or grafting. SC proliferation
(Ki67), apoptosis (TUNEL), scaffold degradation and vessel formation
(CD34) were analyzed. After IVC or grafting, the beads degraded, los-
ing their original round form. Infiltrating blood capillaries were
observed in the grafted beads. CD34(+) cells were found around and
inside the matrix. Proportions of 2.3%, 18.3% and 15.5% of cells were
Ki67(+) in fresh, IVC and grafted beads respectively. The results from
control were statistically lower than the other 2 groups. The percentage
of TUNEL(+) cells was 0%, 1.5% and 6.9% in fresh, IVC and grafted
groups respectively. The results were statistically different between
groups. This study showed that our matrix is a promising choice to
graft SCs. The next step will be incorporating isolated follicles and
ensuring their survival.
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19.P23
Reconstruction of endometrial tissue using cell
sheet technology
S Takagi, T Shimizu, M Yamato and T Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, Japan

Introduction: Endometrial tissue plays a critical role in embryo implan-
tation and development. An endometrial abnormality is related to
female infertility. Hence, the regeneration of endometrium allowing
fertilized ovum to implant might be valuable in the field of fertility
treatment. The present study aimed to reconstruct endometrial tissue
using cell sheet technology.
Materials and methods: Uteri resected from female C57BL/6 mice aged
4 to 5 weeks were treated with collagenase. Isolated cells were cul-
tured for 3 days using a temperature-responsive cell culture dish. Con-
fluent cells detached themselves as a contiguous cell sheet by reducing
temperature. The cell sheet slightly shrinking was re-cultured for con-
structing a thick tissue, which was then harvested 3 days later and
stained for immunohistochemistry.
Results: After re-culture, the shrunk cell sheet was reconstructed to be
a multilayered endometrium-like tissue, which was found to consist of
cytokeratin 18 and vimentin positive cells showing the characteristics
of endometrial epithelial and stromal cells, respectively. Moreover,
estrogen receptor-positive cells and progesterone receptor-positive cells
were also observed in the tissue.
Conclusion: The endometrial cell sheet was constituted of essential
cells in endometrial regeneration and contained cells expressing endo-
metrium-specific hormone receptors. The endometrial cell sheet was
speculated to be valuable in the regeneration of functional endome-
trium.

19.P24
Urine derived stem cells with high telomerase
activity: an optimized cell source for regenerative
medicine in urology
YA Shi, GH Liu, S Bharadwaj, C Markert, A Atala and Y Zhang
Wake Forest Institute of Regenerative Medicine, USA

Introduction: The purpose of this study was to evaluate whether telo-
merase activity can be detected in urine derived stem cells (USC)
derived from healthy, middle-aged donors, and to determine whether
USC that express telomerase (USC-TA+) possess greater proliferative
capacity than USC that do not express telomerase (USC-TA-).
Methods: One hundred and fourteen USC clones were isolated from
the urine of 10 healthy donors (ages ranging from 20–50 years) and
cultured. The telomerase activities of these USC and human bone mar-
row stromal cells (BMSC) were measured at p2, 7, and 11 using a
TRAP-ELISA assay.
Results: About 70% USC clones expressed telomerase activity. USC-
TA+ clones demonstrated more population doublings (PD) and shorter
doubling times (DT) than USC-TA- clones regardless of the age of the
donor. The average PD was 67.50 ± 5.1 at p17 in USC-TA+ compared
to 37.6 ± 2.9 at p8 that in USC-TA-. The average DTwas 26.9 ± 2.0 h
in USC-TA+ compared to 35.9 ± 1.4 h in USC-TA-. The karyotype of
all USCs was normal and did not appear to depend on TA level. Both
USC-TA+ and USC-TA- expressed mesenchymal stem cell markers.
Conclusions: USC that expressed telomerase activity possessed higher
proliferative capacities and could be maintained for a higher number of
passages. This information further enhances our characterization of
USC-TA+ and supports the potential clinical utility of these cells for cell
based therapy in urology.

19.P25
Xeno-free culturing of human muscle precursor
cells (MPC) for clinical application
FAzzabi Zouraq, S Salemi, RA Largo, K Schallmoser, D Strunk,
T Susler and D Eberli
Urology department, University Hospital Zurich, Switzerland;
Stem Cell Research Unit Graz, Medical University of Graz, Austria

Autologous cell therapies are envisioned as a promising therapy for
many diseases including urinary incontinence, where sphincter muscle
damage leads to urine leakage and significantly reduces life quality.
Recent animal models demonstrated the validity of the method show-
ing regeneration of sphincter muscle tissue after injection of MPCs. Cur-
rently, theses cells are expanded in xenogenic media containing fetal
bovine serum (FBS). However, before MPCs can be applied clinically it
is mandatory to reduce the potential immunogenic reaction and infec-
tion risk by removing any xenogenic contaminants. In this research
human MPCs were expanded in xeno-free medium using pooled
human platelet lysates (pHPL) or pooled human Serum (HS). We
assessed the expansion potential, the differentiation by FACS and the
fibre formation in vitro. Further, we assed the in vivo muscle tissue for-
mation after injection and contractility by organ bath. Cells grown in
standard FBS medium served as controls. Our results clearly demon-
strate that HS is no substitute for FBS with the MPC showing signs of
senescence and decreasing in growth. Using pHPL we were able to
expand the MPCs while maintaining the myo-phenotype as demon-
strated by FACS and IHC for MyoD, desmin and MHC. Expanded MPCs
gave rise to contractile muscle tissue in vivo, comparable to tissues
grown using cells expanded in FBS. In conclusion, our results show
that pHPL is a suitable substitute for FBS and may be used for clinical
application.

19.P26
Biological characterization of human urine-
derived stem cells from the upper urinary tract
for potential use in bladder regeneration in
patients with end-stage bladder disease
S Bharadwaj, GH Liu, S Wu, K-E Andersson, A Atala
and Y Zhang
Wake Forest Institute of Regenerative Medicine, USA

Introduction: Because the upper urinary tract is usually normal in
patients with end stage bladder diseases or bladder cancers, we
hypothesized that stem cells obtained from the upper urinary tract
(uUSC) may be an alternative cell source for tissue engineering appli-
cations designed to treat these conditions.
Methods: Urine samples were collected from the patients with normal
upper urinary tracts during renal pyeloplasty. Cells were isolated from
this urine and extensively expanded in vitro.
Results: The maximum population doubling of uUSC was 56.7 (aver-
age 44.04 ± 8.59) and the cells were grown up to p14. The uUSC also
expressed mesenchymal stem cell surface markers. These cells could
differentiate into smooth muscle-like cells expressing smooth muscle-
specific gene transcripts and proteins. In a collagen lattice assay, these
myogenic-differentiated uUSC displayed contractile function that was
similar to those in native smooth muscle cells. Urothelial-differentiated
uUSC expressed urothelial-specific genes, proteins and functional tight
junction markers. Moreover, karyotype analysis on several passages of
uUSC clones showed normal chromosomal content and structure.
Conclusions: uUSC possess expansion and urothelial and myogenic dif-
ferentiation capabilities, and can potentially be used as an alternative
cell source in bladder tissue engineering for patients with end stage
bladder diseases who require cystoplasty.
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20.01
Determining the in vitro and in vivo immune
response towards decellularized porcine tracheal
allografts for airway transplantation
S Haykal, Y Zhou, P Marcus, M Salna, SOP Hofer
and TKWaddell
Division of Plastic and Reconstructive Surgery and Division of
Thoracic Surgery, Latner Thoracic Surgery Laboratories,
University of Toronto, Canada

I-Malignancy, subglottic stenosis and traumatic injury to the trachea
require surgical resection. The advances in airway allotransplantation
focused on tracheal decellularization techniques which allow for
removal of the immunogenic components. Despite the multiple
advances in this field, the local and systemic immune response to these
decellularized tracheae has not been explored. M-Tracheae were har-
vested from Yorkshire pigs (n = 6) and decellularized using three dif-
ferent decellularization protocols. Tracheae were evaluated
histologically and by immunostaining for MHC1 and MHC2 markers.
CFSE labelling in a Mixed Lymphocyte Reaction (MLR)assay was used
to assess CD4+ and CD8+ Tcell proliferation following incubation with
tracheal pieces. Native and decellularized allografts were heterotopical-
ly transplanted and segments were biopsied each week for 3 weeks for
histology, immunohistochemistry, PCR and flow cytometry looking at
infiltrating cells. R-Following decellularization, cells within the glands
continue to stain for anti-MHC1 and anti-MHC2. MLR using tracheal
pieces as antigenic stimulants showed an increase in the proliferation
index of CD4+ Tcells using Protocol B. In vivo heterotopic transplanta-
tion revealed a delay in leukocyte infiltration following decellulariza-
tion and an increase in CD4+ CD25+ Foxp3+ T cells. The infiltrating
macrophages were of an M2 phenotype. C-Decellularization delays leu-
kocyte infiltration and results in subtle changes in the type of cells
recruited.

20.02
The efficiency of stratified epithelial cell sheet
fabrication by the addition of IL-1 receptor
antagonist
M Kondo, M Yamato, R Takagi, D Murakami, K Nishida, H Namiki
and T Okano
Waseda University, Japan; Tokyo Women’s Medical University,
Japan; Kobe University, Japan; Osaka University, Japan

Cell sheet-based epithelial regenerative medicine has been applied to
the skin, cornea, and oesophagus. However, some problems as rapid
provision of regenerative medicine products, coculture with feeder
cells, and additional cholera toxin, are still remaining. For the coming
full-fledged regenerative medicine, to build refined culture systems
have become an urgent matter. Oral mucosal epithelial cells or human
epidermal keratinocytes were cultured on temperature responsive cell
culture inserts. Gene expression was analyzed by Taqman Gene Expres-
sion Assays. Secreted IL-1 receptor antagonist (IL-1ra) was detected by
ELISA. Rat oral mucosal epithelial cells showed substantial prolifera-
tion in the medium containing canine oral mucosal epithelial cell cul-
ture supernatant. IL-1ra gene was up-regulated in the growth moment
of cultured canine oral mucosal epithelial cells. In addition, released IL-
1ra was detected in canine oral mucosal epithelial cell culture superna-
tant. In the absence of 3T3 feeder cells and cholera toxin, rat oral
mucosal epithelial cells or human epidermal keratinocytes showed

remarkable proliferation by the addition of IL-1ra, and also robust cell
sheets were harvested. IL-1ra showed growth promotional effect on
stratified squamous epithelial cells. IL-1ra is expected to fulfill more
proper epithelial culture condition and contribute to the further
improvement of regenerative medicine for clinical applications.

20.03
Isolation of CD34+ epithelial stem cells and
decellularized oesophageal scaffolds holds
potential for the production of a tissue-
engineered oesophagus
P Maghsoudlou, D Klepacka, A Dickinson, G Totonelli,
P Shangaris, P Pipino, A Pierro, S Eaton and P De Coppi
ICH, University College London, UK

Abstract not available.

20.04
Esophageal reconstruction in six patients:
a regenerative medicine approach
SF Badylak, S Jobe and A Nieponice
University of Pittsburgh, USA

Barrett’s esophagus with high grade dysplasia and esophageal adeno-
carcinoma have increased in incidence and now represent the sixth
leading cause of cancer death. The standard of care for these condi-
tions is esophagectomy. In spite of significant reductions in mortality
reported at experienced centers, esophagectomy is associated with
morbidity rates approaching 50%. Therefore, there is a strong impe-
tus to move therapy towards esophageal preservation in patients
with neoplastic lesions limited to the intramucosal region. Herein,
we report the use of biologic scaffolds composed of extracellular
matrix (ECM) for esophageal reconstruction. In pre-clinical models,
critical size, full circumferential defects were repaired with minimal
stricture formation if autologous muscle tissue was placed in direct
apposition to the ECM. Recently, the use of ECM was extended to a
pre-clinical model of endoscopic mucosal resection (EMR) such as
that currently conducted for Barrett’s disease. Complete reconstruc-
tion of the mucosal layer was achieved. Based upon these findings,
six patients with stage 1 esophageal adenocarcinoma were treated
with aggressive EMR and the associated placement of ECM material.
Three patients subsequently received fundal plication surgery to cure
reflux. The successful results of this clinical translation with 3 year
follow up will be reported.

20.05
Keynote: Tissue engineering – from bench to
bedside and back to bench
P Jungebluth
Karolinska Institute, Sweden

End-stage organ failure is one of the major challenges for medicine and
this can worsen due to demographic changes. Despite enormous efforts
in medical and basic research, allogenic organ transplantation is proba-
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bly the only curable treatment option for these patients. However, the
growing shortage of donor organs and the need for lifelong immuno-
suppression with its associated morbidity are some requirements for
novel therapeutic option. Tissue engineering (TE) is becoming a very
promising alternative. Early clinical application has demonstrated the
feasibility of using TE to replace damaged tissue and organs with rather
simple architecture. Preclinical findings also suggest that even higher
complex organs can be successfully engineered and transferred to the
clinic in the near future. Basic components of the tissue engineering
concept include i) a scaffold ii) cells iii) a bioreactor and iv) pharma-
ceutical intervention/bioactive molecules. Recently, the first clinical tra-
chea transplantation was performed with seeded autologous cells on a
synthetic-based nanocomposite. Although the feasibility of a concept
with great potential was demonstrated, further efforts must be done to
elucidate underlying pathways and mechanisms. Only continuous eval-
uations and re-investigations of the already clinically applied methodol-
ogy can provide stronger evidence to transfer the concept into clinical
routine. The proof of concept has been done – so let us now improve
the concept!

20.P01
A tissue-engineered fibroblast sheet as a pleural
substitute for chest surgery
M Kanzaki, M Yamato, T Kikkawa, T Isaka, R Takagi, T Okano
and T Onuki
Department of Surgery I, Tokyo Women’s Medical University,
Japan; Institute of Advanced Biomedical Engineering and
Science, Japan

We previously have reported that tissue-engineered fibroblast sheets
readily close visceral pleural defects, followed by the deposition of
extracellular matrix-enriched tissue on the lung surface with an excel-
lent biocompatibility. Tissue-engineered fibroblast sheet is a good pleu-
ral substitute. The present study examined human fibroblast sheets.
Skin specimens (leaf shape, 10 · 5 mm) were excised from the lateral
chest for preparing an access port of patients who were performed with
video-assisted thoracoscopic surgery under general anesthesia in com-
pliance with the ethical guidelines of Tokyo Women’s Medical Univer-
sity. Oral and written informed consents were obtained from individual
patients. The obtained confluent primary cells were passaged and cul-
tured for additional 1 week before cell sheet harvest. When culture
temperature was decreased to 20 �C, all the cells detached themselves
as a single contiguous cell sheet within 1 h. Harvested fibroblast sheets
were transplanted directly to the defects of a visceral pleural injury
model in athymic rats without the need for sutures or additional adhe-
sive agents. After 4 weeks, rethoracotomy was performed. Trans-
planted pleural substitute was significantly thicker with ECM which
own produced by itself. By the analysis of fluorescence in situ hybrid-
ization, human fibroblasts had remained in the cell sheet and hardly
invaded into the host lung. Human fibroblast sheets would be useful as
a pleural substitute for chest surgery.

20.P02
Optimizing seeding conditions for respiratory
epithelium on fibrin hydrogel
S Albers, CG Cornelissen, S Krueger, M Dietrich, J Sachweh
and S Jockenhoevel
RWTH Aachen, Helmholtz Institute, AME, Tissue Engineering
and Textile Implants, Germany; University Hospital Aachen,
Medical Clinic I - Pneumology, Germany

Fibrin gel has proven a valuable scaffold for tissue engineering. We
have shown that proliferation and differentiation of respiratory epithe-
lial cells on fibrin gel compares to culture on collagen-coated, micropo-

rous membranes. To achieve confluence quickly, we optimized the
seeding density of the cells to fibrin gel and the time cells need to
adhere onto fibrin gel. Cells from porcine tracheae were suspended in
500 ll medium and seeded on 1.9 cm2 wells coated with 500 ll fibrin
gel at densities of 2, 4, 8, 16 and 32 · 104 cells per cm2. To assess the
unanchored cells after seeding, the concentration of cells in the
removed medium was measured using a Casy cell counter. Live micros-
copy images were taken every day to evaluate a cell layer confluence.
To optimize adhesion time of the cells, cells in concentration of
8 · 10^4 were seeded and medium was removed after 1, 2, 4, 8, 12
and 24 h. Unanchored cells were measured as described above. Cells
seeded with density of 8–16 · 10^4 cells per cm2 reached confluence
at first. Lower densities of seeded cells take unproportionally longer to
cultivate to a confluent cell layer. Cell concentration in the removed
medium did not lower after 12 h of attachment time. Seeding cells at a
density of 8–16 · 10^4 cells per cm2 is most effective in quickly reach-
ing a confluent cell layer of respiratory epithelium. Cell attachment
mainly takes place in the first 12 h of seeding.

20.P03
Development of a novel 3D bellows scaffold and
application of monolayered mesenchymal stem
cells for tracheal reconstruction
JY Park, JH Park, JW Jung, YH Joo, SW Kim and DW Cho
Division of Integrative Biosciences and Biotechnology, POSTECH,
Korea; Department of Mechanical Engineering, Center for rapid
prototyping based 3D tissue/organ printing, POSTECH, Korea;
Department of Otolaryngology and HNS, College of Medicine,
The Catholic University of Korea, Korea;

Artificial tracheal grafts should have not only enough compressive
strength to maintain an open tracheal lumen, but also sufficient flexi-
bility for stable mechanical behavior, similar to the native trachea at
the implant site. In this study, we developed a new 3D artificial tracheal
graft using a bellows design for considering its in vivo mechanical
behavior using indirect solid freeform fabrication technology. Due to
tracheal critical functions, such as airflow and mucociliary clearance, it
is very important to regenerate mucociliary and airtight epithelium rap-
idly. Therefore, we applied cell sheet technology at the inner wall of
bellows graft using temperature-responsive culture dish. Monolayered
mesenchymal stem cells (MSCs) have multipotent and self-propagating
properties into transplanted tissue because cell-to-cell adhesion pro-
teins are maintained. The MSCs sheet-coated bellows graft was
implanted into cervical tracheal defect of rabbit for 8 weeks. Post-
implantation evaluation was performed by bronchoscope and histologi-
cal analysis. In vivo result, the bellows graft was completely incorpo-
rated into regenerated connective tissue and no obstruction at the
implanted site was observed for up to 8 weeks after implantation. And
engrafted MSC sheet is well induced to form morphologically and func-
tionally normalized tracheal epithelium. The data suggested that the
developed bellows tracheal graft and monolayered MSCs may be a
promising alternative for tracheal reconstruction.

20.P04
Reconstruction of circumferential tracheal defect
by pedicled tissue-engineered trachea in rabbits
Y Liu, XS Luo, GD Zhou and YL Cao
National Tissue Engineering Center of China, China; Department
of Plastic and Reconstructive Surgery, Shanghai 9th People’s
Hospital, China

In this study, we tested the feasibility of autologous tissue-engineered
trachea (TET) for functional repair of circumferential defects of the tra-
chea in rabbits. Auricular chondrocytes, cultured and expanded in vitro,
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were seeded onto polyglycolic acid (PGA) cylindrical scaffolds to form
cell-polymer constructs. After 14 days of in vitro culture, the constructs
were implanted into the sternohyoid muscle or subcutaneous tissue for
6 weeks to form TET. In experimental group (n = 10), TET replaced a
six tracheal rings of the cervical tracheas with the sternohyoid muscle
pedicle as carrier. In control group (n = 10), construct was implanted
into subcutaneous tissue and TET was used as free graft without the
muscle pedicle. After trachea reconstruction, the animals in experimen-
tal group could breathe spontaneously without assistance. The engi-
neered cartilage remained the cartilaginous characteristics and was
surfaced with a layer of squamous epithelium after 1–2 weeks, which
transformed to pseudostratified ciliated columnar epithelium at
6~8 weeks. In control group, the epithelium growth rate was
1~2 weeks later, and part of engineered cartilages were proved to turn
into fibrous tissue. At 6 months after reconstruction, there were six ani-
mals survived in experimental group while none survived in control
group. There is statistical difference between the two groups. This
study successfully repaired circumferential tracheal defect in rabbit
with autologous TET.

20.P05
Transplantation of fabricated autologous
epidermal cell sheet for prevention of
esophageal stricture after circumferential ESD in
a swine model
N Kanai, M Yamato, R Takagi, T Hosoi, T Ohki and T Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, Japan; Department of Surgery,
Institute of Gastroenterology, Japan

ESD is an accepted treatment for early esophageal carcinoma and high
grade dysphasia. However, resection of a large size mucosal area, such
as circumferential ESD, induces severe stricture formation. Our aim
was to investigate the feasibility of autologous skin epidermal cell
sheets for prevention of stricture after ESD in a swine model. Primary
epidermal cells were isolated from the lower abdominal skin of minia-
ture pigs (n = 8), cultured for 18 days at 37 �C on temperature-
responsive culture inserts. Transplantable cell sheets were harvested
from the inserts by reducing temperature to 20 �C. Eight pigs were sub-
jected to general anesthesia and circumferential esophageal ESD. In
four pigs, an epidermal cell sheet, using fabricated autologous epider-
mal cells, was endoscopically transplanted to the central ESD site. The
remaining four pigs were subjected to circumferential ESD only.
Necropsy with histologic assessment was performed at 1 and 2 weeks.

All control pigs after 2 weeks had endoscopic findings of severe esoph-
ageal constriction. In the control and epidermal cell sheet groups, the
mean degree of weight gain were -10.3% and 0.3% and the mean
degree of mucosal constriction were 88% and 56%, respectively. In Epi-
dermal cell sheet group, histological assessment showed early re-epitel-
ialization and mild fibrosis in muscularis. Fabricated autologous skin
epidermal cell sheets can be utilized for prevention of esophageal
severe constriction after circumferential ESD in swine model.

20.P06
Transplantation of autologous human oral
mucosal epithelial cell sheets for esophageal
endoscopic resection
T Ohki, M Yamato, M Ota, R Takagi, M Kondo, N Kanai, T Okano
and M Yamamoto
Department of Surgery, Institute of Gastroenterology, Tokyo
Women’s Medical University, Japan; Institute of Advanced
Biomedical Engineering and Science; Department of Surgery,
Institute of Gastroenterology; Institute of Advanced Biomedical
Engineering and Science, Japan

Endoscopic resection (ER) is a minimally invasive technique for the
treatment of early-stage esophageal neoplasms. However larger-sized
esophageal ER can frequently cause stricture due to ulceration after
ER. We reported an innovative treatment using autologous mucosal
epithelial cell sheets in a canine model to prevent an esophageal stric-
ture after ER. In this study, we used a novel treatment for esophageal
ER using cell sheet technologyin clinical setting. Epithelial cells were
isolated from patients’ own oral mucosa tissue and were cultured for
16 days in temperature-responsive culture inserts. Individual cell
sheets were transplanted to the ulceration immediately after esopha-
geal ER. All the patients underwent endoscopy every week until con-
formation of complete epithelialization of affected area.We performed
procedures on 10 cases, all of them male. Esophageal ER was safety
performed in all cases. The circumferential range of the ulceration
was from half to fully circumferential. The number of cell sheets
ranged from one to eight. Patients experienced no dysphasia or stric-
ture following the procedure (apart from one case). The median value
of time until complete healing was about 3.5 weeks. Oral mucosal cell
sheets can potentially be used to prevent postoperative esophageal
stricture after ER, thereby improving post-operative quality of life of
patients.
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21.01
Keynote: Corneal tissue engineering for
fundamental and clinical applications.
S Proulx
Centre LOEX de l’Université Laval, Génie tissulaire et
régénération- Centre de recherche FRSQ du Centre hospitalier
affilié universitaire de Québec, Canada; Département
d’ophtalmologie et d’oto-rhino-laryng Faculté de médecine,
Université Laval, Canada

The cornea is one of the most transplanted tissues, accounting for more
than 50 000 grafts each year in North America. As the population ages,
the number of patients needing corneas for corneal dysfunction is
expected to rise. In addition, the increasing severity of the eye banking
exclusion criteria for donor tissue will reduce accessibility to corneal
transplant and increase waiting times. Recent progress in tissue engi-
neering has made it possible to consider new solutions to the problems
of corneal tissue shortage. Autologous cells are more suitable for per-
manent tissue replacement since they are not rejected by the patient’s
immune system. The approach used in our laboratory is to use the cell’s
regenerative capacity for the engineering of an autologous tissue. We
have used this approach to engineer the corneal epithelium, corneal
stroma and the corneal endothelium. Stromal keratocytes can form
thick sheets of extracellular matrix in vitro that can be used as carriers
for the engineering of the corneal endothelium. Tissue-engineered cor-
neal endothelia are functional in vivo, even when reconstructed using
dystrophic endothelial cells. Potential applications for these models are
numerous, and include in vitro pathophysiological and pharmacologi-
cal studies, as well as clinical applications to treat corneal diseases.
Support: CIHR, FRQS ThéCell Network, FRQS Research in Vision Net-
work, Fondation du CHA.

21.02
A tissue-engineered plastic compressed collagen
substrate suitable for human corneal endothelial
layer transplantation
HJ Levis, GSL Peh, KP Toh, RWY Poh, R Drake, JS Mehta
and JT Daniels
UCL Institute of Ophthalmology, United Kingdom; SERI, TAP
Biosystems, United Kingdom

Fuch’s endothelial dystrophy affects many people over the age of 40
(5% of the >40 US population). Treatment involves replacing the
failed endothelium with donor tissue. Currently one donor only treats
one recipient. Human corneal endothelial cells (hCECs) can be
expanded in culture but require a suitable substrate and carrier for
transplantation. We describe, for the first time, the use of plastic com-
pressed collagen (PCC) as a novel substrate for hCEC culture and as a
potential carrier for transplantation. PCC constructs were produced
using neutralised rat-tail type 1 collagen. hCECs, isolated from the
Descemet’s membrane of human corneas (n = 3) were cultured on
FNC coated dishes and then seeded onto constructs. Constructs were
cultured for 4 days, then analysed with light microscopy, immuno-
chemistry and scanning and transmission electron microscopy (EM).
hCECs seeded onto constructs were seen to have a typical cobblestone
appearance and the majority of hCECs strongly expressed ZO-1 at cell-
cell junctions and Na+/K+ ATPasea1 on the cell surface. EM revealed
overlapping finger-like projections onto juxtaposed cells with tight

junctions, apical microvilli and anchoring filaments into the collagen
substrate, all features indicative of a functional endothelial layer. This
novel method provides expanded hCECs with an ideal carrier, superior
to any other biomaterial previously trialled for this purpose and impor-
tantly allows one donor cornea to potentially treat multiple patients.

21.03
In vivo evaluation of a biomimetic human cornea
stroma model generated with cornea stem cells
and biomaterials
M Alaminos, M González Andrades, G Scionti, A Fernández-
Montoya, S Medialdea, D Serrano and A Campos
Department of Histology, University of Granada, Spain; Division
of Ophthalmology, Univ. Hospital San Cecilio, Spain; Blood and
Tissue Bank of Granada, Spain; Division of Ophthalmology,
Univ. Hospital Virgen de las Nieves, Spain

Introduction: Fibrin-agarose biomaterials previously demonstrated to
be adequate scaffolds for the development of bioengineered corneas.
The aim of this work is to evaluate the in vivo behavior of a fibrin-aga-
rose corneal stroma substitute in animal models.
Materials and methods: Human cornea stroma keratocytes were iso-
lated from the human cornea limbus, and cultured in specific culture
media. Then, an artificial cornea stroma was generated using fibrin -
0.1% agarose biomaterials with keratocytes immersed within. These
tissues were evaluated ex vivo and in vivo by intracorneal implant in
laboratory rabbits at both the clinical and the histological levels.
Results: The analysis showed that keratocytes were able to proliferate
and spread within the scaffold from the 3rd day of culture. In vivo
results showed an initial inflammatory process, with reabsorption of
the implanted biomaterials around the second month of the implant.
Transparency of the rabbit cornea was recovered after 5–6 months. His-
tologically, the corneas showed a process of fibers remodeling, with a
high number of keratocytes spreading among the collagen lamellae.
Conclusion: Our results suggest that fibrin-agarose scaffolds are fully
biocompatible and could be used for the generation of an artificial cor-
nea scaffold for clinical use.Acknowledgements: Supported by FIS11/
1582 from the Spanish Instituto de Salud Carlos III and P10-CTS6060
from Junta de Andalucia.

21.04
Keynote: Application of iPS cells for outer retinal
reconstruction
M Takahashi
Laboratory for Retinal Regeneration, Center for Developemental
Biology, RIKEN, Japan

For the outer retinal damage, cell transplantation is expected as one of
the future treatments. In that case we should transplant both photore-
ceptor cells and retinal pigment epithelial (RPE) cells in the end. Now
we have the culture methods that induce directed differentiation of
ES/iPS cells into those most needed retinal cells. As for photoreceptor
transplantation, it is still necessary to adjust the transplantation condi-
tion to make the grafted cells form proper synapses with host neu-
rons.As for RPE cells, we reported induction of RPE cells from primate
ES cells (Kawasaki et al. PNAS 2002) and effective transplantation of
them to RCS rats (Haruta et al. IOVS 2004). We are now preparing the
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protocol for the first in man clinical trial of human iPS cell-derived RPE
(hiPS-RPE) transplantation. All the hiPS-RPE lines demonstrated a sim-
ilar expression pattern of RPE signature genes. The hiPS-RPE sheets
always have the mature function such as phagocytosis, growth factor
secretion, cell polarity and barrier formation. We have never observed
tumor formation from these cells in multiple tumorigenecity tests. With
those cells we will be able to restore visual function to some extent but
it does not mean we can regenerate the retina to be normal. For the
successful development of regenerative medicine, we should consider
precisely what we will be able to do with iPS cells.

21.05
Keynote: RPE Transplantation-Clinical Experience
and New Concepts
K Steindl-Kuscher and S Binder
The Ludwig Boltzmann Institute for Retinology and
Biomicroscopic Lasersurgery, Austria

No abstract available.

21.P01
Rapid fabrication of corneal epithelial cell sheets
by oxygen controlled methods
R Nakajima and S Takeda
Hitachi Ltd. Central Research Laboratory, Japan

Introduction: Autologous epithelial cell sheets for treatment of ocular
surface diseases are fabricated for several weeks. If the manufacturing
period is shortened, the production will be more cost-effective.
Recently, it was shown that hypoxia enhances the proliferation of vari-
ous stem cells (1). On the other hand, oxygen concentration affects the
differentiation of corneal limbal epithelial cells (2). In this study, we
investigated whether the epithelial cell sheets are fabricated rapidly by
oxygen control.
Materials and methods: Primary rabbit limbal epithelial cells were cul-
tured in cell culture inserts. Oxygen conditions are as follows: (1) O2
20%, (2) O2 2% and 3) O2 2–20%. In condition 3, cells were cultured
until reaching confluence in hypoxia. After confluent, the cells were
cultured in O2 20%.
Results: In condition 2 and 3, cells enhance the proliferation and reach
confluence earlier within 2 days comparing with condition 1. In con-
trast, when O2 concentration was changed to 20% from hypoxia after
confluent, multilayered corneal epithelial cell sheets were fabricated
(condition 3) as well as condition 1.
Conclusions: We developed a novel method for rapid fabrication of the
epithelial cell sheets. Our results indicate that the novel method is
effective for rapid fabrication of the cell sheets.
Reference:
1. Ahmed M. Cell Stem Cell, 20102. Miyashita H. Invest. Opbtbalmol.
Vis. Sci., 2007.

21.P02
Development of tissue engineered stem cell
niches for corneal repair
I Ortega, AJ Ryan, S MacNeil and F Claeyssens
University of Sheffield, United Kingdom

Corneal blindness occurs as a result of limbal epithelial cells (LEC) defi-
ciency due to causes such as chemical burns, Aniridia or radiation. LEC
are located in the limbus at the Palisades of Vogt in specific microenvi-
ronments or stem cell niches. In some cases of corneal disease limbus
and niches are destroyed. In this situation cells from the conjuctiva
migrate to the cornea producing scar tissue which reduces vision. Our
aim is to develop an experimental model of the limbus in which to

study LEC activity. Specifically, we are designing a corneal outer ring
with micropockets to simulate LEC microenvironments. We hypothesise
that the micropockets will aid in tissue regeneration by providing pro-
tection for LEC.PEG-diacrylate outer rings were fabricated using photo-
polymerisation microstereolithography. The polymer was mixed with
the photoinitiator (Camphorquinone) at 1% w:w and then irradiated
with a blue laser (473 nm) at times ranging from 30 to 120 sec. Rabbit
limbal fibroblasts were seeded at 1.75 · 105 cells/ml, incubated for
7 days and observed using fluorescence and scanning electron micros-
copy. We demonstrated that cells can be attached to the scaffolds and
located inside the artificial niches. We also explored different methods
for biofunctionalizing the basic PEG-structure e.g. using biotinylated
fibronectin and we are developing a new biodegradable ring alterna-
tive.This work provides a technique for producing artificial niches for
studying LEC behaviour in vitro.

21.P03
Generation of a biomimetic human cornea model
using mesenchymal stem cells
A Campos, V Carriel, MA Martı́n-Piedra, AC Oliveira,
M González Andrades, M Alaminos and I Garzón
Department of Histology, University of Granada, Spain

Introduction: Human Wharton Jelly Stem Cells (HWJSC) are one of the
major sources of non-embryonic stem cells with high proliferation and
differentiation capabilities. The aim of this study is to evaluate the ex
vivo differentiation potential of HWJSC into corneal epithelium.
Methods:We first generated primary cell cultures of corneal stromal ke-
ratocytes and HWJSC from small tissue biopsies. Then, we generated a
cornea stroma substitute made of cultured keratocytes immersed in
fibrin-agarose gels. Finally, HWJSC were seeded on the surface of the
stroma substitute using air–liquid culture technique to induce the epi-
thelial layer differentiation. Histological and Immunofluorescence stud-
ies were performed after 7, 21, and 28 days of ex vivo culture.
Results: Histological analysis demonstrated that HWJSC were able to
form a single epithelial-like cell layer at 7 days of submerged culture
and two to four layers after 14 days ex vivo. The maximum level of
stratification was identified after 10 days of air–liquid culture tech-
nique. Immunofluorescence analysis revealed a progressive expression
cytokeratin 3/12, especially after 3 weeks of culture.
Conclusion: Our results show that HWJSC are potentially able to differ-
entiate into corneal epithelial cells, suggesting that this could be a
promising cell source for cornea regeneration.
Acknowledgements: Supported by FIS11/1582 from the Spanish Institu-
to de Salud Carlos III and P10-CTS-6060 from Junta de Andalucia.

21.P04
Regulation of genotype and phenotype of corneal
stromal cells
S Wilson, A El Haj and Y Yang
Keele University, United Kingdom

Control and maintenance of keratocyte phenotype is vital to developing
in vitro tissue engineered strategies for corneal repair. In this study the
influence of topographical and chemical cues on mechanical, phenotyp-
ical and genotypical behaviour of adult human derived corneal stromal
(AHDCS) cells in three dimensional (3D) constructs are examined.
Topographical cues are provided via multiple aligned electrospun nano-
fiber meshes and chemical cues are examined using different media
supplements. A non-destructive indentation technique and optical
coherence tomography are used to determine the elastic modulus and
dimensional changes, respectively. qPCR analysis revealed that the shift
between keratocyte and fibroblast marker expression could be adjusted
by both chemical and topographical factors. The results demonstrate
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that changing the surrounding niche from 2D (TCP) to 3D (collagen
hydrogel) conditions in serum-containing media increased keratocyte
marker gene expression and decreased fibroblast marker expression
which was further enhanced by removal of serum, media supplements
and the presence of orientated nanofibers. There was a correlation
between elastic modulus, contractile characteristics and gene expres-
sion. The combination of non-destructive monitoring techniques and
analysis of gene expression provide important feedback for optimizing
culture condition, which has not previously been shown in 3D corneal
models.

21.P05
Low-intensity ultrasound stimulation to enhance
the recellularization of corneal stroma
J Melchor, N Bochud, LM Peralta, G Rus, M González Andrades
and M Alaminos
University of Granada, Spain

Ultrasound-based techniques have been widely applied for medical
diagnosis. In the past years, some studies have demonstrated that
ultrasound may have some effects on cells and tissue, and could thus
be applied for treatment as well. Recent results evidence the benefi-
cial aspects of applying ultrasound stimulation to biological fields,
among others, to improve the cell viability, increase the blood flow,
and improve tissue healing and regeneration, as well as to enhance
adipose cell proliferation, metabolic activity, and differentiation of
cells. In this work the effects of ultrasonic stimulation on the prolifer-
ation of corneal tissue culture are presented. A parametric study is
carried out to understand the influence of several characteristics of
the ultrasonic source, such as the frequency, the energy, the time per-
iod or the wave form. A bioreactor is developped to enhance the cell
proliferation process, with the aim of standardizing the recellulariza-
tion process of the cornea. Xenografts have been obtained both ex
vivo and in vivo to determine its potential usefulness. A low-intensity
ultrasonic source is applied to stimulate the cell proliferation. The
pressure field has been carefully described by making use of an in-
mersion scanner. Statistical growth curves and proliferation ratio are
obtained for different configuration of ultrasonic stimulation. The
authors would like to thank the MICINN and SAS through Project
grants DPI2010-17065 and PI-0308.

21.P06
Generation of a complete anterior lamellar
human cornea using decellularized stromas
M González Andrades, MA Martı́n-Piedra, C Alfonso, V Carriel,
PV Crespo, M Alaminos and A Campos
Division of Ophthalmology, Univ. Hospital San Cecilio, Spain;
Department of Histology, University of Granada, Spain

Introduction: In the present study, we generated a bioengineered
human cornea based on an acellular porcine corneas recellularized
with human stromal and epithelial corneal cells.
Material and methods: Pig corneas were decellurarized using 1.5 M

NaCl for 12 h. Once decellularized, the xenografts were washed in PBS
and the excess of liquid was removed in a specific chamber with sterile
3 MM paper towels for 30 min. NaCl-decellularized corneas were re-
cellularized with human keratocyte cell cultures. Finally, a human lim-
bal rim explant was placed on top of the corneal construct to promote
epithelial cell growing. Histological analysis of decellularized and re-
cellularized corneas was performed.
Results: The NaCl-decellularization method properly removed the cells
from the stroma, and the integrity of the collagen bundles was
preserved. After the recellularization process, human keratocytes
spread and grew into the acellular porcine corneas. Human limbal rim

promoted the epithelial corneal cell growing, obtaining a well-devel-
oped stratified epithelium.
Conclusion: This method allowed us to generate partial human artificial
corneas based on porcine xenografts, which could have potential use-
fulness for clinical and experimental uses.Supported by grants FIS
PI11-2680 from Instituto de Salud Carlos III and SAS PI462/2010 from
Junta de Andalucia, Spain.

21.P07
Comparison of the relative effects of culture
conditions and cytokines on subcultured corneal
keratocyte phenotype
RE Thompson, LC Boraas and EJ Orwin
Harvey Mudd College, USA

Corneal disease is the second-leading cause of eye disease globally with
roughly 8 million people who are blind and about 284 million who are
visually impaired. The current treatment for corneal disease is corneal
tissue transplant and the demand for tissue exceeds supply, making a
tissue engineered (TE) cornea highly desirable. In order for a TE cor-
nea to be useful, it must be transparent which requires downregulation
of light scattering alpha-smooth muscle actin (aSMA) and upregulation
of the native corneal marker, aldehyde dehydrogenase 1A1
(ALDH1A1). In this study we expose the tissue to a culture environ-
ment that represents a close corneal replica to determine which signals
are needed for recovery of corneal phenotype. Specifically, we use a 3D
collagen matrix, cornea-specific proteoglycans decorin and biglycan,
and IL-1 receptor antagonist (IL-1ra) to recover the native corneal phe-
notype. Both decorin and IL-1ra have been shown to reduce haze in
vivo. We have shown that the 3D matrix is capable of strongly downre-
gulating aSMA, even in the presence of the pro-inflammatory cytokine,
TGF-b, and causing partial recovery of ALDH1A1. The expression of
ALDH1A1 in 3D cultures also shows a time-dependent trend. We have
also shown that the 3D culture environment provides a relatively stron-
ger signal to the cells than collagen alone, TGF-b or IL-1ra in terms of
a-SMA expression levels. Finally, we have determined that IL-1ra has
no practical effect on subculture cell populations.

21.P08
Optimized cultivation of human corneal
endothelial cells for transplantation
JS Choi, EY Kim, MJ Kim, M Giegengack, G Khang and S Soker
Wake Forest Institute for Regenerative Medicine, Wake Forest
University Health Sciences, USA; Department of BIN Fusion
Technology, Polymer Fusion Research Center, Chonbuk National
University; Department of Ophthalmology, Wake Forest
University School of Medicine, USA

Corneal transplantation is a common transplant procedure to improve
visual acuity by replacing the opaque or distorted host tissue by clear
healthy donor tissue. However, its clinical utility is limited due to a lack
of high quality donor corneas. Bioengineered neo-corneas, created
using an expandable population of human donor-derived corneal endo-
thelial cells (HCECs), could address this shortage. Thus, the objectives
of this study were to establish HCEC sourcing with various isolation
methods, including enzymatic digestion, culture medium components,
and ECM proteins. HCECs were isolated from discarded corneas with
various aged donors after surgery. In order to improve the cell attach-
ment, tissue culture plates were coated with adhesive proteins before
cell plating. The cultured HCECs were characterized by immunofluores-
cence for ZO-1 and Na+/K+-ATPase. HCECs were successfully isolated
from 32% (86/269) of donor corneas. HCECs were expanded to the
numbers needed to re-endothelialize neo-cornel constructs, while
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expressing markers typical to HCECs. The donor age and isolation
method significantly affected the HCECs culture results. Under all con-
ditions tested, ECM protein coating promoted cell-cell interactions and
proliferation of HCEC. The results indicate that the corneal endothe-
lium can be regenerated by seeding the cultured HCECs on a proper
carrier material. This study demonstrated that the bioengineered neo-
corneas could be a new potential source for transplantation.

21.P09
Bioengineering gelatin hydrogel for corneal
endothelial cell repair
G Niu, JS Choi, MJ Kim, M Giegengack and S Soker
Institute for Regenerative Medicine, Wake Forest University, USA

Introduction: Corneal endothelium can be cultured in vitro, and
together with appropriate scaffolding material, is transplanted inside of
patient’s eye to repair the dysfunctional endothelium. Gelatin is a hy-
drolysed product from collagen, and has been extensively used in med-
ical field. The purpose of this study is to develop a bioengineering
gelatin hydrogel for corneal endothelial cell repair.
Methods: Gelatin hydrogel was obtained by cross-linking with1-Ethyl-3-
[3-dimethylaminopropyl] carbodiimide hydrochloride (EDC) / N-hy-
droxysuccinimide (NHS). Human corneal endothelial cells (hCECs)
were seeded on the gelatin hydrogel. New Zealand rabbit was used for
the implantation of gelatin hydrogel covered with/without hCEC.
Results: A flexible and transparent hydrogel was obtained after cross-
linking gelatin film with EDC/NHS. hCECs were seeded directly on gel-
atin hydrogel, and tight confluent cell layer was formed on hydrogel
surface after several days culture. The growth rate of hCECs on gelatin
hydrogel was similar to that on the tissue culture plate. ZO-1 and K-Na-
ATPase markers were expressed by hCEC seeded on gelatin hydrogel.
Round shaped gelatin hydrogel with a 7 mm diameter was easily
implanted inside of rabbit eyes with only 2–3 mm incision, and no
obvious inflammation and rejection response were found.
Conclusion: The Gelatin hydrogels, seeded with hCECs can be used to
create corneas for transplantation and overcome the shortage of
donated corneas.

21.P10
Bioactive peptide amphiphile nanofibers for
cornea regeneration
G Uzunalli, Z Soran, YS Dagdas, B Aydin, MO Guler
and AB Tekinay
Institute of Materials Science and Nanotechnology, National
Nanotechnology Research Center (UNAM), Bilkent University,
Turkey; Mersin University, Department of Medicine, Turkey

Corneal opacification is the most frequent cause of blindness. Although
keratoprosthesis and keratoplasty are the most common methods of
treatment, there are some limitations in their use. Peptide amphiphile
(PA) molecules offer a promising new approach for regenerative medi-
cine studies. These molecules are biocompatible and biodegradable
and can be engineered to include bioactive sequences. The bioactive
groups are used for mimicking the active epitopes in the natural extra-
cellular matrix. In addition, the nanofibers formed by self assembly of
PA molecules form a network that resembles the morphological proper-
ties of the natural matrix. Here, we utilized various PA molecules in
order to determine their effects on human keratocytes in in vitro condi-
tions. The PAs were designed to contain laminin or/and fibronectin-
derived epitopes. The biocompatability and bioactivity of the PAs were
analyzed via cell viability and proliferation assays with Alamar Blue
and BrdU assays, respectively. The adhesion and morphological proper-
ties of keratocytes on PA surface was characterized by phalloidin/
To-Pro-3 staining. Our results showed that PAs enhance the viability of
these cells. Moreover, PA molecules have ability to augment cell prolif-

eration. Keratocytes can also spread on these PA networks similarly to
collagen matrices. In conclusion, we established that PA nanofibers can
be used as an efficient scaffold for keratocytes and thus offer a new
platform for corneal tissue engineering.

21.P11
Fabrication of novel artificial corneal substitute
using silk protein derived materials
H Kobayashi, S Hattori, D Terada, T Honda, C Yoshikawa,
H Teramoto, T Kameda and Y Tamada
National Institute for Materials Science, Japan; National Institute
of Agrobiological Science, Japan

Corneal transplantation is most promising way for recovering from cor-
neal blindness. However, donor shortage in all over the world is serious
problem. Therefore, development of an artificial cornea is one of the
solutions to overcome this complicated situation. Silk protein derived
materials such as fibroin have been tested as an artificial cornea
because of its high biocompatibility. However, perfectly reliable mate-
rial has not been established yet. We focused on novel silk protein
derived material such as sericin gel films (SF) and hornet cast films
(HF) as a novel artificial cornea. These films have high transparency
and enough mechanical strength for clinical use. Therefore, we evalu-
ate SFand HF under various sterilized conditions. Using autoclave trea-
ted HFs, we could establish bio-safety artificial cornea. However, low
permeability of film materials affected the homeostasis of host cornea
adversely. To solve this problem, we tried to fabricate electrospun fiber
based materials from silk derived protein. From aqueous fibroin solu-
tion, we could prepare nanofiber mat. Our biological tests revealed that
corneal cells could attach not only the surface of fiber mat but also the
inside of fiber mat with keeping its phenotype. This result suggests that
the materials might be applicable for artificial cornea. Unfortunately,
current fibrous mats have insufficient transparency. Now we are spend-
ing our efforts to increase transparency of silk proteins-based fibrous
substrates.

21.P12
Biological cornea glue - in vitro evaluation
PP Panengad, MX Lee, HC Park, M Raghunath and JS Mehta
National University of Singapore, Singapore; Singapore Eye
Research Institute, Singapore

Introduction: An efficient biological method of corneal tissue repair that
replaces surgical sutures is still unmet. Transglutaminase-2 (TG2) stabi-
lizes connective tissue by covalent isopeptide crosslinks. We hypothe-
size that TG2 based tissue glue will covalently bond the corneal tissue
layers to replace the need of sutures for wound closure.
Materials and methods: Human cornea was tested for the presence of
TG2 and FXIIIa substrate sites using histochemical assay and imaged
with fluorescent microscopy, electron microscopy and second harmonic
generation imaging. The ability of endogenous and exogenous TG2 in
crosslinking collagen was studied on fibroblast cultured matrix using
enzyme inhibitors and commercial TG2 followed by gel electrophoresis.
The enzymatic adhesion in corneal tissue was studied in cadaveric por-
cine corneal flap wounds by delivering concentrated enzyme to the tis-
sue interface with or without substrate additives and then mechanical
testing using instron tester.
Results: Human cornea showed abundant substrate sites for TG2 and a
good colocalization of its substrate sites on the matrix proteins. Both
endogenous and exogenous TG2 produced collagen crosslinking in the
matrix. In mechanical testing, the breaking shear stress of the corneal
flap wounds closed after the delivery of the active enzyme with the
substrate additives was greater than the strength of fibrin glue.
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Conclusion: Human cornea, rich in TG2 substrate sites is an ideal target
for TG2 based repair.

21.P13
Corneal stromal substitute by aligned multilayer
of compressed native collagen: measuring and
improving corneal transparency
M González Andrades, NS Tan, TAlekseeva, CA Mosse
and RA Brown
University College London, UCL Tissue Repair & Engineering
Centre, United Kingdom; Tissue Engineering Group of the
University of Granada, Spain; National Medical Laser Centre,
United Kingdom

Transparency is a major requirement for human cornea. Part of this is
due to corneal stromal architecture, with its well-defined, orientated
collagen lamellae. Here we describe a novel method to construct cor-
neal stroma based on multilayering of collagen scaffold, with improved
corneal transparency. For this it is important to define and measure the
necessary optical performance, and test the hypothesis that increasing
collagen layer density increases blurring. Multilayered collagen scaf-
folds were made using plastic compressed collagen layers of different
volumes. We also developed a novel measure of image blurring due to
increasing number of layers by analyzing the increase of grey-edge
intensity around sharp black image lines, through corneal constructs.
This blurring coefficient of optical function was correlated with layer
number and total collagen content, with routine histology.Analysis of
transmission and blurring coefficient clearly demonstrated that for the
same total collagen content, a larger number of thinner layers signifi-
cantly improved optical performance. H&E sections showed a well-
developed lamella collagen structure where collagen layers were well
integrated, one above the other. Compressed collagen multilayers not
only produced structurally promising corneal constructs but also
showed that increasing numbers of thinner collagen layers improves
optical performance. Multilayering of collagen is emerging as a good
process fabricating corneal stroma.

21.P14
Evaluation of light transmittance in a model of
decellularized tissue for use in corneal
regeneration
AC Oliveira, JC Cardona, A Ionescu, M González Andrades,
MM Pérez and A Campos
Department of Histology, University of Granada, Spain,
Department of Histology, University of Granada, Spain;
Department of Optics, University of Granada, Spain; Division of
Ophthalmology, Univ. Hospital San Cecilio, Spain

Introduction: In this work, we have descellularized mice intestinal wall
tissues as scaffolds for cornea engineering, and we determined the
transparency levels of these decellularized tissues for use in cornea
regeneration.
Methods: Mice small intestine fragments washed in PBS and subjected
to one of the following decellularization agents: (1) immersion in
0.1 M SDS solution during 48 h, (2) ultraviolet irradiation (UV) for 10’,
(3) ultrasound exposition (US) for 10’. Optical analysis was carried out
by transmittance quantification in order to determine the tissue trans-
parency.
Results: Although the spectral behavior of all decellularized tissues was
similar to the control pig cornea (higher transmittance for longer wave-
lengths), transmittance ranged between 33 and 77% of the incoming
light. The UV treatment proved to be the most effective in preserving
tissue transparency, followed by SDS and, finally, US.
Conclusion: The optical study of decellularized tissues suggests that
UV exposition of the tissues could preserve more efficiently the

extracellular matrix structure than US and SDS methods. We therefore
suggest that the UV method should be preferentially used for cornea
applications.
Acknowledgements: Supported by grants FIS PI11-2680 from Instituto
de Salud Carlos III and SAS PI462/2010 from Junta de Andalucia.

21.P15
Characterization of the effect of visible
electromagnetic signals on corneal fibroblasts
EK Leonard and EJ Orwin
Harvey Mudd College, USA

Corneal opacity is a major cause of visual impairment. Although cor-
neal transplants are very successful, LASIK surgery limits the number
of viable donors. Tissue engineering has the potential to provide trans-
parent corneas with the structural integrity to withstand transplant. We
are investigating the use of visible light signals to increase the transpar-
ency of cultured rabbit corneal fibroblasts (RCFs) by influencing intra-
cellular protein expression. Transparency requires corneal crystallins
(CC) expression and low a-SMA expression, but standard cell culture
induces a decrease in CC expression and an increase in a-SMA in RCFs.
Since CCs are involved in the oxidative stress response, a controlled
light environment may decrease a-SMA and increase CC levels. We
developed a photoreactor that emits light at controlled wavelengths
and intensities. RCFs seeded at a density of 10 000 cells/cm2 in a
12.5 cm2 culture flask were incubated in the dark, under normal light
conditions, or while exposed to red (660 nm), green (570 nm) or blue
(470 nm) light at discrete intensities in the range of 5–81 mW/cm2.
Cells were lysed after 8–14 days and a-SMA was found with Western
Blot. Compared to normal conditions, red and blue light reduced a-
SMA the most, with high intensities decreasing cell proliferation, indi-
cating that light is an important signal in regulating protein expression.
Further work will be done to confirm these effects and to examine the
effects of other wavelengths.

21.P16
Towards developing a biodegradable cell carrier
with nanofeatured surface topography for RPE
cell transplantation
Z Liu, N Yu, F Yang and BV Stanzel
University Eye Hospital, University of Bonn, Germany; Dept.
Biomaterials, Radboud University Nijmegen Medical Center, The
Netherlands

A supportive substrate is crucial for retinal pigment epithelium(RPE)
transplantation. To investigate the influence of substrate topography
on RPE behavior, various fibrillar and smooth poly L-lactide/�-caprolac-
tone(PLCL) substrates were prepared by electrospinning and solvent
casting, respectively. Surface topography was analyzed by SEM. Fetal
human RPE(fhRPE) were seeded on substrates at 10E4 or 2 · 10E5
cells/cm2. Cell morphology was observed by phase contrast micros-
copy. Growth curves were counted semiautomated with ImageJ. Acel-
lular fibrillar and smooth membranes were implanted into rabbit
subretinal space. SD-OCT images were obtained after 4, 7 and 14 days,
followed by histology. It was found the average diameters of PLCL
fibers were 200, 550 and 1100 nm. RPE attached on all substrates at
comparable densities (5451 ± 1247 cells/cm2), but differed in foot-
print with decreased spreading on rougher topography. The highest
proliferation rate was determined on 200 nm fibers. Decreasing growth
rates were observed with increasing fiber diameters. RPE seeded at
high density contracted or detached from all groups at 3–14 days. In-
traoperative handling of implantation was safe. Preliminary SD-OCT
results showed increased retinal reflectivity and subretinal fluid above
both implant types, suggesting inflammation. In conclusion, the
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200 nm fiber diameter topography appears to induce superior prolifer-
ation in fhRPE. Experiments now focus on PLCL modification to reduce
the inflammatory responses in vivo.

21.P17
Retinal pigment epithelial cell viability and
functionality on electrospun PLLA biomaterial
scaffolds
PJ Porter, BJ Meenan and GA Burke
University of Ulster, UK

Introduction: The aim of this study was to characterise the interaction
of human retinal pigment epithelial (RPE) cells with electrospun poly-
L-lactide (PLLA) biomaterial scaffolds for retinal tissue engineering.
Methods and materials: Physico-chemical analysis of polymer scaffolds
was performed using scanning electron microscopy, X-ray photoelec-
tron spectroscopy and fourier transform infrared spectroscopy. Biologi-
cal analysis of RPE cells was performed using biochemical assays,
immunocytochemistry, flow cytometry and real time qPCR.
Results: SEM analysis revealed a sub-topography on the PLLA electro-
spun fibres and confirmed fibre diameter of between 1.49–2.17 lm.
XPS showed surface chemical composition of the PLLA electrospun
scaffolds was not altered during the electrospinning process. Biological
analysis showed improved RPE cell viability and proliferation on the
PLLA electrospun scaffolds over 21 days. RPE cells exhibited continued
gene and protein expression of RPE65, TJP1 and RLBP1 over 21 days
cell culture.
Conclusions: This study demonstrates the potential application for elec-
trospun polymer scaffolds as a vehicle for clinical RPE cell delivery. The
electrospun PLLA supported RPE cell attachment, proliferation and dif-
ferentiation and maintained good cell morphology. From this study it is
clear that electrospun biomaterial scaffolds could be used to mimic reti-
nal tissues for the potential treatment of conditions like age-related
macular degeneration.

21.P18
Survival of subretinally implanted human fetal
and adult retinal pigment epithelium monolayers
on cell carriers in rabbits
BV Stanzel, TA Blenkinsop, ZP Liu, S Somboonthanakij,
W Wongsawad, R Brinken, N Eter, JH Stern, S Temple
and FG Holz
University Eye Hospital Bonn, Germany;Neural Stem Cell
Institute, USA; Ophthalmology, University of Muenster, Germany

A large-eye animal model was developed with chinchilla-bastard rab-
bits for cost-efficient tissue engineering studies of retinal pigment epi-
thelial (RPE) replacement on healthy tissue. Fetal & adult human RPE
cultures were grown for at least 6 weeks on biostable polyester mem-
branes(PET); epithelial polarity was verified with transepithelial resis-
tance above 250 Wcm2. Bullet-shaped implants were made with a
trephine.Vitrectomy was performed in 2–2.5 kg rabbits and a small ret-
inal detachment(RD) created. The implant was then passed through
an enlarged opening of the retina with a custom-made shooter instru-
ment. The RD over acellular implants resolved within 4-7 days, but
resulted in an outer retinal atrophy without inflammation. RD alone
without implant placement induced neither retinal atrophy nor inflam-
mation.Subretinal implantation of fetal hRPE on PET in non-immuno-
suppressed rabbits (n > 30) resulted after 4 days in neural retinal
edema above the RPE implant on SD-OCT and funduscopy. After
1 week, an atrophy of the retina overlying the fetal xeno-transplant
was observed, remaining stable thereafter. Histology obtained 4 weeks
after implantation showed an almost continuous xeno-RPE monolayer

on PET. These findings were largely similar in five consecutive rabbits
with adult hRPE cells. These data demonstrate successful subretinal
delivery of cultured RPE on PET carriers. The xeno-RPE seems to sur-
vive over 4 weeks and may actively evade destruction through its
immune privilege.

21.P19
Silk fibroin as substratum in ocular tissue
engineering
TV Chirila
Queensland Eye Institute, Australia

Fibroin and sericin are the main protein components of silk. While seri-
cin was identified as an allergenic substance, the fibroin was explored
as a potential biomaterial for tissue engineering applications. In the
past recent years, we developed membranes and scaffolds made of silk
fibroin produced by the domesticated silkmoth Bombyx mori (BMSF)
and assessed them as substrata for growing successfully various types
of ocular cells, including corneal limbal epithelial cells (presumed stem
or progenitor cells), limbal mesenchymal stromal cells, corneal endo-
thelial cells, and retinal pigment epithelial (RPE) cells. BMSF presents
a series of characteristics (good mechanical properties, transparency,
and slow biodegradability) that makes it suitable as a biomaterial for
the reconstruction of ocular tissues. Our results presented here, and
published so far in about a dozen of papers, indicate the potential of
using BMSF as a substratum to create tissue-engineered constructs for
the restoration of ocular surface, for repairing the corneal stroma, for
endothelial keratoplasty procedures, and for the transplantation of RPE
cells in the management of age-related macular degeneration. Cur-
rently, we are investigating the wild silkmoth (Antheraea pernyi)
fibroin (APSF), which contains the RGD ligand sequence and can lead
to enhanced cell attachment.

21.P20
Adhesiolysis after fractures of the orbital floor by
membranes laminated with amniotic membrane
N Rohleder, S Hennerbichler, C Gabriel and M Kesting
Klinikum rechts der Isar, Technische Universität München,
Germany; Blutzentrale Linz; Austrian Cluster for Tissue
Regeneration, Austria

Introduction: We have investigated the usefulness of amniotic mem-
brane in reconstructive surgery of the orbital floor. Because of its pro-
posed anti-adhesive qualities, amniotic membrane was used to inhibit
complications such as diplopia or limitations of ocular motility, as are
often caused by postoperative cicatrization.
Patients and methods: The study included eight patients (mean age
37 years, all male) with deficient ocular movement after orbital floor
fracture. Five patients had been previously operated upon, whereas
three had not been treated surgically. To be included in the study, time
from trauma had to be at least 4 months, and MRI scans had to indi-
cate the presence of cicatricial tissue at the fracture location. Patients
were treated with surgical adhesiolysis and insertion of allogenic
human amniotic membrane laminated on PDS foil functioning as the
carrier material. During 3 months follow-up time, the patients were
examined ophthalmologically, especially for diplopia or limited ocular
bulb motility.
Results: Disorders of ocular bulb motility disappeared completely in five
patients. Two patients showed improved motility and a reduction of
objective and subjective symptoms. One patient showed no improve-
ment.
Conclusion: Allogenic human amniotic membrane has anti-adhesive
effects when used in reconstructions of fractures of the orbital floor.
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22. Vascular Tissue Engineering (in coop. ESAO)

22.01
Keynote: Challenges and outlook of vascular
tissue engineering
BWalpoth
Geneva University Hospital, Cardiovascular Research,
Switzerland

A clinical shelf-ready small-calibre vascular prosthesis is still a quest.
Research in Vascular Tissue Engineering (VTE) is fast-growing and may
represent a good option. Challenges range from 3D architecture,
mechanical characteristics, compliance, biocompatibility, thromboge-
nicity, growth potential, degradation and tissue regeneration (specific
cells, ECM and angiogenesis) to biologically induced long-term altera-
tions such as occlusions, aneurysms, intimal hyperplasia and calcifica-
tion. Several VTE methods have shown promising results:in vivo VTE
using degradable synthetic, natural or decellularised 3D scaffolds
with/without growth factors;in vitro VTE using the above scaffolds
seeded with autologous or allogenic cells matured in a bioreactor; in vi-
tro cell sheet technologies;organ printing of scaffolds with living cells.
Our studies using synthetic biodegradable micro/nanofibre electrospun
3D porous polycaprolactone scaffolds have shown superior results to
the clinically used ePTFE in the rat aortic replacement model at
1.5,3,6,12 and 18 months with regard to patency, compliance, endo-
thelialisation, cell invasion, ECM, angiogenesis, intimal hyperplasia
and calcification. Some of the above cell/bioreactor-based methods
have already been introduced in clinical protocols but are cost and
labour intensive. Therefore synthetic 3D scaffolds using the body as a
bioreactor may be an easier, cheaper and clinically widely applicable
method for future cardiovascular applications.

22.02
Keynote: New designs in electrospun vascular
prosthetics
GL Bowlin
Virginia Commonwealth University, USA

Cardiovascular disease is the leading cause of death in the United
States. Electrospun non-woven, seamless tubular structures have
shown potential to design and fabricate bioresorbable vascular pros-
thetics, promoting tissue regeneration in situ, as an effective treatment
for vascular trauma and disease. However, the lack of controlled poros-
ity severely limits the degree of 3D tissue regeneration, and, more
importantly, the transmural angiogenesis required in humans to
develop a neointima. Thus, we have developed an air-impedance pro-
cess where the solid mandrel is replaced with a porous mandrel that
has pressurized air exiting the pores to impede fiber deposition. With
the proper air flow rate, pore size, and pore distribution, we can fabri-
cate a tubular structure with similar mechanical characteristics to an
ideal vascular prosthetic, and porosity conducive to the desired regen-
eration. More specifically, we are engineering the porosity, fiber diame-
ter, and structure composition to regulate the macrophage phenotype
(M2 versus M1) interacting and residing within the prosthetic upon
implantation which will be required to promote transmural angiogene-
sis and regeneration as well as defined degradation rates. The results
of the associated design and validation will be presented in the quest
to develop an ideal small diameter vascular prosthetic by air-imped-
ance electrospinning.

22.03
Keynote: Compliant degradable electrospun
nano-fibre structures for cardio vascular
engineering
D Pliszka, D Busch, A Góra, M Eblenkamp, E Wintermantel,
S Ramakrishna
NUS Centre for Nanofibers and Nanotechnology, Singapore;
Technische Universität München, Germany

Vascular bypass grafting is a one of the major treatments for ischemic
heart and peripheral vascular diseases, both being main causes of mor-
tality. Limitation in the number of preferred autograph implants creates
a need for manufacturing of replacement grafts. Main challenges of the
engineered vascular grafts are to create structure which is highly por-
ous to ensure in-graft cells growth, impermeable (blood leakage),
mechanically matching native tissues and promotes fast endothelializa-
tion. Larger diameter grafts are commonly manufactured using non-
biodegradable materials but are plagued by high thrombogenicity due
to lack endothelium layer inside the graft. This makes them less desir-
able in case of smaller diameter (<5 mm) vascular grafts.As a promis-
ing technique to create small diameter vascular grafts is
electrospinning allowing to adjust mechanical properties of the grafts,
as well as creation of high porosity with high surface area/volume
structures – through this simulating the structure and dimensions of
the native extracellular matrix. Using biodegradable materials gives
also clear advantage over synthetic materials.Recently a precise elec-
trospinning technique has been developed in our lab allowing produc-
ing multilayered nanofibrous structures with controlled porosity and
tailored mechanical properties. Obtained structures closely mimics
structure of the extracellular matrix of the native vessels and may pro-
mote particular cells growth matching natural one.

22.04
Keynote: Acellular non-degradable
nano-scaffolds
H Bergmeister, C Grasl, M Stoiber, C Schreiber, I Walter,
D Bernhard and H Schima
Ludwig Boltzmann Cluster for Cardiovascular Research, Division
of Biomedical Research Medical University Vienna, Austria;
Center for Medical Physics and Biomedical Engineering, Medical
University Vienna, Austria

Tissue repair with synthetic matrix grafts that replicate the architecture
of the vasculature at the nanoscale is currently one of the most auspi-
cious approaches to overcome the limitations of conventional, small-
bore vascular prostheses. Using the technique of electrospinning and
with the selection of appropriate elastomeric biomaterials, compliant
grafts with mechanical properties resembling decellularized matrix
grafts can be created, which benefit cellular reconstitution by the host.
In previous studies we focused our work on the development of low-
porosity, polyurethane fine mesh conduits which reveal a minimum of
biomechanical mismatch to the host artery. However, as reported by
other groups low porosity grafts show limitations in cell infiltration and
cell viability. In order to reduce these limitations and to benefit long-
term host cell survival, we fabricated grafts with increased porosity and
increased pore sizes, which would aid in cell infiltration and nutrient
transport. The maximum of porosity and pore size have been tuned in
dependency of sufficient tensile strength and suture resistance. Coarse
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mesh grafts improved cell repopulation and long-term cell survival
especially in the inner sections of the graft wall. This template should
allow the fabrication of biodegradable scaffold-candidates with essen-
tial prerequisites (cellular ingrowth and function) for successful natural
host vessel reconstitution.

22.05
Keynote: Differentiating between
transanastomotic and trans-mural
endothelialisation: the ‘isolation-loop-graft’
model
T Pennel, D Bezuidenhout and P Zilla
University of Cape Town, South Africa

Introduction: Vascular graft models have yet to distinguish between
transanastomotic and transmural endothelialisation. We describe an
isolation loop-graft model that clearly separates these distinctly differ-
ent events.
Methods: High-porosity polyurethane (PU) grafts (ID1.7 mm;150 lm
pore) were interposed ‘welded’ between low-porosity ePTFE (ID1.7
mm; IND 15–25 lm) and implanted in the abdominal aorta of Wistar
rats for 6,8,12 and 24 weeks (n = 8/time point). Looping the graft
increased their length to 8 cm. Analysis by light, immune-fluorescence
(CD31) and scanning electron microscopy.
Results: The transanastomotic outgrowth edge was clearly defined
never traversing the endothelial-free isolation-zone (24.72 ± 9.85 mm
at 6 weeks and 8.21 ± 4.87 mm at 24 weeks) separating it from trans-
mural midgraft endothelium. Transanastomotic endothelial outgrowth
slowed down between week 2 and 24 (from 920 ± 420 lm to
457 ± 128 lm/week proximally [p = 0.034] and 650 ± 240 lm to
501 ± 359 lm distally [NS]). Transmural midgraft endothelialization
reached pre-confluence (55 ± 45%) at 6 weeks and 100% confluence
between week 12 and 24. There was significant regression of neo-inti-
mal tissue between 6 and 24 weeks (from 70.57 ± 75.44 lm to
51.14 ± 27.50 lm; p = 0.0269).
Conclusion: Transmural endothelialisation can be clearly distinguished
from transanastomotic outgrowth in a high throughput rat model. A
looped interposition-graft model provides sufficient isolation-length to
separate the two events for up to half a year.

22.P01
Creating a functional vascular tunica media:
adding transforming growth factor beta one to
vascular smooth muscle cells in deep
microchannels
GC Kang and MB Chan-Park
Singapore General Hospital, Singapore; Nanyang Technological
University, Singapore

Transformation of vascular smooth muscle cells (vSMC) phenotype
from synthetic to contractile at the correct development stage is crucial
for producing a functional tunica media.The vSMCs go through cyto-
skeletal restructuring and line-up in the direction of micropatterns, trig-
gering a phenotype switch from synthetic to contractile at confluence.
Transforming growth factor beta one (TGF-ß1) is known to promote
differentiation of vascular smooth muscle cells towards a contractile
phenotype. The combined effects of micropatterning and TGF-ß1 on
vSMC culture have not been studied. We examined the combined effect
of a microchanneled scaffold and TGF-ß1 on the contractile phenotype
of vSMCs. We also investigated whether temporal addition of TGF-ß1
before or after cell confluence affects vSMC culture in micropatterned
scaffold.Culture of vSMCs in a microchanneled PUR scaffold with TGF-
ß1 addition was found to align vSMCs parallel to microchannels and
increase contractile protein expression thereby upregulating the con-

tractile phenotype of vSMCs. Contractile phenotype upregulation was
maximal when the TGF-ß1 was added to the micropattern-vSMC cul-
ture before cell confluence was achieved.This novel synergistic effect of
culturing vSMCs in a microchanneled scaffold combined with TGF-ß1
addition before confluence to maximize vSMC contractile phenotype
might be fully exploited to create a functional tunica media for engi-
neering a small-diameter blood vessel replacement.

22.P02
Novel approach of engineered artery
transplantation
S Zonta, S Maestroni, AF Pellegata, MA Asnaghi, T Dominioni,
V Graceffa, A Maestroni, I Stefani, S Mantero and G Zerbini
Department of Bioengineering, Politecnico di Milano, Italy;
Chirurgia Generale II, Fondazione IRCCS pol. San Matteo, Italy;
Complication of Diabetes Unit, Division of Metabolic and
Cardiovascular Sciences, San Raffaele Scientific Institute, Italy;
Vita-Salute San Raffaele University, Italy; Phd Program in
Experimental Surgery and Microsurgery, University of Pavia,
Italy

Degenerative vascular diseases represent the first cause of death in
Western Countries and the present surgical techniques, based on the
implant of prostheses, tend to loose efficacy with time. The aim of this
project was to create a functional and not immunogenic enginereed
vascular graft for small diameter artery substitution. Working on a
swine model, we tested different sources of endothelial and mesenchy-
mal cells (bone marrow, blood, vein, skin) to identify the one that best
fitted our aims. We tested various methods to extract (conditions for
enzymatic digestion), isolate (immunomagnetic separation or immuno-
fluorimetric assays) and expand these cells. Once characterized and
expanded, these cells were seeded on a decellularized artery (used as a
scaffold) to recostituite the tunica media and the endothelial layer.
Implantation of cells was then evaluated with immune-istological
assays. The graft built in this way was finally transplanted in a swine
model. After fifteen days, the graft was explanted and studied. The
transplantation of the pilot graft was successful, and the results of this
experiment suggested the feasibility of this approach and the need for
further studies to clarify the mechanisms of acellular vascular prosthe-
sis repopulation. Although many parameters must be still defined, we
are presently working to improve the technique described above with
the final aim to rapidly translate this research project from basic
research into clinical practice.

22.P03
Nano and microtopography enhance
differentiation of human mesenchymal stem cell
into endothelial-like cells for vascular repair
M Kukumberg, WJ Lim, M Yamamoto and EKF Yim
Mechanobiology Institute Singapore, National University of
Singapore, Singapore; Department of Bioengineering, Faculty of
Engineering, National University of Singapore; Department of
Pharmacology, Yong Loo Lin School of Medicine, National
University of Singapore; Department of Surgery, Yong Loo
Lin School of Medicine, National University of Singapore,
Singapore

A small population of circulating cells termed endothelial progenitor
cells (EPC) has been hypothesized to be a potential therapeutic for vas-
cular repair to its vascular healing properties. However, its use is lim-
ited by the difficulties in isolating sufficiently large numbers of EPC
required for the desired therapeutic effect. The derivation of vascular
healing cells from alternative source of adult stem cells would therefore
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be in demand. Hence, in this study, the induction of human mesenchy-
mal stem cells (hMSC) into EPC for vascular repair was studied. The
hMSC were induced to differentiate in vitro into EPC through the provi-
sion of biochemical cue, vascular endothelial growth factor (VEGF),
and/or topographical features in the micro- and nanometer scale. Preli-
minary study via immunofluorescence staining of CD133, CD29, VEG-
FR2, and CD34 suggested anisotropic microtopography such as 1 lm
pillar enhanced the differentiation process, while isotropic pattern such
as 2 lm line impeded differentiation. Flow cytometry analysis of the
CD133 and CD29 marker expression suggested that the provision of
both topographical and biochemical cues could synergistically induce
the in vitro differentiation of hMSC into EPC.In conclusion, these find-
ings have helped gained a better understanding of the possible favor-
able conditions surrounding the induction of hMSC differentiation into
EPC with the provision of topographical and biochemical cues.

22.P04
Poly lactic acid based scaffolds as graft for
small-diameter arterial replacement
V Brucato, F Carfı̀ Pavia, S Rigogliuso, V La Carrubba
and G Ghersi
DICGIM-Università di Palermo, Italy; STEMBIO-Università di
Palermo; DICA-Università di Palermo, Italy

Vascular Tissue engineering (VTE) has emerged as a promising
approach to develop blood vessel substitutes. Investigators have
explored the use of arterial tissue cells combined with various types of
natural and synthetic scaffolds to make tubular constructs in order to
develop a functional small-diameter arterial replacement graft. The
grafts must mimic the unique viscoelastic nature of an artery and be
non-disruptive to blood ?ow. Moreover, after implantation, the scaffold
must be gradually populated by cells and replaced by extra cellular
matrix; with this respect, it is crucial that this replacement takes place
with a well-defined timescale. In this work tubular scaffolds for VTE
were produced via Diffusion Induced Phase Separation. Several PLA/
PLLA blends (100/0, 90/10, 75/25 wt/wt) were utilized in order to
tune the crystallinity of the scaffolds and thus the rate of biodegrada-
tion. In-Vitro biological tests were carried out in order to estimate the
non-cytotoxicity of the scaffolds and endothelial cell proliferation
inside them. The results showed that the scaffolds present an open
structure across the thickness of their walls, a high level of porosity
(over 70%) and a homogeneous internal surface with micropores 1–
2 lm large. Biological tests showed that scaffold do not induce cell tox-
icity; cells are able to grow and proliferate into the scaffold covering its
internal surface, so they can be considered suitable for the application
for the designed aimed.

22.P06
Functional tissue engineering of small diameter
vascular graft using circulating sheep endothelial
and smooth muscle progenitor cells
L Krishnan, R Ramesh, S Columbus and K Krishnan
Biomedical Technology Wing, Sree Chitra Tirunal Institute for
Medical Sciences & Technology, India

Biodegradable polymers are good scaffold material for vascular tissue
engineering. Since many of these polymers have poor cell adhesion
properties, biodegradable scaffolds may be modified with extra cellu-
lar matrix (ECM) proteins to get good cell adhesion and survival.
The cues in ECM may influence the maintenance of cells in the opti-
mum phenotype. Fully functional endothelium and smooth muscle
layers are critical for the patency of vascular grafts. Most desirably,
ECs should be antithrombotic and SMCs contractile for proper tissue
function. We did functional tissue engineering to construct small
diameter vascular graft (SDVG) using fibrin-coated PCL and circulat-

ing sheep progenitor cells grown under dynamic flow condition. Cells
in the constructs were analyzed by scanning electron microscopy after
in vitro culture. The EC on the luminal surface got aligned to the
direction of flow under shear stress. The nitric oxide (NO) released
into the medium indicating functional EC phenotype. The hemocom-
patibility of EC-seeded lumen was tested by perfusion of human
platelet rich plasma (PRP). The results were promising with no plate-
let adhesion to EC monolayer. On the outer graft surface, smooth
muscle cells aligned across the direction of flow and indicated con-
tractile phenotype. But with increased walll thickness SMC also
aligned towards the direction of flow. Prolonged culture of TEVG was
found to induce ECM synthesis suggesting generation of media-like
layer of blood vessel.

22.P07
Engineering chitosan using sebacic acid: A novel
wound dressing material
G Sailakshmi, T Mitra, A Gnanamani and AB Mandal
Central Leather Research Institute, India

Introduction: Transformation of biopolymers to biomaterial faces chal-
lenges like solubility, stabilizers, strength, biocompatibility, thermal sta-
bility. Though the biomaterials prepared till date may possess various
properties, biocompatibility property has not yet achieved. In the pres-
ent study, an attempt was made on to engineer chitosan using sebacic
acid (SA) and evaluated its potential as wound dressing material in
animal open wound models.
Materials and Methods: Chitosan was mixed with SA in water and the
resultant homogenous solution was transformed to 3D scaffold and
subjected to test as wound dressing material in animal models. Wound
contraction, collagen synthesis, histological examination of granulation
tissue with respect to days was the experimental parameters studied.
Results: Wound contraction and complete healing of wound was
observed within 16 days for the SA engineered chitosan (SAEC) com-
pared to chitosan alone (19 days) and Control (22 days). H& E stain-
ing of granulation tissue displayed recruitment of neutrophils during
initial phase in the experimental groups. Further, the quantity of colla-
gen deposition during remodeling phase substantiates the early healing
and could be reasoned to the healing environment provided by the
SAEC. Examinations on tensile strength of the healed skin suggested,
the skin gained its original tensile properties.
Conclusion: SAEC acts as a potential biocompatible wound dressing
material and tissue engineering research.

22.P08
Genipin cross-linked poly(epsilon-caprolactone)/
collagen scaffolds for vascular graft applications
G Niu, E Sapoznik, T Criswell, SJ Lee and S Soker
Institute for Regenerative Medicine, Wake Forest University, USA

Introduction: Glutaraldehyde (GA) used for cross-linking has a major
disadvantage due to its toxicity upon scaffold’s degradation. Genipin
(GN) is an effective cross-linker that exhibits significantly less cytotoxic-
ity than GA. The purpose of this study was to compare vascular scaf-
folds cross-linked with GA and GN.
Methods: Electrospun scaffolds, fabricated from poly (epsilon-caprolac-
tone) (PCL)/collagen, were cross-linked with GA and GN. Bi-layered
scaffold cross-linked with GN was also fabricated. MS-1 was seeded on
the denser side of the bi-layered scaffold (fiber diameter 0.30 lm) and
10T1/2 on the porous side (fiber diameter 2.80 lm). The penetration
of 10T1/2 was measured over a 3-week period.
Results: The mechanical properties of the scaffolds cross-linked with
GA or GN were both stable for a month, without a significant decrease
in modulus. Compared with GA, scaffolds cross-linked with GN dis-
played higher tensile stress and burst pressure. MS-1 and 10T1/2 cells
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seeded on both types of scaffolds, showed better proliferating on GN
cross-linked scaffold. MS-1 seeded on one side of the scaffold, signifi-
cantly enhanced 10T1/2 penetration into the scaffold, when compared
scaffolds seeded without MS-1.
Conclusion: These results indicated that GN is a promising and
improved cross-linking chemical for fabrication of composite vascular
graft.

22.P09
An entirely biological tissue-engineered human
blood vessel available off-the-shelf
M Tondreau, JM Bourget, V Laterreur, M Fortin, C Bouchard,
V Cattan, D Lacroix, L Germain and FA Auger
LOEX / Laval University, Canada

There is presently a lack of available synthetic small diameter vascular
graft. Therefore, we created a self-assembly tissue-engineered vessel
from human dermal fibroblasts. Briefly, fibroblasts were cultured with
ascorbic acid to induce the secretion of collagen and the ensuing forma-
tion of cellular sheets. The sheets were rolled around a 1.5 mm man-
drel and allowed to fuse during a maturation phase. The vessels were
decellularised in deionized water with no other agent and the decellu-
larised fibroblast vessels (DFV) were then conserved at 4 �C. We
assessed the mechanical properties including the burst pressure. The
human DFVs were implanted as infrarenal aortic interpositional grafts
in Sprague-Dawley rats over a 4-month period. The DFVs had a burst
pressure of 2257 ± 325 mm Hg, a failure strain of 90 ± 12%, a
Young’s modulus of 1.3 ± 0.2 MPa, and an ultimate tensile strength of
0.7 ± 0.1 MPa. Interestingly, the properties were maintained following
conservation of the graft at 4 �C for 4 months. Grafted rats did not
show any signs of ill health and the grafts were still functional
4 months post-implantation. Histological analysis revealed that DFVs
supported the growth of an endothelium and a media. We believe that
the simplicity of such a graft and the low immunogenic properties of fi-
broblasts allowed human DFVs to be implanted in rats without immu-
nosuppression. A conservative estimate suggests that a single skin
biopsy could be sufficient to produce thousands of DFVs.

22.P10
Three-dimensional collagen/elastin scaffolds for
vascular tissue engineering: influence of static
and dynamic conditions on bio-mechanical
performances
F Boccafoschi, M Ramella, C Mosca, A Bandiera
and M Cannas
Human Anatomy Laboratory, Department of Life Sciences,
University of Piemonte Orientale ItalyDepartment of Life Sciences,
University of Trieste, Italy

Introduction: Due to the ideal biological properties, the use of natural
materials for vascular tissue engineering applications represents the
gold standard.We present a collagen/elastin three-dimensional scaf-
fold, with ideal biological properties, able to maintain the contractile
phenotype of smoothmuscle cells. Moreover, the bio-mechanical perfor-
mances have been improved bymechanical stimulation in a bioreactor.
Materials and methods: Collagen type I was mixed with a suspension of
water soluble elastin obtained by recombinant DNA technology. Murine
myoblasts (C2C12) and human aortic smooth cells (HAEC) were
added to the collagen/elastin matrix and the suspension was poured in
a cylindrical mold.A bioreactor (Bose Corp, USA) was used to set up
the shear stress. Proteins expression involved in cells proliferation, dif-
ferentiation and extracellular matrix remodeling was investigated. The
Instron 5564 testing Instruments (Instron Corporation, USA) was used
for mechanical tests.

Results: Cells seeded into the 3D scaffold were constantly viable.A myo-
genic differentiation (Myf5, Myogenin and MHC) was enhanced in
presence of elastin. Moreover, the dynamic environment considerably
improved the mechanical properties of the scaffold showing a signifi-
cant ECM remodeling.
Conclusions: Collagen/elastin 3D scaffolds are a viable way to recreate
the structure of native vessels, able to maintain the cellular functions
and remodel the ECM structure when in presence of a dynamic envi-
ronment

22.P11
Application of topography to enhance
endothelialization in small diameter vascular
graft of poly(vinyl alcohol)
MFA Cutiongco, MH Tan, RKT Choo, P Ho, C le Visage
and EKF Yim
Division of Bioengineering, Faculty of Engineering, National
University of Singapore; Department of Cardiovascular and
Thoracic Surgery, National University Health System;
Department of Surgery, Yong Loo Lin School of Medicine,
National University of Singapore, Singapore; Bio-ingénierie
Cardiovasculaire, INSERM U698, France; Mechanobiology
Insitute, National University of Singapore, Singapore

The occlusion of peripheral arteries often leads to ischemia in the distal
limb, thus requiring arterial replacement. However, bypass of small
diameter (<6 mm) arteries is hindered by thrombogenicity and low
patency of synthetic grafts. Topography is known to improve adhesion
and proliferation of endothelial cells in vitro. Thus, it is hypothesized
that topography will aid endothelialization of synthetic grafts and
tissue remodeling, improving functionality and long term patency. Poly
vinyl alcohol (PVA) is a biocompatible and nonthrombogenic water sol-
uble polymer. Preliminary study demonstrated good mechanical prop-
erties and short-term patency of PVA in the rat aorta, though without
endothelialization. In our study, we aim to create a small diameter PVA
scaffold with topography to improve in situ endothelialization and
patency.PVA crosslinked with sodium trimetaphosphate and NaOH was
patterned with micro (2 lm width, gap, height) and nano (250 nm)
gratings through solvent casting. When tested with human umbilical
vein endothelial cells, enhanced cell adhesion and higher cell density
were observed on micro- and nanopatterned PVA scaffolds compared
to unpatterned PVA. Also cells on patterned PVA appeared to be more
spread, which is a potential precursor of a confluent endothelial mono-
layer. Patterning was also done on PVA to create a tubular scaffold
which show promise as a small diameter vascular graft. In vivo studies
must be done to verify its efficacy and long-term patency.

22.P12
Initial wash-out of antimicrobial cocktails from
acellular vascular grafts
K Owen, SP Wilshaw, S Homer-Vanniasinkam, RA Bojar, H Berry
and E Ingham
iMBE, University of Leed, Leeds General Infirmary, UK; Evocutis
Plc, Tissue Regenix Ltd, UK

Graft infections are a severe complication of vascular surgery with sig-
nificant morbidity and mortality. To minimise infection risk, surgeons
may soak synthetic conduits in an antimicrobial (AM) cocktail prior to
implantation. We have developed acellular porcine arterial conduits
with a view to future clinical translation. The aim of this study was to
load Dacron (synthetic material) and the acellular vascular conduit
with clinically relevant antimicrobial (AM) cocktails including rifampi-
cin/tobramycin, vancomycin/levofloxacin, rifampicin/levofloxacin and
investigate the elution of AM from the materials. Conduit segments
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(1 cm) were submerged in 1 mg ml-1 of AM cocktail for 5, 15 or
30 min. Following loading, the segments were washed thrice in saline.
Antibiotics remaining in the cocktail after loading and in each wash
were quantified using high performance liquid chromatography. Disks
of each material after loading and after each wash were tested using
the disk diffusion assay with Staphylococcus epidermidis and Escherichia
coli over 3 days to determine the antimicrobial activity remaining in
the disks. Small quantities of antibiotics were washed out (less than
1 lg at each wash) with the majority retained in the materials. There
was a slight difference the AM agents released when comparing differ-
ent loading times, however this was not significant. Future studies will
investigate the longer term elution from and antimicrobial activity of
AM from vascular material.

22.P13
Ester based degradable thermoplastic
polyurethanes for electrospun vascular
prostheses
SC Ligon, S Baudis, K Seidler, P Potzmann, C Grasl, H Bergmeister,
H Schima, J Stampfl, R Liska and B Husar
Institute for Applied Synthetic Chemistry, TU Vienna, Austria;
Center for Biomedical Engineering and Physics, Medical
University of Vienna; Core Unit for Biomedical Research, Medical
University of Vienna; Institute for Materials Science and
Engineering, TU Wien, Austria

Thermoplastic polyurethanes (TPU) are widely used in a variety of
medical applications including dialysis tubing and pace maker casings.
Good biocompatibility and elastomeric mechanical properties make
TPUs a viable replacement for plastics currently used as vascular grafts
(ePTFE, PET). Use of ester based chain extenders provides TPUs with
sites for biodegradation, a potentially useful feature when rate of
decomposition can be matched to that of tissue regeneration. A series
of aliphatic and cycloaliphatic isocyantaes have been polymerized with
ester based chain extenders to give TPUs with mechanical performance
(modulus, tensile strength, percent elongation) comparable to that of
native blood vessels. Rate of degradation was approximated at elevated
temperature and found to be slower for the cycloaliphatic based TPUs.
Degradation products were synthesized and tested in assays with HU-
VECs. Materials with promising performance were electrospun and col-
lected as narrow bore tubes. Electrospun prostheses were implanted
into rats to replace the infrarenal aorta. The grafts were explanted after
six months and found to be compliant in all cases. Good endothelializa-
tion indicates that slow biodegradation may be a useful feature for vas-
cular graft materials.

22.P14
Biologically modified bilayered antimicrobial
polycaprolactone scaffolds for small diameter
vascular graft applications
KK Krishnan, CS Columbus and KL Krishnan
Biomedical Technology Wing, Sree Chitra Tirunal Institute for
Medical Sciences & Technology, India

Biodegradable polymers have been investigated in vascular tissue engi-
neering as scaffolds with tailored mechanical properties, degradation
kinetics, optimum porosity supporting cell growth and tissue regenera-
tion capacity enabling interaction with the host tissue facilitating heal-
ing process withstanding infection. We have investigated the feasibility
of silver nanoparticle incorporated poly(�-caprolactone) scaffolds as
small diameter vascular grafts. Bi-layered tubular scaffolds of 4 mm
diameter were fabricated by solvent casting of polymer-porogen solu-
tion and particulate leaching on the lumen side followed by electros-

pinning on the outer surface. Porosity characteristics of the scaffolds
were quantitatively analyzed using microcomputed tomography tech-
nique and optimized for tissue integration. The morphological, antimi-
crobial and mechanical properties of the developed Ag-PCL scaffolds
were also evaluated. The ability of biologically modified SNP-PCL to
improve tissue integration was demonstrated by growing sheep smooth
muscle cells and fibroblasts. The mechanical property of the antimicro-
bial tissue engineered scaffold was found to be superior when evalu-
ated using Universal Testing Machine (UTM).
Acknowledgements: The authors wish to acknowledge The Director and
Head BMT wing for the facilities provided for carrying out this work.
The authors would like to acknowledge the financial support from
DBT, Govt. of India.

22.P15
Influence of fiber diameter and surface
roughness of electrospun vascular grafts on
blood activation
V Milleret, T Hefti, H Hall, V Vogel and D Eberli
ETHZ, Switzerland; USZ, Switzerland

Electrospun grafts are widely investigated for vascular graft replace-
ment due to their ease and compatibility with many natural and syn-
thetic polymers. Here, the effect of processing parameters on scaffold’s
architecture and subsequent blood reactions blood triggered by contact-
ing these topographies were studied. Degrapol electrospun fibrous scaf-
folds were characterized with regard to fiber diameter, pore area and
scaffold roughness. The study showed that electrospinning parameters
greatly affect fiber diameter together with pore dimension and overall
scaffold roughness. Coagulation cascade activation, early platelet adhe-
sion and activation were analyzed after two hours exposure of blood to
the biomaterials. Blood reactions were observed to be dependent on
the fiber diameter and scaffold roughness. Scaffolds composed of thin
fibers (diameter <1 lm) triggered very low coagulation and almost no
platelet adhered. On the other hand, scaffold with bigger fiber diame-
ter (2–3 lm) triggered higher thrombin formation and more platelets
adhered. The highest platelet adhesion and activations rates as well as
coagulation cascade activation were found for the scaffolds with the
biggest fiber diameter (5 lm).These findings might indicate that elec-
trospun grafts with small fiber diameter (<1 lm) could perform better
with a reduced early thrombogenicity.

22.P16
Evaluation of the interaction between
decellularized artery structures and cell behavior
J Negishi, S Funamoto, Y Hashimoto, K Nam, T Kimura, T Uchida,
T Higami and A Kishida
Institute of Biomaterials and Bioengineering, Tokyo Medical and
Dental University, Japan; Department of Thoracic and
Cardiovascular Surgery, Sapporo Medical University School of
Medicine; The Chemo-Sero-Therapeutic Research Institute, Japan

Vascular grafting is a common surgical procedure, which has problems
such as deficiency in supply and lack of blood compatibility. So, the
development of more riskless grafts is eagerly anticipated. As a candi-
date of the new graft material, decellularized arteries were widely
investigated. In this study, we focused on the interaction between vas-
cular structure and cell infiltration. The component ratio of collagen
and elastin become varied the position of artery. To investigate the
interaction between the structure difference and cell interaction, we
prepared decellularized arteries (aorta, carotid artery and radial artery)
and evaluated by in vitro and in vivo experience test. The fibroblast
seeded on the decellularized arteries infiltrated into the radial artery
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after 24 h, but the cells seeded on the carotid artery and aorta didn’t
infiltrate the vessels. The endothelial cells seeded on the intima side of
the artery, the cells were covered the artery surface after 24 h, mean-
while the cells seeded on the adventitia side of the arteries attached
but did not spread. In vivo behavior of the cells followed a similar pat-
tern of in vitro experiment. These results indicated that the elastic lam-
ina of the arteries obstructed cell infiltration, and the artery surface
side was important to the cell behavior. This knowledge appears to be
a promising contribution with regard to prepare decellularized vascular
grafts.

22.P17
Electrospinning fibers with adjustable orientation
C Grasl, M Arras, H Bergmeister, M Stoiber and H Schima
Center for Medical Physics and Biomedical Engineering, Med.
Univ. Vienna, Austria; Division for Biomedical Engineering, Med.
Univ. Vienna; Ludwig Boltzmann Cluster for Cardiovascular
Research, Austria; Department of Cardiac Surgery, Med. Univ.
Vienna, Austria

Introduction: Conventional electrospinning setups suffer from random
fiber deposition. Controllable fiber orientation is particularly of interest
for tissue engineering to mimic the mechanical and dimensional prop-
erties of the natural extracellular matrix.
Materials and Methods: A basic electrospinning setup was upgraded by
two rotatable plate-like auxiliary electrodes, operated with adjustable
high voltage potential in order to generate a gradient electric field.
Polyurethane was electrospun on a rotating conductive aluminumman-
drel and fiber deposition was investigated at various speeds, with and
without the use of auxiliary electrodes.
Results: By introducing the auxiliary gradient field it was possible to
diminish jet instabilities and improve fiber alignment. At collecting
speeds of v = 3.6 m/s ninety-five percent of the fibers had a fiber devi-
ation of less than 1� in comparison to 60� at the same speed without
the use of auxiliary electrodes. The electrospinning jet was constrained
in a focusable plane between the auxiliary electrodes also facilitating a
fiber orientation perpendicular to the rotational direction of the target.
Nanoscopical alignment and straightness was demonstrated with rotat-
ing targets at 4.5 m/s.
Conclusions: This technique offers considerable improvement of fiber
placement and alignment. The bending instability, one shortcoming of
electrospinning’s controllability, could be substantially diminished.

22.P18
Electrospun vascular scaffold for engineering
cellularized small diameter blood vessel
J Arenas-Herrera, HH Ahn, YM Ju, T Hill, I El-Amin, A Atala,
JJ Yoo and SJ Lee
Wake Forest Institute for Regenerative Medicine, USA

Vascular tissue engineering strategies have been successfully
employed to create functional small-diameter tubular grafts by com-
bining cells with a scaffold material. Addition of vascular cells, such
as endothelial cells, onto scaffolds has been shown to maintain
patency of implanted grafts. While it is evident that cells play a
major role in achieving patent vessels, vascular scaffolds, which serve
as cell carriers and provide structural support, contribute to the ulti-
mate success of engineered grafts. We previously have shown that an
electrospun vascular scaffold, composed of a poly (�-caprolactone)
(PCL)/collagen is able to withstand physiological vascular conditions.
In this study we examined whether fully cellularized vascular grafts
could be created. Smooth muscle (SMC) and endothelial cells (EC)
were seeded at various concentrations on the exterior and internal
surfaces of vascular graft, respectively. The cell seeded vascular scaf-

folds were preconditioned in a programmed perfusion bioreactor
under various flow conditions for up to 14 days. SMC seeding at a
concentration of 108 cells/ml resulted in a robust, confluent multi-
cellular layer on the outer surface of scaffold. Uniform coverage of
EC was achieved when the cells were seeded multiple times with
the rotation of vascular scaffold. These results show that our system
is capable of generating fully cellularized vascular constructs for
potential in-vivo applications.

22.P19
Selective grafting of amines by microwave
plasma on PVA scaffolds promotes cell growth
JM Ino, P Chevallier, D Mantovani, D Letourneur
and C le Visage
Inserm U698/University Paris, France; Laboratory for
Biomaterials and Bioengineering, Laval University, Canada

Synthetic grafts are successfully used to replace large-diameter dam-
aged blood vessels. However, small-caliber substitutes are still needed,
mainly due to the lack of lumen endothelialization. We developed a
PVA hydrogel with mechanical properties close to those of arterial ves-
sels, but this scaffold did not support cell growth. The purpose of the
study was to demonstrate the efficiency of amine grafting by nitrogen
plasma to promote cell colonization on PVA. PVA substrates were pre-
pared by chemical crosslinking with sodium trimetaphosphate, using a
casting process. Resulting dried films were subjected to a H2/N2micro-
wave plasma treatment for 5 min. Surface modifications were charac-
terized with contact angle, XPS and AFM analyses. Human endothelial
cells (EAhy.926) viability on films were investigated using a calcein
assay and assessed with fluorescence microscopy.Surface analyses evi-
denced amines on the plasma-modified films and an increase in wetta-
bility. AFM results indicated no etching nor changes in roughness. Few
cells were observed on PVA films and they did not proliferate. On the
contrary, higher cell densities were observed on treated PVA. Moreover,
cells on PVA remained discoid while cells cultured on treated PVA were
highly spread.Amine functionalization of PVA substrates was efficiently
achieved using a nitrogen plasma treatment and resulting films allowed
successful cell culture.

22.P20
Non-contact measurement of blood vessel
stiffness and its utility in vascular tissue
engineering
S Schrammel, G Huber, A Liebold, C Schmid
and M Hoenicka
Ulm University Medical Center, Dept. of Cardiothoracic and
Vascular Surgery, Germany; University of Applied Sciences
Regensburg, FB Maschinenbau, Germany, University of
Regensburg, Krankenhaus Barmherzige Brüder, Klinik St.
Hedwig, Dept. of Obstetrics and Gynecology, Germany

Introduction: Monitoring mechanical properties is one of the yet unre-
solved problems of vascular tissue engineering. We implemented and
experimentally verified a non-contact method to determine vessel stiff-
ness during perfusion.
Materials and Methods: A dynamic signal analyzer (DSA) generated fil-
tered white noise (0–200 Hz) to drive a linear motor which in turn
actuated the perfusion compartment of a vessel chamber via a gas-tight
syringe. Vibrations of native or decellularized human umbilical veins
(HUV, 6 cm in length) and the effective motor movements were
recorded by triangular lasers and Fourier-analyzed by the DSA. Mode
shapes were established, and vessel stiffness was monitored during pro-
teolysis for 120 min.
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Results: HUV showed one or two natural frequencies (NF) in the range
of 5–50 Hz. Modal analysis indicated that signal amplitudes are best
measured at approx. 20% of the length, although NF determination
was independent of the location of measurement. NF of HUV decreased
over time during collagenase (-35%) or elastase (-45%) treatment, but
remained stable in the absence of proteolytic enzymes. NF of decellular-
ized HUV decreased more rapidly initially due to a quicker onset of
matrix degradation.
Conclusions: NF can be utilized to monitor vessel stiffness in a non-
destructive way. The required equipment is small and robust enough to
be integrated into perfusion bioreactors. This will facilitate engineering
vessels with specific mechanical properties.

22.P21
Healing characteristics of nanostructured,
bioresorbable vascular substitutes
H Bergmeister, C Grasl, M Stoiber, C Schreiber, N Seyidova,
I Walter, D Bernhard, SC Ligon, R Liska and H Schima
Ludwig Boltzmann Cluster for Cardiovascular Research, Division
of Biomedical Research, Medical University Vienna, Austria;
Center for Medical Physics and Biomedical Engineering, Medical
University Vienna, Austria

The success of novel approaches using biodegradable materials for
small diameter vessel reconstruction is often limited by insufficient
biomechanical properties and by host immunological reactions. We
investigated a new, biodegradable thermoplastic polyurethane for
application as graft material. Grafts have been manufactured consider-
ing pore size and porosity optimization to facilitate vascular specific
host cell infiltration and survival. After evaluation of biocompatibility
in-vitro (HUVEC seeding, XTT assay) we evaluated short (1 week)
and long term (1, 6, 12 months) performance of these conduits in-
vivo in a rat model and compared it with ePTFE controls. Retrieved
specimens were analyzed by biomechanical analysis and various histo-
logical techniques. ETPU grafts showed significantly higher endothe-
lial cell attachment and proliferation than ePTFE grafts (p < 0.01) in-
vitro.At all time points eTPU prostheses revealed significantly higher
numbers of vascular specific cells in the conduit wall (p < 0.01.All
eTPU grafts stayed patent without evidence of aneurysms or clots.
Degradable grafts showed wall sections with complete remodeling.
Tensile strength of eTPU grafts showed a decrease within 12 months
but stayed within the physiological biomechanical values of host ves-
sels. Degradable eTPU grafts reveal good long term performance. Bio-
mechanical properties of the grafts seem to be sufficient to guarantee
safe temporary vascular replacement during the remodeling period of
the prostheses.

22.P22
Polymer blends for vascular tissue engineering
V Chiono, I Carmagnola, E Ciraolo, E Hirsch and G Ciardelli
Department of Mechanical and Aerospace Engineering,
Politecnico di Torino, Italy; Department of Genetics, Biology and
Biochemistry, Centro di Biotecnologie Molecolari, Università di
Torino, Italy

Blending has been widely used to control the properties of polymers.
Poly(L-lactic acid) (PLLA) is a FDA approved polymer used in many tis-
sue engineering applications, such as bioresorbable stents. Previous
clinical trials showed that PLLA stents have a bioresorption time of
around 24 months and lose radial strength after 3–6 months depend-
ing on stent design. Blending PLLA with a suitable polymer could
improve the material mechanical properties and increase its bioresorp-
tion rate. Blends between PLLA (Mw 258.7 kDa) and poly (DL-lactide-
co-glicolide) (PLGA; LA: GA 75:25, Mw: 76–115 kDa) were prepared

at various compositions and characterized for their physicochemical
properties. PLLA/PLGA 75/25 wt/wt. blend was selected due to its
superior mechanical properties. The physicochemical properties of
PLLA/PLGA 75/25 blend compatibilised with either 1–3% polycapro-
lactone (PCL), PCL-co-PLA or PGA-co-PLA were compared. Compatibi-
lised blends generally showed a more ductile mechanical behavior and
a higher compatibility between the phases as compared to the uncom-
patibilised blend. The blend compatibilised with 2%PCL was selected
for its superior mechanical properties. Tacrolimus was incorporated
into the blend and in vitro release tests were performed. The effect of
drug release on in vitro endothelial cell proliferation was studied. The
blend is a promising material for drug eluting bioresorbable
stents.NANOSTENT (Regione Piemonte Project) and FIRB2010 pro-
jects are acknowledged.

22.P23
Rapid host remodeling transforms synthetic
grafts into arteries in situ
Y Wang, W Wu and R Allen
University of Pittsburgh, USA

Host remodeling is important for the success of medical implants
including vascular substitutes. Synthetic and tissue-engineered grafts
have yet to show clinical effectiveness in arteries smaller than 5 mm.
We designed a synthetic vascular graft that degrades rapidly to yield
neo-arteries nearly free of foreign materials 3 months after interposi-
tion grafting in rat abdominal aorta. This design focuses on enabling
rapid host remodeling. The synthetic graft has a highly porous tubular
core made of poly glycerol sebacate and a thin fibrous sheath made of
polycaprolactone . We coated the grafts with heparin and implanted
them directly without cell seeding and culture. Three months post-
implantation, the neo-arteries resemble native arteries in the following
aspects: regular, strong and synchronous pulsation, a confluent
endothelium and contractile smooth muscle layers, co-expression of
elastin, collagen and glycosaminoglycan, and tough and compliant
mechanical properties. This approach represents a philosophical shift
from the prevailing focus on cells in vascular tissue engineering, and
may impact regenerative medicine in general.

22.P24
Influence of cyclic strain on endothelial colony
forming cells; relevance for in-situ vascular tissue
engineering
ES Fioretta, FPT Baaijens and CVC Bouten
Eindhoven University of Technology, The Netherlands

In situ vascular tissue engineering aims at capturing cells that can dif-
ferentiate inside a scaffold into vascular phenotypes. Endothelial Col-
ony Forming Cells (ECFCs) express endothelial markers but, under the
influence of TGFb1, they can transdifferentiate into smooth muscle-like
cells. Here we test whether ECFC transdifferentiation can also be
achieved via cyclic strain.Human ECFCs were conditioned for 5 days
on FlexCell plates with uniaxial cyclic strain (5%, 1 Hz). Control
groups were cultured statically in the presence or absence of TGFb1.
Cell fate was assessed by analyzing CD31, aSMA, cytoskeleton organi-
zation, and collagen production. Strained ECFCs showed a typical
strain-avoidance behavior by developing a well organized cytoskeleton
aligned orthogonally to the strain direction. Collagen type III was orga-
nized in thick bundles parallel to strain direction, while static controls
showed randomly oriented fibers. Collagen type IV was similarly dis-
tributed on the substrate for each group.In all the samples, ECFCs
expressed CD31 at cell membrane and perinuclear unorganized aSMA.
Flow cytometry assays showed no differences in the expression of these
markers between groups. These preliminary results indicate that ECFCs
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are mechanosensitive but transdifferentiation was not achieved. Future
studies should determine the possibility to induce ECFC transdifferenti-
ation by extending the conditioning time or by combining mechanical
and biochemical cues.

22.P25
Rat peritoneal cavity ‘bioreactors’ and
hyaluronan modified scaffolds to grow vascular
replacements
CA Bashur, MJ Eagleton and A Ramamurthi
Cleveland Clinic, USA

Strategies to overcome inherently poor elastic matrix synthesis by adult
smooth muscle cells are critical to engineer functional small-diameter
vascular grafts. Thus, we aimed to recruit young, autologous cells
within peritoneal cavity ‘bioreactors.’ We determined the role of scaffold
composition and elastogenic hyaluronan oligomer (HA-o)–functional-
ization on recruited cell phenotype and matrix synthesis. Conduits were
electrospun from solutions of 22% w/v poly(�-caprolactone) (PCL) and
(75/25) PCL/collagen blend. They were incubated with or without HA-
o (n = 6), inserted into a pouch and then rat peritoneal cavities for 14,
28, or 42 days, and removed for analysis (e.g. TEM, PCR) or intra-aor-
tal grafting. Recruited peritoneal cells produced highly cellular, HA-rich
fibrous capsules. Cells infiltrated within PCL conduits, with higher infil-
tration (p < 0.001) and total cellularity (p = 0.08) for the largest fiber
diameters conduits (2.1 ± 0.8 vs. 1.0 ± 0.5 lm). Macrophages, a-
smooth muscle actin expressing fibroblastic cells, and an outer layer of
mesothelial cells were present. Cellular collagen synthesis after 14 day
was higher (p = 0.015) on the PCL vs. blended conduits, but elastin
deposition was limited. HA-o modification provided a noticeable but
insignificant (p = 0.39) decrease in cellularity at 14 day, though matrix
generation was unaffected. Remodeling after aortal grafting was dem-
onstrated. We expect more pronounced changes over longer implanta-
tion times, which we are now investigating.

22.P26
Possibility of cell therapy for aortic aneurysm
A Yamawaki-Ogata, X Fu, R Hashizume, H Oshima, A Usui
and Y Narita
Department of Cardiothoracic, Nagoya University Graduate
School of Medicine, Japan

Aim: The pathogenesis of aortic aneurysm (AA) is degradation of extra-
cellular matrix with increased matrix metalloproteinase (MMP) and
loss of structural integrity of the aortic wall. We have reported that
implantation of ‘cell sheet’ composed of bone marrow derived mesen-
chymal stem cell (BM-MSC) which have immunosuppressive, anti-
inflammatory and tissue repair properties, inhibits AA progression in
mice (J Vasc Surg 2012;54:1743). In this study, we investigated the
effect of adipocyte derived mesenchymal stem cell (AD-MSC) and der-
mal fibroblast (D-FB) for treatment of AA in comparison with BM-
MSC.
Methods: BM-MSC, AD-MSC, D-FB and aortic tissue were obtained
from 6–8 weeks old C57BL/6J mice. These cells are investigated cell
surface markers and pluripotency. We established ex vivo AA model by
aortic tissue culture. The aortic tissue was co-cultured with BM-MSC,
AD-MSC or D-FB and measured the content of elastin and expression
of MMP-2, -9 in aortic wall.
Results: BM-MSC and AD-MSC were positive for Sca-1, CD44, CD73,
CD106 and negative for CD11b, CD29, CD31, CD34, CD45, CD117,
and they have pluripotency. However, D-FB was negative for CD73,
and it dose not have pluripotency. In an ex vivo AA model showed that
aortic tissue was significantly preserved elastin and decreased MMP-2
by co-cultured with BM-MSC, AD-MSC or D-FB.

Conclusion: Our results suggested that AD-MSC and D-FB, which can
be obtained easier than BM-MSC, might be alternative cell sources for
treatment of AA.

22.P27
Endothelial differentiation of human dermal
fibroblasts
JPE Junker, S Lönnqvist, J Rakar, LK Karlsson, M Grenegård
and G Kratz
Brigham and Women’s Hospital, Harvard Medical School, USA;
Faculty of Health Sciences, Linköping University, Sweden;
University Hospital of Linköping, Sweden

Vascular tissue engineering strives for the production of functional
grafts for clinical use. The addition of a cellular component will aid in
obtaining functional constructs. Using adult stem cells for this purpose
introduces several difficulties in regards to efficiency of both isolation
and expansion, as well as the morbidity and discomfort associated with
the harvest procedure. Fibroblasts can differentiate towards several dis-
tinct lineages, and given the standardized isolation procedure and
favorable growth kinetics, may serve as an alternate source to autolo-
gous endothelial cells. The present study investigates the endothelial
differentiation of human dermal fibroblasts in regard to genome-wide
expression, protein expression and function. Differentiation was
induced by subjecting fibroblasts to human serum. Differentiated fibro-
blasts displayed increased expression of proteins and genes associated
with endothelial differentiation and function. 1038 genes were signifi-
cantly up-regulated, including fundamental endothelial cell markers
such as angiotensin II receptor, vascular endothelial cadherin, prosta-
glandin E synthase, vascular endothelial growth factor receptor 2, von
Willebrand factor. Moreover, increased uptake of low-density lipopro-
tein and the formation of capillary-like networks were shown. The
results of this study imply that endothelial differentiation of dermal fi-
broblasts is possible, and may have an impact on cell sourcing for vas-
cular tissue engineering.

22.P28
Bilayered electrospun vascular grafts for
improved tissue regeneration and reduced blood
leakage
S de Valence, JC Tille, JP Giliberto, W Mrowczynski, B Walpoth,
R Gurny and M Möller
School of Pharmaceutical Sciences, University of Geneva,
University of Lausanne, Switzerland; Division of Clinical
Pathology, University Hospital of Geneva, Switzerland; Division
of Cardiovascular Surgery, University Hospital of Geneva,
Medical Faculty, University of Geneva, Switzerland

Shelf-ready synthetic biodegradable vascular grafts are promising alter-
natives to autologous vascular material for small diameter vascular
replacements in the clinic. In this study, bilayered vascular grafts with
two distinct micro-architectures were prepared and evaluated. The bi-
layered grafts were made by electrospinning polycaprolactone into a
high porosity graft and adding a low porosity barrier layer either on
the luminal or the adventitial side. Grafts were characterized in vitro
for fiber size, pore size, total porosity, water and blood leakage,
mechanical strength, burst pressure, and suture retention strength. The
two types of grafts were then evaluated in vivo in the rat abdominal
aorta replacement model for 3 and 12 weeks. The in vitro blood leak-
age through these barrier grafts was significantly reduced compared to
the single layer high porosity graft. In vivo, the cell invasion at 3 and
12 weeks (6.4 ± 2.3% and 12.5 ± 0.7% for the outside barrier grafts
vs. 23.5 ± 5.5% and 35.3 ± 5.3% for the inside barrier grafts) and
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neovascularization at 3 weeks (3.2 ± 1.1 vs. 14.7 ± 3.1 capillaries/
field of view) was significantly reduced in outside barrier grafts, but
there was no significant difference between the grafts for endothelial-
ization rate or intimal hyperplasia. Multi-layered grafts are therefore
promising approaches for achieving optimal tissue regeneration in syn-
thetic biodegradable vascular grafts, while avoiding the problem of
blood leakage during surgery.

22.P29
Subcutaneous implantation of polymer rods for
the development of an in vivo tissue engineered
blood vessel for hemodialysis vascular access
TC Rothuizen, F Damanik, T Lavrijsen, MAJ Cox, L Moroni
and JI Rotmans
Department of Nephrology & Einthoven Laboratory for Vascular
Experimental Medicine, Leiden University Medical Center, The
Netherlands; Department of Tissue Regeneration, University of
Twente, The Netherlands; QTIS/e BV, The Netherlands

Introduction: Vascular access is the Achilles heel of hemodialysis due to
stenosis and thrombosis. The development of an autologous tissue

engineered blood vessel (TEBV) may circumvent this. We present a
novel in vivo tissue engineering approach, in which the tissue engi-
neered blood vessel is grown directly in the body.
Materials and methods: Cylindrical polymer rods were developed that
upon implantation evoke a foreign body response leading to the forma-
tion of a fibrocellular capsule around the rod. After extrusion of the rod
and implantation into the vasculature this tissue engineered structure
will transdifferentiate into an adequate TEBV. By modulating the char-
acteristics of the implantation material, the tissue response can be tai-
lored. Different polymer rods composed of 300PEOT55PBT45,
1000PEOT70PBT30 and PCL as well as surface modified rods and rods
dip coated with TGF b were implanted subcutaneously in male Wistar
rats. After 3 weeks the tissue capsules were harvested and analyzed by
(immuno)histochemistry and -morphometry.
Results: The engineered tissue capsules were composed of an inner
layer of circumferentially aligned aSMA positive myofibroblasts and an
outer layer of Sirius red positive collagen showing circumferential
alignment as well. The various implantation materials and surface
modifications resulted in distinct histological differences. The most pro-
nounced increase of wall thickness and amount of aSMA positive cells
was achieved with surface modified and TGF b coated rods.
Conclusion: By modifying the characteristics of implantation material,
the tissue formed around this material can be tailored, thereby creating
a solid basis for an autologous in vivo tissue engineered blood vessel.
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23. Ear/Nose Area

23.01
Keynote: Comparison of novel biomaterials for
cartilage tissue engineering in the head and neck
region
N Rotter, C Ehlich, H Notbohm, P Gatenholm, E Feldmann,
A Elsaesser and S Schwarz
Dept. of Otorhinolarynology, Ulm University Medical Center,
Germany; Institute for Virology and Cell Biology, University of
Luebeck, Germany; Chalmers University, Sweden

Providing an adequate microenvironment to ensure chondrocyte
migration and de-novo synthesis of cartilage specific extracellular
matrix (ECM) is crucial for the development of bioimplant matrices
for facial cartilage reconstruction. The aim of this study was to
compare three novel and promising biomaterials with respect to
specific requirements of the head and neck region.The following bi-
omaterials were evaluated for their application with human nasal
chondrocytes: Bacterial cellulose, marine biocollagen and decellular-
ized cartilage. Scaffolds were seeded with 2.0 · 105 human septal
chondrocytes per scaffold and cultured for up to 42 days. Cytotoxic-
ity, cell adhesion and migration as well as matrix production were
evaluated. Cartilage specific ECM was examined on protein level by
immunohistochemistry and on gene expression level by real time
PCR for presence of collagen type I and II, aggrecan and versican.
None of the materials was cytotoxic, cell adhesion, stability and
matrix production in 3D culture differed clearly between the materi-
als due to respective substrate origin, manufacturing process and
different porosities.Rapid cell migration and matrix formation was
found in softer biomaterials while stiffer materials led to reduced
cell adhesion and migration. Therefore each material has specific
advantages and disadvantages with regard to its use for reconstruc-
tion of facial cartilage defects. Supported by the Euronanomed - EU
and BMBF, FK 13N11075. Project EAREG.

23.02
Keynote: EAREG - Ear tissue regeneration using
human cells and novel nano-cellulose scaffolds
P Gatenholm, KS Stok, R Müller, S Schwarz, N Rotter, G van Osch,
J Riesle and A Jork
Chalmers University of Technology, Sweden; Institute for
Biomechanics, ETH Zurich, Switzerland; Ulm University Medical
Center, Germany; Erasmus MC, University Medical Center
Rotterdam, The Netherlands; CellCoTec, The Netherlands;
CellMed AG, Germany

In about 1:10 000 births the external part of the ear, the auricle, is
severely malformed or absent. Furthermore, tumours and trauma
can cause defects to the auricle. This research focuses on auricle
reconstruction using a novel biomaterial, bacterial nano-cellulose
(BNC), generated in dynamic culturing conditions using bioreactors,
and co-culture of human chondrocytes and stem cells. 3D models
of patient-specific ears are printed from clinical MR images. These
models are used to create a bioreactor in which BNC is grown. The
biomechanical properties of human auricle cartilage are then mea-
sured and used as a benchmark for tuning BNC properties. The
porosity of the BNC biomaterial is designed to host co-culture of
auricle chondrocytes and bone-derived mesenchymal stem cells.
Studies of cell differentiation and proliferation have been per-
formed. The promising BNC-cell constructs are evaluated in in vivo
animal studies. The primary focus is on auricle reconstruction, how-

ever, the methods and results developed are also applicable in the
regeneration of nose, trachea, spine and articular joints.
Acknowledgment: EuroNanoMed (EAREG-406340-131009/1).

23.03
Migration mechanisms of human chondrocytes
into a novel xenogenic implant matrix
AF Elsaesser, S Schwarz, L Koerber,
K Urlbauer, J Kappel, R Breiter and N Rotter
Department of Otorhinolaryngology, Ulm University Medical
Center, Germany; Department of Medical Bio-Technology,
University Erlangen, Germany

Using a novel xenogenic biomatrix for cartilage tissue engineering, con-
sisting of decellularised porcine nasal septum cartilage, we showed
migration of human chondrocytes into the matrix in vitro. Histological
analysis revealed channel formation and active migration of single cells
presumably based on enzymatic activities. Potential candidates are
matrix metalloproteinases (MMPs) regulating development and physio-
logic events. Aim of this study was to detect and to identify MMPs
responsible for migration mechanisms. Scaffolds were seeded with
human chondrocytes and cultured for up to 42 days. Relative gene
expression levels of MMP-1, MMP-8, ADAMTS-1, -2, -3 and -5 were
evaluated over time and compared to native human nasal septum carti-
lage (NSC).Expression levels of MMP-1, ADAMTS-1 and -3 were signif-
icantly decreased while the mRNA level for MMP-8 and ADAMTS-5
increased up to 14 days. Until day 42 the expression of MMP-8 and
ADAMTS-5 stabilised on an average level similar to NSC. These results
indicate that MMP-8 referred to as collagenase-II and ADAMTS-5 as
aggrecanase are most likely responsible for active migration of chon-
drocytes whereas the other tested MMPs do not directly influence chan-
nel formation. These mechanisms enable chondrocytes to migrate into
the matrix and to reach an optimal surrounding. Subsequently the
expression of examined MMPs is down-regulated to a normal level
compared to healthy NSC.

23.04
Cell source determines the biochemical
properties of the generated matrix in
tissue-engineered auricular cartilage
MM Pleumeekers, L Nimeskern, W Koevoet, KS Stok, R Müller
and GJVM van Osch
Erasmus MC, The Netherlands; ETH Zurich, Switzerland

A major challenge in auricular cartilage Tissue Engineering (TE) is
defining an appropriate cell source. The aim of this work is to compare
the functional properties of TE constructs produced by several cell
sources. With an overall goal of external ear reconstruction, in this
work these functional properties are evaluated against the properties of
native ear cartilage. Isolated human chondrocytes from three sources
(ear, nose, knee) and mesenchymal stem cells (MSCs) from bone mar-
row and adipose tissue, were expanded for four passages and subse-
quently cultured in alginate to assess chondrogenic potential. Matrix
components (glycosaminoglycan (GAG), collagen, elastin) were mea-
sured using biochemical assays. Signs of hypertrophy were evaluated
by gene expression analyses of collagen type X, MMP13 and alkaline
phosphatase. Each cell type was able to generate a cartilage matrix.
Ear and nasal chondrocytes produced the highest amount of GAG and
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collagen, which was equivalent to only 10% of the matrix content nor-
mally found in native ear cartilage. Hypertrophic genes were highly
expressed by MSCs, considerably expressed by ear and nasal chondro-
cytes and barely expressed by articular chondrocytes. To evaluate the
capacity of the TE constructs for ongoing TE efforts, further work will
involve implanting the constructs subcutaneously in nude mice, fol-
lowed by histological, biochemical and mechanical analyses. Funding:
Senter Novem and ERA-NET/EuroNanoMed.

23.05
Bacterial nano-cellulose is a promising
mechanically tuneable biomaterial for
regenerative tissue engineering of the outer ear
L Nimeskern, H Martinez, MM Pleumeekers, S Klein,
EM Feldmann, N Rotter, GJVM van Osch, P Gatenholm, R Müller
and KS Stok
Institute for Biomechanics, ETH Zurich, Switzerland; Chalmers
University of Technology, Sweden; Erasmus MC, The Netherlands;
Ulm University Medical Center, Germany; Institute for
Biomechanics, ETH Zurich, Switzerland

Bacterial nano-cellulose (BNC) is a novel non-degradable material that
is biocompatible and functionally competent for blood vessel tissue-
engineering (TE) applications. It has also been shown to promote chon-
drocyte adhesion. To determine its potential for ear cartilage TE, this
work investigates (1) whether BNC mechanical properties can be tuned
to match native ear cartilage, and (2) whether BNC scaffolds can be
produced in complex shapes; ie the human auricle. BNC samples
(n = 78) with varying nominal cellulose content (2.5–15%) were com-
pared biomechanically with human ear cartilage (n = 22) using stress-
relaxation indentation. Additionally, a patient-specific BNC prototype
was produced from an MRI scan of a human auricle. The results show
that equilibrium modulus (Eeq) of BNC was correlated to cellulose den-
sity (R2 = 0.6); and despite significantly different characteristic relaxa-
tion times (s; p < 0.05), Eeq of BNC at 15% cellulose content reached
the mechanical properties of ear cartilage (BNC: 2.4 ± 0.4 MPa and
cartilage: 2.4 ± 1.1 MPa). This work shows that BNC can be tuned to
match native ear cartilage Eeq, and fabricated in to patient-specific
shapes. Future work will be focussed on further enhancing BNC
mechanics; specifically relaxation characteristics. Alongside positive
progress in cell culture efforts, BNC provides promise for engineering
ear implants with good mechanical properties and patient-specific
shapes. Funding: SNSF and ERA-NET/EuroNanoMed.

23.P01
Cartilage reconstruction from clinical and
biomaterials perspective: Processed xenogenic
cartilage as novel biomatrix for cartilage tissue
engineering
S Schwarz, AF Elsaesser, L Koerber, K Urlbauer, R Krebs, R Breiter
and N Rotter
Department of Otorhinolaryngology, Ulm University Medical
Center, Germany; Department of Medical Bio-Technology,
University Erlangen, Germany

Providing an adequate microenvironment to ensure chondrocyte
migration and neo synthesis of cartilage specific extracellular matrix
(ECM) is crucial for the development of bioimplant matrices for facial
cartilage reconstruction. Xenogenic collagen biomatrices from porcine
origin (pNSC) could be the solution for several clinical problems.For in
vitro biocompatibility studies human chondrocytes (hCh) were isolated
from fresh human cartilage. pNSC scaffolds were seeded with 5 · 106
hCh/cm2 and cultivated for up to 42 days. Migration behaviour of hCh

and production of ECM proteins was examined on protein and gene
expression level. In vivo biocompatibility, adaptability to defect region
and form stability of pNSC were examined. Seeding experiments dem-
onstrated that processed pNSC provide excellent environmental prop-
erties for hCh with respect to cell adhesion, migration and neo
synthesis of ECM proteins like collagen type II and aggrecan. In vivo
evaluation of biocompatibility revealed that pNSC is biocompatible and
provides adequate stability and plasticity for surgical application. In
vivo and in vitro no shrinkage or deformation of scaffolds was detect-
able.The naturally structured and porous bioimplant matrices are char-
acterized by an optimal pore size and individual ductility. pNSC
matrices from natural origin offer biological characteristics ideal for
clinical application providing adequate stiffness and form stability for
surgical handling and implantation.

23.P02
Development of a porous polymer scaffold for
mastoid bone regeneration
TWA Gould, AS Mallick, JP Birchall, LR Lustig, KM Shakesheff,
CV Rahman
University of Nottingham, United Kingdom; University of
California, USA

In order to remove severe infections or growths in the mastoid bone a
mastoidectomy is performed, where a portion of the bone is removed.
A common problem with these procedures is the long-term morbidity
associated with the resulting bone cavity, including hearing impairment
or loss and continuous discharge. To avoid these issues the cavity can
be filled (‘obliterated’), however this does not restore the unique physi-
ology of the mastoid bone. Mastoid bone contains mucosa-lined air
cells which have vital functions including sound conduction, maintain-
ing pressure regulation, gas exchange, material secretion, waste excre-
tion and middle ear cavity aeration. These functions can only be
restored by regeneration of the mastoid bone. Here we describe the
development of a highly porous, biodegradable polymer scaffold for
mastoid bone regeneration based on poly(lactic-co-glycolic acid)
(PLGA)/poly (ethylene glycol) (PEG) microparticles and alginate
beads. When the PLGA/PEG particles are mixed with liquid this creates
a paste which can be injected to fit a cavity and solidifies at 37 �C. The
alginate beads degrade rapidly resulting in a highly porous PLGA/PEG
scaffold structure. The composite scaffolds are capable of delivering
antibiotics to aid in the treatment of infection, and support cell growth.
An in vitro model of mucosa-seeded scaffolds is currently being devel-
oped to demonstrate the potential for repair of mucosa-lined mastoid
bone with this system.

23.P03
BNC in combination with alginate as a cell
compatible material for cartilage replacement
EM Feldmann, JF Sundberg, M Seliger, A Jork, S Schwarz,
P Gatenholm and N Rotter
Department of Otorhinolaryngology, Ulm University Medical
Center, Germany; Department of Chemical and Biological
Engineering, Chalmers University of Technology, Sweden;
CellMed AG, Germany

The application of tissue engineered cartilage in the head and neck is
challenging since no degradable material was able to fulfil the require-
ments of daily physical strains so far. Based on own preliminary results
we hypothesise that non degradable bacterial nano cellulose (BNC) in
combination with biocompatible alginate is a potential scaffold for
cartilage replacement. Four different BNC prototypes, differing in struc-
ture, porosity and production process, were tested. The BNC scaffolds
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were seeded with human primary auricular chondrocytes (hpaCh). Cell
seeding experiments were performed with and without 1% alginate.
Seeded BNC scaffolds were cultured with 3D culture medium for up to
28 days. Expression of chondrogenic marker proteins (aggrecan, colla-
gen II) and dedifferentiation markers (versican, collagen I) was exam-
ined on gene expression level by real time PCR as well as on protein
level by immunohistochemical stainings. Cytotoxicity assays using Hoe-
chst, MTS and fluorescent live/ dead stains were performed to analyse
cytotoxic effects. In all tested BNC scaffolds cell uptake and adherence
was found and no material showed cytotoxic effects. The combination
with alginate enhanced cell recovery and expression of chondrogenic
makers. We conclude that the application of alginate in BNC positively
influences chondrogenic expression on gene and protein level. Sup-
ported by the 7th framework programme of the EU – Euronanomed
and BMBF, FK 13N11075. Project EAREG.

23.P04
Evaluation of macroporous bacterial nano-
cellulose scaffolds for ear cartilage tissue
engineering
J Sundberg, EM Feldmann, H Martinez, S Schwarz, N Rotter
and P Gatenholm
Chalmers University of Technology, Sweden; Ulm University
Medical Center, Germany

Bacterial nano-cellulose (BNC) is a promising new nano-biomaterial
which has shown to possess impressive tuneable biomechanical proper-
ties and excellent biocompatibility for the use in the field of regenera-
tive medicine. BNC has already been evaluated as a biomedical implant
in several applications. For tissue engineering of an auricle no suitable
materials exists today. Macroporous BNC is a promising candidate.
Macroporosity can be induced by incorporation of porogens during the
bacterial culture. Particles of paraffin and alginate have been evaluated
as porogens. Freeze drying of homogenized BNC blended with non-
cross linked alginate has also been evaluated as a method of inducing
macroporosity in BNC. The three different scaffolds were evaluated in
vitro with human auricle chondrocytes, human stem cells and co-cul-
tures thereof. Adhesion, spatial distribution, proliferation and produc-
tion of ECM were evaluated with histological and
immunohistochemical staining methods. The three different scaffolds
provide varying macroporous architecture and pore interconnectivity.
Scaffolds produced by freeze drying displayed the best results in regard
to cell adherence, migration and production of cartilage specific ECM
proteins such as collagen II and aggrecan. This study shows that macro-
porous BNC and BNC / alginate composite scaffolds provide a suitable
environment for the cultivation of human chondrocyte / stem cell co-
cultures. Acknowledgement: EuroNanoMed – EAREG programme.

23.P05
Bioprinting of 3D patient-specific auricular
scaffolds
HMartinez, J Sundberg, S Prakash, M Seniger and P Gatenholm
Chalmers University of Technology, Sweden

Bacterial nano-cellulose (BNC) is a promising non-resorbable biomate-
rial for auricular cartilage TE. It has been shown that by increasing the
cellulose content (cc) of BNC to 15%, compressive mechanical proper-
ties similar to those found in ear cartilage can be obtained. Further-
more, we have developed a bioprinter that allows for the biofabrication
of patient-specific BNC auricular scaffolds with 1% cc. This work inves-
tigates two biofabrication methods to produce BNC auricular scaffolds
with 15% cc by (1) culturing BNC pellicles (n = 72) in media with
varying concentrations of corn steep liquor (2, 4 and 8 v/v% CSL) as a
means to increase the cellulose production, and (2) printing of culture

media into a negative ear mold elongated in the z-direction to produce
enlarged BNC auricular scaffolds (n = 4), followed by post-treatment
to increase cellulose density; i.e. compressing the enlarged scaffolds to
original ear size and stabilizing the 3D structure by physical crosslink-
ing. The results show that a threefold increase in cellulose production
occurs when the culture media is supplemented with 8 v/v% CSL com-
pared to the reference media (2 v/v% CSL: 1.01 ± 0.02% cc and 8 v/
v% CSL: 3.24 ± 0.16% cc). Furthermore, enlarged BNC scaffolds can
be compressed and cross-linked physically to obtain stable BNC scaf-
folds with 9% cc. This work shows the feasibility of combining different
biofabrication methods to engineer patient-specific BNC auricular
implants. Funding: ERA-NET/EuroNanoMed.

23.P06
Mechanical and biochemical maps of ear
cartilage to set a benchmark for auricular
reconstruction
L Nimeskern, MM Pleumeekers, GJVM van Osch, R Müller and
KS Stok
Institute for Biomechanics, ETH Zurich, Switzerland; Erasmus
MC, The Netherlands

Adequate mechanical competence and extracellular matrix production
are critical aspects for the success of regenerative medicine endeavours
in ear reconstruction. It is hypothesized that for successful outcomes, a
comprehensive understanding of the structure-function relationships of
the native ear is required. This work aims to create preliminary
mechanical and biochemical maps of native human auricles, and exam-
ine the structure-function relationships between them. Instantaneous
and equilibrium moduli (Ein and Eeq), maximum stress (rmax) and
relaxation characteristic (t) for 20 fresh human ear cartilage biopsies (4
males; middle-aged 49 & 58 and elderly 85 & 93 years old) were mea-
sured using stress-relaxation indentation. Samples were labelled
according to their location in the ear; concha, scapha, anti-tragus. Addi-
tionally, for the 93 year-old, glycosaminoglycan (GAG) and collagen
content was quantified. Initial results show a significant difference in
Eeq, Ein and rmax for age (middle-age versus elderly) and location
(scapha and concha versus anti-tragus). GAG and collagen content
show variation with location, but experimental power is limited. This
preliminary map must be extended to a larger cohort in order to eluci-
date the true relationships in ear cartilage. Local mechanical and bio-
chemical properties, and the relationships between them, are required
for auricular reconstruction efforts in order to ensure functional out-
comes. Funding: SNSFand ERA-NET/EuroNanoMed.
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24. Current Clinical Applications in Veterinary Medicine
(in coop. IVRMS)

24.01
Keynote: Regenerative veterinary medicine – an
overview
W Brehm
Large Animal Clinic for Surgery Faculty of Veterinary Medicine
University of Leipzig, Germany

Veterinary medicine is pioneering in the application of regenerative
therapies. Disorders of the musculoskeletal system represent a major
part of all cases in veterinary clinical practice. Especially the horse as a
high performance athlete is prone to injuries of the musculoskeletal
system, which represent a substantial cause of early termination of an
equine career - a frequently occurring problem in the equine athlete.
The prognosis for patients suffering from musculoskeletal disorders
such as tendon or joint injuries is poor. Therefore, major emphasis has
recently been put into regenerative therapies for orthopaedic condi-
tions. Different kinds of regenerative concepts have been researched
and used in veterinary practice. This applies for the use of cells (chon-
drocytes, MSC) and modifications of these cells through tissue engi-
neering or genetic engineering as well as for the use of autologous
blood products like platelet rich plasma or autologous conditioned
serum, the latest research efforts going into ES and iPS cells and their
potential use. The focus of attention in veterinary science is currently
drawn to mesenchymal stromal cells and their potential in regenerative
medicine. Several therapies utilizing MSC for animal patients are being
developed (e.g. treatment of spine injury in the dog, treatment of
osteoarthritis in the horse) and some, like the treatment of equine ten-
dinopathies or cartilage degeneration in dogs have already successfully
entered the market.

24.02
Keynote: Experimental and clinical application of
BMSCs for the treatment of large bone defects in
animals
A Crovace and E Francioso
University of Bari, Italy

Objective: The aim is to refer the results of the experimental and the
clinical application in veterinary orthopaedics of bone marrow mono-
nuclear cells (BMMNCs) and cultured bone marrow stromal cells
(cBMSCs) for the treatment of some orthopaedic lesions in animals.
The experimental study was performed in a sheep model where the
performance of a resorbable bioceramic based on silicon stabilized tri-
calcium phosphate (TCP) and with a titanium scaffold and BMMNCs,
in promoting the repair of a large-sized experimentally induced defect
was evaluated. The clinical cases instead regarded 40 dogs with differ-
ent orthopaedics lesions.
Materials and methods: Bone formation and scaffold resorption were
evaluated by sequential x-ray studies, CT scans, histology, immunohis-
tology, microradiography, and quantitative analysis of x-ray studies and
microradiographs .The clinical study regarded 40 dogs of different
breed, age and size with the different lesions: bone cyst, nounion, large
bone defect, Legg-Calvé-Perthés disease.
Results: The data of the study in the sheep model showed an excellent
implant integration and significant bone regeneration within the bone
substitute. As to the results of the clinical cases, till now the treated
dogs have shown very good clinical and X-ray results.

Conclusion: The obtained data showed that the cell therapy seems to
be an effective therapeutic treatment for the orthopaedic lesions in ani-
mals.

24.03
Tracking of mesenchymal stem cells in tendon
injuries following in vivo administration
J Dudhia, P Becerra, MAValdés, F Neves, NG Hartman,
A Fiske-Jackson and RK Smith
Royal Veterinary College, UK; Hospital de Referencia La Equina,
Spain; Barts & The London NHS Trust, UK; Royal Veterinary
College, UK

Mesenchymal stem cells (MSCs) are increasingly used to treat tendon
injuries. They persist for several months but survive in low numbers
when implanted intra-lesionally. It is unclear when this loss occurs,
how many survive initial implantation, and if alternative injection
routes can utilise the ‘homing’ ability of MSCs. Labelling efficiency of
MSCs with technetium-99m and HMPAO was initially determined in vi-
tro. 10 million labelled MSCs were then implanted into 13 horses with
naturally-occurring tendon or ligament injuries intra-lesionally (IL),
intravenously (IV), and by regional perfusion under a tourniquet (RP)
on separate occasions 3 days apart and traced for up to 48 h by gamma
scintigraphy. Maximum in vitro cell labelling was 55% with >90% via-
bility but this varied from 1.8–18.5% (mean 9.3%) in clinical cases.
Cells were retained in the lesion after IL injection but only 24% were
still present at 24 h. After IV injection, cells largely distributed to the
lung fields and were undetectable in the tendon lesion. Significant, but
lower than IL, labelling of lesions was observed in 11/12 horses after
RP. Highest cell numbers were retained after IL injection, although with
substantial early-stage cell loss. RP may be a viable alternative if there
is no central deferct for cell implantation. The absence of cells seen
after IV administration may be due to of low labelling efficiencies, but
cells still did not ‘home’ to the lesion in large numbers within 24 h of
injection.

24.04
Serum increases the adhesion of bone marrow
derived MSC to articular cartilage in vitro
M Flicker, E Rosado-Balmayor, G van Osch and R Erben
Department of Biomedical Sciences, Insitute of Pathophysiology,
University of Veterinary Medicine, Austria; Department of
Orthopaedics and department of Otorhinolaryngology, Erasmus
Medical Centre, The Netherlands

Cellular therapies for Osteoarthritis (OA) using mesenchymal stem
cells (MSC) were shown to provide beneficial outcomes for patients.
Nevertheless, several reports suggest that just a small fraction of
injected cells adheres to damaged cartilage and therefore contributes
to tissue regeneration. In the current study we developed an in vitro
test system allowing us to compare the effect of different application
vehicles on MSC adhesion with the aim to improve cell adhesion to
damaged cartilage and therefore OA therapy.Saline, PBS, and increas-
ing serum concentrations (2, 10, 20, 50 and 100%) were used as sus-
pension vehicles for bone marrow derived MSC. Labeled MSC were
seeded on osteochondral explants from rat tibia plateaus with an intact
surface or with a full-thickness defect. Adhering MSC were stained and
the area fraction covered by labeled cells was analyzed using imageJ
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software. Results were confirmed in a human model seeding labeled
human MSC on OA cartilage explants.MSC adhesion to healthy rat car-
tilage was significantly lower than to defective- or OA cartilage. In all
three models the area fraction covered by labeled cells was significantly
higher in the presence of high serum concentrations than with saline or
PBS used as vehicles. A maximum coverage of 23% could be reached
with 50% serum. In vitro attachment of MSC to healthy, damaged and
OA cartilage is increased by factors present in serum.

24.05
Tissue engineering for cartilage repair: in vitro
development of an osteochondral scaffold
D Deponti, Giancamillo A Di, F Gervaso, A Pozzi, R Ballis,
F Scalera, M Domenicucci, C Domeneghini, A Sannino and
GM Peretti
Faculty of Exercise Sciences University of Milan, Italy; Division of
Orthopaedics and Traumatology San Raffaele Scientific Institute
Milan, Italy; Faculty of veterinary sciences University of Milan;
Department of Engineering for Innovation University of Salento;
Residency Program in Orthopaedics and Traumatology University
of Milan, Italy

Objectives: The aim of the present work is the in vitro optimization of
the chondral phase of an osteochondral scaffold and the analysis of the
effect of the fibrin glue as embedding scaffold for the seeded chondro-
cytes.
Methods: Fresh chondrocytes were seeded onto the scaffold by embed-
ding them in fibrin glue or in medium as control. In the second part of
the study, chondrocytes were isolated and expanded in the presence of
specific growth factors; they were resuspended in fibrinogen and
seeded onto the scaffold that was cultured in vitro for 1, 3 and 5 weeks
in a chondrogenic medium.
Results: histological and immunohistochemical data demonstrated that
the presence of fibrin glue ameliorated cell distribution and survival
into the chondral composite. Data from the second part of the study
showed that chondrocytes’ phenotype was rescued after 3 weeks of in
vitro culture and maintained for the following weeks; the biomechani-
cal properties improved during time but they started to decrease
between week 3 and 5.
Conclusion: The in vitro data demonstrated that chondrocytes can grow
and promote the formation of a mature cartilaginous tissue when
seeded on the chondral scaffold proposed in this study; their survival
and activity are ameliorated by the presence of fibrin gel as embedding
scaffold and by maintaining the vitro culture for 3 weeks in the pres-
ence of specific growth factors.

24.P01
Comparison of equine mesenchymal stromal cells
derived from different sources
J Burk, C Ribitsch I, Gittel, H Juelke and W Brehm
Large Animal Clinic for Surgery, University of Leipzig, Germany;
Translational Centre for Regenerative Medicine, University of
Leipzig, Germany

Stem cell based therapy of orthopedic disorders, especially tendon inju-
ries, is being used with favourable success in the equine patient. Most
commonly, mesenchymal stromal cells (MSC) derived from bone mar-
row or adipose tissue are applied for this purpose. Yet, multipotent
MSC can be isolated from various tissues in the body. The aim of this
study was to compare basic, clinically relevant characteristics and ten-
don marker expression level of equine MSC derived from different
sources.MSC yields were 222-fold higher after cell recovery from adi-
pose, tendon or umbilical cord tissue compared to bone marrow or
umbilical cord blood. Furthermore, adipose and tendon derived MSC

proliferated more rapidly than umbilical cord blood and bone marrow
derived MSC. All MSC were capable of migration, whereat tendon
derived MSC migrated fastest. Osteogenic differentiation was most dis-
tinct in bone marrow MSC, but weak in umbilical cord blood or matrix
derived MSC. In contrast, chondrogenic differentiation was most prom-
inent in MSC from umbilical cord blood. Collagen 1A2 expression was
highest in adipose and tendon derived MSC, while Scleraxis expression
was highest in umbilical cord blood derived MSC.Features of equine
MSC highly depend on the tissue from which they have been isolated.
This could be advantageous for specific therapeutic applications. Fur-
thermore, adipose and tendon tissue derived MSC appear to be good
alternatives to bone marrow derived MSC.

24.P02
Dog adipose-derived mesenchymal stem cells
(ASC). Characterization of adherent and non-
adherent culture conditions: influence of
autologous serum enriched with platelet-rich
plasma on ASC self-renewal
T Valdes, JM Carrillo, M Rubio, R Cugat, M Garcia and
V Moreno-Manzano
Centro de Investigación Principe Felipe, Spain; Cardenal Herrera
University, Spain; Fundación Garcı́a Cugat and Artroscopia GC,
Hospital Quirón, Spain

Osteoarticular pathologies very often require a regeneration process for
bone, cartilage and/or tendon with de novo vascularisation. Clinical
approaches performed on osteoarticular complications in dogs consti-
tute an ideal model for human clinical translational applications. The
multipotency of adipose-derived mesenchymal stem cells (ASCs) can
be maintained in vitro and they can be differentiated to osteocytes or
chondrocytes offering a good tool for cell replacement therapies in
human and veterinary medicine. Here we have compared the efficiency
of ASC isolation from direct inguinal adipose biopsies either on adher-
ent-dependent cultures with bovine serum (group 1, n = 4) or in non-
adherent conditions with autologous serum supplementation (group 2,
n = 4). Two weeks after fat biopsy acquisition, flow cytometry analysis
of group 2 showed better yield on the percentage of cell-population for
the primary stem cell marker CD90: (group 1) 24 + 8% vs (group 2)
80.6 + 17%. In adherent conditions, the proliferation rates of both
groups in the presence of 10% bovine serum or canine serum was not
different. Platelet-rich plasma (PRP) treatment in a dose-dependent
manner significantly induced the proliferative activity in the absence of
serum. Overall, the use of autologous serum and PRP for isolation and
amplification of the stem cell population from adipose tissue represents
a safe alternative to bovine serum for cell replacement therapies. Work
supported by Fundac.Garcı́a-Cugat and MICINN.

24.P03
Effect of matrigel on the osteogenic potential of
canine adipose tissue-derived mesenchymal stem
cells
BJ Kang, HH Ryu, SS Park, Y Kim, HMWoo, WH Kim
and OK Kweon
College of Veterinary Medicine, Seoul National University, South
Korea; KNU Stem Cell Institute, Kangwon National University,
South Korea

Adipose tissue-derived mesenchymal stem cells (Ad-MSCs) are a prom-
ising source of cells for bone tissue engineering. Matrigel is a basement
membrane extract containing multiple extracellular components. This
mixture may promote the osteogenic differentiation of MSCs and pro-
vide a more appropriate microenvironment for the transplanted cells.
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Here we investigated the effect of Matrigel on the osteogenic potential
of Ad-MSCs. Canine Ad-MSCs were cultured in 2D and 3D matrices,
and implanted into subcutaneous pouches of dogs either with or with-
out Matrigel. Culture mineralization, cell adhesion efficiency, cell prolif-
eration, osteoid matrix production, and alkaline phosphatase (ALP)
and tartrate-resistant acid phosphatase activities were quantified and
compared. Ad-MSCs grown in 2D cultures with Matrigel showed higher
levels of calcium deposition and ALP activity than those grown in the
absence Matrigel under osteogenic conditions. In 3D cultures, the cells
cultivated with Matrigel showed greater attachment, proliferation, and
osteogenic differentiation than those grown without Matrigel. In vivo,
Ad-MSCs implanted with Matrigel showed higher osteogenic potential
than those without Matrigel. In conclusion, these data suggest that the
use of Matrigel can increase the osteogenic potential of canine Ad-
MSCs.

24.P04
Efficiency of adipogenic differentiation methods
in mesenchymal stromal cells from diverse
sources
C Gittel, J Burk, W Ribitsch and W Brehm
Large Animal Clinic for Surgery, University of Leipzig, Germany

Adipogenic differentiation is one feature of the multipotency of mesen-
chymal stromal cells (MSC). Different protocols for adipogenic differen-
tiation have been described. However, dependent on the MSC source,
especially the most commonly used methods do not always lead to suf-
ficient results. Therefore the aim of this study was to evaluate the suit-
ability of different differentiation protocols for MSC. Equine MSC
derived from diverse sources were subjected to different adipogenic dif-
ferentiation protocols. These based on a standard differentiation meth-
ods, which were then modified in terms of cycles, incubation times and
media supplements. After incubation period, the intensity of adipo-
genic differentiation following Oil Red O staining was assessed by the
percentage of differentiated cells and size of intracellular lipid vacu-
oles.Using the standard differentiation method, a sufficient adipogenic
differentiation could not be achieved in all MSC samples. Incubation in
media supplemented with rabbit serum resulted in significantly higher
adipogenic differentiation scores, whereat supplementation with 15%
rabbit serum and incubation over a shortened period of time led to the
highest score points. However, after differentiation with high rabbit
serum concentrations and prolonged incubation time, massive cell
detachment was observed. Protocols using rabbit serum over a short
period of time are suitable to induce a distinct adipogenic differentia-
tion in equine MSC.

24.P05
Effective treatment of a traumatic tendon lesion
within the tarsal sheath of a horse with PRP in
combination with isolated bone marrow
mononucleated cells
J Edinger, W Rittler, A Banerjee, J Ferguson, K Pieber and
H Redl
University of Veterinary Medicine Vienna, Austria; Ludwig
Boltzmann Institute for Clinical and Experimental Traumatology,
Austria

New therapy methods of tendon lesions with platelet rich plasma
(PRP) or stem cells have shown a more rapid and higher quality of ten-
don healing.In the present case, a mechanical trauma of the deep digi-
tal flexor tendon (DDFT) within the tarsal sheath was diagnosed in a
horse. The lameness was evaluated as 3/5 on the left hindlimb. The so-
nographic examination showed a severe tendinitis of the DDFT. Our
aim was a regenerative therapy approach using a combination of bone

marrow mononucleated cells (BMMNCs) and PRP. We applied a one-
step procedure to enrich the concentration of stem cells within the
bone marrow aspirate. A tenoscopy of the tarsal sheath was performed
and the lesions were treated with PRP. Thirteen weeks after the opera-
tion, sonography still showed lesions in the tendon. At this point of
time the tendon was treated with PRP in combination with BMMNCs.
Bone marrow aspirated from the sternum was incubated with hypo-
tonic buffer to lyse the red blood cells. After centrifugation, the pellet
was washed with PBS, resuspended in 2 ml PRP and mixed with
thrombin 30 seconds before application. Eight weeks after the PRP/
BMMNCs treatment,a lameness grade of only 1–2/5 was observe. The
sonographic examination showed clearly improved echogenicity of the
tendon. The implantation of stem cell-enriched BMMNCs in combina-
tion with PRP was an effective treatment of the lateral digital flexor
tendon within the tarsal sheath and demonstrated new possibilities of
treating tendon lesions.

24.P06
Efficient bone regeneration by means of human
adipose derived stem cells which reduce callus
volume upon BMP-2 administration
C Keibl, A Fügl, G Zanoni, S Tangl, S Wolbank, M Moritz,
H Redl and M Van Griensven
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, Austria; Department of Oral Surgery, Medical
University of Vienna, Austria

Since the number of patients with degenerative diseases is continu-
ously growing the demand for new therapeutic approaches to treat
bone defects and fractures is increasing in trauma surgery and ortho-
paedics. Improving and accelerating recovery as well as reducing the
risk of delayed bone healing are the main targets especially for long
bone fracture healing. ‘Tissue Engineering’ offers promising new tech-
nologies that combine the three components – matrix, cells and growth
factors. Upon administration of the growth factor BMP-2 embedded
with ASCs in a locally-applied fibrin matrix in vivo bone healing was
investigated. In the femur of male rats a 2 mm transcortical drill hole
served as a small defect model for fracture simulation. lCT and histol-
ogy were performed after 2 and 4 weeks to determine the bone and
callus volume. After only a short period of time (2 and 4 weeks), our
animal model disclosed comparative information about bone regenera-
tion and the osteogenetic potential with little effort, without osteosyn-
thesis. The most significant result found in this model is the fact that
the combination of ASCs and BMP-2 in a fibrin matrix essentially
reduces callus formation after 2 weeks compared to BMP-2. The callus
formation was significantly increased just by BMP-2. ASCs embedded
in the fibrin matrix did not lead to increased bone regeneration. The
callus induction by BMP-2 was modulated by transplantation of ASC to
a normal volume.
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25. Fibrin (and its Modifications)

25.01
Keynote: Fibrin – a biomaterial with a long
history and a bright future
A Goppelt
Baxter Innovations GmbH, Austria

Fibrin has 30+years history of safe clinical application with one of the
lowest adverse event rates of any medication registered. At the same
time it is one of the most versatile tools used in tissue regeneration. As
a biomaterial it is non-toxic and fully cell and tissue compatible. Fibrin
formation represents the final step in the coagulation cascade, hence
fibrin lends itself to its classical applications in hemostasis and sealing
across a plethora of surgical procedures. The speed of solidification can
be easily tailored to the needs of the surgeon. Fibrin is fully biodegrad-
able and the rate of fibrinolysis can be adapted to the area of its use.
Fibrin can be used as a delivery matrix for cells and bioactive sub-
stances, the latter either being physically mixed in or bound in a cova-
lent or non-covalent fashion to achieve sustained release kinetics.
Furthermore, fibrin can be used as a gene-activated matrix for gene
therapy or as a scaffold in 3D-organ culture.

25.02
Keynote: Cell-compatible fibrinogen-based
hydrogels designed for tissue regeneration
D Seliktar
Faculty of Biomedical Engineering Technion – Israel Institute of
Technology, Israel

In tissue regeneration, the regulation of cellular morphogenesis and
differentiation via the provisional extracellular matrix (ECM) is one of
the hallmarks of a successful repair process. Our group has been work-
ing towards developing hydrogel biomaterials that mimic the inductive
repair characteristics of the natural provisional ECM, fibrin, using pro-
tein-polymer chemistry. We apply a semi-synthetic fibrinogen-based hy-
drogel as a provisional ECM analog for the repair of various focal
defects, including in cartilage and bone injuries. These dense hydro-
gels, which displace the blood clot in the injury site, are designed with
an in vivo resorption rate that is synchronized with the natural repair
process. Immobilized growth factors, such as bone morphogenic pro-
tein (BMP), can also be used to accelerate the tissue repair process. As
the implant degrades, the liberation of bioactive factors in a sustained
manner recruits progenitor stem cells to the injury site, guides the dif-
ferentiation of these progenitors into mature specialized cells, and dra-
matically improves the efficacy of clinical therapies aimed at restoring
the damaged tissues.

25.03
Thrombin in fibrin sealants –A critical factor in
vitro and in vivo
A Gugerell, A Meinl, W Pasteiner, R Mittermayr
and H Redl
Baxter Innovations - Biosurgery, Austria;Ludwig Boltzmann
Institute for Experimental and Clinical Traumatology, Austria

Fibrin sealants are a well established surgical tool for hemostasis and
sealing. Over the last years, they have been additionally used to

medicate burn wounds or as delivery matrix to enhance wound heal-
ing. The objective of this study was to compare two commercial distinct
fibrin sealants Artiss and Evicel regarding their effects on cells and
wound healing in vitro and in vivo. Keratinocytes show significant dif-
ferences in adhesion, viability and morphology when getting in contact
with these fibrin sealants in vitro. In this and previous studies we could
demonstrate that those differences were mainly driven by the thrombin
concentration in the sealant. To verify these results in vivo we used an
excisional wound healing model in rats. We found a more rapid wound
closure (day3 and day7) and less wound severity (day7) with Artiss
containing a lower thrombin concentration compared to wound heal-
ing with Evicel. Further, less newly built functional vessels (SMA stain-
ing) were counted in Evicel treated wounds after 7 days which fits the
result that a lower level of VEGF was expressed after 2 days in such
treated wounds. These in vivo results may be partially explained by the
biocompatibility data found in vitro. At last, also fibrin degradation
was observed. Artiss fibrin sealant was lysed after 10 days (Evicel:
15 days). As shown in previous publications thrombin is a very impor-
tant player not only for clotting kinetics but also for cell compatibility
and wound healing.

25.04
Fibrin loaded porous poly(ethylene glycol)
hydrogels induce vascularized tissue formation
B Jiang, TMWaller, JC Larson, AA Appel and EM Brey
Illinois Institute of Technology, USA

Vascular network formation within biomaterial scaffolds is essential
for the generation of properly functioning engineered tissues. In this
study, a method is described for generating composite hydrogels in
which porous poly(ethylene glycol) (PEG) hydrogels serve as scaf-
folds for mechanical and structural support and fibrin is loaded
within the pores to induce vascularized tissue formation. Porous PEG
hydrogels were generated by salt leaching technique with
100~150 lm pore size and thrombin pre-loaded within the scaffold.
Fibrinogen was loaded into pores with varying concentrations and
polymerized into fibrin due to the presence of thrombin, with load-
ing efficiencies ranging from 79.9 to 82.4%. Fibrin was distributed
throughout the entire porous hydrogels, lasted for greater than
20 days and increased hydrogel mechanical stiffness. A rodent subcu-
taneous implant model was used to evaluate the influence of fibrino-
gen concentration on in vivo response. At weeks 1, 2 and 3, all
hydrogels had significant amount of tissue invasion, but no differ-
ence in the depth of invasion was found. Fibrin loaded porous PEG
hydrogels induced more vascular formation, with significantly higher
vascular density at 20 mg/ml (week 1) and 40 mg/ml (week 2 and
3) fibrin loaded hydrogels than without fibrin. In conclusion, we
have developed a composite hydrogel that supports rapid vascular-
ized tissue ingrowth and thus holds great potential for tissue engi-
neering applications.

25.05
Tenascin C binds morphogens with its fibronectin
type III domain five
L De Laporte, JJ Rice and JA Hubbell
EPFL, Switzerland

Abstract not available.
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25.06
Mechanical and biochemical evaluation of
mussel-mimetic glue for fetal membrane repair
M Perrini, C Haller, AS Kivelio, W Bürzle, C Brubaker,
P Messersmith, E Mazza, R Zimmermann, N Ochsenbein-Kölble
and M Ehrbar
USZ-ETHZ, Switzerland; Northwestern University, USA

Introduction: Iatrogenic preterm prelabour rupture of membranes (iP-
PROM) is the main complication after invasive interventions into the
uterine cavity. A variety of sealing materials have been recently
employed to prevent iPPROM. Here, the sealing properties and the bio-
chemical stability of mussel glue, a catechol functionalized PEG-based
adhesive, have been evaluated under physiological conditions and
compared with those of a fibrin sealant.
Methods: Sealing properties of mussel and fibrin glue were evaluated
ex vivo using a custom made inflation device. Defects with different
sizes were created on samples of caesarean delivered fetal membranes
and sealed under wet or dry conditions. Sealed samples were inflated
until rupture, monitoring the deformation. The proteolytic degradation
of sealants was evaluated in vitro incubating plugs for 22 days in cell
culture medium supplemented with collagenase or plasmin. The gluing
materials have been tested in midgestational rabbits.
Results: Mussel glue efficiently sealed ex vivo small and large defects
both in wet and dry conditions allowing higher membrane deformation
than fibrin glue. Mussel glue, in contrast to fibrin glue, was not signifi-
cantly degraded in vitro by collagenase and plasmin. Moreover, it
remained stable and didn’t induce a significant inflammatory reaction
in midgestational rabbits.
Conclusions: Its good mechanical performance and biochemical stability
in physiological conditions make mussel glue a promising sealant.

25.P01
Regenerative and angiogenic capacity of rat
bone marrow MSCs encapsulated in fibrin
microbeads in a rat muscle injury model:
preliminary study
S Seker, O Lalegul, AE Elcin, G Gurman and YM Elcin
Ankara University Stem Cell Institute, Faculty of Science, Turkey

Tissue engineering approach may be useful to treat skeletal muscle loss
by providing an adequate method of delivering regenerative stem cells
within a 3D matrix. In this work, rat bone marrow mesenchymal stem
cells (BM-MSCs) were encapsulated in fibrin microbeads (FMB) com-
posed of rat platelet rich plasma (PRP) from whole blood samples of
healthy rats and alginate (patent application TR-PT 2012/01068) via
ionotropic gelation. Pure fibrin microbeads were obtained by extracting
alginate using sodium citrate buffer. The histocompatibility of the FMBs
containing BM-MSCs was investigated on explants which were trans-
planted subcutaneously into the epigastric groin fascia of Wistar rats.
Histocompatibility was evaluated by following the tissue reaction over
a period of 8 weeks. The regenerative and angiogenic capacity of the
FMBs with BM-MSCs was evaluated in a muscle injury model in Wistar
rats. For this, a 2 · 3 · 5 mm3-size cylindrical defect was created in
the biceps femoris (both sides) of each rat; then, BM-MSCs encapsu-
lated FMBs were placed inside the defects. Explants were retrieved at
1, 4 and 12 weeks post-transplantation for evaluation of the angiogenic
and regenerative effect by histology. Results supported the concept that
BM-MSCs encapsulated fibrin microbeads were basically histocompati-
ble and induced neovascularization both at the subcutaneous site and
at the injured rat muscle.

25.P02
A porous injectable hydrogel system for soft
tissue regeneration
CM Hwang, A Atala, J Yoo, J Jackson and SJ Lee
Wake Forest Institute for Regenerative Medicine, USA

Injectable hydrogel combined with cells could be used as a means to
restore soft tissue defects. While this approach presents with several
advantages that include higher cell loading efficiency and replacement
of multiple surgeries with minimally invasive injection procedures,
inadequate nutrient diffusion to cells remains a challenge as injection
volume increases. To address this limitation, we hypothesized that hy-
drogels with porous structure can support cell viability by facilitating
mass transfer. In this study we explored the possibility of creating a
highly porous injectable hydrogel system that would support cell sur-
vival, proliferation and tissue regeneration. To produce a porous hydro-
gel structure, gelatin microspheres/microfibers were used as pore-
generating materials within the fibrin gels. At physiological tempera-
ture of 37 �C, the gelatin dissolved and diffused out of the gel forming
empty spaces. Cells in the control nonporous fibrin failed to proliferate
except at the peripheral boundary adjacent to the host tissue in vivo. In
contrast, porous fibrin gel had a wider boundary at the matrix-host tis-
sue than the control. Enhanced mass transfer by the porous structure
of hydrogel resulted in increased cell proliferation and tissue matrix for-
mation. These findings suggest that the use of gelatin materials as sac-
rificial templates for micropore formation improves mass transfer in
hydrogels.

25.P03
Development of volume-stable adipose tissue
constructs by combining fibrin gels and porous
support structures
KWittmann, C Muhr, K Storck, R Staudenmaier, H Wiese, G Maier,
P Bauer-Kreisel and T Blunk
Department of Trauma, Hand, Plastic and Reconstructive
Surgery, University of Würzburg, Germany

Adipose tissue engineering aims to provide novel solutions to the
strongly growing clinical need for adequate implants to repair soft
tissue defects. One of the major obstacles, however, still is the lack
of volume stability of the generated constructs. Therefore, the objec-
tives of this study were to investigate different fibrin gel formulations
with regard to adipogenesis in vitro and combine the hydrogels with
a biodegradable porous polyurethane scaffold as support structure.
Human adipose-derived stem cells (ASC) were obtained from abdom-
inal lipoaspirates. In long-term stable fibrin gels developed in our
group as well as in TISSUCOL Immuno (Baxter), strong adipogenic
differentiation was observed after induction employing a common
hormonal cocktail. Lipid accumulation was visualized using Oil red O
staining and upregulation of adipogenic marker genes was demon-
strated on mRNA (PPARc, C/EBPa; qRT-PCR) and protein level (lep-
tin; ELISA). Porous poly-�-caprolactone-based polyurethane scaffolds
were manufactured by a gas foaming process (Polymaterials AG).
After injection of the fibrin components into the scaffolds, adipogene-
sis of ASC occurred to a similar extent as in fibrin gels alone. The
constructs exhibited an enhanced volume stability, however, only
constructs using the stable fibrin gels completely maintained their
size and weight for 21 days. The combined constructs offer great
potential to further investigate the development of engineered adi-
pose tissue in vivo.
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25.P04
Alginate-human fibrin microcarriers like scaffold
for tissue engineering of skin
AI Ramos-Murillo, DH Malagón Romero, RD Godoy-Silva
and CA Cardozo de Martı́nez
Universidad Nacional de Colombia, Colombia

Large, full-thickness skin defects resulting from burns, soft tissue
trauma, congenital giant nevi, and diseases leading to skin necrosis,
represent a significant clinical problem that is far from being solved.
Currently, dermal equivalents like AlloDerm�, Integra� or Dermagratf�

offer a solution for this problem; however, their high cost make them
inaccessible to people with low incomes. The present work describes
the production by a microfluidic approach and characterization, of mi-
crocarriers constituted of sodium alginate and fibrin from human
plasma. Microdroplets were gelled into a CaCl2 solution (3.0%, w/v),
freeze-dried, UV sterilized and then rehydrated in DMEM F12 medium.
3T3 fibroblasts were cultured on the microcarriers, first in a Petri dish
and later in a spinner. Alginate-fibrin microcarrier’s structure was
imaged by scanning electron microscopy. Some mechanical properties
of the microcarriers were evaluated using dynamic rheology with an
elastic modulus prevailing over viscous; the hydrated material seems to
be stable for at least a month. Alginate-fibrin microcarriers were found
to have good biocompatibility with 3T3 fibroblasts in tissue cell culture:
they adhered on the smooth surface and grew in high cell density.
Results suggest a good potential of the alginate-fibrin microcarriers as
a wound-healing biomaterial.

25.P05
VEGF modified fibrin biomatrix improves wound
healing by inducing persistent functional
angiogenesis in a dose dependent manner
J Hartinger, A Hofmann, M Layr, S Pfeiffer, P Slezak, H Redl
and R Mittermayr
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology – Research Center of the AUVA, Austrian Cluster
for Tissue Regeneration, Austria

In this study we tested ascending VEGF concentrations released from
a fibrin biomatrix in the ability to reduce ischemia challenged tissue
necrosis and to induce functional angiogenesis.The standard rodent
epigastric flap was used to study the influence of fibrin sealant (FS)
alone or spiked with rhVEGF (20–800 ng/ml FS) on ischemia chal-
lenged tissue in comparison to controls (quilting sutures only). VEGF
groups which performed best on day 7 after induction of ischemia
were additionally tested for persistent mature angiogenesis 4 weeks
after traumatic insult and were compared to FS alone.Flap necrosis
was significanly less until day 7 in the 200 and 400 ng VEGF/ml
groups compared to controls. Significantly improved flap perfusion
was also found then using these two concentrations. Therefore these
two VEGF groups were used to test persistent mature angiogenesis.
Again, both treatment groups were effective in reducing tissue necro-
sis after 1 week compared to the FS group. At 4 weeks, sma vessel
count showed significantly higher numbers in the 400 ng VEGF group
in all tissue layers compared to FS alone as well as 200 ng VEGF
group. In summary, we found that flap necrosis was substantially
reduced and flap perfusion significantly increased when using sprayed
fibrin biomatrix with VEGF in a dose dependent manner. This is due
to induction of persistent functional angiogenesis which is again seen
dose dependently. Study supported partly by EU grants Expertissues
and Angioscaff.

25.P07
A platform photochemical crosslinking
technology for use in design and fabrication of
biologically-active surface coatings, tissue
sealants and scaffolds for tissue engineering
AVashi, CM Elvin, T Vuocolo, RE Lyons, V Glattauer,
JAM Ramshaw and JAWerkmeister
CSIRO Livestock Industries, Australia; CSIRO Materials Science
and Engineering, Australia

The structure and properties of material surface coatings or scaffolds
intended for tissue engineering are critical for the control of cellular
behaviour including cell adhesion, migration, proliferation and tissue
formation. Extracellular matrix proteins and protein-based matrices are
biocompatible and can self-associate into tissue-like structures. We
recently reported the fabrication of a highly elastic insect protein, cova-
lently crosslinked protein biomaterial via a rapid photochemical
method using visible light and a ruthenium metal ligand catalyst. We
further demonstrated that other tyrosine-rich, self-associating proteins
might also be susceptible to dityrosine crosslinking via this approach.
We show that these proteins include a wide range of natural biological
matrix proteins as well as biological peptide motifs. Depending on the
choice of protein and/or peptide, the resulting scaffold can be tailored
to suit a variety of applications varying from inert materials to cell com-
patible materials and scaffolds with selective biological function. Pro-
teins like fibrinogen and gelatin can be photochemically crosslinked to
rapidly form a strong adhesive elastic hydrogel that can be applied as a
surgical sealant for repair of dura, lung, arterial and colonic wounds. In
addition the technology can be used for control of inert hydrogels or
surface coatings using suitable inert self assembling peptides combined
with biological motifs like RGD.

25.P08
In situ crosslinkable and tissue adhesive gelatin-
based hydrogel for tissue regeneration
Y Lee, KM Park and KD Park
Ajou University, South Korea

In situ forming hydrogels are widely exploited as injectable biomateri-
als for tissue regeneration and drug delivery based on minimally inva-
sive technique. In this study, in situ cross-linkable gelatin-based
hydrogels via enzymatic cross-linking reaction were developed as an
injectable bio-adhesive scaffold. The gelatin derivatives were synthesis
by EDC/NHS chemistry, and their chemical structures were character-
ized by 1H NMR and UV measurements. The hydrogels were rapidly
formed via the enzymatic reaction under physiological conditions.
Their physico-chemical properties were characterized, and could be
controlled easily by varying the concentrations of catalysts. The gela-
tion time and mechanical strength were ranged from 5 sec to 2 min,
and from 1 to 20 kPa, respectively. The highest adhesive strength was
55 kPa, which was 8 times higher than that of fibrin glue as a control.
In vitro cell culture was conducted to confirm cyto-compatibility of the
hydrogels, demonstrating that the hydrogels had excellent cyto-com-
patibility. Obtained results demonstrated that the hydrogels have a
great potential as an injectable tissue adhesive material for biomedical
applications.
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25.P09
Encapsulation of human adipose mesenchymal
stem cells in fibrin microbeads from platelet rich
plasma and their in vitro evaluation
O Lalegul, S Seker, AE Elcin, G Gurman and YM Elcin
Ankara University Stem Cell Institute and Faculty of Science,
Turkey; Gazi Univ., GEF, Turkey; Ankara University Stem Cell
Institute and Faculty of Medicine, Turkey

Platelet-rich plasma (PRP) is identified as autologous blood with a con-
centration of platelets in high levels. Platelets contain a variety of
growth factors and cytokines that are principal in soft tissue healing
and bone mineralization. In this study, fibrin microbeads were devel-
oped using a novel technique for encapsulating mammalian cells (pat-
ent application TR-PT 2012/01068). PRP was obtained from anti-
coagulated human whole blood samples. Human adipose derived mes-
enchymal stem cells (hAdMSCs) were isolated from lipoaspirates col-
lected under ethical approval; then cultured and characterized by
FACS. Encapsulation protocol was optimised. hAdMSCs-containing
PRP-alginate solution was prepared and fibrin microbeads were drop-
wise formed in CaCl2 solution. Later, alginate was extracted by the cal-
cium chelator sodium citrate. hAdMSC-encapsulated fibrin microbeads
were cultured at 5% CO2-95% air and 37 �C. Microbeads obtained
from PRP and platelet poor plasma were used as controls. SEM analy-
ses were performed to characterize fibrin microbeads. In vitro release
of TGF-b1 from fibrin microbeads was examined in cell culture medium
by using ELISA kit. Viability of encapsulated hAdMSCs was evaluated
by MTT assay. In vitro differentiation properties of encapsulated hAd-
MSCs were investigated histologically. In vitro experiments demon-
strated that encapsulated hAdMSCs retained viability, proliferated for
>6 weeks and retained tri-lineage differentiation property inside fibrin
microbeads.

25.P10
Fibrinogen modified chitosan promotes
osteoclastogenesis and substrate degradation by
osteoclasts
ALTorres, SG Santos, MI Oliveira and MA Barbosa
INEB - Instituto de Engenharia Biomédica, Portugal

Chitosan (Ch) is a widely used biomaterial, biocompatible and biode-
gradable, as well as easily modifiable and processed into 2D and 3D
substrates. However, if Ch is to be used as a scaffold for bone regener-
ation it is important to evaluate its degradation by osteoclasts (OC).
While unmodified Ch has been reported to inhibit OC activity, when
modified with collagen the result was increased OC activity, making
these attractive candidate cells for promoting modified Ch scaffold
degradation. Thus, this work aimed to investigate the influence of
Human Fibrinogen (HFG)-modified Ch substrates on osteoclastogene-
sis and the degradability of these substrates by human primary OC.
Buffy Coats from healthy blood donors were used to isolate mono-
cytes by negative selection. OC were induced to differentiate on top
of Ch films modified or not with HFG. OC formation and substrate
degradation were evaluated by fluorescence and electron microscopy.
TRAP production was also analyzed. The results obtained indicate
that Ch substrates support the formation of functional OC, but a sig-
nificantly higher number of bigger and more multinuclear OC were
obtained when Ch was modified with HFG. Furthermore, our results
show that although both unmodified and HFG-modified Ch substrates
can be degraded by OC, Ch modification with HFG led to significantly
higher film degradation. In conclusion HFG modification of Ch pro-
motes its capacity to support bigger OC, which have the ability to
degrade it.

25.P11
Development of a novel plasma hydrogels for use
as a cell delivery scaffold.
DO Zamora, S Natesan, LG Suggs and RJ Christy
United States Army Institute of Surgical Research, USA;
The University of Texas at Austin, USA

Platelet-rich plasma (PRP) and platelet-free plasma (PFP) provide
patients with an autologous source for bioscaffolds, and are currently
being used in tissue engineering applications. We have developed novel
modifications of PRP and PFP, using polyethylene glycol (PEG), that
allows plasma to maintain hydrogel-like characteristics. Fresh PRP was
provided by the Division of Hematology located at the USAISR. To
obtain PFP, PRP was centrifuged at 4500 xg for 30 min at 24 �C. PRP
or PFP was then mixed at a 10:1 molar ratio of PRP/PFP to PEG for
10 min at 37 �C. PEG-PRP/PFP was then polymerized either by adding
CaCl2 (1–30 mM) or thrombin (5–20 U/ml) and their physical proper-
ties characterized. For some experiments, adipose derived stem cells
(ASCs) were added to PEG-PRP/PFP prior to polymerization and main-
tained in culture for up to 14 days. PEG-PRP/PFP yielded semi-rigid,
clear hydrogels, while unPEGylated gels were opaque and easily
deformed upon handling. Optimal concentrations that supported ASCs
growth without the gels becoming distorted was 10 U/ml of thrombin
and 23 mM of CaCl2. At these concentrations thrombin and CaCl2 gels
exhibited a storage modulus of ~47 Pa and ~41 Pa, respectively. We
have demonstrated that human plasma can be PEGylated to generate a
rigid hydrogel that supports stem cell growth. This will allow the devel-
opment of treatments using autologous patient plasma and ASCs to
create a construct that can be used to treat skin and other soft tissue
wounds.

25.P12
Production of a composite hyaluronic acid/
gelatin/blood plasma gel for soft tissue
engineering applications
E Korurer, H Kenar, E Doger and E Karaoz
Kocaeli University, Center for Stem Cell and Gene Therapies
Research and Practise, Turkey; Fırat University, Faculty of
Engineering, Bioengineering Department, Turkey; Kocaeli
University, Faculty of Medicine, Department of Gynecology and
Obstetrics, Turkey

Soft tissue engineering-based approaches have numerous potential
applications in plastic and reconstructive surgery. The purpose of this
study was to evaluate the suitability of 3D scaffolds, composed of
human platelet-poor plasma, gelatin and human umbilical cord derived
hyaluronic acid, for reconstructive surgery applications through in vitro
tests. Fibrinogen was precipitated from human platelet-poor plasma
and its composite gels with gelatin and hyaluronic acid (HA/Gelatin
plasma gels) were produced afterwards. Mechanical properties of the
glutaraldehyde crosslinked gels were determined with compression
tests and their porosity and pore size determined from their cryosec-
tions stained with commassie brilliant blue. The Young Modulus of the
HA/Gelatin plasma gels was determined as 3.5 kPa, which is close to
that of soft tissues. The composite HA/Gelatin plasma gels had higher
porosity than plain plasma gels (72.5% vs 63.9%) and larger pores.
Adipose derived stem cells (ASCs) were isolated from human lipoaspi-
rates and characterised with flow cytometry at the third passage, and
also were differentiated into osteogenic and adipogenic lineages. The
cell proliferation assay (WST-1) of ASCs on the HA/Gelatin plasma gels
revealed the nontoxic nature of the gels and that the number of cells
on the gels increase with time. Adipogenic and chondrogenic differen-
tation capability of ASCs on the gels is being investigated.
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26. Collagen Technologies

26.01
Keynote: Strategies for direct engineering strong,
native collagen-cell constructs:
pre-polymerisation
RA Brown, J Wong and B Alp
University College London, UCL Tissue Repair & Engineering
Centre, Institute of Orthopaedics & Musculo-Skeletal Sciences,
Stanmore Campus, UK

Traditionally, we have been satisfied to choose between ending up with
either strong collagen materials which are denatured by cell-lethal
cross-linking OR native, cell friendly but extremely weak constructs.
One aim of ENGIEERING collagen materials is to remove this dilemma,
making strong & native a viable option. To increase the strength of col-
lagen matrices controllably in the presence of cells the first strategy has
been to develop cell-tolerated (non-lethal) cross-linking. In an alterna-
tive, plan ‘B’, approach we have developed processes for fabrication of
tissue-like constructs using native collagen which is extracted and puri-
fied as ready-cross-linked fibrils. This uses collagen polymer purifica-
tion-dispersal techniques described >4 decades ago1 to produce fibril
suspensions which can be shear-aggregated along with living cells. In
effect this allows component fibrils to be pre-cross-linked for greater
strength. Incidentally, these bonds are physiological, so susceptible to
cell turnover and the fibrils can be aligned to fabricate strong, native
and ‘neo-tissues’. 1Steven FS. 1967. The effect of chelating agents on
collagen interfibrillar matrix interactions in connective tissue. Biochim
Biophys Acta.140:522–8.

26.02
An optimised microgel for maintaining 3D viable
microenvironment for human mesenchymal stem
cells
T Dilip, G Fontana, C Baustain, K Thompson, T Sugrue, P Lalor,
P Dockery, T O’Brien and A Pandit
Regenerative Medicine Institute, NUIG, Ireland; Network of
Excellence for Functional Biomaterials, NUIG, Ireland;
Department of Anatomy, NUIG, Ireland

Introduction: Human mesenchymal stem cells (hMSCs) are known to
have therapeutic effects by transdifferentiation or through paracrine
mechanisms. However, the challenge is to maintain high cell survival
invivo. Cell survival and retention can be improved using biomaterials
derived from natural extracellular matrix (ECM).In this study, it is hy-
pothesised that crosslinked collagen (type-I) microgel can be used to
embed human mesenchymal stem cells. The specific objective of this
study is to obtain an optimised microgel platform, which supports cell
survival and enhanced release of paracrine factors.This study investi-
gates the effects of collagen (1,2 and 3mg/ml) and crosslinker concen-
tration (1:1 and 1:2) with different cell densities (1, 4 and 8 X
10^6cells/mL) on cellular viability and morphology, cellular pheno-
type, paracrine secretome and construct size.
Material and methods: Microgels were fabricated by crosslinking type-I
collagen with 4S-PEG after the addition of hMSCs. Microgels were sta-
bilised after microdispensing the on a hydrophobic surface for 1h at
37�C. These microgels were maintained in cell culture conditions for 8
to 16 days for analyses.
Results: Over 80% cells embedded in microgels were viable after 16
days. Significant differences were observed in paracrine factors

secreted between cells in microgels and cells grown on a 2D surface
quantified by multiplex elisa and protein array. The flow cytometry
analysis confirmed hMSC phenotype at the end of culture period.

26.03
Cold gas plasma treatment for collagen films to
modulate of inflammation
R Chen, F Pu, Y Bayon and JA Hunt
The University of Liverpool, United Kingdom; Covidien –
Sofradim Production, France

This study sought to determine the in vitro effect of different plasma
treatments on the attachment of macrophages and the expression of
inflammatory cytokines from adherent macrophages on collagen films.
Methods: Oxygen (O2) and nitrogen (N2) plasma were used to modify
the surfaces of collagen films by an Emitech K1050 X Plasma Asher.
The surface topography, chemistry and hydrophilicity were character-
ized by Scanning Electron Microscopy, Attenuated Total Reflectance
Fourier Transform Infrared Spectroscopy and contact angle measure-
ment. Macrophage attachment and proliferation were assessed using
an FCS assay. The expression of pro/anti inflammatory cytokines and
chemokines by adherent U937 cells were assessed by the measurement
of secreted proteins by Elisa and Luminex. These secreted proteins
include: TNFa, IL-1b, IL-10 and TGFb.
Results: Contact angle analysis revealed that the surface hydrophilicity
significantly increased after both O2 & N2 plasma treatment. There
was a decrease in cell attachment and proliferation for U937 cells on
both plasma treated surfaces. There were no significant differences in
inflammatory cytokine secretion on O2 plasma treated collagen films,
however there were decreases in TNFa, IL-1b and an increase in TGFb
on N2 plasma treated collagen films.
Conclusions: Plasma treatment of collagen films may enhance wound
healing, by reducing cell adhesion & shifting the cytokine release to an
anti-inflammatory profile, especially after N2 treatment.

26.04
Pilot production of novel recombinant bacterial
collagens for use as tissue engineering scaffolds
YY Peng, V Stoichevska, L Howell, K Schacht, GJ Dumsday,
JAWerkmeister and JAM Ramshaw
CSIRO Materials Science and Engineering, Australia

Collagens have a characteristic triple-helical structure with a (Gly-X-Y)n
repeating sequence. Collagen has proven safe and effective in numer-
ous medical products, and is frequently used in tissue engineering stud-
ies. Collagen is usually extracted from animals, but there is a concern
of transmissible diseases. This introduces the potential use of recombi-
nant collagens. However, recombinant mammalian collagens require
the functional co-expression of prolyl 4-hydroxylase (P4H) to achieve
collagen stability. Alternatively, collagen-like sequences have been char-
acterised from several bacteria. These collagens lack hydroxyproline,
yet form stable triple-helices at 35–38 �C, and can be readily expressed
in E. coli. In this study we have used the collagen-like protein Scl2 from
S. pyogenes. We have previously shown that this collagen is non-immu-
nogenic and non-cytotoxic, and can be fabricated into sponges suitable
as tissue engineering scaffolds. This collagen has limited biological
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interactions so can be used as a blank slate into which selected func-
tional domains, such as heparin or integrin binding, have been
inserted. Also, multimeric constructs of the single Scl2 collagen-like
domain have been constructed. The present study has shown that these
various new constructs can be readily produced in 2L or larger fermen-
tation and that initial yields of better than 6 g/L can be obtained in sev-
eral cases. Functional studies confirm their suitability as tissue
engineering scaffolds.

26.05
Structure and in vivo integration of dense
collagen matrices
C Helary, A Abed, I Bataille, G Mosser, L Louedec, A Meddahi-Pelle
and MMGiraud-Guille
LCMCP- University Pierre and Marie Curie, France

Dense collagen matrices have been recently developed in order to per-
form new tissue substitutes. In vitro studies showed that dermal fibro-
blasts fully colonized collagen matrices at 5 mg/ml after 15 days,
whereas at 40 mg/ml, colonization was incomplete. In the present
study, the structure and in vivo integration of dense collagen matrices
at 5, 10, 20 and 40 mg/ml were analysed. The analysis by scanning
electronic microscopy revealed the presence of a fibrillar network
within all matrices. Rheological measurements showed that the elastic
modulus of collagen matrices increased with collagen concentration
(10 KPa at 40 mg/ml). After subcutaneous implantation in rats, colla-
gen matrices exhibited different degrees of tissue integration. Macro-
scopic views revealed a good integration of 5 and 10 mg/ml matrices
after 15 days and histological analysis showed their complete coloniza-
tion by host cells. From 20 mg/ml, integration appeared lower. After
30 days, 20 and 40 mg/ml dense matrices were still observed and their
colonization by host cells detected up to 200 lm depth. Quite interest-
ingly CD-68 immunodetection revealed the absence of severe host
response regardless of collagen concentration. Taken together, our
results show that 5 and 10 mg/ml collagen matrices could find applica-
tions as dermal substitutes as they rapidly integrate a host organism,
whereas 20 and 40 mg/ml matrices could be promising for abdominal
wall repair, because of their better mechanical properties.

26.06
Comparison of two gelatin and thrombin
combination hemostats
K Lewis, H Atlee, A Mannone, J Dwyer, L Lin, S Donovan,
A Goppelt and H Redl
Baxter Healthcare Corporation, Austria; Baxter Innovations
GmbH, Austria; Ludwig Boltzmann Institute for Experimental
and Clinical Traumatology, Austria

This study compares two gelatin hemostats. In vitro, the amount of
Red Blood Cells (RBC) and thrombin not retained by each were com-
pared. In vivo, a heparinized porcine liver abrasion model was used to
compare hemostatic success, degree of bleeding, and blood loss at 2, 5,
and 10 minutes after application. In vitro, bovine gelatin retained sig-
nificantly more thrombin as measured in gelatin-thrombin supernatant
(6.81 vs. 10.89 IU/ml; 95% CI: -5.48 to )2.67, P=0.0013). Bovine gel-
atin retained significantly more RBC as measured in clot supernatant
(0.0685 vs. 0.0911 x106/uL; 95% CI: )0.0356 to )0.0096,
P=0.0085). In vivo, bovine gelatin provided superior hemostatic suc-
cess to porcine gelatin at 5 minutes (85% vs. 60%; Odds Ratio, 5.3247;
95% CI: 1.6 to 17.8) and 10 minutes (72.5% vs. 47.5%; Odds Ratio,
5.0; 95% CI: 1.5 to 16.1). Bovine gelatin had significantly lower degree
of bleeding at 5 minutes (0.575±0.874 [SD] vs. 1.025±1.121; Odds
Ratio, 3.3570; 95% CI: 1.3394 to 8.4138) and 10 minutes
(1.125±1.137 vs. 1.650±1.051; Odds Ratio, 3.8653; 95% CI: 1.6216
to 9.2135). Mean blood loss was less with bovine gelatin at 2 minutes

(0.07±0.19 vs 0.13±0.63 mL/min), 5 minutes (0.04±0.13 vs.
0.23±0.45 mL/min), and 10 minutes (0.09±0.24 vs. 0.21±0.32 mL/
min). An increased ability to retain thrombin and RBC in vitro may
explain why bovine gelatin provides superior hemostatic effectiveness,
superior control of bleeding, and greater reduced blood loss in vivo.

26.P01
Structural interaction between collagen and
di-carboxylic acids (DCAs): An improved platform
model for 3D tissue engineering research
T Mitra, G Sailakshmi, A Gnanamani and AB Mandal
Central Leather Research Institute, India

Introduction: Current scenario in tissue engineering research demand
3D scaffolds with high porosity, mechanically and thermally stable, bio-
compatible and biodegradable. However, bringing these properties in
single scaffold material is a challenging task and needs intensive
research. In recent years, ionic liquids have been investigated to
strengthen the properties of biomaterials. Similarly, a,b-Di-carboxylic
acids through its non-covalent interactions may improve and add
strength. Thus, an approach was made and the present study explores
details and the results obtained.
Materials and Methods: Series of a,b-DCAs were mixed with collagen
(type–I) and the homogenous solution obtained was transformed to
3D scaffold. Analyses on degree of cross-linking, strength, CD & FT-IR,
morphological observation, thermal stability and binding interactions
were made.
Results: Chosen DCAs dissolute and structurally modify the collagen
through its non-covalent interactions. An increase in alkyl chain length
increases the porosity of the scaffold. Degree of cross-linking was G55–
60%, thermal stability (>300�C) and exhibit ‡ 3–4 fold increase in
mechanical strength compared to virgin collagen. The molecular dock-
ing simulation studies proved the chemistry behind the interaction of a,
b -DCAs with collagen.
Conclusion: a, b -DCAs played dual role to engineer the collagen based
scaffold with improved properties for tissue engineering applications.

26.P02
Engineering anisotropy in mechanical properties
by orientated collagen cross-linking
JPF Wong, AJ MacRobert, U Cheema and RA Brown
University College London, UCL Tissue Repair & Engineering
Centre, Institute of Orthopaedics & Musculo Skeletal Sciences,
Stanmore Campus, UK; UCL Medical School, National Medical
Laser Centre, Division of Surgery & Interventional Science, UK

Biomimetic plastic compressed (PC) collagen gels provide a biocompat-
ible extra cellular matrix. Orientated focal cross-linking can be used to
generate surface anisotropy, improve material stiffness and layer inte-
gration for the production of a stable 3D construct. Riboflavin
(0.25mM) mediated cross-linking of PC collagen gel was assessed by
measuring the diffusion depth of riboflavin with time. The dynamic
force analyser was used for peal force testing for interlayer cross-linking
and material stiffness in perpendicular axis after orientated/topical
cross-linking. One minute riboflavin diffusion time on either surface
will saturate >12% of the collagen gel. Bonding strength doubled
between PC collagen gel layers with a 5 minute increase in cross-link-
ing time and break stress was increased significantly after cross-linking.
Importantly, mechanical anisotropy was introduced in the break stress
using orientated stripes of riboflavin in cross-linking, almost doubling
the break stress parallel to the stripes. Limited riboflavin penetration in
one minute means that surface photodynamic cross-linking will
enhance deep cell survival within the gel, advantageous for tissue engi-
neering purposes. Riboflavin mediated focal/orientated cross-linking
generated new predictable anisotropy at the construct. The increase in
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bonding strength between layers after cross-linking enhances layer
integration and graded surface stiffness will impact on cellular/
mechanical properties of compressed gels.

26.P03
Layer-by-layer coating of electrospun fibres with
collagens
YB Truong, V Glattauer and JAM Ramshaw
CSIRO Materials Science and Engineering, Australia

Electrospinning has become increasingly popular for fabricating nano-
to micrometer diameter fibres for use in tissue engineering. Electrospun
collagen would be an ideal scaffold, but there are significant concerns
that electrospinning results in denaturation into gelatine, potentially
losing many of collagen’s advantages. This study reports the develop-
ment of electrospun nanofibre materials coated with non-denatured
collagen. Electrospun fibres from both resorbable (polylactic-co-glycolic
acid and gelatin) and non-resorbable (polyacrylonitrile) materials were
used. The surfaces of synthetic fibres were activated to provide a nega-
tive surface charge. The core fibres were coated with collagen, through
a layer-by-layer method that used alternating layers of positively
charged (native) and negatively charged (modified) type I collagen.
Collagen layers were stabilised by crosslinking with EDC. Negatively
charged type I collagen was made by various methods: deamidation
and succinylation, which are irreversible changes, and maleylation and
citraconylation which allow subsequent removal of the modifying
groups. Spectroscopy confirmed the collagen coatings. Native and col-
lagen-coated fibres were examined after 16 h in cell culture with L929
mouse fibroblasts. This showed that uncoated synthetic fibres had
some attached cells but little or no spreading had occurred, whereas
cells seeded on collagen coated fibres consistently showed good attach-
ment and significant spreading.

26.P04
Improvement of collagen immobilization on
electrospun PLLA and PCL for better cell
attachment and proliferation
F Gonçalves, MC Burrows and LH Catalani
University of São Paulo, Brazil

Scaffolds made of electrospun synthetic polymers have been largely
used in tissue engineering. Collagen (COL) immobilization is proposed
as an alternative to increase their hydrophilicity. The goal of this study
was to evaluate how three different methods of COL incorporation
affect the cell proliferation in poly-L-lactide (PLLA) or polycaprolactone
(PCL) electrospun scaffolds.Solutions of PLLA (5%) and PCL (15%) in
chloroform were electrospun. The scaffolds were submitted to aminoly-
sis (A) or hydrolysis (H), followed by COL immobilization with 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) or
glutaraldehyde (GT, only with A). COL quantification was performed
by ninhydrin assay and cell proliferation was determined by MTTassay.
The data were submitted to 1-way ANOVA.PLLA-H-EDC showed higher
COL incorporation (1.5±0.2%) than PLLA-A-EDC (0.7±0.2%) and
PLLA-A-GT (0.3±0.05%). COL concentration was higher in PCL-A-EDC
and PCL-A-GT (1.6±0.5 and 1.3±0.07%) than in PCL-H-EDC
(0.30±0.02%). Cell proliferation at 8th day in PLLA-H-EDC (3.9±1.1
absorbance unit, a.u) was similar to PLLA-A-GT (2.5±1.0 a.u) and
higher that PLLA-A-EDC and PLLA (2.0±0.4 and 1.9±0.1a.u). PCL-A-
EDC (4.1±0.5a.u) was similar to PCL-A-GT (3.2±0.2a.u) and higher
than PCL-H-EDC and PCL (2.2±0.4 and 2.7±0.3a.u). A minimum of
1.5% of COL incorporation in PLLA/PCL scaffolds was needed to
improve the cell adhesion and proliferation in these materials.

26.P05
Development of a novel atelocollagen vitrigel
membrane aiming for the utilization in
regenerative medicine
A Oshikata and T Takezawa
National Institute of Agrobiological Sciences, Japan

A collagen vitrigel (CV) membrane is composed of high density colla-
gen fibrils equivalent to connective tissues in vivo and possesses excel-
lent strength, transparency and permeability of protein with high
molecular weight. It functions as a scaffold for anchorage-dependent
cells in both in vitro and in vivo. However, CV membranes have been
prepared from bovine native collagen and culture medium containing
fetal bovine serum (FBS) so far. In this study, as a first step aiming for
the utilization in regenerative medicine, we attempted to develop an
immunogenic telopeptide-free atelocollagen vitrigel (ACV) membrane
combining excellent strength and transparency equivalent to native CV
membrane using ruminant protein-free materials as simple as possible.
Here, ACV membranes were prepared using porcine atelocollagen and
three different solvents [culture medium containing FBS (CM-FBS),
serum free-medium (SFM) and PBS] and were subjected to analyze
above properties in comparison to those of traditional CV membranes.
As a result, we succeeded in preparing transparent ACV membranes
using every solvent and demonstrated that their strength was depen-
dent to each solvent (CM-FBS > SFM >> PBS). Also, we confirmed
that the ACV membrane using SFM could provide almost equal proper-
ties of traditional CV membrane using CM-FBS.

26.P06
Marine collagen scaffolds crosslinked ‘in situ’
with genipin for cartilage regeneration
S Fernandes-Silva, J Moreira-Silva, S Silva, R Perez-Martin,
C Sotelo, J Mano, A Marques, T Silva and R Reis
3Bs, Portugal

Nowadays, growing needs for improved treatments has motivated
research on the use of marine sources for the development of health-
related applications. In particular, a key biomaterial such as collagen
can be extracted from several marine resources, namely fish skins, fish
bones and others, with clear economic and environmental benefits. In
addition, marine collagen has the advantage of presenting reduced
risk of posing diseases to humans, in contrast to the one obtained
from calf or porcine sources.In this study collagen based porous struc-
tures were obtained by freeze-drying of solutions of collagen extracted
from shark (Scyliorhinus canicula) skin crosslinked ‘in situ’ with geni-
pin, a natural crosslinker, after pre-determined reaction times. The
ninhydrin assay showed that collagen structures with different cross-
linking degree were produced, depending on the reaction time. This
crosslinking of the structures was important to promote their stability,
demonstrated in PBS and culture medium up to 4 weeks, which is
needed to support cell culture and proliferation.The morphology anal-
ysis of the produced scaffolds showed a porous structure with 150–
200um of pore size, which could be adequate for cell culture. More-
over, the characterization of the mechanical and biological perfor-
mance of marine collagen structures suggested their use as scaffolds
for cartilage regeneration.
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26.P07
A simple, rapid method to form biomimetic
tissues with defined properties
RAL Drake, A Kaasi, CM Villemant, AB Lintott, RA Brown and
GW Cameron
TAP Biosystems, UK; UCL, UK

Plastic compression (now known commercially as RAFT) of cell-seeded
collagen type I hydrogels is a simple, rapid way to make biomimetic tis-
sues; liquid is removed by a combination of compression and absorp-
tion. The process is well suited to making tissues for cell therapy or
drug discovery. A well controlled process is needed to make tissues with
defined properties. However, multiple interdependent variables (colla-
gen volume and concentration, compression and absorption parame-
ters) can make it difficult to optimise. We now can control liquid
removal, which allows the process to be streamlined, standardised and
simplified and it can now be reproducibly and conveniently carried out
in standard multi-well plates. We will present data mapping the inde-
pendently varied critical process parameters including the volume of
collagen, concentration and compression time in relation to the resul-
tant tissue properties. We will show it is now possible to pre-select the
desired tissue characteristics. This is a significant advance, as the tech-
nology can be simply adopted into routine use for research or for the
development of novel cell-based and regenerative medicine therapies.

26.P08
Highly controlled parallel production of
collagenous tissues of variable size and shape
A Kaasi, CM Villemant, A Lintott, MH Purser, RA Brown,
RAL Drake and GW Cameron
TAP Biosystems, UK; UCL Tissue Repair & Engineering Centre,
Institute of Orthopaedics & Musculoskeletal Science, Royal
National Orthopaedic Hospital, UK

The plastic compression process, known commercially as RAFT�, has
been in use in tissue engineering and regenerative medicine research
since 2005. During that time it has been applied to a number of areas
including cornea, skin, nerve, ureter and bladder which indicate a
broad suitability for ongoing research. To support expansion of the
RAFT� technology we have carried out an extensive study which
investigated various absorbent materials, whose function is to gently
remove liquid from the hyperhydrated collagen gel. Techniques applied
were gravimetric methods and scanning electron microscopy to cha-
racterise basic material properties, and a novel, non-invasive optical
measuring system for thickness measurements of the produced RAFT�
tissues. This instrument also allows in situ tissue thickness measure-
ment as liquid is removed, enabling monitoring of tissue formation in
real-time. A range of absorbing materials has been tested and rules
defined for pore size, porosity and surface tension of the absorber. We
can now control liquid removal, which allows the process to be stream-
lined, standardised and simplified. It can now be reproducibly and con-
veniently carried out in parallel in standard multi-well plates or in a
range of shapes and sizes for tissue engineering and regenerative medi-
cine therapies.

26.P09
Characterization of collagen I scaffolds
E Suesca, H Sousa, A Dias, M Braga and MR Fontanilla
Tissue Engineering Group, Department of Pharmacy, National
University of Colombia, Colombia; Chemical Engineering
Department, University of Coimbra, Portugal

This work compared physical and chemical properties of collagen I uni-
directional (UDS) and multi-directional (MDS) scaffolds and evaluated
the effect of collagen concentration and crosslinking method in the fol-

lowing scaffold properties: water vapor sorption (WVS), water vapor
permeability (WVP) and surface water contact angle (WCA). Data
show that uncrosslinked scaffolds had the highest WVS followed by
glutaraldehyde, dehydrotermal and genipin crosslinked scaffolds,
respectively. We found that an increase in collagen concentration (2–8
mg/mL) resulted in a decrease of WVS and WVP. Also, that WVS was
not affected by fiber orientation and that WVP was significantly lower
in UDS than in MDS. The WCA values of the scaffolds tested were char-
acteristic of hydrophobic materials. Dehydrotermally treated scaffolds
showed the highest WVP followed by uncrosslinked, glutaraldehyde
and genipin crosslinked scaffolds. Genipin treated scaffolds exhibited
the highest denaturation temperature (Td). Overall, glutaraldehyde
crosslinked scaffolds displayed the best WVS, WVP, WCA and Td. The
scaffold thermal stability assessed by DSC analysis and the integrity of
collagen triple helix evaluated by FTIR analysis indicated that after
crosslinking collagen kept its native form.

26.P10
Novel technology for simple assembly of aligned
3D cellular collagen materials for tissue
engineering
JB Phillips and R Drake
The Open University, UK; TAP Biosystems, UK

Many tissues (e.g. nervous system, cardiac and musculoskeletal) have
anisotropic structures and cellular alignment is fundamental to their
function. Mimicking tissue anisotropy is important in tissue engineer-
ing, but achieving robust alignment of cells in a hydrogel matrix is chal-
lenging. Here we report a new technique, combining cellular self-
alignment in collagen gels with a simple method of stabilising the
aligned cellular gels, to produce biomimetic aligned tissues without the
use of pre-formed scaffolds. Cells are seeded in 2 mg/ml type-I collagen
gels and tethered at opposite ends of a rectangular mould. After 12–24
hours of incubation uniaxial tension develops within the collagen gel,
resulting in cells aligning parallel to the axis of principal strain. We sta-
bilise the aligned cellular construct using controlled compression and
absorption (RAFT Real Architecture for 3D Tissue). The resulting tis-
sues have physiologically relevant collagen concentrations and cells
remain highly aligned even after removal of tethering. This approach,
which can be scaled-up and automated, provides a powerful new way
to produce aligned cellular biomaterials. We have developed and tested
it using nervous system cells to provide Engineered Neural Tissue for
repair and modelling of both the CNS and peripheral nerves. Our data
demonstrate its broad potential for tissue engineering, where robust
and stable cellular alignment is required for repair and as better tissue
models for research.

26.P11
Collagen gel with aligned fibers modulate
electric field-directed migration of ligament
fibroblasts
YC Cheng and PC Chao
National Taiwan University, Taiwan (R.O.C.)

Many cells reside in complex and anisotropic microenvironments in
vivo. A major extracellular matrix component, type I collagen forms
fibers in vivo via a nucleation process which can be controlled with
flow. We established a microfluidic system to generate collagen gels
with aligned fibers and cultured porcine anterior cruciate ligament
(ACL) fibroblasts on the gel. 65.2% of the cells exhibited alignment to
the direction of the fiber (compared with 11.7% in the random group).
When subjected to DC electric fields (EFs, 6 V/cm), cells in the random
collagen group exhibited enhanced motility (increased migration
speed) and directionality (toward the cathode). Interestingly, when EF
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was applied parallel to cells seeded on aligned collagen fibers, this
directionality was abolished while speed remains improved. This find-
ing contradicts previous studies in corneal epithelial cells [Rajnicek et
al., 2007]. When RhoA activity was attenuated with C3 transferase,
EF-induced directionality was restored on aligned collagen fibers with-
out changes to cell motility. Our results indicate the involvement of
RhoA in contact guidance and EF-induced directionality. Furthermore,
as collagen gel is considerably softer than the quartz substrate used in
the previous corneal studies, material stiffness may also play a role in
these interactions. EFs promote wound healing clinically and the cur-
rent study present possible insights into the healing mechanisms.

26.P12
A 3D synthetic model of collagen fibers with
nanohydroxyapatite grafted with SPARC for bone
regeneration and prevention of cancer related
bone metastasis.
N Ribeiro, SR Sousa and FJ Monteiro
Instituto de Engenharia Biomédica INEB, Portugal; REQUIMTE,
Instituto Superiorde Engenhariado Porto, Dep.Engenharia
Quı́mica, Portugal

Synthetic hydroxyapatite (HA) nanoparticles are interesting scaffold
materials in bone tissue engineering due to their structural similarity
with biological apatite and to their osteogenic properties.[1] SPARC
(secreted protein, acidic and rich in cysteine) is a glycoprotein that
works as a modulator of cell-matrix interactions and is associated with
bone tissue development, remodeling and repair, cell turnover and
bone mineralization. [2] Additionally, SPARC controls important mech-
anisms involved in cancer development and progression and seems to
be relevant in metastatic dissemination capacity of both prostate and
breast cancer cells into bone and lung tissues. However, its specific role
is still not fully understood. [3–4] The novelty of this work relies on
the design of a 3D synthetic model that mimics bone (collagen fibers
with nanoHA) capable of being grafted with SPARC peptides involved
in bone metastization. This may be promising in bone regeneration
and in the development of counter adhesive treatment strategies
against metastatic bone tumors.
References:
1. Science 2002, 295(5557):1009.
2. Matrix Biol 2000, 19(7):569–580.
3. Cancer Research 1999, 59:4453.
4. Journal of Cellular Biochemistry 2006, 97:288.

26.P13
A novel material of high density collagen fibrils:
A collagen xerogel membrane and its application
to transplantation in vivo and a culture chamber
in vitro
T Takezawa, S Aoki, A Oshikata, C Okamoto, H Yamaguchi,
Y Narisawa and S Toda
National Institute of Agrobiological Sciences, Japan; Faculty of
Medicine, Saga University, Kanto Chemical Co. Inc., Japan

A collagen vitrigel (CV) membrane is composed of high density colla-
gen fibrils equivalent to connective tissues in vivo and is easily handled
with tweezers. Also, it possesses excellent transparency and permeabil-
ity of protein with high molecular weight and consequently the various
researches utilizing it as a cell culture substratum advances so well.
However, the thickness of CV membrane is 15–20 micrometer and it
required a nylon frame to avoid self-twisting. In this study, we aimed to
develop a CV membrane with an excellent handling ability and to
examine its utility in cell culture and transplantation experiments.Here,

we developed a mass fabrication technology of not only a thin but also
thick CV membrane as a novel material attached to a parafilm in a
dried state that easily peel off. The dried CV membrane detached from
the parafilm was considered as a collagen xerogel (CX) membrane with
an excellent handling ability. Such a CX membrane was easily con-
verted into a CV membrane by the rehydration. The thick CX mem-
brane is transplantable to a rat extensive skin defect by directly
suturing it with surgical ligature. Also, we developed a CV membrane
chamber by pasting the thin CX membrane onto an edge of plastic
tube. The CV membrane chamber was useful for reconstructing culture
models such as ‘tissue sheet’ composed of epithelial cells alone or endo-
thelial cells alone and ‘organoid plate’ composed of epithelial cells,
mesenchymal cells and endothelial cells.

26.P14
Adipogenesis using human adipose tissue-
derived cells combined with collagen/gelatin
scaffold sustained release of basic fibroblast
growth factor
R Ito, N Morimoto, L Pham, K Kawai and S Suzuki
Kyoto University, Japan

Introduction: We have developed collagen/gelatin scaffold (CGS) that
can provide the sustained release of basic fibroblast growth factor
(bFGF). We proved that CGS impregnated with the appropriate dosage
of bFGF accelerates dermis-like tissue formation two or three times ear-
lier than existing artificial dermis. In this study, we disseminated ASCs
on CGSs impregnated with bFGF to aim at developing efficient mea-
sures for adipogenesis.
Method: Human ASCs were primarily isolated from human adipose tis-
sues that were obtained in breast cancer surgery with informed consent
at Kyoto University Hospital. ASCs were isolated from collagenase
digests of adipose tissue. We impregnated CGSs (8 mm in diameter, 3
mm in thickness) with bFGF (0.1, 1, 7,14 lg/cm2) or normal saline
solution. Then, we disseminated cells (passage 3) on CGSs at a seeding
density of 1x105 cells/cm2 and implanted them into the back subcutis
of nude mice. Six weeks after implantation, adipogenesis at the admin-
istered site was evaluated.
Results: Newly-formed adipose tissue was observed in all groups macro-
scopically and histologically. The weight of regenerated adipose tissue
was largest in the 1 lg/cm2 of bFGF group.
Conclusions: In this study, we showed that our CGS impregnated with
low-dose bFGF could be used as a scaffold with ASCs for adipogenesis.

26.P15
Quantifying spatial and temporal variation in cell
function in collagen constructs for tissue
engineering applications
A Gahanbani Ardakani, K Stamati, RA Brown, U Cheema
and RJ Shipley
University of Oxford, UK; University College London, UCL Tissue
Repair & Engineering Centre, Institute of Orthopaedics &
Musculo-Skeletal Sciences, Stanmore Campus, UK

The successful design of any tissue engineered construct requires: bio-
compatibility, integration once implanted in vivo, material support of
the cell population, mechanical integrity and ability to mimic features
of native tissue architecture. These criteria present a significant chal-
lenge that we are incrementally addressing through the use of plastic
compression to produce dense collagen scaffolds that can mimic the
fibril density found in native tissues. The matrices produced have good
biomimetic and functional mechanical properties where compliance
and strength are concerned.This study quantifies cell fate (death,
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proliferation and migration) at different spatial positions throughout
the plastic compressed collagen type I scaffold over 10 days. Three
segments of the compressed collagen matrix (core, middle and outer)
were analysed by quantifying cell death and proliferation, using live/
dead and proliferation assays. Through combining this information
with oxygen tension data through the 3D construct, quantitative infor-
mation on the relationship between cell fate and oxygen tension is
obtained. Moreover these results validate and test a mathematical
model, which allow the extraction of continuous data on cell fate in
time and space.The impact of these findings on construct design
will be explored; in particular, the potential for introducing channels
to mimic a vascular supply will be investigated to augment nutrient
delivery to the core for larger constructs.

26.P16
Long term evaluation of laminar absorbable
prosthetic materials in the regeneration of the
abdominal wall
G Pascual, M Rodriguez, S Sotomayor, B Pérez, A Cifuentes and
JM Bellón
University of Alcala, Spain

Introduction: Laminar absorbable prostheses have been added to the
materials available for the repair of hernial defects in the abdominal
wall. They are gradually degraded in the host resulting in the forma-
tion of a neotissue. Aim: assess the long term behaviour of collagen
and synthetic (polyglycolic acid/trimethylene carbonate) absorbable
prostheses.
Methods: Hernial defects were created in the abdominal wall of 24 rab-
bits and repaired using collagen (Tutomesh�/Strattice�) and a syn-
thetic (BioA�) prostheses. 180 days post-implant, specimens were
taken for light and scanning electron microscopy to determine tissue
regeneration. The macrophage response was assessed by immunohisto-
chemistry.
Results: Tutomesh, the thinnest bioprosthesis, became easily infiltrated
by host tissue and at 180 days was almost complete degraded and
substituted by a loose connective tissue. The thickest prosthesis (Strat-
tice), revealed encapsulation of the material, showing cell infiltration
only in the outermost area. However, the synthetic one (Bio-A), similar
to Strattice thickness, showed great degradation, with small traces of
copolymer in a rich adipose neoformed tissue. A significant increase of
the number of macrophages was observed in the synthetic prostheses.
Conclusions: Thickness of bioprostheses determines tissue infiltration.
Synthetic absorbable meshes showed higher rate of degradation and
tissue regeneration, but more intense inflammatory reaction at long
term. DPI2011-27939/FMM2008

26.P17
The influence of collagen density in cellular
distribution
W Sun, DM Tiemessen, M Sloff, J Hilborn, B Gupta, WFJ Feitz,
WF Daamen, TH van Kuppevelt, PJ Geutjes
and E Oosterwijk
Nijmegen Centre for Molecular Life Sciences, Radboud University
Nijmegen Medical Centre, The Netherlands; Uppsala University,
Sweden; Indian Institute of Technology, India

Adequate cellular in-growth into biomaterials is one of the fundamen-
tal requirements in regenerative medicine. Type-I-collagen is the most
commonly used material for soft tissue engineering, because it is non-
immunogenic and a highly porous network for cellular support. How-
ever, adequate cell in-growth and cell seeding has been suboptimal.
Different densities of collagen scaffolds (0.3% to 0.8% (w/v)) with/
without polymer knitting (poly-caprolactone (PCL)) were prepared.

The structure of collagen scaffolds was characterized using scanning
electronic microscopy (SEM) and HE staining. The mechanical strength
of hybrid scaffolds was determined using tensile strength analysis. Cel-
lular penetration and interconnectivity were evaluated using fluores-
cent bead distribution and human bladder smooth muscle cells and
urothelium seeding. SEM and HE analysis showed the honeycomb
structure and the hybrid scaffolds were adequately connected. The
hybrid scaffolds were much stronger than collagen alone. The distribu-
tion of the beads and cells were highly dependent on the collagen den-
sity: at lower densities the beads and cells were more evenly
distributed and penetrated deeper into the scaffold. The lower density
collagen scaffolds showed remarkably deeper cellular penetration and
by combining it with PCL knitting the tensile strength was enhanced.
This study indicated that a 0.4% hybrid scaffold strengthened with
knitting achieved the best cellular distribution.

26.P18
Autologous keratinocyte transplantation in
recombinant human collagen III for treatment of
full thickness porcine wounds
MJ Peura, K Nuutila, S Suomela, M Hukkanen, A Siltanen,
A Harjula, J Vuola and E Kankuri
Institute of Biomedicine, Pharmacology, Finland; Department of
Dermatology, Institute of Biomedicine, Anatomy; 3rd Department
of Surgery, Helsinki University Central Hospital; Department of
Plastic Surgery, Helsinki Burn Centre, Finland

Introduction: Full thickness wounds require rapid filling of the defect in
order to support dermal regeneration. Cultured keratinocyte auto grafts
(CEA) are used to deliver large amount of autologous cells to skin
wounds. Recombinant techniques have enabled various fibrillar struc-
tures such as the wound healing-associated collagen type III to be pro-
duced feasibly in large quantities offering alternatives for materials of
animal origin. Study aim: Our aim was to evaluate biocompatibility of
recombinant human collagen type III (rhCol-III) in CEA treatment
using a porcine full thickness biopsy-wound model.
Material and methods: Full-thickness skin wounds were created with a
punch biopsy on the back of two domestic pigs, fourteen wounds per
pig. Before the operation, autologous fibroblast and keratinocyte cul-
tures were established from skin biopsy. Treatment was initiated by
application of a rhCol-III hydrogel (n=8) with pre-cultured keratino-
cytes (n=8) or keratinocytes and fibroblasts (n=8). Untreated wounds
were used as control for the treatment groups (n=4).Two EGF-receptor
tyrosine kinase inhibitors; PD153035 and AG1478 were used to show
EGF-linked effect of fibroblast.
Results: RhCol-III was biocompatible for transplantation did not delay
wound healing or cause a marked inflammatory response. In conjunc-
tion with autologous keratinocytes it improved wound healing through
increased granulation tissue.

26.P19
Sequential-release of nucleic acid from a
collagen scaffold with hollow microspheres that
avoid phagocytosis by activated macrophages
S Browne, G Fontana and A Pandit
Network of Excellence for Functional Biomaterials (NFB),
National University of Ireland Galway, Ireland

Precise control over the temporal and spatial presentation of signaling
cues is essential to understand the role these factors play in dynamic
cellular processes. Hollow microspheres offer new opportunities to
study anisotropic signaling and direct tissue morphogenesis. However,
a major issue with microspheres is macrophage clearance. The purpose
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of this study is to design a sequential-release system to avoid macro-
phages. The specific objectives were to fabricate hollow microspheres,
identify a size to avoid phagocytosis, embed microspheres within a scaf-
fold, characterize the release profile, and assess the delivery of anti-
inflammatory and pro-angiogenic signalsin vivo. Collagen hollow
spheres (CS) were fabricated (100nm, 1 and 10lm) using a novel tem-
plate method. Microscopy showed CS weremonodispersed, while
pDNA complexes showed efficient loading andprolonged release.
Transfection studies showed the ability of released complexes to trans-
fect fibroblasts, and reduced toxicity when unloaded polyplex doses

were compared. FACS and microscopy analysis of uptake by THP-1 cells
identified 1 and 10lm CS as appropriate reservoirs and hence used to
study the release from the CHS/hydrogel system.Initial analysis of in
vivo samples shows minimal inflammation and signs of increased
angiogenesis in a temporal manner matching the delivery profile. Fur-
ther analysis will determine the effect on inflammatory and angiogenic
signals.
Acknowledgement: Science Foundation Ireland (07/SRC/B1163)
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27. Extracellular Matrix and Cells from Natural Tissues
(in coop. IPLASS)

27.01
Keynote: Hepatic cell-human amniotic epithelial
cell (hAEC) interactions leading to ECM
degradation
W Sievert, A Hodge, D Lourensz, V Vaghjiani, D Lacey, M Murthi
and U Manuelpillai
Monash University, Australia; University of Melbourne, Australia

Background: Chronic inflammation leads to hepatic cirrhosis with
extensive ECM deposition (fibrosis). Infusion of placenta derived hAEC
into cirrhotic mice reduces hepatic inflammation/ECM deposition, but
the mechanisms are unknown. Objectives: Determine whether infused
hAEC reduce inflammation/fibrosis via secreted factors that act on
hepatic macrophages and ECM depositing hepatic stellate cells (HSC).
Methods: C57BL/6 mice were given carbon tetra chloride(CCl4) over
an extended period to induce cirrhosis. hAEC were infused IV and mice
culled 4 weeks later. Effects on hepatic macrophages and HSC were
studied in excised livers and in vitro.
Results: Some hAEC remained engrafted in mouse livers.Treated mice
had significantly lower numbers of hepatic macrophages that may be
due to altered levels of monocyte recruiting chemokines. Macrophage
phenotype changed from classically activated M1 to alternatively acti-
vated M2 that has been linked to fibrolysis. HSC showed reduced pro-
liferation, activation, pro-fibrogenic cytokine and collagen output and
increased apoptosis.In vitro studies showed that factors secreted by
hAEC including activin A,BMP-1, PGE2 and HLA-G may regulate the
effects on hepatic cells.
Conclusion: hAEC infusion induces a fibrolytic macrophage phenotype
and together with multiple effects on HSC contributes to increased
ECM degradation.These findings suggest that hAEC may have thera-
peutic potential for treating established fibrosis resulting from chronic
inflammation.

27.02
Mimicking the properties of fetal cardiac
extracellular matrix to stimulate cardiomyocyte
proliferation
C Williams and LD Black
Tufts University, USA

Children born with serious congenital heart defects (CHD) require
major reconstructive surgery to survive. In contrast to mature cardio-
myocytes (CMs), fetal CMs are highly proliferative, and this behaviour
is likely modulated by the environment of the developing heart. We
hypothesized that recapitulation of the fetal cardiac extracellular
matrix (ECM) environment would stimulate the proliferation of CMs.
Hearts were harvested from rats at fetal (E15–E19), neonatal (P1–P3),
and adult (3–6 mo.) time points and ECM properties were investigated
using Western blot (composition) and uniaxial tension tests (mechan-
ics). ECMwas isolated from hearts via perfusion of sodium dodecyl sul-
fate (SDS), solubilized in pepsin-HCl, and adsorbed onto culture
dishes. Neonatal rat CMs were seeded onto ECM-coated substrates,
and assayed for proliferation (PHH3 & cardiac a-actinin double stain-
ing) after 24 hr and 1 wk. After 24 hr, CM-specific proliferation was sig-
nificantly higher on fetal ECM compared to adult. After 1 wk, CM-
specific proliferation was significantly higher on fetal ECM compared

to both adult ECM and bare culture dishes, although proliferation over-
all was decreased. Significant changes to ECM composition (notably
Col V and periostin) throughout the age range studied are currently
being investigated as potential mechanisms for the observed effect as is
the role of stiffness in this process. Our results suggest that ECM pro-
motes CM proliferation in an age-dependent manner.

27.03
Decellularised bone gels – novel materials for
bone regeneration
LJ White, MJ Sawkins, SF Badylak and KM Shakesheff
University of Nottingham, UK; University of Pittsburgh, USA

The objective of this work was to develop new material platforms from
decellularised bone that can be used to successfully bridge and heal
critical sized bone defects. Although demineralised bone has been used
as graft material, the use of decellularised bone for bone regeneration
has not been attempted. Scaffolds composed of extracellular matrix
(ECM) have been shown to provide cues for in vivo cell migration, pro-
liferation and differentiation. The advantages of maintaining tissue
specificity in repair and regeneration has been demonstrated with scaf-
folds derived from liver and respiratory tract ECM but not yet for bone.
Bovine femurs were sorted into cancellous fragments prior to treatment
with in-house developed demineralisation and decellularisation proto-
cols. Histological evaluation showed that cellular fragments were pres-
ent in demineralised bone (DBM) but were removed by the
decellularisation process. A pepsin digest and solubilisation procedure
was undertaken with the DBM and decellularised bone (bECM) to
form gels. Characterisation of the gels included assessment of turbidi-
metric gelation kinetics and rheological behaviour; the surface mor-
phology was examined with scanning electron microscopy. The
proliferation of human osteosarcoma cells on collagen, DBM and bECM
gels of different concentrations (3 and 6 mg/ml) was also assessed.
Cellular proliferation on DBM and bECM gels was equivalent or greater
to that observed on collagen gels.

27.04
Catheter deliverable extracellular matrix derived
hydrogel for treating myocardial infarction
CK Christman
Department of Bioengineering, University of California, USA

Injectable materials present the exciting opportunity of minimally inva-
sive therapy to prevent heart failure by providing a temporary scaffold
to replace the damaged extracellular matrix (ECM) that occurs post-
myocardial infarction (MI). To date, no material appropriately mimics
the ECM composition and structure and most have failed to translate
to catheter-based delivery. We have developed an injectable form of
myocardial ECM that retains native proteins, peptides, and polysaccha-
rides, and self-assembles into a nanofibrous gel upon injection into the
myocardium. We have recently demonstrated that this injectable myo-
cardial matrix preserves left ventricular (LV) volume and cardiac func-
tion post-MI in a rat model, as well as increases post-MI endogenous
cardiomyocyte survival. We have also shown that the myocardial
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matrix can be delivered via a percutaneous transendocardial approach
using the NOGA guided Myostar catheter and improves LV volume and
cardiac function in a porcine MI model out to 3 months. Furthermore,
we did not observe an increase in arrhythmias in either the rodent or
pig model. This acellular scaffold has the potential to be an effective
minimally invasive treatment for MI, providing the appropriate extra-
cellular environment to replace the damaged ECM. The material has
also been shown to increase maturation of human embryonic stem cell
derived cardiomyocytes, and thus also has potential as a scaffold for
cell-based cardiac tissue engineering.

27.P01
Human placenta derived extracellular matrix
scaffolds for skin regeneration
JD Kim, JS Choi, EJ Kim, HS Yoon and YW Cho
Hanyang University, Korea; Seokyeong University, Korea

Human placenta extracts and amniotic membranes have been reported
to reduce inflammation, promote epithelialization, and prevent scar-
ring because they contains abundant extracellular matrix (ECM) com-
ponents and growth factors that are important during pregnancy.
Herein, human placenta-derived ECM (HPECM) is presented as a
promising material for regeneration of serious wounds. HPECM was
extracted from whole placenta via homogenization and decellulariza-
tion. The final product was fabricated into a sheet by molding and
freeze-drying. HPECM sheet with porous structure exhibited good
mechanical properties. In addition, the sheet retained the ECM compo-
nent and various growth factors. The structure and composition feature
of HPECM scaffolds dramatically supported the growth of human adi-
pose-derived stem cells in vitro. In full-thickness wound of rat, the
degree of wound healing with the HPECM scaffold implantation was
higher than that without the scaffold. Moreover, HPECM scaffolds pro-
duced skin substitutes with similar cellular organization of normal skin
and reduced wound contraction, which may lead to reduced morbidity
in patient outcomes. These results suggest that the HPECM scaffold
provides a good microenvironment and accelerate healing of the
wound site.

27.P02
The relationship between the molecular and
ultrastructural properties of amniotic membrane
scaffolds and urothelial cell growth
U Dragin, P Veranic and ME Kreft
Institute of Cell Biology, Faculty of Medicine, University of
Ljubljana, Slovenia

Various strategies have been proposed over the years for the regenera-
tion of the urothelium. Many potential scaffolds have been trialed,
including amniotic membrane (AM), but understanding of the relation-
ship between molecular and ultrastructural properties of scaffolds and
urothelial cell (UC) growth as well as knowledge of UC interactions
with scaffolds is still in its infancy. Cryopreserved human AM was used
as scaffold in three different ways. Normal porcine UCs were seeded on
the amniotic epithelial monolayer (intact AM), the basal lamina
(denuded AM) or the stromal matrix (AM stroma) and were cultivated
for 3 weeks. UC growth on AM scaffolds was monitored daily. Molecu-
lar and ultrastructural properties of AM scaffolds were determined by
histochemistry and electron microscopy. Molecular and ultrastructural
analysis confirmed presence of collagens, neutral and acid proteogly-
cans in the basal lamina and the stromal matrix of AMs. After 3 weeks,
AM scaffolds were mainly acellular, but retain the specific molecules
and morphology. The growth of UCs was the fastest on AM stroma scaf-
fold, where the basal lamina between stromal matrix and urothelium
was formed de novo. Using AM, we introduced a new approach

for stimulation of UC growth. De novo formed basal lamina on
AM stroma provides a natural substrate for UC growth and further
differentiation. By promoting UC attachment, proliferation and dif-
ferentiation, AM presents a promising scaffold for use in recon-
structive urology.

27.P03
Injectable micronized amniotic membrane
attenuates the progression of osteoarthritis
NJ Willett, AS Lin, T Thote, SMMoran, Y Raji and RE Guldberg
Georgia Institute of Technology, USA

Amniotic membrane is a promising intervention for osteoarthritis (OA)
due to its anti-inflammatory and anti-fibrotic properties along with low
immunogenicity. The objective of this study was to quantitatively assess
the efficacy of injectable micronized human amniotic membrane (Am-
nioFix Injectable, MiMedx Group, Inc.) as a disease modifying interven-
tion in a surgically induced rat model of OA. Medial meniscal
transection surgery was performed in Lewis rats. 24 hours after sur-
gery, amnion or saline was injected intra-articularly into the stifle joint.
Animals were euthanized at 72 hours or 21 days. Cartilage attenuation,
thickness, and lesion volume were quantitatively assessed using EPIC-
uCT and H&E and Saf-O staining. At 21 days post-surgery, amnion
treatment completely inhibited lesion formation and reduced fibrilla-
tion occurrence as compared to saline treated animals. Similarly,
amnion treatment reduced cartilage attenuation, indicating increased
proteoglycan content, by 78% compared to saline treatment. Histologi-
cal staining of treated stifle joints showed the presence of amnion in
the synovium at 3 and 21 days post-surgery. This tissue incorporation
and residence time make injectable micronized amnion a promising
delivery vehicle for additional pharmacological interventions or in vivo
contrast agents. This study demonstrated that injectable micronized
amniotic membrane is an effective treatment which attenuated the pro-
gression of OA.

27.P04
Decellularized human placental vascular scaffold
provides a platform for tissue and organoid
engineering
Q Ye, J Wang, V Deng, A Kaplunovsky, M Bhatia, W Hofgartner
and R Hariri
Celgene Cellular Therapeutics, USA

Introduction: Decellularized natural vasculature is a suitable material
for tissue and organ engineering. Human placenta is a large vascular
organ. We established a method to decellularize whole placentas to
produce decellularized human placental vascular scaffold (DHPVS)
and examined its vascular integrity.
Methods: Placentas stored at –80�C were thawed and perfused with
Triton X-100 and SDS. Decellularization was assessed by DNA content
and H&E staining. Fluid and cell conductivity was examined by infus-
ing dye or luciferase labeled cells into DHPVS. Cell distribution was
analyzed using a Xenogen IVIS Spectrum.
Results: DHPVS was a semi-transparent tissue matrix retaining anatom-
ical characteristics of a placenta with few remaining intact nuclei.
DHPVS had significant reduction in DNA content compared to
untreated placentas. Trypan blue dye infused into DHPVS distributed
from the umbilical cord to the edge of the placental disc, indicating that
large, small and micro vessels were intact. Luciferase labeled cells
infused into DHPVS distributed through most of the placental vascula-
ture. Dynamic cell distribution was observed when incubating DHPVS
for two hours after cell infusion. DHPVS was used as an incubator to
culture cells by circulating medium with a peristaltic pump through the
vascular scaffold.
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Conclusions: DHPVS efficiently distributes cells and fluid and can be
used as a platform for tissue engineering to generate constructs requir-
ing cell repopulation.

27.P05
Anti-fibrotic effects of fresh vs. cryopreserved
amniotic membrane
E Ricci, G Vanosi, A Lindenmair, S Hennerbichler,
A Peterbauer-Scherb, S Wolbank, A Cargnoni, C Gabriel, H Redl
and O Parolini
Centro di Ricerca E. Menni, Fondazione Poliambulanza Istituto
Ospedaliero, Italy; Facoltà di Medicina Veterinaria, Universita
degli Studi di Milano, Italy; Ludwig Boltzmann Institute for
Experimental and Clinical Traumatology / AUVA Research
Centre; Red Cross Blood Transfusion Service of Upper Austria.
Austrian Cluster for Tissue Regeneration, Austria

The human amniotic membrane (hAM), fresh or preserved, has been
successfully clinically applied to treat ocular diseases and ulcers, due to
its anti-scarring, anti-inflammatory, and wound healing properties. We
recently demonstrated that fresh hAM, used as bandage on the liver
surface, is able to reduce liver fibrosis induced by bile duct ligation
(BDL) in rats. The aim of this study was to explore if hAM retains the
ability to reduce liver fibrosis after cryopreservation, which allows for a
long-term storage and biological safety. hAM was used either fresh,
within 24h from peeling from placenta, or preserved, frozen onto a car-
rier material, in cryomedium with DMSO. Pieces of fresh or thawed
hAM were applied on the liver surface of rats after BDL. After six
weeks, the degree of liver fibrosis was assessed histologically by the
Knodell and METAVIR score systems. Image analysis was used to quan-
tify the liver area occupied by ductular reaction, extracellular matrix
(ECM), activated myofibroblasts, and hepatic stellate cells (HSCs).
Although cryopreservation reduced viability of hAM cells, fresh and
cryopreserved hAMs displayed similar microscopic features and compa-
rable anti-fibrotic effects. In all treated rats, liver fibrosis, ductular reac-
tion, ECM deposition, and the number of activated myofibroblasts and
HSCs were significantly reduced.Our findings demonstrate that the
ability of hAM to reduce liver fibrosis could be maintained after appro-
priate cryopreservation.

27.P06
Heat-dried human placental ECM supports
human amnion derived adherent cell (AMDAC)
growth and induces secretion of growth factors
and cytokines
JJ Desai, DM Gregor, JO Ngoje, D Hou, A Kaplunovsky, R Zaka,
RJ Hariri, WT Hofgartner and MB Bhatia
Celgene Cellular Therapeutics, USA

Introduction: Amnion Derived Adherent Cells (AMDAC) are isolated
from the amnion and expanded in culture (US Patent Application
2010/0124569). AMDACs are CD200+, CD105+, CD10+, OCT4- and
CD34- and are immunosuppressive as shown in a mixed lymphocyte
reaction (MLR). Their secretion profile suggests relevance in wound
healing applications. We previously described the isolation of an extra-
cellular matrix from human placenta (ECM) which can be formulated
as sheets (Bhatia MB, Wounds 20, 29, 2008). Here we examine a com-
bination of ECMwith AMDACs as a potential wound healing product.
Methods: ECM was isolated from placentas using methods described
previously. The resulting ECM paste was vacuum dried into sheets.
AMDACs were isolated from the amnion via enzymatic digestion and
culture expanded. AMDACs were seeded on ECM sheets and cultured
4–6 days. Cell proliferation, morphology and secretion profile were
examined using the MTS assay, Calcein AM/PI staining and multiplex
ELISAs.

Results: AMDACs demonstrated strong binding and proliferation on the
ECM sheets. AMDACs bound to ECM secreted high levels of growth
factors and cytokines including VEGF, PDGF, b-FGF and IL-8, which are
relevant in wound healing cascades.
Conclusion: We have demonstrated the combination of a placental
ECM formulated as a stable sheet with AMDAC; a possible utility of this
construct is being examined in wound healing animal models.

27.P07
Wharton’s jelly mesenchymal stem cells
differentiation towards hepatocyte-like cells:
in vitro evidences
LM Lo Iacono, R Anzalone, S Corrao, F Timoneri, G Amico,
T Corsello, F Farina, PG Conaldi and G La Rocca
Anatomy Section, Department of Experimental Biomedicine and
Clinical Neurosciences, University of Palermo, Italy; Department
of LaboratoryMedicineandAdvancedBiotechnology, ISMETT, Italy

Wharton’s jelly mesenchymal stem cells (WJ-MSC) can differentiate
into diverse cell types, showing a unique ability to cross lineage bor-
ders. This, together with their in vitro proliferative potential and their
immunomodulatory features, renders these cells promising for regener-
ative medicine applications in different pathological settings. We
exposed WJ-MSC to differentiative factors at different time points sev-
eral parameters were evaluated: markers expression at both protein
and mRNA level, PAS staining for glycogen, Glucose-6-phosphatase
activity, CYP4503A4 activity, Cardiogreen uptake.WJ-MSC were suc-
cessfully differentiated towards hepatocyte-like cells expressing mature
hepatocyte functions. We demonstrated that the differentiative proto-
col applied led to the expression of several markers specific of the hepa-
tocyte lineage, as demonstrated by the expression of albumin, alpha-1
antitrypsin, and the cytokeratin switch. Moreover, at all the timepoints,
hepatocyte-like cells showed cytoplasmatic glycogen accumulation,
were able to metabolize glucose-6-phosphate, showed inducible
CYP4503A4 activity following rifampicin challenge, and were able to
uptake indocyanine green from the culture medium.The results
obtained so far strongly suggest that WJ-MSC can constitute extra-
hepatic candidates for cellular therapy strategies aiming at liver regen-
eration and repopulation. Further work is underway to apply these
cells in a preclinical model of swine liver failure.

27.P08
Expressions of pituitary tumor transforming
genes (PTTGs) family in placenta-derived stem
cells (PDSCs) control self-renewal through
regulation of p53 expression
HJ Lee, JH Choi, SG Hwang, SS Lee and KG Jin
Department of Biomedical Science CHA University. Republic of
Korea; Department of Internal Medicine, CHA Bundang Medical
Center, CHA University, Republic of Korea; Department of Oral
Pathology, College of Dentistry, Gangneung-Wonju National
University, South Korea

Pituitary tumor transforming gene (PTTG) is an oncogen highly
expressed in a various tumors. Placenta-derived stem cells (PDSCs) are
characterized by their capacity to differentiate into hepatic lineages as
well as mesenchymal lineages. However, the expression and the func-
tion of PTTG family in PDSCs have not been explored. So, we analyzed
the expression of PTTGs including PTTG1, -2 and -3 in PDSCs and eval-
uated their function. Expressions of PTTGs by transfection for PTTGs
plasmid or siRNAwere analyzed by RT-PCR and Western blot in PDSCs.
All of PTTGs family expressed in naı̈ve PDSCs, however, their expres-
sion were decreased in differentiation of PDSCs into three germ layers.
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PTTG-2 and PTTG-3 expressions more dramatically decreased in hepa-
togenic differentiation of PDSCs. Otherwise, PTTGs expressions were
increased in PDSCs transducing human TERT gene using lentiviral
gene delivery system. Interestingly, the expression of PTTG2 was
shown to increase in late passage of PDSCs. Down-regulation of PTTG1
and PTTG2 in PDSCs by siRNA inhibited self-renewal activity through
decreased p53 expression. Taken together, the dynamic expressions of
PTTGs in PDSCs regulate self-renewal as well as potential for differenti-
ations. Therefore, these results not only further our understanding of
the potential roles of PTTGs in PDSCs, but also contribute to the foun-
dation for a potential new treatment strategy of cell therapy.

27.P09
Preparation of decellularized tissues: The
importance of source animal age and
thoroughness of decellularization upon the
remodeling outcome
NJ Turner, BM Sicari, TJ Keane, R Londono, PM Crapo, S Tottey
and SF Badylak
McGowan Institute for Regenerative Medicine, University of
Pittsburgh, USA

Extracellular matrix (ECM) derived from decellularized tissues is
increasingly being used for the reconstruction of injured tissues.
Despite known variations in tissue remodeling outcomes, there is a
paucity of quantitative studies which relate the source tissue properties
or method of preparation to the remodeling outcome. The objectives of
the present study were to evaluate: 1) the effects of source animal
(pig) age (3, 12, 26 or >52 weeks), and 2) the effects of ineffective de-
cellularization of source tissue (small intestine (SIS)) upon the in-vivo
remodeling response. ECM strength, thickness and degradation resis-
tance all increased with age. SIS-ECM from younger animals promoted
progenitor cell chemotaxis while SIS-ECM from >52 week old animals
promoted cell proliferation. More aggressive decellularization pro-
moted a shift in macrophage phenotype from M1 to M2. Increasing
SIS-ECM age was associated with an increasingly M1 host response
and less constructive tissue remodeling. SIS-ECM from younger ani-
mals promoted the formation of new, innervated and vascularized,
skeletal muscle tissue while SIS-ECM from old animals formed dense
collagenous tissue in a rat model of abdominal wall reconstruction. It is
clear that the age of the source animal and extent of decellularization
are important determinants of a constructive tissue remodeling out-
come.

27.P10
Optimization of physical tissue decellularization
methods. A histological study
A Oliveira, I Garzón, A Ionescu, M González Andrades, JM Garcı́a,
J Garrido, MM Pérez and A Campos
Department of Histology, University of Granada, Spain;
Department of Optics, University of Granada, Spain; Division of
Ophthalmology, Univ. Hospital San Cecilio, Spain; Division of
Traumatology, Univ. Hospital San Cecilio, Spain

Introduction: Decellularization consists on cell elimination without
mechanical disruption of the extracellular matrix (ECM). The aim
of this work is to evaluate two physical methods of tissue decellu-
larization based on ultraviolet light (UV) and ultrasounds (US)
exposition.
Methods: Mouse tissues were excised and washed in PBS. UV or US
exposition during 10, 20 or 30 minutes were used as decellularization
methods, with agitation. Histological analyses were performed by using
4’,6-diamidino-2-phenylindole (DAPI), Gomori reticulin and Picrosirius
staining. Statistical analysis was carried out by using student’s t-test.

Results: Results of DAPI assay revealed that both methods were able to
remove most of the cells from the tissues (95.10% for US and 96.87%
for UV). Picrosirius stain demonstrated that US was able to preserve
more efficiently the ECM collagen fibers (84.98%) than UV (73.46%)
(p=0.000). Gomori reticulin staining showed that reticular fibers were
better preserved using US (100%) than UV (83.54%) (p=0.000). No
significant differences were found for different times (10, 20 and 30
minutes) for US or UV techniques.
Conclusion: US and UV techniques demonstrated to be efficient decellu-
larization agents. The use of US seems to preserve more adequately the
fibers of the ECM and should therefore be preferentially used in tissue
engineering.
Acknowledgements: Supported by grants FIS PI11-2680 from Instituto
de Salud Carlos III and SAS PI462/2010 from Junta de Andalucia.

27.P11
Preparation of biological tissue-polymer complex
for percutaneous device
R Matsushima, Y Shimatsu, K Nam, T Kimura, T Fujisato
and A Kishida
Institute of Biomaterials and Bioengineering, Tokyo Medical and
Dental University, Japan; Faculty of Engineering, Osaka Institute
of Technology, Japan

Peritoneal dialysis is usually executed by implanting the flexible cathe-
ter directly the skin and peritoneal cavity. However, the problem with
the flexible catheter is that the compatibility of the polymer and the
skin tissue is too low. This often causes the down-growth of the epithe-
lial cells which eventually causes the infection or even avulsion of the
device. We tried to overcome this problem by preparing a percutaneous
device based of a ‘biological tissue-polymer complex’, which possesses
tissue compatibility and maintainability of the flexible catheter within
the device at the same time. For the base material, the decellularized
dermis was prepared by high hydrostatic pressure (HHP) method. By
soaking the methyl methacrylate (MMA) monomer, benzoyl peroxide
and N,N-dimethyl-p-toluidine into the decellularized dermis, we poly-
merized MMA at room temperature to obtain a dermis-poly(methyl
methacrylate) (PMMA) complex. Scanning electron microscope images
showed that PMMA formed a stable complex with the collagen fiber
within the dermis. This complex induced the increase in the mechani-
cal strength upon compression. It was possible to control the polymeri-
zation area limiting the central part of the decellularized dermis. So we
prepared a tissue-polymer complex with the flexible catheter firmly
held by the stiff PMMA in the middle of the dermis. We believe this
complex is a promising material for percutaneous device which can be
brought to the clinics in the near future.

27.P12
Marine sponges as natural scaffolds:
decellularization by supercritical fluid technology
and cellularization with osteoblasts for tissue
engineering applications
AR Duarte, J Moreira-Silva, TH Silva, R Osinga, M Ilan,
AP Marques, JF Mano and RL Reis
3B’s ICVS/3B’s, Portugal; Wageningen University,
The Netherlands; Tel Aviv University, Israel

Marine sponges possess remarkable structures, with highly intercon-
nected pores, making them excellent candidates as nature made scaf-
folds with potential use in tissue engineering strategies. In addition
they also exhibit interesting high swelling degree and a skeleton com-
posed mainly of collagen fibres, in some species with embedded sili-
ceous or carbonate spicules. In the present study, several marine
sponges (Dysidea avara, Chondrosia remiformis, Axinella damicornis,
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Petrosia ficiformis, Agelas oroides, Sarcotragus spinosulus, and Psamm-
ocinia sp.) were decellularized by supercritical fluids, for further use as
natural scaffolds for osteoblasts. Supercritical fluid extraction was per-
formed at 200 bar and 40 �C for 6 hours, in the presence of ethanol
(40%), which was used as a co-solvent. The morphology of sponges,
namely porosity interconnectivity and mean pore size, was analysed by
SEM and micro-CT. To evaluate decellularization, sponges before and
after treatment were analysed in sections stained with Hematoxylin-
Eosin. Cellularization experiments were performed in S. spinosulus,
using Saos-2 cell line. Cells were seeded on the sponge, with further
evaluation of cell morphology by SEM, cell viability by Live/dead cell
staining together with phalloidin.and cell proliferation by DNA quanti-
fication.The results of in vitro tests demonstrate the success of the pro-
posed methodology for the production of natural scaffolds from marine
sponges, namely for Sarcotragus spinosulus.

27.P13
Effect of urinary bladder matrix on the in vitro
performances of human mesenchymal stem cells
S Mazzitelli, R Piva, L Penolazzi, E Lambertini, SF Badylak,
S Johnson and C Nastruzzi
Dept. of Life Science and Biotechnology, University of Ferrara,
Italy; Dept. of Biochemistry and Molecular Biology, University of
Ferrara, Italy; McGowan Institute for Regenerative Medicine,
University of Pittsburgh, USA

Biomaterials, including natural extracellular matrix (ECM), have been
proposed as scaffold for tissue engineering. It is important to consider
that tissue morphogenesis is influenced by the interaction of cells with
the complex architecture/composition of natural ECM. Simple polymers
such as collagen, gelatine and fibronectin, have been used for cell seed-
ing/entrapping and in vivo implantation, providing mechanical support
to cells, but do not adequately mimicking the interactions between cells
and ECM. On the contrary, ECM-based biomaterials can provide a native
framework for cell adhesion, at the site of a tissue deficit, allowing local
cells to migrate into the matrix, adhere and differentiate. The use of uri-
nary bladder matrix (UBM) as scaffold material can provide the struc-
tural support and dynamic exchange signals to local cells leading to
tissue infill. The major constituents of UBM are collagen, glycoproteins,
glycosaminoglycans and various growth factors. This study describes the
ability of UBM based scaffolds to support the adhesion, proliferation, 3-
D colonization and osteogenic differentiation of human mesenchymal
stem cells form human umbilical Wharton’s Jelly (hWJMSCs), when
compared to traditional two-dimensional (2-D)cultures. Our data
strongly suggest the combination between UBM and hWJMSCs repre-
sents a promising approach to the use of natural and biocompatible
ECM-based biomaterials for cell culture ofmesenchymal stemcells.

27.P14
Extracellular matrix derived from kidney
regulates the growth and metabolism of kidney
stem cell with regional specificity
J O’Neill, DO Freytes, J Oliver and G Vunjak-Novakovic
Columbia University, USA

Extracellular matrix (ECM) provides cells with an ideal scaffold with
specific cues that mediate cell function. Stem cells are known to reside
on specialized ECM niches where they remain quiescent until needed,
such as stem cells in the papilla region of the kidney. Currently it is not
possible to re-create the complex environment of the kidney using syn-
thetic materials. Therefore, our objective was to use the native ECM to
investigate if there were region specific effects on the growth of kidney
stem cells (KSCs) and mouse mesenchymal stem cells (MSCs). We
derived hydrogels from three kidney regions: cortex, medulla and
papilla. MSCs were purchased and KSCs were isolated from the renal

papilla of mouse kidneys. Porcine kidneys were sectioned into: cortex,
medulla and papilla regions. Each region was decellularized with
0.02% trypsin, 3% Tween, 4% deoxycholic acid, and 0.1% peracetic
acid solutions followed by enzymatic digestion. Cells were cultured on
the hydrogels or in media supplemented with digested ECM. Metabolic
activity, image analysis and DNA quantification were performed. KSCs
cultured in the presence of papilla ECM showed higher metabolic activ-
ity and lower DNA content when compared to the other ECMs, an
effect not observed using MSCs. These results suggest that the hydro-
gels derived from the native kidney ECM stimulate KSCs but not MSCs.
Region-specific ECM may thus provide an optimal substrate for cultiva-
tion and delivery of stem cells and their derivatives.

27.P15
Optimizing decellularization of porcine kidneys
for whole organ bioengineering
SHMirmalek-Sani, DB Deegan, DC Sullivan, I Ko, SK George,
JD Jackson, TA Aboushwareb, A Atala and J Yoo
Wake Forest Institute for Regenerative Medicine, Wake Forest
University, USA

Kidney transplantation is currently the only treatment that can restore
renal function, however, donor supply meets less than one-fifth of
demand. Regenerative medicine offers an alternative through whole
organ decellularization and recellularization. The goal of this study
was to evaluate detergents for effective decellularization of porcine kid-
neys and subsequent sterilization methods. Kidneys from Yorkshire pigs
were obtained then decellularized with various detergents (SDS, SDC,
Triton X-100, NP-40 or Tween-20) followed by rinsing. Resultant tissue
samples were quantified for residual DNA and sGAGs. Whole acellular
scaffolds were either gamma-sterilized or perfused with chemical steri-
lants with biopsies placed in growth medium to determine contamina-
tion or processed for histology. Only SDS was capable of removing
cellular material as demonstrated by a lack of nuclear staining and a
99% reduction in DNA levels compared with fresh tissue. SporGon
treatment or gamma-irradiation ‡1MRad sterilized whole kidney scaf-
folds, however, this resulted in morphological changes to acellular tis-
sue. Sulfated GAGs were not significantly reduced following 1MRad
irradiation. These studies show that SDS detergent perfusion removes
all cellular material from porcine kidneys. 1MRad gamma irradiation
provided a sterile scaffold which demonstrated human cell biocompati-
bility. This study represents a significant step towards a transplantable
graft from porcine-derived acellular whole kidneys.

27.P16
A critical evaluation of kidney extracellular
matrix after perfusion decellularization as a
structural basis for renal tissue engineering
M Caralt, S Iacob, K Obergfell, B Akgun, B Bijonowski,
M Abecassis, Z Zhang and J Wertheim
Hospital Universitari Vall Hebron, Universitat Autonoma de
Barcelona, Spain; Comprehensive Transplant Center, Department
of Surgery, Northwestern University Feinberg School of Medicine,
USA

The kidney is the most frequently transplanted organ, yet few studies
have focused on kidney tissue engineering. We compared three decellu-
larization protocols in rat kidneys to create extracellular matrix (ECM)
scaffolds for tissue engineering applications. We have further analyzed
these scaffolds using rigorous methods for: 1) retention of critical
matrix structures, 2) efficient removal of cells and 3) presence of struc-
tural and growth factor proteins. Three different protocols were used:
Triton only (P1), Triton and SDS (P2) and Triton and Trypsin (P3).
Hematoxylin & eosin (H&E) staining and scanning electron microscopy
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(SEM) was used to characterize the ECM. The presence of ECM struc-
tural proteins was analyzed by immunofluorescence and growth factors
by ELISA.After decellularization, kidneys were transparent and cells
were not present in H&E staining (P2 and P3). The structure of glome-
ruli and tubules remained intact and was confirmed by SEM. Immuno-
staining showed the presence of collagen IV. FGF was detectable in P1
and P2.P2 and P3 showed high efficiency of cell removal while main-
taining preservation of the kidney architecture. However, P1 and P2
demonstrated retention of FGF. Taken together, the use of triton and
SDS efficiently removes cells and retains FGF after decellularization in
rat kidneys. This provides a basis for repopulating the parenchyma with
renal progenitor and endothelial cells.

27.P17
Endothelialized vascular tree in decellularized
liver for liver tissue engineering
N Shirakigawa and H Ijima
Kyushu University, Japan

Introduction: Liver is an important organ which has various functions.
There is no medical treatment for severe liver disease except liver trans-
plantation. Therefore, we will create a novel method for the reconstruc-
tion of liver tissue equivalent. The structure which consists of gel
embedded liver cells and vascular network is expected to become liver
tissue equivalent. In this study, endothelialized vascular tree in decellu-
larized liver was developed.
Material and method: The livers from rats were decellularized by deter-
gent and DNase treatment. Human umbilical vein endothelial cells
(HUVEC) were seeded into decellularized liver via portal vein and cul-
tured. Histological and functional evaluation of the endthelialized liver
was performed. On the other hand, liver cells were put around the en-
dothelialized vascular tree.
Results: Using Triton X-100 and DNase treatment was the optimum
condition to obtain complete decellularized liver with a fine framework
of blood vessels. The site-specific adhesion of HUVEC was achieved by
seeding the cells via portal vein. After circulation culture for 3 days,
HUVEC formed monolayer and covered the internal surface of tubular
structure in decellularized liver. Furthermore, liver cells were observed
by the endothelialized vascular tree. Therefore, this study is valuable
for the development of liver tissue engineering.
Acknowledgments: Supported by a Grant-in-Aid for Scientific Research
(B):22360348 from the MEXT Japan.

27.P18
Solubilized matrix from decellulalized liver as a
functional material for tissue engineering
S Nakamura and H Ijima
Kyushu University, Japan

Introduction: Scaffold and growth factors are important materials for
not only cell growth but also formation of functional tissue-like struc-
ture. In this study, we focused on decellularized organ, and solubilized
extracellular matrix of liver (D-ECM) was developed as a functional
material for tissue engineering.
Material and method: Decellularized rat liver was prepared by 4% Tri-
ton X-100 and DNase/RNase treatment. Decellularized liver was dis-
solved in 6N-HCl and obtained D-ECM. Air-dried film of D-ECM was
prepared in the well plate and supplied for cell culture.
Results and discussion: The nucleic acid concentration and mass ratio
(nucleic acid/protein) of D-ECM were 15 Alt0181g/ml and 0.00067,
respectively. So, we considered that decellularization of liver com-
pletely performed. Growth factor could be immobilized on D-ECM film,
and the immobilized efficiency was more than 70%. Furthermore,
mitochondrial activity of HUVEC on VEGF-immobilized D-ECM film

increased well even in growth factor free medium. Organoid formation
and albumin production of hepatocytes were enhanced on HGF-immo-
bilized D-ECM film. These results indicated that D-ECM is potential
material for tissue engineering.
Acknowledgment: This work was supported by a Grant-in-Aid for Scien-
tific Research (B):22360348 from the Ministry of Education, Culture,
Sports, Science and Technology of Japan.

27.P19
Tissue-specific synthetic ECM hydrogels for 3-D
in vitro maintenance of hepatocyte function
A Skardal, L Smith, B Shantaram, S Soker and Y Zhang
Wake Forest Institute for Regenerative Medicine, USA

Despite recent advances in biomaterial science, there is yet no culture
system that supports long-term culture expansion of human adult he-
patocytes, while preserving continued function. Previous studies sug-
gested that acellular liver extracellular matrix (ECM), employed as a
substrate, improved proliferation and function of liver cells. Here we
investigated whether extracts prepared from acellular liver ECM (liver
ECM extract, LEE), or from whole (fresh) liver tissue (liver tissue
extract, LTE), could be combined with collagen Type I, hyaluronic acid
(HA), or heparin-conjugated HA (HP) hydrogels to enhance survival
and functional output of primary human hepatocytes. The liver-specific
semi-synthetic ECMs (sECMs) were prepared by incorporating LEE or
LTE into the gel matrices. Subsequently, primary human hepatocytes
were maintained in sandwich-style hydrogel cultures for 4 weeks. Pro-
gressive increase in hepatocyte metabolism was observed in all HA and
HP groups. Hepatocytes cultured in HA and HP hydrogels containing
LEE or LTE synthesized and secreted steady levels of albumin and urea
and sustained cytochrome p450-dependent drug metabolism of eth-
oxycoumarin. Collectively, these results indicate that customized HA
hydrogels with liver-specific ECM components may be an efficient
method for expansion human hepatocytes in vitro for cell therapy and
drug and toxicology screening purposes.

27.P20
Effect of the decellularization process on the
local stiffness of acellular lung scaffolds
E Melo, E Garreta, T Luque, J Nichols, J Cortiella, D Navajas and
R Farre
Universitat de Barcelona, Institut Investigacions Biomediques
August Pi Sunyer, Spain; University of Texas Medical Branch,
USA; Institut Bioenginyeria Catalunya; CIBER Enfermedades
Respiratorias, Spain

Introduction: Decellularized lung matrices are promising scaffolds for
lung bioengineering. Different lung decellularization protocols have
been proposed, but whether these procedures modify local stiffness -
which may play a considerable role in cell homing and fate- is
unknown.
Aim: To characterize the effect of decellularization process on lung
matrix micromechanics.
Methods: A custom-made Atomic Force Microscope was used to mea-
sure the Young’s modulus of alveolar septal segments, septal junctions,
visceral pleura, and vessels’ tunica intima and adventitia of lung matri-
ces obtained by 3 decellularization procedures (DP1, DP2, DP3;10 rats
each). DP1: a) lungs were perfused with phosphate saline buffer (PBS)
through the pulmonary artery, b) frozen and thawed (4 cycles),
washed with sodium dodecyl sulfate (SDS) through the trachea and
pulmonary artery, and c) washed with PBS. DP2: same as DP1 but
using a CHAPS solution instead of SDS. DP3: same as DP1 but exclud-
ing the perfusion steps through the pulmonary artery.
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Results: For any given decellularization procedure, significant local dif-
ferences in stiffness were found. On the whole, matrix stiffness did not
significantly change when comparing DP1 and DP3. However, local
lung stiffness was significantly reduced by 35% for DP2.
Conclusion: A cellular lung micromechanics depends on the decellular-
ization process. Whether these changes could affect cell homing and
fate during matrix recellularization remains to be investigated.

27.P21
Lung natural acellular scaffolds can be easily
obtained using the detergent-enzymatic
treatment in small and large animal models
P Maghsoudlou, ATyraskis, F Georgiades, B Vernay, G Totonelli,
M Turmaine, A Agostino, S Eaton, TW Gilbert and P De Coppi
ICH, University College London, UK; McGowan Institute of
Regenerative Medicine, USA; UPMC, France

Abstract not available.

27.P22
Characterisation and immunogenicity of a
decellularised skeletal muscle scaffold for
laryngeal tissue engineering
J Fishman, TAnsari, P Sibbons, M Lowdell, P De Coppi
and M Birchall
MRC Clinical Research Fellow, University College London,
England, UK; Northwick Park Institute for Medical Research, UK;
Royal Free Hospital Campus, University College London, UK; UCL
Institute for Child Health, University College London and Great
Ormond Street Hospital for Children UK; Ear Institute, University
College London, UK

Introduction: Successful replacement of airways in patients has been
obtained using tissue engineered constructs. However, replacing the
larynx where active movement is critical, requires functional muscle
tissue.
Materials & methods: Decellularised scaffolds were characterised using
histological, immunohistochemical and molecular techniques and xe-
nogenically implanted to determine the effect of implantation on scaf-
fold biodegradation time and immunogenicity in vivo. The cellular host
immune response to the scaffold was quantified by stereology and by
FACS in vitro.
Results: Decellularisation results in total DNA clearance and down-reg-
ulation of MHC Classes I/II and myosin heavy chain expression, with
relative preservation of the scaffold’s structural integrity (collagen, elas-
tin, s-GAG content) and biomechanical properties. Decellularisation
altered the host response to the scaffold in vivo, resulting in a pro-
longed degradation time and increased neoangiogenic potential rela-
tive to fresh tissue. In addition, we proved for the first time that
decellularised scaffolds trigger a lower cellular mediated immune
response, resulting in a reduced T-cell proliferative response in vitro,
and alter the cellular immune profile towards the scaffolds in vivo, with
a reduction in CD3+ cells and a shift towards the M2-macrophage phe-
notype.
Conclusion: Decellularised laryngeal muscles are non-immunogenic
and may provide the optimal scaffold source for a tissue-engineered
larynx.

27.P23
Comparison of denuded and decellularized
human umbilical vein as scaffolds for vascular
tissue engineering
S Mangold, S Schrammel, G Huber, C Schmid, A Liebold
and M Hoenicka
Ulm University Medical Center, Dept. of Cardiothoracic and
Vascular Surgery, Germany; University of Regensburg Medical
Center, Department of Cardiothoracic Surgery, Germany;
University of Applied Sciences Regensburg, FB Maschinenbau,
Germany; University of Regensburg, Krankenhaus Barmherzige
Brüder, Klinik St. Hedwig, OB/GYN, Germany; Ulm University
Medical Center, Dept. of Cardiothoracic and Vascular Surgery,
Germany

Introduction: Endothelium-denuded human umbilical veins (denHUV)
can serve as building blocks of small caliber vessel grafts. This study
investigated completely decellularized veins (decHUV) as an alterna-
tive.
Methods: HUV were endothelium-denuded by luminal dehydration or
decellularized using (1) a detergent mixture, (2) peroxyacetic acid, or
(3) osmotic lysis, each followed by nuclease treatment and extensive
washing. HUVEC were seeded on the scaffolds at densities of 5E5
cells/cm2.
Results: Denudation removed endothelial cells without damaging other
wall components or decreasing tetrazolium dye reduction. decHUV
showed an almost complete loss of H&E-stainable material. Remnants
of degenerate nuclei were removed by nuclease treatment. Decellular-
ization caused a loss of laminin and fibronectin staining, as well as frag-
mentation of elastic fibers. Failure stresses were not decreased by
denudation or by chemical treatments, but by nuclease treatment. Sta-
tic HUVEC seeding resulted in a confluent neoendothelium on denuded
vessels. There was incomplete coverage on day 1 and subsequent loss
of viable cells in decHUV. Seeding of denHUV in a perfusion bioreactor
resulted in a flow-resistant neoendothelium.
Conclusions: denHUV provide a superior surface for endothelial cell
seeding compared to decHUV, apparently due to the preservation of
intact basement membranes. Denuded vessels are an interesting alter-
native to complete decellularized vessels for vascular tissue engineer-
ing.

27.P24
Study of endothelial cell behavior using
cell-derived extracellular matrix environment
D Ping and K Park
Center for Biomaterials, Korea Institute of Science and
Technology, Korea

Extracellular matrix (ECM) plays a critical role in providing cells with
signaling cues that direct migration, proliferation, and differentiation.
Upon the great benefits of ECM in regenerative medicine, numerous
studies have been carried. In this work, in vitro cultured MC3T3 preos-
teoblasts were utilized in directly obtaining preosteoblasts-derived
matrix (PDM) and its effect on endothelial cells (ECs) behavior was
investigated. After decellularization, SEM images exhibited a unique
surface texture of PDM, as compared to gelatin- or fibronectin (FN)-
coated surface. Fibronectin, laminin, and collagen I was also identified
in the matrix using immunofluorescence. PDM was further subjected to
EDC chemistry, and followed by heparin grafting, then vascular endo-
thelial growth factor (VEGF) immobilization. From the quantitative
assay, the amount of heparin was 4.0±0.55 mg (n=3) and VEGF was
23.5±1.63 ng per matrix (n=3). While EC attachment and prolifera-
tion was active on the gelatin- or FN-coated surface, the capilary-like
network of ECs was significantly better with PDM, as confirmed by
positive staining of CD 31. The effect of matrix-tethered VEGF is being
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tested. Furthermore the matrix formulation mixed with ECs in three-
dimensional construct was great for microvessel formation. The present
study will enhance our understanding of how ECs interact with matrix
environment, in which nano-structured surface texture and composi-
tional diversity are featured.

27.P25
Development of an autologous vascular
substitute using a decellularized matrix scaffold
produced by the self-assembly approach
JM Bourget, R Gauvin, D Larouche, MY Tondreau, A Lavoie,
FA Auger and L Germain
Centre LOEX de l’Université Laval, Génie tissulaire et
régénération: LOEX - Centre de recherche FRSQ du Centre
hospitalier affilié universitaire de Québec, and Département de
Chirurgie, Faculté de Médecine, Université Laval, Canada

Tissue-engineered vascular constructs are a promising approach for the
replacement of small diameter blood vessels. The self-assembly tech-
nique allow the fabrication of autologous vascular substitutes. We
adapted the original method by using a decellularized matrix scaffold
(dMS), produced by self-assembly using human dermal fibroblasts, to
improve versatility and mechanical properties of tissue-engineered vas-
cular media (TEVM). We compared three decelularization protocols,
Na-Deoxycholate, osmotic choc alone or with freeze/thaw, to optimize
mechanical and vasocontractile properties of the resulting tissue. After
the decellularization step, dMS were seeded with human smooth mus-
cle cells (SMC) to form TEVM with our new method (nTEVM). Cell
seeded dMS were rolled around a tubular mandrel and cultured in vitro
to form vascular constructs. Mechanical properties and vascular reactiv-
ity of these engineered tissues were compared to standard self-assem-
bled media (sTEVM) and adventitia (sTEVA). Constructs from every
conditions showed a supraphysiological mechanical resistance and
both nTEVM and sTEVM showed a contractile phenotype. Our study
identifies osmotic choc as the optimal decellularization approach for
our tissue since it gives good mechanical resistance and adequate vaso-
contractility. This method is currently being adapted with rat SMC for
in vivo testing in syngenic rats. This study demonstrates the potential
for dMS as a biomaterial for vascular tissue engineering.

27.P26
The development and characterisation of primary
calvarial cell-secreted decellularised matrices to
direct osteogenic differentiation of embryonic
stem cells
AJ Taylor, MR Alexander and LDK Buttery
Division of Drug Delivery and Tissue Engineering, School of
Pharmacy, University of Nottingham, UK; Laboratory of
Biophysics and Surface Analysis, School of Pharmacy, University
of Nottingham, UK

In developing bio-inspired materials for tissue engineering interven-
tions it is important to understand how relevant cell types interact with
a range of extracellular environs. In vitro cell-secreted decellularised
matrices provide a useful model system over simple protein coats as
they closer reflect the complex native microenvironment found in vivo.-
Murine primary calvarial (mPC) cells, extracted from neonatal CD-1
mice, are cultured on tissue culture plastic for 7 to 14 days in osteo-
genic media. They express a characteristic extracellular matrix that
may be isolated through decellularisation utilising 20 mM ammonium
hydroxide followed by a DNase treatment to remove residual nuclear
material, shown to inhibit subsequent cell adhesion.The resulting de-
cellularised matrix (DM) is characterised using a range of imaging,

immunohistochemical, histological, and materials analysis techniques.
Intact, reproducible matrix sheets, exhibit retention of bone-relevant
ECM proteins including Collagen I; and removal of key cellular compo-
nents including DNA fragments and F-actin.The DM may be reseeded
with a range of cell types to examine the influence of native ECM on
their behaviour and differentiation. We describe the behaviour of mur-
ine embryonic stem (mES) cells on the DM in an osteogenic environ-
ment.In vitro cell-secreted DMs provide a useful platform to
understand cell-matrix interactions, and may inform the future devel-
opment of bio-inspired synthetic substrates.

27.P27
Comparison of extracellular matrix-based
scaffolds for cartilage tissue regeneration
GM Cunniffe, HVAlmeida and DJ Kelly
Trinity College Dublin, Ireland

Articular cartilage has a limited regenerative capacity. Current cell-
based therapies require two hospital stays, invoke high costs and enjoy
only moderate clinical success. A one-step procedure capable of gener-
ating hyaline cartilage within the defect site would overcome these
problems. Extra-cellular matrix (ECM) derived scaffolds have shown
potential for use in cartilage tissue regeneration as they consist of com-
plex structural and functional molecules which play an important role
in tissue development and repair. This study aims to utilise the bioac-
tive properties of cartilage ECM to fabricate a porous scaffold suitable
for use in cartilage regeneration. Specifically, scaffolds fabricated using
ECM deposited by chondrocytes in 3D in vitro culture were compared
to scaffolds fabricated using native ECM. Both cell-derived ECM scaf-
folds and native cartilage ECM scaffolds were shown to retain levels of
collagen and sulphated GAGs following freeze-drying, generating
highly porous ECM constructs. In addition, MSCs were shown to infil-
trate into the centre of the constructs after 3 days of culture. RT-PCR
carried out on the ECM-based constructs demonstrated an up-regula-
tion of chondrogenic genes compared to MSCs seeded onto freeze
dried agarose scaffolds. These results indicate the potential of ECM-
based scaffolds for use in a one-step cartilage regeneration procedure.

27.P28
Effect of extracellular matrix on proliferation and
adhesion properties of bone marrow
mesenchymal stem cells, adipose derived
mesenchymal stem cells and hair follicule stem
cells: utility for tissue and organ regeneration
AB Bajek, MC Czerwinski, TK Kloskowski, JO Olkowska,
NG Gurtowska and TD Drewa
Nicolaus Copernicus University, Poland

Introduction: Cell-matrix interactions are crucial for the successful
repair and regeneration of damaged tissue and organ. The aim of this
study was to check how different extracellular matrix (ECM) proteins
affect proliferation and adhesion potential of Bone Marrow Mesenchy-
mal Stem Cells (BM-MSCs) Adipose Derived Mesenchymal Stem Cells
(AD-MSCs) and Hair Follicule Stem Cells (HFSCs).
Materials and methods: Rat BM-MSCs, AD-MSCs and HFSCs were cul-
tured on dishes coated with 4 types of ECM including collagen IV, fibro-
nectin, laminin and poly-D-lysine for 7 days, and simultaneously
cultured on a noncoated dish as a control. Proliferation potential was
assesed by MTTassay while adhesion capacity by macroscopic observa-
tion.
Results and discussion: All of tested ECM proteins, except laminin, do
not decrease the proliferation potential of BM-MSCs and AD-MSCs.
The largest increase of proliferation was observed on collagen IV and
fibronectin-coated dishes. Additionaly, we observed that 80% and
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90%of BM-MSCs and AD-MSCs underwent adhesion in 30 minutes
after seeding on fibronectin-coated dishes, respectively. On the con-
trary, number of HFSCs was significantly increased on non-coated
dishes. However the best adhesion capacity was observed on collagen
IV, laminin and non-coated dishes.
Conclusions: These results suggest that the signal transduction of the
cell-matrix interaction for the proliferation and adhesion of cells is very
important for the successful regeneration.

27.P29
Engineering of customizable devitalized
extracellular matrices using clonal, death-
inducible, immortalized human mesenchymal
stromal cells.
P Bourgine, B Pippenger, S Güven, A Scherberich
and I Martin
University Hospital of Basel, Switzerland

Devitalized engineered extracellular matrix (ECM) could offer a solu-
tion to enhance/induce tissue repair, but requires a standardized cell
source and an efficient devitalization strategy. Towards this ultimate
goal, we here aimed at generating immortalized human Mesenchymal
Stromal Cells (hMSCs) including an inducible death-device to safely
devitalize engineered matrices while preserving their structure and
composition.Fresh hMSCs were immortalized with hTERT and further
transduced with an inducible caspase 9 apoptotic gene. A potent osteo-
genic clone was selected based on expression of osteogenic genes (PCR
and cytofluorimetry) and mineralized matrix production (collagen, cal-
cium content, alizarin red). The killing efficiency was assessed by Ann-
exin-V/PI staining. hMSCs were successfully immortalized (>280
doublings) and stably expressed the inducible death-device. Cells sta-
bly differentiated into osteogenic, adipogenic and chondrogenic lin-
eages. The clone selected for highly potent osteogenic differentiation
was able to deposit a dense, mineralized collagen matrix both in 2D
and 3D culture, while being efficiently inducible toward apoptosis
(>95%).The generated cell line is immortal and maintains basic fea-
tures of primary hMSCs. Further genetic manipulations (VEGFa and
BMP-2 transduction) and culture in 3D matrices, followed by induction
of apoptosis, is expected to yield customized, cell-free ECM with stan-
dardized biological functionality for bone tissue repair.

27.P30
Autologous extracellular matrix scaffolds
prepared from cultured cells
G Chen, H Lu and N Kawazoe
Tissue Regeneration Materials Unit, International Center for
Materials Nanoarchitectonics, National Institute for Materials
Science, Japan

Development of autologous scaffold is highly expected because of its
biomimetic property and elimination of negative host response. We
developed a method to prepare autologous ECM scaffold by 3D culture
of autologous cells in a selectively removable poly (lactide-co-glyco-
lide) (PLGA) template. Intracellular components and PLGA template
were selectively removed after cell culture to obtain the ECM scaffolds.
Human bone marrow-derived mesenchymal stem cells (MSCs), dermal
fibroblasts and chondrocytes were used to prepare the scaffolds. Com-
position of the ECM scaffolds depended on cell type and cell phenotype
used to prepare the scaffolds. Implantation of autologous ECM scaf-
folds using mouse model showed the minimal host tissue response.
These ECM scaffolds were used for in vitro culture of MSCs and fibro-
blasts to examine their potential as scaffolds for cartilage and skin tis-
sue engineering. The MSCs were cultured in MSCs- and chondrocytes-
derived ECM scaffolds. The ECM scaffolds supported cell adhesion,

promoted both cell proliferation and the production of ECM and dem-
onstrated a stronger stimulatory effect on the chondrogenesis of MSCs
compared with a conventional pellet culture method. Fibroblasts were
cultured in the fibroblasts-derived ECM scaffolds. After 2 weeks of cul-
ture, a uniform multilayered tissue was generated with homogenously
distributed fibroblasts. The cultured cells-derived ECM scaffolds will be
useful for tissue engineering and regenerative medicine.

27.P31
Real-time ultrasonic monitoring of the
decellularization process of corneal stroma
N Bochud, J Melchor, LM Peralta, G Rus, M González Andrades,
M Alaminos and A Campos
Department of Histology, University of Granada, Spain

Nowadays, they are multiple pathologies that may damage organs of
the human organism, being the transplant mostly the unique available
therapy. The latter has two mayor concerns, together with the huge
cost of the rocess: the missing donators and the possibility of reject of
the transplanted organ. Recent works described the advances in the
substitutive organ therapy, based on the development of so-called bio-
artificial organs, that benefit of their extracellular matrix, and whose
cells are substituted through a recellularization process via primary
cells, that show ability to differentiate themselves in their interior. To
standardize and optimize the process, it is necessary to control most of
the parameters that may vary its effectiveness. We propose to monitor
the changes that may suffer the matrix during the descellurarization
process using mechanical and optical parameters. To ensure the viabil-
ity of this protocol, a bioreactor has been designed. The proposed
methodology consists of three elements: An (1) experimental setup
based on ultrasound-cornea interactions is monitored in real-time, a
(2) model that simulates the ultrasound-cornea interactions is numeri-
cally solved by the transfer matrix formalism, and a (3) model-based
inverse problem is used to reconstruct the evolution of the relevant
mechanical parameters during the descellurazation process. The
authors would like to thank the MICINN and SAS through Project
grants DPI2010-17065 and PI-0308.

27.P32
A composite of human adipose-derived
extracellular matrix and adipose-derived stem
cells for cartilage tissue engineering
JS Choi, JD Kim, EJ Kim and YW Cho
Hanyang University, Korea

Cartilage is a highly specialized tissue comprising a network of extra-
cellular matrix (ECM), which is organized in a gel-like structure with a
high collagen and proteoglycan content. Cartilage is avascular and dis-
plays a very poor capacity for self-repair; hence, even small defects may
require surgery. Tissue engineering approaches using autologous cells
and scaffolds fabricated from various biomaterials are becoming a
promising alternative to conventional surgery. Especially, ECM har-
vested from various tissues play a pivotal role in regenerative medicine
because of their similarities to the intact ECM. Here, we explored carti-
lage tissue engineering using ECM scaffolds seeded with stem cells.
Both scaffolds and stem cells were isolated from human adipose tissue,
which is abundant and easily harvested in the human body. The human
ECM scaffold contained a large amount of collagen and various endog-
enous bioactive factors. A composite of human ECM and stem cells was
prepared and cultured in chondrogenic medium for 45 days with 10
ng/mLTGF-b1 or not. The volume and weights of the composites grad-
ually increased during culture and the composites formed a spherical
cartilage-like tissue with the synthesis of cartilage-specific proteins.
Important chondrogenic markers were expressed including Sox-9, agg-
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recan, and collagen type II, XI. These results demonstrate that an
ECM/cell composite could provide biochemical cues for the promotion
of cartilage formation.

27.P33
Intrinsic bioactive properties and tissue
specificity of the adipose extracellular matrix
guide soft tissue regeneration
I Wu, I Graham, A Conde Green, J Chae, Z Nahas and J Elisseeff
Johns Hopkins University, USA; University of Maryland; Stanford
University, USA

Soft tissue defects can arise from traumatic injury and conditions such
as lipodystrophy and tumor resection. Human adipose tissue was de-
cellularized and lipids removed using mechanical and chemical pro-
cessing to produce an extracellular matrix biomaterial that retains its
unique composition to guide adipose tissue regeneration. To determine
its adipogenic inductive capacity, human adipose-derived stem cells
were cultured in the adipose matrix and acellular dermal matrix. After
2 weeks, gene expression of adipogenic markers CEBPA, PPARG, FABP
and Oil Red O staining showed the adipose matrix led to improved adi-
pogenic differentiation in comparison to the acellular dermis. Addition-
ally, a migration assay found a dose-dependent increase in the
chemoattractant effect of adipose matrix on stem cell migration. A 12
week subcutaneous injection study in athymic mice (n=12) compared
delivery of the matrix with and without the addition of adipose stem
cells. The acellular matrix facilitated new adipogenesis with develop-
ment of the unilocular adipocytes characteristic of adipose tissue.
When delivered in conjunction with adipose stem cells, the matrix also
provided a supportive environment for stem cells and was largely
replaced by new adipose tissue, thereby supporting the inductive role
of matrix components. The adipose matrix provides a promising bioma-
terial with the ability to guide migration and differentiation, making it
an ideal biomaterial scaffold for soft tissue regeneration.

27.P34
Preparation of bovine small intestinal submucosa
and application as a wound dressing alone or
seeded with mesenchymal stem cells in a full-
thickness rat skin defect
M Parmaksiz, YE Arslan, AE Elcin and YM Elcin
Ankara University Stem Cell Institute and Faculty of Science,
Turkey; Gazi Univ., GEF, Biology Division, Turkey

Decellularized small intestinal submucosa (SIS) is a naturally derived
biological material proposed as a DNA free, biocompatible xenogenicm-
atrix for clinical applications in reconstructive surgery and tissue engi-
neering. We have recently described a new decellularizationprotocol
using serial treatment of freeze-thawed raw bovine SIS with solutions

of sodium hydroxide, vitamin C, hydrogen peroxide, peracetic acid and
sodium chloride (patent application TPE-PT-2011/11399). Bovine SIS
was evaluated for cellular components using DNAcontent analysis,
SEM and histochemistry. The xenogenic matrix was soft, elastic and
could easily be manipulated by hand. Rat bonemarrow mesenchymal
stem cells (BM-MSCs) were seeded and cultured on bovine SIS and
their interaction was evaluated via MTTassay, SEM and histochemistry
at predetermined culture time points. The in vivo study was designed
to compare the wound healing efficacy ofbovine SIS to that seeded
with BM-MSCs in a 7cm2 full-thickness rat skin defect model. Wound
healing was evaluated macroscopically, histopathologically and by IHC.
In both groups wounds closed within 8 weeks. However, progress of
granulous tissue formation was fasterin the group receiving BM-MSCs-
seeded bovine SIS with better attachment of the construct to the
wound. In the control group (openwound), wound closure took >20
weeks. Findings support the notion that bovine SIS has potential as a
wound dressing alone or incombination with BM-MSCs.

27.P35
Fibroin and sericin from Bombyx mori silk
stimulate cell migration through upregulation
and phosphorylation of c-Jun
C Martı́nez-Mora, A Mrowiec, EM Garcı́a-Vizcaı́no, A Alcaraz,
JL Cenis and FJ Nicolás
Laboratorio de Oncologı́a Molecular y TGF-ß, Hospital
Universitario Virgen de la Arrixaca, El Palmar (Murcia), Spain;
Instituto Murciano de Investigación y Desarrollo Agrario y
Alimentario (IMIDA), Spain

Wound healing is a biological process directed to the restoration of the
skin that has suffered an injury. The generation of a basal epithelium,
able to wholly replace the epidermis of the wound, is an important
phase of wound healing. A broad range of products derived from
fibroin and sericin from Bombyx mori silk are used to stimulate wound
healing. However, so far the molecular mechanism underlying this phe-
nomenon has not been determined yet. We have studied the molecular
basis that underlie wound healing properties of silk proteins fibroin
and sericin using a cell model. We used MDA-MB-231 and Mv1Lu cells
to assay fibroin and sericin wound healing properties in a wound-heal-
ing assay. Both fibroin and sericin stimulated cell migration. Further-
more, treatment with fibroin and sericin activated key factors of the
wound healing process. Among them, the activation of c-Jun seems to
be a key event. Moreover, fibroin and sericin stimulated the phosphory-
lation of ERK1/2 and JNK1/2 kinases. The usage of specific inhibitors
revealed that MEK, JNK and PI3K pathways are involved in fibroin and
sericin stimulated cell migration. Inhibition of these three kinases pre-
vented either fibroin or sericin c-Jun upregulation or phosphorylation.
Stimulation with fibroin and sericin of HaCaT cells produce similar
results. Altogether, our results showed that fibroin and sericin initiate
cell migration by activating the MEK, JNK and PI3K signalling path-
ways ending on c-Jun activation.
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28. Silk Fibroin (and its Modifications)

28.01
Keynote: Fibroin: an example of hierarchy and
conformation dominated biological behavior
A Motta, DL Kaplan and C Migliaresi
University of Trento, Italy; Tufts University, USA

Silk-fibroin proteins have recently attracted wide attention as bioactive
matrices for biomedical applications. In vitro and in vivo studies have
demonstrated the ability of fibroin to favourably interact with cells and
the advantageous use of fibroin scaffolds to engineer the repair and
regeneration of different types of tissues. Cell seeded or unseeded scaf-
folds have been successfully tested for soft and hard tissues repair, in
the form of gels, sponges, fibres or films, adapted to a variety of repair
sites and clinical needs.As for other natural polymers, silk possesses a
complex hierarchical structure that is assembled from the bottom-up,
where each pattern/conformation can be correlated to specific biologi-
cal functions or physical properties. Self-assembly and the resulting
conformation of silk fibroin depends however on silk source and pro-
cessing conditions, that in turn affect the biological and physical behav-
iour of the material. This fact adds complexity to the understanding
and control of the materials/biological system crosstalk and should be
carefully assessed when biologically engineering reproducible scaf-
fold.The presentation will be focused on the interactions between silk
fibroin and cells. Specific hints on the effect of processing on silk con-
formation and function-structure relationships will be discussed in light
of fabricating responsive devices applicable in regenerative medicine.

28.02
Keynote: Non-mulberry silk biopolymer as
emerging natural biomaterials
SC Kundu
Indian Institute of Technology, India

The emerging demand of functional materials in biomedical research
leads to the search for suitable biomaterial, which is natural, biode-
gradable, mechanically robust and biocompatible. Silk is unique natu-
ral biopolymer used as multifunctional platform in cell based tissue
engineering and regenerative therapy. We are focusing on indigenous
non-mulberry silks like tropical tasar silk Antheraea mylitta, muga silk
A. assama and eri silk Samia ricini as advanced natural material due to
its availability, easy processing, cost effectiveness, superior mechanical
properties, thermal stability and cytocompatibility. 2D films, 3D scaf-
folds, biospun scaffolds, microbeads, hydrogels, and nanoparticles are
engineered and characterized as biomimetic systems. Growth of human
and rat bone marrow stem cells, human embryonic stem cells, bovine
chondrocytes, rat myocytes, fibroblasts, keratinocytes, breast, prostate
and hepatocellular cancer are observed, as well as subcutaneous fibro-
blast adhesion and non-differentiation into myofibroblast. Silk based
tumor models are engineered to study drug efficacy. Silk nanoparticles
are studied as delivery system for bioactive molecules to study targeted
in vitro drug release in tumor cells. Self assembly of silk to develop frac-
tal structures on 2D substrates is also investigated. In addition, design-
ing of fibroin based bio-memristor devices opens up new opportunities
in advanced bio-inspired circuit design and energy-efficient neuromor-
phic computing.

28.03
Repair of critical size cartilage defects in rat
xiphoid using adipose-derived stem cells and silk
fibroin 3D porous scaffolds
Y Wang, C Foss, E Lotz, CSD Lee, C Migliaresi, Z Schwartz,
A Motta and BD Boyan
Georgia Institute of Technology, USA; University of Trento, Italy

Previous in vitro studies have shown that silk fibroin 3D porous scaf-
folds can support chondrogenesis of adipose tissue derived stem cells
(ASCs). The present study explored the potential of in vivo cartilage
repair using rat ASCs and silk fibroin scaffolds in a rat critical size xiph-
oid chondral defect model. ASCs were cultured with growth medium
or chondrogenic medium for 28 days under static or rotation condi-
tions. No significant cell death was observed during culture. Cell con-
structs cultured in growth medium under rotation had the highest cell
proliferation rate, while those cultured in chondrogenic medium under
static conditions expressed the highest chondrogenic markers including
col2, acan and comp. Cells produced significantly higher levels of sul-
fated glycosaminoglycan when cultured in chondrogenic medium com-
pared to growth medium. Growth in chondrogenic medium under
static conditions resulted in more intense immunofluorescence for col-
lagen II and aggrecan as well as the highest Young’s modulus. Cell/
scaffold constructs were implanted after 28 days of culture in 3mm
diameter cartilage defects in xiphoids of athymic rats. lCTand histolog-
ical analyses of tissues harvested 8 weeks later confirmed larger
amounts of neo-cartilage in defect sites with cell constructs grown in
chondrogenic medium under static culture compared to rotation cul-
ture. In conclusion, ASCs/silk constructs can be used to repair in vivo
cartilage defect when an appropriate pre-culture is applied.

28.04
Novel preparation of silk hydrogels under high
pressure carbon dioxide
C Migliaresi, ML Floren, S Spilimbergo and A Motta
University of Trento, Italy

Silk fibroin, the main structural protein of Bombyx Mori silk fibers, is a
natural polymer that has been utilized extensively in the biomaterials
community for its excellent biocompatibility, robust mechanical proper-
ties, and controllable degradation rate. Accordingly, silk fibroin hydro-
gels have found particular application in the biomedical community as
gap filling biomaterials or as vehicles for drug or cell delivery tech-
niques. However, technical processing of silk hydrogels can be rigorous
with lower solution concentrations requiring days to reach gelation.
Manipulation of the physiochemical environment through reduced pH,
submission to thermal treatment or the addition of electrolytes to silk
solutions has been reported to significantly reduce gelation time. One
potential alternative is to utilize a volatile acid to induce silk protein
gelation which can be efficiently recovered at atmospheric conditions
after processing. Here we present the novel fabrication of silk fibroin
hydrogels using high pressure CO2 as a volatile electrolyte. Successful
gelation can be completed without the need of thermal treatments or
chemical additives resulting in a remarkably clean process. Kinetic data
revealed that processing under high pressure CO2 substantially
improves gelation time. Lastly, the physical nature of the silk hydrogels
prepared under high pressure CO2 exhibited superior properties and
may offer potential as substrates for tissue engineering therapies.
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28.05
Native silk for tissue engineering
MWöltje
Spintec Engineering GmbH, Germany

The use of silk as a natural biomaterial for regenerative medicine is
growing because of its excellent biocompatibility, remarkable mechani-
cal properties and good biodegradability. Several different types of silk
have been used in biomedical research including small peptides of the
spider silk protein expressed in bacteria or isolated as regenerated silk
protein extracted from cocoons of the silkworm. In contrast, we harvest
native silk (2.3 MDa fibroin protein complex) from silkworms, which is
used to manufacture membranes, textiles and composites under benign
conditions. In combination with transgenic silkworm engineering novel
bioactive scaffolds are designed using the silkworms high production
capacity as a source for the biomaterial fibroin and as a bioreactor. Data
about mechanical properties (elasticity, tensile strength) and biocom-
patibility will be presented. Additionally, the biological activity of epi-
dermal growth factor (EGF) modified silk from transgenic silkworms
will be discussed. Finally, examples of ongoing research projects for
vascular regeneration and tissue engineering applications will be
shown.

28.P01
To differentiate or not – Adipose derived stroma
cells for adipogenesis using fibrin coated fibroin
scaffolds
AT Hofmann, S Pfeifer, A Banerjee, RC Preda, A Meinl,
W Öhlinger, S Wolbank, DL Kaplan and H Redl
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, Austria; Department of Biomedical Engineering,
Tufts University, USA

Soft tissue regeneration comes along with repeat surgeries and long
lasting cell cultures. To overcome these issues we wanted to compare
adipogenesis based on undifferentiated human adipose derived stroma
cells (ASC) and adipogenetically predifferentiated ASCs (diffASC)
seeded on fibrin coated 3D silk fibroin scaffolds (Wang et al., 2008)
The silk scaffolds were prepared from organic solvent (HFIP) process
with a pore size of 400–500 microns. First, to examine fibrin concentra-
tion-depending degradation, fluorescent fibrin (100 or 25mg/ml fibrin-
ogen including Oregongreen 488) coated scaffolds were implanted s.c.
into nude mice (2 and 4 weeks). In vivo fluorescence imaging revealed
concentration-independent degradation over 9 days. Histological eval-
uation showed a better compatibility of diluted fibrin coated scaffolds.
For comparing predifferentiation of ASC, scaffolds with diluted fibrin
and ASCs were cultured in either adipose differentiation medium (dif-
fASC) or in regular cell culture medium (ASC) (2 weeks). Scaffolds
with fibrin in regular medium served as control. Scaffolds were then
implanted s.c. into nude mice (4 weeks). Immunhistochemistry
revealed the presence of non-mature ASCs and the support of adipo-
genesis in ASC and diffASC scaffolds, but not in controls. No fibroin
scaffold degradation was found in any of the groups. The data suggest
the same ability of ASC for adipose tissue regeneration as diffASC in a
slowly degrading and biocompatible scaffold.

28.P02
Effect of silk protein on chondrogenesis
YY Jo, HY Kweon, KG Lee and HS Lee
Sericultural & Apicultural Materials Division, National Academy
of Agricultural Science, RDA, Republic of Korea

Silk produced by mulberry silkworm (Bombyx mori) is composed of
two types of protein polymers, sericin and fibroin. Biocompatibilities of
these silk proteins have attracted attention as biomaterial. In this study,

we isolated sericin and fibroin from silk cocoon and prepared regenera-
tive silk protein samples in different methods. We investigated the
effect of these silk proteins on chondrocyte growth and chondrogene-
sis. The molecular weight of silk proteins had 0.5 ~ 300 kD. When the
chondrocytes were cultured with silk proteins, the ability of cell adhe-
sion and growth were more excellent than control. Also, expression lev-
els of genes related chondrogenesis such as collagen type II, collagen
type X and sox 9 were increased. These results suggest the possibility of
silk protein for cartilage regeneration.

28.P03
In vitro chondrogenic differentiation of human
mesenchymal stem cells on TGF-beta1 loaded
silk fibroin nanospheres
S Bano and SC Kundu
Indian Institute of Technology, India

Polymeric materials are frequently used for tissue engineering and drug
delivery. Silk fibroin protein from nonmulberry Indian tropical tasar
silkworm Antheraea mylitta, is a potential biomaterial for diverse appli-
cations due to its versatility, mechanical robustness, and cytocompati-
bility as a tissue engineering material. To apply this biomaterial as a
potential cell supporting matrix for stem cell delivery, nanostructured
3D porous scaffolds with TGF b1 loaded silk fibroin/albumin nanopar-
ticles were designed. The nanoconstruct induced chondrogenic differ-
entiation of human mesenchymal stem cells (hMSCs) by continuous
controlled release of TGF b1. Based on a previous study, fabricated silk
fibroin/albumin nanoparticles with diameter <200 nm and - 31 mV
zeta potential were stable and easily enternalized by the cells. Mechan-
ical characterization, GAG, collagen content and in vitro release of TGF
b1 from nanoconstruct favored the growth and proliferation of hMSCs.
The silk fibroin nanoconstruct based growth factor delivery can be used
to differentiate hMSCs and engineer cartilaginous tissue in vitro, and it
may be a promising implantable biomedical device for cartilage tissue
engineering.

28.P04
Development of thick electro-spun silk fibroin
scaffolds using polyethylene glycol as sacrificial
material
SY Yang, TH Hwang and WH Ryu
Yonsei University, Republic of Korea

Electro-spinning produces three-dimensional nanofibrous structures
with high surface to volume ratio that are attractive in the field of tis-
sue scaffolding and regenerative medicine. Many biomaterials such as
PLGA, PEO, and collagen have been successfully electro-spun and dem-
onstrated their performances as functional tissue scaffolds or drug
delivery systems. With recent concern with mad cow disease, silk
fibroin (SF) has drawn great interest as a new material to replace
bovine collagen. However, the electro-spinning of the SF was limited in
producing thick scaffolds. Thus, in this study, we demonstrate the elec-
tro-spinning of thick SF scaffolds using a mixture of SF and polyethyl-
ene glycol (PEG). SF was extracted from Bombyx mori cocoon by
degumming in boiling aqueous Sodium Oleate (0.3% w/w), Na2CO3
(0.2% w/w) solution for 1h. The SF solution was prepared by dissolv-
ing the degummed silk into a 9.3 M LiBr solution for 1h at room tem-
perature. This solution was dialyzed against deionized water for 3 days
to remove LiBr. Dialyzed solution was freeze-dried for 3 days and dis-
solved in formic acid (15%, w/v). PEG35,000 was also dissolved in for-
mic acid (5%, 10%, 15%, 20% w/v) and each solution was blended
with silk fibroin solution (1:1 v/v). The final solution was electro-spun
and 2~4cm thick SF scaffolds were fabricated. The morphology and
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microstructure of the electro-spun SF/PEG scaffolds were investigated
by scanning electron microscopy.

28.P05
Controlling the micro-architecture of 3D silk
sericin hydrophilic network for therapeutic
purpose
B Kundu and SC Kundu
Indian Institute of Technology Kharagpur, India

Therapeutics includes repair and regeneration of diseased tissues, tar-
geted drug delivery and wound managements. Hydrogels are cross-
linked networks of hydrophilic polymers, capable to absorb large
amount of water or biological fluid. These hydrophilic networks hold
significant potentiality because of their structural and compositional
similarities with physiological extracellular matrix. We demonstrate
effects of protein concentration, polymer to protein ratio, drying pro-
cesses and pH on pore micro-architectures and interconnectivity of
3D protein hydrogel. The pore size and interconnectivity play signifi-
cant role in cell viability, proliferation, migration, nutrient diffusion
and waste removal within 3D culture system. The fabricated hydro-
gels of polyacrylamide and Indian tasar silk protein sericin of Anthe-
raea mylitta cocoons exhibit naive polymeric networks after cryo-
freezing. Relatively reduced pore microstructure and porosity are
obtained in vacuum drying. Higher protein concentration results
enlarged pores but reduced porosity and interconnectivity within the
network. The repulsion among hydrolyzed -CONH2 polymeric chain
entanglements loosen the 3D network at alkaline pH, resulting large
pores with more internal communication. Cell growth within this bi-
omimetic network forms monolayer, which is revealed by confocal
microscopy. The results indicate the potentiality of the present 3D
hydrophilic network as functional system for tissue regeneration and
diagnostic tools.

28.P06
Silk tubular scaffolds for vascular tissue
engineering
V Catto, R Elia, G Freddi, MC Tanzi, S Farè and D Kaplan
Bioengineering Department, Politecnico di Milano, Italy;
Department of Biomedical Engineering, Tufts University, USA;
INNOVHUB - Stazioni Sperimentali per l’Industria - Divisione
Stazione Sperimentale per la Seta, Italy

Introduction: Currently there is a need for substitutes for the replace-
ment of small caliber blood vessels, due to the mismatch between the
mechanical proprieties of grafts and native blood vessels and the need
to regenerate a functional endothelium. The aim of this work is for the
design, production and characterization of silk fibroin small caliber
tubular scaffolds. To achieve this goal, a combination of two tech-
niques, electrospinning and gel spinning, are used to optimize the
mechanical and biological proprieties of this protein polymer into small
diameter grafts.
Materials and Methods: Briefly, an aqueous silk solution was prepared
from Bombyx mori silkworm cocoons. This solution (~7–8% w/w)
was electrospun onto a rotating mandrel to fabricate tubular scaffolds.
A second layer was produced by gel spinning using a concentrated
aqueous silk solution (~20–25% w/w).
Results: Electrospun-gel spun silk tubular scaffolds (inner diameter =
3mm) were obtained with suitable adhesion between the layers. SEM
analysis showed uniform thickness, equal to ~50um for the electro-
spun layer and ~150um for the gel spun layer.
Conclusion: Novel silk tubular scaffolds were obtained using a combina-
tion of electrospinning and gel spinning. The use of these two tech-
niques makes it possible to utilize post-spinning treatments, such as

methanol treatment or water vapor annealing, to fabricate tubular scaf-
folds with tunable proprieties. Further mechanical and biological char-
acterization is in progress.

28.P07
Silk – a novel biomaterial for the reconstruction
of the urinary tract
K Montzka, T Läufer, M Wöltje, M Rheinnecker and A Heidenreich
Department of Urology, RWTH Aachen University, Germany;
Spintec Engineering GmbH, Germany

To overcome the functional loss of an urinary tract defect, reconstruc-
tion is mostly performed by using gastrointestinal segments. The aim
of this study was to develop a novel biomaterial from silk which mim-
ics the three-dimensional structure and mechanical properties of uri-
nary tract tissue.Silk was isolated from silkworms and processed to
membranes of 25 to 150 lm thickness. These membranes were inves-
tigated for their urea leakage by ussing chamber experiments. To imi-
tate the structural properties of the urinary tract tissue, composites of
silk membrane and silk fleece were produced and investigated using
electron microscopy. Membranes manufactured from silk demon-
strated enormous elasticity, tensile strength and seam resistance which
is important for the later surgical implantation. Interestingly, the thick-
ness of the membrane did not significantly influence the urea perme-
ability. Electron microscopy demonstrated the different structural
properties of the newly developed composites: a smooth side (mem-
brane) for seeding of urothelial cells and a fibrous side (fleece) for
the seeding of smooth muscle cells. The combination of different
structures made of silk enabled the production of a complex compos-
ite as a novel biomaterial for the reconstruction of the urinary tract.
Current investigations include the biocompatibility of these materials
on cells of the urinary tract as well as the urea permeability after cell
seeding.

28.P08
Non-mulberry silk proteins facilitate osseo-
integration in orthopedic implants
S Nayak, D Naskar, T Dey and S Kundu
Department of Biotechnology, Indian Institute of Technology,
India

Last few decades, knee, hip and other orthopedic implants become a
common practice to restore the fractured or damaged bone joints. Met-
als and their alloys are used widely as orthopedic implant material.
Titanium and its alloys remain as standard due to its good biocompati-
bility and low corrosive properties. Modification or engineering of
implant surface topography and chemistry is used to accelerate the rate
of bone formation and to slow down the rate of infection. Silk proteins,
sericin and fibroin; have well established history of using as bio-com-
patible material and possess self-assembling, and anti-oxidant proper-
ties. Silk fibroin, the core protein, is hydrophobic in nature while
sericin is hydrophilic glue like protein. In the present study we immobi-
lize both the silk proteins on Ti surface individually. APTES mediated
immobilization of silk proteins is found to improve the hydrophilic nat-
ure of the surface. FTIR, SEM and AFM are used to confirm the pres-
ence of protein and reveal the surface topography. Proliferation and
spreading of osteoblast like cell show well cyto-compatibility of the
modified surface on cells. Immune-response against silk coated Ti is
investigated with macrophage in co-culture with osteoblast like cells.
The results indicate that the silk protein facilitates osteoblast cell adher-
ence and proliferation on Ti.
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28.P09
Development of macro/micro porous silk fibroin
scaffolds with nano-sized calcium phosphate
particles for bone tissue engineering
LYan, C Correia, J Silva-Correia, S Caridade, E Fernandes, J Mano,
R Sousa, J Oliveira, A Oliveira and R Reis
3B’s research group, University of Minho, Portugal

Macro/micro porous silk scaffolds with nano-sized calcium phosphate
(CaP) particles were developed for bone tissue engineering. Different
amounts of nano-sized CaP particles 4, 8, 16 and 25% (CaP:silk
fibroin, wt/wt) were generated into the highly concentrated aqueous
silk fibroin solutions via an in-situ approach. Afterwards, the pure
silk and silk/nano-CaP porous scaffolds were produced by a combina-
tion of salt-leaching/freeze-drying methods. Thermal gravimetric
analysis results were able to demonstrated that the silk/nano-CaP
scaffolds maintained 64–87% of incorporated CaP after salt-leaching.
Dynamic mechanical analysis showed that storage modulus of the
16% formulation was significantly higher than all remaining groups.
The porosity of silk/nano-CaP scaffolds assessed using Micro-Com-
puted Tomography decreased from 79.8% to 63.6% with increasing
CaP incorporated until 16%. By soaking the scaffolds in Simulated
Body Fluid for 7 days, cauliflower-like apatite clusters were observed
on the surface of both macro and micro pores of 16% and 25% for-
mulations, which was not observed in 4 and 8% formulations. 16%
silk/nano-CaP scaffolds were further chosen for in vitro cytotoxicity
and biocompatibility assays. Both silk and 16% silk/nano-CaP scaf-
folds were non-cytotoxic and promoted cell adhesion and prolifera-
tion to a similar extent. These results indicated that the 16% silk/
nano-CaP scaffolds could be a good candidate for bone tissue
engineering.

28.P10
High strength silk protein scaffolds for bone
repair
B Mandal, A Grinberg, ES Gil, B Panilaitis and D Kaplan
Department of Biotechnology, Indian Institute of Technology,
India; Department of Tissue Engineering, Cell Therapy and
Regenerative Medicine, National Institute of Rehabilitation (INR),
Mexico, D.F.; Department of Biomedical Engineering, Tufts
University, USA

Biomaterials for bone tissue regeneration represent a major focus in
orthopedic research. In the U.S. alone, 1.3 million people undergo bone
graft surgeries each year with skeletal defects either from accidents or
disease. However, only a handful of polymeric biomaterials are utilized
today due to their failure to address critical issues like compressive
strength for load bearing bone grafts. A high compressive strength
(~13 MPa hydrated state) polymeric bone composite material was
developed based on silk protein-protein interfacial bonding. Towards
this goal, a new hydrolysis method to generate silk microfibers with
control of length was demonstrated. Micron sized silk fibers (10–600
lm) obtained were used as reinforcement in a compact fiber composite
with tunable compressive strength, surface roughness and porosity. The
developed 3D scaffold systems provided insight on the role of microfi-
ber dimensions on mechanical properties and cell responses. A combi-
nation of surface roughness, porosity and scaffold stiffness favored
human bone marrow derived mesenchymal stem cell (hMSC) differen-
tiation towards bone-like tissue in vitro based on biochemical and gene
expression for bone markers. Further, minimal in vivo immunomodula-
tory responses suggested compatibility of the fabricated silk-fiber high
strength reinforced composite matrices for bone engineering applica-
tions.

28.P11
The hybrid silk fibroin scaffold with BMP2 loaded
gelatin microspheres for effective bone
regeneration
YW Jiang, SLToh and CH Goh
Department of Bioengineering, National University of Singapore,
Singapore

The silk fibroin itself is a good candidate for tissue regeneration due to
the high biocompability and slow degradation as well as robust
mechanical properties. But without any biomolecular cues, the mesen-
chymal stem cell can lead to multiple lineage of differentiation on the
pure homogenous silk fibroin scaffold .Therefore, loading the osteoin-
ductive growth factor BMP2 into the scaffold is necessary for promot-
ing the bone regeneration. While the direct loading faces the problem
of retention in the long term, an indirect loading of BMP2 is conducted
by imbedding the bmp2 binding gelatin microspheres into the silk scaf-
fold via lyophilization. The hybrid silk fibroin scaffold not only presents
more sustainable protein release profile, but also shows well main-
tained protein bioactivity. Besides, it showed improved compression
properties as well as keeping the good interconnectivity. And it was also
proven to have high cell viability and good cell attachment. The pig
mesenchymal stem cell was used to study the osteogenic differentiation
on this hybrid scaffold. And it showed better alizarin red staining
results and higher genetic expression level of the osteogenic markers as
compared to the direct bmp2 loaded homogenous silk scaffold. To be
short, this hybrid bmp2 loaded silk fibroin scaffold has a great potential
for effective bone regeneration.

28.P12
Silk fibroin for guided bone regeneration
HY Kweon, SG Kim, YY Jo, KG Lee and HS Lee
National Academy of Agricultural Science, Gangneung-Wonju
National University, Korea

Silk fibroin (SF) is a natural protein polymer spun by silkworm Bombyx
mori and used as a typical textile fiber and a surgical suture. Recently,
cytocompatibility and tissue-compatibility of SF has been investigated
and elucidated that there is no severe side effect to cell and tissue. The
author examined the feasibility of SF as eardrum membrane and it is
good for regeneration of eardrum with high efficiency. To expand the
usability of SF, the author examined SF for guided bone regeneration.
SF membrane with bioactive materials was pre-pared and examined
the morphology, structural characteristics, and thermal properties. And
then it was applied to white rabbit to evaluate bone formation. Histo-
morphology and removal torque were analyzed.

28.P13
Osteointegration of anterior cruciate ligament
scaffolds fabricated of bombyx mori silk
ATeuschl, JC Ferguson, P Szomolanyi, S Trattnig, H Redl
and T Nau
Ludwig Boltzmann Institute for Clinical and Experimental
Traumatology, Austria; Center of Excellence for High Field MR,
Department of Radiology, Medical University of Vienna, Austria

Various tissue engineering (TE) approaches are based on silk fibroin
(SF) as scaffold material since its superior mechanical and biological
properties compared to other materials. Especially in the field of liga-
ment TE, SF scaffolds were extensively used. Surprisingly, there is still
a lack of knowledge on the integration of SF scaffolds into bone. In a
rabbit model, the ACL of the right leg was excised and the tibial and
femoral bone tunnels were created with a 2.5 mm diameter drill bit.
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Both ends of a custom-made SF scaffold (diameter 2.0 mm) were
sutured with 1–0 polyester suture (Ethibond, Johnson & Johnson,
USA) in a whip-stitch style. Then the scaffold was passed through the
bone tunnel and joint cavity. Finally, both ends were fixed by sutures
tied over ‘‘endobuttons’’ in femur and tibia. After defined time-points
animals were sacrified and the osteointegration was analyzed via lCT,
MR (3 and 7 Tesla) and bone histology. In lCT we could determine
new forming bone after 6 weeks adjacent to the scaffold material. MR-
analysis demonstrated that after 2 weeks the silk scaffolds were sur-
rounded by soft tissue that further developed to bone tissue (followed
for up to 26 weeks). The results of a tight osteointegration demon-
strated via lCT- and MR-analysis are further confirmed by histology. To
conclude, we could show that SF scaffolds integrated into femural and
tibial bone tunnels within 16 weeks without causing adverse reactions
to the adjacent bone tissue.

28.P14
A novel tissue engineering bulking agent:
adipose-derived stem cells-based silk fibroin
microspheres for the treatment of female stress
urinary incontinence
LB Shi, Y Wu, SA Zhu, HW Ouyang and XH Zou
The First Affiliated Hospital, School of Medicine, Zhejiang
University, China; Center for Stem Cell and Tissue Engineering,
UK

Stress urinary incontinence (SUI) remains a worldwide problem affect-
ing patients of all ages. But an effective treatment, especially for SUI
due to severe intrinsic sphincter deficiency (ISD), has not yet been
developed. The study aims to develop a novel tissue engineering bul-
king agent combined adipose-derived stem cells (ADSCs) with Silk
Fibroin Microspheres (SFMS). Animal models were established with
Sprague–Dawley female rats by completely cutting of the bilateral
pudendal nerve. The ADSCs were obtained from inguinal fat pad of
rats and were characterized in vitro. SFMS were prepared via self-
assembling of silk fibroin molecular chains with sizes ranging from 50
to 500lm. Forty female rats were divided into four groups: Group A
(5) had sham operation; Group B (5) had no bulking agent injected
after denervation; Group C (15) was treated with only SFMS after
denervation; Group D (15) was treated with ADSC-based SFMS after
denervation. Histology, leak-point pressure (LPP) and the external ure-
thral sphincter electromyogram measurements were done at 4 and 12
weeks after treatment while bio-mechanical testing was done at 12
weeks. The result shows that both the SFMS and the new bulking
agent showed convincing functional effects for the treatment of SUI in
a rat model. And the better muscle-like tissue formation induced by
ADSC-based SFMS suggested potential long-term function.

28.P15
Tissue-engineered fibroin scaffolds for ocular
tissue reconstruction
LJ Bray, KA George, DW Hutmacher, TV Chirila and DG Harkin
Queensland Eye Institute, Australia; Institute of Health and
Biomedical Innovation, Queensland University of Technology,
Australia

The silk protein fibroin (Bombyx mori) provides a potential substrate
for use in ocular tissue reconstruction. We have previously demon-
strated that transparent membranes produced from fibroin support cul-
tivation of human limbal epithelial (HLE) cells (Tissue Eng A.
14(2008)1203–11). We extend this body of work to studies of limbal
mesenchymal stromal cell (L-MSC) growth on fibroin. Also, we investi-
gate the ability to produce a fibroin dual-layer scaffold with an upper
HLE layer and lower L-MSC layer. Primary cultures of HLE and L-MSC

were established in DMEM/F12 with 10% foetal bovine serum (FBS).
Cultures were subsequently passaged onto either transparent fibroin
membranes, amniotic membrane (AM; current gold standard), or
within fibroin 3D scaffolds. HLE cells and L-MSC were also co-cultured
upon dual-layer fibroin. L-MSC cultures were characterised via immu-
nocytochemistry and flow cytometry for CD45, CD73, CD90, CD105,
and a-sma. Resulting tissue constructs were analysed via immunohisto-
chemistry for cytokeratin 3 and DNp63. HLE and L-MSC cultures grown
in 10% FBS were able to adhere to and proliferate on silk fibroin bi-
omaterials. HLE constructs on fibroin expressed cytokeratin 3 and
Np63 comparably to AM. L-MSC were 80%+ for the characteristic
MSC markers and displayed multi-potency. These results confirm the
suitability of membranes constructed from fibroin as substrata for HLE
and L-MSC cultivation and encourage progression to studies of efficacy
in preclinical models.

28.P16
Preparation and cellular response of silk fibroin
nanofibers containing Ag nanoparticles for skin
regeneration
L Jeong and WH Park
Chungnam National University, Korea

Many researchers have recently investigated silk fibroin (SF) as one of
candidate materials for biomedical applications because it has several
useful properties including good biocompatibility, good oxygen and
water permeability, biodegradability and minimal inflammatory reac-
tion. Silver (Ag) is well known that Ag ions or particles are highly toxic
to microorganism and strong effect of inhibition against inflammatory
cells. Therefore, Ag, as an antibacterial component, has been applied
for various biomedical materials such as wound healing, dental resin
and antimicrobial filters. In this study, SF nanofibers containing Ag
nanoparticles were prepared by electospinning method. We used silver
acetate, silver tetrafluoroborate, silver phosphate and silver sulfadia-
zine as Ag compounds, and they were dissolved into SF solution in for-
mic acid. The size distribution and dispersion of Ag nanoparticles
formed in SF/formic acid solution were characterized by UV-Vis spec-
trophotometer, nanoparticle analyzer, TEM. The morphology of electro-
spun SF nanofibers containing Ag was investigated by SEM. Ag
nanoparticles on or in SF nanofibers were observed by transmission
electron microscopy and confirmed by XPS. The conformational struc-
tures of electrospun SF nanofibers containing silver were analyzed by
ATR-IR, solid state 13C CP/MAS NMR. The effect of Ag nanoparticles
on the adhesion and spreading of normal human epidermal keratino-
cytes was also investigated in vitro.

28.P17
Influence of silk-fibroin fibers on mechanical and
biological properties of PDLLA salt-leached
scaffolds
M Stoppato, HY Stevens, E Carletti, A Motta, C Migliaresi
and RE Guldberg
University of Trento, Department of Materials Engineering and
Industrial Technologies and Biotech Research Center, Italy;
European Institute of Excellence on Tissue Engineering and
Regenerative Medicine, Italy; Parker H. Petit Institute for
Bioengineering and Bioscience and George W. Woodruff School of
Mechanical Engineering, Georgia Institute of Technology, USA

A major tissue engineering approach is to use scaffolds designed as
temporary extracellular matrix (ECM) supports for cells. In this study a
new construct was prepared combining a porous scaffold of Poly D,
L-Lactic Acid (PDLLA) with silk-fibroin fibers. Constructs comprising
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PDLLA and PDLLA plus fibers were compared for their properties as
well as their abilities to support relevant in vivo cell populations.Mor-
phological characteristics were assessed using Scanning Electron
Microscopy and Micro Computed Tomography, elastic moduli were
measured using a mechanical testing apparatus. Human Mesenchymal
Stem Cells (hMSC) and Human Umbilical Vein Endothelial Cells were
seeded onto the scaffolds and maintained for four weeks in vitro. Our
findings suggest that the porosity of the novel scaffold is comparable to
the PDLLA salt-leached scaffold, despite its greater stiffness. However,
support of cell populations varies considerably. In particular it seems
that endothelial cell localization is strongly associated with fiber pres-
ence yet, in the absence of fibers, an early osteogenic differentiation of
hMSCs is seen in the scaffolds, leading to enhanced ECM produc-
tion.This study shows the influence of silk-fibroin fibers on mechanical
and biological properties of PDLLA salt leached scaffold. The concept
of designing composite scaffolds to integrate beneficial properties of
different structures and materials seems a promising avenue to facili-
tate appropriate biological interaction.

28.P18
Characterization of Antheraea pernyi silk fibroin
hydrolysate
KG Lee, HY Kweon, YY Jo and HS Lee
National Academy of Agricultural Science, Korea

Antheraea pernyi silk fibroin (SF) hydrolysate were characterized using
UV/VIS spectrometer, amino acid composition and heavy metal con-
tents to explore its potential sources for food or cosmetic additives. The
hydrolyzed A. pernyi SF was separated into two parts: (a) SFA, ala-
nine-rich fraction and (b) SFB, nntyrosine-rich fraction. SFB exhibited
strong absorption peaks at 210 and 280nm due to the presence of the
tyrosine. Heavy metal analysis showed that arsenic and mercury did
not detect. Other heavy metals, which includes lead, cadmium, etc.,
were recorded only a trace amount. Therefore, A. pernyi SF hydrolysate
could be safely used as sources of food, cosmetic and pharmaceuticals.

28.P19
Regenerated silk/ bio-glass composite scaffolds
for bone tissue engineering
S Mobini, M Solati-Hashjin, S Hesaraki, B Hoyer, A Lode,
N Nosoudi, M Gelinsky and A Samadikuchaksaraei
Department of Biomedical Engineering, Amirkabir University of
Technology, Iran; Department of ceramics, Materials and Energy
Research Center, Iran; Centre for Translational Bone, Joint and
Soft Tissue Research, University Hospital Carl Gustav Carus and
Medical Faculty of Technische Universität Dresden, Germany;
Centre for Translational Bone, Joint and Soft Tissue Research,
Department of Chemical Engineering, Centre for Process Systems
Engineering, Imperial College London, UK; Biological Systems
Engineering Laboratory, Department of Chemical Engineering,
Centre for Process Systems Engineering, Imperial College London,
UK

One of the major issues in bone tissue engineering(BTE) is to design
and fabricate bioactive and bioresorbable scaffolds. One of the several
methods to approach this goal is using composite scaffolds. In this
study,we present fabrication and characterization of a novel silk-bio-
glass composite scaffold. Fibroin has been made using mulberry silk
cocoons and calcium silicophosphate bioactive was made by sol-gel
processing. For fabrication of a unified composite bioglass powder was
ground and coated with APTS. Composite scaffolds were fabricated by
the freezedrying technique. Silk protein was evaluated by FTIR and
XRD methods.XPS analysis demonstrated that the amino groups were
established on the surface of the glass powder.SEM images showed a
uniformly dispersed bioglass particles in all structures. Scaffolds were
seeded with hMSC for 21 days. Cell adhesion, viability and prolifera-
tion were assessed confirming cytocompatibility of these scaffolds. An
increase of ALP activity during 3 weeks of cultivation implicated that
the scaffolds support osteogenic differentiation. In conclusion, appro-
priate structural and biological properties make the silk/bioglass scaf-
fold a proper choice for use in BTE.
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29. Natural Derived Polysaccharides (in coop. Expertissues)

29.01
Keynote: Polysaccharide based scaffolds for an
all range of regenerative medicine approaches
RL Reis
3B¢s - U. Minho, Portugal

Natural Derived Polysaccharides have an enormous potential for tissue
engineering and regenerative medicine. This very versatile class of
materials includes an all range of polysaccharides. The innovative use
of its characteristics, taking advantage of the similar structure and com-
position with respect to native tissues and its extra-cellular matrix,
enables for the designing of high performance systems with excellent
biocompatibility and fine tuned biodegradability. Many of the aimed
applications require increasingly complex and demanding architectures
and properties. Furthermore, the processing and characterization of
these types of materials often have specific requirements.In addition to
these necessities, an adequate cell source should be selected. In many
cases efficient cell isolation, expansion and differentiation methodolo-
gies should be developed and optimized. We have been using different
human cell sources. The potential of each type of cells, to be used to
develop novel useful regeneration therapies will be discussed. Their
uses and their interactions with different polysaccharide based scaf-
folds will be described. The use of bioreactors to control cell differentia-
tion, as well as the surface modification of the materials in order to
control cell adhesion and proliferation will also be illustrated. Some
examples of the in-vivo performance of different scaffold/cells con-
structs will be presented.

29.02
Porous polysaccharide-based scaffolds for
human endothelial progenitor cells
M Lavergne, M Derkaoui, C Delmau, D Letourneur, U Uzan,
C le Visage
Inserm, U698, Bio-ingénierie Cardiovasculaire, France; ABCell-
Bio SAS, Inserm, U972, France

Introduction: Human endothelial colony-forming cells (ECFCs), the
progeny of circulating endothelial progenitors, are valuable cell therapy
products in ischemic diseases. However, injected cells have limited
chances to survive and engraft. This study was aimed at determining
whether polysaccharide scaffolds constitute a favorable environment
for ECFCs culture and release.
Materials and Methods: Porous scaffolds composed of natural polysac-
charides, pullulan and dextran, and sodium chloride as a porogen
agent were prepared by chemical cross-linking with sodium trimeta-
phosphate. Human ECFCs were isolated from cord blood and cultured
in complete EGM-2 MV medium. For cell seeding, rehydration of the
dried scaffold was performed with 20 lL of cell suspension
Results and discussion: We demonstrated that scaffolds with 40lm
pores preserved ECFCs viability and proliferation. After 7 days of cul-
ture, ECFCs expressed endothelial markers CD31, vWf and maintained
endothelial functions such as Ac-LDL uptake, migration along a VEGF
gradient and activation by TNF alpha. The cultured cells are easily
retrieved by enzymatic degradation of the scaffolds
Conclusion: The polysaccharide-based porous scaffold constitutes a
new endothelial cell delivery system able to release cells displaying crit-
ical functions required for vascular regeneration in ischemic tissues:
proliferation, migration, capacity to form vascular structures and ability
to be activated by pro-inflammatory effectors.

29.03
Physically cross-linked injectable chitosan-
derived microgels as a template for cell delivery
DT Padavan, KA McEwan, JE McBane, A Badner, GS Korbutt and
EJ Suuronen
University of Ottawa Heart Institute, Canada; Dept of Mechanical
Engineering, University of Ottawa; Dept of Cellular and
Molecular Medicine, University of Ottawa; Alberta Diabetes
Institute, University of Alberta, Canada

Ischemia is a central problem in cardiovascular disease and vascular
complications associated with diabetes. Cell therapies applied to these
diseases have yielded modest results. Physically cross-linked injectable
microgels are attractive since they may improve the delivery of cells in
a minimally invasive and non-toxic manner. We developed chitosan-
derived microgels with tunable mechanical and cell responsive proper-
ties for supporting transplanted cells. Two injectable materials were
developed via ionic cross-linking: a) chitosan-derivative (HTCC) with
sodium tripolyphosphate (TPP); and b) pure chitosan (PC) with beta-
glycerophosphate disodium salt (bGP). PC-bGP was less viscous
(5.5±0.5Pass) and more elastic (6.3±0.9kPa) at 37�C compared to
HTCC-TPP (11±4Pass, 0.05±0.01kPa). Morphology revealed uniform
pore distribution with HTCC-TPP having higher (14%) porosity. Gels
degraded 4· faster in alpha-amylase (pH 7, 37�C, 250IU/ml) than in
PBS at 7d. Cell compatibility was assessed using circulating progenitor
cells (CPCs), endothelial cells (HUVECs) and islets up to 7d: the num-
ber of CPCs and HUVECs adherent on HTCC-TPP was less compared to
PC-bGP (p£0.001). Live/dead assays revealed comparable cell viability
(>70%) between gels, and WST-1 showed greater cell metabolic activ-
ity on PC-bGP (p£0.05). Chitosan-derived microgels are promising as
delivery vehicles and suitable for supporting multiple cell types for car-
diovascular and islet transplantation tissue engineering therapies.

29.04
Learning from the cell-matrix crosstalk to
improve a cell delivery system based on
RGD-modified alginate
S Bidarra, K Fonseca, PL Granja and CC Barrias
INEB – Instituto de Engenharia Biomédica, Universidade do
Porto, FEUP, Portugal

Natural polymers with the ability of forming 3D hydrogel networks
under mild conditions such as alginate, offer an exciting possibility for
the in situ delivery of vascular cells. The successful immobilization of
viable endothelial cells (ECs) within 3D matrices is dependent of sev-
eral parameters, such as cell density, amount of cell-adhesion sites and
matrix stiffness. In this study, Human umbilical vein ECs were
entrapped within RGD-alginate under different conditions, with cell
density ranging from 5-30 million (M) cells/mL of alginate and RGD
density from 50-500 lM. The effect of the 3D microenvironment on
ECs was assessed in terms of viability and morphology (confocal
microscopy). It was also analysed how ECs modify the viscoelastic
properties (dynamic mechanical analysis) and the microstructure
(cryo-SEM) of the alginate matrix. ECs were only able to spread and
form multicellular network when entrapped at the higher cell densities
(30, 20 and 15 M cells/mL), and presented the highest viability at 15
M cells/mL. Although cells were able to establish cell-cell contact, the
viability was different, which could be related to the stiffness measured.
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For instance 30 M presented elasticity higher than the 15 M cells/mL.
The obtained data points to the importance of analyzing the reciprocity
between cells and matrix for the improvement of cell delivery systems.
Acknowledgments: FEDER funds through COMPETE and FCT (project
PTDC/SAU-BEB/101235/2008 & FCOMP-01-0124-FEDER-010915).

29.05
Gellan gum-based bilayered scaffolds for
application in osteochondral tissue engineering
DR Pereira, J Silva-Correia, JM Oliveira, J João, H Hélder
and RL Reis
3Bs Research Group, Portugal

Bilayered scaffold and cellular strategies are currently applied to solve
the challenging problem of osteochondral defects. In this study, several
formulations of Gellan gum were developed to fabricate different scaf-
folds possessing a cartilage-like layer and a bone-like layer. The bone-
like layers were obtained by low acyl Gellan gum (LAGG) at 2 wt%
and different amounts of hydroxyapatite powders (HAp) (5,10,15 and
20wt%). The cartilage-like layers were obtained by preparing LAGG
formulation at 2wt% and formulations of LAGG at 2wt% and high acyl
Gellan gum (HAGG) at 0.75wt% at a ratio of 75:25(v%). The visco-
elastic measurements were performed using a TRITEC8000B DMA to
characterize the mechanical behaviour of the bilayered scaffolds. The
effect of the incorporation of different amount of HAp within the bone-
like layer on the mechanical properties of the scaffolds was also investi-
gated. Degradation and water uptake studies were performed by soak-
ing the scaffolds in a phosphate buffered saline solution (pH 7.4) up to
30 days. The bilayered scaffolds were investigated by stereo microscope
to evaluate the interface between both layers. The cytotoxicity of the
bilayered scaffolds was investigated in vitro using a L929 cell line. In vi-
tro studies regarding adhesion, encapsulation and viability of human
chondrocytes (cartilage-like layer) and human osteoblasts (bone-like
layer) cultured in the bilayered scaffolds were also carried by perform-
ing SEM analysis and Live/Dead assays.

29.P01
Development and optimisation of a growth factor
delivery hydrogel for cartilage regeneration
M Ahearne and DJ Kelly
Trinity College Dublin, Ireland

Engineered hydrogels containing TGF-b loaded microspheres and
seeded with mesenchymal stem cells have been under investigation for
cartilage repair and regeneration. In this study the influence of cross-
linking conditions on TGF-b release from gelatin microspheres was
evaluated and two polysaccharide hydrogels (agarose and gellan gum)
were compared with fibrin to determine the most suitable hydrogel sys-
tem for promoting chondrogenesis of progenitor cells. Agarose, fibrin
and gellan gum hydrogels were seeded with infrapatellar fat-pad
derived stem cells and TGF-b 1 loaded gelatin microspheres. TGF-b 1
release was quantified by ELISA. Constructs were cultured for 21 days
and evaluated by biochemical assay and histological staining. TGF-b 1
release was dependent on the crosslinking time used to manufacture
the microspheres. After 21 days in culture, sGAG synthesis was higher
in both agarose and gellan gum compared to fibrin hydrogels. In addi-
tion fibrin underwent considerable contraction after 21 days in culture
while agarose and gellan gum maintained their original shape. Histo-
logical staining demonstrated the presence of collagen and sGAG in the
polysaccharide hydrogels. In conclusion, these results indicate that
polysaccharide hydrogels are preferential to fibrin for use as a growth
factor delivery scaffold for cartilage repair. The high chondrogenic
potential of stem cells cultured in these hydrogels demonstrates the
potential of these biomaterials for cartilage regeneration.

29.P02
Chitosan membranes for spatially controlled cell
adhesion and specific cell recruitment
CA Custódio, AM Frias, AC del Campo, RL Reis and JF Mano
3B¢s Research Group Biomaterials, Biodegradables and
Biomimetics Dept. of Polymer Engineering, University of Minho,
Portugal; Max-Planck-Institut für Polymerforschung, Germany

We propose a concept of biomaterials that are able to fix specific cell
types onto their surface when in contact with a mix population of cells.
Adipose tissue has shown to be an interesting source of stem cells with
therapeutic potential. However only a small amount of the heteroge-
neous mixture of the cells extracted from lipoaspirates are stem cells,
and within stem cells there are different populations with different
capabilities to differentiate through a lineage. We studied the ability of
immobilized antibodies on chitosan surfaces to capture specific types of
cells with a spatial micrometer resolution.Antibodies were covalently
immobilized onto chitosan membranes using bis[sulfosuccinimidyl] su-
berate (BS3). X-ray photoelectron spectroscopy (XPS) was used to
chemically characterize the surface and quartz crystal microbalance
(QCM) to calculate the amount of adsorbed and/or immobilized anti-
body. Data shown greater immobilization when BS3 was used com-
pared to simple adsorption. Specific antibodies covalently immobilized
in a surface, kept their bioactivity and controlled the type of cell that
attached on the chitosan surface. Microcontact printing permitted to
covalently immobilize antibodies in patterns allowing a spatial control
in cell attachment. Cell sorting experiments performed using a mixture
of adipose stem cells and osteoblast like cells shown that chitosan sur-
faces were able to capture a specific phenotype depending on the
immobilized antibody.

29.P03
Chitosan-bioactive glass hybrid films and
scaffolds: assessment of bioactivity and
mechanical behavior
EMF Lemos, MM Pereira, PSO Patricio and CL Donnici
UFMG, CEFET-MG, Brasil

Many efforts have been made in the development of porous matrices
with the objective of increasing its strength for a potential application
in bone regeneration. The objective of this study was to investigate a
composite material having as reinforcement phase bioactive glass.
Hybrid scaffolds and hybrid films were developed with 20% content of
bioactive glass (60% SiO2, 36%CaO and 4% P2O5) on chitosan cross-
linked with 3% glutaraldehyde, and the introduction of the bioactive
phase carried out by the sol-gel method. The films were obtained by
solvent evaporation technique and the porous scaffolds were obtained
by lyophilization method. The mechanical behavior was investigated
by tensile test of the films and compression test of the scaffolds. The
hybrid films with 20% bioactive glass showed a significant increase in
its tensile strength. The results of in vitro tests with SBF (simulated
body fluid) showed the formation of a layer of fibrils on the film sur-
face, upon analysis, that is the characteristic morphology of carbonated
hydroxyapatite, reflecting its favorable bioactivity. The porosity and in-
terconnectivity of scaffolds obtained also were confirmed by SEM,
which showed a homogeneous structure. The results also showed films
with pH-stable after immersion in SBF. The FTIR confirms the presence
of characteristic functional groups of the bioactive glass, confirming its
introduction into the polymer network of chitosan.
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29.P04
Development of chitosan-based composite
nanofibrous scaffolds for tissue engineering
application
HJ Hsieh, RY Tsai and TY Kuo
Department of Chemical Engineering, National Taiwan
University, Taiwan

Our previous study indicated that the use of electrospinning to prepare
chitosan-based composite nanofibrous scaffolds were improved by
incorporating polyvinyl alcohol and thus reducing the concentration of
acetic acid needed for electrospinning. Nanofibers with uniform mor-
phology were achieved by using a 20% acetic acid aqueous solution to
prepare the chitosan-based composite solution and electrospinning at
an applied voltage of 15 KV, without the formation of undesired beads
on the nanofibrous scaffolds. The stability of fibrous scaffolds could be
increased by using a crosslinking reagent glutaraldehyde for 12 hours.
We further optimized the electrospinning process by adding other
ingredients to prepare various composite solutions. The properties of
the solutions including the viscosity, surface tension, and electrical con-
ductivity were measured and compared. However, due to the complex
interactions among molecules existing in the solution, it is unclear
which factor(s) significantly affect the electro-spinability of the solu-
tion. Currently mesenchymal stem cells are used to determine the cyto-
compatibility of various nanofibrous scaffolds. The differentiation of
stem cells is also analyzed. Through this study on the proliferation and
differentiation of stem cells, various chitosan-based composite nanofi-
brous scaffolds suitable for tissue engineering application can be devel-
oped. (Supported by the National Science Council, Taiwan: NSC 100-
2221-E-002-113-MY2).

29.P05
A particle-agglomeration method for the
preparation of 3D chitin-based hybrid matrices
SS Silva, ARC Duarte, JF Mano and RL Reis
3Bs Research Group- University of Minho, Portugal

Hybrid materials have an immense potential for applications in a vari-
ety of advanced technologies, both as structural materials, as well as
functional materials in biomedical applications. The sustainable devel-
opment of hybrid materials is moving towards the use of green chemis-
try and clean technologies, namely by the use of natural polymers, sol-
gel processes, ionic liquids (ILs) and supercritical fluids. In this work
chitin-based hybrid 3D structures were prepared by particle agglomera-
tion associating the use of an IL and a sol-gel process. Bioactive parti-
cles were produced dissolving chitin in an IL and precipitating the
solution in a bath containing tetraethylorthosilicate/water/ethanol/
hydrochloric acid. Particle agglomeration was promoted by critical
point drying as particles were loaded and pressed in a mould together
with a gellan gum solution which enhanced the agglomeration and
provided mechanical strength to the system. At the same time it is pos-
sible to impregnate the particles with an active compound. Ibuprofen
was chosen as a model drug and impregnation was successfully
achieved. Chitin-based materials were characterized in terms of their
morphological and mechanical properties, sustained release ability, bio-
activity and biocompatibility. The findings suggest that this strategy is
feasible and advantageous to process hybrid chitin 3D matrices with
both functional and structural characteristics that make then suitable
for regenerative medicine applications.

29.P06
Smart multilayer films for biomedical
applications
GV Martins, JF Mano and NM Alves
3B¢s Research Group, Portugal

Thermo-responsive thin films were developed by layer-by layer sequen-
tial assembly of chitosan-graft-NIPAAm and alginate. First, the chito-
san-graft-NIPAAm copolymer was synthesized and analysed in order to
confirm the introduction of NIPAAm moieties onto the chitosan back-
bone. The LCST of the synthesized copolymer was around 31-33 �C.
Then, the formation of the multilayers was analysed by quartz crystal
microbalance with dissipation monitoring (QCM-D) and by UV-Vis
measurements. It was found a linear increase of the multilayer film
growth and the influence of the presence of salt. Preliminary results
showed that, upon reducing culture temperature below PNIPAAm
LCST, a gradual detachment of cell sheets from these PNIPAAm-based
coatings have occurred. So, the developed films could potentially be
used in cell sheet engineering. Furthermore, the easy-to-build and the
high tunable features of these LbL coatings make them ideal candidates
to be employed for drug delivery and controlled release systems, con-
trollable membranes, filters and sensor devices.

29.P07
Evaluation of ionically cross-linked alginate films
as culture substrates for human fibroblasts
I Machida-Sano, M Hirakawa, H Matsumoto, M Kamada, S Ogawa
and H Namiki
Waseda University, Japan

We evaluated the suitability of various ionically cross-linked alginate
gel films as culture substrates for cells. Calcium ion-cross-linked algi-
nate is widely utilized in many fields, but is known to be an unfavor-
able culture substrate for cells. In a previous study, we demonstrated
that ferric ion-cross-linked alginate was an effective cell culture sub-
strate. The aim of the present study was to clarify the reasons for differ-
ences in the affinity of alginate films for cells when different types of
cross-linking ions were used. Typical trivalent (Fe3+ and Al3+) and
divalent (Ca2+, Ba2+, and Sr2+) ions known to act as cross-linkage
agents for alginate were used to form gel films, and investigated for
their ability to support cell growth and their effects on the surface prop-
erties of alginate films. We cultured human dermal fibroblasts on each
of the different alginate films. We found that trivalent ion- and barium
ion-cross-linked alginate films supported good cell proliferation. The
protein adsorption abilities of these alginate films were correlated with
the degree of cell growth on the films. Surface property analysis
revealed that trivalent ion-cross-linked alginates were more hydropho-
bic than other types, and that only barium ion-cross-linked alginate
films had a rough surface. Therefore, the surface wettability and mor-
phology of alginate films may be related to their protein adsorption
ability, thus determining their suitability as culture substrates for cells.

29.P08
Synthesis and preparation of konjac
glucomannan hydrogel for wound healing
M Shahbuddin, S MacNeil and S Rimmer
Department of Materials Science & Engineering, Kroto Research
Institute, University of Sheffield, UK

The chemical functionalities of a hydrogel is of particular importance
in wound healing. In this study, we developed a hydrogel from polysac-
charide with known properties of biocompatibility, assistance in wound
healing and biodegradability. Konjac glucomannan (KGM)is a promis-
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ing material to stimulate cellular metabolic activity via its specific sugar
receptors on fibroblast. KGM is a straight chain polysaccharide having
component sugars; D-mannose and D-glucose linked by b(1-4) glyco-
sidic chain in a ratio of 1.6:1. Previous study has shown that native
KGM is very stimulatory for fibroblasts and is able to support cultiva-
tion in unchanged media up to 20 days. Following this, methods for
the synthesis of KGM hydrogels were developed using free radical poly-
merization. KGM hydrogels were synthesized by varying the amount of
KGM and Ce (IV) in different ratios. Fibroblasts were seeded on tissue
culture plastic (TCP) and the hydrogels were put in direct contact up to
5 days and assessed for cellular viability using MTTassay. Characteriza-
tions of the hydrogels were measured using FTIR and DSC. Cell viabil-
ity assay showed increase in fibroblast viability when the hydrogels
with an increase amount of KGM were put in adjacent with cells. How-
ever, increased amount of initiator, Ce (IV) caused inhibition to cells,
also changing the chemical structure of the hydrogels when measured
using FTIR and DSC. The stimulation of fibroblast viability by KGM
makes a good candidate for wound healing.

29.P09
In vitro bioactivity of chitosan attached to
titanium constructs using a novel electrophoretic
deposition method
M Foley, R Lieder, JT Foley, G Orlygsson and OE Sigurjonsson
Iceland Innovation Center, Iceland; Reykjavik University, Iceland

Titanium and titanium alloys are frequently utilized in clinical treat-
ment of orthopaedic injuries. Considerable research has focused on
improving bone attachment to implants by coating the titanium with
biomaterials. Chitosan, a partially deacetylated form of chitin, is a
promising coating agent under investigation. Electrophoretic deposi-
tion (EPD) is currently being explored as a technique for applying bio-
active coatings to implant surfaces. In this study, an EPD method was
developed to coat titanium with chitosan. The titanium surface was
pre-treated by sand-blasting and/or acid etching to obtain desired sur-
face roughness. Chitosan (DD 87%) was solubilized in acetic acid (1%
v/v). EPD was performed using a titanium cathode under constant
voltage conditions with generated electric fields ranging from 0.5 to 6
V/cm. Coated surfaces were characterized by water contact angle mea-
surement, SEM, AFM, and lCT analysis. The coated titanium was
seeded with MC3T3 mouse pre-osteoblasts; cell bioactivity was ana-
lyzed by viability, proliferation, cell attachment, and osteogenic differ-
entiation. Preliminary results suggest EPD is well-suited for depositing
chitosan onto titanium implants. No detachment was observed when
coated titanium was incubated in cell culture medium during a 3-week
study. Obtained coatings were porous due to gas bubble entrapment at
the cathode. Future work will focus on minimizing porosity by using
pulse-width modulation in place of constant voltage EPD.

29.P10
Investigation of mineralized alginate gels as a
scaffold material for stem cell based bone tissue
engineering
MØ Olderøy, MWesthrin, S Ehnert, M Xie, JPAndreassen,
BL Strand, T Standal, AK Nussler and P Sikorski
Department of Physics, NTNU, Norway; Department of Cancer
Research and Molecular Medicine, NTNU, Norway; Department
of Traumatology, Eberhard Karls Universität, Germany;
Department of Chemical Engineering, NTNU, Norway

Hydrogels have long been recognized for their applications in tissue
engineering, either as encapsulation matrices for cells and growth
factors or for the use in wound management aids. However, only
recently they have shown potential applications in tissue engineering

of hard tissues, due to development of strategies for mineralization and
cell-matrix interactions. Here, we describe the mineralization of algi-
nate hydrogel beads and encapsulation of human cell types relevant
for bone tissue engineering in those materials. Human mesenchymal
stem cells (MSCs) derived from bone marrow (BMSCs) and from adi-
pose tissue (AdMSCs) were shown to be compatible with encapsulation
in beads mineralized by counter-diffusion, while primary human osteo-
blasts (OST) showed poor viability post encapsulation. The beads min-
eralized by counter-diffusion with encapsulated BMSCs were shown to
be extensively mineralized after 21 days of culture in a differentiation
medium. BMSCs encapsulated in beads mineralized enzymatically
showed differentiation towards OST phenotypes when cultured in dif-
ferentiation medium, and scanning electron microscopy showed that
the cells secreted collagen. However, the initial mineralization was nec-
essary for further mineralization of the beads. Thus, the present work
shows that a combination of initial mineralization and culture in differ-
entiation medium facilitates secretion of extracellular matrix and fur-
ther deposition of mineral phase.

29.P11
Characterization of chondroitin sulfate-
poly(ethylene oxide) hydrogel
I Noh, E Shin, S Kim, S Jo and Y Hwang
Seoul National University of Science & Technology, Korea

Chondroitin sulfate (CS), a glycosaminoglycan in the extracellular
matrix of all vertebrates, has been used as a component of biomaterials
for its applications in tissue engineering and drug delivery. The physico-
chemical and in vitro properties of CS-poly(ethylene oxide) (PEO) hy-
drogel were analyzed after synthesis of the CS-PEO gel through a
Michael type addition reaction by changing the composition ratios of
precursor solutions. Chemical examinations such as NMR and FTIR
showed modification of CS as observed by new chemical peaks of CS-
acrylate as well as swelling changes of the gel. CCK-8 assay of MC3T3
cells on the gel surface showed initially higher cell adhesion on the
higher concentrated CS gel. CCK-8 and Live and dead assays demon-
strated that all the cells was spread and aggregated on the surface of
the gel, but they were detached from its surface over time and the cells
inside gel showed no cell spreading. The hydrogels showed excellent
cell viability compared to that of latex, the negative control. All the
assays of MTT, BrdU and neutral red indicated excellent cell compatibil-
ity of the gel, indicating biocompatibilities of the hydrogel in cell organ
levels such as mitochondria, lysosome, DNA. The experimental results
showed that the CS-PEO hydrogel was biocompatible for its applica-
tions in tissue applications.

29.P12
Polycaprolactone/starch composite with in situ
pore formation capability for bone tissue
engineering application
S Ali Akbar Ghavimi, M Solati-Hashjin, M Ebrahimzadeh
and F Fayyaz Bakhsh
NanoBiomatrials Lab, Biomedical Engineering Faculty, Amirkabir
University of Technology, Iran; Orthopedic & Trauma Research
Center, Mashhad University of Medical Science, Iran

Bone tissue engineering is a new and efficient approach to regenerate
bone defects. An ideal composite used for bone tissue engineering scaf-
fold should possess adequate pore size, controllable biodegradability
and suitable mechanical properties. This work describes the develop-
ment of biodegradable polymeric composite, based on polycaprolac-
tone (PCL) and starch with the ability to form a porous structure in
situ. By controlling the in situ degradation and the consequent pore for-
mation, the scaffold would have the required mechanical properties

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

29. Natural Derived Polysaccharides (in coop. Expertissues) 187



during the initial stage of implantation. To fabricate SPcl composite
with a ratio of 30/70, Starch and polycaprolactone were mixed with
Chloroform and cast in moulds. After characterization of composites
using FTIR spectroscopy, degradation studies were performed in PBS.
The UV-visible spectroscopy’s result used to evaluate starch degrada-
tion rate as an index for composite degradation. Furthermore the cross-
sections morphology, before and after degradation, was observed by
scanning electron microscopy. SEM images showed that a porous struc-
ture is formed. These results suggest that SPcl composite, with poten-
tial to form porous scaffold in situ, is promising for bone tissue
engineering applications.

29.P13
Impact of different formulation variables on the
biodegradability, surface area and porosity of
biopolymeric microparticles
NA Elgindy, KA Elkhodairy, A Molokhia and AO Elzoghby
Faculty of Pharmacy, Alexandria University, Egypt; Faculty of
Pharmacy, King Saud University, Saudi Arabia; European
Egyptian Pharmaceutical Industry, PHARCO Corporation, Egypt

The influence of different formulation variables including the biopoly-
mer M.W. and concentration, crosslinking density, time and pH in addi-
tion to co-crosslinker concentration on the functional properties such as
surface area, porosity, chemical and bio-degradability of chitosan mi-
croparticles (CS MPs) prepared by ionic gelation technique was stud-
ied. The microparticle yield ranged from 8.92 to 38.02% with a
particle size of 0.83-1.22 mm. SEM micrographs revealed a spherical
shape of microparticles with some cracks and pores. CS MPs showed
higher swelling degree in simulated gastric than in simulated intestinal
fluid and disintegrated after 6 hr at pH 1.2. Glutaraldehyde co-cross-
linked microparticles showed a lower swelling in both media and main-
tained their integrity for 3-4 days. These microparticles exhibited a
surface area of 19.33 - 56.25 m2/g with a pore volume of 28.37 -
77.67 e-3ml/g. They were found to be a susceptible substrate for the
hydrolytic action of lysozyme while remained almost structurally stable
in HCl and PBS. Conclusively, proper modification of formulation vari-
ables can affect the physicochemical properties of these microgel carri-
ers and suggest their usefulness for controlled release of drugs and
bioactive substances.

29.P14
Cell adhesion in free-standing multilayer films
made of chitosan and alginate
SG Caridade, C Monge, JF Mano and C Picart
3B’s Research Group - Biomaterials, Biodegradables and
Biomimetics, University of Minho, Portugal; Institut National
Polytechnique de Grenoble et Centre National de la Recherche
Scientifique, France

The method for preparing multilayer ultrathin films by the consecu-
tive deposition of oppositely charged polyelectrolytes has gained tre-
mendous recognition due the user friendly preparation, capability of
incorporating high loads of different types of biomolecules in the
films, fine control over the materials’ structure, and robustness of the
products under ambient and physiological conditions. However the
preparation of such films needs the assembly on a substrate and,
sometimes, cannot be detached from it, which has limited the appli-
cation of such films in areas as tissue engineering and regenerative
medicine (TERM).Thus, the production of free-standing films is of
extreme importance once it allows the direct experimental determi-
nation of many physical properties of fundamental significance such
as ion permeation and mechanical properties that can be tuned for
real-world applications. In this work, we investigated the elaboration

of free-standing multilayer films made of chitosan (CHI) and alginate
(ALG), by detaching a polyelectrolyte multilayer film from its under-
lying substrate without any postprocessing step. The conditions for
optimized film growth were investigated. The adhesion of C2C12
myoblast cells on the CHI/ALG membrane was assessed by cytoskele-
tal and nuclear staining. A good cell adhesion and spreading was
observed all over the surface. The results demonstrate the potential
of such biocompatible free standing membranes made of CHI and
ALG for applications in TERM.

29.P15
Chitosan/silica homogenous hybrid hydrogels for
tissue engineering applications
R Ravarian and F Dehghani
School of Chemical & Biomolecular Engineering, University of
Sydney, Australia

The objective of this study was to fabricate a homogenous organic/
inorganic biohybrid hydrogel from chitosan and bioglass. Chitosan is a
natural polymer with favourable properties of non-toxicity and ability
to promote wound healing. Hydrogels of chitosan are considered as a
potential candidate for bone replacements; however, lack of bioactivity
limits its application. Bioceramics such as bioglass are combined with
chitosan hydrogels to address this issue. Bioglass exhibits high bioactiv-
ity and capability to bond with living bone in the body without forming
fibrous tissues. Addition of bioglass to chitosan improves its bioactivity
and cell adhesion properties; however, lack of homogeneity is a major
challenge for the development of this composite matrix. Formation of
hydrogen bonding promotes the compatibility between organic and
inorganic phases in their physical mixtures; however, this bonding was
not efficient for the production of homogeneous hybrids. The results of
our study demonstrated the feasibility of fabricating a homogenous
mixture between chitosan and bioglass by chemical conjugation. FTIR
analysis confirmed that functionalization of chitosan with silica-con-
taining molecules resulted in the formation of Si-O-Si bonds between
silica groups of bioglass and functionalized chitosan. The physiochemi-
cal properties of hybrids such as degradability, swelling and mechanical
strength were a function of the degree of covalent bondings of bioglass
and chitosan.

29.P16
Evaluation of the effect of addition of
wollastonite on the mechanical strength, porosity
and cell compatibility of different molecular
weight chitosan
N Panda, K Pramanik and A Biswas
Department of Biotechnology and medical Engineering, NIT
Rourkela, India

Chitosan is a cationic biodegradable polymer which possesses very
good cellular compatibility and tissue growth, but lacks mechanical
strength for bone tissue regeneration. The present work describes the
effect of wollastonite on various molecular weight of chitosan scaffold.
Different composite scaffolds with varying molecular weight of chito-
san (109,513, 41,707, 27,175) and % of wollastonite (20%,30%,40%)
have been prepared by freeze drying method. The scaffolds were evalu-
ated to find any improvement in mechanical strength, porosity and bio-
compatibility. The highest mechanical strength was achieved with
scaffold containing chitosan of mol. wt. 27,175Da and 30% wollaston-
ite (particle size<5lm). The compressive stress and compressive mod-
ulus were found to be 140.9 and 1201 kPa and porosity 77.5%. This
study demonstrated that the low molecular weight chitosan produces
composite scaffold with higher mechanical strength compared to the
chitosan with high molecular weight. Further there is no significant
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change observed in porosity and cellular biocompatibility which is con-
firmed by in-vitro cell growth study.

29.P17
Polycaprolactone electrospun scaffolds
incorporating chitosan micrograins for enhanced
cell migration
V Tavares, C Henriques, J Silva, J Borges, A Fernandes, A Silva
and J Ferreira
Cefitec, Departamento de Fı́sica, Faculdade de Ciências e
Tecnologia, FCT, Universidade Nova de Lisboa, Portugal;
Cenimat/I3N, Departamento de Ciência dos Materiais, Faculdade
de Ciências e Tecnologia, FCT, Universidade Nova de Lisboa,
Portugal; Centro de Quı́mica Estrutural, Instituto Superior
Técnico, Portugal Departamento de Ciências da Vida, Portugal;
Universidade Lusófona de Humanidades e Tecnologias, Portugal

Scaffolds produced from a combination of materials of different origins,
chemical nature and length scales are extensively studied in TERM due
to the expected synergistic combination of their respective properties.
In particular, electrospinning is often combined with other techniques
in order to increase the pore size and interconnectivity between pores
sufficiently large to allow cell infiltration in electrospun nanofiber mats.
We produced and characterized membranes composed of alternating
layers of the synthetic polyester polycaprolactone (PCL) and the natu-
ral polysaccharide chitosan (CS). The PCL layers consist of microfibers
obtained by electrospinning and CS layers are made by scattering
grains of CS over the PCL fibers. By this process, membranes with dif-
ferent PCL/CS ratios (from 1:0 to 1:1) as well as with different CS
grain sizes (below 100 lm, from 100 to 200 lm and from 200 to 300
lm) were produced. The membranes were subjected to mechanical
testing, contact angle measurement and determination of their
porosity. Cell culture tests were carried out with epithelial cells

MCF7-GFP. The results showed that the membranes have mechanical
properties that allow their easy handling, with a low elastic modulus
and tensile stress and a high elongation at break. All membranes exhi-
bit high porosity and a hydrophobicity similar to that displayed by PCL.
Cell adhesion, proliferation and infiltration was observed and con-
firmed using confocal and phase contrast microscopy.

29.P18
Nanocomposite microfibers based on alginate
and PVA hydrogels with incorporated silver
nanoparticles
S Vidovic, J Zvicer, J Stojkovska, V Miskovic-Stankovic and
B Obradovic
Faculty of Technology and Metallurgy, University of Belgrade,
Serbia

Biocompatible nanocomposite hydrogels such as alginate and poly(vi-
nyl alcohol) (PVA) with incorporated silver nanoparticles (AgNPs) have
advantageous potentials for biomedical applications such as antimicro-
bial wound dressings for deep, necrotic wounds and as soft tissue
implants with prolonged sterility. Microfibers are especially suitable for
efficient AgNPs delivery due to high surface to volume ratio and simple
arrangement into different 3D structures. In this study, we have pro-
duced alginate microfibers (1.9%w/v, ~300 um in diameter) with
incorporated, electrochemically synthesized AgNPs (1-3 mM). In addi-
tion, a novel gelation procedure based on extrusion followed by
repeated cycles of freezing and thawing, was developed for production
of microfibers formed from blends of PVA (5.6%w/v) and alginate with
AgNPs (1.3% w/v, 1-2 mM AgNPs). The microfibers could be used in
wet as well as in dried forms whereas the re-swelling ratio and AgNPs
release depended on the swelling medium being significantly higher in
saline solution as compared to distilled water.
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30.01
Keynote: Safe and efficient in-vivo gene gene
transfer and silencing technologies using natural
pathways
J Hilborn, O Varghese and B Jeronimo
Uppsala University, Sweden; Cardiovascular Research Center
CSIC-ICCC, Spain

Introduction: The advance in nucleic acids therapeutic had been out-
standing in recent years, which have opened new possibilities in regen-
erative medicine to tackle many serious diseases. To make nucleic acids
based therapy a reality, the fundamental problem of tissue specific cel-
lular delivery has to be accomplished. Here we present a new approach
to develop the next generation of delivery vectors.
Materials and methods: Hyaluronic acid were modified to complex
DNA plasmids for luciferase transfection. Transfection: HCT 116 cells
and mice where tranfected by adding HA-DNA complex. The transfec-
tion experiment with commercially available reagent polyethylenei-
mine (PEI) and plasmid alone were used as controls.
Results and discussion: Efficient tranfection was shown using the new
non toxic and safe non viral vector. Using ECM components (such as
hyaluronic acid or HA) that allow both in vitro and in vivo transfec-
tion of plasmid DNA in CD44 positive cells. The chemically modified
ECM components (non-toxic) binds to nucleic acids and are taken in
by cells by natural receptor mediated endocytosis. The amount trans-
ported via these routes naturally is around 10 gram per day to give
a potential capacity far exceeding the need for transfection if it is
targeted. By molecular association strategies (joining the band-
wagon) it is now possible for nucleic acids to follow these pathways
that utilise the highly efficient receptor mediated endocytosis- door
opener into cells.

30.02
Cross-linked hyaluronic acid as a scaffold for the
treatment of cartilage defects
C Bauer, M Berger, R Baumgartner, S Höller, M Hornof,
E Niculescu-Morzsa, F Halbwirth, H Zwickl, D Kern
and S Nehrer
Center for Regenerative Medicine, Danube University Krems,
Austria; Croma Pharma GmbH, Austria

One important feature of biomaterials for cartilage regeneration is their
influence on establishment and stabilization of a chondrocytic pheno-
type of embedded cells. We examined the effects of a porous three-
dimensional scaffold of cross-linked hyaluronic acid on the expression
and synthesis performance of human chondrocytes. Therefore, scaf-
folds were cultured with osteoarthritic chondrocytes for up to 3 weeks.
Cell content within the scaffold was estimated by determination of the
metabolic activity (XTTassay) and quantification of DNA (CyQuant cell
proliferation assay). The expression of chondrocyte-specific genes was
determined by real-time RT-PCR, and the synthesis of sulphated glyco-
saminoglycans (sGAG) was analysed biochemically. Cells showed
homogenous distribution within the scaffold. Although DNA quantifica-
tion indicated only partial loss of cells most probably due to matrix
degradation, the metabolic activity within the scaffolds decreased
dramatically. This might be attributed to a stop in cell proliferation

combined with a switch of the cellular genetic program from cell divi-
sion to differentiation towards a chondrogenic phenotype. Analysis of
gene expression and sGAG synthesis substantiated this hypothesis as
both chondrocyte specific gene expression and sGAG synthesis were
increased and the differentiation index was clearly improved. To con-
clude, these results suggest that the investigated material has a chon-
droinductive effect on embedded cells.

30.03
Novel hyaluronic acid hydrogels for spinal cord
repair
S Kootala, R Rojas and J Hilborn
Uppsala University, Sweden

Spinal cord injury and repair is one of the important focus areas in tis-
sue regeneration. Mechanical trauma caused due to factors such as
contusion, compression or involuntary stretching induce post-traumatic
secondary tissue damage in many Spinal Cord Injury (SCI) patients.
Therefore, there is a need for scaffolds that provide a conducive three-
dimensionsal (3D) environment for injured cells to attach and grow. In
this study we propose to synthesize 3D polymeric scaffolds in order to
study the mechanical and adhesive properties & the nature of the inter-
actions between hyaluronan-based (HY) biomaterials and cells and tis-
sues both in vitro and in vivo. Here we have synthesized 3D HY-based
hydrogels with robust mechanical and adhesive properties and demon-
strate the use of this material for neuronal-related applications such as
the treatment of SCI. Cell culture and survivability studies were done
with NSC-34 cells. Live/Dead assay performed on the cells revealed
significant differences in the staining of live cells and showed increased
viability and proliferation. The number of live cells in the HY-based hy-
drogels with 0.1% collagen showed higher cell numbers compared
with the other hydrogels. In this study we show that Injectable HY-
based hydrogels with high elasticity, comparable to the mechanical
properties of nervous tissue have been used in this study to study their
biocompatibility and neuroprotective properties and they show better
affinity for neuronal cells.

30.04
Thiol-ene clickable PEG based thermoresponsive
hyperbranched copolymer for in situ crosslinking
hybrid hydrogel
Y Dong, A Saeed, W Hassan, H Tai, A Pandit and WWang
National University of Ireland, Ireland; School of Chemistry,
Bangor University, UK

In recent years, the in situ gelling hydrogels have attracted much atten-
tion because they can be injected directly into irregular cavities and
provide a homogenous environment for cellular and molecular distribu-
tion. Thermoresponsive gels can be widely applied for the in situ gel-
ling scaffold as the gel is easy to handle and the shape can be easily
mould in the cavities. This physical thermal gel, however, is mechani-
cally too weak for desired clinical applications. With the hypothesis of a
thermoresponsive copolymer containing of vinyl functional groups can
be also cross-linked with a cross-linker with thiol groups via thiol-ene
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Michael Addition, the objective of this study is to develop a PEG based
hyperbranched copolymer containing a high level of vinyl groups
which can be in situ cross-linking with a thiol modified Hyaluronan
(HA-SH) biopolymer. This injectable and in situ crosslinking hybrid hy-
drogel system offers great promise as a new class of hybrid biomaterials
for tissue engineering. PEGMEMA-MEO2MA-PEGDA copolymers with
both thermoresponsive and chemical cross-linkable behavior were syn-
thesized via in-situ DE-ATRP. The polymer solution could form a ther-
mal gel at body temperature, while the chemical gelation occurred less
than 10 min once mixing with thiolated HA. LIVE/DEAD� assay was
employed with 3T3 and ADSCs after 1 week in culture, which was
indicated that with very few dead cells, both cell types survived well in
3D hydrogels.

30.05
The release of rhBMP-2 from a bisphosphonate
hydrogel
G Hulsart-Billström, PK Yuen, J Hilborn, S Larsson and
D Ossipov
Department of Orthopedics, Sweden; Department Materials
Chemistry, Sweden

Introduction: There are several disadvantages with the present carriers
used in rhBMP-2 products including risk for immunological response,
inefficient release and inferior handling properties. Our aim was to
examine the release of rhBMP-2 from a bisphosphonate hyaluronan hy-
drogel (BP-HA) carrier with the hypothesis that it will cause a slower
release.
Methods: Triplicates of hydrogels with 5 lg of rhBMP-2 and with (HA-
BP) or without (HA) bisphosphonate were prepared, after which cell
culture medium was added and refreshed at 1, 3, 6, 12, 24, 48, 72 h
and day 6, 9, 12, 14. The extracts were analysed in enzyme-linked
immunosorbent assay. After the study period the gels were degraded
and analyzed by alkaline phosphatase assay on W20-17 stromal cells.
Results: The HA-BP hydrogel showed a gradual release with small
amounts of rhBMP-2 at all time points but by the end of the study only
6% of rhBMP-2 had been released compared with 100% for the HA hy-
drogel. ALP assay showed that the retained rhBMP-2 was active.
Discussion & conclusions: Adding bisphosphonate caused a remarkable
slower release for rhBMP-2 when added into a hydrogel. The retained
rhBMP-2 was still intact in the biological functions and could induce
ALP expression of stromal cells.

30.P01
Hyaluronic acid production from eggshell
(membrane): optimization of isolation condition
M Khanmohammadi, A Baradar Khoshfetrat, S Eskandarnejad and
S Ebrahimi
Stem cell and Tissue engineering Research Center (STRC),
Sahand University of Technology, Iran

Hyaluroic acid (HA) - based scaffolds have been of great interest,
owing to the important role HA plays in tissue development. In this
work, the isolation performance of HA from eggshell (membrane) as
an economical source was investigated in terms of extraction time (1,
2, 4 and 6 days), temperature (4, 9 and 14 �C) and extraction strategy
(without pH control, with pH control at 3.5) using a full factorial exper-
imental design with three times replications. A 350 ml contactor (id =
80 mm) consisted of a water jacket circulation and an on/off pH con-
troller, was used for the extraction process and HA was extracted by
acetic acid digestion at 200 rpm. The HA concentration in the crude
extracts was determined by the carbazole assay. The obtained results
and their F-test analysis of variance with 95% confidence interval
showed that extraction strategy (F0 = 653.8), extraction time

(F0 = 29.3), extraction time-temperature interaction (F0 = 18.21)
and temperature (F0 = 11.82) had significant effect on the HA isola-
tion. The maximum HA content of the crude extracts was obtained
about 0.53% in the strategy of pH control, temperature of 9 �C and
extraction time of 4 days, the value of which was three times higher
than that in the strategy without pH control. The amount of HA iso-
lated from eggshell (membrane) was comparable with the known
source of rooster comb, showing the potential of eggshell (membrane)
as an economical source for HA isolation and scaffold preparation in tis-
sue engineering.

30.P02
Optimization of physical-chemical properties
hyaluronic acid based hydrogels
LWolfová, M Pravda, M Němcová and V Velebný
Contipro Biotech, Czech Republic; Contipro Group, Czech
Republic

Hyaluronan (HA) is a naturally occuring glycosaminoglycan and one of
the chief components of the extracellular matrix, articular cartilage or
synovial fluid. One of promising applications of HA are hydrogel-based
scaffolds for articular cartilage regeneration used in the field of tissue
engineering. Thanks to the role of HA in cartilage formation, the HA
scaffolds enhance cartilage reconstruction performed by chondrocytes
or MSCs in comparison with e.g. fibrin or PEG hydrogels used so far.
On the other hand, like the most other naturally derived polymers-
based hydrogels, HA-based hydrogels lack mechanical properties to
withstand physiological loads. In our previous work we found out that
this problem can be partially eliminated by introduction of optimal
alkyl based linker into the HA polymer structure. The results showed
that the introduction of suitable alkyl linker into the HA derivative
structure improves mechanical properties and resistance of HA hydro-
gel-based scaffolds. The presence of the linker in HA structure increases
flexibility of HA polymer segments and variability of polymer microcon-
formations. The secondary effect is the enhancement of crosslinking
efficiency, which leads to better homogeneity of formed hydrogels. The
aim of this study is a determination and optimization of these HA deriv-
atives with the introduced alkyl linker from the point of view of chemi-
cal synthesis practicability and final mechanical properties of hydrogels
based on these HA derivatives.

30.P03
Development of multifunctional hyaluronic
acid-based carriers by ‘click’ chemistry
X Yang, S Akhtar, K Leifer, J Hilborn and D Ossipov
Uppsala University, Sweden

Introduction: We have developed methods to simultaneously introduce
chemoselective groups to hyaluronic acid (HA) that can be crosslinked
and used for immobilization of various molecules. It is easy to switch
the functionalities of obtained materials through orthogonal ‘click’
chemistries.
Methods: HA polymers were dually functionalized with hydrazide and
thiol groups, or aldehyde groups. Different functional molecules such
as bisphosphonate (BP) groups for mineralization or camptothecin
(CPT) as anti-cancer drug can be linked to thiol groups. HA polymers
were characterized by 1H, 31P NMR, and UV-Vis Spectroscopy. Charac-
terizations of materials were performed using SEM, TEM, rheology,
and colorimetric calcium assay.
Results and discussion: The functional polymers were successfully syn-
thesized. They can form hydrogels within 1 min with HA-aldehyde
polymer. BP groups showed high affinity to calcium ions and inorganic
nanoparticle phases were observed within BP containing hybrid hydro-
gel. On the other hand, CPT-linked HA polymer via S-S bond can
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self-assembled into nanoparticles, and the release of the drug is trig-
gered by the addition of reduce agents (e.g. dithiothreitol).
Conclusions: The use of orthogonal click modification opened a versa-
tile way to prepare different kinds of HA based carriers with various
functionalities by simple methods. The multifunctional HA polymers
show high potentials to be used for drug delivery (pro-drug) or tissue
regeneration (BP linked HA).

30.P04
Dynamic hyaluronic acid hydrogels for cardiac
therapy are biocompatible and degradable
JL Young, J Tuler, R Braden, P Shup-Magoffin, KL Christman and
AJ Engler
University of California, USA

Tissue-specific elasticity arises from developmental changes that occur
in the environment over time, e.g. ~10-fold myocardial stiffening from
E3 to E10 in the chick embryo. Recently, we showed that pre-cardiac
mesodermal cells plated on a thiolated hyaluronic acid (HA) hydrogel
engineered to mimic this time-dependent stiffening improves cardio-
myocyte maturation compared to cells on static compliant matrices.
Here we determined in vivo biocompatibility and cell-matrix interac-
tions using subcutaneous and intramyocardial injections. Prior to
assembly, HA hydrogels were injected into rats, removed over a post-
injection time course, and subjected to histological, immunological,
and mechanical analysis. Histological analysis shows minimal infiltra-
tion of host cells and capsule formation for subcutaneously injected
rats, indicating a limited local immune response. Hematological analy-
sis shows no significant systemic immune response was elicited in pre-
versus post-injection animals compared to controls. Importantly, atomic
force microscopy analysis of samples from subcutaneous injections
demonstrates dynamically increasing hydrogel stiffness over time simi-
lar to that previously found in vitro. When injected intramyocardially,
host cells begin to actively degrade HA within 1 week post-injection
and lay down host matrix, nearly replacing the gel with host tissue by
1 month. Altogether, these data suggest HA is a viable source for thera-
peutic use in treatment of myocardial infarction.

30.P05
Both low and high molecular weight hyaluronan
support neuronal progenitors in vitro
J Pachernı́k, I Veselá, H Kotasová, V Velebný and L Kubala
Department of Free Radical Pathophysiology, Institute of
Biophysics, Academy of Sciences of the Czech Republic, Czech
Republic; Department of Animal Physiology and Immunology,
Institute of Experimental Biology, Faculty of Science, Masaryk
University, Czech Republic

Hyaluronan (HA) is an abundant component of the extracellular matrix
in all tissues including the nervous system. However, an importance of
HA for differentiation of neural progenitor cells (NPCs) is not well char-

acterized. Particularly unknown are the effects of low molecular weight
(MW) HA, which is suggested to posses different biological activity
compared to high MW HA. Thus, here we tested the effects of external
addition of various MW HA on the differentiation of the NPCs obtained
from mouse embryonic stem cells through differentiation in vitro and
NPCs isolated from mouse embryos. Both high MW HA 970 KDa and
low MW HA 13, 33, 59, and 87 kDa HA prevented a decline in neuro-
nal markers in cell culture during a time period of up to 6 days suggest-
ing an increase in the fraction of NPCs in cell culture. Interestingly, in
contrast, both low and high MW HAmodified the NPCs morphology so
that the cells lost their typical shape with long protrusions. Combined
treatment by high and low MW HA showed an additional supportive
effect on NPCs, both on neuronal markers and cell viability. To deter-
mine importance of endogenously produced HA 4-methylumbellifer-
one, an inhibitor of HA synthesis, was tested that showed decreased
levels of neuronal markers in cell culture and decreased the NPCs via-
bility. Interestingly, combined treatment by 4-MU together with HA of
various MW completely annulled the effects of these exogenously
added HA preparations.

30.P06
Smart design of stable hydrazone crosslinked
extracellular matrix mimetic hydrogel for tissue
engineering application
O Podiyan, S Wang, M Kisiel, J Hilborn and OP Varghese
Uppsala University, Sweden

Injectable hydrogels are important biomaterials with enormous appli-
cations. They are used for various biomedical applications such as diag-
nostics, 3D cell culture matrix, drug reservoir, encapsulation of
bioactive compounds and growth factors, scaffold for tissue engineer-
ing etc. We here present our recent development in our efforts to
develop hydrogel scaffolds with enhanced rigidity, stability, swelling
characteristics. Hydrazone crosslinked gels are attractive due to its sim-
plicity and versatility which could be formed by mixing appropriate
aldehyde and hydrazide functionalized hyaluronan. By fine-tuning the
electronic character around the hydrazone linkage, we succeeded in
developing extremely stable hydrazone bond and utilized it for devel-
oping hyaluronan (HA) based synthetic extracellular matrix (ECM) hy-
drogel. Among the different hydrazides tested, we identified
carbonyldihydrazide (CDH) as the best candidate to deliver stable hy-
drazone linkage. This stability is presumably due to extensive delocal-
ization of the positive charge across neighboring amino groups of CDH.
The hydrolytic stability imparted by this group was found to be several
folds under acidic, basic and physiological pH when compared to other
hydrazones. This tailored hydrogel with CDH also exhibited superior
swelling and mechanical properties and enzymatic stability which
makes it ideal for tissue engineering application.
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31. Bioinspiration and Biomimetics

31.01
Keynote: Native chemical ligation and related
reactions for polymer hydrogel cross-linking
I Strehin, DG Barrett, E Heber-Katz and P Messersmith
Department of Biomedical Engineering and Chemistry of Life
Processes Institute, Northwestern University, USA; Cellular and
Molecular Oncogenesis and Gene Expression, The Wistar
Institute, USA

We recently described the formation of polymer hydrogels by native
chemical ligation (NCL), whereupon a thioester-containing polymer
and a N terminal-cysteine modified polymer rapidly form rigid hydro-
gels under physiological conditions, without the use of toxic initiators
and catalysts. This method has the benefit of being highly chemospeci-
fic, even in complex biological fluids. However, the thiol leaving group
can have adverse biological effects, and the traditional NCL reaction
proceeds rapidly only at alkaline pH. In this presentation we describe
alternative leaving groups that improve the biological performance of
the NCL hydrogel system, and facilitate its use under physiologic condi-
tions. Furthermore, physical observations of the formed hydrogels
reveal a secondary cross-linking reaction involving disulfide bond for-
mation among regenerated free thiol groups. This secondary cross-link-
ing has a significant effect on swelling and other physical properties of
the hydrogel. Finally, we will report the results of our ongoing work
involving the use of these hydrogels for drug delivery, medical sealing
and wound healing.

31.02
Functionalisation of methacrylated gellan gum
hydrogels by anti-angiogenic dendrons
V Perugini, J Silva-Correia, JM Oliveira,
ST Meikle, AL Guildford, RL Reis and M Santin
School of Pharmacy & Biomolecular Sciences, University of
Brighton, UK; 3B’s - University of Minho, Portugal

The regeneration of cartilage in the intervertebral disc nucleus pulpo-
sus and joints is impaired by the formation of fibrocartilage that is
caused by the invasion of the tissue by blood vessels. Peptides have
been identified by phage display technique which are able to bind
VEGF thus inhibiting angiogenesis. The present works focusses on the
synthesis of poly(epsilon-lysine) dendrons of three branching genera-
tions in which the molecular root of the dendron bears a di-phenylala-
nine sequence to promote hydrophobic interactions with material
surfaces and the uppermost molecular branches are functionalised with
the amino acid sequenceWHLPFKC that is known to block VEGF. These
biofunctionalised dendrons were entrapped in methacrylated Gellan
Gum (GG-MA) hydrogels and tested for their ability to inhibit endothe-
lial cell sprouting by both a 3D in vitro cell models and an in ovo
model. The results show that when GG-MA is functionalised with the
dendronised VEGF blockers, a regression of angiogenesis takes place
around the hydrogel boundary. The in ovo study supports these find-
ings as the GG-MA functionalised with the dendronised VEGF blockers
did not elicit any acute inflammatory response, and decrease the num-
ber of converging macroscopic blood vessels as compared to positive
controls. Moreover, the hydrogels prevented the infiltration of blood
vessels, after 4 days of implantation.
Acknowledgements: This work was supported by the EC FP7 Project
Disc Regeneration, n. NMP3-LA-2008-21390

31.03
Fibronectin matrix mimetics accelerate repair of
chronic wounds
DC Hocking, DC Roy, NA Mooney, CH Raeman and D Dalecki
University of Rochester, USA

During tissue repair, fibronectin (FN) is converted from a soluble, inac-
tive form into biologically-active extracellular matrix (ECM) fibrils
through a cell-dependent process. ECM FN promotes numerous cell
processes critical to tissue repair and regulates the assembly of other
proteins into the matrix. To functionally mimic ECM FN, we developed
a series of recombinant FN matrix mimetics by directly coupling the
heparin-binding fragment of the first type III repeat of FN (FNIII1H) to
various sequences from the integrin-binding domain (FNIII8-10). Two
of these mimetics, GST/III1H, 8, 10 and GST/III1H, 8RGD, support cell
adhesion, migration, proliferation, and ECM assembly to a similar or
greater extent than full-length FN. Non-healing wounds show reduced
levels of ECM FN. Thus, we asked whether FN matrix mimetics could
act as ECM FN analogs to heal chronic wounds. Full-thickness, punch
biopsy wounds were produced in genetically-diabetic mice and FN
matrix mimetics were applied directly to the wounds. A significant
enhancement of wound closure was observed by Day 10 in response to
GST/III-1H,8RGD treatment (74.7 ± 5.4% closure vs 49.6 ± 6.4%
closure in GST-treated controls). Two weeks after injury, granulation
tissue thickness of GST/III1H,8,10-treated wounds was twice that of
GST controls (565.5 ± 17.8 lm vs 272.7 ± 80.7 lm). These results
indicate that treatment of chronic, diabetic wounds with recombinant
FN matrix mimetics can accelerate tissue regeneration.

31.04
Transfer printing of tissue with anisotropic
extracellular matrix assembly by using cell
interactive and thermosensitive hydrogels
I Jun, SJ Kim, JH Lee, YJ Lee, J Park, KD Park and H Shin
Department of Bioengineering, Hanyang University, Korea;
Department of Mechanical Engineering, Sogang University;
Department of Molecular Science and Technology, Ajou
University, Korea

The structure of tissue plays critical roles in its function, and thus many
approaches have been developed to re-build artificial scaffolds with
native tissue-like architecture in tissue engineering. However, these sys-
tems have often reported several problems associated with foreign
body reactions or toxicity upon implantation. Alternatively, transfer
printing of tissue using smart biomaterial substrate has been consid-
ered to generate tissue-like constructs. In this study, we developed ther-
mosensitive hydrogels with cell-interactive peptide and micro-scaled
anisotropic groove patterns via bio-inspired enzymatic polymerization
as a substrate to harvest tissue. Transfer printing of tissue is based on
tissue-like constructs cultured on thermosensitive hydrogels that can be
simply transferred to any substrates by change in hydrogel size in
response to temperature stimuli. We found that tissue constructs of
assembled muscle cells with anisotropic patterns can be easily trans-
ferred to many types of substrates including glass, film and electrospun
fiber, and then confirmed that transferred tissue like constructs main-
tained their structural characteristics. In addition, multi-layered tissue
constructs were prepared for up to four layers by this transfer printing
technique. Furthermore, tissue constructs were successfully trans-

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

31. Bioinspiration and Biomimetics 193



planted onto subcutaneous skin regardless of shape and size. Our sys-
tem may hold potential to engineer tissue that can closely mimic native
tissue architecture.

31.05
Sculpturing the complex lamellar architecture of
annulus fibrosus tissue using chemically
modified silk scaffold
M Bhattacharjee, S C., S Pahwa and S Ghosh
IIT Delhi, India

The study focused on development of unique custom-made silk fibrous
scaffold having lamellar criss-cross fibre orientation in successive lay-
ers, using a novel winding machine based on Textile Technology. Silk
fibroin fibre surface was modified by covalent crosslinking of chondroi-
tin sulfate (CS). Attachment of CS with silk was characterized by ATR-
FTIR and NMR. De-differentiated goat chondrocytes were cultured
over only Silk and silk-CS scaffolds upto 6 weeks. Immunofluorescence
studies demonstrated that cells followed fibre alignment. Engineered
tissues were analyzed at regular interval by SEM, histological (H&E,
Safranin-O, Picrosirius red staining), MTT, biochemical analysis (GAG
and collagen estimation). To find contribution of orientation of ECM
matrix on biomechanics, 6 weeks cultured constructs having fibre ori-
entation angles 0, 30, 60 were subjected to mechanical characteriza-
tion (tensile, compression, shear at a low strain rate) and compared
with goat AF tissue. Mechanical properties are significantly higher in
silk-CS constructs, compared to only silk constructs and closely resem-
bled that of native goat AF tissue. Differential expression of ECM pro-
teins on silk and silk-CS constructs was studied by MALDI-TOF/TOF.
Cells seeded on Silk-CS constructs expressed proteins like laminin, perl-
ecan, ankyrin, unlike cells on only silk scaffolds. Enhanced ECM assem-
bly, differential expression and orientation resulted in augmented
mechanical features of Silk-CS construct.

31.P01
Poly (L-lactide) nanofibers coated with bioactive
glass nanoparticles enhance osteogenic
differentiation of adipose tissue-derived stem
cells
E Seyedjafari, A Shafiee, P Sanaei-rad,
M Soleimani, P Dinarvand, A Doostmohammadi and S Farhadian
University of Tehran, Iran; Stem cell technology research center;
Tehran University of Medical Sciences; Tarbiat Modares
University; Shahrekord University; Semmelweise University,
Hungary

A combination of stem cells and nanofibrous membranes has the
potential of tissue-engineered scaffolds for regenerative medicine appli-
cations. In this study, poly (L-lactide) (PLLA) nanofibers were fabricated
via electrospinning, coated with bioactive glass nanoparticles (BG) and
characterized using SEM and tensile testing. The adipose tissue-derived
stem cells were cultured on BG-coated nanofibers and their prolifera-
tion and osteogenic differentiation was compared to those cultured on
uncoated PLLA and TCPS using MTT, alkaline phosphatase (ALP) activ-
ity, calcium content and gene expression assays. BG-coated scaffolds
had a nanofibrous structure with a homogenous distribution of BG on
the surface of PLLA fibers. Stem cells attached well to the surface of
scaffolds and showed a flattened morphology. During osteogenic differ-
entiation, ALP activity reached a maximum on day 14 in stem cells and
showed a greater value in stem cells on BG-coated PLLA. A higher
amount of calcium depositions were also observed on stem cells cul-
tured on BG-coated PLLA compared to uncoated scaffolds. Bone-related
genes such as Runx2, ALP and osteocalcin were expressed in higher

values on BG-coated scaffolds. This study shows that PLLA nanofibrous
scaffolds coated with BG support attachment and proliferation of stem
cells and enhance their differentiation toward osteogenic lineage. The
complex of stem cells and BG-coated nanofibrous scaffolds hold prom-
ising potential for tissue engineering applications.

31.P02
Cell differentiation on electrospun poly
(�-caprolactone) membranes modified with
hydroxyapatite
I Rajzer and E Menaszek
University of Bielsko-Biala, Poland; UJ Jagiellonian University,
Poland

The present challenge for the progress of bone tissue engineering is to
fabricate reproducible, bioresorbable scaffold, that mimic certain fea-
tures of ECM. Our efforts have been focused on incorporation of bioac-
tive inorganic nanoparticles within the polymer matrix reaping up the
combinatory roles of bone-bioactivity of hydroxyapatite and degrada-
bility and shape-formability of polycaprolactone. The PCL membranes
modified with HAp have been obtained by electrospinning. The com-
plex structure of the membranes and their chemistry were character-
ized using SEM, FTIR, and WAXD. The mineralization and degradation
processes of PCL/HAp membranes during 11 weeks of incubation in
SBF were studied. The presence of HAp nanoparticles provides the
nucleation sites for apatite growth in SBF and have influence on the
faster degradation of PCL (as resulted from WAXD and weight loss
study). In order to investigate the effects of biomaterials’ on attach-
ment, proliferation, and morphology of cells, NHOst cells were cultured
on PCL and PCL/HAp membranes. The results of in vitro studies
showed that cells attached well to both samples, better cells viability
was observed in the case of modified PCL/HAp electrospun nanocom-
posites. Both samples evoked faster cell differentiation, therefore the
cell proliferation on the control material was much higher than on
investigated samples. In vitro biological evaluation showed that the
presence of HAp offered higher activity of ALP and better mineraliza-
tion.

31.P03
Investigation of layered bionic artificial articular
cartilage/bone composite implants in vitro and in
vivo
YD Zheng, XS Huang, YX Ma, WH Song, YJ Wang and X Xi
School of Materials Science and Engineering, Beijing University of
Science and Technology, China; Wolfson Center for Materials
Processing, School of Engineering and Design, Brunel University,
UK

Development of artificial articular cartilages with high biomechanical
and biocompatible properties is a still significant challenge, especially
the long-term fixation of artificial cartilage implants on ambient tissue.
Inspired from the structural characteristics of human’s mature articular
cartilage, a kind of layered bionic artificial articular cartilage/bone
composite implants were designed and prepared from polyvinyl pyrroli-
dine (PVP)/PVA blend hydrogel and bioglasses (BG)/PVA composites
hydrogels. The composite implants were fabricated by assembling the
layered bionic hydrogels and the allogeneic bones in vitro, which can
be readily implanted to the defect and connecting with subchondral
bone. The elastic modulus and friction coefficient, as well the changes
of the structure and shear strength at the interfaces between artificial
cartilage and bone in simulated body fluid were studied. A layer of
crystalline bone-like hydroxyapatite carbonate (HCA) was formed at
the interface between artificial cartilage and bone, and the shear
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strengths improved obviously. The macroscopic and histological obser-
vation of animal experiments displayed that the composites implant
combined tightly with ambient tissues, and some bone-like tissue grew
into the bottom of the implants from the base bone to form more deep-
set binding. This study is supported by the Royal Society-NSFC interna-
tional joint project (51111130207) and Beijing Municipal Sci. and
Tech. Plan Project (Z111103066611005)

31.P04
Determination of motility of human pluripotent
stem cells on various substrates
S Jin, K Peterson and K Ye
University of Arkansas, USA

The self-renewal of human embryonic and induced pluripotent stem
cell (hESC/iPSC) require specific niches that have not yet been com-
pletely understood. In particular, the machinery underlying hESC/iPS-
Cs’ response to physicochemical cues provided by a substrate to which
cells attach and spread remains largely elusive. We characterized the
attachment and spread of hESC/iPSC on various types of substrates in
response to physicochemical cues. The substrates that we tested
include ECM and synthetic peptide coated flat or porous membrane
substrates. The time-lapse imaging microscopy technique was used to
quantify the trajectory and velocity of hESC/iPSC colony movement on
these substrates. Many microspikes were observed from these colonies,
driving the colonies to moving around vigorously on the TCP. The
length of the micorspikes formed on peripheral of hESC colonies was
approximately 10.91 ± 3.96 lm in average, while it was
10.08 ± 5.67lm on iPSCs. Furthermore, about 70% more microspikes
were observed on hESCs colonies, indicating high motility of hESCs, as
compared to iPSCs. Furthermore, compared to the motility of hESC/
iPSC colonies formed on Matrigel coated TCPs, cell colonies move
much slower on synthetic peptide coated TCPs. Although hESC/iPSC
proliferated in a similar rate, the motility of cell colonies was remark-
ably different. These studies suggested that the motility of cell colonies
on substrates is adjusted by the physiological cues provided by the sub-
strates.

31.P05
Engineered alkaline phosphatase with improved
functionality immobilized on bone implant
surfaces
PY Tian, LT de Jonge, H Autefage, AE Cass and MM Stevens
Department Of Materials, Imperial College London, UK;
Department Of Chemistry, Imperial College London, UK

Titanium (Ti) implants are widely used to replace damaged or diseased
bone because of their good mechanical properties and biocompatibility
[1]. In order to obtain a rigid implant fixation in the surrounding bone
tissue, Ti implant surfaces have been modified with the enzyme alka-
line phosphatase (ALP). Since ALP increases the local inorganic phos-
phate concentration required for physiological mineralization of hard
tissues, ALP coatings enabled enzyme-mediated mineralization onto
implant surfaces [2]. This study aimed at developing advanced ALP
coatings with improved functionality by enhancing the catalytic activity
of ALP. A mutant ALP produced from a genetically engineered E.coli
strain was shown to be 20 times more active than the wild-type (wt)
ALP [3]. Both mutant and wt ALPs were immobilized on Ti to form
functionally active coatings. The biological response was evaluated
using both in vitro soaking and cell culture experiments. This study
demonstrated that the engineered ALP was successfully deposited on
Ti surfaces while maintaining its high activity; both wt and mutant ALP
coatings accelerated mineralization as compared to non-coated Ti

implants. Particularly, significantly more mineral was formed on the
mutant ALP coatings. To summarize, these novel engineered ALP coat-
ings hold promise for an early and strong anchoring of Ti implants in
bone.[1] Stevens et al., SCIENCE, 2005.[2] de Jonge et al., ADV
FUNCT MATER, 2009.[3] Xu et al., BIOCATAL BIOTRANSFOR, 2003.

31.P06
Mussel-inspired functionalization of metal
surfaces with bioactive self-assembled peptide
nanofibers
H Ceylan, S Kocabey, MO Guler and AB Tekinay
National Nanotechnology Research Center, Turkey

Implant surfaces, e.g., cardiovascular stents and orthopedic supports,
need to be functionalized with bioactive cues so that they could pro-
mote rapid regeneration of the native tissue surrounding them. For
example, rapid endothelialization over the stent surface plays an indis-
pensible role in preventing restenosis and in-stent thrombosis for the
long-term treatment of the cardiovascular diseases. Likewise, successful
osseointegration in dental and orthopedic implants highly depends on
the proliferation and migration of mineral deposing cells on the
implant site. In this work, we developed bioactive peptide nanofibers
which were conjugated with bioactive peptide sequences, REDV (endo-
thelial-specific adhesion motif), KRSR (osteoblast-specific adhesion
motif), and mussel-inspired adhesive molecule, 3,4-dihydroxy-L-phen-
ylalanine (Dopa). These nanofibers mimic the structure and function of
the native tissue extracellular matrix and could be attached onto metal
surfaces through Dopa-mediated adhesion. We analysed endothelial
and smooth muscle cells on REDV/Dopa nanofiber-functionalized steel
substrates and osteoblast and fibroblast cells on KRSR/Dopa nanofiber-
functionalized TiAl6V4 substrates. In vitro results demonstrated that
endothelial cells and osteoblasts could specifically adhered, spread,
and proliferated on REDV/Dopa and KRSR/Dopa nanofibers, respec-
tively. The growth of smooth muscle cells and fibroblasts, however,
was inhibited on these bioselective nanofibers.

31.P07
Development of instructive scaffolds for tissue
engineering using ureido-pyrimidinone polymers
GC van Almen, AW Bosman and PYW Dankers
Laboratory of Chemical Biology, Department of Biomedical
Engineering, and Institute for Complex Molecular Systems,
Eindhoven University of Technology, the Netherlands; SupraPolix,
Eindhoven University of Technology, the Netherlands

Supramolecular polymers are highly suitable as core-material in tissue
engineering due to their molecular dynamics that resemble the plastic-
ity of the native extracellular matrix (ECM). Functionalization of poly-
mers and ECM-derived peptides with ureido-pyrimidinone (UPy)
moieties enables the incorporation of instructive peptide motifs into a
supramolecular scaffold. This allows the design of an intelligent bioma-
terial in which mechanical properties and biological cues can be tuned
towards its specific requirements as a biomaterial via a ‘mix-and-
match’-principle. The current study explores the biomaterial properties
of two polycaprolactone (PCL)-based polymers: bifunctional UPy-modi-
fied PCL (PCLdiUPy) and multifunctional chain-extended UPy-PCL
(CE-UPy-PCL). To prevent protein adsorption and random cell adhe-
sion both polymers were mixed with UPy-poly(ethylene glycol) (PEG-
diUPy) that renders the surface antifouling. Whereas 30% PEGdiUPy is
needed to add antifouling properties to PCLdiUPy, 10% is sufficient to
prevent adhesion of 3T3 fibroblasts to CE-UPy-PCL surfaces. Next, sur-
faces coated with the UPy-functionalized RGD-motif were shown to
promote cell adhesion and introduction of this fibronectin-derived pep-
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tide reactivates PCLdiUPy/PEGdiUPy films. These results show that
PEGdiUPy can be used to obtain antifouling properties in UPy-materials
and that UPy-functionalization of ECM-derived peptides allows the
incorporation of functional biological cues in a synthetic scaffold.

31.P08
Novel methodology based on biomimetic
superhydrophobic substrates to immobilize cells
in hydrogel spheres for tissue engineering
applications
A Lima, P Batista, T Valente, A Silva, I Correia and J Mano
3B’s Research Group – Biomaterials, Biodegradables and
Biomimetics, University of Minho, Portugal and ICVS/3B’s - PT
Government Associate Laboratory, Portugal; CICS-UBI - Centro
de Investigação em Ciências da Saúde, Faculdade de Ciências da
Saúde, Universidade da Beira Interior, Portugal

The low retention/integration of injected cells by host structures repre-
sents an important challenge in cell based therapies for regenerative
medicine purposes. Cell immobilization in hydrogels for target cell
delivery has been developed to circumvent this issue. However, the
existing immobilization methodologies sometimes have several steps
under wet conditions and present some drawbacks, including poor
encapsulation efficiency and the use of harmful conditions for cells or
other fragile molecules, such as proteins or growth factors. In order to
surpass these problems mesenchymal stem cells isolated from rats
(rMSCs) bone marrow and fibronectin (FN) were immobilized in algi-
nate beads to mimic extracellular matrix environment using an innova-
tive approach involving the jellification of the liquid precursor droplets
onto superhydrophobic surfaces. The alginate drops with cells and FN
hardened very fast, at room temperature, into hydrogels spheres in an
isolated environment which avoided the loss of FN and any contamina-
tion or exchange of molecules with other liquid phase. The process for
particle fabrication employed allowed a very high efficiency on FN
encapsulation and also the mild conditions prevented the loss of cell
viability. Encapsulated rMSCs remained viable and were slowly
released from the beads during more than 20 days.

31.P09
Continuous functionally graded materials
(cFGMs) for TE
G Mattei, A Tirella, M Mattioli-Belmonte, C Ferretti
and A Ahluwalia
Department of Chemical Engineering Industrial Chemistry and
Materials Science, Faculty of Engineering, University of Pisa,
Italy; Interdepartmental Research Center ‘E.Piaggio’, Faculty of
Engineering, University of Pisa; Department of Clinical
and Molecular Sciences, Università Politecnica delle Marche, Italy

Biological structures are not uniform but possess spatially distributed
functions and properties, or functional gradients. To ensure functional,
mechanical and structural integration, a tissue engineered (TE) scaf-
fold has to reproduce these functional gradients. However the fabrica-
tion of functionally graded materials is challenging and usually an
experimental trial-and-error approach is used. In this work we present
a controlled method for the fabrication of cFGMs using the gravita-
tional sedimentation of discrete solid particles within a primary fluid
phase. To have an overall control over particle distribution, a time-
varying dynamic viscosity solution (i.e. thermo-sensitive) was used as
fluid phase. Computational fluid dynamic models were developed to
have a fine control over particle distribution. Biomimetic osteochon-
dral cFGMs scaffolds were fabricated using hydroxyapatite (HA) and

gelatin. Glutaraldehyde was used to covalently bind gelatin-HA
graded scaffolds. Mechanical properties were measured and correlated
as a function of HA volume fraction. SEM-EDX analysis was used to
further characterise HA content and its distribution within gelatin-HA
cFGMs. Finally gelatin-HA cFGMs scaffold were seeded using perios-
teum derived progenitor cells, to investigate how the HA gradient
modulates cell response. This approach represents an innovative yet
simple tool for the fabrication of tailored cFGMs with biologically and
physiologically relevant gradients for TE applications.

31.P10
Multifunctional peptide nanofiber scaffolds for
neural differentiation
B Mammadov, TS Erkal, M Urel, MO Guler and ATekinay
Institute of Materials Science and Nanotechnology, National
Nanotechnology Research Center (UNAM), Bilkent University,
Turkey

Extracellular matrix (ECM) is composed of various fibrous proteins and
proteoglycans providing mechanical support and cues for cell adhesion,
migration, proliferation and other cellular functions. ECM show great
variation between tissues according to varying needs of cells of differ-
ent tissues. ECM is also highly modular, decorated by a variety of mole-
cules, even the inorganic ones, to keep functionality of specific tissues.
For tissues of high mechanical strength ECM is highly collagenous
besides being mineralized while for softer tissues with high water con-
tent, it is full of hyaluronic acid which acts as a reservoir of water. Such
a high modularity in ECM is highly inspiring for regenerative studies
which aim to repair damaged tissues. By considering native tissue
structure including the abundance of specific ECM components and
their relation to the requirements of resident cells, it is possible to
design synthetic materials that mimics the natural environment of cells.
We used peptide nanofiber scaffolds with bioactivities incorporated
according to requirements of neural cells and stem cells for neural dif-
ferentiation. By decorating the bioactive part of the peptide molecules
with different epitopes derived from neural ECM, we were able to
induce differentiation and neurite outgrowth of different cells. Encap-
sulating conductive molecules in neurite inducer peptide nanofibers
allowed electrical stimulation of neural cells on peptide nanofibers
yielding longer neurites.

31.P11
Characterization of enzymatic crosslinked
hydroxyapatite/collagen nanocomposite for bone
tissue engineering
HCWu, ZR Tsai, TWWang, JS Sun, MH Shen and YC Wang
Department of Materials Engineering, Tatung University, Taiwan;
Department of Materials Science and Engineering, National Tsing
Hua University, Taiwan; Department of Orthopedic Surgery,
National Taiwan University Hospital Hsin-Chu Branch, Taiwan

The regeneration of damaged or diseased skeletal tissues remains a
significant clinical challenge. Although small bone fractures are capable
of self-repair after trauma, large defects or diseased (i.e., osteoporotic)
tissues fail to heal properly. In this study, a novel biomimetic bone
matrix with inorganic (hydroxyapatite, HA) and organic (collagen,
Col) compositions were developed as major components of nanocom-
posite. Three-dimensional porous HA/Col scaffold was fabricated by
freeze-drying method. The physicochemical and mechanical properties
of HA/Col scaffold have been investigated after enzymatic cross-linking
with microbial transglutaminase (mTGase). The results showed that
the crosslinked HA/Col scaffold could provide human mesenchymal
stem cells (hMSCs) well adhesion, proliferation and growth. The nov-
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elty of this work is (i) to develop a novel biomimetic HA/Col nanocom-
posite scaffold, and (ii) to use natural biologically-derived molecules as
cross-linking agent instead of synthetic chemical agents, which has
been long-term regarded with cytotoxicity concerns. In summary, enzy-
matic cross-linking HA/Col scaffolds possess more superior properties
and potential compared to conventional collagen or HA matrices as a
novel bone substituent for bone tissue regeneration.

31.P12
Effect of nanofiber scaffolds on organelle
morphology in human bone marrow stromal cells
W Tutak, T Farooque and GC Simon
NIST, USA

It is widely acknowledged that stem cell fates can be controlled by bio-
molecules and recent work suggests that physical cues, such as scaffold
architecture, can also influence stem cell functions. Scaffolds with a
nanofibrous structure are effective in promoting stem cell differentia-
tion because they provide a physiologically relevant 3D microenviron-
ment that mimic native extracellular matrix (ECM). Recent work
suggests that nanofiber scaffolds are effective because they drive stem
cells into a morphology that induces differentiation. However, it is not
known how changes in cell morphology can influence cell fate. We
hypothesize that the shape and function of subcellular organelles are
modulated by changes in cell shape. Herein, we cultured human bone
marrow stromal cells (hBMSCs) on poly-�-caprolactone (PCL) flat 2D
films and in 3D PCL nanofiber scaffolds and then measured the shape
of organelles. The shape of actin, nucleus, peroxisomes and mitochon-
dria organelles were imaged by confocal microscopy and analyzed
using ImageJ software. Multiple differences in the area, aspect ratio
and sub-cellular locations of these organelles were observed between
hBMSCs culture on 2D films versus 3D nanofiber scaffolds. These
results support the hypothesis that material morphology guides stem
cell function by driving cells into shapes that alter the structure and
function of sub-cellular organelles such as the actin, peroxisomes and
mitochondria.

31.P13
Platelet lysates scaffolds prepared by
supercritical fluid technology as autologous
templates for cartilage regeneration
AR Duarte, VE Santo, ME Gomes, JF Mano and RL Reis
3B’s Research Group, Portugal

The tissue engineering strategy proposed in this work regards the
development of a novel autologous scaffold based on platelet lysates
(PLs) with the ultimate goal of promoting the regeneration of an ortho-
paedic osteochondral interface. PLs are a high concentration of plate-
lets in a small volume of plasma that, when activated, release several
growth factors (GFs). Most of current PLs-based hydrogels present sev-
eral limitations, specifically the lack of stability, the constant shrinking
in culture and the need of activation with animal-derived thrombin.
This study represents a major breakthrough as it demonstrates that a
stable scaffold can be prepared only from PLs, thus acting simulta-
neously as a template for cell colonization and as multiple GF release
system. The PL scaffolds, crosslinked with genipin were prepared by
supercritical fluid assisted phase inversion at 100 bar and 40 �C. The
morphological properties of the scaffolds were assessed and in vitro GF
release profile was studied by micro BCA and ELISA assays.Scaffolds
were seeded with human adipose-derived stem cells (hASCs) and cul-
tured in vitro up to 28 days. Cell viability and proliferation were
assessed as well as histology and immunohistochemistry. Results

showed the deposition of cartilage extracellular matrix and the expres-
sion of chondrogenic gene makers, demonstrating the feasibility of the
constructs to simultaneously provide architectural support and biologi-
cal cues to promote chondrogenic differentiation.

31.P14
Directing MSC fate in 3D through cell inert and
adhesive block copolymer domains
P Viswanathan, S Chirasatitsin, AJ Engler and G Battaglia
University of Sheffield, UK; University of California, USA

Novel materials design for the tissue engineering often requires both
chemical and physical cues on the nano- and micro- scales. To date,
physicochemical properties directing mesenchymal stem cell (MSC)
fate have been well studied in 2D, however understanding MSC differ-
entiation in 3D warrants investigation. Here, we report the synthesis of
highly porous matrices that are surface functionalised in 3D, with cell
adhesive and inert chemistries using amphiphilic block copolymers as
surfactants in a high internal phase emulsion (HIPE) templating
method. Foam morphology and surface functionality were character-
ised by SEM, XPS and contact angle measurements while the presence
block copolymer surface domains were demonstrated by chemical force
spectroscopy mapping. Protein adsorption and clustering was found to
be composition dependent which in turn determined the adhesion and
spreading of human embryonic derived- mesoderm progenitors (hES-
MP) and human bone marrow derived mesenchymal stem cells
(hBMSC) cultured on these 3D scaffolds. In the absence of soluble
induction factors, stem cell fate was composition and cell source depen-
dent with the hES-MP and hBMSCs exhibiting osteo- and adipogenic
differentiation respectively. These data show the importance of mimick-
ing the heterogeneities of native extracellular matrix to control MSC
fate using the HIPE process, which provides a platform for 3D matrices
in tissue engineering and regenerative medicine applications.

31.P15
3D culture of mesenchymal stem cells on
nanofiber PCL and PS meshes
M Brennan, A Renaud, C d’Arros, J Amiaud, P Hulin
and P Layrolle
INSERM U957, Laboratory of Physiopathology of Bone
Resorption, University of Nantes, Biomedical Tisuues; INSERM
U957; INSERM PICell, France

In the field of tissue engineering, scaffolds should mimic the extra cel-
lular matrix (ECM) to provide cells with the best 3D environment for
their attachment, growth and differentiation. We have developed the
jet-spraying method to produce nanometer sized polymer meshes that
mimic the structure of collagen fibers. Two types of polymers, polycap-
rolactone (PCL) and polystyrene (PS), were processed, characterized
by using scanning electron microscopy and inserted into 12-well plates.
After gamma sterilization, human bone marrow mesenchymal stem
cells (hMSC, 1.106 per 2 cm2) were seeded and cultured onto the PCL
and PS meshes. The high permeability of these scaffolds allowed the
proliferation, migration and osteoblastic differentiation of hMSC. The
growth of cells was corroborated by Alamar Blue assay while cell colo-
nization inside the meshes was observed by confocal microscopy and
histology of cryosections. Culturing of hMSC into these 3D microenvi-
ronments allowed more physiological conditions than conventional 2D
cultures on standard dishes. This method can be applied to a variety of
polymers producing complex structures for a wide range of tissue engi-
neering applications.
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31.P16
Engineering biomimetic hydrogels for induced
recruitment of mesenchymal stem cells in vitro
and in vivo
PS Lienemann, M Karlsson, A Sala, S Hoehnel, O Naveiras,
JS Marschall, W Weber, MP Lutolf and M Ehrbar
University Hospital Zurich, Switzerland; University of Freiburg;
EPF Lausanne, Switzerland

Treatment of bone defects with growth factors, such as bone morpho-
genic protein (BMP), requires doses that greatly exceed physiological
levels. Thus, making treatment expensive as well as increasing the risk
of side effects. One of the limiting factors to successful regeneration is
the sufficient availability of responsive mesenchymal stem cells
(MSCs), which in the healing wound proliferate and then differentiate
into osteogenic cells. The recruitment of MSCs to the natural wound
site is guided by soluble and matrix bound bioactive molecules, such as
growth factors. Fostering bone regeneration and healing of clinically
relevant non-unions by treatment with MSC mobilizing factors could
therefore be a highly attractive approach. Here, we present a modular
designed PEG-based platform, which allows for studying MSC recruit-
ment and differentiation in a 3D in vitro setup. In order to screen for
MSC recruiting factors, matrix immobilization strategies allowing for
production of arrays of biomolecule-presenting PEG-matrices were
developed. Selected biomolecules were incorporated in cell instructive
matrices and in vivo recruitment of mouse MSCs was analyzed in a
bone healing model. We believe that these biomimetic hydrogels used
in concert with engineered biomolecules will lead to novel insight in
the complex mechanisms underlying MSC recruitment, thus facilitating
the fabrication of next generation smart implants for bone healing.This
work was supported by SNF grant CR3213_1254

31.P17
Strontium incorporation into calcium-phosphate
ceramic coatings
Z Tahmasebi Birgani, C van Blitterswijk and P Habibovic
Tissue Regeneration Department, University of Twente, The
Netherlands

Replacing biological growth factors by inorganic compounds such as
Mg2+, Sr2+, F-, etc., which are either present in bone or known to have
an effect on bone growth and remodeling is a promising approach for
improving the biological performance of bone graft substitutes. In the
present study, Sr2+, in varying concentrations, was incorporated into
different calcium phosphate coatings on Ti surfaces using a biomimetic
coating method. Varying Sr2+ concentrations were successfully incor-
porated into both carbonated apatite and octacalcium phosphate
coating. It was shown that the presence of Sr2+ had a significant
dose-dependent effect on crystal morphology of both coating types. In
addition, an effect on proliferation and differentiation of murine osteo-
blastic MC3T3-E1 cells was observed.
Acknowledgement: This research formspartof theProjectP2.04BONE-IP
of the research program of the BioMedical Materials institute, co-funded
by theDutchMinistryofEconomicAffairs,Agricultureand Innovation.

31.P18
Intelligent bio-materials for tissue regeneration
and nanomedicine
ATampieri, T D’Alessandro, S Sprio and M Sandri
ISTEC-CNR, Italy

During the last decade, in the orthopaedic field the well-established
approach for curing diseased bone parts, based on replacement with
inert substitutes, has progressively given way to new regenerative
approaches, based on the use of bioactive and biomimetic devices. The

present work illustrates how bio-mineralization can be used to guide
the development of biomaterials for bone and osteochondral regenera-
tion. The reproduction of biomimetic conditions of bone synthesis
allows to obtain hybrid constructs where the mineral phase is nucle-
ated upon guidance by the chemical features and physical confinement
imposed by the polymeric matrix, so that the mineral phase has physi-
cal, chemical and ultra-structural resemblance with mineral bone.
Besides, the possibility to vary the degree of mineralization allows to
obtain multi-layer graded devices able to regenerate the different dis-
tricts of the articular region. Finally, pinning on the recent development
of intrinsic superparamagnetism exhibited by hydroxyapatite nano-
powders upon crystallographically and chemically controlled doping
with Fe(II)/Fe(III) ions, it will be illustrated how bio-hybrid bone-like
devices with intrinsic magnetic properties can be obtained, to increas-
ingly assist the osteogenic and angiogenic capacity of biologically
inspired bone and osteochondral scaffolds, through magnetically-dri-
ven release of specific growth factors.

31.P19
Creation of a tissue development model in an
artificial biomimetic niche microenvironment
N Emin, AE Elcin and YM Elcin
Ankara University Stem Cell Institute and Faculty of Science,
Turkey; Gazi University, GEF, Turkey

Regenerative cellular therapies usually depend on implementation of
the in vivo niche conditions to in vitro settings for controlling cell prolif-
eration and differentiation. The stem cell niche defines stem cells
together with the accompanying cells, extracellular components and
cues of the microenvironment. Here, an artificial biomimetic niche
microenvironment was developed and applied to the chondrogenesis
event as an approach for tissue engineering. Basically, the system was
composed of a hyaluronic acid(Hya)-collagen(Col) matrice containing
bone marrow mesenchymal stem cells(BM-MSCs) which was triggered
into the chondrogenic phenotype by using hyaluronidase(Hyase) and
TGF-b1. Hya-Col scaffold was fabricated via lyophilisation and charac-
terised using SEM and FTIR. BM-MSCs were isolated from rat femurs,
cultures established and then the cells were seeded onto the Hya-Col
scaffold. The culture medium was supplemented with TGF-b1 and Hy-
ase to ensure the controlled digestion of Hya and the formation of the
neocartilage for 1-month duration. Constructs retrieved at time points
were evaluated using MTT,GAG and Hya assays, and then by histol-
ogy/IHC and SEM. Findings demonstrated that the artificial niche
microenvironment supported controlled formation of the neocartilage
tissue expressing specific hyaline cartilage proteins (i.e.typeIIcollagen
and aggrecan) and transformed the phenotypic and morphologic mod-
ulation (i.e.differentiated isogen cell groups in lacuna) of chondrogene-
sis.

31.P20
Property-based screening and characterization of
cell-selective adhesion peptides using clustering
analysis
K Kanie, J Owaki, F Kuwabara, Y Narita, Y Zhao, M Satake,
H Kaneko, H Honda and R Kato
Graduate School of Pharmaceutical Sciences, Nagoya University,
Japan; Graduate School of Engineering, Nagoya University;
Nagoya University Graduate School of Medicine; Teijin Limited,
Japan

The long-term efficacy of vascular implants critically depends on the
regeneration efficacy of the disturbed tissue surrounding the implant.
Late regeneration can cause life-threatening side effects such as throm-
bosis and neointimal hyperplasia. To reduce such risks, there are two
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essential but counter-opposed conditions that must be satisfied by tis-
sue engineering technology. One is the acceleration of the monolayer
formation of endothelial cells (ECs) by rapid adhesion, and the other is
the inhibition of the invasion of smooth muscle cells (SMCs) into the
intima. For such acceleration, we have been proposing short synthetic
cell-selective tripeptides as scaffold for implant coating. These cell-
selective peptides provide selective adhesion of ECs or SMCs mainly by
their physicochemical properties. We here report the comprehensive
screening strategy to screen such peptides by the combination of in sil-
ico clustering analysis and the cell-assay method on SPOT peptide
array. By the application of clustering approach, we found some com-
monly observed physicochemical property that can regulate the cell-
selectivity.

31.P21
Cell-instructive matrices for healing and
engineering of fetal membranes
AS Kivelioe, N Ochsenbein-Kölble, P Lienemann, R Zimmermann
and M Ehrbar
Department of Obstetrics, University Hospital of Zurich,
Switzerland

Iatrogenic preterm prelabour rupture of fetal membranes (iPPROM)
significantly raises the risk of preterm labor and consequently contrib-
utes to fetal morbidity and mortality. Naturally occurring materials
have shown to have insufficient properties for sealing ruptured mem-
branes to prolong pregnancy and none of them has achieved clinical
breakthrough. To overcome these limitations, we aim to engineer fully
defined, cell-instructive matrices for sealing and healing of ruptured
membranes. By using a growth factor presenting, modular designed
poly(ethylene glycol) (PEG) -based hydrogel platform, a series of
growth factors stimulating the 3D migration of human amnion mesen-
chymal cells (hAMC) or epithelial cells (hAEC) were determined. Addi-
tionally, some of these factors could stimulate proliferation and
formation of interconnected cellular networks. Furthermore, using the
PEG hydrogel platform, amnion mimicking constructs consisting of
hAMC and hAEC could be successfully grown for several weeks and
displayed morphology similar to native amnion.This study provides evi-
dence that hAMC and hAEC in response to appropriate molecular cues
can be mobilized and expanded in 3D in fully synthetic ECMmimicking
matrices. Amnion analogs could be used to develop cell-instructive
plugging materials, tailored to promote the healing capacity of fetal
membranes by local induction of cell mobilization, proliferation, and
matrix formation in vivo.

31.P22
Gradients of platelet lysates as guiding
mechanism for angiogenesis
D Coutinho, V Santo, J Mano, N Neves, M Gomes and R Reis
3B’s Research Group, Portugal

Native tissues are regulated by gradients of bioactive factors and cell
densities. In vitro generation of platforms with embedded biochemical
cues to mimic the heterogeneous spatial cellular microenvironment
may be helpful not only for understanding the biological phenomena,
but also for allowing the development of tissue-mimetic graded con-
structs. The effect of specific concentrations of Platelet Lysates (PLs)
over cell attachment and differentiation has been previously evaluated
but conclusive knowledge regarding the effective dosage is still lacking.
Thus, the aim of this study is to generate a gradient of PLs embedded
in a photocrosslinkable hydrogel of methacrylated gellan gum (MeGG)
in order to correlate the effect of lysates concentration with cell adhe-
sion, proliferation and expression of angiogenic markers. A cross-gradi-
ent of PLs and MeGG was generated by flow convection and stabilized

by photopolymerization. Human adipose stem cells (hASCs) were cul-
tured onto the hydrogel gradient up to 28 days. Cells cultured onto the
engineered platform showed to preferentially attach onto the PLs-rich
regions and to be absent in the regions where no PLs were present. His-
tological and immunohistochemical characterization showed that
encapsulated hASCs express angiogenic markers preferentially in the
regions with higher concentration of PLs, emphasizing the potential of
designing gradients of PLs within hydrogel microenvironments to stim-
ulate neovascularization.

31.P23
Development of marine-based nanocomposite
scaffolds for biomedical applications
LL Reys, SS Silva, M Boutinguiza, R Comesaña, F Lusquiños, J Pou,
JF Mano, TH Silva and RL Reis
3B’s Research Group,University of Minho, Portugal; Applied
Physics Dpt., Universidade de Vigo, Portugal

Despite the increasing attention that marine organisms are receiving,
many of those are not efficiently exploited and subproducts with valu-
able compounds are being discarded. Two examples of those subprod-
ucts are the endoskeleton of squid, from which b-chitin and
consecutively chitosan can be obtained; and fish-bones, as a source for
the production of nano-hydroxyapatite. In this work, inspired in the
nanocomposite structure of human bone, marine-based nanocomposite
scaffolds composed by chitosan and nano-hydroxyapatite (nHA) were
developed using particle aggregation methodology. Chitosan was
obtained from endoskeleton of giant squid Dosidicus Gigas while fish
hydroxyapatite nanoparticles were synthesized from fish-bones by
pulsed laser in deionized water. An innovative methodology was used
based on the agglomeration of prefabricated microspheres of chitosan/
nHA, generally based on the random packing of microspheres with fur-
ther aggregation by physical or thermal means to create a marine nano-
composite (CHA) .The morphological analysis of the developed
nanocomposites revealed a low porosity structure, but with high inter-
connectivity, for all produced scaffolds. Furthermore, the nanocompos-
ite scaffolds were characterized in terms of their mechanical properties,
bioactivity, crystallinity and biological behavior. The obtained results
highlight that the chitosan/nHA-based marine nanocomposite can be a
good candidate for biomedical applications, namely on bone regenera-
tion.

31.P24
Inkjet printing of conductive substances for
stymulation of mineralization in bone cell culture
I Rajzer, M Rom and E Menaszek
University of Bielsko-Biala, Poland; Jagiellonian University,
Poland

The aim of the experiment was to develop cell patterns stimulated by
the presence of conductive polymers on the surface of electrospun scaf-
folds. Polymer solutions for electrospinning were prepared from polyc-
aprolactone (PCL), which was dissolved in a solvent mixture consisting
of chloroform and methanol. Electrospinning was carried out using cus-
tom-made apparatus consisting of a power supply, syringe and elec-
trodes. The solution were placed in a 10 ml plastic syringe with a
stainless-steel blunt needle of 0.7 mm in diameter. The injection rate
was 1.5 ml/h. The solutions were spun at a working distance of 20 cm
with a driving force of 30 kV. Conductive polymers were deposited on
the surface of electrospun membranes using piezoelectric material prin-
ter DMP-2831. Applied system enables for precise deposition of 10 pl
drops of customized printing solution. NHOst cells (at a density of
20 000 cells per well) were seeded onto polymer discs to evaluate cell
viability and morphology after 3 and 7 days of cultivation. Cell viability
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was determined using ATP bioluminescence technique (ViaLight�
Assay, Lonza). Cell functionality was assessed by alkaline phosphatase
(ALP) activity assay, and mineralizaton by OsteoImage mineralization
test (Lonza). Combination of electrospun, biodegradable scaffolds with
conductive polymers allows to stimulate cellular functions, including
attachment, proliferation, and differentiation.

31.P25
Novel mesh labeled with an MSC affinity peptide
for detecting MSC in vivo
ER Erfani Ezadyar
Tehran University of Medical Sciences, Iran

Mesenchymal stem cell (MSC) is a cell that candidate in regenerative
medicine and tissue engineering (TE). a significant barrier for MSC-
based therapies is the inability to target MSCs in tissues. a major con-
cern about MSCs has been mobilization and transfer of these cells to
damaged sites . In this study, we recognized a peptide sequence with
some amino acids by phage display technology that has a high specific
sympathy to bone marrow-derived MSCs. following investigation sug-
gested that the peptide could capable interact speci?cally with MSCs
without any type specificity. Subsequently, these peptide was label with
polycaprolactone electrospun meshes to make an ‘MSC-homing device’
for the conscription of MSCs both in vitro and in vivo. This complex
were implanted in defect site of rat knee joints, accompany with a mi-
crofracture procedure to mobilize the endogenous MSCs. After 1 week
staining by immunofluorescence demonstrated that the cells grown
PCL meshes acquiesced a high positive rate for specific MSC surface
markers (CD44, CD90, and CD105) compared with other complexes.
The proportion of inflammatory marker (CD68) in this novel mesh was
much lower than that other meshes.this result cnfirm that it would be
more biocompatible. This peptide has a high particular affinity to
MSCs.conjugating this peptide with PCL significantly increased the
MSC recruitment of PCL in vivo.

31.P26
Glutamic acid grafted nanofibers as a biomimetic
template for mineralization and osteogenic
differentiation of mesenchymal stem cells
K Karaman, A Kumar, X He and E Jabbari
University of South Carolina, USA

Glutamic acid (Glu) sequences associated with the proteins in bone
ECM play a major role in initiating mineralization on collagen fibers.
Here, we use a biomimetic approach and a layer-by-layer assembly to
produce apatite-coated nanofiber thin sheets. The objective of this
work was to investigate the effect of grafted Glu sequences on the for-
mation of apatite crystals on nanofibers and the extent of mineraliza-
tion of marrow stromal cells. Glu sequence was attached to short PLGA
by the reaction of acrylate with sulfhydryl group of cysteine (Glu-
PLGA). Nanofibers surface functionalized with Glu were fabricated by
electrospinning. The fibers were incubated in simulated body fluid
(SFB) to deposit apatite crystals. Next, the apatite-coated nanofibers
were seeded with mesenchymal stem cells (MSCs, isolated from rat
bone marrow) and cultured in osteogenic media. At each time point,
samples were analysed by biochemical, immunocytochemical, and
mRNA analysis. Apatite nanocrystals grew on Glu-grafted fibers but
not on untreated fibers. The modulus of the Glu-grafted fiber mesh
increased from 300 MPa to nearly a GPa after incubation in SBF. Miner-
alized Glu-grafted fibers had significantly higher ALPase, mineraliza-
tion, and significantly expression of osteogenic markers. The
biomimetic layer-by-layer assembly of mineralized Glu-grafted nanofi-
bers is a promising approach to producing synthetic bone grafts with
mechanical and biochemical properties comparable to that of natural
bone.

31.P27
bFGF-immobilization on heparinized
thermoresponsive cell culture substrate for
enhancing cell proliferation
Y Arisaka, J Kobayashi, M Yamato, Y Akiyama and T Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, Japan

We developed heparinized thermoresponsive cell culture substrates for
enhancing cell proliferation. Growth factors such as basic fibroblast
growth factor (bFGF) and vessel endothelial cell growth factor (VEGF)
were immobilized via affinity interactions with the heparinized thermo-
responsive substrate without deactivation. Here, we investigated the
adhesion and growth of mouse fibroblast cells (NIH3T3) on the bFGF-
immobilized substrate. Heparin was covalently immobilized onto
poly(N-isopropylacrylamide-co-2-carboxyisopropylacrylamide) (poly(I-
PAAm-co-CIPAAm))-grafted TCPS by condensing reaction. bFGF was
immobilized on heparinized poly(IPAAm-co-CIPAAm)-grafted TCPS
with incubation in bFGF solution (1000, 500, 100 and 10 ng/cm2) at
37 �C for 24 h (bFGF/Heparinized-C1). Enhanced proliferation and
growth of NIH3T3 were observed on the bFGF/Heparinized-C1 surface
compared with physisorbed bFGF on PIPAAm surface. It would appear
that immobilized bFGF via heparin retained their high activity, while
the activity of physisorbed bFGF was decreased probably due to dena-
turation. Although 120 h-incubation was required for the fabrication of
cell sheets on PIPAAm-grafted surfaces, the incubation time for reach-
ing confluence became shorten to 72 h on the bFGF/Heparinized-C1
surface. Moreover, the cultured NIH3T3s were recovered as a single
sheet by decreasing the temperature to 20 �C. Consequently, this cell
culture surface would be useful for rapid fabrication of cell sheets.

31.P28
Diblock copolymer foams with adhesive nano-
domains promote stem cell differentiation
AJ Engler
UC San Diego, USA

Focal adhesions are signal transducers from extracellular matrix (ECM)
to the cell and vice versa. Most biomaterials are uniformly adhesive,
but that does not match heterogeneous adhesivity in native ECM.
Mixed copolymer vesicles undergo interface-confined phase separation;
by using diblock copolymer mixtures of non-adhesive and adhesive
components, i.e. polyethylene oxide (PEO)-polystyrene (PS) and poly-
acrylic acid (PAA)-PS, respectively, we determined if foam structures
made in a high internal phase emulsion would have surfaces composed
of adhesive and non-adhesive domains just as with ECM. Incorporation
scaled with composition but neither foam morphology nor surface
roughness dramatically changed. However, surface phase separation
did occur; nano-domains were found when either copolymer fraction
was £25%. Size and spacing was similar to the heterogeneous adhesivi-
ty of native ECM. Protein attached to PAA-PS produced nano-domains
with a distribution that also mimicked native ECM. Two mesenchymal
stem cell sources cultured on the foams were adherent on and
expressed the most robust vinculin-containing adhesions on 25% PAA
foams. qPCR microarray data indicates that these two cell sources
undergo both nano-domain-dependent and – independent differentia-
tion depending on the lineage to which the cell commits. Thus foam
phase separation can create adhesive nano-domains mimicking native
ECM, induce stem cells to differentiate, and should be used in future
regenerative strategies.
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31.P29
The in vitro micro-environment interface:
macromolecular crowding meets cell-sheet tissue
engineering
A Satyam, P Kumar, X Fan, B Rodriguez, L Joshi, Y Rochev,
M Raghunath, A Pandit and D Zeugolis
Network of Excellence for Functional Biomaterials, National
University of Ireland Galway, Ireland; National Centre for
Biomedical Engineering Science, National University of Ireland
Galway, Ireland; Conway Institute of Biomolecular & Biomedical
Research, University College Dublin, Ireland; Tissue Modulation
Laboratory, Division of Bioengineering, Faculty of Engineering,
National University of Singapore, Singapore

Introduction: Advancements in cell biology and polymer chemistry
enabled the development of scaffold-free substitutes for tissue engi-
neering applications; a technology termed Tissue Engineering by Self
Assembly. Despite efficacious in vitro and in vivo results to-date, very

few products have been commercialised due to prolonged culture time
required to develop an implantable device. It has been recently demon-
strated that macromolecular crowding (MMC) enhances deposition of
extracellular matrix. Herein, the influence of crowding molecules on
matrix deposition and potential of this technology in Tissue Engineer-
ing by Self Assembly was investigated.
Methods: Human primary fibroblasts were cultured under MMC (e.g.
dextran sulphate; polysodium 4-styrene sulfonate; Ficoll�70 & 400;
carrageenan & sepharose) and various fetal bovine serum (FBS) con-
centrations (0–10%). Results: SDS-PAGE/densitometry demonstrated
that MMC significantly increase collagen I deposition (p < 0.0001) at
all tested FBS%. Fibroblasts deposited maximum collagen I in two days
with 0.5%FBS. Immunocytochemistry confirmed enhanced deposition
of collagen I and its co-localisation with fibronectin in presence of
MMC. N-isopropylacrylamide based heat responsive polymer facilitated
detachment of intact cell-matrix sheet.
Conclusions: All in all, these data indicate that MMC facilitates the pro-
duction of rich in ECM cell-sheets. An extensive proteomic study is
underway to comprehend the expression and deposition of proteins.
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32. Biomaterials for Regenerative Medicine (in coop. ESB)

32.01
Keynote: Self-assembling bioactive polymer
systems for tissue engineering. Modulation of
angiogenesis
J San Roman, L Garcı́a, MR Aguilar and M Fernández
Department of Biomaterials, CSIC, CIBER-BBN, Spain

The design and development of ‘Polymer Drugs’ are one of the most
attractive fields of advanced systems for new therapeutic applications
of bioactive compounds. In one biomimetic approach, these systems
are based on the preparation of polymeric chains with specific hydro-
phobic or hydrophilic character by the reversible linking of bioactive
compounds to macromolecular systems, by means of reaction of spe-
cific functional groups present in the macromolecule or by copoly-
merization of functionalized bioactive compounds or drugs. This
second approach allows very interesting designs by selecting poly-
merization mechanisms, composition and microstructure. A new fam-
ily of acrylic polymers bearing sequences of acrylic derivatives of 5-
aminonaphthalen sulphonic acid will be presented as systems that
are able to interact with growth factors (FGF and VEGF) and there-
fore present a very interesting inhibition of angiogenic processes at
relatively low dose and very low toxicity. The behavior of these sys-
tems has been tested in vitro using a 3D model for cell cultures, as
well as in vivo in an animal model with good correlation of results.
Financial support from projects MAT2010-18155, and CIBER-BBN is
acknowledged.

32.02
Biomaterials technology of regenerative medicine
for patients
Y Tabata
Department of Biomaterials, Institute for Frontier Medical
Sciences, Kyoto University, Japan

Regeneration therapy is a new therapeutic trial based on the natural-
healing potential of body itself to induce tissues regeneration. To this
end, it is necessary to create a local environment of cells to promote
their proliferation and differentiation for tissue regeneration. If a cell
scaffold or a bioactive molecule is supplied to the right place at the
right time period or concentration, the body system initiates to physio-
logically function, resulting in the natural induction of cell-based tis-
sue regeneration. The functions of bioactive molecules with in vivo in-
stability can be augmented with drug delivery system (DDS) technol-
ogy. Biodegradable hydrogels achieved the controlled release of bioac-
tive molecules to experimentally and clinically succeed in the cell-
induced tissue regeneration. This release and/or cell scaffold technolo-
gies can be combined with cell transplantation to significantly
enhance the therapeutic efficacy in tissue regeneration. The biomateri-
als technology of regenerative medicine is also applicable to the basic
researches of stem cells biology. The further development of stem cells
biology will be effective in enhancing the therapeutic efficacy of cell-
based tissue regeneration. In this paper, several applications of DDS
and cell scaffold technologies to the tissue regeneration therapy as
well as the basic research of stem cells are introduced to emphasize
clinical significance of biomaterials technologies in tissue regenerative
therapy.

32.03
Osteopromotive scaffolds for bone tissue
engineering: a solvent-free manufacturing
process based on extrusion and supercritical fluid
processing
N Ahola, K Paakinaho, S Toropainen, L Tirkkonen, S Haimi
and M Kellomäki
Tampere University of Technology, Department of Biomedical
Engineering, Finland; University of Tampere, Institute of
Biomedical Technology; University of Twente, Department of
Biomaterials Science and Technology, The Netherlands

Bone tissue engineering is one of the most promising technologies chal-
lenging traditional bone grafting. Human adipose stem cells (hASCs)
present an attractive alternative for the regeneration of bone. However,
a suitable biomaterial scaffold that supports the cell attachment, prolif-
eration and differentiation towards bone-forming cells, is required to
deliver hASCs to the bone defect site. By combining the viscoelastic
properties of bioabsorbable polymers to the bioactive properties of cal-
cium phosphate ceramics, the temporary environment for hASCs can
be tailored to enhance the cell proliferation and differentiation. We
present here a composite technology based on extrusion and supercriti-
cal fluid processing for developing biodegradable and osteopromotive
scaffolds. This method enables us to compound bioactive ceramics into
biodegradable polymer matrixes in large quantities and to produce por-
ous structures. Additionally, the manufacturing method is totally sol-
vent-free and easy to scale up. Pore size, interconnectivity and structure
can be tailored with process parameters and the choice of materials.
The preliminary results gained using poly(L-lactide-co-�-caprolactone)
(comonomer ratio 70/30) and b-tricalcium phosphate (b-TCP) as the
composite scaffold materials show good mechanical properties and
they support the attachment of hASCs and stimulate their proliferation.
They have the potential to fulfil the criteria for an ideal scaffold for
bone tissue engineering.

32.04
Sugar-responsive water-solubilization of bone
morphogenetic protein-2-incorporating gelatin
hydrogel microspheres in cell aggregates
K Ino, M Yamamoto and Y Tabata
Institute for Frontier Medical Sciences, Kyoto University, Japan

The objective of this study is to design a culture substrate, which not
only functions initially as a cell scaffold for cell aggregation, but also
can be removed from cell aggregates constructed without any cytotox-
icity. As such a substrate, bone morphogenetic protein (BMP)-2-incor-
porating gelatin hydrogel microspheres with the property of sugar-
responsive water-solubilization were prepared. Briefly, an aqueous mix-
ture of m-aminophenylboronic acid-introduced gelatin and poly(vinyl
alcohol) was emulsified and solidified in olive oil. Then, an aqueous
solution of BMP-2 was impregnated into the resulting microspheres.
When placed in a culture media with sorbitol of a sugar, BMP-2 was
released from the BMP-2-incorporating microspheres by their water-
solubilization. However, the microspheres were stable and no BMP-2
release was observed without sorbitol. These results indicate that sorbi-
tol disrupts the crosslinking of the microspheres, leading to the water-
solubilization and the subsequent BMP-2 release. When mesenchymal
stem cells were co-cultured with the microspheres, stable cell aggre-
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gates containing the microspheres were formed. Upon adding sorbitol
in the culture media, the microspheres disappeared in the cell aggre-
gate. No cytotoxicity was observed after the sorbitol addition. These
results indicate that the present hydrogel system of sugar-responsive
water-solubilization is a promising culture substrate to allow cells to
form a living tissue-like structure of 3-dimension.

32.05
Keynote: Structural impact of textile based
implants for regenerative medicine
M Dauner and H Planck
Institute for Textile Technology and Process Engineering,
Germany

Introduction: Body tissues react specifically not only to implant materi-
als but also to structural dimensions, e.g. to fibers and to pore diameter
in fabrics resp as well as to the surface and orientation of fibers.
Materials and methods: Mostly for tissue engineering nonwoven with
fiber diameters ranging from 0.1 to 20 lm and more are used. Precisely
oriented fibers could be fabricated with fiber diameters of 1 lm or
higher. These were oriented unidirectional as bundles, bi-directional by
weaving and braiding, or forming meshes by knitting. Additionally sur-
face structures like grooves or surface roughness were used to stimulate
selected cell types.
Results: 2D cell organizations, e.g. the endothelium, need small pores
by small fibers where the cells were able to form many focal adhesion
points. Movement between fibers stimulated the cells. 3D cell types
require larger pores and thus larger fibers to stabilize the scaffold.
Chondrocytes did not keep their typical round shaped phenotype on
fibers >> 20 lm, but dedifferentiate to fibroblasts. Yet hepatocytes
were found to organize best in large (>100 lm) caverns of a PU melt
blown web. Nerve regeneration and oriented outgrowth of axons was
supported by grooved fibers. These fibers were bundled and introduced
into a capillary membrane. Ligament fibroblasts needed a considerable
cyclic strain to differentiate. By crimping the fibers they allowed a mod-
erate straining on the fibroblasts.

32.P01
Unfouling PEG-based substrates for cancer stem
cells
S Bozzini, S Matacelo, R Gentilini, S Farè, M Minuzzo,
R Mantovani and MC Tanzi
Politecnico di Milano,Italy

Cancer stem cells (CSCs) are becoming an appealing research area,
leading to a revision of the conventional chemotherapic approach. To
maintain their ‘stemness’ and preclude their differentiation to the bulk
tumor, ‘non-adherent’ conditions for in vitro test of CSCs are requested.
The goal of this study was to design suitable PEG-based matrices and
explore their potentiality as non-adherent substrates. PEG-diacrylate
was cross-linked by UV-A and chemical structure of XXPEG matrices
was analyzed by FTIR. Swelling and stability were evaluated at 37 �C
in DMEM. Rheological analyses were performed on samples swollen in
DMEM. The in vitro adhesion of HT1080 and HCT116 human tumor
cell lines was evaluated by Giemsa staining 2 weeks after seeding onto
XXPEG matrices (TCPS as control). The formation of the cell ‘spheres’
and their morphology was monitored by OM. Crosslinking was con-
firmed by the disappearance of double bond vibrational absorptions.
XXPEG matrices proved to be stable in DMEM up to 15 days of incuba-
tion. The increase in storage modulus and the decrease in loss modulus
by increasing the test frequency indicated a major contribution of the
elastic component at higher test frequencies. Cell staining highlighted
that both cell lines did not adhere to XXPEG matrices and formed colo-
nies (clones) with spherical and regular morphology, while they were

adherent to TCPS. These results demonstrate the potentiality of XXPEG
as substrates for the in vitro study of CSCs.

32.P02
Piezoelectric polymers for tissue regeneration:
neural and bone tissues approaches
N Barroca, S Vieira, O da Cruz e Silva, P Gomes, H Fernandes,
H Fernandes and P Vilarinho
Department of Ceramics and Glass Engineering, CICECO,
University of Aveiro, Portugal; Centre for Cell Biology, Health
Sciences and Biology Departments, University of Aveiro, Portugal;
Faculty of Dental Medicine, University of Porto, Portugal

Bone and neural tissues respond to electrical stimulation, with bone
growth and neurite outgrowth being enhanced upon the application of
direct electrical stimulation. Superficial charges on biomaterials are
also known to influence biomolecules, affecting protein adhesion and
bone mineralization, among other biological processes. Poly (L-lactic)
acid (PLLA) is a synthetic semicrystalline biocompatible polymer
known in the biomedical field for its applications such as screws or
sutures, approved by the Food and Drug Administration. PLLA is also
piezoelectric, a property that has still to be evaluated in the field,
although electric field generated by mechanical deformation is
expected to induce higher tissue regeneration. This study aims to assess
the viability of cells from bone and neural tissue on poled piezoelectric
PLLA substrates and the effect of polarization on the cells’ response.
PLLA films were prepared by solvent casting method and poled using a
corona discharge (10 kV, 10 lA for 30 min at 100 �C and during pos-
terior cooling). Two sets of samples, negatively and positively poled,
were then cultured with different cell lines (MG63 osteoblast-like,
human bone marrow, and neuroblastoma SH-SY5Y cells) and cells via-
bility, adhesion, and morphology were monitored. Results are discussed
in terms of the effect of polarization on cells behavior, and how nega-
tively poled PLLA surface generally enhance cells bioactivity, when
compared to a positively poled sample.

32.P03
Engineered cell sheets using thermo-reversible
hydrogel
A Cochis, A Carletta, L Altomare, S Faré, S Merlin, S Pietronave,
A Follenzi, M Prat and L Rimondini
Università del Piemonte Orientale A.Avogadro, Italy;Politecnico
di Milano, Italy

Cell sheet (CS) technology allows to obtain sheets of interconnected
cells in contact with their extracellular matrix (ECM) with potential
application in many fields of medicine including regeneration of oral
tissues. Thermo-reversible behavior of methylcellulose (MC) gels is
related to increases in temperature and in salt concentration in the MC
aqueous solutions. This phase-transition make it a promising functional
hydrogel for biomedical applications. In the present study we assessed
the fibroblasts CS formation using a thermoreversible MC hydrogel.
Hydrogel was prepared by dissolving 8% w/v MC in a 0.05 M Na2SO4
solution, at 4 �C and then heating it at 37 �C prior to use. Fibroblast
(NIH-3T3), previously transduced with Green Fluorescent Protein,
were seeded (50 000/cm2) on hydrogel and cultured until confluent;
afterwards, cells sheet was detached by cooling down temperature
(30 min, 4 �C). Cells sheets were characterized by immunofluores-
cence (IF) staining and MTT assay. In-vitro adhesion to a new surface
was characterized. Moreover, the CSs were subcutaneously implanted
into SCID mice and histomorphometrically evaluated.CSs were success-
fully collected by cooling down temperature. IF staining confirmed cells
monolayer aggregation and ECM integrity. CS adhesion to a new sur-
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face was confirmed and proliferation was observed after 24 h. CSs sur-
vived and grew in vivo. This technique seems promising in tissue engi-
neering of various tissues including periodontal ligament.

32.P04
Human Elastin-Like Polypeptides (HELPs) - a
novel thermoresponsive material for cell culture
applications
V Hruschka, S Wolbank, H Redl and A Bandiera
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, Austria;Department of Life Science, Universita
degli Studi di Trieste, Italy

Elastin-like polypeptides (ELPs) have a distinct thermal behaviour,
known as inverse temperature phase transition. Below a critical tem-
perature the polypeptides are present as aqueous solution, above this
temperature they aggregate. Their smart properties make them attrac-
tive for the development of biomaterials to support cells in tissue engi-
neering (TE). Recently, a family of ELPs based on the human
tropoelastin primary structure has been developed. In this study, we
aimed to test the novel HELP macromolecules for their ability to sup-
port growth of both transformed cell lines (murine C2C12 cells) and
primary cells (human adipose-derived stem cells (hASCs)). C2C12 cells
and hASCs attached and proliferated on HELP-based coatings. ASCs
were clearly more sensitive regarding attachment and growth in cul-
ture. Biopolymers comprising hydrophobic and cross-linking domains
gave the best results. Interestingly, these coatings support the differenti-
ation of C2C12 cells into the myogenic lineage as could be demon-
strated using qRT-PCR. The growth of both cell types could be
supported by the coating in a concentration-dependent manner. In
summary, the thermoresponsive HELPs presented in this study are a
suitable material for the coating of surfaces to allow cell adhesion and
growth for TE applications.

32.P05
Growth and differentiation of human osteoblast-
like MG 63 cells on composite with micro/nano-
sized hydroxyapatite
E Filova, V Lisa, Z Sucharda, K Balik, T Suchy, M Zaloudkova
and L Bacakova
Institute of Physiology of the Academy of Sciences of the Czech
Republic, Czech Republic

Bone prostheses are usually manufactured from metals, ceramics, less
from polymers, but their properties are not ideal. We developed a
fibrous composite material composed of polyamide fabric reinforce-
ment, polydimethylsiloxane, and nano/microparticles of hydroxyapa-
tite (nHA, lHA), and evaluated its ability to support the attachment,
growth and differentation of human osteoblast-like MG 63 cells in vi-
tro. MG 63 cells were seeded in a density of 8450 cells/cm2 on the
composites containing 0, 2, 5, 10, 15, 20, and 25 vol% of nHA or lHA.
Cell population densities were evaluated on day 1, 3, and 7. Cells were
stained for vinculin, talin, osteocalcin and osteopontin, and concentra-
tions of these proteins, as well as of beta-actin and ICAM-1, were mea-
sured by ELISA. All samples supported the cell attachment with high
cell viability. The lHA samples enhanced proliferation compared to
nHA, but only up to 15 vol%; higher concentrations of lHA were toxic.
High concentrations of osteocalcin were found in cells on materials
with higher concentrations of lHA, while high concentrations of osteo-
pontin were in cells on samples with low concentrations of nHA. On all
samples, the cells developed focal adhesion plaques containing talin
and vinculin. Thus, all tested composites with nHA and composites
with lower concentrations of lHA seem to be promising materials for

bone prostheses. Supported by the Grant Agency of the Czech Republic
(grant No. 106/09/1000).

32.P06
Strontium substituted bioactive glasses stimulate
osteogenic differentiation of hMSCs in vitro
P Candarlioglu, E Gentleman and M Stevens
Department of Materials and Institute of Biomedical Engineering,
Imperial College London, UK; Craniofacial Development &
Orthodontics, King‘s College of London, UK

Bioactive glasses (BG) are biocompatible and have been used as bone
graft substitutes for decades. BG dissolution ions stimulate osteoblast
differentiation in situ. Strontium (Sr) stimulates osteoblast differentia-
tion and has been used to treat osteoporosis in the form of Sr ranelate.
We combined the osteoinductive properties of Sr with the osteoconduc-
tive properties of BG and tested its effects on bone marrow mesenchy-
mal stem cells(hMSCs).SiO2-P2O5-Na2O-CaO-SrO BG was substituted
with 0 and 10 mol% of Ca with Sr and produced by a melt-quench
route and referred to as SR0-SR10. BG dissolution ion enriched med-
ia(BGDM) was prepared as described before. Alkaline Phospha-
tase(ALP) activity of cultured hMSCs was measured from cell lysates
using p-nitrophenyl phosphate(pNPP) as a substrate and normalized to
cell number against an alamarBlue� cell proliferation assay.ALP activ-
ity per cell is an early marker for osteogenic differentiation. ALP activity
of hMSCs cultured with Sr substituted BGDM was higher compared to
cultures treated with BGDM and control media following 3 weeks in
culture. Therefore, Sr substitution into BG promoted osteogenic differ-
entiation of hMSCs in vitro.It has been shown that Sr promotes osteo-
genic differentiation in hMSCs in vitro. Here we report that Sr
substitution into BG enhanced the osteoinductive properties of BG
stimulating osteogenic differentiation of hMSCs in vitro and thus may
be of great potential for bone tissue engineering applications.

32.P07
Influence of surface modification on cell
response: case study for ocular applications
vVS Van Vlierberghe, ML Marguillier, BV Boterberg,
CR Cornelissen and DP Dubruel
Polymer Chemistry & Biomaterials Research Group, Ghent
University, Belgium; Department of Basic Medical Sciences, Ghent
University, Belgium

In the present work, various biofunctionalization strategies were elabo-
rated to covalently immobilize gelatin onto polyimide. The implant
materials are anticipated to be applied for ocular applications. Three
strategies were compared: (i) 2-Aminoethyl methacrylate (AEMA) was
coupled onto PI after applying an Ar plasma. Next, the AEMA amines
were linked to EDC-activated gelatin, (ii) introduction of vinyl groups
on PI using aminopropylmethacrylamide and subsequent coupling with
methacrylamide-modified gelatin and (iii) introduction of reactive
esters on PI using the succinimidyl ester of 4-azido-2,3,5,6-tetra-fluoro-
benzoic acid (AFB) and subsequent coupling with the primary amines
of gelatin. (iv) deposition of a bio-inspired primer layer onto PI, fol-
lowed by gelatin immobilisation. The polymer sheets developed were
characterized in depth using a series of analysis techniques including
among other static contact angle measurements (SCA), atomic force
microscopy (AFM), X-ray photoelectron spectroscopy (XPS) and radi-
olabelling experiments. In a final part, the in vitro cell-interactive prop-
erties of the various polymer sheets developed will be screened and the
results will be correlated with the applied modification strategy on PI.
The authors would like to acknowledge the Research Foundation –
Flanders (Belgium) and the EU for financial support (FP6 project
PolExGene, http://www.polexgene.eu).
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32.P08
The effect of chemical composition, pore size and
mechanical properties of macroporous hydrogels
on behavior of MG63 osteogenic cells
DMac Kubies, M Přádný, J Michálek, M Šlouf,
Z Sadakbayeva, E Filova, J Havlı́ková and L Bacakova
Institute of Macromolecular Chemistry of the Academy of Sciences
of the Czech Republic, v.v.i., Czech Republic

In the area of synthetic bone graft materials, there is a great need to
engineer multi-phase materials with a structure and composition
approaching to that of bone. In this study, the effects of charge, pore
size and mechanical properties of the polymer matrix on MG63 cells
were monitored. The model non-degradable HEMA (2-hydroxyethyl
methacrylate)-based macroporous hydrogels were composed of HEMA
(no charge) and its copolymers with ethoxyethyl methacrylate (no
charge), sodium methacrylate (negative charge), methacryloyloxyeth-
yltrimethylammonium chloride (positive charge). The sample morphol-
ogy was characterized by SEM and the mechanical properties of
swollen samples by dynamic mechanical spectroscopy in shear geome-
try. The total DNA content, doubling time and growth curves were
determined based on results of PicoGreen assay on day 7, 14, and 21.
On day 7, the highest cell densities were observed on non-charged
samples, whereas very low densities were seen on positively-charged
samples. After 21 days, the DNA content/cm2 was the same on all scaf-
folds and was significantly higher than that on the glass. On nega-
tively-charged samples, the MG63 cells grew in clusters. Thus, the
samples without any charge seem to be a possible alternative as the
matrix for engineering of composite materials combining the advanta-
ges of nanofibres (e.g. collagen), supporting macroporous gels as well
as bioactive inorganic components (e.g. HAP). This work was sup-
ported by grant GACR No.106/09/1000

32.P09
Comparison of chitosan-coated, collagen-coated,
and uncoated polypropylene mesh in a rat model
for abdominal wall reconstruction
N Udpa, B Brown, S Iyer, R Rajoria, B Singh, L Bonassar
and Y Gao
Cornell University, USA; McGowan Institute for Regenerative
Medicine, USA

An ideal surgical mesh for hernia repair would provide a substrate for
tissue ingrowth resulting in mechanical and contractile properties simi-
lar to native tissues without significant fibrosis. The goal of this study
was to determine if chitosan coating encourages incorporation and
lessens fibroplasia observed following implantation of polypropylene
mesh (PPM) in vivo. This study compared chitosan-coated PPM(Ch-
PPM) with two commercially available meshes in a rat model: PPM,
and collagen-coated PPM(Col-PPM). Adult rats were subjected to
1.2 · 1.2 cm excisions of the external and internal oblique layers of
the abdominal wall while the underlying layers remained intact. The
defects were repaired with one of three test articles: Ch-PPM; PPM, or
Col-PPM. Prior to euthanasia at 2, 4, and 12 weeks, the contractile
properties of the remodeled tissue and surrounding native tissue were
determined in situ and compared with the native tissue (control). Uni-
axial testing and immunolabeling of histology samples were used to
find tissue strength and the degree of fibroplasia. The contractile and
mechanical properties of the remodeled tissue using Ch-PPM were sig-
nificantly closer to properties of native tissue than PPM and Col-PPM at
2, 4 and 12 wks. The tetanic and twitch forces of Ch-PPM increased
over time whereas with Col-PPM, they decreased. Histological analysis
showed rats implanted with Ch-PPM and Col-PPM have significantly
more myoblast growth with fewer foreign-body giant cells at 2 weeks.

32.P10
Immobilization of neurotrophin GDNF on
electrospun scaffolds promotes the survival and
integration of transplanted neural stem cells
TY Wang, J Forsythe, D Nisbet and C Parish
Monash University, Australia; The Australian National
University; Florey Neuroscience Institutes, Australia

Given the brain’s limited capacity for repair, new and innovative
approaches are required to promote regeneration. Whilst examples of
neural transplantation have been demonstrated, major limitations in
the field include poor cell survival and integration. This in part is due
to the non-conducive environment of the adult brain – failing to pro-
vide adequate chemical and physical support for new neurons. Here
we examine the capacity of electrospun PCL scaffolds combined with
the immobilization of the neurotrophin, GDNF, to improve graft sur-
vival and integration. Immobilization of GDNF was confirmed using
ELISA and immunohistochemistry, prior to and at 28 days post-implan-
tation, demonstrating long-term delivery of the trophin. In vitro, PCL
enriched for neural stem cells and astrocytes in primary cortical cul-
tures, compared to conventional 2-dimentional cultureware. Subse-
quent implantation of cells, cells + PCL or cells + PCL-GDNF
demonstrated that PCL-GDNF was capable of supporting grafts, as
demonstrated by the increased penetration of cells and neurites into
the material. In conclusion, the study demonstrated that modified elec-
trospun scaffolds can support grafted neurons - promoting survival,
penetration/integration and encouraging neurite growth. These find-
ings could have implications for improving cell replacement therapy for
the treatment of neurodegenerative diseases. This study was supported
by Bethlehem Griffith Research Foundation.

32.P11
Studies on shear stress-dependent cell
detachment from temperature-responsive cell
culture surfaces by using microfluidic devices
Z Tang, Y Akiyama, K Itoga, J Kobayashi and T Okano
Tokyo Women’s Medical University, Japan

A new approach to quantitatively estimate the strength of cell-material
interaction has proposed by using a microfluidic system, which was
made of poly(dimethylsiloxane) chip bonding on a temperature-
responsive cell culture surface consisted of poly(N-isopropylacryla-
mide) (PIPAAm) grafted tissue culture polystyrene (TCPS) (PIPAAm-
TCPS), having five parallel test channels for cell culture. This construc-
tion allows concurrent generating five different shear forces to be
applied to cells in each microchannel by varying the resistance of each
channel and simultaneously giving on identical cell incubation condi-
tion to each test channel. NIH/3T3 mouse fibroblast cells (MFCs) were
adhered and spread on PIPAAm-TCPS in each channel at 37 �C. Reduc-
ing temperature to 20 �C and starting a flow, cells was peeled off from
substrate by shear forces applied to cells in microchannels. Shear stress
dependent cell detachment process was evaluated with different shear
stress. MFCs in microchannel received with strongest shear stress were
found to be detached from the substrate more quickly than those in
other microchannels. An intrinsic detachment rate constant for cell
detachment was obtained through studying the effect of shear stress
on cell detachment times. The proposed device and quantitative analy-
sis could be used to assess the interaction between cells and PIPAAm
layer with a potential application to design a cell-sheet culture surface
for tissue engineering.
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32.P12
Cell behavior on nanofiber scaffold with different
geometry
S Fujita, H Yoshimura, H Shimizu and S Suye
University of Fukui, Japan

Control of growth and differentiation of mesenchymal stem cell (MSC)
is highly desired for their application of regenerative medicine. To
develop an efficient method to control cell responses, we focused on
anisotropic structures of extracellular matrix (ECM). It is well known
that cells are oriented along with ECM in vivo. Therefore, mimicking
the structures would lead to the development of novel biomaterials for
regenerative medicine, such as an effective repair of wounds. To mimic
ECM structures, we have employed aligned nanofiber scaffolds fabri-
cated by an electrospinning method. Scaffolds with different geometry
were fabricated by a rotating collector with different rotation speed.
We have examined the extension, the proliferation and the differentia-
tion of human MSCs cultured on them. As a result, cells cultured on
the aligned fibers showed less elongation than cells on the random
fibers, and also showed more alignment along with fibers. No signifi-
cant relationship was observed between cell spreading and cell growth,
but the proliferation was inhibited on the random fibers. In addition,
we found that the random fibers also showed an inhibitory effect of
adipoinduction of MSCs by immunohistochemical analysis and gene
expression level. These results imply that the different geometry would
lead to the different cell response. Therefore, the nanofiber scaffolds
can be applicable for the differentiation of MSCs in a 3D-culture condi-
tion by regulating their geometry.

32.P13
Synthetic polymer coatings for improved
adhesion of human cells
S Rimmer, K Cox-Nowac and S Canning
Polymer and Biomaterials Chemistry Labs., Dept Chemistry,
University of Sheffield, UK

Previously, we showed that addition of primary alkyl amines, which are
lysine mimics, provides significant improvements in cell adhesion and
proliferation on swollen hydrogels. With these results in mind we set
about designing coatings that could be used to add both primary amine
and carboxylic acid functionality to other scaffolds.We chose poly(butyl
methacrylate) as a base polymer and then produced : telechelic oligo-
mers; highly branched polymers or linear polymers with pendant or
chain end carboxylic acid or amine functionality. We describe the syn-
thesis of these novel coating materials. In contrast to our previous
results on hydrogels none of the alkyl amine functional polymers pro-
vided useful surfaces for the adhesion of primary human dermal fibro-
blasts or human primary osteoblasts. However, the carboxylic acid
functional materials provided excellent surfaces provided the polymers
had Mn above 2000 g/mol The effect of polymer architecture (linear
telechelic, linear pendant or highly branched) on cell adhesion was sig-
nificant and we were able to provide an optimised highly branched
polymer that consistently had the best performance in comparative
tests. Importantly, these results showed differences in the performance
between polymer coatings, with different architectures. Also compari-
son to our earlier work shows key differences between hydrogels with
amine or carboxylic acid functionality and these non-swollen coatings
that present the same functionality.

32.P14
Development of label-free cell separating system
based on the functional surface with
thermoresponsive polymer brush
A Kimura, K Nagase, T Shimizu, K Matsuura, N Takeda
and T Okano
Waseda University, Japan; Institute of Advanced Biomedical
Engineering and Science Tokyo Women’s Medical University,
Japan

Cell separation technologies become increasingly important in the
fields of regeneration medicine. Recently, fluorescence-activated cell
sorting (FACS) and magnetic cell sorting (MACS) are widely used as
precise cell separation methods. However, these cell separation meth-
ods require the modification of cell surfaces with fluorescent antibody
or magnetic particles. Thus, a cell separation method that requires no
modification on the surface of cell is preferable for utilizing separated
cells for transplantation. In this study, a new cell separation system
using thermoresponsive polymer brush has been developed for cell sep-
aration without modification on cell surfaces. Poly(N-isopropylacryla-
mide)(PIPAAm) brush with various brush lengths were modified on
glass substrate through surface-initiated atom transfer radical polymer-
ization (ATRP). Temperature-dependent adhesion and detachment
behaviors of four different human cells, fibroblasts (NHDF), endothelial
cells (HUVEC), myoblasts (HSMM), smooth muscle cells (SMC), on
the prepared surface were observed at 37 �C and 20 �C, respectively.
Using the surface with moderate brush length of PIPAAm (Mn:
12 800), HUVEC and HSMM were separated, due to the different
detachment properties of these cells from the thermoresponsive sur-
face. These results indicated that different types of cells could be sepa-
rated with proper length of PIPAAm brush, and this method would be
useful as a new cell separation method.

32.P15
Charged nanomatrices as efficient platforms for
modulating cell adhesion and shape
J Kim, DH Kim, TL Lim, H Seonwoo, SH Park, YR Kim,
YH Choung, PH Choung and JH Chung
Department of Biosystems & Biomaterials Science and
Engineering, Seoul National University, Korea; Department of
Bioengineering, Center for Cardiovascular Biology, Institute of
Stem Cell and Regenerative Medicine, University of Washington,
USA; Department of Chemistry, Seoul National University;
Department of Otolaryngology, Ajou University School of
Medicine; Tooth Bioengineering National Research Lab,
Department of Oral and Maxillofacial Surgery, School of
Dentistry, Seoul National University, Korea

In this report, we describe the design and manipulation of charged
nanomatrices and their applications as efficient platforms for modulat-
ing cell behaviors. Using electrospraying technology and well designed
biomaterials, poly(�-caprolactone) (PCL) and polyethylenimine (PEI),
the negatively charged PCL nanomatrix (nPCL nanomatrix) and the
positively charged PCL nanomatrix (pPCL nanomatrix) were fabricated.
Our results showed that the pPCL nanomatrix promoted adhesion of
NIH 3T3 fibroblast cells more than the nPCL nanomatrix. Detachment
of NIH 3T3 fibroblast cells on the pPCL nanomatrix by trypsin-ethy-
lenediamine tetra acetic acid (EDTA) was about two times faster than
on the nPCL nanomatrix. The pPCL nanomatrix had NIH 3T3 fibroblast
cells with a relatively spherical shape, whereas NIH 3T3 fibroblast cells
on the nPCL nanomatrix had an aligned narrow shape. It was also
found that charged nanomatrices influenced cross-sectional cell shape.
The cross-sectional cell shape on the pPCL nanomatrix was extremely
flattened, whereas the cross-sectional cell shape was relatively round
on the nPCL nanomatrix and some of the adhered cells floated. We also
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showed that the surface of the nPCL and the pPCL nanomatrices
adsorbed the different serum proteins, respectively. These data collec-
tively demonstrated a combination of factors including nanoscale struc-
ture, electrostatic forces, and absorption of biomolecules on charged
substrates affected cell responses such as adhesion and shape.

32.P16
Phagocytosis of adsorber-microparticles by THP-1
derived macrophages
D Pfeiffer, B Maurer, E Roßmanith, M Siwetz, I Lang
and D Falkenhagen
Center of Biomedical Technology, Danube University Krems /
Institute of Cell Biology, Histology and Embryology, Medical
University Graz, Austria

Adsorbent microparticles of the Microsphere-based Detoxification Sys-
tem (MDS) are used for extracorporeal blood purification in liver dis-
ease and sepsis. Here, we intended to clarify if microparticles escaped
from MDS into the patient’s blood stream could be phagocytosed by
macrophages. Monocytic THP-1 cells were treated with 50 ng/ml phor-
bol myristate acetate (PMA) to induce macrophage phenotype. Differ-
ent concentrations of 3 lm-, 5 lm- and 10 lm-Polystyrol-
Divenylbenzol-Adsorber (PDA) microparticles were added, cells were
incubated for various durations (4–48 h) and were observed after HE-
staining by light microscopy. To discriminate between internalized par-
ticles and cell-surface adhered particles, FITC-labeled adsorbent-micro-
particles in combination with an extracellular fluorescence quenching
agent (trypan blue) were used for the identification of particle internal-
ization by fluorescence microscopy and flow cytometry. Fluorescence
microscopy revealed the phagocytosis of PDA microparticles by THP-1
derived macrophages: 69% of the macrophages incorporated 3 lm-par-
ticles, 57% 5 lm-particles and 12% 10 lm-particles. Flow cytometric
analysis indicated high fluorescence intensities at 530 nm in contrast
to 670 nm. The use of trypan blue inversed the fluorescence character-
istics, thus indicating phagocytosis of PDA microparticles.By the use of
fluorescence microscopy it was shown that PDA microparticles size-
dependently get phagocytosed by THP-1-derived macrophages.

32.P17
Lymphocyte separation columns using
thermoresposnive polymer brush grafted glass
beads
K Nagase, N Mukae, A Kikuchi and T Okano
Tokyo Women’s Medical University, Japan;Tokyo University of
Science, Japan

Recently, a strong demand for cell separation technologies has been
increased due to various applications in biotechnology and biomedical
fields. In this study, we prepared poly(N-isopropylacrylamide) (PIP-
AAm), thermoresponsive polymer, brush grafted glass beads through
surface-initiated ATRP as novel cell separation matrices. The prepared
beads were packed into poly(vinyl chloride) tubing fitted with nylon
mesh column supports. Rat lymphocyte suspension, from the mesen-
teric lymph nodes of Wistar male rats, was passed through the column
at 37 �C for 3.5 min at a flow rate of 0.4 ml/min using an infusion
pump, and lymphocyte retention was estimated. Then, HBSS was
passed through the column at 5 �C for 3.5 min at a flow rate of
0.4 ml/min, and the lymphocyte recovery rate was estimated. Lympho-
cyte retention at 37 �C decreased and recovery at 5 �C increased with
increasing PIPAAm brush length, because the hydrophilicty increased
with grafted PIPAAm brush length. Retention of B cells decreased with
increasing the grafted amount of PIPAAm, while Tcells percentage scar-
cely decreased. Thus, B cell contents in lymphocyte was adjustable by
flowing them into PIPAAm brush modified glass beads packed column

and changing the column temperature, and the cell retention proper-
ties of PIPAAm brush would be useful as effective cell separator.

32.P18
Selective osteoblastic citotoxicity induced by
nanostructured ZnO in PU /ZnO composites
JL Luis, ME Costa, MHV Fernandes, SI Vieira and
OAB Cruz e Silva
Universityy of Aveiro, Department of Ceramics and Glass
Engineering & CICECO, Portugal; University of Aveiro, Health
Sciences and Biology Departments, Centro de Biologia Celular,
Portugal

Nanosized particles of certain materials have recently demonstrated to
be highly beneficial to human health, acting either as tissue regenera-
tion promoters or as strategic cell destroyers. Zinc oxide (ZnO) nano-
particles can produce no cytotoxicity on certain cells types, whereas
inducing apoptosis in others. This selective cytotoxicity makes ZnO
nanoparticles interesting potential therapeutic agents for the treatment
of several diseases, such as cancer. However, a deeper understanding is
still necessary on ZnO toxic effects and on its interactions with biologi-
cal systems. In this work nanostructured ZnO particles, either synthe-
sized by chemical precipitation or commercially available, were
incorporated (2 and 50%wt) into a polyurethane (PU) matrix to obtain
composites that were characterized, submitted to in vitro acellular bio-
activity tests and to cell viability assays using MC3T3 cells. Composites
loaded with 50%wt ZnO were more bioactive than PU alone or 2%wt
PU/ZnO. However, cell viability was higher for the 2%wt PU/ZnO for-
mulations, while the toxicity effects of the 50%wt PU/ZnO composites
(with both commercial and precipitated ZnO) were similar to those
induced by the ZnO particles alone. These differential responses are
discussed in terms of the Zn2+ released to the environment. Given that
PU/ZnO composites bioactivity and cytotoxicity may be strategically
controlled by manipulating ZnO content, this opens a wide variety of
medical therapeutic applications.

32.P19
Nanostructured multicomponent coatings via
layer-by-layer technique for biomedical
applications
I Carmagnola, V Chiono, AM Duarte Ferreira, M Abrigo,
F Boccafoschi and G Ciardelli
Politecnico di Torino,Italy; Università del Piemonte Orientale, Italy

As surface properties of biomaterials influence their initial interaction
with cells, surface modifications play a central role in material design.
In this work, the layer-by-layer (LbL) technique was used to perform
multilayered coating, through alternately deposition of polyelectro-
lytes, to modify cardiovascular devices and wound healing dressings.
Poly(L-lactic) acid (PLLA) films were aminolized by incubation in 1,6-
hexamethylendiamine/1 propanol solution. Stainless steel (SS) plates
were soaked in (3-Aminopropyl)triethoxysilane (APTES) solution in 1/
1 (v/v) water/ethanol. The pre-functionalized substrates were coated
via LbL using heparin (HE) as polyanion and chitosan (CH) or
poly(diallyldimethylammonium chloride) (PDDA) as polycation. The
multilayered films were characterized for their physico-chemical prop-
erties and in vitro cell response. Successful functionalisation of PLLA
and SS substrates with HE/CH and HE/PDDA coatings was confirmed
by surface characterization techniques: XPS, UV-Vis, AFM and contact
angle analyses. HE/CH coatings showed antibacterial properties.
Whereas HE/PDDA coatings inhibited platelet adhesion and activation.
In conclusion, LbL coatings were developed: (i) with antibacterial prop-
erties for wound healing dressings and (ii) with anticoagulation proper-
ties for cardiovascular devices. NANOSTENT (Regional Project,
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Regione Piemonte), BIODRESS and NANOWELL (MANUNET ERA-
NET project) projects are acknowledged.

32.P20
Enzyme mediated, oxidative crosslinking of
multifunctional, branched PEG: Characterization,
particle formation and stem cell encapsulation
DJ Menzies, A Cameron, BGC Maisonneuve, L GrØndahl,
E Wolvetang and J Cooper-White
AIBN, The University of Queensland, Australia

The successful use of stem cells within the regenerative medicine field
relies heavily on the generation of functional synthetic support systems
that provide the necessary biochemical cues for cell attachment, sur-
vival and fate specification. While there has been a vast amount of
research into this area to date, a tunable, scalable and defined high
throughput approach is yet to be developed. In answer to this, we have
generated hydroxy phenol functionalised branched PEG hydrogels,
cross-linked via an enzyme mediated, oxidative process. The use of the
branched PEG as a hydrogel material has the distinct advantage over
other materials as it is biocompatible and bioinert, while also having
the ability to be functionalised with specific peptide sequences enabling
specific cell-gel interactions. ATR-FTIR and 1H NMR was used to con-
firm and quantify the degree of hydroxy phenol functionalisation. The
rate of gelation and modulus of the hydrogel is shown to be tunable by
variation to the enzyme/initiator ratio, as confirmed using oscillatory
rheometry. The polymer concentration and degree of hydroxy phenol
substitution were also shown to affect the resulting hydrogel modulus.
A high throughput approach to the encapsulation of human mesenchy-
mal stem cells (hMSCs) has been developed where the effect of particle
size and frequency, cross-linking agent concentration and cell feed den-
sity has been investigated for the optimisation of functional cell-gel
spheroids.

32.P21
Physico-chemical and enzymatic properties of
PVGLIG and PVGLIG-alginate hydrogels
KB Fonseca, PL Granja and CC Barrias
Instituto de Engenharia, Universidade do Porto, Portugal;
Universidade do Porto, Faculdade de Engenharia, Portugal;
Universidade do Porto, Faculdade de Engenharia, Portugal;
INEB – Instituto de Engenharia, Universidade do Porto,
Portugal

ECM-like matrices based on peptide-modified hydrogels are being
increasingly explored not only for tissue engineering applications but
also as 3D cell culture models. We previously reported that bi-function-
alization of alginate hydrogels with cell-adhesion (RGD) and protease-
sensitive (PVGLIG) domains provides a dynamic environment to 3D-
cultured mesenchymal stem cells (MSC), promoting their interaction
with the matrix and other cells. Here, the system was further character-
ized at different levels. The effect of peptide-grafting on hydrogel’s vis-
coelastic properties was analysed by DMA. PVGLIG hydrolysis by
matrix metalloproteinases (MMP) was evaluated using a FRET-peptide.
MMP expression during MSC differentiation was analysed by zymogra-
phy and RT-PCR. DMA showed that PVGLIG could be strategically
inserted on the low molecular weight (MW) fraction of hydrogels with
a binary composition of low-high MW, without altering their mechani-
cal properties. PVGLIG was a good substrate to MMP9, MMP2, MMP14
and MMP13, but not to MMP1 and MMP8. During osteogenic differen-
tiation, MMP2 was still expressed, albeit at lower amounts compared
to basal conditions, while the opposite was observed for MMP14. The
cocktail of cell-secreted proteases present on the conditioned medium

of MSC cultures hydrolysed the FRET-PVGLIG but not the scrambled
control peptide.
Acknowledgements: FEDER funds through COMPETE and FCT, PTDC/
SAU-BEB/101235/2008 & FCOMP-01-0124-FEDER-010915, FCT for
SFRH/BD/30057/2006.

32.P22
Polyhydroxybutyrate and polyethylene glycol
composites as biomaterials for biomedical
applications
TH Chan, H Marcal, RA Russell, PJ Holden and LJR Foster
UNSW, Australia; ANSTO, Australia

Polyhydroxyalkanoates (PHAs) are hydrophobic biopolyesters which
are naturally produced by-products of a range of bacteria. The most
common type of PHAs is Polyhydroxybutyrates (PHB) which is biocom-
patible, biodegradable and FDA approved polymers, and has been used
as biomaterials for implantation devices. Recent studies have suggested
combining PHB with polyethylene glycol (PEG) through blending or
‘BioPEGylation’, in order to promote cell responses and improving PHB
material properties. This study will examine the effects of blending and
microbial hybridisation on the material properties and biocompatibility
of PHB. This study found that increasing the PEG loading led to an
improvement in PHB’s ability to uptake water and the hydrophilic char-
acteristics of the films. The mechanical strength and flexibility of PHB/
PEG (80/20) films were found to have improved significantly when
compared to PHB. The ability for PHB in blended and hybrid films to
crystallise was found to have reduced significantly. This study also
investigated the biocompatibility of PHB/PEG and hybrid films by
examining on cell attachment, proliferation and the cell cycle of neural
associated olfactory ensheathing cells (OECs). Our positive results
show that blending PHB with PEG or ‘BioPEGylation’ is one way to
improve degradation rate, overall biocompatibility and material proper-
ties of PHB. Therefore, make it a potential use for neural tissue engi-
neering strategies in regenerative medicinal applications.

32.P23
Sustained oxygen release from PLGA
microspheres
H Steg, AT Buizer, SK Bulstra, AG Veldhuizen and R Kuijer
UMCG, Department of Biomedical Engineering, The Netherlands;
UMCG, Department of Orthopedic Surgery, The Netherlands

One of the leading causes of cell death in large cell-scaffold complexes
is a lack of oxygen. The aim of this research project was to develop a
material with slow oxygen release that can be used as a side kick for
bone scaffold materials. By incorporation of calcium peroxide into poly-
lactic-co-glycolic acid (PLGA) microspheres, any contact with water
will release oxygen through degradation of the peroxide. This system
will keep cells alive so that vascular networks can be developed after
which a natural sustained oxygen supply can be achieved. Human mes-
enchymal stem cells (hMSCs) were isolated with a Ficoll density gradi-
ent method from reaming debris that was collected during total hip
replacement. Microspheres were produced in an oil-in-oil (o/o) solvent
evaporation method out of a 10% PLGA (w/v) and 5% CaO2 (w/w)
solution. hMSCs were grown on PLGA/CaO2 films and in the presence
of PLGA/CaO2 microspheres. Microspheres were produced that
showed a reproducible oxygen release for up to 100 h. hMSCs were
seeded on PLGA/CaO2 films, but adherence to the material did not
occur. The presence of microspheres was well tolerated by hMSCs
grown in vitro. If high amounts of microspheres were added to tissue
culture wells, cell death occurred due to the toxic levels of H2O2, a neg-
ative product of the reaction of CaO2 and water. A sustained oxygen
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release system has been created that can serve as a side kick in large
cell-scaffold constructs and that is well tolerated by hMSCs.

32.P24
Facile preparation of macroporous Resomer�/
Gelatin/Chitosan cryogel: Physical-chemical,
mechanical and biological properties
ZY Garcı́a-Carvajal, C Ibarra Ponce de León, V Martı́nez López,
D Garciadiego-Cazeres, E Villalobos Córdoba,
FM Sánchez-Arévalo, E Fregoso Israel, RA Mauricio Sánchez,
C Velasquillo Martı́nez and G Luna-Bárcenas
Instituto Nacional de Rehabilitación, Mecixo;Instituto de
Investigaciones en Materiales-UNAM; Cinvestav Queretaro,
Mecixo

Porosity plays a significant role in the overall function of tissue engi-
neering scaffolds. In particular, pore characteristics such as pore size
and interconnectivity are critical in hydrogel properties. Enhancing
porosity and pore interconnectivity have been shown to enhance nutri-
ent diffusion and waste exchange, while decreasing the mechanical
properties of hydrogels. Optimizing technology scaffold fabrication is
essential for tissue engineering(TE) applications. The aim of this study
was to propose a novel technique scaffold preparation. Porous hydro-
gels chitosan/gelatin/ Resomer� particles were prepared using a dou-
ble emulsion process succeeding by freeze-drying method followed by
a chemical treatment and photocrosslinking (UV radiation). Morphol-
ogy hydrogels showed high porosity observed by ESEM. Chemical
interactions were demonstrated by FTIR and thermal characterization
(DSC). Mechanical properties in cryogels showed a unimodal behavior
(41 MPa ± 10) while in hydrogels showed bimodal behavior
(148 KPa ± 24 and 254 KPa ± 27 Young modulus). Moreover, cell
viability and cell adhesion were tested by Live/Dead kit, ESEM and
TEM. Biopsy samples of articular cartilage chondrocytes were obtained
from intercondylar area of male with a post-traumatic defect of anterior
cruciate ligament. The developed process can be easily used to gener-
ate porous hydrogels to further promote cell proliferation and may be
of use for a broad range of TE applications.

32.P25
Enhanced mechanical property and pH
neutralization effect of PLLA films blended with
OLA-grafted magnesium hydroxide nanoparticles
DK Han
Korea Institute of Science and Technology, Korea

Biodegradable polymers, such as poly(lactide) (PLA), poly(glycolide)
(PGA), and poly(caprolactone) (PCL), have been widely used in bio-
medical applications. However, their degradation by-products have
been concerns because they are a source of inflammatory reaction in
the body. In addition, relatively weak mechanical property is another
shortcoming. In this study, we synthesized oligolactide (OLA)-grafted
magnesium hydroxide nanoparticles and investigated the neutraliza-
tion effect on acidic pH caused by biodegradation as well as the
improvement of mechanical properties in the nanocomposite with
PLLA. OLA-grafted magnesium hydroxide nanoparticles was character-
ized by FTIR and TGA. With increasing the portion of nanoparticles,
PLLA matrices showed enhanced mechanical properties, which
increased tensile strength. This means that grafted OLA enhanced the
interfacial interaction between PLLA matrix and the nanoparticles.
Moreover, the pH change was tested in deionized water at 37 �C for
8 weeks. OLA-grafted magnesium hydroxide nanoparticles effectively
neutralized acidic environment that was caused by hydrolytic degrada-
tion of PLLA film. Therefore, this study demonstrated that OLA-grafted

magnesium hydroxide nanoparticles effectively not only improved
mechanical properties of PLLA matrix but also showed pH neutraliza-
tion effect, which could be very promising for biomedical applications
such as biodegradable stents and prostheses.

32.P26
Response of marrow stromal cells to
encapsulation in inert hydrolytically degradable
polyethylene glycol hydrogels
S Moeinzadeh, D Barati, X He and E Jabbari
University of South Carolina, USA

PEG hydrogels are inert and non-immunogenic and have been used
extensively as a matrix to investigate the effect of microenvironment
on cell function. However, their use for in vivo applications is severely
limited by their non-degradability. The objective of this work was to
investigate the response of marrow stromal cells (MSCs) to encapsula-
tion in degradable star poly(ethylene glycol-co-lactide) acrylate (SPEL-
A) hydrogels. The SPELA macromonomer, MSCs, Ac-GRGD, and
rhBMP-2 were mixed and crosslinked by UV polymerization and cul-
tured in osteogenic media for 21 days. At each time point, samples
were used for determination of extent of mineralization and mRNA
analysis. SPELA hydrogels with compressive moduli as high as 500 kPa
were synthesized. In 4 weeks, the SPELA hydrogels with 2 and 4 lac-
tides per macromonomer arm had 35% and 90% mass loss, respec-
tively, compared to <5% mas loss for non-degradable PEG hydrogel.
When MSCs were encapsulated, ALPase activity, osteognic markers
Dlx5 and Runx2 peaked at day 7. The peak intensity was significantly
higher with the addition of osteoinductive factor rhBMP-2. The expres-
sion of osteopontin and osteocalcin increased with time, but the
increase was greater with rhBMP-2. The extent of mineralization
increased with time, with those treated with rhBMP-2 having slightly
higher extent of mineralization. The SPELA hydrogel is attractive as
inert, degradable, remodelable, and injectable matrix for cell delivery
in TE applications.

32.P27
Preparation and characterization of nano-
hydroxyapatite/silicone rubber composites for
potential use as soft-tissue implants
S Vasilakos, P Tarantili, Gotsis, K Kyriakidou and
T Papadopoulos
Biomaterials Laboratory, Dental School, University of Athens,
Greece; Polymer Technology Laboratory, School of Chemical
Engineering, Greece

Introduction: Silicone rubber (SR) has been widely used clinically as
implant material characterized by heat and chemical stability and phys-
iological inertness. This material does not unite organically with tis-
sues, due to its bio-inertness, leading in some cases to inflammation
and foreign-body reaction after implantation. In order to overcome the
above drawbacks of SR, Hydroxyapatite (HA) can be used as an addi-
tive. ExperimentalSR/HA nanocomposites, with 5–20 phr loadings,
were prepared using the sonication technique and subsequently charac-
terized by X-ray diffraction (XRD), differential scanning calorimetry
(DSC), thermogravimetric analysis (TGA), tensile and tear tests. Also
cell cultures of primary fibroblasts has been performed on SR hybrids
in order to asses biomaterial biocompatibility (MTT test). Scanning
Electron Microscopy (SEM) analysis has been performed after 48 h of
culture on both HA/SR nanocomposites and pristine elastomer.
Results: The incorporation of nano-HA into silicone rubber does not
affect the thermal transitions of polymer, improves the thermal stability
in inert atmosphere and the mechanical performance of the derived
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nanocomposites. From SEM analysis it is obvious that the reinforced
materials present an improved surface for cells attachment and distri-
bution. The above suggest that the studied hybrids would display
improved biocompatibility and bioactivity when used in soft-tissue
implants applications.

32.P28
Study of adsorbed proteins on nanofibrous
substrates
D Kumar, P Roach, NR Forsyth and Y Yang
Keele University, United Kingdom

Protein adsorption to substrates is important in the mediation of cell
behaviour and can be used to reveal underlying cell-substrate interac-
tion. Here, we investigate adsorption of serum proteins onto polycapro-
lactone (PCL) nanofibres using fluorimetry and TOF-SIMS to
determine variation of proteins adsorbed from pure protein solutions
and from stem cell conditioned media. PCL was electrospun in two dif-
ferent orientations (aligned or random) onto glass coverslips. Sub-
strates were incubated in a range of single protein containing solutions
(laminin, collagen, fibronectin) and conditioned media. After incuba-
tion protein/media supernatant was collected and protein concentra-
tion quantified using NanoOrange fluorimetric assay. Substrates were
analysed using TOF-SIMS and Principle component analysis (PCA).
PCA analysis of TOF-SIMS data revealed significant spectral differences
when comparing adsorbed protein layers on control glass coverslips to
nanofibre substrates. Data suggested that protein-substrate interactions
gave rise to differences in adsorbed proteins from conditioned media,
with quantification also showing that chemistry and topography varia-
tion in surface alters the concentrations and types of absorbed proteins
on the substrates. Substrate chemistry and topography influences pro-
tein adsorption. TOF-SIMS analysis demonstrates the ability to identify
adsorbed proteins on synthetic substrates from media which is rela-
tively undefined.

32.P29
Characterization of poly(N-isopropylacrylamide)
modified polydimethylsiloxane surfaces as new
type of temperature-responsive cell culture
surfaces
Y Akiyama, M Yamoto and T Okano
Tokyo Women’ Medical University, Japan

It is known that conventional temperature-responsive cell culture sur-
faces (TRCS) showed nano-level polymer thickness dependency on cell
adhesion properties as well as hydrophobicity of TRCS. To recover tar-
geted cells sheet from TRCS, the polymer thickness and the polymer
graft density was adjusted for preparation of TRCS appropriate for the
targeted cells culture by using different monomer concentration. How-
ever, such adjustment may be sometimes difficult because of precise
construction of nono-orderd polymer layer on the TRCS, and several
trials needed to be carried out to obtain appropriate TRCS. Convenient
adjustment of the polymer thickness and density is desired for prepara-
tion of TRCS for culturing the targeted cells. To achieve the adjustment
conveniently, we tried to utilize mechanical stretching for TRCS.
Namely, new type of TRCS was prepared by modifying stretchable poly-
dimethylsiloxane (PDMS) as base substrate with poly(N-isopropyl-
acrylamide) (PIPAAm-PDMS) on the basis of the concept that the
grafted PIPAAm thickness as well as the polymer density can be
decreased by mechanically extending the PIPAAm-PDMS. In this pre-
sentation, to demonstrate the concept, we compared PIPAAm-PDMS
surface properties such as wettability, the polymer graft density and cell
adhesion behaviour before and after an induction of mechanical exten-

sion. The results possibly suggest mechanical stretching easily adjust
the polymer thickness and density of the PIPAAm-PDMS surfaces.

32.P30
Corrosion stability of silver-doped
hydroxyapatite/lignin coatings in simulated body
fluid
S Eraković, R Surudžić, D Veljović, T Stevanović,
M Vukašinović-Sekulić, I Matić, Z Juranić
and V Miskovic-Stankovic
Faculty of Technology and Metallurgy, University of Belgrade,
Serbia;Département des sciences du bois et de la forêt, Universite
Laval, Canada; Institute of Oncology and Radiology of Serbia,
University of Belgrade, Serbia

The composite coatings containing biopolymers and bioactive ceramic
materials, such as hydroxyapatite (Ca10(PO4)6(OH)2, HAP), on tita-
nium may have excellent properties like biocompatibility, osteoconduc-
tivity and mechanical strength. But, bacterial infection of hard tissue
implants is still the main problem that can be prevented by using the
antimicrobial coatings containing silver. In this study, the chosen con-
centration in silver-doped hydroxyapatite/lignin (HAP/Lig) coating
was 0.5 wt. % Ag, with different lignin concentrations. The Ag/HAP/
Lig coatings fabricated by electrophoretic deposition have been investi-
gated by various characterization techniques. The X-ray photoelectron
spectroscopy (XPS) analysis showed that the atomic Ca/P ratio was
1.63 ± 1 and remains almost the same after sintering. The cytotoxicity
and antimicrobial activity of Ag/HAP/Lig coatings were investigated by
MTT test and antimicrobial test in suspension, respectively. The evalua-
tion of corrosion stability of non-sintered and sintered Ag/HAP/Lig
coatings with 1 wt. % Lig concentration was investigated in simulated
body fluid (SBF) at 37 �C by electrochemical techniques: open circuit
potential–time measurements and electrochemical impedance spectros-
copy (EIS). It was shown that sintered Ag/HAP/Lig coatings exhibited
good corrosion stability in SBF solution, while non-sintered coatings
showed significantly lower stability.

32.P31
Comparison of nanoscale hydroxyapatite
produced by wet precipitation and sol-gel
methods
CJ Wilcock, H Drouin, WAustin, CA Miller and PV Hatton
Univeristy of Sheffield, United Kingdom; Ceramisys Ltd, United
Kingdom

Hydroxyapatite (HA) has been used extensively in dental and ortho-
paedic applications, because of its excellent biocompatibility and osteo-
conductivity. Nanoscale HA is expected to have even greater bioactivity
when compared to current microcrystalline materials due to the high
surface area: volume ratio and biomimetic nature of nanoscale HA.
However, preparation of nanoscale HA is a technically greater chal-
lenge than the production of conventional macroscale materials. The
aim of this study was to compare wet precipitation and sol-gel methods
to produce nanoscale HA. The wet precipitation method involved the
titration of a phosphorus solution into a calcium solution using a peri-
staltic pump. Factors such as chemical precursors, pH, synthesis tem-
perature and the presence of ethanol were investigated. Similarly, the
sol-gel method comprised of the titration of a calcium nitrate solution
into a triethyl phosphite solution. The pH and sintering temperatures
were varied to investigate their effect on the purity and size of the HA
particles. X-ray Diffraction (XRD) was used to confirm the formation of
HA, while Transmission Electron Microscopy (TEM) was applied to
determine particle size and morphology. It was concluded that both
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methods were suitable for production of HA, although wet precipita-
tion might be superior for commercial adoption.

32.P32
Fibrous protein adsorption on the bioglass
surface studied by XPS and FTIR spectroscopy
K Magyari, L Baia, E Vanea, O Popescu and V Simon
Faculty of Physics & Interdisciplinary Research Institute on
Bio-Nano-Sciences, Babes-Bolyai University, Romania;
Interdisciplinary Research Institute on Bio-Nano-Science,
Molecular Biology Center, Babes-Bolyai University Cluj-Napoca,
Romania & Romanian Academy, Institute of Biology, Bucharest,
Romania

The proteins adsorption on the scaffold surface leads to changes in
their conformation and will further influence the adhesion, migration
and growth of cells. The aim of this study was to monitor the attach-
ment on bioglass powders and the conformational changes of two
fibrous protein, fibrinogen (bovine plasma) and collagen (calf skin type
III). Samples of SiO2-CaO-K2O-P2O5 bioactive glass system were pre-
pared by sol-gel method. After aging at room temperature under atmo-
spheric conditions, the dried gel was annealed at 300 �C in air for
30 min. The obtained powder samples were immersed in fibrinogen/
collagen solution for 24 h at a constant temperature of 37 �C. The rela-
tive concentration of C, N and O determined from XPS survey spectra
analysis after immersion in protein solutions points out the protein
attachment on the surface of the bioactive glass particles. Comparative
analysis of FT-IR spectra recorded from native protein and biocompos-
ite samples, after immersion in protein solution, shows changes of the
secondary structure in amide I absorbtion band. The content of the a-
helix, b-sheet, b-turns and random structures was estimated by apply-
ing a deconvolution procedure to the large absorption amide I band by
using a Gaussian line function, after determining the number of compo-
nents and their peak positions by second derivative analysis. K.M.
author wishes to thank for the financial support provided by Contract
POSDRU/89/1.5/S/60189.

32.P33
Protein adsorption onto bioactive glasses –
conformational changes and quantitative
adsorption analysis
C Gruian, E Vanea, A Vulpoi, HJ Steinhoff, V Simon
and S Simon
Babes-Bolyai University, Faculty of Physics & Institute of
Interdisciplinary Research in Bio-Nano-Sciences, Cluj-Napoca,
Romania; University of Osnabrück, Physics Department,
Germany

One important aspect that has to be considered in investigating the bio-
compatibility of a biomaterial is its response in terms of interactions
with proteins. However, protein behavior after adsorption and details
concerning the amount of the protein attached are relatively few eluci-
dated. Most of the techniques that are frequently used to gain such
information exhibit serious limitations and are not easily adaptable to
proteins adsorbed on solid surfaces. The goal of this work is to use EPR
spectroscopy for investigating adsorption of horse hemoglobin and BSA
on Bioglass 45S5 functionalized with glutaraldehyde (GA). Native cy-
steines from position b-93 in horse hemoglobin and position 34 in BSA
were spin-labeled with Iodoacetamide spin label. Cw EPR spectra of
the proteins in buffer solution were recorded to assess the dynamics of
the attached spin labels and the amount of the protein bound on the
bioglass. The obtained results were correlated with the results obtained
by XPS spectroscopy and SEM images. The distance between the spin

labels was measured at 50 K, by using the DEER pulsed EPR technique.
The results suggest that GA positively influences the protein binding
stability and induces polymerization of hemoglobin. The research was
accomplished in the framework of PNII Idei PCCE-312 /2008 project
granted by the Romanian National University Research Council. EV
author wishes to thank for the financial support provided through the
Contract POSDRU/89/1.5/S/60189.

32.P34
Studies on bioactive glasses loaded with
vitamin C
E Laszloffi, A Vulpoi and V Simon
Babes-Bolyai University & Institute for Interdisciplinary Research
on Bio-Nano-Sciences, Romania

Since L-ascorbic acid, also known as vitamin C, is one of the essential
nutrients playing an important role in the synthesis of bone matrix col-
lagen, the aim of our study was to entrap vitamin C in bioactive glasses
with possible further application in bone tissue regeneration [1]. A bio-
active glass composition of SiO2-CaO-P2O5 system was synthesized
via acid catalyzed sol-gel route and it was loaded with vitamin C in
two ways. The first approach was to mix the glass sample in the sol
stage with a vitamin C solution. The second loading way was by
immersing wet gel, dried gel and thermally treated samples in vitamin
C solution. The samples were analyzed before and after loading, to see
the influence of ascorbic acid uptake on the structural, morphological
and bioactive properties of the glass matrix, using XRD, FTIR, SEM and
in vitro tests in SBF. The capability of protein adsorption on these sam-
ples was investigated by means of XPS and FTIR spectroscopy.[1] S.J.
Padayatty, A. Katz, Y. Wang, P. Eck, O. Kwon, J.-H. Lee, S. Chen, C. Cor-
pe, A. Dutta, S.K. Dutta, M. Levine, J. Am. Coll. Nutr. 22 (2003) 18-35.
Acknowledgements: PNII Idei PCCE-312/2008 project granted by the
Romanian National University Research Council. E.L. author wishes to
thank for the financial support provided from programs co-financed by
The SECTORAL OPERATIONAL PROGRAMME HUMAN RESOURCES
DEVELOPMENT, Contract POSDRU 107/1.5/S/76841– ‘Modern Doc-
toral Studies: Internationalization and Interdisciplinarity’.

32.P35
The risk of water soluble and bio-stable polymers
in regenerative medicine
S Beyer, AM Blocki, R Rashid, ZWK See, M Raghunath, T Wohland
and D Trau
National University of Singapore, Singapore

Water soluble and biostable polymers distribute and accumulate within
organisms, despite that knowledge they are frequently suggested for
newly devised strategies in regenerative medicine. Indeed carefully
evaluated save applications in medicine are known for polyvinylpyrroli-
done (PVP), polyacrylic acid, polyvinyl alcohol and others. It is tenuous
to use such polymers for drug delivery, cell culture or for any material
such as wound dresses or structural support elements, where the poly-
mers can eventually be released into circulation. Associated risks are
not obvious due to lack of classical toxicological properties, yet long
term consequences are documented. A novel approach to fluorescently
label PVP allows observation of pinocytosis into blood cells and FACS
analysis. Whole zebra fish imaging revealed time dependent systemic
distribution. A comparison between clearance of small molecular
weight substances, biostable and biodegradable polymers is presented.
Polymer circulation, pinocytosis by blood cells and possible entry routes
and accumulation into organs was studied. Missing links between those
steps were revealed by using a much improved optical labeling strategy
over conventional radio nucleotide studies in that field. Pinocytosis into
cells that are involved in tissue regeneration and repair indicate possi-
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ble explanation for reported organ failure in the past. Patients suffering
from polymer accumulation symptoms nowadays might benefit from
this much refined picture.

32.P36
Advantages of composite-scaffolds prepared by
freeze drying for bone engineering
B Fernandez-Montes and L Rodriguez-Lorenzo
Institute of Polymer Science and Technology, Spain

Scaffolds in tissue engineering are used for providing a temporary 3D
environment that promotes cell adhesion and proliferation, temporary
mechanical support and guiding for new tissue growth. Scaffolds based
on polymers and ceramics may provide with excellent material proper-
ties such as tunable biodegradability rates and tailored mechanical
properties.Preparation of a porous scaffold consisting of a polymeric
matrix of polyvinyl pyrrolidone (PVP) with polyethylene glycol dimeth-
acrylate (PEGDMA) and hydroxyapatite has been undertaken using a
freeze drying technique. NMR spectra confirmed the polymerization
reaction. TGA shows a weight loss between 316 and 480 �C which cor-
responds to the decomposition and volatilization of the polymer com-
ponent on heating and indicate a real ceramic content of 10 and 25%.
FTIR was used to study the incorporation of both VP and PEGMA and
OHAP in the system and DMA studies indicates an increase of elasticity
in the sample with 25% of OHAp. The ceramic component dispersion
is homogenous and that the reinforcement is based on phase aggrega-
tion. Pore content and pore interconnection can be modulated between
20 and 100 lm by controlling the freezing rate.The combination of the
hydrophilic character together with the porosity features, the mechani-
cal properties and non-toxicity of the composite system makes this
approach promising for bone tissue scaffolding.

32.P37
Synthesis of biodegradable poly(e-caprolactone)-
organosiloxane nanohybrids with charged
functional groups for bone tissue engineering
applications
SH Rhee, SH Song and W Shon
Seoul National University, South Korea

Poly(�-caprolactone)-organosiloxane nanohybrids with charged func-
tional groups were synthesized by sol-gel method with the capacity to
conjugate biomolecules for the potential application as a bone tissue
engineering scaffold. These nanohybrids contained positively charged
amine groups were synthesized by end-capping a,x-hydroxyl poly(�-
caprolactone) with (3-isocyanatopropyl)triethoxysilane followed by
sol-gel reaction with (3-aminopropyl)triethoxysilane. This resulted in a
nanohybrid composed of poly(�-caprolactone) segments connected by
siloxane linkages containing positively charged amine groups. The suc-
cessive succinlylation of amine groups created negatively charged car-
boxylate groups. The zeta potentials of the two nanohybrids with
amine and carboxylate groups were about +3.1 mV and -5.9 mV,
respectively. AFM determined an increase in surface roughness from
about 19.1 nm to 37.4 nm caused by introducing carboxylate groups
onto amine groups. Conjugation of an GGGGRGDASSK peptide onto
the carboxylated groups noticeably improved the proliferation and dif-
ferentiation activities of osteoblast-like cells. These results suggest that
these novel nanohybrids possess an encouraging potential to be used
as a tissue engineering scaffolding material due to their high capacity
for conjugating bioactive molecules.

32.P38
Low temperature hydroxyapatite/gelatine
robocasted scaffolds for bone tissue engineering
Y Maazouz, EB Montufar, F Fernandez and MP Ginebra
Biomedical Research Networking Center in Bioengineering,
Biomaterials and Nanomedicine, Spain; Biomaterials,
Biomechanics and Tissue Engineering Group, Dept. Materials
Science and Metallurgical Engineering, Technical University of
Catalonia, Spain; Institute for Bioengineering of Catalonia, Spain

The fabrication of bioactive scaffolds featuring controlled structures
from the nano up to the macro scale represents one of the most chal-
lenging issues of bone tissue engineering (BTE). However, most current
scaffold fabrication techniques do not allow an accurate control on
such a wide dimensional range. The aim of this work is to exploit the
low-temperature self-setting ability of calcium phosphate cements
(CPC) to fabricate robocasted scaffolds that combine the intrinsic CPC
nano/micro porosity with the controlled macroporosity introduced by
robocasting. The rheological properties of an a-tricalcium phosphate/
gelatine slurry with two granulometries were optimized for robocast-
ing. After that, three-dimensional scaffolds were fabricated using a
rapid prototyping machine (NScrypt, USA) with tapered tips of
0.84 mm of inner diameter. The scaffolds were characterized by N2
adsorption, field emission SEM and X-ray diffraction. Coarse or fine
powders led to plate- or needle- like calcium deficient hydroxyapatite
nanocrystals respectively, exhibiting specific surface areas between 13
and 40 m2/g. The liquid to powder ratio allowed tuning the micropo-
rosity of the strands between 35 and 55% whereas robocasting enabled
controlling the macroporosity and architecture of the scaffold. This
accurate control of the porosity at different scales represents a step for-
ward in the development of bioactive, osteoconductive and potentially
resorbable scaffolds for BTE.

32.P39
Macroporous hydrogels to recruit osteogenic
signals for bone regeneration
V Guarino, M Alvarez-Perez and L Ambrosio
National Research Council, Italy

Hydrogels have been largely studied to mimic basic functions of the
extracellular matrix of mineralized tissues. Major lacks in bone-substi-
tuting use concerned the inability to calcify inert hydrogels for promot-
ing cell differentiation into osteogenic way. However, their peculiar
transport properties can be successfully used to create reservoir systems
which properly recruit environmental signals to cells. Here, we intro-
duce an intriguing approach to obtain Poly(ethylenglycole)diacrilate
(PEGDA) by the combination of UV photopolymerization and salt
leaching technique. This versatile strategy allows creating an intercon-
nected macropore network – ca.200 lm in pore size - requirement for
an optimal cell hosting, while peculiar swelling properties of scaffold
trabeculae, which well-fit a Fick-like diffusion, assure an optimal supply
of signals able to variously trigger ‘in vitro’ cell activities. Accordingly,
we investigated the ability of macroporous hydrogels to induce hMSCs
differentiation in osteogenic ways. hMSC preliminary showed a good
affinity, not evidencing any citotoxicity until 6 days of culture. A copi-
ous deposition of calcium deposits has been detected by Alizarin Red
since 7 days in osteopromotive medium with an increasing amount of
mineral phases up to 21 days. These results have also been corrobo-
rated by EDX spectra which revealed the presence a Magnesium peak
(ca. 6% of Ca or P elements) so confirming the formation of mineral
phases with a bone-like composition.
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32.P40
Biologically active copolymer hydrogels
AC Harvey, SPArmes, CWI Douglas and S MacNeil
University of Sheffield, United Kingdom

Previous work from this group has shown antibacterial activity of di-
block and triblock synthetic biocompatible polymers [1]. Since such co-
polymers have potential biomedical applications, the aim of the current
study was to study the relationship between copolymer composition
and architecture so as to elucidate their likely antibacterial mechanism.
More specifically, the antibacterial activity of various different mono-
mers/copolymers of poly(2-(methacryloyloxy) ethylphosphorylcho-
line) [PMPC], poly(2-hydroxypropyl methacrylate) [PHPMA] and
poly(glycerol monomethacrylate [PGMA] towards Staphylococcus aur-
eus will be examined. Block copolymers were synthesized using either
atom transfer radical polymerization [ATRP] or reversible addition-
fragmentation [RAFT] polymerization and characterized via 1H NMR,
GPC and rheology. Anti-bacterial activity was assessed using several
well- known assays, including direct contact, adhesion, minimum
inhibitory concentration [MIC] and minimal bactericidal concentration
[MBC]. We have also prepared fluorescently-labeled copolymers using
a rhodamine 6G-based ATRP initiator to view their interactions with
cells and bacteria. The combination of antimicrobial activity with mam-
malian cell biocompatibility is unusual and suggests potential biomedi-
cal applications for these materials. 1. Bertal, K., et al., Antimicrobial
activity of novel biocompatible wound dressings based on triblock co-
polymer hydrogels. Journal of Materials Science, 2009

32.P41
Optimising gas foaming method to obtain highly
porous gelatin scaffolds
SA Poursamar, A Lehner and PAntunes
School of Science and Technology, University of Northampton,
United Kingdom; School of Health, University of Northampton,
United Kingdom

An ideal tissue engineering scaffold should have a high porosity and
inter-connected porous structure. Gas foaming is effective technique in
obtaining such structures. In this study, porous gelatin scaffolds were
prepared through gas foaming. Acetic acid and sodium hydrogen car-
bonate were used to produce CO2 gas within gelatin solution. As result
of gas production, gelatin solution turns into foam. Prepared foam
crosslinked using Glutaraldehyde and freeze-dried for 24 h before test-
ing. The impact of gelatin Bloom Index on the final product is studied
via compressive mechanical testing, SEM analysis, and water absorp-
tion. As of any other foaming system, viscosity and rheology of gelatin
solution are pivotal in obtaining an optimal porous structure, thus the
influence of viscosity changes as a function of solution temperature on
the prepared scaffolds macro-structure was also studied. It was shown
that at the same temperature, gelatin samples with different bloom
indices show different solution viscosities. An ideal viscosity for obtain-
ing optimum scaffold macro-structure is suggested. It was verified that
the gelatin bloom index has an impact on scaffold porous micro-tex-
ture, mechanical, and physical properties. Preparing porous scaffolds
from gelatin with a higher bloom index allows the final structure to
show an improved compressive strength, more desirable porous micro-
structure with better interconnectivity among pores, and a better water
absorption capability.

32.P42
Mechanical properties and cell viability of lactide
and caprolactone based 3-dimensional scaffolds
filled with inorganic bioactive particles
A Larrañaga, J Sarasua, S Petisco, E Rubio, T Palomares
and A Alonso-Varona
Faculty of Medicine and Odontology, University of the Basque
Country (UPV/EHU); Department of Mining-Metallurgy and
Materials Science, School of Engineering, University of the Basque
Country, Spain

The understanding of the mechanical properties of the materials is of
vital importance in the design of 3-D porous scaffolds for tissue engi-
neering applications. In this work, the mechanical behavior of porous
poly(�-caprolactone) (PCL), poly(L-lactide) (PLLA) and poly(L-lactide/
�-caprolactone) (PLCL) was investigated and compared to their non-
porous counterparts. The presence of pores reduced dramatically the
mechanical properties of the structures; as an illustration, the Young
moduli of PCL, PLLA and PLCL were reduced respectively, from 183.70
to 0.95, 2263.44 to 16.21 and 5.72 to 1.00 MPa. The addition of bio-
glass or hidroxiapatite particles improved noticeably the stiffness of the
porous PLLA. On the contrary, porous PCL and PLCL suffered a high
reduction in elongation at break when adding these particles with little
improvement in their stiffness, probably because of the incompatibility
between inorganic particles and polymer matrix. Finally, we also inves-
tigated the attachment, proliferation and growth in vitro of adipose
derived mesenchymal stem cells (ASCs). The MTT assay showed that
the employed materials did not present any cytotoxic effect for ASCs
and were valid substrates for cell adhesion. We conclude that the scaf-
folds fabricated, combined with ASCs, have a promising future in tis-
sue-engineering applications because of the abundance of this tissue in
the human body, the easiness in obtaining high number of cells and the
multilineage differentiation of ASCs.

32.P43
Hydroxyapatite nanoparticles modified by lauroyl
chloride: a very efficient method for mineral
dispersion in PLLA scaffolds
R Bentini and LH Catalani
Institute of Chemistry - University of São Paulo, Brazil

Scaffolds for cell growth aiming at bone repair applications were pre-
pared by electrospinning of poly(L-lactide) (PLLA) containing hydroxy-
apatite nanoparticles (HAP-Np). HAP-Np were modified with lauroyl
chloride yielding grafted HAPLC, attested by FTIR, TG/MS and solid
31P MAS-NMR. Different contents of HAPLC, HAP grafted with L-lac-
tide (PLLA-g-HAP) and HAP-Np were dispersed in electrospun PLLA
matrix. TEM and SEM were employed to access the morphology and
the dispersion of these nanoparticles in the fibers. The mechanical
properties were investigated in PLLA cast films containing different
amounts of HAPLC, PLLA-g-HAP and HAP-Np, while MTT assay was
carried out to monitor fibroblast NIH–3T3 cell growth. Lauroyl chloride
grafting allowed a much higher and better dispersion compared to
PLLA-g-HAP and HAP-Np, as demonstrated by TEM analysis. Inclusion
of up to 30% HAPLC in PLLA cast films exhibited higher strength prop-
erties compared with PLLA-g-HAP and neat HAP-Np. MTT assays and
SEM revealed the same cell growth for PLLA fibers containing 5 wt%
of HAPLC, PLLA-g-HAP and HAP-Np, however the PLLA fibers with 30
wt% of HAPLC presented best cell adhesion and proliferation.
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32.P44
Bioactive and biodegradable three dimensional
fibrous scaffolds for orthopaedic applications
EI Pascu, GB McGuinness and J Stokes
Centre for Medical Engineering Research, Dublin City University,
Ireland

In this study, electrospinning technique was used to prepare a tridimen-
sional nanostructured triphasic (polyhydroxybutyrate-polyhydroxyval-
erate/nano-hydroxyapatite/silk fibroin) fibrous composite. While
electrospinning can produce small diameter fibre structures, with high
surface area and tailored porosity, thus supporting cell migration and
differentiation, the natural polymeric phases incorporated into the
matrix provide a biodegradable, biocompatible and bioactive platform
for cell growth and bone tissue remodelling. The study shows that
simultaneous electrospinning of natural polymers and ceramic phases,
such as nanohydroxyapatite is possible, with the formation of smooth
and continuous fibrous membranes, and finally a tridimensional porous
structure. The constructs were created either by manipulating the bidi-
mensional membranes previously collected on Al plate collector or via
layered hydrospinning, where fibres were spun onto a water bath
instead of a collection plate. At specific time intervals one thin fibrous
layer was removed from the water surface on a glass, eventually creat-
ing a hydrospun scaffold composed of many fibrous layers.Degrada-
tion, conductivity and pH measurements evidenced that both the pure
polymer and composite samples have a low degradation rate (<1%
weight loss, pH between 6.8 and 7.4 after 31 days of degradation),
both in membrane and tridimensional forms.

32.P45
The effect of solvent systems on structural
properties of electrospun PCL-gelatin nanofibrous
composite scaffolds
E Vatankhah and FAjalloueian
Isfahan University of Technology, Iran

Introduction: As the effect of scaffold structure on cell behavior is
approved by different studies, ability of preparation of scaffolds with
different morphology for tailoring different requirements of various
cells is an aim of researchers. One of the important factors affecting the
nanofibers morphology is solvent system. Polycaprolactone- gelatin
composite electrospun scaffolds, the successful complex in scaffolding
for soft tissue engineering, can be fabricated using different solvent sys-
tems.
Materials and methods: In the present study we investigate the effect
of different solvent systems (formic acid: glacial acetic acid, TFE:formic
acid and TFE:glacial acetic acid) on the nanofiber formation and mor-
phology of polycaprolactone- gelatin composite electrospun scaffold
using SEM micrographs.
Results and conclusion: The results suggest that using a mixture of for-
mic acid and glacial acetic acid has higher productivity compared to
using a trifluorothanol -based solvent system. Also, it will be shown
that using a mixture of formic acid and glacial acetic acid for dissolv-
ing polymers leads to smaller fibers comparing to using TFE-based
solvents. It might be due to higher electrical conductivity of formic
acid and acetic acid. Therefore, it can be concluded that nanofibers
with different diameter size can be fabricated only by changing the
solvent.

32.P46
Modification of fibrous PLGA scaffold or PLGA
micro-particles with tripolyphosphate
nanoparticles
C Lian, LWei and C Yilin
National Tissue Engineering Center of China, China

The current study was designed to quickly neutralize the acidic degra-
dation products of PLGA fibrous scaffolds or micro-particles by incorpo-
rating tripolyphosphate (TPP) nanoparticles. A homogeneous mixture
of PLGA and TPP was first obtained by water-in-oil emulsion-dispersion
followed by freeze-drying. The dried blend was either melt-spun to
yield fibers which were processed into scaffolds or underwent second
emulsion to obtain micro-particles. The resulting scaffolds or micro-par-
ticles were immersed into PBS to verify the degradation properties.
The pH of the saline was monitored. The amount of TPP was optimized
to improve the acidic degradation of PLGA. Cellular compatibility of
the modified and pristine scaffolds was evaluated using rabbit adipose-
derived stem cells (rASCs). It was shown that TPP particles within the
PLGA fibers were roughly 100 nm in diameter and mainly located
inside fibers instead of on the superficial layer. For the fibrous scaffolds,
the acidic degradation of PT-16 and PT-64 (PT-X is termed when the
monomer molar ratio of TPP to PLGA was 1:X) was significantly
improved as the pH values of their respective solutions were main-
tained in a well neutralized state during the degradation. For PLGA
micro-particles, the PT-64 sample has the improved acidic degradation
property over pristine PLGA. The cellular compatibility of PT-64 was
also improved. Hence, the method developed could be an effective
strategy to adjust the acidic degradation of PLGA.

32.P47
Electrospun poly(L-lactide)/poly(�-caprolactone)
blend nanofibrous scaffold: characterization and
biocompatibility with human adipose-derived
stem cells
XY Zeng, L Chen, BLWu and ZQ Ye
Department of Urology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, China

The essence of tissue engineering is the fabrication of autologous cells
or induced stem cells in naturally derived or synthetic scaffolds to
form specific tissue types. Polymers are thought as an appealing
source of scaffold owing to the diversity of their physicochemical
properties and can be electrospun into nano-size to mimic natural
structure. Poly (L-lactic acid) (PLLA) and poly (�-caprolactone) (PCL)
are both excellent aliphatic polyester with almost ‘opposite’ character-
istics. The controlling combination of PLLA and PCL provides varying
properties and makes diverse application. Compared with the copoly-
mers of same components, PLLA/PCL blend demonstrates potential in
regenerative medicine as a simple, efficient and scalable approach. In
this study, we electrospun PLLA/PCL blend of different weight ratios
into nanofibrous scaffold (NFS) and their properties were detected
including morphology, porosity, degradation, ATR-FTIR analysis,
stress-stain assay, and inflammatory reaction. To explore the biocom-
patibility of the NFS we synthesized, human adipose-derived stem
cells (hASCs) were used to evaluate proliferation, attachment, viabil-
ity and multi-lineage differentiation. In conclusion, PLLA/PCL blend
fibers prepared by electrospinning with three weight ratios supported
hASCs well and the NFS of 1/1 weight ratio showed better properties
and cellular responses in all assessments, implying it a biomimetic
scaffolds for tissue engineering.
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32.P48
Non-linearly elastic nanobiomaterials for soft
tissue engineering
B Xu, B Rollo, DF Newgreen and QZ Chen
Monash University, Australia; Royal Children’s Hospital,
Australia

Mechanical dissimilarity between synthetic biomaterials and host tis-
sues is one of the reasons for graft failure of biomaterials. The stress-
strain curves of elastomers are linear at low strains, whereas those of
biological tissues are non-linear. We have successfully developed non-
linearly elastic nanofibrous materials from poly(polyol sebacate) (PPS),
using core/shell electrospinning. The non-linearly elastic, soft nanofi-
brous materials can closely resemble any biological soft tissues in terms
of mechanical properties and thus have a potential of wide applications
in soft tissue engineering. The newly developed nanofibrous matrices
were evaluated in vitro and ex vivo using mouse stem cells for the treat-
ments of heart disease and Hirschsprung disease. Without any pre-con-
ditioning treatments, the materials demonstrated excellent
cytocompatibility in in-vitro evaluation using embryonic stem cells
(ESC)-derived cardiomyocytes and neural crest stem cells (NCSC). The
former provided beating cells surviving for 1 month until interrupted,
the latter provided neurons in ganglion-like groups with connecting
nerve fibres. More importantly, the mouse NCSC on the biomaterial
matrix can, when the matrix is attached ex-vivo onto the surface of
aneural colon, depart from the matrix carrier and relocate to the inte-
rior of the colonic wall in a layer where they would be expected to
reside in normally innervated colon tissue. In vivo trials using a rat
model are undergoing.

32.P49
New building blocks for thermoplastic
polyurethane elastomers for soft tissue
engineering
PM Potzmann, K Seidler, SC Ligon, T Koch, J Stampfl
and R Liska
Institute of Applied Synthetic Chemistry, Vienna University of
Technology, Austria; Institute of Material Science and
Engineering, Austria

Thermoplastic polyurethanes (TPUs) are particularly interesting in soft
tissue engineering because of their good biocompatibility, elastomeric
properties and the amenability to be processed from melt and solution.
These benefits have already been exploited in producing narrow diam-
eter artificial blood vessels with very good compliance. We have stud-
ied a series of ester based TPUs with good mechanical properties and
slow rates of biodegradation. Controlling the rate of degradation to cor-
relate with regrowth of native tissue has good promise in cardiovascu-
lar regenerative medicine and other areas of tissue engineering.
Existing TPUs have been improved by replacing the aliphatic diisocya-
nate monomers with alicyclic diisocyanates and by the use of acid free
chain extenders or softblocks. Alicyclic TPUs are expected to have com-
parable mechanical performance to commercially available aromatic
TPUs with reduced toxicity from amine degradation products. In com-
parison to esters, acid free TPUs should provide slower degradability.
Further it is expected that resulting material will undergo surface-
instead of bulk erosion to maintain good mechanical properties. Bulk
mechanical properties are measured and biodegradation is simulated
in-vitro at elevated temperatures with and without enzymes. Possible
application areas for these improved biodegradable TPUs include drug
delivery systems, disposable medical tubing, textiles and show great
promise in all areas of soft tissue engineering.

32.P50
The potential of human hair keratins as a
biomaterial for tissue engineering and
regenerative medicine (TERM) applications
S Wang, F Taraballi, WT Sow, KSA Ow, P Hartrianti
and KW Ng
Nanyang Technological University, China

The potential of using keratin as a biomaterial has been discussed for a
few decades. However it has largely been overlooked in comparison
with clinically established extracellular matrix components such as col-
lagen, fibrin and hyaluronic acid. Nonetheless keratin as a biomaterial
has gained popularity in recent years, evident from the increase in the
number of related publications. Primarily, keratin is an attractive natu-
ral biomaterial because (i) it is readily extracted from human hair or
animal hooves, feathers etc., which are all abundant; (ii) it contains cell
adhesion motifs (LDV) and; (iii) it is easily processed into various tem-
plates. In this report, we present our data on the extraction and charac-
terisation of keratins from human hair and demonstrate the feasibility
of fabricating keratin hydrogels, porous foams and fibrous meshes. Cell
culture studies using mouse and human fibroblasts were conducted in
keratin hydrogels to evaluate cell compatibility in vitro. Hydrogels and
porous foams were implanted subcutaneously into black six mice to
evaluate in vivo host response. Our results show that keratin hydrogels
were capable of supporting fibroblast growth and development. After
7 days’ implantation in vivo, keratin hydrogels and freeze-dried foams
were found to support cell infiltration without significant host tissue
reaction. In conclusion, we showed that keratin can be processed into
various templates, with the potential to be used in TERM applications.

32.P51
A novel method to produce electrospun scaffolds
with tailored geometries
C Rogers, S Toumpaniari, R Bail, J Segal, K Shakesheff
and F Rose
University of Nottingham, UK

Introduction: Electrospinning is a technique widely used to fabricate
fibrous scaffolds for tissue engineering applications. Experimental
parameters can be adjusted to influence the morphological aspects of
the scaffold. More recently the ability of collector plate design to effect
fibre patterning during the electrospinning process has been investi-
gated. In this study, we show the ability of patterned collectors, to gen-
erate electrospun scaffolds with tailored geometries, that influence cell
adherence and migration.
Methods: Patterned collectors with different geometries (including
hexagonal and sinusoidal) were designed and manufactured on a rapid
prototyping system. Poly(lactide-co-glycolide) was electrospun onto
the patterned collectors and the generated fibrous scaffold geometries
were visualised by scanning electron microscopy. Electrospun PLGA
disks (0.5 mm) were cut from the patterned scaffolds and seeded with
mammalian cells. The seeded scaffolds were cultured in vitro for up to
4 days and imaged using a fluorescence microscope.
Results and conclusions: Resin based collectors with different geome-
tries were successfully fabricated using rapid-prototyping. Electrospun
scaffolds with patterns that resembled the designed collector geome-
tries were produced. The patterning of the fibres were found to directly
effect cell adhesion and migration, illustrating that this method can be
used to produce scaffolds with directional cues to influence cell behav-
iour.
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32.P52
Chemically functionalised poly (ethylene) glycol
monolayers as scaffolds for primary hepatocytes:
cell targeting with galactosamine
C Hamilton, CJ Henderson, RV Ulijn and MH Grant
University of Strathclyde, Scotland

A scaffold capable of maintaining cultures of viable, metabolically
active hepatocytes could provide a suitable system for assessment of
new drug compounds; it is, however, difficult to maintain primary cul-
tures. Synthetic materials with tuneable chemical properties offer a
way to selectively target cell surface receptors which promote adhesion
and function. Hepatocytes are capable of binding terminal galactose
molecules via the asialoglycoprotein receptor (ASGPr); integrating the
galactosamine molecule into biocompatible materials may provide a
suitable scaffold for primary hepatocytes. Rat hepatocytes were cul-
tured on poly (ethylene glycol) (PEG) coated glass surfaces, chemically
modified to contain galactosamine, for up to 10 days. Viability and
function was determined using a combination of live/dead fluorescent
staining, crystal violet staining and immunostaining for hepatocyte
nuclear factor (HNF-4-a), gap junctions (Connexin 32) and tight junc-
tions (ZO-1). Cells cultured on galactosamine modified surfaces begin
to show the development of spheroid structures after 4 days, however,
cell numbers are greatly reduced. Immunostaining indicates that galac-
tosamine surfaces maintain the cell phenotype for up to 10 days; stain-
ing positive for all three markers. By specifically targeting the ASGPr
we have induced desirable changes in morphology and maintained the
cell phenotype.

32.P53
Thermosensitive poly-caprolactone scaffolds for
3D myogenic and osteogenic differentiation of
C2C12 cells
V Hruschka, A Saeed, R Cheikh al Ghanami, G Feichtinger,
S Nürnberger, A Meinl, T Nau, H Redl, K Shakesheff and S
Wolbank
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, AUVA Research Centre, Austrian Cluster for Tissue
Regeneration, Austria; School of Pharmacy, Centre for
Biomolecular Sciences, University of Nottingham, UK

For tissue engineering (TE) applications, the natural process of regener-
ation is imitated by using bioresorbable scaffolds that support cellular

attachment, migration and proliferation, along with cells capable of dif-
ferentiation upon exposure to inductive factors. Based on the idea of
combining a fully degradable polymer (Poly(�-caprolactone) with a
thermoresponsive polymer (polyethylene glycol methacrylate) a scaf-
fold was developed, which liquefies at 4 �C and solidifies at 37 �C. The
mouse C2C12 cell line has the potential to differentiate towards myo-
cyte as well as osteocyte lineage. In this study, the novel thermorespon-
sive material and C2C12 cells were combined to generate a myogenic
or osteogenic TE construct, depending on the differentiation medium.
The construct can be expanded under 3D conditions in vitro. The con-
structs were cultured in media supporting the myogenic or osteogenic
differentiation of C2C12 cells for up to 7 days. First, biomaterial seed-
ing for C2C12 cells was optimized and their attachment, survival, dis-
tribution and persistence within the 3D material were characterized.
3D differentiation of the cells was examined using qRT-PCR.C2C12
cells attached to the polymers were viable and evenly distributed in all
scaffolds. Further, the thermoresponsive scaffold presented in this study
was able to support myogenic as well as osteogenic differentiation of
C2C12 cells.
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33.01
Keynote: Orchestration of tissue repair by
substance-P through timely control of
inflammation and recruitment of reparative stem
cells from the bone marrow
HS Hong, JH Eum, WAhn, JC Kim, EA Lee, KJ Yoon and Y Son
Department of Genetic Engineering & Graduate School of
Biotechnology, College of Life Science, Kyung Hee University,
Korea; Department of Ophthalmology, School of Medicine, Chung
Ang University, Korea; Cell&Bio Research Institute, Korea

Tissue injury may create a specific microenvironment, which brings up
the systemic participation of reparative stem cells in the repair process.
Previously, we identified a new role of substance-P (SP) as an injury-
inducible messenger to mobilize bone marrow stromal cells, home to
the injured tissue, and be engaged in the tissue repair. In addition to
SP’s BMSC mobilizer function, SP also mobilize endothelial precursor
cells (EPC), which was distinct from that of G-CSF. In contrast to the
strong inflammatory response of G-CSF, SP did not accompany inflam-
matory response in the injury model but suppressed the injury-stimu-
lated inflammation response, which came earlier than its BMSC and
EPC mobilization effect. We explored SP’s dual positive roles in the
orchestration of the tissue repair in a variety of the animal models such
as the spinal cord injury, radiation-induced BM injury, and gastrointesti-
nal injury. At the early stage of wound healing, anti-inflammatory
effect of SP seems to play positive roles in the reduction of inflamma-
tion-induced secondary cell death, in the creation of favorable microen-
vironment for the engraftment of incoming stem cells, later, and finally
in the facilitation of tissue repair.
Acknowledgements: This work was supported by Stem Cell Research
Center of 21 C Frontier Project (2004–2012) and Excellence Team of
Stem Cell Research (2010–2015) from Ministry of Education and Sci-
ence and Technology (MEST) given to Dr YSon.

33.02
Macrophage phenotypes in the foreign body
reaction in rats
SM van Putten, DT Ploeger and RA Bank
University Medical Center Groningen, The Netherlands

Implantation of biomaterials into the body elicits a material-dependent
inflammatory response called the foreign body reaction (FBR). During
this inflammatory response, macrophages play a pivotal role. They
orchestrate the pro-inflammatory microenvironment in and around the
biomaterials by secreting cytokines, chemokines and growth factors.
Furthermore they are able to regulate degradation of the biomaterial
by secreting proteolytic enzymes or by phagocytosis. We hypothesize
that macrophages present in different microenvironments in the FBR
have different phenotypes. To investigate this hypothesis we developed
and validated immunohistochemical phenotype-specific markers for rat
macrophages in vitro, and applied them in our standard model of the
FBR. Bone marrow-derived macrophages were cultured and stimulated
with IFNc and LPS, IL4 and IL13, or IL4 and dexamethasone. After
stimulation with IFNc and LPS, M1-specific genes were upregulated.
M2-specific genes were upregulated after stimulation with IL4 and
dexamethasone, but only slightly after stimulation with IL4 and IL13.
Western blot and IHC data revealed that on protein level, iNOS and
CD206 are specifically expressed by M1 and M2 respectively. Using

these markers on samples of the FBR, we found that a proportion of
the macrophages display an M2 phenotype, whereas the M1-phenotype
was not detected. Our data suggest that many macrophages in our
model of the FBR do not fit into the classical ‘M1 or M2’ dichotomy.

33.03
In vivo characterisation of the inflammatory
kinetics of biologic and synthetic abdominal wall
repair biomaterials
N Bryan, H Ashwin, R Chen, Y Bayon and JA Hunt
University of Liverpool, UK

In vivo biomaterials are interrogated by the inflammatory response,
with the goal of returning compromised tissue to normal homeostasis.
In this study abdominal wall repair biomaterials were implanted in rat
models to conclude their in vivo inflammatory dynamics.Materials:
Synthetics; polypropylene (PP), polyester terephthalate (PET) & poly-
glycolic acid (PGA) varying in polymer composition & fibre conforma-
tion. Biologics: human & porcine dermis & small intestinal submucosa
(SIS) varying in decellularisation & cross linking chemistry. Implants
delivered into 6 week old, male wistar rats. SC, each animal received
four implants adjacent to dorso-lumbar musculature. IP; 2 · 3 cm full
thickness of abdominal wall excised & replaced using a 3.5 · 2.5 cm
prostesis secured inlay using 6–10 resorbable PGA sutures. In vivo syn-
thetics demonstrated more extensive cell colonisation than biologics.
However, the synthetic materials all displayed similar inflammatory
properties despite their polymer composition & weave. Biologic materi-
als showed more substantial differences in host response as a function
of tissue origin & fabrication chemistry. SIS was considerably more
inflammatory than dermis, characterised by an extensive & prolonged
neutrophil response. Additionally SDS used in decellularisation was
also shown to heighten the inflammatory nature of dermal materials.
Cross linking using HDMI did not modify host response.

33.04
Local macrophage polarization and tissue
remodeling following bilateral implantation of
ECM scaffold materials in the abdominal wall
BN Brown, BM Sicari, NJ Turner, KA Kukla and SF Badylak
University of Pittsburgh, USA

Polarization of macrophages towards an M1 (pro-inflammatory) or an
M2 (anti-inflammatory, regulatory) phenotype has been shown to be
an important modulator of disease and tissue remodeling outcomes.
The present study investigated the local macrophage response follow-
ing implantation of autologous tissue (AT), non-crosslinked extracellu-
lar matrix (NC-ECM) scaffolds, or crosslinked ECM (X-ECM) scaffolds
in the abdominal wall of a rat. Implantation of NC-ECM resulted in
constructive remodeling, while implantation of X-ECM or AT resulted
in encapsulation or scar tissue formation, respectively. The macrophage
population interacting with the NC-ECM was shown to possess more
M2-like characteristics than the ATor X-ECM implant groups as early as
7 days post-implantation. No differences in remodeling or macrophage
phenotype were observed when a second material was implanted adja-
cent to the first in the same animal. In vitro testing showed that M2
macrophages promote chemotaxis of a cell populations known to par-
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ticipate in the constructive remodeling of skeletal muscle tissue. Addi-
tional work suggests that local differences in macrophage polarization
may be due, in part, to distinct surface ligands present upon scaffold
materials at implant as well as matricryptic peptides which are released
during scaffold remodeling. These results suggest that tissue remodel-
ing outcomes are highly dependent upon local host macrophage-bio-
material interactions at the site of implantation.

33.05
Inflammatory reaction of macrophages to a
contaminated environment depends on the
biomaterial
N Grotenhuis, H van der Toom, Y Bayon, JF Lange, G van Osch
and YM Bastiaansen-Jenniskens
Department of Otorhinolaryngology and Department of General
Surgery, Erasmus MC, University Hospital Rotterdam, The
Netherlands; Covidien-Sofradim Production, France; Department
of Orthopaedics, Erasmus MC, University Hospital Rotterdam,
The Netherlands

Macrophages are key immune cells in the foreign body reaction to a
biomaterial after implantation. In a contaminated environment, inte-
gration of the biomaterial in the body is delayed. To examine this reac-
tion in more detail, we investigated the inflammatory reaction of
macrophages interacting with different biomaterials to a contaminated
environment simulated in vitro. Monocytes isolated from the blood of
healthy donors with Ficoll separation and magnetic cell sorting were
seeded on PermacolTM, ParietexTM Composite, polyethylene terephthal-
ate (PET) and polypropylene (PP) meshes. After seeding, monocytes
were cultured in X-vivo 15 with or without LPS and IFNc for 3 days.
Monocytes were analysed for protein production of TNFa, an inflamma-
tory marker and CCL18, a wound healing marker. Protein production
was corrected for DNA. In the presence of LPS and IFNc, monocytes on
ParietexTM Composite produced 2.4 times more TNFa than without the
inflammatory stimulus; on PermacolTM, 4.8 times more TNFa; on PET
mesh, 6.8 times more; on PP mesh, 4.9 times more. On none of the
seeded biomaterials, monocytes produced CCL18. The reaction of mac-
rophages to LPS and IFNc depends on the type of biomaterial they
interact with. This indicates: (i) monocytes under these conditions
acquire a more inflammatory phenotype, which confirms results from
in vivo experiments; (ii) this in vitro system may be used to discrimi-
nate and predict the behavior of new biomaterials.

33.06
The resolution of inflammation during the
regeneration of biological scaffolds by human
tissue
S Bullers, H Berry, E Ingham and J Southgate
University of York, UK; Tissue Regenix Group; University of Leeds,
UK

Implantation of natural biological scaffolds into animals has shown re-
cellularisation of the material by host cells and formation of organised
tissue. The biological process of tissue integration and factors that
determine outcome are poorly understood. The aim of this study was
to investigate the interactions at the interface of a natural biomaterial
and human stromal tissue to gain insight into the early cellular events
entrained following implantation.A novel organotypic culture system
was developed in which decellularised porcine bladder matrix was
maintained in close apposition to fresh, surgically-excised human stro-
mal tissue. Histological examination of the tissue composites showed
an (p < 0.05) increase in cells expressing the macrophage scavenger
receptor, CD163, at the biological scaffold-tissue interface over

11 days. Primary human monocyte-derived macrophages treated with
the glucocorticoid receptor (GR) agonist, dexamethasone or the anti-
inflammatory cytokine IL-10 showed increased expression of CD163.
Immunolabelling for GR in the construct showed intense nuclear GR
expression in the cells at the biological scaffold-tissue interface
throughout the culture period. The presence of CD163+ macrophages
at a tissue-biological scaffold interface infers an inflammation-resolving
response which may be regulated by local factors in the wound envi-
ronment. Understanding these interactions will reveal new directions
for enhancing biomaterial integration into human tissue.

33.P01
In vitro investigation of cytotoxicity and
antimicrobial activity of silver/alginate
nanocomposite microbeads
Z Jovanovic, J Stojkovska, M Vukašinović-Sekulić, I Matić,
Z Juranic, B Obradovic and V Miskovic-Stankovic
Faculty of Technology and Metallurgy, University of Belgrade,
Belgrade, Serbia; Institute of Oncology and Radiology of Serbia,
University of Belgrade, Serbia

Biomaterials are often used as carriers or matrixes in different medical
applications, which usually demand the use of multifunctional materi-
als meeting the requirements of their purpose without being harmful to
the surrounding tissue. Here, silver/alginate nanocomposite microbe-
ads were obtained using electrochemical synthesis of silver nanoparti-
cles in alginate solution at constant current density of 50 mA/cm-2,
followed by electrostatic extrusion of synthesized Ag/alginate colloid
solution. In vitro determination of Ag/alginate microbeads cytotoxicity
against immunocompetent peripheral blood mononuclear cells (PBMC)
was performed by MTT test. In order to investigate the antimicrobial
activity against E. coli and S. aureus using the test in suspension, Ag/
alginate microbeads were synthesized so to have Ag concentration
equal to that without cytotoxic effects against PBMC. The presence of
Ag/alginate microbeads having 1 mM AgNO3 in the initial solution for
synthesis and less decreased the PBMC survival up to
59.04 ± 35.45%. Higher concentrations of nanosilver in Ag/alginate
microbeads induced pronounced decrease in PBMC survival. Ag/algi-
nate microbeads obtained from initial Ag/alginate colloid solution with
1 mM AgNO3 significantly decreased the bacterial colonies count of E.
coli and S. aureus comparing to the control sample for 2 and 3 orders
of magnitude, respectively. This work has shown potentials for biomed-
ical applications of Ag/alginate nanocomposite microbeads.

33.P02
Biocompatibility and haemocompatibility of self-
assembling peptides
R Guilliatt, R Davies, SP Wilshaw, A Aggeli and E Ingham
University of Leeds, UK

A deepening of understanding of molecular self-assembly and the abil-
ity to easily control material properties and add functional groups
makes self-assembling peptides appealing materials for tissue engineer-
ing applications. The aim of this work was to explore the biocompatibil-
ity of self-assembling peptides to develop anti-thrombogenic coatings
and to develop design characteristics to tailor peptides to specific appli-
cations. A range of peptides developed at the University of Leeds,
homo-polypeptides and peptides from the literature were used to repre-
sent different design characteristics in order to develop design criteria
for biocompatibility and haemocompatibility. Biocompatibility was
assessed using ISO standard cytotoxicity tests and tests to determine
effects on complement activation. Peptides were assessed for thromb-
ogenicity using the Chandler loop model with sheep blood and haemo-
lytic activity was also assessed using sheep blood. These results showed
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the potential of some peptides to function in contact with blood with
little detrimental effect. It was possible to identify design characteristics
based on peptide charge and size that affected both biocompatibility
and haemocompatibility. Whilst simplistic in nature this study has dem-
onstrated a range of potential applications for self-assembling peptides
not only in tissue engineering but in other biomedical applications.

33.P03
Comprehensive immunological assessment of
xenogeneic collagens and elastins -
a prerequisite for novel scaffold design
A Bayrak, B Ibold, UA Stock and M Seifert
Berlin-Brandenburg Center for Regenerative Therapies (BCRT)
and Institut of Medical Immunologie, Charité-
Universitätsmedizin Berlin, Germany; Department for Thoracic
and Cardiovascular Surgery, Johann Wolfgang Goethe
Universität, Germany

Immunogenicity of extracellular matrix proteins (ECMp) used in biomi-
metic scaffolds might determine scaffold acceptance. In this study,
innate and adaptive immune responses were examined in detail for col-
lagen I and elastin. Porcine, bovine or human collagen I and elastin
were co-cultured with human PBMC or purified T or B cells. Prolifera-
tion and surface marker expression was analyzed by flow cytometry.
Supernatants of all cultures were screened for their cytokine profile.
Additionally, maturation of immature dendritic cells (DC) by ECMp
was tested. Complement activation was measured by C5a release.We
could show that bovine elastin inhibited the proliferation of T cells,
whereas porcine elastin induced a slight proliferation response when
compared to the control. All other proteins tested did not alter either
proliferation or CD25+ Tcell activation relative to the control. Focusing
on B cells, all ECMp analyzed did not induce proliferation, differentia-
tion or enhanced IL-6 secretion. Additionally, xenogeneic and human
collagen I or elastin did not result in the maturation of immature DC
measured as upregulation of CD83 and TNFa secretion. The release of
C5a was also not induced by the ECMp. Porcine and bovine collagen I
and bovine elastin have low immunogenicity and should be favoured
as constituents for the design of novel scaffolds to avoid undesired
immune and inflammatory responses.

33.P04
A non-thrombogenic, anti-biofilm surface for
medical devices
AWaterhouse, B Hatton, D Leslie, TS Wong, P Kim, J Berthet,
J Weaver, A Epstein, E Super, AWatters, M Super, J Aizenberg
and D Ingber
Wyss Institute for Biologically Inspired Engineering, Harvard
University, USA; School of Engineering and Applied Sciences,
Harvard University, USA

Indwelling and implanted medical devices are associated with high
rates of thrombosis and infection due to biofilm formation. These com-
plications are extremely detrimental to patient outcomes, often fatal,
and represent an enormous economic burden on the healthcare system.
Our lab has developed Slippery Liquid Infused Porous Surfaces (SLIPS)
recently published in Nature (Wong et al. 2011). This surface repels liq-
uids, cells and pathogens for use as a non-thrombogenic or non-fouling
material for a wide range of medical devices. SLIPS repelled whole
human blood compared to commercially available medical grade mate-
rials. Fibrinogen binding and polymerization was greatly reduced on
SLIPS over 2 h compared to 316 l stainless steel and polysulfone.
Whole human blood was pumped in a SLIPS loop for 1 h at a flow rate
of 1.5 l/h without coagulation or macroscopic thrombus formation.

Furthermore, SLIPS tubing exhibits reduced Pseudomonas biofilm for-
mation by 70% over 3 days of culture at 15 ml/h. Current indwelling
and implanted medical devices rely on anticoagulant or antiplatelet
medication to prevent thrombosis. An additional detrimental complica-
tion is bacterial colonization and biofilm formation. Adequate treat-
ment of implant related infections often requires antibiotics and
implant removal causing prolonged hospitalization. SLIPS technology
could combat these two major complications simultaneously, eliminat-
ing the need for extensive medication and reducing patient risks.

33.P05
Nanofibers as scaffolds for stem cells and
immunosuppressive drug in regenerative
medicine
A Zajicova, E Svobodova, M Chudickova, P Trosan, M Krulova
and V Holan
Institute of Molecular Genetics, Czech Republic

Introduction: Cell therapy based on allogeneic stem cell transfer
requires a suppression of deleterious immune reaction against foreign
cells. To overcome this problem, we prepared nanofibers loaded with
an immunosuppressive drug cyclosporin A (CsA) and which can simul-
taneously serve as a scaffold for stem cell transfer.
Methods: Nanofibers were prepared by original needleless electrospun
technology from polymer poly-L(lactid) or polyamid 6/12, loaded with
10 weight % of CsA. The kinetics of CsA release from nanofibers was
determined in vitro and in vivo. The growth of mouse mesenchymal
stem cells and limbal stem cells on CsA-free and CsA-loaded nanofibers
was characterized in vitro. CsA-free and CsA-loaded nanofibers alone
or stem cell-seeded were transferred on wounded skin or damaged cor-
neal epithelium and the healing process was monitored in vivo and in
vitro.
Results: CsA had an optimal kinetic of release from nanofibers in vitro
and in vivo. Stem cells grew comparably on CsA-free and CsA-loaded
nanofibers. Covering of the imflammatory sides with CsA-loaded
nanofibers simultaneously seeded with stem cells inhibited a local im-
flammatory reaction and supported healing process.
Conclusion: CsA-loaded electrospun nanofibers can be used as scaf-
folds cell transfer and for simultaneous local immunosupression in cell-
based therapy and regenerative medicine.

33.P06
Platelet lysate increases the expression of
factors related to inflammation and the activation
of NF-kB in mouse MSC in vitro
V Ulivi, R Tasso, R Cancedda and F Descalzi
DIMES, University of Genova & A.O.U. San Martino–IST,
National Cancer Research Institute, Italy

Using an ectopic bone formation model in which MSC were implanted
in association with suitable ceramic scaffolds in vivo, we previously
demonstrated that bFGF selected mouse MSC are able to activate host
responses and to trigger tissue regeneration. Our in vivo studies sup-
ported the idea that at injury site MSC secrete a wide spectrum of bio-
active molecoles establishing a regenerative microenvironment that
sustains tissue repair. In order to gain understanding in the MSC molec-
ular pattern of expression affected by the injury milieu, we attempted
to reproduce in vitro the stimula that act on MSC cells at the damaged
site and we compared the expression of factors and the pathways acti-
vated in bFGF selected MSC cultured for 24 h with or without platelet
lysate (PL) in the presence or absence of the inflammatory stimulus IL-
1. In murine Bone Marrow derived MSC an increased expression of IL-
6 was observed together with a strong increase of NF-kB in IL-1 treated
cells stimulated with PL .We also observed that, in PL or IL-1 treated
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MSC, COX-2 and mPGE2 synthase were induced and that the expres-
sion was overinduced in cells stimulated with PL in inflammatory con-
dition. PGE2 production was also increased indicating an activity of the
induced COX-2 and mPGE2 synthase. These results indicate that PL
induces in cultured mouse MSC an early pro-inflammatory response
involving NF-kB activation, IL-6 secretion, COX-2 induction and PGE2
production.

33.P07
Hemocompatibility study of a bacterial cellulose/
polyvinyl alcohol nanocomposite
AF Leitão, S Gupta, JP Silva, I Reviakine and FM Gama
IBB - Institute for Biotechnology and Bioengineering, Centre of
Biological Engineering, Portugal; CIC biomaGUNE, Spain

Cardiovascular disease is among the leading causes of death in the
world. Grafts are usually used to treat these diseases by redirecting
blood flow around occluded vessels. We previously showed bacterial
cellulose (BC) is a suitable artificial alternative to commonly used
autologous grafts. We found that the addition of polyvinyl alcohol
(PVA) improves the mechanical properties of BC. For cardiovascular
applications, hemocompatibility needs to be characterized. Here, we
characterize the blood/material interaction of a BC/PVA nanocompos-
ite to assure its hemocompatibility. Healthy donors’ blood was placed
in contact with BC, BC/PVA and ePTFE and parameters related to the
hemocompatibility (whole blood coagulation time, plasma recalcifica-
tion profiles, Factor XII activation, hemolysis and platelet activation
and adhesion) determined. The results demonstrated good hemocom-
patibility of BC and BC/PVA when compared to ePTFE. BC and to a
greater extent BC/PVA are shown to induce minimal activation of the
coagulation cascade and therefore minimal thrombogenic activity.
Overall, our data consistently shows that the addition of PVA further
improves on the previously reported good hemocompatibility of BC.
The results are on par with the industry standard ePTFE and therefore
demonstrate that BC/PVA has potential application as a graft material.
Work funded by FCT project PTDC/EBB-EBI/112170/2009. AFL and
JPS are supported by FCT grants SFRH/BD/66094/2009 and SFRH/
BPD/64958/2009.

33.P08
The behavior of fibroblasts is influenced by the
paracrine signaling of M1 or M2 polarized
macrophages
DTA Ploeger, NA Hosper, M Schipper, S de Rond, JA Koerts
and RA Bank
University Medical Center Groningen, University of Groningen,
the Netherlands

Macrophages and fibroblasts are two major players in tissue repair and
fibrosis. Despite the relevance of macrophages and fibroblasts in tissue
homeostasis, remarkably little is known whether macrophages are able
to influence the properties of fibroblasts. Here we investigated the role
of paracrine factors secreted by human M1 (classically activated) and
M2 (alternatively activated) macrophages on human dermal fibro-
blasts. Dermal fibroblasts stimulated with paracrine factors from M1
macrophages secreted inflammatory cytokines and upregulated matrix
metalloproteinases. This indicates that factors produced by M1 macro-
phages induce a pro-inflammatory fibroblast and that these fibroblasts
are able to degrade collagens. Dermal fibroblasts that are stimulated
with paracrine factors secreted by M2 macrophages did not show spe-
cific myofibroblast markers but induced collagen production and prolif-
eration of the fibroblasts. When dermal fibroblasts were stimulated
with factors secreted by M1 macrophages followed by paracrine factors
secreted by M2 macrophages, the induced pro-inflammatory fibroblast

down-regulated the inflammatory markers and MMPs and upregulated
their collagen production. In conclusion, paracrine factors of different
polarized macrophages induced two phenotypes of dermal fibroblasts
and the dermal fibroblasts show a dynamic plasticity, which can be
influenced by the microenvironment.

33.P09
Physicochemical characterizations of drug-
eluting PLGA nanofiber membranes and in vivo
evaluation of their efficiency as anti-adhesion
barriers
JH Lee, EJ Lee, YC Shin, KB Bae, SH Hyon, JC Park and DW Han
Pusan National University, Republic of Korea; Inje University
College of Medicine; Institute for Frontier Medical Sciences, Kyoto
University; Yonsei University College of Medicine, Korea

Epigallocatechin-3-O-gallate (EGCG), a main polyphenolic compo-
nent of green tea, has a wide range of pharmacological activities
including antioxidant, anti-proliferative, anti-inflammatory, and anti-
thrombotic effects. In this study, nanofiber poly(lactic-co-glycolic
acid) (PLGA) membranes eluting EGCG were prepared via electros-
pinning and then characterized to evaluate their application potential
to tissue-adhesion barriers. EGCG-eluting PLGA (E-PLGA) nanofiber
membranes were electrospun from admixture of PLGA and EGCG.
The average diameter of E-PLGA nanofibers was approximately 400
nm which was similar to that of pure PLGA fibers, but a new surface
bonding was formed in hybrid nanofibers which made the surface of
the fiber coarse. EGCG moderately increased the hydrophilicity of
PLGA and uniformly dispersed into E-PLGA membranes showing sus-
tained release patterns by controlled diffusion and PLGA degrada-
tion. The attachment and proliferation of L-929 fibroblastic cells
were significantly suppressed on E-PLGA membranes. The anti-adhe-
sion efficiency of E-PLGA nanofiber membranes was evaluated on
the intraperitoneal adhesion model in rat. After 2 weeks of surgical
treatment, tissue adhesion score of E-PLGA nanofiber membranes
was noticeably lower than that of non-treated and similar with other
commercialized tissue-adhesion barriers. In conclusion, the E-PLGA
membranes may be exploited to craft strategies for the prevention of
post-surgical adhesion formation.

33.P10
Matricryptic peptides as determinants of
macrophage phenotype
EW Kollar, JR Kelly, BN Brown, SF Badylak and C Dearth
McGowan Institute of Regenerative Medicine, University of
Pittsburgh, USA

Several different phenotypes of macrophages with functionally distinct,
often opposing, roles in wound repair have been identified. There are
M1 macrophages which migrate toward and phagocytose pathogens
and cellular debris and are considered to be pro-inflammatory in nat-
ure. There are also M2 macrophages with multiple subtypes whose
roles are more tissue reconstructive and have anti-inflammatory effects.
The cell signaling that triggers polarization into pro-inflammatory ver-
sus anti-inflammatory macrophages is complex and not completely
understood. Recent studies have shown that biologic scaffolds com-
posed of extracellular matrix, when implanted in vivo, elicit a pheno-
type shift toward M2 macrophages. This shift is associated with
integration of the scaffold with host tissues and minimized scarring
and fibrosis. In this in vitro study we attempt to identify the specific
cues in ECM that guide macrophage polarization. Human-derived
monocytes were cultured in the presence of four unique cryptic pep-
tides derived from parent molecules within the ECM. The resulting
populations of macrophages were classified into M1 or M2 using cell
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surface markers, Western blot protein analysis, transcription factor
assays, and evaluation of secretory products. Determinants of macro-
phage polarization have the potential to prospectively direct the host
response to a variety of biomaterials.

33.P11
Adhesion and differentiation of cells on dynamic
hydrophilic surfaces
Y Tetsuji, I Yuuki, JH Seo, I Kazuhiko, Y Nobuhiko
and Y Atsushi
National Cerebral and Cardiovascular Center Research Institute,
Japan; The University of Tokyo; Tokyo Medical and Dental
University, Japan

Living cells are exposed to a variety of environmental conditions while
being tightly associated with the diverse extracellular matrices (ECMs)
in the body. They proliferate or differentiate into functioning cells with
sensing the physical and biological properties of the ECMs. These phe-
nomena must occur at the interface of the artificial biomaterials and a
variety of the cells such as platelets, leucocytes, various somatic cells,
or stem cells. Recently the elastic feature of the biomaterials is attract-
ing great attention in the stem cell differentiation lineage. We are here
focusing on the dynamic surface which possesses the mobile substrates
under the aqueous condition. Surfaces with different molecular archi-
tectures were prepared by poly(ethylene glycol) (PEG) and polyrotax-
anes (PRX) containing a-cyclodextrin (a-CD). PEG or PRX were
immobilized on the material substrate via single and double bonding
resulting in graft-type or loop-type architectures. Human platelets and
endothelial cells adhered on loop surfaces with larger interaction than
the graft surfaces. In addition, not only the adherent number but also
the cell activation was greatly affected by their mobile feature. More-
over the mobile surface surprisingly improved the cardiac differentia-
tion of a stem cell with self beating function. The relationship between
these bioactivities and the mobile feature defined as a novel ‘Mobile
factor’ will be discussed.

33.P12
Universal reference systems for evaluating three-
dimensional cell cultures on candidate scaffolds
for bone tissue engineering
J Wójtowicz, A Chroscicka, T Ciach, Z Jaegermann
and M Lewandowska-Szumiel
Department of Histology and Embryology Center of Biostructure
Research Medical University of Warsaw, Poland; Faculty of
Chemical and Process Engineering Warsaw University of
Technology; Department of Bioceramics Institute of Ceramics and
Building Materials, Poland

A fast development of various candidate scaffolds with complex struc-
tures raises a need for universal reference systems for preliminary in vi-
tro evaluation of their potency in bone tissue engineering. Due to the
high number of new scaffolds, comparison of only few in one experi-
mental setting does not facilitate an objective selection for further stud-
ies. The aim was to establish reference systems for cell cultures on
candidate scaffolds of various forms. The systems should be applicable
for proper selection of the most appreciated scaffolds for bone regener-
ation both in dynamic and static culture conditions in vitro. For the pur-
pose two control scaffolds were produced - highly-porous alumina and
microfibrous polystyrene scaffolds. Human bone derived cell (HBDCs)
or MG-63 cells were cultured on the scaffolds in static and dynamic
(Spinner Basket) conditions. Undisturbed cell growth within the both
3D structures was shown by quantitative (DNA content, XTT assay)
and qualitative assays (fluorescent microscopy). Osteoblastic pheno-

type was maintained on the scaffolds, which was confirmed by alkaline
phosphatase activity, osteocalcin and collagen type I synthesis and
expression of the bone matrix proteins (real-time PCR). Cell cultures
on several ceramic and polymer candidate scaffolds in porous or fibrous
forms have already been compared by us with those of the proposed
reference systems. Comparable results enabled an objective selection of
the proper scaffolds for further studies

33.P13
Recruitment of macrophages and formation of
foreign body giant cells following 3D porous
chitosan scaffolds implantation
J Novais Barbosa, C Monteiro, I Amaral, A Águas
and M Barbosa
INEB – Instituto de Engenharia Biomédica, Divisão de
Biomateriais, Universidade do Porto, Portugal; Universidade do
Porto, ICBAS – Instituto de Ciências Biomédicas de Abel Salazar,
Portugal

The implantation of a biomaterial causes injury that will lead to the
onset of acute inflammation. Inflammation is a prerequisite for efficient
tissue repair, but successful repair after injury requires resolution of the
inflammatory response. The persistence of an inflammatory stimulus
causes chronic inflammation, a hallmark of the non-healing wound.
Macrophages are suggested to be the ones that orchestrate the inflam-
matory and repair phase of tissue healing around implants. The subcu-
taneous inflammatory air-pouch model was used to analyze the
inflammatory reaction to 3D porous chitosan (Ch) scaffolds with differ-
ent degrees of acetylation (DA) with a particular focus on macrophag-
es. The scaffolds were implanted for different time points up to
10 weeks. The presence of inflammatory cells particularly macrophag-
es and the formation of foreign body giant cells within the scaffolds
was studied by histology and immunohistochemistry. The biological
response to Ch s was influenced by the DA. Our data shows that Ch
with higher DA induce a more intense inflammatory response with
high numbers of recruited inflammatory cells when compared with Ch
with lower DA. In contrast, high numbers of foreign body giant cells
were found on Ch scaffolds with the lower DA. Work financed by
FEDER funds through the Programa Operacional Factores de Competit-
ividade – COMPETE and Portuguese funds through FCT – Fundação
para a Ciência e Tecnologia in the framework of project PTDC/SAU-
BMA/113030.

33.P14
Characterization of tissue after implantation of
biomaterials covered by stem cells in subcutis of
experimental animals
M Pilmane, G Salms, I Salma, A Skagers, J Locs, V Zalite
and L Berzina Cimdina
Riga Stradins University, Latvia; Riga Technical University, Latvia

Introduction: Mesenchymal stem cells (MSC) influence the tissue
regeneration. Still there are unclear questions about the MSC/biomate-
rial raised tissue changes around the implant. Our aim was detection of
soft tissue changes in subcutis of experimental animals after covered by
MSC different type biomaterial.
Material and methods: Material was obtained from six rabbit spine sub-
cutis 8 weeks after the hydroxyapatite (HAp) granuli and tablets
seeded by MSC implantation. The MSC were obtained from the same
rabbit. The right side of each animal was implantation place, but the
left side was a control. Tissues were processed for detection of TNFalfa,
NFkBp105, Hsp70, FGF1R, VEGF and apoptosis. Results demonstrated
perivascular inflammation only in controls. Numerous connective tissue
cells of MSC/biomaterial side showed NFkBp105 while this factor
decreased in controls. Number of Hsp70-cells was smaller in the experi-
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mental side. Apoptosis more affected experimental side connective tis-
sue and blood vessels. TNFalfa was absent, but number of FGF1R
immunoreactive structures was similar in control and around MSC/bio-
material. Number of VEGF positive endothelial cells varied in MSC/bio-
material side, but showed stable numerous numbers in controls.
Conclusions: Soft tissue around MSC/biomaterial implants are charac-
terized by decreased cellular stress, selective apoptosis and stimulation
of cellular proliferation. Type of HAp material doesn’t play a role in
expression of tissue factors.

33.P15
Characterization of biocompatibility after
different biomaterial implantation in bone of
experimental animals
M Pilmane, G Salms, I Salma and A Skagers
Riga Stradins University, Latvia; Riga Technical University, Latvia

Introduction: Reactogenicity is inherent property of a biomaterial to
induce a local reaction after implantation. Bioactivity characterises a
specific local reaction induced by biomaterial. We researched on spe-
cific biocompatibility changes in bone of experimental animals in case
of different biomaterial implantation.
Material and methods: Material was obtained from six rabbits in lower
jaw and right and left tibia 3 months after implantation of HAp, HAp
covered by polimethylmetacrylate cement (PCL), commercial Biomet-
Bone Cement R, ABC-G3A PMMA, Ca phosphate cement (pH6, pH7)
implants. Control was obtained from animals without any biomaterial
implantation. Tissues were proceeded for detection of BMP2/4, osteo-
protegerin (OPG), osteopontin (OP), osteocalcin (OC), and defensin 2.
Results demonstrated abundant expression of all factors in bones of
HAp implantation. Bone after HAp plus PCL implantation showed nota-
ble decrease of all factors, except OP. BiometBone Cement R raised
decrease of BMP2/4 and defensin expression while OPG and bone pro-
teins have elevated. ABC-G3A PMMA implants increased only bone
proteins. Ca phosphate cement (pH6) increased only OPG-containing
structures. Ca phosphate cement (pH7) elevated BMP2/4 positive
structures.
Conclusions: The best biocompatibility is between jaw tissue and non-
covered Hap. For other bioceramic materials that differ from the HAp
characteristic is selective stimulation of distinct molecular events in
bone after their implantation.

33.P16
Decellularized and sterilized xenogeneic tissues
inhibit complement and neutrophil activation: In
vitro investigation using a novel blood-
compatibility screening system
K Iwasaki, Y Matsuhashi, ATakahashi, ATonegawa, T Miyagawa,
M Nagai, S Ozaki and M Umezu
Center for Advanced Biomedical Sciences, Waseda University,
Japan

Aims: This study aims to develop a novel in-vitro blood-compatibility
screening system which can maintain blood conditions, and to assess
complement and neutrophil activation to decellularized and sterilized
xenogeneic tissue.
Methods: We developed an airless chamber to incubate blood with tis-
sue. Supply of O2 and elimination of CO2 were realized by using a gas-
preamble silicone tube. The blood-filled chamber was rotated at
40 rpm in a 37 �C box. Heparinized and glucose-supplemented venous
blood of healthy volunteers was used. This study was approved by the
ethical committee of Waseda University. Complement and neutrophil
activation to fresh bovine pericardium rinsed with antibiotics and an-
timycotics, decellularized and ethylene-oxide-gas sterilized pericar-
dium, and glutaraldehyde-treated bovine pericardium (commercial
product) were compared after 5 h’ incubation (n = 6).

Results: Blood pH and O2 concentration were successfully maintained
within physiological ranges by regulating CO2 concentration outside
the chamber at 2%. ELISA assay of C3a and lactoferrin showed that
complement and neutrophil activation of decellularized and sterilized
bovine pericardium were markedly suppressed as compared with those
of the fresh pericardium and comparable to those of glutaraldehyde-
treated pericardium.
Conclusions: The in-vitro blood-compatibility screening tests demon-
strated that decellularization and sterilization of bovine pericardium
inhibited complement and neutrophil activation.

33.P17
Remeseothelialization after application of barrier
materials for peritoneal adhesion prevention – a
scanning electron microscopical study with
insights for tissue engineering solutions
C Brochhausen, VH Schmitt, CNE Planck, B Krämer, TK Rajab,
H Hierlemann, H Planck and CJ Kirkpatrick
REPAIR-lab, Institute of Pathology, University Medical Centre
Mainz, Germany; Department of Gynecology, University
Tübingen, Germany; Brigham and Women’s Hospital, Havard
Medical School, USA; Polymedics, Germany; Institue of Textile
Technology and Process Engineering, Germany

Peritoneal adhesions remain a relevant clinical problem. Mesothelial
cells play a decisive role in healing either with or without adhesion for-
mation. In this study the quality and quantity of remesothelialization
after application of five commercial adhesion barriers in an animal
model was semiquantitatively analysed using scanning electron micros-
copy (SEM). After serosal wounding Wistar rats were either treated
with Adept�, Intercoat�, Spraygel�, Seprafilm� and SupraSealel� or
remained untreated. After 14 days the treated areas were explanted
and morphological analysed by SEM. The surface morphology, the
amount and morphology of covering cells were analysed by evaluating
100 random high power fields of x500 in each specimen. The barrier
groups distinguished in quantitiy and quality of the cells colonizing the
surface. The highest amount of flat mature mesothelial cells correlates
with the highest antiadhesive effect in the SupraSeal�-group. The
mesothelial cells showed either normal or activated phenotype in
dependence on the underlying biomaterial. These experiments showed
a useful insight of SEM-analyses for the performance of barrier materi-
als. With respect to the anti-adhesive efficiency and biocompatibility,
rapid remesotheliazation is of crucial importance. These findings open
innovative aspects for potential Tissue Engineering approaches in adhe-
sion prevention.

33.P18
Cytotoxicity of poly(propylene fumarate) per ISO
10993-5
MOWang, JAThompson, J Wallace, D Dean and JP Fisher
University of Maryland, USA; Case Western Reserve University,
USA

The clinical success of any biomaterial is significantly based on its lack
of cytotoxicity. Poly(propylene fumarate) (PPF) is a biodegradable
polymer that has been well characterized for use in bone tissue engi-
neering; however, there has not been any extensive studies on PPF
cytotoxicity. This work evaluated the cytotoxicity of PPF per ISO Stan-
dard 10993-5, though direct cell culture, indirect cell culture and cell
culture with PPF extractant. PPF was synthesized and made into films
as previously described. Cell (hMSCs, fibroblasts, primary osteoblasts
and cMSCs) viability was evaluated by cell count, with trypan blue,
and live/dead fluorescent imaging, with ethidium homodimer and cal-
cein AM. Sol fraction was also determined to ensure that cytotoxicity
results were based on a fully crosslinked film. Cell viability after incuba-
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tion with the extractant media was found to be statistically similar
(p < 0.05) between PPF (99% ± 4%), the negative control (high den-
sity polyethylene) (89% ± 9%) and blank media (91% ± 9%) com-
pared to the positive control (0% ± 0%). Fluorescent and microscopic
imaging of the cells showed no change from normal morphology in the
PPF, HDPE or blank media samples. Results indicate that hMSC popula-
tion when directly or indirectly cultured with PPF remains viable. This
study highlights the importance of evaluating cytotoxicity during bio-
material development using approved standards such as ISO 10993-5.

33.P19
ECM hydrogels as coating materials to modulate
the host response to synthetic mesh
MTWolf, KA Daly, RL Londono, A Nieponice, PM Crapo,
SA Johnson and SF Badylak
McGowan Institute for Regenerative Medicine, USA

Non-degradable synthetic surgical mesh materials are commonly used
for ventral hernia repair. Though most synthetic meshes provide supe-
rior mechanical support, they are associated with complications,
including recurrence, infection, and a foreign body inflammatory reac-
tion. Biologic scaffolds isolated from decellularized tissues are typically
fully degraded in vivo and support site appropriate constructive tissue
remodeling. Therefore, an ECM coating on a mesh material may logi-
cally improve biocompatibility. In the present study, different ECM coat-
ings derived from porcine dermal ECM (D-ECM) and urinary bladder
(UBM) were evaluated for their ability to modify the host response to
polypropylene mesh. The coated and uncoated meshes were implanted
in a partial thickness rat abdominal wall defect for 3–120 days. Host
cells rapidly infiltrated the ECM coatings and UBM coatings degraded
more quickly than the D-ECM coatings. All ECM coatings decreased the
inflammatory response to mesh fibers compared to the uncoated mesh
between days 3–35. By 120 days, the associated interfiber connective
tissue type differed between ECM coated and uncoated polypropylene
implants. ECM coated mesh showed a greater amount of adipose tissue
than the uncoated polypropylene mesh, which was almost entirely
fibrous in nature. We conclude that an ECM hydrogel coating can mod-
ify the host response to a polypropylene mesh and change the down-
stream remodeling response.

33.P20
Understanding protein adsorption hysteresis for
the immobilization of proteins on scaffolds for
tissue engineering
HP Jennissen, D Dohle and M Meißner
Institut für Physiologische Chemie, Universität Duisburg-Essen,
Universitätsklinikum Essen, Germany; Thorax- und
Kardiovaskuläre Chirurgie, Universität Duisburg-Essen,
Universitätsklinikum Essen, Germany

Proteins can be immobilized on surfaces either covalently or non-cova-
lently. Non-covalent protein adsorption is measured as an adsorption
isotherm, in which the surface concentration of the protein, {protein}s
e.g. in lg/cm2, increases as a function of the equilibrium protein con-
centration, [protein]eq in mol/l. Conversely, decreasing a finite surface
concentration, {protein}s, as a function of decreasing protein concen-
trations, [protein]eq, results in a desorption isotherm. If the desorption
isotherm does not retrace the adsorption isotherm, a loop is formed,
which is called adsorption hysteresis [1]. This is a result of a thermody-
namically irreversible process and the generation of entropy <delta
iS> e.g. by a conformational change of the protein on the surface. As a
consequence of protein adsorption hysteresis the parameters derived
during the adsorption process are no longer valid after adsorption but
are then governed by the parameters of the desorption process - often

unnoticed. From the hysteresis data of BMP-2 and Fibrinogen [2] on
quartz glass and titanium it will be shown that the binding constants
(Ka) increase by magnitudes in passing from adsorption to desorption,
finalizing at 109 - 10^13 M-1, with apparent molar Gibbs free energies
of the irreversible process <delta iG> at -9 to -40 kJ Mol-1. [1] Hlady,
V., Buijs, J., & Jennissen, H.P. (1999) Methods Enzymol., 309, 402–
429. [2] Dohle, D.-S., Pasa, S.D., & Jennissen, H.P. (2010) Bionanoma-
terials, 11 (S1).

33.P21
Localization and characterization of enteric
neural progenitor cells
S Santander, I Cantarero, MJ Luesma, JM Álvarez
and C Junquera
Instituto Aragonés de Ciencias de la Salud-IIS (Zaragoza), Spain;
Departamento de Anatomı́a e Histologı́a humanas (Universidad
de Zaragoza), Spain

Introduction: Human myenteric plexus regeneration in the enteric ner-
vous system is a proven fact, but it is still not known the process of
regeneration of these nervous elements (neurons and glia). What are
the cells that act as neural progenitors in this system? It has been
recently reported that inside the ganglia, cells divisions only take place
in glial cells. (Azan G et al 2011; Heanue TA et al 2010) Hypothesis:
Currently, there are two hypotheses about the localization of these
cells. Firstly, it is proposed that progenitor cells are located inside the
ganglia. These cells would come from glial cells. On the other hand it
is suggested that stem cells would be located outside the ganglia.
Results: Using proliferation cell markers (BrdU, Ki-67), we have found
that dividing cells are located around the ganglias. To characterize
these cells, we have proceeded to culture isolated gut cells from adult
healthy mice, with and without mucosa. In the present study the differ-
ent cell morphologies have been evaluated and also the specific
responses of these progenitor cells to specific antibodies. We have stud-
ied the expression of Nestin, GFAP, Neu N and actin protein in the iso-
lated cells. It suggested to discuss this population behaviour by a FACS
study of neural progenitors specific markers as c-Kit, p75, Nestin and
GFAP.
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34. Multi-scale and Hierarchical Scaffolds and Self Assembly
Systems (in coop. Expertissues)

34.01
Keynote: Multi-scale scaffolds for tissue
engineering
N Neves
3Bs Research Group - Biomaterials, Biodegradables and
Biomimetics, University of Minho, Headquarters of the European
Institute of Excellence on Tissue Engineering and Regenerative
Medicine, Portugal; ICVS/3B’s – P, Portugal

A critical issue in the general area of Advanced Therapies is the need
for temporary scaffolds to regenerate tissue defects. The scaffolds
should be specifically designed to create environments that promote
tissue development and not merely to support the maintenance of com-
munities of cells. To achieve that goal, highly functional scaffolds may
combine specific morphologies at different scales and dimensions cap-
turing characteristic features and functionalities of the extra-cellular
matrix. Many biomaterials have been proposed to produce scaffolds.
We have a particular interest in developing systems based in biodegrad-
able polymers. Those demanding applications require a combination of
mechanical properties, processability, cell-friendly surfaces and tunable
biodegradability that are specific for the application. Electrospinning is
a versatile technique used to produce synthetic polymeric ultrafine
fibers. It enables the production of non-woven meshes with fiber diam-
eters in the nanometer range with high surface area-to-volume ratio
and high porosity. Those meshes can mimic some aspects of the extra-
cellular matrix of human tissues and be used as scaffolds for tissue
engineering applications. We developed such structures to obtain the
release of bioactive agents intended to direct and control stem cell dif-
ferentiation. This talk will review our latest developments for bone and
cartilage tissue engineering of scaffolds having microstructures at dif-
ferent scales and dimensions.

34.02
Magnetic 3D assembly of microgels for tissue
engineering and regenerative medicine
S Tasoglu, D Kavaz, UA Gurkan and U Demirci
Bio-Acoustic MEMS in Medicine (BAMM) Laboratory, Center for
Bioengineering, Brigham and Women’s Hospital, Harvard
Medical School, USA; Harvard-MIT Health Sciences and
Technology, USA

Bottom-up tissue engineering methods aim to generate complex tissue
structures by assembling building blocks, such as cell encapsulating
microscale hydrogels (i.e., microgels). Recently, assembly of microgels
into complex 3D constructs has been performed via emerging non-inva-
sive fields, e.g., acoustics, leveraging biomimetic properties of compos-
ite materials through micro and nanoscale technologies. Platforms
driven by magnetics have been employed in several applications
including direct cellular manipulation, sorting cells, 3D cell culture,
local hyperthermia therapy, magnetic levitation of organic liquid drop-
lets and clinical imaging applications. For instance, magnetic nanoparti-
cles (MNPs) were loaded to cell-encapsulating microscale hydrogels
(M-gels) creating composite smart materials responsive to magnetic
fields. However, MNPs in M-gels can interact with encapsulated cells
affecting their viability and functionality. Although applications of M-
gels are interesting, successful release of magnetic nanoparticles from

these biomimetic composite materials has to be proven for successful
applications such as tissue engineering. Hence, novel approaches are
needed to assemble cell-laden microgels without nanoparticles (MNP-
free microgels). Here, we present for the first time both experimentally
and theoretically assembly of microscale hydrogels exploiting the para-
magnetic properties of hydrogels without using magnetic nanoparti-
cles.

34.03
Therapeutic effects of bioactive peptides on
ischemic hind limb by recruiting mesenchymal
stem cells
JH Kim, Y Jung, SH Kim and SH Kim
Korea Institute of Science and Technology, Korea

Introduction: Here we developed bioactive self-assembling peptide
nanofiber hydrogel (RADA-SP) which could recruit mesenchymal stem
cells. The self-assembling peptide, RADAII-16, forms fibers (5–10 nm)
and assembles into a 3D scaffold at physiological solution. Substance P
(SP) is an injury-inducible factor that acts early in the wound healing
process to induce CD29+ stromal-like cell mobilization. By applying
these bioactive peptides on ischemic hind limb models, the abilities of
recruiting mesenchymal stem cells and therapeutic effects were evalu-
ated.
Materials and methods: The peptides RADA-SP (AcN-RAR-
ADADARARADADAGGRPKPQQFFGLM-CONH2) were synthesized and
purified (Peptron, Daejeon, Korea). Limb ischemia was produced in
~20 g athymic mice and 1% (wt/vol) peptides were injected into
ischemic sites (n = 6 in each group: ischemia, SP, RADA, RADA+SP,
RADA-SP). The tissues were harvested 1, 3, 7 days after injection for
histological analysis.
Results: In RADA-SP group, it was shown that many mesenchymal
stem cells were recruited into injected sites compared to other groups.
After 7 days, SP of this group was most effectively remained in the
injected region. Moreover, TUNEL+ cell density was seven times lower
than ischemia group. In Masson’s trichrome staining, injection of
RADA-SP could prevent fibrosis.
Conclusion: In conclusion, RADA-SP is effective to recruit mesenchy-
mal stem cells and that leads to protect limb ischemia.

34.04
Spontaneous co-assembly of molecularly
designed building blocks into hierarchically
ordered, dynamic, hybrid macrotubes
KH Smith, KE Inostroza, M Alonso, RL Reis, HS Azevedo
and A Mata
The Nanotechnology Platform, Parc Cientific de Barcelona, Spain;
BIOFORGE Group, University of Valladolid; 3B’s Research Group,
University of Minho, Portugal

A major limitation in generating materials using bottom-up strategies
is the lack of order at the macroscale. In this work, we show that two
self-assembling molecules, an elastin-like polymer (ELP) and a peptide
amphiphile (PA), can interact to spontaneously to form hierarchically
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ordered, dynamic, bioactive, macrotubes. An RGD-containing ELP and
a PA (C16V3A3K3) were synthesised using standard methods. The
addition of PA solution into ELP instigated the formation of a hollow
tube that expanded from the lower surface up to the air-liquid inter-
face. The tubes were prepared at different pH values, and tempera-
tures. Tubular macrostructures were formed when the zeta potential of
the ELP was negative, i.e., above pH 5.5, indicating that an electrostatic
interaction is involved in the assembly of the two molecules. When
tubes prepared at RT were placed at 4 �C, they became less opaque,
suggesting that there is also a temperature-dependent interaction
between the two molecules. Continuous assembly for 48 h enabled the
formation of strong structures that could easily be manipulated with
tweezers and were stable in PBS at 37 �C. SEM images of the tubular
structures showed that they were composed of a nanofibrous mem-
brane, about 20 lm thick. When two tubes were assembled next to
each other, they spontaneously fused into a larger tube. These self-
assembled tubes, which show dynamic and temperature-dependent
behavior have great potential for use in regenerative medicine applica-
tions.

34.05
Bioactive TGFbeta - CaP- alginate based scaffolds
for osteochondral tissue repair: design,
realization and multi-level characterization
L Coluccino, P Stagnaro, M Vassalli, I Schizzi and S Scaglione
National Research Council, Italy

The design of an appropriate microenvironment for stem cell differenti-
ation constitutes a multi-task mission and a critical step towards the
clinical application of tissue substitutes. We here present a bioactive
multiphase osteochondral scaffold, properly designed to offer specific
biochemical cues for an efficient and selective cell differentiation
towards the bony and chondral lineages respectively. Highly macro-por-
ous alginate scaffolds were fabricated from a mixture of calcium cross-
linked alginates by means of a freeze-dry technique. In the chondral
layer, transforming growth factor (TGF)-beta1 in citric acid was mixed
with the alginate solution. In the bony layer, the alginate scaffolds were
coated with a film of calcium-phosphate crystals, to offer an osteoin-
ductive surface to the cells. Optical and scanning electron microscopic
analyses were performed to assess the micro–macro architecture of the
biphasic scaffold. Uniaxial compressive mechanical tests were con-
ducted to evaluate the elastic modulus of the scaffold. For the biologi-
cal validation of the developed prototype, mesenchymal stem cells
were loaded onto the sample; cellular adhesion, proliferation and dif-
ferentiation were evaluated. Results have successfully demonstrated
the efficacy of the osteochondral graft, which combines interesting
functional properties and biomechanical performances, thus becoming
a promising candidate for osteochondral tissue-engineering applica-
tions.
Acknowledgements: Zwick/Roe

34.06
Method for creating nanofiber-reinforced
hydrogel scaffolds by combination of electrospun
nanofibers and hydrogels
AThorvaldsson and P Walkenström
Swerea IVF, Sweden

Hydrogels as well as electrospun nonwovens are both being widely
investigated as tissue engineering scaffolds and they both have their
advantages and disadvantages. The present work presents a method
developed for efficiently combining the two, thus creating a hydrogel
reinforced with nanofibers that has the potential to be injectable and
used in tissue engineering applications, such as nucleus pulposus

regeneration. The method is based on simultaneous electrospinning of
nanofibers and air brush spraying of a gel and is shown to create a
homogenous mixture of fibers and gel, avoiding unwanted layered
structures. Rheological evaluation of the produced gels shows a clear
reinforcing effect by the nanofibers, suggesting potential as scaffolds
for nucleus pulposus regeneration. Furthermore, using electrospinning
opens up for many possibilities of tailoring fiber morphology and struc-
ture also pointing to the potential of the method. Acknowledgements:
The funding of the Disc Regeneration project (Grant agreement no.
NMP-LA-2008-213904) from the European Community is gratefully
acknowledged. Also, RISE Holding is acknowledged for financial sup-
port to this work.

34.P01
Combination of protein mimetic signals on self-
assembling nanofibers
YR Chen
National University of Singapore, Singapore

There has been a paradigm shift in the fabrication of biomaterials for
use as a scaffolding in tissue engineering - from the use of inert syn-
thetic materials to biocompatible native materials and now towards a
smart biomimetic new age scaffold. Peptide amphiphiles have been
proven to be able to self-assemble into clyindrical nanofibres with its
hydrophobic alkyl tail hidden within the core of this supramolecular
structure and the bioactive peptide epitopes manifesting themselves on
the surface. We show here the ability to present a combination of bioac-
tive epitopes on the surface of the nano-fibers and the effect of them
on cellular response. We designed two types of protein mimetic
sequences, collagen mimetic sequence and laminin mimetic sequence
on negatively charged peptide amphiphiles and initiate their self-
assembly into nanofibers by mixing them with positively charged pep-
tide amphiphiles. The elongation of the fibers continues to be driven by
beta-sheet formation within the peptide segment to form a stable,
high-aspect ratio nanostructure. The entanglement of these nanofibers
quickly forms a hydrogel that is able to encapsulate PC12 cells and thus
providing an opportunity for its use as an injectable hydrogel. The PC
12 cells showed enhanced neurite extension on self-assembling hydro-
gels bearing both the protein-mimetic sequences. This is a step towards
the fabrication of a self-assembling hydrogel manifesting multiple bio-
active signals.

34.P02
Hierarchical scaffolds obtained by non-
conventional layer-by-layer electrostatic self-
assembly
SM Oliveira, TH Silva, RL Reis and JF Mano
3B’s Research Group, Portugal

The introduction of nano/micro structures in scaffolds is of great inter-
est as a way to achieve a better control over cells environment. Layer-
by-Layer (LbL) is a very versatile technique for surface modification by
the self-assembly of polyelectrolytes (PE). However, until now, few
works have reported the introduction of coatings or reservoirs of bioac-
tive molecules on porous structures using PE. This work introduces a
non-conventional approach of LbL to create nano/micro fibrillar-like
structures of chitosan and alginate inside and linked onto polycaprolac-
tone scaffolds previously produced by rapid prototyping, resulting in
hierarchical scaffolds. Several assembling parameters were studied,
verifying that the washing step and the concentrations were variables
influencing more cell behaviour. The behaviour of SaOs-2 cell line was
assessed on these hierarchical scaffolds by quantifying dsDNA and ALP
activity, and observing cell distribution after 1 and 7 days in culture.
Cell seeding efficiency was improved with the introduction of hierarchi-
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cal structures and, after 7 days, the cells had colonized the whole scaf-
fold. ALP/dsDNA was higher than on 2D culture plates and, in general,
was not influenced by the introduction of the structures. In conclusion,
the methodology proposed permits to modify the surface or add a new
hierarchical structural level in scaffolds for TE that could be used to
control cell adhesion, proliferation and differentiation.

34.P03
Hierarchical design of bone extracellular matrix
mimetic nanofibers promote osteogenic
differentiation of mesenchymal stem cells
H Ceylon, S Kocabey, H Unal, S Ustun, AB Tekinay
and MO Guler
National Nanotechnology Research Center, Turkey

Native bone is comprised from a collagen-based network which is min-
eralized with a special type of calcium phosphate in a hierarchical man-
ner. Both instructive signals, including small peptide sequences, growth
factors, etc., on the extracellular matrix and bare hydroxyapatite were
separately reported in the literature promoting mesenchymal stem cell
(MSC) differentiation into osteogenic lineage. However, reconstitution
of the hierarchy that imitates the native bone structure in laboratory
and clinics, however, still remains as a challenge. In this study, we engi-
neered self assembling peptide molecules bearing MSC-specific peptide
signals. Onto these nanofibers, we were able to mineralize bone-like
hydroxyapatite (HAP). We characterized the mineralized nanofibers
using FT-IR, Raman spectroscopy, XRD, electron diffraction, and SEM.
We then evaluated the differentiation of MSCs into osteogenic lineage
by employing alkaline-phosphatase activity assay, qRT-PCR, immunocy-
tochemistry, and western blot. We reveal that HAP-peptide nanofiber
composites demonstrate robust performance for MSC differentiation.

34.P04
Designing functional self-assembling peptides as
biomaterial-scaffolds for bone repair
M Chatzinikolaidou, E Simantirakis, K Terzaki, M Farsari,
M Vamvakaki and A Mitraki
Department of Materials Science and Technology, University of
Crete, and IESL-FORTH, Greece

Aim of this project is to study designed functionalized oligopeptides
immobilized on biomaterial scaffolds that promote cell adhesion, prolif-
eration and differentiation. The oligopeptides consist of a core derived
from the adenovirus fiber shaft protein responsible for their amyloid
character. The peptides were engineered to contain the characteristic
RGDS motif of fibronectin to promote integrin-mediated cell adhesion.
We performed TEM for the characterization of structural features of
the peptides and the fibrils and SEM for the visualization of the sur-
faces. We seeded MC3T3-E1 cells on glass slides and added the mature
peptide solution. Either the RGDS-containing peptide, or a control pep-
tide or fibronectin, or BMP-2 was added to the cells. On day 8 cells
were harvested and counted, and gene expression of bone sialoprotein,
osteocalcin and Col24a1 was performed. The oligopeptides self-assem-
ble into a few micrometer-long fibrils at a concentration of 2 mg/ml,
pH = 7.4. Preliminary experiments show a significant increase in pro-
liferation of cells cultured in presence of the peptide with the RGDS
sequence. Cells cultured in presence of fibronectin and in mixture con-
ditions of the RGDS peptide and BMP-2 behaved similarly. Bone sialo-
protein and Col24a1 were both expressed in presence of the RGDS-
containing peptide and in mixture of the peptide with BMP-2. Further-
more, we investigated the osteogenic response of immobilized peptides
on structured hybrid biomaterial-scaffolds.

34.P05
Characterisation and in vitro and in vivo response
to self assembled peptide hydrogels
S Marchesan, L Mather, V Glattauer, KM McLean, J Gardiner
and PG Hartley
CSIRO Materials Science and Engineering, Australia

The importance of recapitulating a 3-D environment representative of
conditions in vivo, has driven the recent development of new materials
designed for both in vitro cell and tissue culture and in vivo applica-
tions in regenerative medicine. Bioinspired supramolecular assembly is
an attractive method for the fabrication of such materials and one class
of these materials which are attracting increasing attention in biological
applications are hydrogels based on peptides, as a result of their inher-
ent structural and biochemical diversity, low cost and ease of prepara-
tion. Fabrication of such self-assembling peptide materials include the
use of, for example, a pH switch or the presence of enzymes to trigger
the process amongst others. Here, we demonstrate the use of both a
pH switch and an enzyme induced self assembly of both capped
(Fmoc) and uncapped-tripeptide systems to give ordered nanostruc-
tures which further interact to form peptide hydrogels. Our goal is the
development of a suite of materials whose rheological properties and
other characteristics can be tailored by the manipulation of self assem-
bly conditions during materials fabrication. We demonstrate the use of
these hydrogels for culturing specific cell types in vitro and the applica-
tion of these systems in vivo.

34.P06
Sustained release of ranibizumab from self-
asssembled peptide amphiphile microgels
S Ustun, H Ceylan, AB Tekinay and MO Guler
UNAM-Institute of Materials Science and Nanotechnology, Bilkent
University, Turkey

Ranibizumab is a recombinant VEGF antibody used in clinics for the
treatment of wet form of age related macular degeneration. It is intra-
vitreally administered to ocular compartments and it needs frequent
injections. However, intravitreal administration could cause side com-
plications as well as patient discomfort. These necessitate alternative
treatment strategies based on relatively noninvasive ranibizumab deliv-
ery that is more effective and sustainable in the eye vitreous than the
current clinical regimen. Herein, we developed self-assembled peptide
microgels to sustainably release ranibizumab from these microgels at
high local dose. Release profile of ranibizumab at different peptide con-
centrations was used to evaluate the release performance from the mi-
crogels for improved and modulated treatment of wet form of age
related macular degeneration.

34.P07
Controlled aggregation of microstructures and
hMSCs as a bottom-up approach towards cell
and tissue organization
AM Leferink, D Schipper, NC Rivron, C van Blitterswijk,
L Moroni and RK Truckenmuller
MIRA, Department of Tissue Regeneration, University Twente,
The Netherlands

Current methods to fabricate scaffolds for tissue engineering applica-
tions have limitations in terms of 3D structure complexity, remodeling
and cellular distribution. In this study, we propose a bottom-up
approach towards a cell-driven assembly of microparticles at the mac-
roscale. We speculate this might allow the formation of more complex
3D structures prone to remodeling. We show that physical properties
like size, shape and wettability of the structures modulate the circular-
ity, branching and compaction of the cell-driven assembly. As a proof of
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concept microstructures were fabricated of SU-8 negative photoresist
(MicroChem, Germany). Interaction of cells with structures of different
sizes and shapes was investigated by culturing human mesenchymal
stem cells (hMSCs) at different concentrations with varying number of
structures. The number of structures that were assembled into aggre-
gates and the compaction of the aggregates were monitored over time.
Aggregates showed more circularity and higher aggregation speed
when cells were cultured on smaller structures or on more hydrophilic
structures. By controlling cell attachment sites, this bottom-up
approach could be applicable to the fabrication of 3D cell-laden con-
structs as carriers for systemic cell delivery or as self-assembled scaf-
folds for tissue constructs of clinical relevant sizes.

34.P08
Mechanical properties of self-assembling peptide
hydrogels and their effects on cell behaviors
G Cinar, H Ceylan, AB Tekinay and MO Guler*
Institute of Materials Science and Nanotechnology, National
Nanotechnology Research Center (UNAM), Bilkent University,
Turkey

Development of self-assembling biomimetic molecules and integration
of those in materials for tissue engineering is one of the most interest-
ing research areas in materials science. Our research is aimed to study
self-assembling peptides and understand possible non-covalent interac-
tions taking place in self-assembly mechanisms such as hydrogen
bonds, electrostatic and hydrophobic interactions in aqueous condi-
tions. In this work, the non-covalent interactions between oppositely
charged peptides are investigated experimentally and simulation of
possible aggregate formations is demonstrated. Development of a new
peptide hydrogels with interesting mechanical properties and with low
contamination risk is one of the main targets of this research. We aim
to highlight concentration and time dependence of peptide hydrogels
and understand the relationship between mechanical properties and
bioactive parameters. We also focus on biocompatibility and biodegrad-
ability of the designed hydrogels, which have great potentials for appli-
cations in regenerative medicine.

34.P09
In situ chondrogenic differentiation of bone
marrow stromal cells in bioactive self-assembled
peptide gels
Y Jung, JE Kim and SH Kim
Korea Institue of Science and Technology, South Korea

The gradual increase in the aging population has resulted in many
osteoarthritis patients. However, articular cartilage is a specific tissue
which lacks nerves and blood vessels and has limited self-repair abili-
ties. Recently, there are many studies on peptide hydrogel scaffolds
which are biocompatible and low immunogenic for cartilage tissue
engineering. In this study, we used self-assembled peptide gels having
unique peptide sequences and introduced the bioactive motifs to the
end of the sequences of peptide gels, which are collagen mimetic pep-
tides (CMPs). CMPs that have a unique collagen-like triple helical con-
formation have been shown to associate with collagen molecules and
fibers via a strand invasion process. In order to examine the in situ
chondrogenic differentiation of rabbit bone marrow stromal cells
(rBMSCs) by functional motifs, biochemical analysis were conducted.
The results showed that the secretion of cartilage specific extra cellular
matrix and the gene expression concerned with chondrogenic differen-
tiation were increased in group of self-assembled peptide gels intro-
duced CMPs motifs. From the results, it was confirmed that CMPs
modified self-assembled peptide gels could enhance effectively the
chondrogenic differentiation in situ, consequently they could be a good
scaffold for cartilage tissue engineering.

34.P10
Catechol-driven layer-by-layer assembly for
surface hydrogel coating
TG Kim
Severance Hospital Integrative Research Institute for Cerebral &
Cardiovascular Diseases, Korea

Surface engineering of materials can introduce the preferable function-
ality by physical, chemical, or biological decoration into the elaborated
architecture having inert exterior, which can boost the end role of the
consequent product in a wide range of areas. Due to processing limita-
tion of functional materials in production, bulk material manufacturing
with subsequent surface modification of interesting species is often
desirable. In particular, surface modification with hydrogels has unique
advantages of a high degree of hydrophilicity and biocompatibility in
the context of biomedical applications. In this study, we devised the
novel layer-by-layer assembly using mussel adhesive-inspired driving
force, which led to spontaneous formation of surface-bound hydrogel
on virtually all types of substrates including plastics, metals, and
ceramics. First, we synthesized many types of catechol-polymer conju-
gates through simple EDC chemistry. The catechol-polymer conjugates
was sequentially adsorbed on the substrate by layer-by-layer fashion
with each subsequent oxidation of catechol groups. The resulting hy-
drogel on the substrate exhibited anisotropic swelling and tenacious
adherence to various substrates. This surface-bound hydrogel has
promising potential for biomedical applications such as local drug res-
ervoir, biocompatible coating, and protective lubricious surface layer.

34.P11
Modular adipose tissue engineering for soft
tissue reconstruction
TG Kim
Severance Hospital Integrative Research Institute for Cerebral &
Cardiovascular Diseases, Korea

Adipogenic tissue reconstruction or augmentation has been imple-
mented when complex trauma, oncologic resections, and congenital or
acquired deformities often associated with massive loss of adipose tis-
sue are accompanied. Currently, the transplantation of autologous fat
tissue is the main clinical modality for rehabilitating the defect sites.
However, the lack of sufficient vascularization after transplantation
causes significant graft volume shrinkage, resulting in poor long-term
clinical success. Here, we demonstrate a multiscale (from nanometer-
scale to macro-scale) and multifunctional assembly route to hierarchi-
cally mimic 3D adipose tissue. Biologically optimized module tissues
were used as building units for fabricating 3D biohybrid construct of
higher order. The microstructured scaffold was prepared via a DPMD
process and allowed to deliver angiogenic growth factor in a sustained
manner. These bioactive scaffolds with periodic porous internal struc-
tures were used to assist the 3D hierarchical assembly of the composite
module tissues. The produced multiscaled and multifunctional modu-
lar tissue construct enable the successful formation of vascularized adi-
pose tissue in vivo.

34.P12
Void filling strategies of fibroblasts in the onset
of regeneration
P Joly, A Petersen and G Duda
Julius Wolff Institute, Charité - Universitätsmedizin Berlin,
Germany; Berlin-Brandenburg School for Regenerative Therapies,
Charité, Germany

In regeneration, strategies are identified to fast and effectively fill
voids. Fibroblasts are the cells paving the ground for later reconstitu-
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tion of more complex tissues. In this study, we aimed at analyzing if fi-
broblasts from different species and ages have similar strategies to initi-
ate micro-void filling. Rat and human primary dermal fibroblasts (RF
and HF) were seeded into Macroporous collagen-I scaffolds, using cells
from young and old donors. After 1 week in a bioreactor, scaffold vol-
umes were assessed. Cell number and ECM production were evaluated
by staining for cell nuclei, fibronectin (Fn), second harmonic genera-
tion imaging for collagen (Col) and immunoassay for Fn. Cell spread-
ing behavior was analyzed and correlated with ECM formation. HF
seeded scaffolds showed a contraction up to 39%, more pronounced
for young cells (vs old cells). Little contraction was seen for RF. New
Col was mostly found in young HF which filled the scaffold whereas
RF stayed located on the fibers. Still, single cell Fn production was the
highest for old RF (p = 0.005 vs young RF, p = 0.014 vs HF).Scaffold
contraction was linked to cell spreading across the pores, as different
cellular forces are required to deform a scaffold wall or contract a pore.
Pore filling was faster if cells could go from spreading on the pore sur-
face to spreading across the pore void. The cell and pore size ratio
seems to represent a measure to (i) prevent scaffold volume loss and
(ii) to void tissue filling.

34.P13
Room temperature fabrication of glass based
scaffolds using the combination of sol-gel
reaction and rapid prototyping system
H Yun, G Poologasundarampillai and J Jones
Korea Institute of Materials Science, South Korea; Imperial
College London, UK

The scaffold should have bioactivity, osteoconductivity, biodegradabil-
ity, suitable surface chemistry, highly porous structure with a well inter-
connected pore network, irregular shape fabrication ability, and
appropriate mechanical properties. Bioactive glasses (BGs) meet the
first four criteria. Sol-gel derived BGs much satisfy these conditions
compared to melt-derived glasses due to their greater surface area and
nanostructure. Meanwhile, conventional fabrication techniques for BG
scaffolds cannot fully satisfy the other three criteria for bone scaffold.
Rapid prototyping (RP) can generate a physical model directly from
computer-aided design data and can overcome these structural limita-
tions. Fabrication of sol-gel derived BG scaffolds using RP technique

has suggested to this end. Almost all process for fabricating ceramic
scaffold needs a heat treatment at high temperature not only to remove
organic binder or template but also to enhance their mechanical
strength. However, this sintering process imposes restrictions for using
scaffold in tissue regeneration, such as limited functionality, unstable
mechanical properties and low reproducibility. The purpose of this
study is to develop a novel fabrication process of sol-gel derived BG
scaffolds using RP technique without sintering to clear all these limita-
tions.

34.P14
Assessing and manipulating self-assembling
peptide viability as a scaffold for cell
proliferation
RPW Davies, A Aggeli and E Ingham
University of Leeds, UK

Rationally designed self-assembling peptides, which are biologically
inspired, aim to mimic natural extra cellular matrices for use as three-
dimentional tissue engineering scaffolds. Two fundamental issues
inherently dictate their usefulness within this field. Firstly it is of para-
mount importance that the molecular self-assembly is understood so
that the range of non covalent interactions can be manipulated in order
to produce stable aggregates within biologically relevant conditions.
Secondly the peptide material must be biocompatible and provide an
environment in which nutritional transfer is not impeded and cells may
exude metabolites. This work presents an iterative approach to the
study of self-assembling ß-sheet peptides of the P11-X family. Utilising
various spectroscopic techniques such as U.V. spectroscopy, FTIR spec-
troscopy and Circular Dichroism we are able to study quantitatively
how permutations of peptide primary structure effect the self-assembly
of the peptides. The subsequent nano-structures formed are then
assessed using a variety of optical tools and the peptide hydrogels are
further studied by assessing their rheological properties. The microen-
vironments in which the P11-X peptides provide are also investigated
by assessing its cytocompatibility and is characterised by various cell
types, including fibroblasts. Such a systematic study gives valuable
information into the rational design of further peptidic molecules to
form optimised materials for cell growth.
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35. Surface Topography

35.01
Keynote: Biomimetic surfaces exhibiting extreme
wettability properties for tissue engineering
applications
JF Mano
University of Minho, Portugal

Surfaces exhibiting hierarchical topographic organization, from the
nano to the micro scale, may present extreme wettability properties,
ranging from (lotus-like) superhydrophobic to superhydrophilic behav-
iour. Such surfaces may be used as innovative substrates to infer cell
behaviour and protein adsorption onto surfaces beyond the conven-
tional hydrophobic-to-hydrophilic character. We proposed a rapid pro-
cedure to produce superhydrophobic substrates in polymeric films that
could change the wettability up to contact angles near zero through
further modification using plasma or UV/ozone radiation. By spatially
control the regions of surface modification it is possible to produce sur-
faces with gradients in wettability or pattern wettable areas sur-
rounded by superhydrophobic spaces. We have been suggesting the
use of such devices for ex-vivo biomedical applications, such as plat-
forms for combinatory analysis of 2D or 3D biomaterials and cells,
including miniaturised hydrogels and scaffolds with multiple combina-
tions of compositions and properties, and also to produce open micro-
fluidic devices. The developed superhydrophobic substrates may be
also used to process polymeric particles in mild conditions and with
unique structural characteristics, specially designed for tissue engineer-
ing applications

35.02
MicroRNAs potentially regulate TGFb/BMP &
Wnt/Ca2+ signaling pathways on modified
titanium implant surfaces leading to improved
osteogenicity
N Chakravorty, S Ivanovski, I Prasadam,
R Crawford, A Oloyede and Y Xiao
Institute of Health and Biomedical Innovation, Queensland
University of Technology, Australia; School of Dentistry and Oral
Health, Centre for Medicine and Oral Health, Griffith University,
Australia

Background: Sand-blasted, large grit, acid etched (SLA) and modSLA
(hydrophilic SLA) titanium implant surfaces are recognized to have
improved osseointegration and osteogenic properties. These properties
are guided by activation of several molecular signaling pathways. This
study explored the signaling pathways activated following early expo-
sure (24 h) of osteoprogenitor cells to modSLA and SLA surfaces and
their possible regulation by microRNAs.
Materials and methods: Human osteoprogenitor cells were cultured on
modSLA, SLA and smooth (SMO) surfaces. The relative expression of
key genes involved in signaling pathways, and miRNAs related to cell
development and differentiation was evaluated. Target predictions for
the differentially regulated miRNAs were performed using TargetScan
and sorted for genes of TGFb/BMP and Wnt/Ca2+ pathways (for
downregulated miRNAs) and inhibitors of osteogenesis (for upregulat-
ed miRNAs).
Results: The study confirmed that TGFb/BMP, Wnt/Ca2+ and Notch
pathways are activated within 24 h of exposure to modified surfaces.
Several miRNAs showed differential expression on modSLA and SLA

surfaces. Target predictions for the down-regulated miRNAs revealed
several potential genes of the TGFb/BMP and Wnt/Ca2+ pathways as
potential targets.
Conclusion: This study demonstrated that modified titanium surfaces
induce differential regulation of miRNAs that potentially regulate the
TGFb/BMP andWnt/Ca2+ pathways leading to improved osteogenicity.

[Correction after online publication 3 September 2012: The sen-
tence should be ‘‘The study confirmed that TGFb ⁄BMP, Wnt ⁄Ca2+ and
Notch pathways are activated within 24 h of exposure to modified
surfaces.’’, not ‘‘The study confirmed that TGFb ⁄BMP, Wnt ⁄Ca2+ and
Notch pathways are activated within 2 h of exposure to modified
surfaces.’’]

35.03
Human tenocyte response to nano-topographic
interfaces and implications on medical device
design
A English, A Azeem, B Tripathi, E Jones, K Legerlotz, G Riley,
G Cross, N Rooney, A Pandit and D Zeugolis
Network of Excellence for Functional Biomaterials, National
University of Ireland, Ireland; CRANN, Trinity College Dublin,
Ireland; School of Biological Sciences, University of East Anglia,
UK; Proxy Biomedical, Ireland

Introduction: Cell-substrate interactions at the nano-bio-interface are
becoming increasingly important in the design of the next generation
of biomaterials. However, it is important to fully comprehend the influ-
ence of nano-topography on cellular behaviour. Herein, the influence
of nano-topography on tenocyte behaviour was evaluated.
Materials and methods: Anisotropically ordered ridges and grooves,
ranging from 35 to 1900 nm, were imprinted on PLGA films using
nano-imprinting lithography. Subsequently, the influence of surface
topography on primary human tenocytes morphology, alignment,
migration and phenotype was evaluated on days 1, 5, and 10.
Results: No significant difference in cell metabolic activity and viability
between the different topographies at each time point was observed
(p > 0.05). Cellular orientation, parallel to the substrate topography,
was observed for groove depths of 300 nm and above, whilst for
groove depth lower than 300 nm, the cells adopted a random confor-
mation.
Conclusion: This study has established a range of nano-textured sub-
strates that provide an instructive environment for cellular alignment,
while maintaining cell viability. Gene expression assays are on-going to
fully comprehend the influence of different nano-textured substrates
on cellular behaviour.
Acknowledgments: This work was supported by Enterprise Ireland,
(Competence Centre for Applied Nanotechnology-CCAN) and by the
Irish Government under the National Development Plan 2007–2013.

35.04
Nanofiber compliance affects human
mesenchymal stem cell motor neuron
differentiation
SY Chew and X Jiang
Nanyang Technological University, Singapore

Little is known about the combined effects of substrate topography and
compliance signals in directing stem cell differentiation. In this study,
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human fetal mesenchymal stem cells (fMSCs) were cultured on pullu-
lan-dextran nanofibers and hydrogels with varying stiffness and
induced to differentiate along the motor neural lineage. By varying
crosslinker, sodium trimetaphosphate (STMP), content from 10, 12 to
16% (denoted as STMP10, 12 and 16), scaffold stiffness was signifi-
cantly altered (0.24 ± 0.06 kPa–0.92 ± 0.18 kPa, p < 0.05). As com-
pared to hydrogels, nanofibers significantly enhanced fMSC viability
(~79% vs 12% at day 3, Live-Dead assay, p < 0.05). At day 8, the
expression of neuronal marker, Tuj1, was enhanced on nanofibers as
compared to tissue culture polystyrene (2D controls). Specifically, Tuj1
expression increased with increasing nanofiber stiffness (STMP16 >
12 > 10). However, the expression of glial markers, GFAP and O4,
decreased by day 16. A significant increase in mature motor neuron
marker, ChAT, was detected in cells on nanofibers than on 2D controls.
Specifically, STMP16 nanofibers enhanced ChAT expression
(STMP16 > 12 > 10). Inhibition of the ROCK pathway by treating
cells with Y27632 abrogated nanofiber compliance effect on ChAT
expression. Taken together, our results suggested the advantages of
nanofiber topography in supporting fMSC culture. Furthermore, nanofi-
ber compliance affects fMSC motor neural commitment through the
involvement of ROCK pathway.

35.05
Patterned superhydrophobic surfaces for the
combinatorial assessment of 3D biomaterials-
cells interactions
MB Oliveira, CL Salgado and JF Mano
3B’s Research Group, University of Minho, ICVS/3B’s - PT
Government Associate Laboratory, Portugal

Cells-biomaterials interactions are dependent on a wide range of fac-
tors, namely substrate mechanical properties. Usually in the study of
mechanotransduction phenomena 2D models are used and surface
modification of the biomaterials is performed to suppress the effect of
materials chemistry. However, 3D structures provide a more accurate
mimicry of the physiological media. In high-throughput analysis cell
encapsulation is commonly used, although in different stiffness hydro-
gels the maintenance of chemical features is difficult to achieve. Wetta-
ble spots were patterned in superhydrophobic surfaces in order to
deposit polymeric precursors and generate combinatorial porous scaf-
folds. On-chip dynamic mechanical analysis was performed, as well as
simultaneous quantification of porosity of several scaffolds. After select-
ing groups of scaffolds with a wide range of mechanical and morpho-
logical properties, a new array was created, consisting of these
scaffolds with fibronectin adsorbed through the whole solid structure.
Protein adsorption was studied by image analysis. The adhesion of two
different cell types was studied. A tendency for an increased metabolic
activity/cell number rate could be observed for pre-osteoblast cells in
high stiffness scaffolds, while an opposite tendency was verified for fi-
broblasts. In both cell types, mainly for pre-osteblasts, a tendency for
increased metabolic activity and cell number in the scaffolds in the
presence of fibronectin was observed.

35.P01
‘Smart’ shape-memory surfaces for mechano-
structural control of cell functions
M Ebara, K Uto, N Idota and TAoyagi
National Institute for Materials Science, Japan

‘Smart’ polymers are environmentally sensitive polymers that respond
to small changes in environmental stimuli with large, sometimes dis-
continuous changes in their physical state or properties. Shape-memory
polymers (SMPs) are a class of smart polymers that have the capability
to change from a temporary shape to a memorized permanent shape

upon application of an external stimulus. Especially, the use of SMPs as
self-repairing or re-writable materials has found growing interest in
environmentally-friendly technologies. Here we propose a novel tech-
nique that explores dynamic cell behavior in response to surface
changes in nanotopology using biocompatible poly(caprolactone)
(PCL) films that actuate on demand under biological conditions. Per-
manent surface patterns were generated by crosslinking the PCLs in a
mold. Temporary surface patterns were later embossed into the cross-
linked PCLs. The application of body heat quickly and completely tran-
sitioned temporary surface patterns to permanent patterns. To observe
the effects of a shape-memory-activated change in surface topography
on cell behavior, surfaces with a temporary grooved pattern were used
as a cell culture substrate and subsequently triggered to revert to a per-
manent flat surface in the presence of growing cells.

35.P02
Zwitterionic oligopeptides for cell
micropatterning and electrochemical rapid cell
detachment
T Kakegawa, N Mochizuki, H Suzuki and J Fukuda
Graduate School of Pure and Applied Sciences, University of
Tsukuba, Japan

Aim: To manipulate cells in vitro for engineering tissues, we developed
oligopeptide-modified cell culture surfaces from which adherent cells
can be rapidly detached by application of an electrochemical potential.
Methods: We designed two oligopeptides, CGGGKEKEKEK for cell
repulsive surface and CGGGKEKEKEKGRGDSP for cell adhesive sur-
face. These oligopeptides bind to a gold surface via a gold-thiolate
bond and form self-assembled monolayers via the electrostatic force
between the alternating charged lysine (K) and glutamic acid (E). We
examined nonspecific adsorption of proteins to the cell repulsive sur-
face, micropatterning of cells and its electrochemical detachment.
Results: Quartz crystal microbalance measurements revealed that,
owing to the ionic solvation in the alternating charged sequence, the
nonspecific adsorption of proteins on the surface modified with cell
repulsive peptide was significantly reduced as compared to that to a
surface without the modification. By spatially patterning these two oli-
gopeptides, cell micropatterns were formed on the surface. The cell
micropatterns were then detached by applying a negative potential
within 2 min and transferred to a collagen gel.
Conclusion: This cell micropatterning and detachment approaches
could be a useful tool for tissue engineering applications.

35.P03
Tailoring the trajectory of cell rolling with
cytotactic surfaces
C Edington, H Murata, R Koepsel, J Andersen, S Eom, T Kanade,
A Balazs, G Kolmakov, Z Liron and A Russell
University of Pittsburgh, USA; McGowan Institute for
Regenerative Medicine; Carnegie Mellon University, USA; Israel
Institute for Biological Research, Israel

Cell separation technology is a key tool for biological studies and medi-
cal diagnostics that relies primarily on chemical labeling to identify par-
ticular phenotypes. An emergent method of sorting cells based on
differential rolling on chemically patterned substrates holds potential
benefits over existing technologies, but the underlying mechanisms
being exploited are not well characterized. In order to better under-
stand cell rolling on complex surfaces, a microfluidic device with chem-
ically patterned stripes of the cell adhesion molecule P-selectin has
been designed. A high-resolution, automated visual tracking system
was developed to analyze the behavior of cells rolling on these pat-
terned surfaces under flow. This behavior was then correlated to a
number of established predictive models, suggesting that the technique
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can be adapted to a wide array of adhesive molecules. This combina-
tion of computational modeling and widely available fabrication tech-
niques represents a crucial step toward the successful development of
continuous, label-free methods of cell separation based on rolling adhe-
sion.

35.P04
Regulation of PC12 differentiation by controlled
3D micro/nano laser structuring of culture
substrates
C Simitzi, A Ranella, E Stratakis, C Fotakis and I Athanassakis
IESL-FORTH & UOC, Greece

The control of the outgrowth of neuronal cultured cells is of critical
importance in a wide spectrum of neuroscience applications including
tissue engineering scaffolds and neural electrodes. However, the study
of neuron cell outgrowth on more complex topographies remains lim-
ited. Evidence of phenotype alteration of stem cells and differentiated
neuronal cells when cultured on traditional flat culture substrates that
lack structural cues, emphasize the necessity to shift from 2D to 3D or
multi-scale cell culture models. The aim of the present study was to
investigate the cellular response and differentiation (neuritogenesis),
of the pheochromocytoma, PC12, cell line on femtosecond laser fabri-
cated 3D micro/nano structured Si surfaces. Variation of the laser flu-
ence, leads to substrates exhibiting different roughness ratios and
wetabilities. PC12 cells were cultured on these substrates for 4 and 7
days and treated with nerve growth factor (NGF). The results showed
that, although in all cases cells had been treated with NGF, cell differen-
tiation was only observed on the hydrophilic patterned surfaces of low
and intermediate roughness, whereas it was strongly inhibited on the
highly rough superhydrophobic surfaces. Our results indicate a method
to tune cell differentiation into a neuronal phenotype by proper selec-
tion of the surface free energy of the culture substrate and may be
promising for the design of cell culture platforms with controlled differ-
entiation environment.

35.P05
Proliferation and osteogenic differentiation of
human mesenchymal stem cells on gradient
micropatterned surface
N Kawazoe, W Song, H Lu and G Chen
International Center for Materials Nanoarchitectnics (WPI-
MANA), National Institute for Materials Science (NIMS), Japan

Surface properties of biomaterials and scaffolds have been reported to
affect mesenchymal stem cells (MSCs) functions. Besides the surface
properties such as surface functional groups, wettability, nano- or
micro-structured morphologies and elasticity, cell density has also been
shown to affect the proliferation and differentiation of MSCs. However,
most previous studies have examined the effect using separate culture
wells and dishes at different cell densities. In the present study, a cell-
culture polystyrene plate with micropatterned non-fouling poly (vinyl
alcohol) (PVA) areas was prepared to allow the formation of a cell den-
sity gradient of MSCs. And the effect of cell density on the proliferation
and osteogenic differentiation of MSCs was investigated. To prepare
the micropatterned surface, photoreactive PVA was grafted onto cell-
culture polystyrene plates by UV photolithography. Human MSCs were
cultured on the patterned surface in osteogenic induction medium for
up to 14 days. After 1 day of culture, a cell density gradient ranging
from 2.6 · 103 to 112.5 · 103 cells/cm2 was formed on the micropat-
terned surface. MSCs at lower density proliferated faster than those at
higher density. A high cell density initiated the osteogenic differentia-
tion of MSCs more rapidly than did a lower cell density. The micropat-
terned surface will be useful to directly compare the effect of cell
density on MSC functions.

35.P06
Selective cell control by laser-generated surface
topographies
S Schlie, E Fadeeva, A Deiwick, A Koroleva, L Koch and
B Chichkov
Laser Zentrum Hannover e.V., Germany

To achieve a perfect integration of the implant or tissue-engineered
substitute into the body, tissue formation in contact with the biomate-
rial has to be controlled. In this manner, the inhibition of fibroblasts
is demanded, since these cells contribute to fibrous encapsulation
which can lead to implant loosening and failure. Simultaneously,
competitive cell types, which support implant integration and func-
tions, have to be stimulated. Since conventional biomaterials do not
fulfil all specifications with respect to cell control, functionalization
methods are under development. One approach focuses on the fabri-
cation of defined surface topographies. Thereby, laser-processing or
microreplication techniques are very beneficial, due to a large variety
of geometries, low mechanical damages, and reproducibility. This
study concentrates on topographical effects on cell behaviour with
respect to adhesion, localization, morphology, proliferation, and dif-
ferentiation. It is demonstrated that fibroblasts can selectively be
inhibited by nano- and microstructures. Simultaneously, neuronal
cells or osteoblasts are not negatively affected. Therefore, these find-
ings suggest favourable surfaces for orthopaedic applications or elec-
tronic devices.

35.P07
Co-culture in vitro study on surface modified
PEOT/PBT rods to mimic foreign body response
in vivo
F Damanik, TC Rothuizen, MAJ Cox, T Lavrijsen, JI Rotmans,
C van Blitterswijk and L Moroni
University of Twente, The Netherlands; Leiden University Medical
Center; QTIS/e BV, The Netherlands

Researchers in the field of tissue engineering aim to reduce foreign
body response to avoid formation of a fibrocellular capsule triggered by
an implantation. We, instead, aim to take advantage of such a response
to direct cell migration and tissue formation/plasticity, to create a vas-
cular graft in ‘in vivo bioreactor’ strategies. Initial cell and material
interaction can be modulated by material’s chemical composition and
surface characteristics. Here, we analyzed alteration of polymeric rod
surface by different surface modifications for topography alteration and
hydrolysis. PEOT/PBT was used to fabricate rods for its easy tunable
mechanical and physical properties. Scanning electron microscopy
(SEM) and atomic force microscopy showed different surface topogra-
phy and roughness between the treatments, with an increase of rough-
ness up to 40-folds versus the unmodified rods. Total amount of
protein absorbed by the rods increased after surface modification, due
to changes in surface area and surface chemistry, which was confirmed
by x-ray photon spectroscopy. In vitro co-culture studies with fibroblast
and macrophages was done to mimic the initial inflammatory events
leading to a fibrocellular capsule formation in vivo. DNA and presto
blue assay showed an increase in cell attachment and metabolic activity
and SEM images showed better cell distribution on surface treated
rods.

This research forms part of the Project P3.03 DialysisXS of the
research program of the BioMedical Materials institute, co-funded by
the Dutch Ministry of Economic Affairs, Agriculture and Innovation.
The financial contribution of the Dutch Kidney Foundation is gratefully
acknowledged.
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35.P08
Proliferation of human bone marrow
mesenchymal stem cells on PHBV-based binary
and ternary composites
J Idaszek, M Zinn, M Obarzanek-Fojt, V Zell, W Swieszkowski and
A Bruinink
Warsaw University of Technology, Poland; EMPA, Swiss Federal
Laboratories for Materials Science and Technology, Switzerland

Combination of bioresorbable polymers and bioactive fillers allows to
adjust mechanical properties and degradation rates of those materials
to match bone tissue. Additionally presence of bioactive particles like
calcium silicate (CS) and its mineral form wollastonite in polymer
matrix improves bioacceptance of the composites. The aim of this study
was to evaluate the biological performance of poly(3-hydroxybutyrate-
co-3-hydroxyvalerate)(PHBV) – CS composites for bone applications.
For this films of binary (PHBV and CS) and ternary composites (PHBV,
CS and poly(glycolide-co-lactide, PLGA) and neat PHBV were prepared
by solvent casting technique. The resulting surface morphology of
PHBV-CS and PHBV-CS-PLGA composite films differed from that of the
neat PHBV. Addition of CS reduced surface roughness by one order of
magnitude from micro- (PHBV) to nanometer range (composites).
Human bone marrow mesenchymal stem cells (HMBC) were seeded
on the surface of the films and cultured in expansion medium for a per-
iod up to 7 days. The number of cells was assessed by measuring total
culture DNA content. No difference between the tested materials in
total culture DNA was found 6 h after seeding. However, after 7 days
of culture the total DNA content was significantly enhanced on neat
PHBV if compared to both composites. These results suggest that the
surface morphology can play significantly bigger role in colonization by
HBMCs than presence of low concentrations of bioactive filler.

35.P09
Influence of silicon carbide topography on
inflammatory reactions and osteogenic
differenciation of human mesenchymal stem cells
P Dı́az-Rodrı́guez, R Couceiro, P González, J Serra,
M López-Álvarez and M Landin
Departamento de Farmacia y Tecnologı́a Farmacéutica,
Universidad de Santiago de Compostela, Spain; Instituto de
Cerámica, Universidad de Santiago de Compostela;
Departamento de Fı́sica Aplicada ETSE Industriais Universidad de
Vigo, Spain

Surface properties are key factors in biomaterial tissue integration as
they modulate cell adhesion, gene expression and cytoskeletal organi-
zation. Biomorphic silicon carbide ceramics (bioSiCs) obtained from
different natural resources are characterized by a biomimetic structure,
good biocompatibility and high degree of pore interconnectivity. The
surface properties of different bioSiCs were evaluated by scanning elec-
tron microscopy, interferometric profilometry and static contact angle
measurements. The adsorption of albumin and fibrinogen onto the
materials were studied as well as the complement system activation.
Human mesenchymal stem cells (MSC) were cultured on bioSiCs.
Apoptosis (caspase-3) and differentiation (osteocalcin, osteopontin)
were evaluated at different times by ELISA. Cell viability was analyzed
by calcein-propidium iodide staining. Results show a higher adsorption
of albumin than those of fibrinogen. The complement activation was
moderated and no cell apoptosis were observed indicating good tissue
interactions. Levels of osteocalcin were significant higher than those of
positive controls after 15 of cell culture. However no significant levels
of osteopontin were detected except for juncus bioSiC samples. As
shown in confocal microscopy images cells cultivated on juncus sam-
ples grow by contact guidance. BioSiC surface roughness were able to
differentiate MSC and juncus precursor seems to be the most efficient
in osteoblast differentiation.

35.P10
Effect of nano-patterned polymer surface on the
phenotype control of pre-osteoblasts
EJ Jeong, SJ Yeon, JW Lee, JW Lee, YJ Kwark, SH Kim and KY Lee
Hanyang University, South Korea; Inha University, South Korea

Tissue engineering generally requires the use of an ECM-mimicking
scaffold and the surface nanotopography of the scaffold is one of the
most critical factors affecting cell phenotype. We hypothesized that
controlling the surface nano-structure of polymer matrices could be
critical in the regulation of pre-osteoblast phenotype. Nano-struc-
tured polymer surfaces were produced via self-assembly of polysty-
rene-b-poly(ethylene oxide)/dodecylbenzenesulfonic acid complex
systems and their structures were dependent on the composition
and/or molecular weight of block copolymers. Changes in the size of
polystyrene domains under 100 nm, which was considered the cell
adhesion domain, strongly influenced the adhesion, proliferation,
and differentiation of MC3T3-E1 cells cultured on the nano-pat-
terned surfaces. The growth rate of the cells decreased as the PS
domain size increased despite the same center-to-center distance
between the domains. In addition, osteoblastic differentiation was
enhanced when cells were cultured on the nano-structured surface
containing larger adhesion domains. This approach to controlling
pre-osteoblast phenotypes by varying the surface nano-structures
could be beneficial for the development of novel scaffolds in tissue
engineering applications.

35.P11
Microstructure and chemistry affects the in vitro
bioactivity of calcium phosphate bone graft
substitutes
R Campion, S Ball, D Clarke and K Hing
Department of Materials, School of Engineering and Materials,
Queen Mary, University of London, UK; Apatech Ltd, UK

Despite some controversy as to the methods reliability, its relevance to
the understanding of mechanisms behind osteointegration, and the
actual nature of the calcium-rich precipitate formed on materials Kok-
ubo’s Simulated Body Fluid has been used to evaluate the Bioactivity of
numerous types of materials ranging from calcium phosphate (CaP)
ceramics and Bioglasses through to Chitosan and natural Pearl. The
objective of our study was to compare the Bioactivity of CaP of varying
chemistry and strut-porosity through determining the rate of formation
of hydroxycarbonate apatite (HCA) crystals on the material surface
and the extent to which these crystals formed after the material was
soaked in simulated body fluid for between 3 and 30 days. The propen-
sity for the formation of either HCA or Octacalcium Phosphate (OCP)
as a continuous, un-broken layer over the implant surface immediately
after implantation into bone is in theory likely to be significant to the
processes of osteointegration; the greater the surface area covered by
this layer the better the opportunity for interdigitation with host bone.
In practice this assumption is still under debate as the in vivo studies in
support of the outcomes of the bioactivity test are often contradictory.
In our study formation of HCA varied among different materials. Under
the conditions of our test the rate of HCA growth was related to the
strut-porosity and the absolute amount formed was dependent upon
the chemistry of the substrate.
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35.P12
Multi-structured titania features for stem cell
differentiation and osseointegration
L McNamara, T Sjöström, KV Burgess, J Kim, E Liu, PV Moghe,
D Meek, R Oreffo, B Su and MJ Dalby
University of Glasgow, UK; University of Bristol, UK; Rutgers
University, USA; Southern General Hospital, UK; University of
Southampton, UK

Functionalisation of orthopaedic implants with topographies to stimu-
late apposite integration of the device with surrounding bone (osseoin-
tegration) would have considerable therapeutic benefits. Until recently,
only non-specific roughening of titanium was possible, but more
defined titania nanofeatures can now be produced using through-mask
anodisation [1, 2] and self-assembled block copolymer templating. Cul-
ture of mesenchymal stem cells on pillar-like features of 8 nm and
15 nm height produced using the latter two techniques promoted oste-
ogenic differentiation. This was assessed using early- and late-stage
bone markers (including osteocalcin and the osteogenic transcription
factor phospho-Runx2), computational analysis, focal adhesion quanti-
fication and metabolomic analysis [2]. Metabolomics allows examina-
tion of changes in global metabolite profile, and was used to identify
functional changes in stem cell physiology. Most interestingly, SEM
revealed that cells could interact directly with 8 nm features using
nanoscale membrane projections. In addition, we have generated sur-
faces with a combination of micron and nano-scale titania features (mi-
cropits and nanopillars) that promoted osteogenic differentiation. This
study illustrates the sensitivity of stem cells to nanotopographical cues,
and highlights the potential for use of these surfaces in orthopae-
dics.[1] Sjöström et al. Acta Biomaterialia. 2009;5:1433–41. [2] McNa-
mara et al. Biomaterials. 2011;32:7403–10.

35.P13
Structural shear stress evaluation of hyperbolic
scaffolds for tissue engineering applications
HA Almeida and PJ Bártolo
Centre for Rapid and Sustainable Product Development,
Polytechnic Institute of Leiria, Portugal

Tissue engineering represents a new, emerging interdisciplinary field
involving combined efforts of several scientific domains towards the
development of biological substitutes to restore, maintain, or improve
tissue functions. Scaffolds provide a temporary mechanical and vascu-
lar support for tissue regeneration while shaping the in-growth tissues.
These scaffolds must be biocompatible, biodegradable, with appropri-

ate porosity, pore structure and pore distribution and optimal structural
and vascular performance, having both surface and structural compati-
bility. Surface compatibility means a chemical, biological and physical
suitability to the host tissue. Structural compatibility corresponds to an
optimal adaptation to the mechanical behaviour of the host tissue. The
design of optimised scaffolds based on the fundamental knowledge of
its macro microstructure is a relevant topic of research. This research
proposes the use of geometric structures based on Triple Periodic Mini-
mal Surfaces for Shear Stress applications. Numerical Shear Stress sim-
ulations are performed on these geometries varying the thickness and
radius of the scaffold’s geometric definition. Geometries based on these
surfaces enables the design of vary high surface-to-volume ratio struc-
tures with high porosity and mechanical/vascular properties.
Acknowledgments: This work is sponsored by the Portuguese Founda-
tion for Science and Technology through a project (ref: PTDC/EME-
PME/104498/2008).

35.P14
Modulation of cell attachment and detachment
on patterned thermo-responsive polymeric
surface for cell separation
Y Kumashiro, J Ishihara, T Umemoto, K Itoga, J Kobayashi,
M Yamato and T Okano
Tokyo Women’s Medical University, Japan

Thermo-responsive polymeric surfaces can allow adhered cells and cell
sheet to be spontaneously recovered by lowering temperature without
proteolytic enzymes. In this study, hydrophilic thready micro-patterns
were immobilized on the thermo-responsive surface for controlling a
cell adhesion and proliferation. In this study, cell attachment and
detachment control on the patterned surface for cell separation was
accomplished. 3T3 cells, human umbilical vein endothelial cells (HU-
VEC), and HeLa cells were used for controlling the cell attachment and
detachment. Adhered 3T3 cells spontaneously detached themselves on
the patterned surface after reducing temperature as well as a conven-
tional thermo-responsive surface. On the other hand, HUVECs adhered
on the patterned surface until 12 h incubation at 37 �C, but the
adhered HUVECs spontaneously detached themselves through the next
12 h incubation at 37 �C. In addition, the attachment of HeLa cells
was hardly observed on the patterned surface. Based on these results,
we developed cell separation system using the patterned surface with-
out any antibody labels or proteolytic enzymes. In conclusion, the pat-
terned surface in this study has a potential for breakthrough in the next
generation of biomaterials.
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36.P01
In vivo test of nanoparticulate bioactive glass
coating in porous Ti-implants
N Drnovšek, S Novak, U Dragin, M Čeh, G Matevž
and M Gradišar
Jožef Stefan Institute, Slovenia; Institute for Cell Biology, Faculty
of Medicine; University Medical Centre Ljubljana, Department of
Orthopaedic Surgery; Helipro d.o.o., Slovenia

Titanium and its alloys are the most widely used materials for bone
substitutes in orthopaedics and dentistry. They are biocompatible but
in unmodified state they are not bioactive thus their osseointegration is
limited. To improve their bioactivity different surface modification are
used, from mechanical to chemical, and among them is application of
bioactive material such as calcium phosphate or bioactive glass. To
improve the stability of an implant a porous coating can be applied that
allow the bone to grow into the pores. In our study, to promote osseoin-
tegration, we infiltrated nanoparticulate bioactive glass into the porous
Ti-layer on Ti6Al4V implants. Implants, with or without BAG, were
then implanted into rabbit tibia of New Zealand white rabbits. After
10 weeks the rabbits were sacrificed and the implants were cut to pre-
pares samples for histological and SEM examination. The EDS analyses
also performed to quantitatively evaluate the bone-to-implant contact
and bone-to-pore ratio. The analyses confirmed that bioactive glass
induce bone ingrowth. Samples infiltrated with bioactive glass had
38% of the pores occupied while the one without bioactive glass coat-
ing only 22%.

36.P02
Improving conditions for MSC growth on porous
TiO2 scaffolds
E Østrup, H Tiainen, JE Reseland, JE Melvik, SP Lyngstadaas and
JE Brinchmann
Department of Biomaterials, Institute for Clinical Dentistry,
University of Oslo, Norway; NovaMatrix/FMC Biopolymer,
Norway; Norwegian Center for Stem Cell Research and Institute
of Immunology, Oslo University Hospital Rikshospitalet,
University of Oslo, Norway

Mesenchymal stem cells (MSCs) represent, in combination with scaf-
folds, an outstanding tool for bone tissue engineering. However, the
ballance between culture conditions and loadbearing properties
remains a challenge. Ultra porous TiO2 scaffolds have high strength,
excellent biocompatibility and allow for attachment and growth of
MSCs. The aim of the present study is to improve MSC growth in scaf-
folds focusing on viability, differentiation and extra-cellular matrix
(ECM) deposition. Human adipose-derived MSCs were either seeded
on uncoated scaffolds or on Ca-alginate coated scaffolds in 1% Na-algi-
nate (NovaMatrix). Lactate dehydrogenase (LDH) activity in medium
was measured every 2nd day to asses cell death. Day 14 relative
expression of skeletal precursor markers RUNX2 and SOX9, as well as
the osteogenic markers COL1, and ALPL was determined by qPCR.
Type 1 collagen (COL1) protein expression was evaluated by confocal
microscopy. Viability and proliferation rate was evaluated based on
ethidium bromide/acridine orange staining (day 7 and 14). Alginate
coating improved MSC growth and viability as indicated by low cell
death, reduced LDH activity, and increased proliferation. Moreover dif-
ferentiation towards skeletal progenitors was induced as shown by sig-
nificantly increased expression of RUNX2 and SOX9. COL1 staining

showed increased ECM deposition. In conclusion, seeding MSCs in an
alginate improves growth conditions and primes MSCs towards osteo-
genic differentiation.

36.P03
The potential of magnesium alloys for hard
tissue regeneration
IV Antoniac, M Dinu and C Cotrut
University Politehnica of Bucharest, Romania

The magnesium alloys has been studied for their ability to be degrad-
able in biological environments. In our study, we select and test some
magnesium alloys Mg-Ca0,8, Mg-Ca1,8 and ZK30 in order to investi-
gate the microstructure, mechanical properties, corrosion and how
alloying elements influenced the characteristics of this new potential
biomaterials for hard tissue regeneration. To obtain Mg-Ca alloys with
different nominal calcium contents, calcium particles were added to
the melt commercial pure Mg (99.7%) at 680 �C under a gas atmo-
sphere of SO2. After holding and stirring for 10 min the melt was cast
into a metallic mould preheated to 250 �C. Commercially available
MgZn6Zr0.5 was used for preparation of the ZK30 alloy. Disk samples
(10 · 10 · 3 mm3) were prepared for the microstructure characteriza-
tion with the surface being polished up to 2500grit and finally etched
with 50ml solution of picric and acetic acid. An optical microscope
(Olympus BX51) was used for microstructure analysis. Surface mor-
phology characterization before and after corrosion test in simulated
medium was done using scanning electron microscopy. The corrosion
results are connected with different medium used for testing corrosion
resistance and demonstrate the ability of these alloys to be potentially
used as orthopaedic biomaterials, if the problem of hydrogen bubbles
will be controlled.
Acknowledgements: Authors recognize financial support from the Euro-
pean Social Fund through POSDRU/89/1.5/S/54785 project

36.P04
A preliminary study of the dental implant therapy
-initial osteogenesis of human mesenchymal
stem (HMS0014) cells on titanium discs and
implants with different surface modifications-scs
Y Iwai, Y Mikami, M Nakatsuka, H Huang, H Mikami
and S Kumabe
Department Oral Anat, Osaka Dent University, Japan

HMS0014 cells were GBR-engineered to proliferate and differentiate
into osteoblast(Ob)-like cells, which initiated hard tissue matrix deposi-
tion in both monolayer and 3-D Cellmatrix/PuraMarix cultures. The
osteogenesis initiated with attachment/adhesion of HMS0014 cells on
either Titanium(Ti) or Ti alloy discs/implants modified with osteocon-
ductive/osteoinductive surface substrates was histologically assessed.
The results obtained were as follows: (i) The HMS0014 cells actively
proliferated/differentiated into mature Obs to initiate mineralisation
since day 1 in both monolayer and 3-D cultures; it was prominently
progressed between day 7 and day 14 of cultures. (ii) The SEM of 60-
min specimens demonstrated a loose distribution of proliferating spher-
ical-to-polygonal (d = 10–40 lm) cells sending out many minute filo-
podia and some lamellipodia to attach with the substrate. (iii) In the
180-min specimens, the HMS0014 cells actively proliferated and
spread into flat polygonal cells with prominent lamellipodia and den-
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dritic filopodia (30 · 90–100 · 200 lm2) to employ cell-to-substrate
and intercellular attachments. (iv) On the other hand, the present
immunohistochemistry of the attached HMS0014 cells demonstrated
the co-expression of F-actin and CD51 (aV integrin) in both the 60-min
and 180-min specimens. We concluded that the present GBR method
enhanced HMS0014 cells to initiate a direct bone-to-substratum con-
tact on Ti discs/implants which were subject to different surface modi-
fication.

36.P05
Gentamicin and bone morphogenic protein-2
(BMP-2)-delivering heparinized-titanium implant
with enhanced antibacterial activity and
osteointegration
K Sung Eun, Y Young-Pil, S Hae-Ryong and P Kyeongsoon
Department of Orthopedic Surgery and Rare Diseases Institute,
Korea University Medical Center, Korea; Division of Biological
Imaging, Chuncheon Center, Korea Basic Science Institute, Korea

The aim of this study is to develop novel Ti implants that enhance
osteoblast functions, while simultaneously decreasing bacterial infec-
tions. First, the surface of pristine Ti was functionalized with heparin-
dopamine by mimicking a mussel adhesion mechanism. Gentamicin
sulfate (GS) and/or bone morphogenic protein-2 (BMP-2) was then
sequentially immobilized to the heparinized-Ti (Hep-Ti) surface. The
compositions of pristine Ti and Hep-Ti with or without gentamicin
and/or BMP-2 were characterized by X-ray photoelectron spectroscopy
(XPS) and the growth of Staphylococcus aureus on the substrates was
assayed. Osteoblast functions of all Ti substrates were investigated by
cell proliferation assays, alkaline phosphatase (ALP) activity, and cal-
cium deposition. The results showed that the growth of bacteria on
GS/Hep-Ti and GS/BMP-2/Hep-Ti was significantly lower compared to
that on the pristine Ti and BMP-2/Hep-Ti. In addition, BMP-2/Hep-Ti
and GS/BMP-2/Hep-Ti significantly enhanced ALP activity and calcium
mineral deposition of osteoblast cells. Taken together, GS/BMP-2/Hep-
Ti could achieve the dual functions of excellent antibacterial activity
and osteoblast function promotion. Therefore, dual drug (antibiotics
and osteoinductive protein)-eluting Ti substrates such as GS/BMP-2/
Hep-Ti are a promising material for the enhanced osteointegration and
implant longevity in orthopedics and dentistry.

36.P06
In vitro and in vivo combination effects of
immobilization of PDGF-BB and BMP-2 onto
titanium implant on osteoblast function,
osseointegration and bone regeneration
Y Young-Pil, K Sung Eun, H Jung-Bo, S Hae-Ryong
and P Kyeongsoon
Department of Orthopedic Surgery and Rare Diseases Institute,
Korea University Medical Center, Korea; Department of
Prosthodontics, School of Dentistry, Pusan National University;
Division of Biological Imaging, Chuncheon Center, Korea Basic
Science Institute, Korea

The aim of this study was to examine the combination effects of immo-
bilization of PDGF-BB and BMP-2 onto heparinized-Ti implant on in vi-
tro osteoblast function and in vivo osseointegration and vertical
augmentation of the alveolar ridge. Successful immobilization of PDGF-
BB and/or BMP-2 onto heparinized-Ti (Hep-Ti) was confirmed by SEM
and XPS, and the two growth factors were released in a sustained man-
ner. The in vitro studies revealed that osteoblasts grown on PDGF-BB
and BMP-2 immobilized Hep-Ti had a significant increment in ALP
activity, calcium deposition, osteocalcin and osteopontin levels as com-
pared to those grown on PDGF-BB alone- or BMP-2 alone-immobilized
Hep-Ti. The in vivo study showed that osseointegration and bone forma-

tion in PDGF-BB and BMP-2-immobilized Hep-Ti was greatly enhanced
as compared to that in PDGF-BB-immobilized Hep-Ti. PDGF-BB and
BMP-2 immobilized Hep-Ti also displayed improved implant stability,
bone volume around the defect area, and intra-thread bone density
(ITBD) as compared to BMP-2-immobilized Hep-Ti, but no significant
differences were seen between the two groups. From these results, we
concluded that the combination effects of immobilization of PDGF-BB
and BMP-2 onto Ti on bone formation and regeneration were better.

36.P07
Electrophoretic deposition of bioactive
nanocomposite coatings on titanium as a hard
tissue implants
V Miskovic-Stankovic, S Eraković, R Surudžić, D Veljović,
M Vukašinović-Sekulić, I Matić, Z Juranić and T Stevanović
Faculty of Technology and Metallurgy, University of Belgrade,
Serbia; Institute of Oncology and Radiology of Serbia, University
of Belgrade, Serbia; Département des sciences du bois et de la
forêt, Université Laval, Canada

As a coating technique, electrophoretic deposition (EPD) has significant
role for biomedical applications, particularly for production of bioactive
ceramic coatings on metallic substrates for hard tissue implants. The
main advantages of EPD are possibility of controlling the coating thick-
ness and morphology, as well as deposition on metals of complex
shapes. Since the primary inorganic component of bone is similar to
hydroxyapatite (Ca10(PO4)6(OH)2,HAP), it has been used as coat
material for metal implants, like titanium and its alloys. However, the
brittleness of HAP limited its wider applications as hard tissue implant.
Therefore, it has been observed that biopolymers, such as lignin (Lig),
can improve the adhesion and biocompatibility of composite HAP/Lig
coatings. However, an antibacterial activity is important property to
ensure successful bonding with natural bone. The possibility to prevent
the implant infections by using the antimicrobial properties of silver
has generated an interest in the development of composite HAP coat-
ings containing silver (Ag/HAP/Lig). The structure, morphology, corro-
sion stability in simulated body fluid, cytotoxicity and antimicrobial
activity of electrodeposited HAP/Lig and Ag/HAP/Lig coatings on tita-
nium were investigated by XRD, SEM and EIS techniques, as well as
MTT test and antimicrobial test in suspension, respectively. The
obtained results indicated the potential for biomedical applications as a
hard tissue implants.

36.P08
In vivo evaluation of titanium implants coated
with calcium phosphate or collagen type 1 in
osteoporotic rats
HS Alghamdi, JJ Beucken, XF Walboomers and JA Jansen
Radboud University Nijmegen Medical Centre, The Netherlands

Osteoporosis is defined as a condition in which bone mineral density is
severely affected. Consequently, healing process of bone implants
placed in osteoporosis is likely negatively influenced by the compro-
mised condition. It can be anticipated that modification of the implant
surface, e.g. by inorganic/organic coatings, in osteoporosis can more
significantly improve the implant-bone response compared to healthy
conditions.
Materials and methods: Sixty female Wistar rats were divided into an
ovariectomized (OVX) and sham-operated groups. Bone alterations
were assessed to be significant by in vivo micro-CT after 4 weeks in
OVX rats. Implants coated with CaP (radiofrequent magnetron sputter
deposition) or collagen type-1 (electrostatic spray deposition) were
placed into femoral condyles and retrieved after 12 weeks for micro-
CT and histological analysis. Non-coated implants served as controls.
Results: Histomorphometrical bone area (%) was lower around
implants in OVX compared to sham rats. Bone-to-implant contact
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(%BIC) was higher for CaP and collagen-coated implants compared to
non-coated in OVX and in sham rats. There was no difference in regard
to BIC between coated implants in OVX and sham groups.
Conclusion: An osteoporotic condition has a significant effect on the
amount of bone as present in close vicinity around implants surfaces.
The use of implant surface coatings has a favorable effect on bone-
implant interface in osteoporotic as well as in healthy rats.

36.P09
Fabrication of the functionally graded metal-
ceramic materials with controlled surface
topography, chemistry, and wettability for bone
substitution
DV Shtansky, IV Batenina, IA Yadroitcev, NS Ryashin,
PV Kiryukhantsev-Korneev, AE Kudryashov, AN Sheveiko,
NA Gloushankova, IY Smurov and EA Levashov
National University of Science and Technology, Russia; National
Engineering School of Saint Etienne, DIPI; Blokhin Cancer
Research Center of RAS, Russia

Osseointegration is a key property of biomaterials intended for bone
tissue substitution. The present work is focused on the surface modifi-
cation of metallic implants using a combination of various methods
such as cold spray (CS), selective laser sintering (SLS), pulsed electro-
erosion treatment (PEET), and magnetron sputtering to control surface
topography (roughness and open porosity), surface chemistry, and wet-
tability, i.e. those characteristics which affect osseointegration. The
obtained results show that Ti coatings deposited by CS can be divided
into three groups with a characteristic value of average roughness Ra:
(i) 4 lm (single particles and agglomerates on the surface), (ii) 22 lm
(thin coatings), and (iii) 80 lm (thick coatings). PEET with pulse dis-
charge energies of 0.025 and 0.38 J resulted in the average values of
surface roughness of 3 and 8 lm, respectively. During SLS, Ti powder
paths were sintered by a laser beam in mutually perpendicular direc-
tions to form surface network structures. By varying the distance
between the tracks, samples with blind porosity 1.0–5.1¢10-3 mm3

were obtained. In order to modify the surface chemistry, multifunction-
al bioactive nanostructured TiCaPCON films, 1-2 lm thick, were depos-
ited atop the CS, PEET, and SLS samples by sputtering a composite
TiC0.5 + Ca3(PO4)2 target. The influence of the surface chemistry
and surface topography on adhesion, proliferation, and early stages of
osteoblasts differentiation was studied.

36.P10
Osteoblasts defeat fibroblasts on titanium
surface during osteointegration steps
K Harimoto, Y Yoshida, K Yoshihara, N Nagaoka, B Van Meerbeek
and Y Tagawa
Department of Bimolecular Engineering, Graduate School of
Bioscience and Biotechnology, Tokyo Institute of Technology,
Japan; Department of Biomaterials, Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences; Leuven BIOMAT Research Cluster, Department of
Conservative Dentistry, Catholic University of Leuven, Belgium;
Laboratory for Electron Microscopy, Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences, Japan

Introduction: Titanium is an excellent implantable material for osseoin-
tegration. However, it is still vague why titanium is such adequate
material for osseointegration. Soft tissue, associated with fibroblasts, is
found at the interface of failed osseointegration, but so far only osteo-
blasts have been noticed in this field. We hereby focused on the compe-
tition between osteoblast and fibroblast.

Method: Two types of cell lines of NIH3T3, a fibroblast, and MC3T3-
E1, an osteoblast-like cell, were introduced GFP and DsRed expression
vectors, respectively, and their permanent expressing clones, FibGreen
and OstRed, were established. FibGreen and OstRed were seeded
together on each glass disk vapor-deposited with Ti, Au, Al2O3 or
ZrO2, respectively, and were cultured under static or shear stress condi-
tions.
Results: There was no difference in adhered cell number between Fib-
Green and OstRed on each disk under static condition. On the other
hand, under shear stress condition, adhered cell number of OstRed was
more than the number of FibGreen on the Ti disk, but not on other
disks. The same result could be observed when FibGreen and OstRed
were seeded on collagen type 1 under shear stress condition.
Conclusions: In this study, we revealed Ti has advantage of osteoblast
adhesion under shear stress condition. Our studies have contributed to
progress of osseointegration researches by suggesting two new factors
which affect osseointegration, shear stress and cell competition.

36.P11
Atomic layer deposition (ALD) of calcium
phosphate (CaP) thin films: a novel method for
titanium implant coating
K Kauppinen, GS Lorite, J Malm, T Kääriäinen, P Lehenkari,
D Cameron, M Putkonen and J Tuukkanen
Department of Anatomy and Cell Biology, Institute of
Biomedicine, University of Oulu, Finland; Aalto University School
of Chemical Technology, Finland; Faculty of Technology, ASTRaL,
Lappeenranta University of Technology, Finland; Beneq Oy,
Finland

CaP coating done by plasma spraying (SP) method is the most common
in clinical use in order to improve biocompatibility and bone bonding
properties of Ti implants. However it presents some serious disadvan-
tages, such as the heterogeneity of the coating, including variable crys-
tallinity, dissolution and microcracks, which sometimes lead to
delamination and fragmentation of the CaP layer. This can initiate
harmful biological reaction and loosening of an implant causing high
cost and morbidity. PS CaP coatings are usually approx. 50–300 lm
thick, which circumvents the use of nano- and micropatterning of the
implant in order to guide the behavior of cells which come in contact
with the implant.In our study we wanted to address these issues and
by modifying a method first described by Putkonen et al. (2009) we
have deposited 40–60 nm thick CaP coating by ALD on Ti surfaces.
FIB-SEM studies showed that the coating conformity was excellent and
that it followed even the smallest grooves of the polished Ti substrate.
Through pull-out tests we have found that the measured adhesion
strength was 37.0 ± 8.1 Mpa resulting in failure between the coating
and adhesive. This result may indicate the adhesion strength of the
coating and is significantly higher than adhesion strength of SP CaP
according to the literature. AFM studies show that the coating does not
affect significantly the micro-structure of polished Ti surface; however,
an increase of roughness was observed in nano-scale.
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37.01
Keynote: In situ mechanotransduction via
vinculin regulates stem cell myogenesis
AJ Engler
Department of Bioengineering, University of California; Sanford
Consortium for Regenerative Medicine, USA

Human mesenchymal stem cell (hMSC) proliferation, migration, and
differentiation have all been linked to extracellular matrix stiffness, yet
the signaling pathway(s) necessary for mechanotransduction remain
unproven. We used kinase binding accessibility and cysteine shotgun
assays to screen 47 focal adhesion proteins that may function as me-
chanosensors. Both assays strongly indicated that the talin-vinculin-
MAPK1 signaling pathway, which has been implicated in mechanosen-
sing via in vitro experiments, might be a mechanism of regulating
hMSC fate in situ. RNA interference-mediated vinculin knockdown sig-
nificantly decreased stiffness-induced MyoD, a muscle transcription fac-
tor, but not Runx2, an osteoblast transcription factor. Reintroduction of
vinculin into knocked-down cells indicated that MAPK1 binding site-
containing vinculin domains are necessary but not sufficient for hMSC
myogenesis. Vinculin knockdown was not observed to interfere with
focal adhesion assembly, significantly alter adhesive properties, or
diminish cell traction force generation in hMSCs, indicating that its
knockdown only adversely affected MAPK1 signaling. However, vincu-
lin sensing without perturbing mechanotransduction may be specific to
multiponent versus senescent cells. Together these data identify adhe-
sion proteins that are potential mechanosensors and provide some of
the first in situ evidence that one candidate sensor, vinculin, can regu-
late cell fate and function in a force-sensitive manner.

37.02
Keynote: Differentiation and dynamic loading
alter nuclear mechanics and
mechanotransduction in mesenchymal stem cells
RL Mauck
Departments of Orthopaedic Surgery and Bioengineering,
University of Pennsylvania, USA

Passive and active mechanical inputs from the cellular microenviron-
ment (in addition to soluble differentiation cues) inform lineage transi-
tions in progenitor cells. In this presentation, we will describe recent
findings related to how fibrochondrogenic differentiation of mesenchy-
mal stem cells (MSCs), mediated through the addition of soluble differ-
entiation factors, alters nuclear mechanics and structure, cell
contractility, and response to applied stretch. Both direct and indirect
measures of nuclear mechanics show that the MSC nucleus stiffens
appreciably as the cell undergoes fibrochondrogenesis. Moreover, base-
line cell contractility (measured via elastomeric micropost arrays) and
nuclear connectivity (via altered expression of members of the LINC
complex) increase with differentiation. These findings suggest that dif-
ferentiation itself evokes inherent mechanical changes in progenitor
cells that may ‘prime’ them to differentially transduce exogenous
mechanical stimuli. Further work shows that dynamic tensile loading,
applied in the absence of soluble differentiation signals, elicits some of
these same changes in cell mechanics and nuclear structure and con-
nectivity. Collectively, this work indicates that both the temporal
changes in cell and nuclear mechanics that occur with differentiation
and mechanical perturbation may alter MSC mechanosensitivity and

guide lineage specification in progenitor cells. This work was supported
by NIH & Human Frontiers in Science Foundat.

37.03
Elasticity, recruited cell interactions and 3D
tissue repair
AS Weiss
University of Sydney, Australia

Tropoelastin is the soluble precursor to elastin, the main elastic protein
found in mammals. Elastin facilitates the reversible deformation of
elastic tissues and can withstand decades of repetitive forces. Tropoela-
stin has a defined 3D shape that exquisitely balances multiple roles,
including tissue elasticity, organized assembly and cell interactions. We
found that tropoelastin’s extensional elasticity can be utilized to expand
undifferentiated cells, including progenitors and mouse hemopoietic
stem cells. Mechanotransduction is facilitated through the actin-myosin
cytoskeleton. An elastic circuitry extends continuously from the extra-
cellular tropoelastin to deep inside the cell, involving elastic communi-
cation from the tropoelastin extracellular environment though
intracellular myosin II to the nucleus. We found distinct regions of the
molecule that are responsible for elasticity and cell binding. Also, we
identified a specific non-canonical, integrin-binding motif at the tip of
the human protein that dominates interactions with a variety of human
cells. Additionally, in a series of recent PNAS papers we decoded the
shape of the cell-binding and elastic regions and manipulated their con-
necting bridge through novel molecules that manifest sophisticated
effects on cellular and macro scales. We are using, adapting and modi-
fying these specific interactions to generate functional elastic scaffolds
that promote cell attachment, spreading and proliferation in 3D.

37.04
Stress-fiber remodeling in 3D: ‘contact guidance
vs stretch avoidance’
J Foolen, VS Deshpande and FPT Baaijens
Eindhoven University of Technology, The Netherlands; University
of Cambridge, UK

When engineering heart valves in vitro, matrix anisotropy is considered
vital for long-term in vivo functionality. However, it is not fully under-
stood how to guide matrix anisotropy. Experiments suggest actin-medi-
ated cell traction contributes. Although F-actin orientation in 2D can
be guided via uniaxial cyclic stretch, 3D data are lacking. We ques-
tioned how cyclic stretch influences actin and collagen orientation in
3D tissues. Using a novel micro-tissue model system, cell-populated
fibrous tissues were dynamically/biochemically loaded. Flexible mem-
branes with a rectangular array of silicone posts constrained a mixture
of human vena saphena cells, collagen I and matrigel. Constrained tis-
sues were uniaxially stretched (±agents). F-actin orientation was quan-
tified throughout the whole tissue thickness using fiber-tracking
software, and was fitted using a bi-model distribution function. Uniax-
ial cyclic stretching after a static constraint period resulted in F-actin to
be orientated perpendicular to stretching, only at tissue surfaces. Strik-
ingly, F-actin orientation was biaxial in the core. Immediate cyclic
stretching (before polymerization of the collagen) resulted in strong
stretch avoidance, of both F-actin and collagen, throughout the tissue.
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We systematically investigated the effect of matrix perturbation by add-
ing MMP1, ROCK-inhibitor, or decreased collagen density. Results sug-
gest F-actin avoids cyclic stretch in 3D, unless collagen contact
guidance dictates otherwise.

37.05
Investigating mechanotransduction in 3D culture
using different encapsulating hydrogel systems
A Mauretti, O Kossover, A Sala, M Ehrbar and D Seliktar
Dept. of Biomedical Engineering, Technion - Israel Institute of
Technology, Israel; University of Zurich, Switzerland

The regulation of cellular morphogenesis via the mechanical properties
of the extracellular matrix (ECM) is poorly understood and our group
has been working towards elucidating the dominant physical factors of
the ECM that influence cell spreading in 3-D culture. In this study, we
applied three different types of encapsulating hydrogel biomaterials to
study the role of mechanics in 3-D cellular morphogenesis, including
biological fibrin gels, semi-synthetic PEG-fibrinogen gels, and com-
pletely synthetic transglutaminase-PEG-peptide gels. The mechanical
and biodegradation properties of the materials were characterized by
in situ rheometry and fluorescence spectrometry. Hydrogel constructs
were cast with human dermal fibroblasts and cultivated for up to
7 days. Cell spreading in the 3D cultures were documented by f-actin
labeling using scanning confocal microscopy. Each matrix type was able
to support the time-dependent cell spreading within the material, but
each type of hydrogel system exhibited distinctly different patterns of
multicellular organization within the gels. Moreover, the mechanics of
each hydrogel had a strong influence on cell morphogenesis; however,
biodegradation appeared to have a similar impact on the morphogene-
sis across the different biomaterial platforms. We conclude that the
bulk material properties, independent of the type of material, may be
the dominant and influential factors affecting morphogenesis patterns
of mesenchymal cells in 3D culture.

37.06
Mechano-transduction pathway interference with
BMP-2 signaling cascade
F Fourel, R Guillot, C Albiges-Rizo and C Picart
Grenoble Institute of Technology, France; Institut Albert Bonniot,
INSERM, France

The bone morphogenetic proteins (BMP) growth factors are essential
signaling molecules in embryogenesis, tissue regeneration or cancer
metastasis. Until now, the cellular effects of these proteins have mostly
been investigated by adding them in solution in the cell culture med-
ium even though growth factors are naturally not free to diffuse and
are rather bound to ECM components including proteins and polysac-
charides. In this work, we design a new biomimetic nanoassembly
based on polyelectrolyte multilayer film made of a polypeptide and of
hyaluronan which combines both matrix-bound presentation of growth
factor bone morphogenetic protein 2 (BMP2) and modulation of the
material’s mechanical properties. We investigated the interplay
between the stiffness of a biomaterial and the matrix-bound presenta-
tion of the growth factor BMP2 and its impact on cellular processes.
Whereas C2C12 myoblast cells are round and poorly spread on soft
films, cells displayed an increase of spreading and migration. By using
a combined set of techniques including SiRNA strategy and pharmaco-
logical approach, we study how the mechano-transduction pathway
can potentially interfere with the BMP-2 signalling cascade. We demon-
strated a crosstalk between specific integrin and BMP2 receptors. Our
results pointed out that signaling can be enhanced by the spatial associ-
ation of integrin and BMP2 receptors.

37.P01
Development of biomaterials for cellular
differentiation using a metabolomics approach
EVAlakpa, K Burgess, V Jayawarna, R Ulijn and M Dalby
University of Glasgow, UK; University of Strathclyde, UK

Understanding how to mimic the physical characteristics of the extra-
cellular matrix in vitro is an invaluable tool with regards to being able
to target stem cell differentiation along selective cell lineages. One such
physical characteristic is the innate elasticity of the cell substrate. Stud-
ies have shown that the rigidity of a substrate has considerable influ-
ence over cellular behaviourisms such as migration and differentiation.
Here we make use of liquid chromatography coupled to high mass
accuracy mass spectrometry (LC-MS) as an established method for
monitoring small changes in cell stasis. As such, this can be exploited
to envisage the cellular metabolome (the entire array of metabolites
that exist within a cell at any point in time). The interpretation of exter-
nal cues by stem cells causes the activation or deactivation of several
proteins, consequently causing shifts in the metabolome. This effect
renders the metabolic profile of a cell to be highly indicative of its phe-
notype at that point in time. This is potentially of significance in stem
cell research as the cells are metabolically quiescent in their self-renew-
ing state in their natural niches and the metabolome is thought to
become up regulated during differentiation. Investigating MSC metab-
olites during directed differentiation has enabled scrutiny of the cell
behaviour as phenotype is altered and has the potential to influence
the manner in which biomaterials are designed for cell culture in vitro.

37.P02
Mesenchymal stem cell differentiation is
determined by the biophysical nature and
biochemical composition of the pericellular
environment
A Steward, D Wagner and D Kelly
Trinity College Dublin, Ireland; University of Notre Dame, Ireland

Both hydrostatic pressure (HP) and substrate stiffness (SS) have been
shown to independently regulate MSC differentiation. The objective of
this study was to explore the interplay of SS, HP, and the role of inte-
grin binding on both mechanotransduction and the differentiation of
MSCs. Bone marrow-derived MSCs were seeded into 1, 2, or 4% aga-
rose hydrogels. The hydrogels were subjected to 10 MPa of HP for 4 h/
d at a frequency of 1 Hz for 3 weeks. Scaffolds were cultured in a
chemically defined media supplemented with either human TGF-b3
(with or without the integrin blocking RGDS peptide) or 16% FBS.
MSCs cultured in the presence of FBS underwent osteogenesis in stiffer
hydrogels. Increasing the SS of the hydrogels maintained in the pres-
ence of TGF-b3 led to a decrease in sGAG and collagen synthesis. HP
was found to significantly increase sGAG production in the stiffest 4%
agarose hydrogels. The addition of RGDS negated the effects of both
SS and HP on chondrogenesis of MSCs. In conclusion, this study dem-
onstrates that stiffer gels support an osteogenic phenotype but suppress
chondrogenesis of MSCs. Both the application of HP and the addition
of RGDS overcame the inhibition of chondrogenesis in stiffer hydrogels,
raising the possibility that HP exerts its pro-chondrogenic effects by
interfering with integrin binding or its downstream effects. Further sup-
port for this hypothesis is found in the observation that HP does not
enhance chondrogenesis in the presence of RGDS.
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37.P03
Si-HPMC hydrogels for tissue engineering
G Rethore, C Boyer, B Calvignac, F Xie, J Guichieux, JF Tassin,
F Boury and P Weiss
LIOAD -INSERM U791 - Université de Nantes, France; IVP -
INSERM U646 - Université d’Angers; PCI - UMR6120 - Universite
du Maine, France

Tissue engineering is a multidisciplinary field combining chemical,
engineering and life science expertises in order to develop functional
structures for damage tissues. Cells are generally seeded into the extra-
cellular matrix (ECM). These biomaterials are prepared as a temporary
scaffold to improve mass transfer, support cell growth and enhance the
cells to produce molecules they are supposed to. Until recently, it was
believed that biomaterial selection was performed based on its macro-
porous, biocompatibility and degradability properties and its ability to
withstand biomechanical stress. Engineering and material issues are
now under focus to develop suitable scaffolds for tissue engineering.
Indeed, Discher et al.1 have shown that material stiffness induces criti-
cal effects on cell behavior and differentiation. Therefore, LIOAD has
been working on the development of hydrogels as ECM for tissue engi-
neering. They prepared a cellulose based polymer capable of self cross-
linkage (Si-HPMC) to avoid any toxicity issues resulting from using
cross-linking chemicals or photo cross-linking. The objectives of the
present work are to modulate and study the stiffness of Si-HPMC hy-
drogels by adding particles as reinforcement. These reinforced net-
works, will then be used to grow stem cells in 3D and their
differentiation toward a chondrogenic lineage will be studied.

37.P04
Substrate stiffness modulates phenotype and
gene expression in neonatal cardiomyocytes in
vitro
S Pagliari, G Forte, M Ebara, K Uto, J Tam Kal Van, S Romanazzo,
C Escobedo-Lucea, P Di Nardo, E Traversa and TAoyagi
National Institute for Materials Science, Japan; Centro de
Investigación Principe Felipe, Spain; University of Rome’Tor
Vergata, Italy

Biomaterials to be used as instructive environment to regulate cell fate
in vitro can potentially play an important role to set up alternative ther-
apies in the field of cardiac regenerative medicine. Synthetic materials
usually display mechanical properties which are far from those of the
native myocardium and thus could affect host cell survival and activity.
Here, the mechanical properties of inert poly-�-caprolactone (PCL) pla-
nar layers were tuned to change surface stiffness without changing
matrix chemistry. These substrates were challenged with neonatal car-
diomyocytes to study the possible effects of substrate stiffness on such
cell behavior. The results show that on softer substrates
(0.91 ± 0.08 MPa and 1.53 ± 0.16 MPa) cardiomyocytes exhibited
well organized sarcomeric structures and a higher overall cell survival
rate. On the other hand, a reduced number of beating areas was
detected on stiffer materials (49.67 ± 2.56 MPa and 133.23 ±
8.67 MPa), very likely as a result of the impaired sarcomeric structure
and the reduced electromechanical coupling. Also, the differential
expression of mid-stage cardiac genes as well as a number of genes
involved in cell-matrix interaction could also be observed. Altogether,
these data indicate that a shift in cardiomyocyte cell signaling induced
solely by the substrate stiffness can occur as a result of changes in
matrix mechanical properties, thus opening new arguments for the use
of biocompatible polymers in cardiac tissue engineering.

37.P05
Smart thermo-responsive polymers with tuneable
stiffness to control stem cell adhesion,
proliferation and fate
J Tam, M Ebara, K Uto, S Pagliari, S Romanazzo, TAoyagi and
G Forte
National Institute for Materials Science (NIMS), Japan

Bone marrow-derived mesenchymal stem cells (MSCs) have been pro-
posed as a promising candidate to be utilized in tissue engineering and
cell therapy applications due to their multipotency and immunomodu-
latory activities. In the present investigation, inert poly-?-caprolactone
(PCL) planar layers were manufactured to obtain thermo-responsive
films displaying tuneable surface features (with Young moduli ranging
from KPa to MPa values) without changing matrix chemistry. Substrate
mechanical properties were finely tuned by dynamically changing cul-
ture temperature around the body tissue range and challenged with
MSCs in proliferation and differentiation media. Stem cell response to
matrix elasticity was assessed in terms of cell adhesion, proliferation
and differentiation ability. Moreover, to decipher the molecular mecha-
nisms that regulate adult stem cell plasticity, the expression of a num-
ber of genes involved in stem cell adhesion, maintenance and
differentiation function was assessed by targeted real- time PCR arrays.
Significant differences in human MSC signalling could be found as a
response to substrate properties, although stem cell responsiveness as a
bulk to differentiating signals was not impaired. Altogether these data
suggest that matrix mechano-physical cues can indeed interfere with
stem cell behavior and reveal the complexity of cell response to such
stimuli.

37.P06
Effects of substrate stiffness on myoblasts
phenotype and differentiation
S Romanazzo
National Institute for Materials Science, Japan

The sensitivity of different stem and progenitor cells to substrate stiff-
ness has been compellingly demonstrated. When contractile cells (i.e.
muscle cells) are grown on surfaces with different stiffness, an effect of
such parameter on cell phenotype and function is hypothesized In this
respect, in the present study inert poly-e-caprolactone (PCL) planar lay-
ers of various elastic modulus (with Young modulus ranging from kPa
to MPa) were tested with rat skeletal myoblasts (Myb01) in order to
elucidate a possible role for matrix or tissue stiffness in striated muscle
differentiation. The cells demonstrated to adhere without significant
preferences to all the substrates and the spontaneous occurrence of
myotube formation could be noticed on all the surfaces tested, inde-
pendently of substrate stiffness. Furthermore, numerous studies have
also implicated a role for surface nanotopography affecting the cell
response, with both increased and decreased adhesion. Surface topog-
raphy may be key in determining cellular response by modulating focal
complex formation and maturation. Therefore, Myb01 were challenged
on PCL films with nanometric lines and their adhesion, distribution
and cell morphology were analyzed. Preliminary results showed that
substrate nanotopography can influence cell morphology and distribu-
tion but the mechanisms governing this effect remain so far undis-
closed.
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37.P07
Superhydrophobic platforms for the
combinatorial analysis of biomaterials-cells
interactions using arrays of 3D scaffolds with
distinct mechanical and morphological properties
MB Oliveira, CL Salgado and JF Mano
3B’s Research Group–Biomaterials, Biodegradables &
Biomimetics, Univ. of Minho, Headquarters of the European
Institute of Excellence on Tiss. Eng.&Regen. Med., ICVS/3B’s-PT
Government Assoc. Laboratory, Portugal

High-throughput studies of cells mechanotransduction are usually
performed using 2D biomaterials. However, cells-extracellular matrix
interactions in the body occur in 3D environment. By using cells
entrapped in hydrogels, it is not easy to isolate the mechanical effect
from the chemical cues of biomaterials. We used a cytocompatible and
non-expensive platform based in the patterning of wettable spots in
superhydrophobic surfaces to deposit porous biomaterials in these
regions. Freeze-dried alginate/chitosan scaffolds were used to create
an array of mechanical properties and porosities. Adaptation of
dynamic mechanic analysis equipment allowed performing on-chip
single scaffold analysis. Micro-computed tomography allowed acquir-
ing data for whole chips simultaneously. Results were validated using
individual scaffolds and single-formulation chips. A sub-array with
combined modulus/porosity properties was selected. Fibronectin (Fn)
in different concentration was adsorbed in the scaffolds, and fibroblasts
and osteoblast-like cells were seeded. The independent study of
variables influence in cell response was performed by image-based
methods. In the absence of Fn fibroblasts did not respond to mechani-
cal properties in the chip range. Osteoblast-like cells showed higher cell
adhesion in stiffer substrates. The adsorption of Fn was studied qualita-
tively by image methods. Results related with Fn amount and scaffolds’
mechanical properties were analyzed for each cell type.

37.P08
Extrinsic biophysical stimulus can override the
influence of local substrate in determining stem
cell fate
SD Thorpe, CT Buckley, AJ Steward, DJ Kelly
Trinity Centre for Bioengineering, Trinity College Dublin, Ireland;
Department of Mechanical Engineering, University of Notre
Dame, Ireland

The aim of this study was to explore how cell-matrix interactions and
extrinsic mechanical signals interact to determine stem cell fate in
response to transforming growth factor-b3 (TGF-b3). Bone marrow
derived mesenchymal stem cells (MSCs) were seeded in agarose and
fibrin hydrogels and subjected to dynamic compression in the presence
of TGF-b3. Markers of chondrogenic, myogenic and endochondral dif-
ferentiation were assessed. Free-swelling agarose constructs stained
positively for chondrogenic markers, and appeared to be progressing
towards terminal differentiation as indicated by collagen type X and
mineral staining. Dynamic compression suppressed differentiation
along this endochondral pathway. In contrast, fibrin constructs sup-
ported differentiation along an alternative myogenic pathway in long-
term free-swelling culture. Given that fibrin clots support a chondro-
genic phenotype in vivo within mechanically loaded joint defect envi-
ronments, the influence of long term dynamic compression on MSC
differentiation was investigated. Mechanical signals generated by this
extrinsic loading ultimately governed MSC fate, directing MSCs along
a chondrogenic pathway as opposed to the default myogenic pheno-
type supported within unloaded fibrin clots. In conclusion, this study
demonstrates that external cues such as the mechanical environment
can override the influence of specific substrates, scaffolds or hydrogels
on determining mesenchymal stem cell fate.

37.P09
Evaluation of cell response on permanent and
pulsed atmospheric pressure stressed cells
B Rieder, AWeihs, A Teuschl, G Knebl, J Kollmitzer, H Redl
and D Rünzler
University of Applied Sciences Technikum Wien, Austria; Ludwig
Boltzmann Institute for Experimental and Clinical Traumatology,
TGM - Die Schule der Technik, Austria

Introduction: Many studies display that mechanical stimuli already ful-
fill the needs for cell differentiation, without any need for additional
growth factors. Thus, we concentrated on mechanical stimuli of atmo-
spheric pressure on cells using a tailor-made pressure chamber. Aim of
the study was to determine pressure limits of cells and possible side
effects to find supporting conditions for cell proliferation or differentia-
tion.
Materials and methods: Cells of the cell lines U937 and MG63 were per-
manently kept at 37�C and buffered with HEPES during the experi-
ments. The atmospheric pressure was applied on 1- respectively 2-well-
chamberslides in the pressure chamber. For static pressure experiments,
cells were permanently stimulated at 200, 300 or 400 kPa for 1 respec-
tively 12 h and cultured for 2 weeks afterwards. For dynamic pressure
experiments, pressures between 300 and 400 kPa were applied at fre-
quencies of 0.25–4 Hz. Cell growth was observed for 5 days and evalu-
ated by trypan blue staining and MTTassay.
Results: We could not observe any negative or positive effects on cell
proliferation after the static pressure mode experiments. In the dynami-
cal pressure experiment, 24 h after last pressure exposure, cells
restored the original conditions and gave the same read-out compared
to the untreated control.
Discussion: Thus, our tailor-made pressure chamber seems to be appro-
priate to find more specific parameters that induce cell differentiation
of adult stem cells.

37.P10
Epigenetic modification of beta-catenin in 3D
Titania mesenchymal cell cultured scaffolds
under variable flux conditions in bioreactor
chambers
R Couceiro, A Gil, C Garcia, P Diaz, J Couceiro, M Freire-Garabal
and F Guitian
Institute of Ceramcis, USC, Spain; School Of Medicin, Dept of
Pharmacolog, USC, Spain; School of Pharmacy, USC, Spain;
Royal Academy of Medicine, Spain

Mesenchymal stem cell fate determination is heavily regulated by the
WNT pathway through b-Catenin.Biomaterial topography triggers cyto-
skeleton biochemical and physical responses, which will ultimately
modify gene expression leading to an osteoblastic phenotype. It is
already known that several cytoskeleton related genes are mechanoreg-
ulated. In this study as a result of exploring epigenetic regulations by
methylation levels of Beta-Catenin, a more accurate insight of osteo-
genic control could be achieved. Engineering a stem cell niche is a task
that considers not just a 3D scaffold which will mimic a cellular micro-
environment, but also the dynamic forces exerted on cultured stem
cells.A functional tissue engineering (FTE) method could be completed
by identifying methylation patterns within dynamic culture mod-
els.Titania (TiO2) scaffolds were synthesized with pore sizes ranging
from 300–400 lm by Direct Ink Writing and cultured with human mes-
enchymal stem cells. In order to evaluate the existence of potential dif-
ferential methylation rates, scaffolds were placed in a bioreactor
chamber under pulsed flux conditions (2, 6, and 12 h). A non flux con-
trol group was used. Methylation specific polymerase chain reaction
(MSP) and direct sequencing showed how CpG islands related to Beta
Catenin are being directly modified under variable flux conditions
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when compared to a static culture. Canonical WNT pathway could be
therefore being mechanoregulated through Beta-Catenin.

37.P11
Ingrowth of bone cells within cryogels under
compression and perfusion
N Bölgen, Y Yang, P Korkusuz, E Güzel, AJ El Haj and E Piskin
Hacettepe University, Chemical Engineering Department and
Bioengineering Division, Turkey; University of Mersin, Faculty of
Engineering, Department of Chemical Engineering, Turkey; Keele
University, Institute for Science and Technology in Medicine,
Hacettepe University, Faculty of Medicine, Department of
Histology and Embryology, Turkey; Cerrahpaşa Medical Faculty,
Department of Histology and Embryology, _Istanbul University,
Turkey

Bone tissue engineering involves mimicking and creating a complex
biomechanical environment for cell-cell and cell-matrix interactions.
Such an environment should promote maturation of the cell-scaffold
construct in vitro. Various bioreactors have been designed aiming at
not only providing better nutrient and gas exchange but also applying
mechanical strain on the constructs. The combination of strain types,
such as tension, compression, or shear, and the strain dynamics, for
instance, constant, cyclic, intermittent, in a bioreactor give a great
opportunity to optimize the culture environment for different type cells.
The combined application of mechanical force in bioreactor direct cellu-
lar activity and maintain cell phenotype in some engineered tissues.
Previous studies showed that for an optimal supply of the cells with
nutrients and gas within the scaffold, the cultivation is ideally per-
formed in a bioreactor system, since static cultures are insufficient to
mimic the in vivo conditions. Our aim in this study is to evaluate the
interaction of biodegradable cryogels with cells at different regimes in
bioreactors for possible tissue engineering applications. 3D-cell
ingrowth within biodegradable cryogel-scaffolds with interconnected
macropores was studied in bioreactors at different regimes (static,dy-
namic) with an osteoblast-like cell-line. Dynamic conditions (perfusion
and/or compression) have a significant impact on cell ingrowth and
extracellular matrix synthesis.

37.P12
Primary cilia removal inhibits osteoblastic
matrix-forming response to mechanical stimuli
RM Delaine-Smith and GC Reilly
University of Sheffield, UK

Introduction: Mechanical forces have been shown to regulate bone
cell differentiation and are used in many laboratories to accelerate
bone tissue engineering. One suggested sensory mechanism respon-
sible for mechanotransduction is the primary cilia, a microtubule-
based structure extending from the apical surface of most mamma-
lian cells.
Aims: To confirm whether or not primary cilia removal inhibits the
matrix forming response of bone cells to mechanically induced fluid
shear stress.
Materials and methods: MLO-A5 late stage osteoblastic cells were
seeded into gelatine-coated 6-well plates containing complete alpha
MEM with ascorbic acid and beta-glycerophosphate. At days 3 and 7,
half the cells were treated with chloral hydrate to remove the primary
cilia. At days 5–7 and 9–11, cells were subjected to 2 h/day of oscilla-
tory fluid shear stress (FSS). At day 12, calcium and collagen deposi-
tion were assayed using Alizarin red staining, and second harmonic
generation imaging respectively.
Results: Cells subjected to FSS had higher collagen production and cal-
cium deposition compared with static controls. Removal of the primary

cilia resulted in the inhibition of the mechanically induced increases in
extracellular matrix production.
Conclusion: The primary cilia play a role in facilitating mechanically
induced matrix formation by bone cells; this has implications for bone
diseases such as osteoporosis as well as in the design of bioreactor con-
ditions for bone tissue engineering.

37.P13
Arterial shear stress accelerates the
differentiation of endothelial progenitor cells
adhered on VEGF-bound surface
Y Suzuki, K Yamamoto, J Ando, K Matsumoto and T Matsuda
Genome Biotechnology Laboratories, Kanazawa Institute of
Technology, Japan; Department of Biomedical Engineering,
Graduate School of Medicine, University of Tokyo; Cancer
Research Institute, Kanazawa University, Japan

Introduction: Endothelialization of intravascular artificial devices may
promise to express nonthrombogenic potential. To this end, we are
developing the surface technology of in situ capturing of endothelial
progenitor cells (EPCs) on VEGF-bound device surface under arterial
flow, followed by rapid proliferation and differentiation into endothe-
lial cells (ECs). In fact, our extensive stent implantation study in
porcine model showed capture of EPCs and subsequent endothelializa-
tion. In this study, we investigated how differentiation potential of
EPCs on VEGF-bound surface is influenced by a simulated arterial
shear stress.
Materials and methods: EPCs, obtained from human peripheral blood,
were cultured on VEGF-bound surface under a simulated arterial flow
(shear stress 15 dynes/cm2; corresponds to arteries) for 24 h using the
parallel plate-type device.
Results: EPCs adhered well and proliferated on VEGF-bound surface.
The loading of shear stress suppressed the expression of mRNAs (CD34
and CD133) specific to EPCs, promoted the expression both mRNAs
{CD31 and von Willebrand factor (vWF)} and protein (vWF) specific
to ECs. The loading of shear stress promoted the expression of eph-
rinB2 mRNA specific to arterial ECs.
Conclusion: The arterial shear stress accelerated differentiation of EPCs
in vitro, strongly suggesting that the hydrodynamic shear stress is one
key factor for rapid endothelialization in vivo. This supports evidence
of rapid endothelializatoin in porcine model.

37.P14
Evaluation of the osteogenical effects of a low-
frequency electromagnetic field on adipose-
derived stem cells
K Kang, J Hong, Y Jeong, J Rhie and D Cho
POSTECH, Polytechnic University, Korea; The Catholic University
of Korea, Korea

An electromagnetic field is one type of biophysical stimuli (signals)
which affect cellular activities. Because of these effects, electromag-
netic field therapy has been approved for bone disorders in animals
and humans. In previous study, we found specific conditions of the
electromagnetic field to be both positive for osteogenic differentiation
of adipose-derived stem cells (ADSCs). To further understand mecha-
nisms of ADSC osteogenic differentiation using the electromagnetic
field, we evaluated the effects at this positive condition in vitro / in
vivo. Gene expression profiles of osteogenically induced ADSCs were
examined using microarray analysis. About 242 genes were affected
during electromagnetic field stimulation. Additionally, pathway
analysis indicated the potential roles of Wnt/BMP signalling in ADSCs
during osteogenic differentiation. Acceleration of osteogenic differenti-
ation of ADSCs was confirmed by the mouse calvarial defect model.
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Pre-treatment of ADSCs using the electromagnetic field increased bone
formation compared to the non-treated group based on histology assay.
In this study, we investigated the mechanisms of the electromagnetic
field on osteogenic differentiation of ADSCs and confirmed the effects
in vivo, providing significant information toward improved understand-
ing of the use of an electromagnetic field for better bone tissue engi-
neering applications.

37.P15
Remote activation of Wnt signalling pathways in
human mesenchymal stem cells using magnetic
nanoparticle technology
M Rotherham, MWorrallo and AJ El Haj
Keele University - ISTM, UK

The Wnt signalling pathway plays important roles in embryonic devel-
opment, tissue patterning and the differentiation of stem cells in many
adult tissues. This makes wnt signalling an attractive target for regener-
ative medicine and tissue engineering. Wnt signals are transduced
through a number of cell surface receptors, including the Frizzled class
of receptors which has been shown to play a role in mechanotransduc-
tion. Our previous work has demonstrated the potential of magnetic
nanoparticle technology to remotely target membrane bound me-
chanosensitive proteins and receptors (Hughes, McBain et al. 2008).
The application of an alternating magnetic field causes a translational
torque in the membrane bound particles. The mechanical stimulus is
then transduced through mechanosensitive proteins to initiate bio-
chemical signals and consequent signalling pathways. Here we demon-
strate the use of functionalised magnetic nanoparticles to target and
activate the frizzled receptor in human Mesenchymal Stem Cells
(hMSC). Cultures of hMSC’s were labelled with 250 nm magnetic
nanoparticles functionalised with defined peptide targets and antibod-
ies. Cultures were stimulated for different durations in an oscillating
magnetic force bioreactor (MICA Biosystems) to create a targeted com-
pressive force on the Frizzled receptors. Gene expression analysis and
immunofluorescence demonstrated a time course of activation of
downstream signalling pathways following nanoparticle treatment and
loading.

37.P16
Pathways implicated in the mechanosensing of
chondrocytes
P Sanz-Ramos, G Mora, M Vicente-Pascual,
P Ripalda and I Izal-Azcárate
University of Navarra, Spain; University Clinic of Navarra, Spain

Aim: In a recent study we characterized the mechanosensing of
chondrocytes. Here we describe some events in the pathways impli-
cated.
Methods: Rat chondrocytes were cultured in collagen hydrogels of dif-
ferent stiffnesses (2–20 Pa) in normoxia and hypoxia, in monolayer
and embedded inside hydrogels. First, culture on hydrogels was per-
formed using antibodies to block a series of integrins. In a second
experiment, custom RTPCR array plates were used to confirm the up-
regulation of integrins selected and to detect changes in expression of
other proteins implicated in different signaling pathways.
Results: The results allowed us to identify myosin II and integrins
alpha1, alpha5, beta1 and beta3 as participants in the mechanosensing,
since their blockade inhibits the sensing of the stiffness, and they are
up-regulated in the process. RTPCR arrays detected the role of Paxilin,
RhoA, Fos, Jun and Sox9. We detected no expression of src in the
monolayer cultures, but we found a role for this protein in 3D. The
expression of HIF1-a was not modified under normoxia but was found
to participate under hypoxia. Finally, FAK, showed a direct relationship

with the expression of aggrecan in hypoxia and an inverse one in norm-
oxia.
Conclusions: We suggest some of the molecular signaling events that
are triggered during the process of chondrocyte mechanosensing.

37.P17
Mechanosensing of chondrocytes in collagen
hydrogels
P Sanz-Ramos, G Mora, M Vicente-Pascual, P Ripalda, C Alcaine,
I Ochoa, M Doblaré-Castellano, I Izal-Azcárate
University of Navarra, Spain; University Clinic of Navarra;
University of Zaragoza, Spain

Expansion of chondrocytes is an unsolved issue in the production of in
vitro cartilage cells since it yields fibroblast-like chondrocytes. The
physical properties of the substraste has become an interesting field for
the research of the preservation of the cartilage phenotype. We have
developed a model for the culture of rat cartilage cells in collagen hy-
drogels, which resulted to have 2–20 Pa as their stiffness. Experiments
were performed using normoxia and hypoxia conditions and 2 and 3
dimensional cultures. We could observe a clear effect of the matrix stiff-
ness in the chondrocyte phenotype, showing an improvement of the
expression of cartilage related genes in the more compliant gels, which
have been already described for higher stiffness ranges. Surprisingly,
the exposure to hypoxia completely inverted the mechanosensing
showing an improved phenotype in the more stiff hydrogels. This me-
chanosensing was maintained during the plastic expansion of chondro-
cytes, which showed the same capacity up to the 8th passage. Using
blockade experiments we detected non muscle myosin II, and integrins
alpha1, alpha5, beta1 and beta3 as participants in the mechanosensing.
We also described a direct role of Paxilin, RhoA, Fos, Jun and Sox9 in
the mechanosensing. Finally, src resulted to have a role in the switch to
3 dimensional culture, and HIF-1 and FAK in the effect of hypoxia. In
summary the chondrocyte phenotype can be modulated by switching
the mechanical properties of the substrate.

37.P18
Correlation of fluid dynamic with single cell
mechanics and cell response to mechanical
stress
Y Liu, NI Nikolaev, D Williams and T Müller
Loughborough University, UK; JPK Instruments Limited, UK

There is increasing evidence that mechanical factors can significantly
influence the functional development of tissues and play a major role
in controlling stem cell fate and lineage determination. However,
when used as therapeutic products, how cells response to its mechani-
cal environment during cold shipping of cell suspension is not well
studied. Here we would like to report our findings on how different
vibration parameters, including frequency, acceleration rate and dis-
placement, would affect the flow dynamic of cell suspension and cell
viability. Further experiments combining of fluorescence microscopy
and atomic force microscopy revealed the variation of cell membrane
mechanics with the progress of cell death, allowing correlation of
change of mechanical properties of single cell membrane with the
dynamic of the flow and the observed biological consequences. Our
study revealed that investigated human mesenchymal stem cells dem-
onstrated different membrane stiffness, as evidenced by the variation
of young’s modulus measured by AFM, and it was dependent on its
membrane integrity and on whether phosphatidylserine was pre-
sented at the outside wall of cell membrane. Cells in suspension are
sensitive to vibration at certain frequency and acceleration rate and
cells proceeding to the oncosis routes are more susceptible to mechan-
ical damage.
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37.P19
Train the chondrocytes: Mechanostimulation
reverses the catabolic phenotype of human
matrix-embedded chondrocytes - a preliminary
report
F Halbwirth, E Niculescu-Morzsa, H Zwickl, M Berger, C Bauer,
D Kern and S Nehrer
Center for Regenerative Medicine, Danube University Krems,
Austria

The goal of this study was to determine the effect of cyclic mechanical
stimulation on matrix-embedded human osteoarthritic chondrocytes.
Articular cartilage was obtained from osteoarthritis patients subjected
to total knee arthroplasty. Osteoarthritic chondrocytes were embedded
in a collagen I-matrix. After 14 days of cultivation, cell-seeded matrices
were either mechanically stimulated (for 4 days) or further cultivated

without stimulus. For measurement of gene expression, chondrocytes
were isolated and mRNA levels of genes known to be affected in dis-
eased cartilage (MMP-3, MMP-13, Col II, aggrecan) and its alteration
upon mechanical stress was investigated via RT-PCR. Moreover, mor-
phology and distribution of chondrocytes in the differentially treated
matrices were histologically determined. Results were expressed as
ratios of aggrecan and Col II to MMP-3 (MI3) and MMP-13 (MI13),
respectively. Both, MI3 as well as MI13, significantly increased by
mechanostimulation compared to control indicating an ‘anabolic shift’.
Moreover, chondrocyte morphology proved to be drastically altered by
appearing round rather than spindle-shaped in histological slices of
stimulated compared to control matrices. Our findings suggest the
importance of mechanical stress for metabolism and function of chon-
drocytes and indicate that the supposed catabolic phenotype of matrix-
embedded osteoarthritic chondrocytes might be reversible by mecha-
nostimulation.
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38. Developmental Biology and Tissue Engineering

38.01
Keynote: Engineering of renal-like tissue using in
vitro developmental models
SK Nigam and S Wang
University of California-San Diego, USA; University of Michigan
Hospitals, Department of Surgery, USA

Engineering of kidney-like tissue could have a broad impact on the
treatment of declining or poor renal function. For many years, kidney
development has been analyzed using in vitro and ex vivo models for
morphogenesis and differentiation. These are generally 3D cell culture
or modified organ culture systems. Our lab has been employing combi-
nations of such models, including several developed by us, to ‘‘engi-
neer’’ renal-like tissue. Nephronal structures capable of recruiting a
glomerular vasculature are evident. Markers of differentiation appear
as does tubular function as measured by organic anion transport capac-
ity. Inherent in the strategy is the potential for propagation of engi-
neered renal-like tissue.

38.02
Formation of tissue structure by engineering
epithelial progenitor cells of glandular organs by
biomaterial cultivation
TLYang, L Lin, TH Young, HW Lee and YC Hsiao
Department of Otolaryngology, National Taiwan University
Hospital and College of Medicine, Taiwan; Institute of Biomedical
Engineering, College of Medicine and College of Engineering,
National Taiwan University, Taiwan; Department of
Ophthalmology, Zhongxing Branch, Taipei City Hospital, Taiwan

Epithelial glandular organs mediate enzymes, metabolites, and fluid
transport and feature ramified structures. By forming complex
branches, different cells are well-organized and the network is estab-
lished to fulfill physiological functions. To regenerate a functional glan-
dular organ, recapitulating the formation of the tissue-specific structure
is required. The current study is to explore the feasibility by engineering
epithelial progenitor cells in a biocompatible biomaterial system with-
out exogenous serum or growth factors. The fetal mammary gland
(MG) was selected as the model organ. Among many biomaterials,
chitosan demonstrated a superior effect in promoting branching in MG
epithelial progenitor cells. The morphogenetic effect to promote MG
branching was chitosan-specific because it was not observed in other
analogues. The molecular weight and specific linkages in the chitosan
polymer were important parameters in mediating the morphogenetic
effect. The engineered epithelial progenitor cells of MG from different
anatomical locations all effectively generated structure formation.
Blocking endogenous fibroblast growth factor 10 (FGF10) inhibited
the morphogenetic effect of chitosan, indicating that the chitosan effect
was FGF10 dependent. This work demonstrates the feasibility of estab-
lishing a clinical translatable biocompatible system that efficiently reca-
pitulates tissue morphogenesis by engineering epithelial progenitor
cells with biomaterials.

38.03
Engineering MSC condensations: an example of
skeletal developmental engineering
C Millan, Y Yang, T Groth and M Zenobi-Wong
ETH Zurich, Switzerland; Martin Luther University Halle,
Germany

The primordial skeleton appears first as a formation of high density
regions of mesenchymal stem cells (MSCs) whose size, shape and
arrangement foreshadow the future skeleton. Skeletal condensations
result from a transient upregulation of cell adhesion molecules and
extracellular matrix proteins. Here methods for artificially inducing
high-density MSCs or MSC/chondrocyte condensations by manipulat-
ing the cell-cell interaction strength are explored. Our primary
approach is the formation of nanofilms around cells using the layer-by-
layer technique. Cells are incubated in alternating solutions of a poly-
electrolyte pair, using titration to maximize cell viability during nano-
film buildup. The nanofilms were composed of carbohydrates and
proteins, allowing electrostatic and covalent interactions which pro-
moted rapid assembly of tissues from cell solutions. Nanofilm buildup
of oxidized chondroitin sulfate, poly-L-lysine and others was followed
by quartz crystal microbalance with dissipation (QCM-D). The forma-
tion of films on chondrocytes and stem cells increased the interaction
between adjacent cells and resulted in both an increased size of the cell
agglomerations and cell packing density as well as reduced space
between each agglomeration. By tailoring the surface properties of
cells, we can engineer the interaction of one or more populations of
cells and form cellular structures based on the relative adhesion
strength between each population of cells.

38.04
Mechanical stimulation programs mesenchymal
stem cells during valvulogenesis
RA Gould and JT Butcher
Department of Biomedical Engineering, Cornell University, USA

Embryonic valvular malformations are among the more serious of con-
genital heart defects, predisposing the valve to diseases or disorders
that compromise its hemodynamic function. How these primitive cush-
ions mature into thin fibrous leaflets may provide a blueprint for effec-
tive valvular repair and regeneration strategies. We aim to understand
and direct the differentiation of atrioventricular cushion (AVC) mesen-
chyme and chick bone marrow mesenchymal stem cells (cBMSC)
through mechanically stimulated in vitro tissue models. We have devel-
oped ultrasound techniques to characterize in-vivo strain profiles for
approximating developing cushion tissue deformation and found that
the HH27 septal LAV leaflet were estimated at 12%. We then isolated
and exposed HH25 AVC mesenchyme to 12% equibiaxial strain at 2 Hz
for 24 h, with static cultures as controls. We quantified mRNA expres-
sion of TGFB3, BMP2, and VEGFA via qPCR, normalizing to 18S. We
found a significant downregulation in TGFB3 with strain, but a signifi-
cant upregulation of both BMP2 and VEGFA (P < 0.05). Interestingly,
mechanical strain had an opposite effect on cBMSC’s, significantly
upregulating TGFB3, but such that their absolute level approached that
of the AVC under strain. Taken together, these results suggest that
mechanical forces regulate the differentiation of valvular precursors via
the BMP2/TGFB3 pathway, and this mechanism may be used to direct
stem cells toward valvular lineages.
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38.05
Tissue reconstruction potency of Oct4 expressing
somatic cells
H Obokata, T Wakayama, K Kojima, M Yamato, KWesterman and
CAVacanti
Harvard Medical School/Brigham and Womens Hospital, USA;
RIKEN Institute, Japan; Tokyo Womens Medical Hospital, Japan

While various adult stem cells have been reported to exist in different
tissues, discussions continue as to whether Oct4 expressing stem cells
naturally exist in the adult body. Therefore, the potential of oct4
expressing somatic cells is still elusive. To obtain Oct4 expressing
somatic cells, cells were isolated from adult tissues representative of
the three different germ layers, derived from B6-Oct4/GFP transgenic
mice. The isolate was triturated to disrupt mature cells and then propa-
gated as non-adherent clusters or spheres in a serum-free culture med-
ium. Regardless of the tissue from which they had been isolated, Oct4
expressing spheres were observed after 5–7 days. GFP (Oct4) express-
ing cells in spheres from each tissue contained cells positive for SSEA-
1, E-cadherin and expressed alkaline phosphatase activity. The gene
profiles expressed are recognized as embryonic stem cells markers and
suggestive of pluripotency. Furthermore, Oct4 expressing cells showed
widespread demethylation of Oct4 and Nanog gene promoter regions
similar to that seen in ES cells. To examine the differentiation potential
of cells, Oct4 expressing cells were seeded on biodegradable scaffolds
and implanted into immunodeficient mice. Oct4 expressing somatic
cells generated 3D-structured tissues derived from all three germ layers
in vivo.

38.P01
Chondrogenesis of mesenchymal stem cells
mediated by the combination of SOX trio gene
P Ji Sun and P Keun Hong
CHA University, South Korea

Target gene transfection for desired stem cell differentiation has
recently become a major issue in cell therapy. For the safe and stable
delivery of genes into human mesenchymal stem cells (hMSCs), we
employed a non-viral gene carrier system such as polycataionic poly-
mer, poly(ethyleneimine) (PEI),polyplexed with a combination of
SOX5, 6, and 9 fused to green fluorescence protein (GFP), yellow fluo-
rescence protein (YFP), or red fluorescence protein (RFP) coated onto
PLGA nanoparticles. The transfection efficiency of PEI-modified PLGA
nanoparticle gene carriers was then evaluated to examine the potential
for chondrogenic differentiation by carrying the exogenous SOX trio
(SOX5, 6, and 9) in hMSCs. Additionally, use of PEI-modified PLGA
nanoparticle gene carriers was evaluated to investigate the potential
for transfection efficiency to increase the potential ability of chondro-
genesis when the trio genes (SOX5, 6, and 9) polyplexed with PEI were
delivered into hMSCs. SOX trio complexed with PEImodifiedPLGA
nanoparticles led to a dramatic increase in the chondrogenesis of
hMSCs in in vitro culture systems. For the PEI/GFP and PEI/SOX5, 6,
and 9 genes complexed with PLGA nanoparticles, the expressions of
GFP as reporter genes and SOX9 genes with PLGA nanoparticles
showed 80% and 83% of gene transfection ratios into hMSCs two days
after transfection, respectively.

38.P02
Depolarization of pre-differentiated human
mesenchymal stem cells modulates
differentiated state while maintaining lineage
plasticity
S Sundelacruz, M Levin and DL Kaplan
Tufts University, USA

Bioelectric signaling regulates biological functions from the cell level
(proliferation, differentiation, migration) to the organ level (tail and
limb regeneration). Recent studies have uncovered a functional role for
bioelectric events in differentiation of mammalian stem and progenitor
cells, which may be capitalized upon to control stem cell behavior for
tissue regeneration. Because the differentiated cells present in a wound
also participate in healing, we investigated the effects of membrane
potential modulation on pre-differentiated human mesenchymal stem
cells (hMSCs) to determine how mature cells respond to electrical
modulation. When depolarized by high potassium levels, pre-differenti-
ated osteoblasts and adipocytes exhibited lower expression of tissue-
specific markers than untreated cells, an effect comparable to cell de-
differentiation by removal of differentiation stimulants. Gene expres-
sion profiling of depolarized osteoblasts revealed several pathways that
may mediate this depolarization response. We also investigated
whether depolarized cells retained the ability to undergo subsequent
transdifferentiation. When transdifferentiated toward the adipogenic
lineage, depolarized osteoblasts acquired an adipogenic phenotype and
decreased their osteoblastic phenotype. Membrane potential modula-
tion can thus be used as a control mechanism to induce stem-derived
cells to de-differentiate and maintain a degree of plasticity despite their
previous differentiated state.

38.P03
Wnt signal pathway network genes expression in
cell reprogramming and maintenance of
pluripotency
QD Ling, CN Liao, T Yang, T Wang and A Higuchi
Cathay Medical Research Institute, Cathay General Hospital,
Taiwan; Graduate Institute of Systems Biology and
Bioinformatics, National Central University; Department of
Chemical & Materials Engineering, National Central University,
Taiwan

Wnt signaling activity contributes the regulation of many cellular func-
tions, including proliferation, migration, cell fate specification, mainte-
nance of pluripotency and induction of tumorigenicity. Cell
reprogramming can convert somatic cells to ESC-like cells that was
named ‘induced pluripotent stem cells (iPSCs), by using direct trans-
duction of a cocktail composed of only four pluripotent transcription
factors: Oct4, Sox2, Klf4 and c-Myc. Recent findings show that modula-
tion of the Wnt/beta-catenin signalling pathways strikingly enhances
somatic-cell reprogramming. Although Wnt signal transduction can
promotes cell reprogramming process in vitro, their roles in differentia-
tion processes and maintenance of pluripotency remain poorly
explored. In our study, we performed gene expression including Fzd1,
Ccnd1, BtrC, Axin1, APC and Adar that these genes were defined to
play functions in Wnt signal pathway network in mouse induced plu-
ripotent stem cells (miPSCs), mouse embryonic stem cells (mESCs)
and mouse bone marrow-derived mesenchymal stromal cells
(mBMMSCs) with comparing mouse embryonic fibroblasts (MEF)
using quantitative reveres transcription polymerase chain reaction
(qRT-PCR). We found that the expression of these genes was signifi-
cantly reduced in miPSCs but not mESCs which is condition of mainte-
nance for pluripotency. Our results indicated that although Wnt signal
transduction can enhance cell reprogramming in vitro, probably these
processes are conversely inhibited.
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38.P04
Integrative studies on the role of Ccbe1 in
cardiogenesis: from the embryo to ES cell derived
cardiac tissue.
J Facucho-Oliveira, M Bento, J Furtado, E Correia, T Justo,
R Drago, JM Inácio and JA Belo
Regenerative Medicine Program, Biomedical and Medicine
Sciences Department, University of Algarve, IBB-Institute for
Biotechnology and Bioengineering, Center for Molecular e
Structural Biomedicine, University of Algarve, Campus de
Gambelas, Portugal

A central challenge for the future perspective of cardiac regenerative
medicine is the generation of large numbers of patient-specific cardiac
myocytes. Ccbe1 encodes a secreted molecule that was firstly identified
using an Affymetrix GeneChip differential screen for chick heart precur-
sor cells expressed genes (Bento et al., 2011). In mouse and chick,

Ccbe1 is expressed in major cardiac progenitor lineages that contribute
to distinct heart structures during heart organogenesis (Facucho-Olive-
ira et al., 2011). Moreover, analysis of gain and loss of function per-
formed in both mouse and chick embryos showed abnormal cardiac
morphogenesis and aberrant chamber formation further elucidating
the role of Ccbe1 for cardiac development. Similarly, in mouse and
human ES cells, increased levels of Ccbe1 expression were detected
after cardiac lineage commitment demonstrating well-coordinated
expression of various early and late cardiac specific markers and Ccbe1.
Modulation of mCcbe1 activity in differentiating mES cells using media
supplementated with mCcbe1 recombinant protein has demonstrated a
remarkable inductive potential of mCcbe1 to enhance cardiogene-
sis.Taken together, this data strongly suggest that Ccbe1 has the ability
to direct the expression of cardiac inducers and to control cardiac pro-
genitor expansion in vitro and in vivo, allowing the generation of non-
genetically manipulated cardiac cells from a renewable cell source for
regenerative cardiovascular medicine.
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39. Autologous vs. Allogeneic Approaches

39.P01
Evaluating immunogenicity of human endothelial
colony forming cells for application in cell-based
therapies
N Souidi, K Schallmoser, D Strunk, C Schmidt-Lucke, HD Volk
and M Seifert
Berlin-Brandenburg Center for Regenerative Therapies, Charité-
Universitätsmedizin Berlin, Germany; Stem Cell Research Unit,
Department of Hematology and Stem Cell Transplantation,
Medical University of Graz, Austria; Department of Cardiology
and Pneumology, Charité-Universitätsmedizin Berlin, Germany;
Berlin-Brandenburg Center for Regenerative Therapies, Institute
of Medical Immunology, Charité-Universitätsmedizin, Germany

Endothelial Colony Forming Cells (ECFC) are able to promote vascular
repair processes. To predict the potential use of autologous and alloge-
neic ECFC sources for cell-based therapies, we focused on the immuno-
logical characterization of ECFC under inflammatory conditions. ECFC
were stimulated 24 h with 10 ng/ml of the pro-inflammatory cytokines
TNFa, IL-1ß and IFNc. Mesenchymal Stromal Cells (MSC) from the
same donor and unrelated Umbilical Vein Endothelial Cells (HUVEC)
were used as reference cells. Expression of surface molecules was mea-
sured using FACS analysis. Without stimulation, all cell types showed
HLA-ABC and ICAM-1 expression, but were negative for VCAM-1 and
HLA-DR. TNFa and IL-1b induced the up-regulation of HLA-ABC,
ICAM-1 and VCAM-1. ECFC triggered with TNFa showed significantly
lower VCAM-1 levels compared to HUVEC. In both endothelial cell
types, exposure to IFNc enhanced HLA-ABC, ICAM-1 and HLA-DR
expression, but did not affect VCAM-1 expression. In contrast, MSC up-
regulated VCAM-1 after IFNc stimulation. HLA-DR was up-regulated
exclusively after IFNc-treatment in ECFC and HUVEC to a similar
extent, while MSC remained HLA-DR deficient after cytokine stimula-
tion. Thus, ECFC and HUVEC demonstrated a higher degree of HLA-
DR expression in an inflammatory microenvironment compared to
MSC. Whether the differences in HLA-DR or VCAM-1 expression
detected after cytokine triggering could influence allo-recognition has
to be studied in future functional assays.

39.P02
Immunogenicity of allogeneic mesenchymal stem
cells and dermal fibroblasts
B Mukonoweshuro, C Brown and E Ingham
Institute of Medical and Biological Engineering (iMBE),
University of Leeds LS2 9JT, UK

Mesenchymal stem cells (MSC) are multipotential cells with utility in
tissue engineering and regenerative medicine. Increasing evidence
suggests that dermal fibroblasts (DF) may have similar functions to
MSC with potential implications for cell based therapies. However,
the immunological properties of both allogeneic MSC and DF are
poorly defined and recent studies investigating their immunogenicity
remain inconclusive and this has hampered their clinical application.
This study investigated the immunology of MSC and DF using an allo-
geneic mouse model. Immuno-modulatory properties were assessed
using adaptations of the one-way mixed lymphocyte reaction (MLR)
while immunogenicity was assessed by lymphocyte transformation
assays (LTA). Bone marrow MSC and DF were isolated from C3H and

Balb/c mice, expanded and characterised by flow cytometry. Their
phenotypic profile was similar to that used for defining MSC with the
exception of CD 105 [negative in DF]. Tri-lineage differentiation into
adipocytes, chondrocytes and osteocytes plus gene expression of line-
age-specific markers confirmed their multipotency. In one-way MLRs,
both allogeneic MSC and DF significantly suppressed Balb/c lympho-
cyte proliferation. However, allogeneic MSC, but not allogeneic DF
stimulated Balb/c lymphocyte proliferation in LTA. Hence the clinical
utility of allogeneic MSC could be limited by their immunogenicity
and further studies of the potential of DF in tissue engineering
applications are warranted.

39.P03
Topical administration of allogeneic
mesenchymal stem cells (MSCs) seeded in a
collagen scaffold augments wound healing and
increases angiogenesis in the diabetic ulcer
A O’Loughlin, M Mangesh, M Creane, EE Vaughan, E Mooney,
G Shaw and MMurphy, P Dockery, A Pandit
and T O’Brien
Regenerative Medicine Institute, National University of Ireland,
Ireland; Network of Excellence for Functional Biomaterials,
National University of Ireland; Department of Anatomy, National
University of Ireland, Ireland

Non-healing diabetic foot ulceration is the most frequent reason for
hospitalisation in people with diabetes. We hypothesized that topically
applied allogeneic MSCs increase wound healing and support angio-
genesis. Allogeneic non-diabetic bone-marrow derived MSCs were
seeded in a type 1 collagen scaffold. The cells were applied topically to
a full thickness cutaneous wound in the alloxan-induced diabetic rabbit
ear ulcer model using a dose escalation strategy. The experiments were
performed under license with ethics committee approval. The groups
included: untreated wounds, collagen scaffold alone, collagen seeded
with 50 000, 100 000 or 1 000 000 MSCs. Percentage wound closure
after 1 week was assessed using wound tracings. Diabetic wound neo-
vasculature was analyzed using stereology.1 000 000 MSCs demon-
strated significantly increased percentage wound closure when
compared to untreated wounds. Collagen and MSC seeded collagen
scaffolds demonstrated increased blood vessel density and decreased
radial diffusion distance when compared to controls. Blood vessels
were longer and more convoluted in wounds treated with collagen
seeded with 1 000 000 MSCs. Allogeneic non-diabetic MSCs seeded in
a collagen scaffold demonstrate augmented cutaneous wound healing
in a pre-clinical model. Collagen and collagen seeded with MSC treat-
ments result in increased angiogenesis when compared to untreated
wounds but augmented wound healing was observed only at higher
cell doses.
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39.P04
Autologous circulating angiogenic cells treated
with osteopontin and delivered via a collagen
scaffold enhances wound healing in the alloxan-
induced diabetic rabbit ear ulcer model
A O’Loughlin, M Mangesh, EE Vaughan, M Creane, A Liew,
P Dockery, A Pandit and T O’Brien
Regenerative Medicine Institute, National University of Ireland,
Ireland; Network of Excellence for Functional Biomaterials,
National University of Ireland; Department of Anatomy, National
University of Ireland, Ireland

Diabetic foot ulceration is the leading cause of amputation in people
with diabetes mellitus. Peripheral vascular disease is present in the
majority of patients with diabetic foot ulcers. Circulating angiogenic
cells (CACs), previously known as early endothelial progenitor cells are
derived from peripheral blood and support angiogenesis and vasculo-
genesis, providing a potential topical treatment for non-healing dia-
betic foot ulcers. A scaffold fabricated from Type 1 collagen facilitates
topical cell delivery to a diabetic wound. Osteopontin is a matricellular
protein involved in wound healing and increases the angiogenic poten-
tial of CACs. A collagen scaffold seeded with CACs was developed. Sub-
sequently the effect of autologous CACs that were seeded in a collagen
scaffold and topically delivered to a hyperglycaemic cutaneous wound
was assessed. Appropriate license and ethical approval was obtained.
The alloxan-induced diabetic rabbit ear ulcer model was used to deter-
mine healing in response to the following treatments: collagen seeded
with autologous CACs exposed to osteopontin, collagen seeded with
autologous CACs, collagen alone and untreated wound. Stereology
was used to assess angiogenesis in wounds. The cells exposed to osteo-
pontin and seeded on collagen increased percentage wound closure as
compared to other groups. Increased angiogenesis was observed with
the treatment of collagen and collagen seeded with CACs.

39.P05
Immunomodulatory potential of tissue
engineered constructs based on human adipose
tissue derived stem cells and starch-based
scaffolds
TC Santos, MT Cerqueira, AC Silva, AI Rodrigues, IB Leonor,
AP Marques, AG Castro and RL Reis
3B’s Research Group, Univ Minho; ICVS-3B’s- PT Government
Associate Laboratory, Portugal

Natural-origin materials such as corn starch have been suggested as
valid alternatives to benefit, in comparison to synthetic materials, the
engineered device’s biocompatibility and functionality. Promising
results in terms of new tissue formation have been obtained using
starch and poly-caprolactone (SPCL) scaffolds in combination with
mesenchymal stem cells (MSCs) from different origins. Considering the
importance of the host immune response to implanted tissue engi-
neered constructs (TECs) and the immunomodulatory role assigned to
MSCs and to adipose derived stem cells (ASCs) in particular, this work
aimed at understanding the impact of SPCL-hASCs based TECs in bone
marrow murine-derived macrophages (MØ) and dendritic cells (DCs)
activation. The profile of inflammatory and anti-inflammatory cyto-
kines expressed by the MØ and the DCs, in contact with the scaffolds
and the SPCL-hASCs based TECs, was evaluated by quantitative poly-
merase chain reaction (qRT-PCR). After 12 h and 24 h, of direct con-
tact, it was found that the level of expression of IL-10, IL-4, IL-6 and
TNF both in MØ and DCs was below the detection limit. These findings
suggest that the combination of SPCL scaffolds with hASCs offer a
promise strategy for allogeneic approaches in the TERM field, also
corroborating the reduced immunogenic properties of hASCs.
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40. Embryonic Stem Cells in TERM

40.01
Keynote: Generation of skeletal hard tissues from
pluripotent stem cells
A Cheng, Z Kapacee, S Ray, KS Dilal, R Oldershaw, N Bates,
T Hardingham and S Kimber
University of Manchester, UK; North West Embryonic Stem Cell
Centre; North West Embryonic Stem Cell Centre, University of
Manchester, UK; Institute of Cellular Medicine, University of
Newcastle, UK

Cartilage has limited abilty to regenerate after damage but cartilage
injury and osteoarthritis often initiated by injury, are major untreatable
causes of disability. Pluripotent stem cells e.g. human embryonic stem
cells (hESc) and induced pluripotent stem cells (iPSc) can differentiate
to any cell type and provide an expandable source of cells for cell thera-
pies. We developed a chemically-defined protocol which efficiently
generates chondroprogenitors from hESCs in vitro (Oldershaw et al
2010 Nat. Biotech 28,1187) and have now shown that iPSc can also
respond to the same signals. Pluripotent cells were expanded in feeder-
free conditions and transferred to defined feeder- and serum-free cul-
ture. Chondrogenesis was initiated by a sequential series of growth fac-
tors, mimicking developmental and differentiation signals, which drive
the pluripotent cells to a Safranin O, COLL II + cell type at high eficien-
cy. ES/iPS derived chondrogenic cells show high expression of e.g.
SOX9, p300, Znf219. COLL II and aggrecan but lack Col X, (hypertro-
phy marker). The cells responded to pellet and other 3D culture sys-
tems and differentiated cells repaired surgical osteochondral defects in
nude rats. Pluripotent cells can also produce tendon-like cells by the
application of tension in the presence of defined growth factors. Thus
pluripotent cells provide a source of skeletal tissues for cell therapy or
research on the effect of diverse agents on normal traumatised or
diseased tissue.

40.02
Human tendon perivascular cells are multipotent
and express embryonic stem cell associated
markers
H Tempfer, R Gehwolf, AWagner, H Resch, FJ Rivera, A Aigner,
HC Bauer and C Lehner
Institute for Tendon and Bone Regeneration, Paracelsus Medical
University, Austria; University Clinic for Trauma Surgery and
Sports Injuries, Austria; Institute for Molecular Regenerative
Medicine, Paracelsus Medical University, Austria

Tendon-derived stem cells are commonly considered to be of mesen-
chymal origin, having the capacity to differentiate into adipocytes,
chondrocytes, osteoblasts and tendon cells. Earlier on we have shown
that human tendon perivascular cells express markers associated with
neural stem cells such as Nestin and Musashi1. Here we describe a so
far unrecognized type of human tendon perivascular stem cells
(hTPSC) expressing markers commonly associated with embryonic
stem cells (ESC). By immunohistochemistry and single cell PCR on
human tendon tissue we demonstrate that hTPSCs express Oct4,
Nanog, Klf4, Cmyc and Sox2 in vivo. In cell culture, these cells give rise
to clonal spheroid cell aggregates harboring cells expressing the stem
cell markers mentioned and markers associated with all three embry-
onic germ layers, such as Insulin and Glucagon, Collagens type 1 and 3
and GFAP and Galactosyl ceramidase. In differentiation experiments,
hTPSC can give rise to adipocytes, osteoblasts, oligodendrocytes, astro-
cytes, endothelial cells and insulin producing cells. Despite their ESC-

like marker expression, these cells do not form tumors upon injection
into immunodeficient mice. These findings suggest that TPSC represent
a more undifferentiated cell type than mesenchymal stem cells. hTPSC
may be a valuable source for future applications in tissue engineering
and cell therapy.

40.03
Spatial and temporal regulation of signaling
pathways in hESCs using microfluidic
technologies
E Cimetta, K Yeager and G Vunjak-Novakovic
Columbia University-BME Dept, USA

In vivo, tissues emerge from coordinated sequences of stem cell
renewal, specialization and assembly regulated by multiple signals.
While this complex milieu is poorly replicable using standard in vitro
techniques, microscale technologies offer potential for conducting
sophisticated experiments at biologically relevant scales with insights
into cellular responses. We developed a microbioreactor providing com-
plex sequences of time- and space-resolved concentration gradients in
3D culture settings coupling application of fast dynamic changes of
environmental signals with versatile, high-throughput operations and
imaging compatibility. Our device comprises a matrix of conical micro-
wells housing 3D cell constructs exposed to stable concentration gradi-
ents generated by an integrated microfluidic platform. Mathematical
modeling of flow and mass transport predicts the gradients shape and
the fast dynamic concentration changes. hESC driving the Wnt/b-cate-
nin–dependent expression of Venus were exposed to gradients of multi-
ple factors. Wnt3a, Activin, BMP4 and their inhibitors were chosen for
being the main player in early stage lineage commitment in the devel-
oping embryo. Results will be presented correlating the behavior of dif-
ferentiating EBs to their exposure to time- and space-resolved
concentration gradients of mesodermal-inducing morphogens. We
hypothesize that the application of complex regulatory patterns would
provide predictable in vitro models of development and disease.

40.04
Defined, growth factor free production of cardiac
cells and tissues from human pluripotent stem
cells
X Lian, L Hazeltine, C Hsiao, SM Azarin, GF Wilson, J Zhang,
TJ Kamp and SP Palecek
University of Wisconsin - Madison, USA

Human pluripotent stem cells (hPSC) offer the potential to generate
large numbers of functional cardiomyocytes from clonal and patient-
specific cell sources. We showed that temporal modulation of Wnt sig-
naling is both essential and sufficient for efficient cardiac induction in
hPSCs under defined, growth factor-free conditions. Short hairpin RNA
(shRNA) knockdown of b-catenin during the initial stage of hPSC
differentiation fully blocked cardiomyocyte specification while Gsk3
inhibition at this point enhanced cardiomyocyte generation. Further-
more, sequential treatment of hPSCs with Gsk3 inhibitors followed by
inducible expression of b-catenin shRNA or chemical inhibitors of Wnt
signaling produced a high yield of virtually pure (up to 98%) human
cardiomyocytes from multiple hPSC lines. Cardiomyocytes produced by
temporal modulation of canonical Wnt signaling exhibited electrophys-
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iological properties of ventricular cardiomyocytes and contraction stress
was similar to that of primary rat cardiomyocytes. Tissues generated
from these cells spontaneously contracted in unison for over 6 months.
The robust ability to generate functional cardiomyocytes and cardiac
tissues under defined, growth factor-free conditions solely by genetic or
chemically-mediated manipulation of a single developmental pathway
should facilitate scalable production of cardiac cells and tissues suitable
for research and regenerative applications.

40.05
Human embryonic stem cell-derivatives in a
hydrogel-based skin model
MT Cerqueira, LP da Silva, RA Sousa, VM Correlo, AP Marques
and RL Reis
3B’s Research Group, University of Minho; ICVS-3B’s — PT
Government Associate Laboratory, Portugal

Cases of massive skin loss upon injury or disease still represent a seri-
ous healthcare challenge worldwide, and despite the many alternatives
available, results are not yet satisfactory. Skin Tissue Engineering, espe-
cially now combined with Stem Cell Research, holds great expectation
towards an efficient and high quality skin regeneration. Human embry-
onic stem cells (hESCs) are quite attractive for this purpose, as they
possess both immunoprevileged features and unique self-renewal and
differentiation potency, being able to provide unlimited biological
material. In this specific work, an innovative hydrogel-based model,
together with hESCs-derived epidermal cells is proposed for skin regen-
eration. hESCs were moved from Mouse embryonic fibroblasts (MEFs),
cultured in a feeder-free system comprising Matrigel and mTeSR media,
and characterized by immunocytochemistry for pluripotency markers.
After expansion, hESCs were differentiated towards the epidermal line-
age,by culturing them in Collagen IV coated dishes, and upon supple-
mentation of both Retinoic acid and bone morphogenetic protein 4.
Keratin 18/14 positive cells were obtained, confirming the success of
the used protocol. Differentiated epidermal cells were purified and cul-
tured onto the hydrogel. Following several culture methodologies opti-
mization, hESCs-derived epidermal cells were able to adhere,
proliferate and form a stratified epidermis-like structure demonstrating
the potential and expectation for Skin Regeneration.

40.P01
Cross-talk of ES-derived neural stem cells with
endothelial cells in a fibrin-based 3D co-culture
system
AR Ferreira, E Abranches, E Bekman, D Henrique, IFAmaral
and AP Pêgo
INEB, Portugal; IMM, Portugal

In the neural stem cell (NSC) niches, interactions between NSCs and
endothelial cells (ECs) are orchestrated by paracrine and cell-cell cues.
ECs are believed to modulate NSC fate decision, offering great poten-
tial to NSC-based therapies in the treatment of spinal cord injuries. To
study the effects of ECs on NSC proliferation and differentiation, we
propose a fibrin (Fb)-based 3D coculture system in an effort to mimic
the 3D in vivo microenvironment and get insight into the outcome of
NCS-EC co-transplantation.Cocultures were performed using a human
EC line and neurospheres (NSs) derived from a mouse ES cell line,
embedded in Fb drops. Indirect cocultures were performed in tran-
swells. Direct cocultures were assembled suspending ECs and NSCs in
Fb drops. Cocultures were followed over 14DIV in serum-free or
serum-reduced media. In indirect cocultures ECs were removed at day
4 of cell culture.In serum-free medium, no differences on cell prolifera-
tion were found between co- and monoculture. In serum-reduced
medium, cocultures showed a decrease on the % of BrdU+ cells. At

4DIV, mainly Nestin+ and b-III tubulin+ cells migrating from NSs were
found in all conditions tested. At 14DIV, most of the cells were b-III
tubulin+. NSCs were still present, as well as, GFAP+ and O4

+ cells
though in lower number. Results suggest that ECs, in serum-reduced
medium, might be modulating NSC differentiation into the neuro-
nal lineage at expenses of their proliferation. FCT (PTDC/SAU-BEB/
6532).

40.P02
Differentiation of human ES cells into
megakaryocytes and platelets in protocols
derived by multiplexed CombiCult technology.
M Tarunina, D Hernandez, C Johnson, J Andersen, V Ramathas,
J Jeyakumar, L Hook, C Erickson-Miller and Y Choo
Plasticell Ltd, UK

Human embryonic stem (hES) cell derived hematopoietic progenitors
represent a renewable source of material for use in therapies and in
screening for novel regenerative drugs. Here we describe the discovery
of novel serum-free feeder-free protocols that direct differentiation of
hES cells to functionally active megakaryocytes and platelets. Addition-
ally these protocols feature the replacement of commonly used cyto-
kines with small molecule bioactives. Novel differentiation protocols
were discovered using a high throughput screen called CombiCultTM

(Combinatorial Cell Culture) that is capable of multiplexing very large
numbers of cell differentiation protocols to identify critical combina-
tions that result in high efficiency differentiation to a given phenotype.
Human ES cells were grown on microcarriers and shuffled randomly
through 40 different culture conditions, with concomitant labeling
using nanomaterial tags. Ten thousand distinct protocols were sampled
in one experiment. Following screening to identify microcarriers bear-
ing cells positive for the megakaryocyte specific marker cd41a and
analysis of the tags to deduce cell culture history, 90 novel protocols
were identified. A number of protocols efficiently directed the differen-
tiation of hES cells into megakaryocytes and platelets through the use
of small molecule bioactives instead of traditionally used cytokines
making these protocols more amenable to therapeutic and large
scale-applications.

40.P03
Efficient derivation of mesenchymal stem cells
from human embryonic stem cells for tissue
engineering
H Declercq, W Tam, O Krysko, C Bachert and M Cornelissen
Ghent University, Belgium; University Hospital Ghent, Belgium

Introduction: Human embryonic derived mesenchymal stem cells (ESC-
MSC) are promising alternatives for bone marrow derived mesenchy-
mal stem cells (BM-MSC) and adipose tissue-MSC (AT-MSC). In this
study, MSC are derived from ESC via different methods and compared
on their: (1) cell surface markers and (2) multilineage differentiation
capacity.
Materials and methods: ESC-MSC were derived by: (1) an embryoid
body (EB) step, (2) ST2-coculture, (3) monolayer differentiation, (4)
mesoderm induction via short-term growth factor (GF) treatment and
(5) selective addition of GF. Cell populations were enriched with
MACS/FACS. MSC were phenotypically characterized by flow
cytometry (CD73+, CD90+, CD105+, CD34-, CD45-, CD20-, CD14-).
Multilineage differentiation was studied in 2D/3D cultures and evalu-
ated by fluorescence microscopy, histology and qRT-PCR.
Results: 75.9% of the BM- and AT-MSC populations possess the MSC
phenotype. EB formation, the ST2 coculture method and monolayer
derivation is insufficient for large-scale differentiation: only 0–5% ESC-
MSC can be derived. Short-term GF treatment followed by CD34+
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MACS isolation resulted in 53,3% MSC. Selective addition of GF
resulted in 42,8% MSC. Enriched ESC-MSC by FACS were able to dif-
ferentiate into the adipo-, chondro- and osteogenic lineage in 2D and
3D cultures.
Conclusion: The most efficient derivation method of ESC-MSC resulted
in cells which are excellent alternatives to study cell/biomaterial inter-
actions for TE.

40.P04
Cartilage tissue engineering using pluripotent
human embryonic stem cells
AX Cheng, SJ Kimber and T Hardingham
NW Embryonic Stem Cell Centre and Faculty of Life Science,
University of Manchester, UK

Autologous chondrocytes implantation (ATI) is one of the most success-
ful methods to treat cartilage defects in clinic. However, the limit of cell
resource and complexity of the procedure has limited the wide applica-
tion of this in clinical practise. Embryonic stem cells (ESCs) are one of
the most attractive cell types for tissue engineering due to their two
distinct properties: unlimited self-renewal and pluripotency. We devel-
oped a protocol, using chemical defined medium, to generate chondro-
progenitors from human ESCs (hESCs) in vitro and test the ability of
these cells for cartilage repair in vivo. hESCs were initially cultured and
expanded on feeder cells and then transferred to a feeder-free, serum-
free culture system. Chondrogenesis was intiated by applying a sequen-
tial series of growth factors, which drive the hESCs through mesendo-
derm and mesoderm to a chondrogenic cell type. These cells were
characterised by qRT-PCR, immunostaining and microarray technology.
To test the cartilage formation capacity, these cells were implanted into
to an osteochondral defect in the patella groove of nude rats and
assessed after different times. Chondroprogenitors derived from hESCs
show typical chondrocytes properties and gene expression. These cells
could be cultured in a 3-dimentional fibrin gel and still retain their phe-
notype. Furthermore, these cells formed cartilage, and strongly stained
with Safranin O and expressed Collagen II when implanted into
cartilage defects in nude rats.

40.P05
Chondrogenic differentiation of human embryonic
stem cells in chondrocyte co-culture
CJ Qu, H Lindeberg, KA Puttonen, O Hovatta, J Koistinaho
and MJ Lammi
Institute of Biomedicine, Biocenter Kuopio, University of Eastern
Finland, Finland; Department of Neurobiology, A.I. Virtanen
Institute for Molecular Sciences, University of Eastern Finland;
Department of Clinical Science, Intervantion and Technology,
Karolinska Institute, Sweden

Chondrogenic differentation of human embryonic stem cells (hESCs)
can be achieved in embryoid bodies by adding selected growth factors
to the medium. Chondrocyte-secreted factors have been considered to
promote the chondrogenic differentiation. Thus we studied whether
coculture with primary chondrocytes induces hESCs to differentiate
into chondrocyte lineage. Coculture of hESCs was established in a tran-
swell insert system in feeder-free culture conditions while hESCs grown
alone in the wells were used as control. The hESCs were weekly replen-
ished with chondrocytes for 3 weeks, and chondrogenically-committed
cells (hCCCs) were evaluated by morphology, immunocytochemistry,
qRT-PCR, and analysis of chondrogenic, osteogenic and adipogenic
markers. The expression of chondrocyte- and remnants of hESCs-spe-
cific genes were frequently measured during the monolayer expansion
of hCCCs from passage 1 to 10. Human CCCs displayed similar mor-
phology to chondrocyte and expressed chondrocyte-specific genes,

which were declined following passaging, similarly to chondrocytes.
Human CCCs formed a chondrogenic cell pellet and differentiated into
chondrocytes, which secreted abundant extracellular matrix. Moreover
hCCCs could rapidly proliferate. However hCCCs lost their potential to
differentiate towards osteoblasts or adipocytes. Our results show that
coculture of hESCs and primary chondrocytes could induce chondro-
genic differentiation, while osteogenic or adipogenic capacity
decreased.

40.P06
Tissue engineering in hostile environments: the
effects of inflammation on embryonic stem cell-
derived osteogenic cells
L Sidney, G Kirkham and L Buttery
University of Nottingham, UK

Proinflammatory cytokines such as interleukin-1b (IL-1b) and tumour
necrosis factor-a (TNF-a) are associated with the innate inflammatory
response and are critical for control of bone remodelling. Little work
has been performed showing the effect of these cytokines on the activ-
ity of stem cells, particularly embryonic stem cells. This work compares
the response of osteogenically differentiated mouse embryonic stem
cells (osteo-mESCs) and mouse primary calvarial cells to an inflamma-
tory environment created by adding Il-1b, TNF-a and interferon-
gamma (IFN-c) to the culture media. The cells were monitored for via-
bility, nitrite release and prostaglandin E2 (PGE2) release. The pres-
ence of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase
(iNOS) were determined by immunocytochemistry and RT-PCR.Early
results show the two cell types have very different responses to the
presence of proinflammatory cytokines. The primary cells showed sig-
nificant increases in nitrite and PGE2, suggesting activation of iNOS
and COX-2. The osteo-mESCs do not show detectable and significant
increases in nitrite and PGE2, for the first 14 days of osteogenic cul-
ture. By day 21, levels of PGE2 and nitrite are significantly increased,
although still lower than seen with the primary cells. The discovery of
the osteo-mESCs possibly having a better tolerance to the inflamma-
tory environment would have an important impact in the use of such
cells for osteochondral tissue engineering strategies.

40.P07
Understanding cell-to-cell communication in
hESCs – creating basis for the move to 3D culture
M Sedlackova, J Jaros, T Barta and A Hampl
Masaryk University, Czech Republic

Human embryonic stem cells (hESC) are undifferentiated pluripotent
cells derived from the inner cell mass of blastocysts, with the capacity
to both self-renew and to differentiate into all somatic cell lineages.
During their in vitro cultivation, hESC within colonies employ various
communication mechanisms to influence their activities. Here we have
investigated morphologic aspects of intercellular communication at the
electron microscopic level. Cells of CCTL14 line of hESC were routinely
cultured in DMEM media supplemented with serum replacement and
4 ng/ml FGF2 on the layer of mouse embryonic fibroblasts serving as
feeder cells. Colonies of hESC were processed for transmission and
scanning electron microscopy on days 3 and/or 4 after seeding.
Neighbouring cells in colonies communicate directly via intercellular
junctions. All types of intercellular connections were found: occluding,
adhering and communicating (gap junctions). Interactions with distant
cells were mediated by various types of vesicles shedding from the cell
surfaces, and intensive formation of coated vesicles was observed. A
special type of very long intercellular bridges resembling ‘tunnelling
nanotubes’ was observed occasionally between distant cells. Intercellu-
lar junctions and numerous morphologic signs of material exchange
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reflect intensive intercellular communication in hESC colonies. The nat-
ure of intercellular bridges is also addressed.Study was supported by
MSM 0021622430.

40.P08
Attenuation of transport limitations and
controlled differentiation of multicellular tissue
constructs derived from embryonic stem cells via
convective perfusion
MA Kinney, R Saeed, B Zakharin, A Glezer and TC McDevitt
Georgia Institute of Technology & Emory University, USA

Embryonic stem cell (ESC) spheroids recapitulate much of the signal-
ing and adhesions of native tissue, which may enable new opportuni-
ties to derive multicellular constructs; however, the requirements and
limitations that arise within ESC spheroids have not been fully charac-
terized. The objective of this study was to develop a platform for the
production of three-dimensional tissue structures from ESCs for trans-
plantation in regenerative therapies. Embryoid bodies (EBs) were
formed from ESCs with precisely controlled size and formation kinetics
via forced aggregation in micro-wells, followed by maintenance of
uniform size EBs in rotary orbital suspension culture; the resultant
homogeneous populations enabled systematic analysis of EB microen-
vironments during the course of ESC differentiation. After 7 days of dif-
ferentiation, EBs exhibited an increased elastic modulus compared to
day 2 EBs, which was paralleled by changes in the viscoelastic proper-
ties, such as creep and stress relaxation responses. Additionally, during
the course of EB differentiation fluidic resistance increased, concomi-
tant with decreased permeability and diffusivity, indicating that
changes in EB structure increasingly limit transport. Preliminary evi-
dence suggests that convective transport using microfluidic perfusion
bioreactors may attenuate 3D transport limitations and may enhance
the differentiation efficiency of stem cells toward specific phenotypes
and germ lineages, including mesoderm.

40.P09
Generation of 3D mineralized cellular constructs
from mESCs in a perfusion bioreactor using
simvastatin
A Georgiou, E Tsiridis, M Heliotis and A Mantalaris
Biological Systems Engineering Laboratory, Department of
Chemical Engineering & Chemical Technology, Imperial College
London, UK; Faculty of Medicine, Imperial College London
Medical School; Northwick Park Hospital, Maxillofacial Unit, UK

Current approaches for bone differentiation use Bone Morphogenetic
Proteins, which are expensive, need appropriate carriers, have suspi-
cion of carcinogenicity and biocompatibility issues. We have produced
3D implantable, mineralized cellular hydrogel constructs from mESCs
by achieving osteoinduction with simvastatin and culture in a novel
perfusion bioreactor, which provides a well-mixed environment with
low shear stress. Simvastatin, a widely used drug to lower cholesterol,
has been shown to have anabolic effects on bone formation in nanomo-
lar concentration and can cross the cell membrane with passive diffu-
sion. mESCs were encapsulated in alginate and cultured in the
perfusion bioreactor for 3 days in HepG2-CM. Osteoinduction was per-
formed using aMEM supplemented with 15% FBS, 1% P/S, 10 mM b-
glycerophosphate and 0.1 nM simvastatin, for 26 days. Bone formation
was assessed by gene expression analysis using quantitative real time
PCR, Alizarin Red staining for calcium deposition and alkaline phos-
phatase activity. The osteoinductive properties of simvastatin on mESCs
were demonstrated by the increased ARS staining, the mineralization
stage–dependent ALPase activity, and the increased Ocn and Osx gene
expression. Treatment with 0.1 nM simvastatin enhanced significantly

bone differentiation of mESCs in the perfusion bioreactor without the
presence of other osteoinductive supplements. Perfusion bioreactor can
support high cell numbers with high viability.

40.P10
Expansion and cardiac differentiation of human
iPS cells using a suspension culture system
Y Haraguchi, K Matsuura, T Shimizu, M Yamato
and T Okano
Institute of Advanced Biomedical Engineering and Science,
TWIns, Tokyo Women’s Medical University, Japan

Recently, regenerative medicine is expected as a promising therapy for
severe heart disease. On the other hand, the collection of huge
amounts of beating cardiomyocytes and the fabrication of pulsatile
thicker tissue, which directly contributes to the pulsation of damaged
heart, are expected as next-generation cardiac regenerative medicine.
The aims of this study are to establish easy and effective methods for
collecting the huge amounts of cardiomyocytes from human iPS cells
(hiPSCs) using suspension culture. hiPSCs (RBRC-HPS0001 or
HPS0002) were detached from culture dishes by an enzymatic treat-
ment and were cultured in a spinner flask. An optimized culture condi-
tion including the dissociation treatment of enzyme, the culture
medium, and the agitation rate enabled to create typical embryoid
bodies (EBs), and the number of cells increased upto 3 to 4-folds on
day 6. When the cultured EBs were dissociated into single cell suspen-
sion and were re-seeded into the spinner flask, hiPSC were also culti-
vated in the EB formation. Furthermore, an immunocytochemical
analysis suggested that the suspension culture in the spinner flask
might be useful for expansion of hIPSCs with undifferentiated state.
When the expanded EBs were cultured in the medium supplemented
with FBS, spontaneous beating cells were observed. These findings sug-
gest that the suspension culture in the spinner flask might contribute to
collect enough amounts of cardiomyocytes for the cardiac regenerative
medicine.

40.P11
Mouse embryonic stem cell differentiation on top
of acellular lung matrix slices
E Garreta, E Melo, J Cortiella, J Nichols, D Navajas
and R Farre
Institut Investigacions Biomediques August Pi Sunyer, Spain;
Universitat de Barcelona, University of Texas Medical Branch,
Institut Bioenginyeria de Catalunya, CIBER Enfermedades
Respiratorias, Spain

Introduction: The use of decellularized lung scaffolds has emerged as a
new alternative in the field of tissue engineering for the fabrication of
bioartificial lungs.
Objective: To establish a cell culture approach based on acellular lung
matrix slices to study the pulmonary differentiation of mouse embry-
onic stem cells (mESC).
Methods: Rat acellular lung scaffolds were prepared according to Corti-
ella et al., 2010. Decellularized lung lobes were embedded in OCTand
snap-frozen in liquid nitrogen. Cryosections of 40 lm were used to
culture mESC-derived cells. mESC were pre-differentiated into defini-
tive endoderm derived cells for 6 days. Afterwards, day 6-endoderm
derived cells were seeded on top of acellular lung matrix slices and
maintained until day 21 in the presence of growth factor stimulation.
Cell attachment, proliferation/survival, spatial distribution and cell fate
commitment on top of acellular lung slices were evaluated at day 8
and 21 of the differentiation process.
Results: Pre-differentiated mESC, expressing the typical markers of
definitive endoderm Foxa2 and Sox17, adhered successfully to lung
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matrix. Cells proliferated and further differentiated into lung progeni-
tor cells expressing Foxa2, TTF1 and p-Cytokeratin.
Conclusions: The use of acellular lung matrix slices is a simple approach
to study the differentiation of stem cells interacting with the lung
matrix. This system also provides useful information to further improve
whole lung recellularization.

40.P12
Cardiac differentiation of chicken spermatogonial
stem cells
DK Jeong and NT Luan
Department of Animal Biotechnology, Jeju National University,
Korea

Multipotent adult germline stem cells (maGSCs) have been success-
fully established and show phenotypic characteristics similar to embry-
onic stem cells (ESCs). In the present study, we successfully isolated
chicken spermatogonial stem cells (SSCs) from testicular cells and per-
formed subsequent analysis to identify pluripotent cells by investiga-
tion with cytochemical reagents including periodic acid-Schiff (PAS),
alkaline phosphatase (AP), and antibodies to stage-specific embryonic
antigens (Oct4, SSEA1, SSEA3, SSEA4, STRA 1–60, and STRA 1–81).
Our results show that maGSCs highly express these markers related to
ESCs and could spontaneously differentiate into three embryonic germ
(EG) layers in vitro. The maGSC-derived cardiomyocytes expressed
some cardiac-specific markers such as sarcomeric alpha actinin, specific
for alpha-cardiac actinin; conexin-43, the major protein of gap junc-
tions which are thought to play a crucial role in the synchronized con-
traction of the heart and in embryonic development; and cardiac
troponin T, the tropomyosin binding subunit of the troponin complex
which regulates muscle contraction in response to alterations in intra-
cellular calcium ion concentration. Our results contribute information
related to the ability of maGSCs to differentiate into cells such as con-
traction cardiomyocytes similar to ESCs providing a new source of dis-
tinct cardiomyocyte types for basic research and potential therapeutic
application.

40.P13
Transition of human pluripotent stem cells from
an integrin to e-cadherin mediated attachment
system using StemAdhereTM defined matrix for
hPSC
E Hadley, H Drew, J Moody, A Eaves, T Thomas and S Louis
STEMCELL Technologies Inc., France

Human pluripotent stem cell (hPSC) cultures using defined media such
as mTeSR�1 or TeSR�2 have typically necessitated the use of crude
preparations of extracellular matrices (ECMs) to permit cell attach-
ment. The most commonly used matrix with mTeSR�1 and TeSR�2
hPSC maintenance culture systems is Matrigel�(BD Biosciences),
which is undefined and derived from mouse tumor. The main compo-
nents of Matrigel� are collagen and laminin, both of which interact
with cells via surface integrin receptors. StemAdhere� Defined Matrix
for hPSC (developed and manufactured by Primorigen Biosciences)
mediates cell attachment onto plastic cultureware through an interac-
tion with extracellular E-cadherin expressed by hPSC. Using optimized
protocols, we observed that upon transition of hPSC cultured in
mTeSR�1 or TeSR�2 on Matrigel� to StemAdhere�, an ‘adaptation
phase’ lasting 2–4 passages was observed; this adaptation was charac-
terized by reduced cell expansion and plating efficiency. After the adap-
tation phase, hPSC cultured in mTeSR�1 or TeSR�2 on StemAdhere�
exhibited plating efficiency (60–100% per passage) and expansion
rates (8 to 12-fold expansion per passage) equal to or greater than
those seen for hPSC grown on Matrigel�. hPSCs from long term cul-

tures in mTeSR�1 and TeSR�2 on StemAdhere� maintained high
expression (>90%) of the pluripotency markers SSEA3 and OCT4,
remained karyotypically normal, and generated all three germ lineages
in teratoma formation assays.

40.P14
Suspension culture of human pluripotent stem
cells in controlled, stirred bioreactors
R Olmer, A Lange, S Selzer, C Kasper, A Haverich, M Ulrich
and R Zweigerdt
Medizinische Hochschule Hannover, Germany; DASGIP;
University of Natural Resources and Life Sciences BOKU, Austria

Therapeutic and industrial applications of pluripotent stem cells and
their derivatives requires large cell quantities generated in defined con-
ditions. To this end we have translated single cell inoculated suspen-
sion cultures of human pluripotent stem cells to stirred tank
bioreactors. These systems are widely used in biopharmaceutical indus-
try, allow straight forward scale up and detailed online monitoring of
key process parameters. To ensure minimum medium consumption,
but in parallel functional integration of all probes mandatory for pro-
cess monitoring i.e. for pO2 and pH, experiments were performed in
100 ml culture volume in a ‘mini reactor platform’ consisting of four
independently controlled vessels. By establishing defined parameters
for tightly controlled cell inoculation and aggregate formation up to
2 · 108 hPSCs / 100 ml were generated in a single process run in
7 days. Expression of pluripotency markers and cells ability to differen-
tiate into derivates of all three germ layers in vitro was maintained,
underlining practical utility of this new process. The presented data
provide key steps towards scalable mass expansion of human iPS and
ES cells thereby enabling translation of stem cell research to (pre)clini-
cal application in relevant large animal models and valuable in vitro
assays for drug development and validation as well.

40.P15
Improving expansion of ‘high-stemness’ murine
embryonic stem cells (mESCs) through multi-
factorial tuning of bioprocess parameters
D Yeo and A Mantalaris
Biological Systems Engineering Laboratory, Department of
Chemical Engineering, Imperial College London, UK

ESCs are routinely cultured on tissue culture plastic in artificially high
glucose (25 mM) and O2 (20%) conditions, which deviate from the in
vivo levels. Critical to the expansion of undifferentiated mESCs is the
provision of leukemic inhibitory factor (LIF) as well as the metabolic
state of the cells. We established a semi-automated perfusion biopro-
cess for the 3D culture mESCs and demonstrated that metabolic stress
attenuated ‘stemness’ and proliferation even in the presence of suffi-
cient LIF. We further optimised the bioprocess by cultivating mESCs in
reduced (5%) O2 levels to mimic in vivo conditions. In static cultures,
5% O2 attenuated LIF activity, reducing mESC proliferation; however,
when signalling activity was modified using both ‘2i’ inhibitor and reti-
nol A conditions, self-renewal was recovered. In contrast, in the perfu-
sion bioreactor cultures self-renewal was restored without signal
modification. Finally, we demonstrated that a combination of 5% O2,
perfusion and signal modification improves proliferation and pluripo-
tency levels. In conclusion, arbitrarily determined ‘standard’ ESC cul-
ture conditions are sub-optimal, whereas perfusion feeding allows the
tuning of multiple bioprocess parameters enhancing LIF-mediated self-
renewal and ‘stemness’. Critically, different bioprocess cues can be used
to modulate ESC fate.
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40.P16
Smart culture of mouse embryonic stem cells
S Dey, M Alexander, B Kellam, C Alexander and F Rose
University of Nottingham, UK

Current culture methods for mammalian cells use trypsin as means to
detach them from the culture surface. This inflicts damage to cell mem-
brane receptors (mainly integrins) which can be detrimental for further
adhesion to a new substrate. In addition, using trypsin may contami-
nate cell cultures destined for clinical applications. Therefore, an alter-
native, affordable, and scalable method of passaging is a new and
active area of research. Stimuli responsive polymers can be used to
avoid the deleterious effects of trypsin/EDTA as the cells detach from
the culture substrate upon a stimulus (temperature, pH and light). We
show that the thermo-responsive polymer poly (MEO2MA-co-OEGMA)
was grafted successfully from a glass surface and that a switchable
response to temperature achieved. 3T3 fibroblasts adhered, spread and
proliferated at 37�C and detached when the temperature was lowered
to 10�C. A similar effect was observed with mES cells and no differenti-
ation was observed following two passage cycles.

40.P17
Novel self-assembled polymeric nanofibers for
mouse embryonic stem cell culture
AR Perestrelo, F Mouffouk and JA Belo
Regenerative Medicine Program, Departamento de Ciências
Biomédicas e Medicina, Universidade do Algarve. IBB - Institute
for Biotechnology and Bioengineering, Centre for Molecular and
Structural Biomedicine (CBME), Universidade do Algarve,
Portugal; IBB - Institute for Biotechnology and Bioengineering,
Centre for Molecular and Structural Biomedicine (CBME),
Universidade do Algarve, Portugal

Embryonic stem (ES) cell research has emerged as a vibrant area in bio-
medical breakthrough. This is evidently because ES cells have the abil-
ity to self-renew indefinitely in an undifferentiated state.
Conventionally, ES cells have been cultured on gelatin or under a
monolayer of mouse embryonic fibroblasts, which differ from the envi-
ronment of a whole organism and consequently, cells isolated from
higher organisms frequently alter their metabolism, morphology and
gene expression profile. Also, the existing complex culture systems
formed from animal-derived biomaterials pose problems for replace-
ment therapies.In this work, we present new artificial nanofiber struc-
tures formed from self-assembly of amphiphilic biodegradable peptide-
copolymers that were designed for ES cell culture. This newly devel-
oped synthetic system allows elimination of animal-derived products
and provides a complex network of nanofibers in a scale similar to the
native extracellular matrices.Undifferentiated mouse embryonic stem
(mES) cells were cultured using the polymeric nanofibers in order to
evaluate their potential applications in ES cell research. It was assessed
the morphology, proliferation, viability, self-renewal and pluripotency
of mES cells. The new synthetic nanofibers promoted mES cells growth
and seem to retain their pluripotent state, indicating that if this system
was improved it may lead to an alternative and easy to use substrate
for mES cell culture and regenerative therapies.

40.P18
Identification of differentially expressed genes in
bovine blastocysts
B Brinkhof, BAJ Roelen and HP Haagsman
Dep. Farm Animal Health Fac. Veterinary Medicine Utrecht
University, The Netherlands; Dep. Infectious Diseases and
Immunology, The Netherlands

To date, no embryonic stem cells (ESCs) from farm animal species have
been generated. For tissue engineering purposes, such cell lines would
have enormous potential. ESCs have been generated from the inner
cell mass (ICM) of rodent and primate preimplantation embryos. As a
first step in the generation of bovine ESC lines, we focused on genes
responsible for the differentiation of ICM versus trophectoderm. There-
fore, we investigated the differential expression between ICM and
trophectoderm in bovine blastocysts. Bovine blastocysts (freed of zona
pellucida) were incubated with FITC-labelled Concanavalin A that spe-
cifically binds to the outer cell layer of blastocyst stage embryos: the
trophectoderm. Trypsin treatment and pipette-assisted disaggregation
followed by incubation with microbead conjugated anti FITC IgG and
subsequently magnetic sorting resulted in an ICM-pool without troph-
ectoderm cells and a trophectoderm-pool without ICM cells. Extracted
RNA was synthesized to cDNA and amplified followed by suppression
subtractive hybridization. Differentially expressed genes were
sequenced and identified. These genes and their proposed functions
will be presented.

40.P19
Discrimination between ES cells and feeder cells
using dielectrophoresis
S Miyata, S Tanaka and Y Ojima
Faculty of Science and Engineering, Keio University, Japan

Culturing embryonic stem (ES) cells effectively requires feeder cell
layer. However, to apply the ES cells in a clinical setting, it is important
to get rid of the feeder cells after the expanding culture of ES cells. In
this study, we focused on dielectrophoresis (DEP) to discriminate the
ES cells from the feeder cells. Dielectrophoresis is a phenomenon in
which a force is generated on a cell when it is subjected to a non-uni-
form electric field. The direction and amplitude of this force depends
on the cell and medium electric properties, on the voltage and fre-
quency of electric field. If the cell is polarized more than the medium
in the electric field, the cell is attracted to regions of stronger electric
field (positive-DEP). Negative-DEP is contrary. Therefore, we hypothe-
sized that using DEP force enables the discriminating the ES from fee-
der cells. To test this hypothesis, dielectrophoretic properties of ES and
feeder cells were measured by custom-made DEP cell analysis chip.
From the results, the DEP properties of ES and feeder cells showed dif-
ferent dependencies on the frequency of applied electric field. Using
the different frequency-dependencies of the DEP force and a flow-
induced shear force, it was possible to get rid of the ES from feeder
cells. In conclusion, our cell sorting approach based on DEP phenom-
ena has a possibility to enable better cell sorting technology without
magnetic or fluorescent labeling.
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41. Many Roads to iPS

41.01
Keynote: Potential uses of iPS cell technology for
treating and modeling human disease
AC Raya
Institute for Bioengineering of Catalonia (IBEC), Spain

The isolation of embryonic stem cells (ESCs) from early stage blast-
ocysts created an unprecedented interest among scientists and the gen-
eral public. These cells have the ability to proliferate and remain
undifferentiated in vitro if cultured under the right conditions. They
can also be transformed into any cell type of the mammalian body
thanks to the application of specific protocols. However, both practical
and ethical concerns hampered the research and application of human
ESCs, which stimulated researchers worldwide to find new ways to
produce ESC-like cells in vitro from somatic cells. Takahashi and Yama-
naka were the first to generate induced pluripotent stem cells (iPSCs)
by nuclear reprogramming of other cell types with defined combina-
tions of transcription factors. Ever since, a large number of laboratories
worldwide have validated the technique, and in fact iPSCs can now be
produced routinely from multiple species (including humans) and
using multiple methods. The implications of reprogramming in general
and of human iPSCs in particular are vast. On one hand, the technique
can be used to understand epigenetic transformations that run in oppo-
site directions. On the other hand, human iPSCs are providing out-
standing models for drug/toxicity screening and disease mechanistic
studies. They also hold promise for future cell-based therapies once the
technology progresses further and relevant safety concerns are over-
come.

41.02
Non-invasive generation of human induced
pluripotent stem cells from urine
R Grillari, T Zhou, C Benda, S Dunzinger, M Wieser, H Redl,
HF Tse, J Grillari, D Pei and MA Esteban
Department of Biotechnology, University of Natural Resources
and Life Sciences Vienna, Austria;Guangzhou Institutes of
Biomedicine and Health, Chinese Academy of Sciences; Ludwig
Boltzmann Institute for Clinical and Experimental Traumatology,
Austrian Cluster for Tissue Regeneration, Austria;Li Ka Shing
Faculty of Medicine, University of Hong Kong, China

The transformation of somatic cells into induced pluripotent stem cells
(iPSCs) using exogenous factors, also termed reprogramming, may be
used for personalized medicine in the future and can produce valuable
in vitromodels of human diseases. So far, human iPSCs have been gen-
erated from different cell types with varied frequencies, indicating that
the cells of origin are an important determining factor. In addition,
there is intense debate regarding whether human embryonic stem cells
(ESCs) and iPSCs are equivalent and donor cell heterogeneity may fur-
ther complicate this due to difficulties in setting standards for perform-
ing such comparisons. The ideal cell source for reprogramming should
be easily accessible, easily reprogrammed, and universal (any age, sex,
ethnic group, and body condition). Here, we report the generation of
human iPSCs from cells obtained non-invasively from human urine.
Urine-derived cells from 12 donors yielded iPSCs with excellent differ-
entiation ability. Therefore, we propose urine to become the preferred
source for generating iPSCs in many instances. The ease of this method
may facilitate the standardization of iPSC technology, will boost the
generation of cell based disease model systems and is also an advance
in the direction of clinical use of iPSCs.

41.03
Cardiomyocyte-derived iPS cells supported by
hydrogel possess an enhanced capacity to repair
the damaged myocardium
C Bearzi, K Shapira-Schweitzer, G Condorelli, D Seliktar and
R Rizzi
Multimedica, ItalyDepartment of Biomedical Engineering,
Technion-Israel Institute of Technology, Israel;National Council of
Research, Italy

In cardiac regeneration, cardiomyocyte (CM) transplantation may not
be able to restore the damaged myocardium without a proper biomate-
rial carrier for augmenting the efficacy of cell delivery. The purpose of
this study was to define the cardiac regenerative capacity of CM-
derived induced pluripotent stem (iPS) cells after acute myocardial
infarction (AMI), when transplanted using an engineered hydrogel cell
carrier. Injectable hydrogels were made from a PEG-fibrinogen (PF)
liquid precursor that can be photopolymerized in situ. The contractile
properties of the combined PF-iPS cells implants were first optimized in
vitro using cardiac biomarkers. The in vivo efficacy of the implants was
tested in an AMI model in immune-deficient mice, injecting PF, iPS
cells, and PF-iPS cells combinations. The fractional shortening (FS)
was drastically reduced in the saline control group 30 days after AMI
(17.1 ± 2%), whereas the groups containing cells or PF showed a rela-
tively slower time-dependent reduction of the FS (PF 10.7 ± 3% and
PF-iPS cells 5.7 ± 1%). All treatment with cells (iPS cells 6.1 ± 1%
and PF-iPS cells) showed a partial recovery of cardiac function. Histo-
logical analysis showed transplanted iPS cells were functionally inte-
grated with the host tissue. This study confers the in vivo efficacy of
combined PF-iPS cells transplantation. Given the synergetic effects
observed herein, we believe that these two strategies can offer a wider
range of therapeutic options in the future.

41.04
Proliferation and initial differentiation of mouse
iPS cells in various-types of alginate hydrogel
microcapsules
I Horiguchi, C Mohammad Mahfuz and Y Sakai
Institute of Industrial Science, University of Tokyo, Japan

Encapsulating iPSCs in alginate hydrogel-based capsules is scalable
method and able to prevent excess aggregation and protect cells from
shear stress caused by agitation in mass culture systems. However, few
reports have referred to capsule type optimization in terms of its biolog-
ical and physiological influence. We therefore cultured mouse iPSCs in
three types of calcium alginate gel capsules (F = 500–600 lm), that
is, standard capsules without any surface layers (NAKED capsule),
those having alginate-PLL layers on the surface (COATED capsule),
and those with the same surface layers and liquid core by EDTA treat-
ment (Hollow capsule). During 10 days of culture in the presence of
LIF and serum, all types of capsules kept cells in pluripotent state better
than suspension culture did as evidenced by qPCR analyses. Outer algi-
nate-PLL layers were very effective in keeping cell inside and enabled
6–10 times growth, but 30% number of cells leaked from NAKED cap-
sules with up to three times growth. In the absence of serum and LIF,
only COATED capsule kept cells undifferentiated, but all other types
made cells differentiated to various germ layers. This was likely that
formation of primitive endoderm was inhibited in COATED capsules
but occurred in other types of cultures. These biological effects caused
by the differences in capsule types in an important knowledge in opti-
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mizing processes for mass propagation and differentiation of iPS cells
using hydrogel microcapsules.

41.05
Engineering the 3D morphogenic environment of
pluripotent stem cells for directed differentiation
TC McDevitt, AM Bratt-Leal, KA Hammersmith and HA Nguyen
Georgia Institute of Technology/Emory University, USA

Pluripotent embryonic stem cells (ESCs) can be differentiated as self-
assembled cell aggregates in suspension culture conditions referred to
as ‘embryoid bodies’ (EBs). We have previously demonstrated the abil-
ity to entrap microparticles (MPs) of synthetic degradable polymers as
a means to engineer the 3D microenvironment of EBs. More recently
we have examined ECM-based MPs as delivery vehicles for exogenous
growth factors as well as sequestering agents for endogenous morpho-
gens produced within EB microenvironments. Delivery of BMP4 or
Noggin from gelatin MPs exhibited opposing effects to promote meso-
derm or ectoderm morphologies and gene expression, respectively, that
were comparable or exceeded that of soluble treatment controls. The
percentage of Brachyury-T+ cells (early mesoderm marker) was
increased with BMP4 treatment, and moreso with delivery from MPs
than solubly. Introduction of heparin-conjugated and gelatin MPs alone
significantly affected the secreted morphogen profile (BMP4, IGF2,
VEGF) of EBs. Divergent gene expression patterns were observed for
heparin-gelatin and gelatin MPs compared to each other, and VE-cadh-
erin+ cells were enhanced locally adjacent to heparin-gelatin MPs. Fur-
thermore, magnetic MPs could be physically entrapped during EB
formation to allow for subsequent external manipulation via magnetic
forces to create patterns of multicellular aggregates. Altogether these
results demonstrate novel ways to engineer pluripotent ESC 3D mic-
roenvironments.

41.06
Neural differentiation by human pluripotent stem
cells is regulated by scaffold presentation
EG Knight and SA Przyborski
School of Biological Sciences, Durham University, UK;
Reinnervate Ltd, NETPark, UK

Cell differentiation and tissue formation involve cell interactions which
control cell fate. We have previously shown that neural differentiation
of human pluripotent stem cells is significantly enhanced in three
dimensional (3D) cell aggregates compared to conventional two
dimensional (2D) monolayer cultures. However, aggregates are not
uniform and central regions can suffer from necrosis. We have devel-
oped a scaffold that significantly improves the cell growth environment
and enables routine 3D cell culture in a robust and reproducible man-
ner. The material is a porous polystyrene scaffold into which cells
invade and grow readily in 3D. We have found that scaffold presenta-
tion plays an important role in stem cell maintenance and differentia-
tion. Scaffolds were presented as membranes in specially designed well
inserts where the wall of the insert chamber was either ‘open’ (contain-
ing a port to allow mixing of media around the membrane) or ‘closed’
(media above and below the membrane are in separate compart-
ments). We observed the growth and differentiation of human pluripo-
tent stem cells in response to retinoic acid and the formation of neural
derivatives. The extent of differentiation and location of cells in the
scaffold was regulated differently when using the alternative well
insert designs and may relate to waste product and lactic acid accumu-
lation. These data demonstrate how subtle changes to scaffold presen-
tation can directly impact on cell behaviour during 3D culture.

41.P01
Mesenchymal progenitors derived from human
induced pluripotent stem cells
S Diederichs and RS Tuan
University of Pittsburgh School of Medicine, USA

Mesenchymal stem cells (MSCs) have a high potential for therapeutic
efficacy in treating diverse injuries and diseases. However, most of
these clinical applications require substantial quantities of cells, but the
number of MSCs obtainable from a single donor is limited. Reports on
the derivation of mesenchymal progenitors from human embryonic
stem cells (ESCs), and more recently also from human induced pluripo-
tent stem cells (iPSCs), are thus most intriguing, since the infinite pro-
liferative capacity of ESCs opens the possibility to generate large
amounts of highly uniform batches of MSCs. In the present study we
derived mesenchymal progenitor cells (iMPs) using three different pro-
tocols: (i) embryoid body formation, (ii) indirect co-culture with MSCs,
or (iii) forced differentiation of colonies. Starting from an existing
human iPS cell line and a newly established cell line reprogrammed
from hMSCs, respectively, we derived iMPs exhibiting typical MSC/
fibroblastic morphology, that could be expanded for >35 PDs before
reaching senescence and were able to differentiate in vitro along the
osteogenic, chondrogenic, and adipogenic lineages. Our system of
using iPS cells reprogrammed from hMSCs allows us to compare key
characteristics of iMPs with the original MSCs from the same donor
and draw more specific conclusions on their similarities and differences
than would be possible with iMPs and MSCs from different sources and
donors.

41.P02
Generation of induced pluripotent stem cells from
human umbilical cord blood-derived
mesenchymal stem cells
KO Uhm, HY Ha, SK Koo and JW Jung
Korea National Institute of Health, South Korea

The generation of induced pluripotent stem cells (iPS) cells from
mouse and human somatic cells by expression of defined transcription
factors (Oct3/4, Sox2, Klf4, c-Myc) is a powerful tool to understand
the mechanism of regaining pluripotency and investigate the potential
of these cells for replacement therapies. Considering that tumorigenesis
by ectopic expression of c-Myc and that insertional mutagenesis by gen-
ome integration, the generation of iPS cells with a minimal number of
factors may hasten the clinical application of this approach. Herein, we
show that iPS cells from human umbilical cord blood-derived mesen-
chymal stem cells only with Oct3/4 and Sox2 without c-Myc and
Klf4(oncogenes) transduction. These colonies has high mRNA levels of
ESC pluripotent markers (Nanog, Oct3/4, Sox2, hTERT, TDGF1, GDF3,
Rex1), comparing to that of parent cells, umbilical cord blood-derived
mesenchymal stem cells. Moreover, these iPS cells have the activity of
alkaline phosphatase and normal karyotype. Additionally, these cells
could differentiate into cell types from all three germ layers in vitro and
in vivo. In summary, we report the successful generation of induced
pluripotent stem cells from human umbilical cord blood-derived mes-
enchymal stem cells without oncogenes, c-Myc and klf4, transduction.*
Acknowledgement: This study is supported by an intramural research
grant from the Korea National Institute (4848-3110-210-13).
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41.P03
Efficient derivation of osteoprogenitor cells from
induced pluripotent stem cell for bone
regeneration
Y Dogaki, SY Lee, T Niikura, T Koga, E Okumachi, K Kakutani,
H Hirata, K Nishida, R Kuroda and M Kurosaka
Kobe University Graduate School of Medicine, Japan

IPSCs represent a promising cell source for bone regeneration. To gen-
erate osteoprogenitor cells, most protocols use the generation of
embryoid bodies (EBs). However, these protocols give rise to heteroge-
neous population of different cell lineage. In this study, we determined
if a direct plating method without EB formation step could be an effi-
cient protocol for generating a homogeneous population of osteopro-
genitor cells from iPSCs.Murine iPSC colonies were dissociated with

trypsin-EDTA, and obtained single cells were cultured on gelatin-coated
plates in MSC medium and FGF-2. Adherent cells obtained by this
direct-plating technique were termed as direct-plated cells (DPCs).
DPCs were evaluated for cell-surface protein expression using flow
cytometry. Expression levels of Oct-3/4 mRNA in iPSCs and DPCs were
analyzed by real-time PCR. DPCs were cultured for 14 days in osteo-
genic medium. Osteogenic differentiation was evaluated by Alizarin
Red S staining and ALP activity. Expression of osteogenic genes, ALP,
osterix, Runx2, and osteocalcin was analyzed by RT-PCR.Expression
level of Oct-3/4 in DPCs was robustly down-regulated compared to
that in iPSCs. Flow cytometry analysis revealed DPCs had similar char-
acteristics to MSC, suggesting DPCs lost pluripotency. Moreover, the
DPCs exhibited high osteogenic potential.Our novel direct plating
method in the absence of EB formation step could be amenable to
large-scale production of osteoprogenitor cells for bone regeneration.
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42. Adipose-derived Cells for Regenerative Medicine: Pre-Clinical
Overview (in coop. IFATS)

42.01
Keynote: Regenerative properties of adipose
derived stroma cells and aging
L Casteilla
STROMALab, UMR 5273 UPS/UFR/EFS, France

Adipose-derived stem cells (ASC) share numerous features with MSC
from bone marrow and represent a good alternative and attractive
source of stromal cells for clinical purposes. ASC are relatively easy to
obtain from adipose tissue and in higher number compare to MSC from
bone marrow. They display a greater angiogenic potential and can be
grown in a defined medium as spheres including at clonal level. In
recent investigations, we investigate the effects of aging on regenera-
tive properties of ASC. We demonstrate that aging doesn’t change num-
ber, phenotype, growth and differentiation of human ASC and causes
little senescence. Paracrine activity of these cells is highly disturbed.
Manipulating oxidative stress drive the fate of these cells and can
reverse aging phenotype. We set-up a clinical trial to test the tolerance
and feasibility of a treatment of critical ischmia leg with autologous
ASC. The phase I/II is now finished.

42.02
Keynote: Effect of burn injury on mesenchymal
stem cell niches: the mechanism behind
hetertopic ossification
B Levi, S Deshpande, B Haak, J Bayliss, M Hemmilla, C Xi, G Su,
SR Buchman, PS Cederna and PD Krebsbach
University of Michigan Hospitals, Department of Surgery, USA

Introduction: Heterotopic ossification (HO) is a devastating sequela of
burn injury. Mechanisms for HO propose that stem cell progenitors
become aberrantly activated to form bone. We hypothesize that the
inflammatory response to burn injury enhances the osteogenic capacity
of mesenchymal stem cells (MSCs) and that local ATP inhibition at the
burn site mitigates this osteogenic potential.
Methods: MSCs were harvested form mice after: (i) 30% burn (ii) burn
with topical ATP inhibitor (Apyrase) or (iii) sham control. Human
MSCs were harvested from burn and non-burn patients. Osteogeneic
capacity was assessed by gene and protein expression and in vitro dif-
ferentiation assays. In vivo heterotopic ossification was assessed by an
Achilles tenotomy and ossicle models.
Results: Burn injury increased osteogenic differentiation among MSCs
which was mitigated by Apyrase treatment. MSCs harvested after burn
injury resulted in increased bone formation in vitro in mouse and
human cell lines. This enhanced osteogenic potential correlated with
increased BMP-2 signaling. Similarly, burn injury enhanced bone for-
mation using in vivo HOmodels.
Conclusion: We demonstrate that MSCs exhibit enhanced osteogenic
capacity after burn injury. The mechanism appears to be due increased
BMP-2 signaling which can be mitigated through ATP inhibition. We
establish a potential role for MSCs in modulating HO and demonstrate
that direct manipulation of MSCs may have therapeutic utility in its
treatement.

42.03
Primary cilia: does cilium architecture predict
lineage specification in adipose-derived stem
cells?
JC Bodle, CD Rubenstein, T Roper, A Charoenpanich, S Bernacki
and EG Loboa
North Carolina State University, USA

Introduction: Non-motile primary cilia have recently been implicated
as critical mechanosensory structures in a variety of mammalian cell
types. We have identified the presence of primary cilia on human adi-
pose-derived stem cells (hASC) in both 2-dimensional (2D) and 3-
dimensional (3D) culture. Based on our previous work with hASC and
tensile strain, we hypothesize that primary cilia dynamically mediate
hASC differentiation mechanisms, and their conformation is related to
their chemo- and mechanosensing properties.
Approaches: Immunofluorescence images were used to categorically
evaluate hASC primary cilia conformation in relationship to lineage
specification. siRNA knockdown was used to abrogate cilia-associated
proteins polycystin-1 (PC1), polycystin-2 (PC1) and Polaris (IFT88).
Results and discussion: Primary cilia were observed on hASC in both
2D and 3D culture with different cilia conformation based on substrate
environment as well as chemical and mechanical stimulation. Addition-
ally, hASC exhibited a diminished calcium accretion with PC-1 and PC-
2 knockdown and diminished Runx2 gene expression with IFT-88
knockdown, all hallmarks of osteogenesis. Our data has indicated that
primary cilia-associated proteins play in important dynamic role in
hASC differentiation, particularly in hASC osteogenesis. The results of
this study elucidate the intricacies of primary cilia function in hASC
differentiation and which can be applied to developing hASC-derived
tissue replacements.

42.04
Human platelet lysate favours stemness of
adipose derived stem cells
F Hildner, K Plöderl, J Kemptner, W Holnthoner, AM Husa,
A Peterbauer-Scherb, H Redl and C Gabriel
Red Cross Blood Transfusion Service of Upper Austria, Austria;
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, Austria

Human platelet lysate (hPL) can be produced from outdated thrombo-
cyte concentrates or buffy coats which usually represent waste products
in blood banks. Therefore hPL is highly available and in comparison to
fetal calf serum not associated with safety- or ethical concerns.In the
present study we evaluated the potential of hPL in comparison to fetal
calf serum (FCS) to promote proliferation and to preserve stemness of
ASC. This is of particular importance since stem cells intended for
regenerative applications often require extensive expansion. While pre-
vious studies focused on adipogenic and osteogenic differentiation, we
have evaluated the expression of chondrogenic markers during expan-
sion and subsequent chondrogenic differentiation. Interestingly, pres-
ence of hPL in the expansion medium leads to low expression of
collagen type II, collagen type IX, aggrecan and COMP. However, this
seems to be essential to maintain stemness and to allow intense carti-
lage matrix synthesis during subsequent differentiation. Furthermore,
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the presence of angiogenic factors in hPL was used as a basis for inves-
tigations of hPL in a co-culture model of ASC and outgrowth endothe-
lial cells (OEC). In contrast to OEC mono-culture, co-culture of OEC
and ASC resulted in intense vascularization of fibrin matrix. The use of
hPL instead of FCS is investigated to transfer this model to an ‘all
human system’. In conclusion, hPL serves as a valuable alternative for
the propagation of ASC.

42.05
A nerve repair conduit containing differentiated
adipose-derived stem cells within engineered
neural tissue can support and guide neuronal
growth in vitro and in vivo
M Georgiou, PJ Kingham, SC Bunting, JP Golding, AJ Loughlin
and JB Phillips
The Open Univeristy, UK; Umea University, Sweden

Tissue-engineered cellular bridging devices for surgical implantation
into peripheral nerve injury sites could provide an attractive alternative
to autografts. A patient’s own adipose tissue can be used as a source of
cells that provide the trophic support and pro-regenerative behaviour
elicited by Schwann cells in an autograft. Adipose-derived stem cells
can be differentiated towards a Schwann cell-like phenotype in vitro
(dADSC). Here we report the development of a living replacement tis-
sue using therapeutically relevant cells in an engineered neural tissue
(ENT). ENT is made from a cellular collagen gel that is tethered at each
end to permit the cells to self-align; this is subjected to a compression
process to produce a stable biomaterial. Experiments using cell death
assays, immunostaining and confocal microscopy show that dADSCs
can be successfully incorporated within ENT - dADSCs survive and
maintain their alignment following the stabilisation process to form
sheets of an aligned cellular biomaterial (ENT). Primary rat neurons
growing on the surface of ENT extended neurites that were guided by
the orientation of the aligned dADSCs. These sheets of ENTwere rolled
into columns and then packed together within a clinically approved
tube, NeuraWrapTM. Testing this ‘engineered endoneurium’ in the rat
sciatic nerve model showed that neuronal growth was supported and
guided by ENTand demonstrates the potential of the device to offer an
alternative to nerve autografts.

42.P01
Efficient transfer of human adipose-derived stem
cells by chitosan/gelatin blend films
NC Cheng, HH Chang, YK Tu and TH Young
National Taiwan University, Taiwan (R.O.C.); E-Da Hospital/
I-Shou University, Taiwan

Adipose-derived Stem Cells (ASCs) are a potential source of abun-
dant mesenchymal stem cells. Previous investigations have demon-
strated enhanced therapeutic effects of ASCs in a three-dimensional
spheroid culture formulation. In this study, we hypothesize that a
composite membrane made of chitosan/gelatin (C/G) is beneficial to
facilitate transfer of human ASCs in spheroids. Increasing chitosan
content within the blends enhanced the mechanical properties of the
sample, including tensile strength and elongation-at-break ratio.
Although ASC spheroids developed shortly after seeding on pure
chitosan films, increasing gelatin proportion in the C/G blends pro-
moted cell adhesion onto the membranes. We also found that C/G
blends of different ratios supported ASC proliferation in the first
4 days of culture. However, ASCs on all C/G blends started to detach
from the films to form spheroids after day 4, while ASCs on pure
gelatin films remained attached and continued to grow. Gradual gel-
atin release from the C/G blend films, leading to enriched chitosan
content in the blends, probably encouraged ASC detachment, and

spheroid formation. We placed porous collagen matrix on ASC-
seeded C/G blends and found that a C/G film composed of 75%
chitosan could facilitate significantly more cell transfer into the over-
lying collagen sponge. Therefore, a blend film containing 75% chito-
san and 25% gelatin showed promising results to serve as a
biomaterial for human ASC-based cell therapy.

42.P02
Non-adherent progenitors from adipose-derived
stem cells (napADSCs): a new prospective for
tissue engineering?
AA Leto Barone, M Carmisciano, G Giunta, F Toia, R Carollo,
F Iovino, M Todaro, A Cordova and F Moschella
Universita’ di Palermo, Dipartimento di Discipline Chirurgiche ed
Oncologiche, Sezione di Chirurgia Plastica e Ricostruttiva, Italy

Introduction:Mesenchymal stromal cells (MSCS) are oftenmislabeled as
adipose-derived stem cells (ADSC) despite presenting a more differenti-
ated phenotype. The isolation of non-adherent progenitors from ascs
(N.A.P.ASCS) is currently under investigation in our laboratory. In this
studywe investigate: (i) the proof of stem cell origin of such progenitors,
and (ii) the feasibility of NAPASCS adhesion over integra� for cell colo-
nization, future differentiation and engineering of semi-synthetic tissues.
Material and methods: Liposuction samples were obtained and plated in
stem cell-specific enrichedmedia and in no adherence conditions. Clonal
expansion of single cells was assessed by limiting dilution and asymmet-
ric division was detected by pkh26 staining. Expanded cells were seeded
within integra�.
Results: Napadscs may represent an upstream line of mesenchymal pro-
genitors compared to more differentiated, adherent, fibroblast-like
MSCS. Their stem cell origin was confirmed in vitro by clonal expansion
and asymmetric division. NAPASCS adhesion to integra� was achieved
modifying culturing conditions.
Conclusions: The identification of napadscs may dissipate the doubts on
the stem-cell origin of the more differentiated and commonly used
adherent MSCS. The ability of NAPADSCS to adhere to a clinically avail-
able dermal regenerative template, and grow within its three-dimen-
sional structure,may proveuseful in regenerative surgery.

42.P03
Scaffold-free cartilaginous tissue engineered
using osteoarthritic human infrapatellar fat pad
derived stem cells
Y Liu, T Mesallati, C Buckley, R Downey, K Mulhall
and D Kelly
Trinity Centre for Bioengineering, School of Engineering, Trinity
College Dublin, Ireland; Sports Surgery Clinic, Ireland

Scaffold-free approaches have been used to engineer cartilaginous tis-
sues with mesenchymal stem cells from healthy donors, however it is
unclear if the self assembly technique can be used to generate such
grafts using stem cells isolated from osteoarthritic patients. The aim of
this study is to use diseased human infrapatellar fat pad derived stem
cells (FPSCs) to engineer scaffold-free cartilaginous tissue using a self-
assembly approach. Human FPSCs were isolated and expanded in
monolayer culture before being seeded into porous transwell inserts
and cultured for 6 weeks under altered oxygen and growth factor sup-
plementation conditions. It was found that continuous supplementa-
tion with TGF-b3 was required for optimal development of the
engineered tissue. Comparable sGAG levels were observed in con-
structs maintained at 20% O2 and 5% O2 (1.2% wet weight), although
collagen synthesis was higher in constructs maintained at 20% O2

(1.1% wet weight at 20% O2 compared to 0.7% at 5% O2). Additional
supplementation with BMP-6, in combination with TGF-b3, further
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enhanced the functional development of the engineered tissue. All
engineered tissues stained positively for alcian blue and type II collagen
and weakly for type I and type X collagen. The results of this study con-
firm that the self-assembly approach can be used to engineer cartilagi-
nous grafts using diseased human FPSCs.

42.P04
Effects of FBS and PL supplemented medium on
osteogenic differentiation of stem cells
J Ma, JJJP van den Beucken, SK Both, H Prins,
MN Helder, F Yang and JA Jansen
Department of Biomaterials, Radboud University Nijmegen
Medical Center, The Netherlands; Department of Oral Cell
Biology Academic Centre for Dentistry Amsterdam (ACTA), VU
University, the Netherlands; Department of Orthopedic Surgery,
VU University Medical Center, The Netherlands

Due to the major clinical demands of stem cells, it is vital to seek for
an efficient approach for cell culture, including proliferation and differ-
entiation into specific lineages. Lately, human platelet lysate (PL) is
used as a substitute for fetal bovine serum (FBS) since it can avoid
zoonose contaminations. Human bone marrow stromal cells
(HBMSCs) and human adipose-derived stem cells (HADSCs) are popu-
lar in bone tissue engineering. Cocultures of either HBMSCs or HAD-
SCs with angiogenic cells can enhance angiogenesis and osteogenesis
compared to monocultures. However, the comparison of FBS- and
PL-supplemented medium on osteogenesis of stem cells is inconsistent
or even lacking. Moreover, most researchers cocultured HBMSCs with
endothelial cells (ECs) in FBS-supplemented medium. Available data
are limited on comparison of osteogenesis in cocultures versus mono-
cultures for HADSCs and for cultures in PL-supplemented medium.
Consequently, this study aimed to assess the effects of FBS- or PL-
supplemented medium on osteogenesis of stem cells. Cell proliferative
capacity was higher in PL- compared to FBS-supplemented medium in
monocultures and cocultures for both HBMSCs and HADSCs. Con-
versely, osteogenic differentiation decreased for HBMSCs and increased
for HADSCs in PL-supplemented medium despite monocultures or
cocultures. Osteogenesis was increased in HBMSCs/ECs compared to
HBMSCs in both FBS- and PL-supplemented media, whereas this trend
was not observed for HADSCs/ECs.

42.P05
Culture of adipose-derived stem cells using
a heparin-based hydrogel
M Kim, K Gwon and G Tae
Gwangju Institute of Science and Technology, Korea

Adipose-derived mesenchymal stem cells (ADSCs) are one of attractive
cell sources in cell-based therapy due to their easy collection and capac-
ity of self-renewal and differentiation potential. However, it is impor-
tant to keep their primitive properties during in vitro culture, so the
culture substrates need to control the fate of ADSCs via cell-substrate
interaction. Recently, various biomaterials have been studied to main-
tain the pluripotency of embryonic stem cells, but the application of
biomaterials on adult stem cells has not been reported much. In this
study, we applied the heparin-based hydrogel as a stem cell culture
substrate for cell expansion while maintaining the pluripotency. Hepa-
rin is capable of interaction with numerous ECMs and cells by heparin-
binding domains. Since heparin is a main component of the hydrogel,
it can provide a specific cell adhesion ligand to stem cells without
modification of cell adhesive molecules (collagen type I or Fibronec-
tin). Here, we characterized the cell adhesion, proliferation, and
pluripotency of ADSC on the heparin-based hydrogel. Also, the
differentiation potential of ADSCs on the heparin hydrogel upon adipo-
genic induction was also characterized.

42.P06
Long-term culture without passaging of freshly-
isolated human adipose-derived stromal cells
(ASC) creates a niche environment which
maintains their phenotypic and functional
properties
N Di Maggio, S Schreiner, E Martella,
C Le Magnen, R Largo, A Papadimitropoulos,
I Martin and A Scherberich
Department of Biomedicine, Universitätspital Basel, Switzerland;
Departments of Surgery and of Biomedicine, University Hospital
Basel, Switzerland

In vivo, adipose stromal/stem cells (ASC) are identified as CD34+/
CD105- cells, but their phenotype changes during culture on plastic
and expanded ASC are described as CD34-/CD105+ cells. In order to
preserve ASC progenitor properties, we aimed at mimicking the native
ASC environment by favoring cell-extracellular matrix and cell-cell
interactions.Long-term (LT) cultures of adipose-derived cells, without
passaging after reaching cell confluence, were established and LT-ASC
were compared to passagged (pass-) ASC (n = 7 donors). CD34 was
maintained in 22.3 ± 18% of LT-ASC, whereas it was lost by pass-ASC
after the first passage. After 28 days of culture, LT-ASC were able to
proliferate (8.27 ± 0.82 population doublings) and expressed mesen-
chymal markers, such as CD90 and CD73, but remained negative for
the expression of CD105. LT-ASC displayed a significantly higher clono-
genicity as compared to pass-ASC (11.1 ± 0.6% and 6.7 ± 2%,
p < 0.05) and they produced 30%more hydroxyapatite deposits under
osteogenic conditions (p < 0.05). The collagen receptors beta1, alpha1
and alpha2 integrins were expressed in pass-ASC, but weakly in
LT-ASC, suggesting different adhesion and migratory properties. These
data provide evidences of the importance of establishing a specific
in vitro niche to allow ASC expansion while preserving their native
phenotype and progenitor features. It should also provide a model to
study the role of specific proteins (integrins, CD105, CD34) in the
biology of ASC.

42.P07
Incorporation and stability of supermagnetic
iron-oxide maghemite nanoparticles in
mesenchymal stromal cells
SJ Skopalik, SM Svatakova, PK Polakova,
MJ Michalek
Advanced Cell Immunotherapy Unit, School of Medicine,
Masaryk University, Czech Republic; Regional center of Advanced
Technology and Materials, School of Science, Palacky University,
Czech Republic

Introduction: Therapy based on aplication of mesenchymal stromal
cells (MSC) is a promising approach in regenerative medicine of carti-
lage, bone, skin and other tissues. MSC, which are loaded with super-
magnetic iron-oxide nanoparticles (SPION), are detectable by nuclear
magnetic resonance imaging system (NMRi).
Methods: MSCs were isolated from adipose tissue or bone marrow and
seeded into the plastic. After 2–4 passages, MSCs were incorpotrated
by simple incubation with different concentration of SPION for 48 h
(‘FeNV’ maghemite nanoparticles, diameter 20 nm, concentration
50 lg iron-oxide / 1 ml of medium). Properties of MSC were evaluated
by semiautomatic fluorescence microscopy, quantification of SPIO in
the cytoplasm was performed by Ferrozine spectrophotometric method,
the distribution of SPION in MSC and SPION redistribution during cell
division were analyzed by time lapse microscope BioStation (Nikon)
and by electron microscopy.
Results and conclusion: After staining with SPION, the cell growth was
not significantly influenced. SPION in the MSC did not affect metabo-
lism, cell shape or profile of surface markers. During the cell division,
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nanoparticles from primary cell are equally split into the daughter cells.
This type of SPION seems to be safe and stable tool for MSC labeling
and monitoring with NMRi in a time scale up to 300 h after staining
with high potential for preclinical and clinical studies.

42.P08
Comparison of three different harvesting
methods to obtain preadipocytes: impact on
viability and differentiation to adipocytes
M Keck, M Zeyda, S Buriak, TM Stulnig, J Kober and
A Gugerell
Division of Plastic and Reconstructive Surgery, Department of
Surgery; Medical University Vienna, Austria; Clinical Division of
Endocrinology and Metabolism, Department of Medicine III,
Austria

Autologous fat transfer is a wide spread technique for soft tissue aug-
mentation. A number of different tools for harvesting fat tissue have
been established. Such devices should be easy to handle, time saving,
low priced, safe and provide a high amount of viable cells in the aspi-
rate. Aim of this study was to compare three different methods for har-
vesting fat tissue for lipotransfer: Water assisted liposuction (WAL),
Power assisted liposuction (PAL) and manual aspiration. Fat tissue was
obtained from nine donors undergoing abdominoplasty. Samples were
divided into three sections. Out of each section fat was harvested using
either WAL, PAL or manual aspiration. Preadipocytes were isolated
using a standard protocol. The amount of viable preadipocytes out of
1 ml of fat tissue was evaluated using cell count. The ability of isolated
preadipocytes to differentiate was determined by expression of the adi-
pocyte markers adiponectin, GLUT4 and PPARG. Our results show that
there are significant differences using different harvesting methods:
number of viable preadipocytes were significantly higher using PAL
than WAL or manual aspiration. Furthermore their quality as deter-
mined by their ability to differentiate into mature adipocytes differs sig-
nificantly as adiponectin, GLUT4 and PPARG were significantly higher
using PAL. Preadipocytes play an important role in autologous fat trans-
fer. Therefore these results should be considered when choosing the
harvesting method.

42.P09
Comparison of human and porcine mesenchymal
stem cells from adipose tissue (ASCs) and their
growth in the presence of different sera
E Arrigoni, M Ferreira, S Niada, L de Girolamo, V Yenagi,
M Campagnol, A Addis and AT Brini
Department of Medical Pharmacology, Università degli Studi di
Milano, Italy; Orthopaedic Biotechnologies Lab - Galeazzi
Orthopaedic Institute, Italy; Faculty of Veterinary Medicine,
Università degli Studi di Milano; Centro di Ricerche ed
Applicazioni Biotecnologiche in Chirurgia Cardiovascolare
(CRABCC), Italy

Bone tissue engineering aims to restore or repair musculoskeletal disor-
ders through the development of bio-substitutes that require the use of
cells and scaffolds which need to be tested in a preclinical setting. We
analyzed mesenchymal stem cells isolated from subcutaneous adipose
tissue of different animal species (ASCs). In particular, comparing por-
cine and human, the yield of both minipig (mp) and pig ASCs (p) is
lower than the one of human ASCs (h). However, the animal cells pro-
liferate faster than the human ones (doubling time of 76, 90 and 109 h
for mpASCs, pASCs and hASCs, respectively) and they produce a high
number of colonies (porcine 19%, human 3%). With the idea of a
future clinical application we cultured these cells in a self and not self
conditions. hASCs grow regularly in 5% autologous and heterologous

sera, and when cultured in 10% autologous serum their proliferation
increased compared to 10% fetal bovine serum (FBS). In contrast, pAS-
Cs grow better in 10% FBS without any benefits from the swine supple-
ments. We conclude that growing hASCs in the presence of human sera
could become a feasible procedure to ameliorate a future cellular ther-
apy. Regarding ASCs differentiation potential, both human and porcine
ASCs, osteo-differentiated for 14 days, similarly increased the expres-
sion of collagen and extracellular calcified matrix. Experiments to eval-
uate if ASCs are able to osteodifferentiate in presence of autologous
serum as in 10% FBS are in progress.

42.P10
Neuropathic pain treatment in a mouse model
with human adipose-derived stem cells
S Niada, S Franchi, E Arrigoni, P Sacerdote,
L de Girolamo and AT Brini
Department of Medical Pharmacology, Università degli Studi di
Milano, Italy; Orthopaedic Biotechnologies Lab - Galeazzi
Orthopaedic Institute, Italy

Neuropathic pain is a complex disease associated with neuronal-tissue
damage. Adipose-derived Stem Cells (ASCs), have shown the capacity
of limiting neuronal damage through their anti-apoptotic effect,
together with their capacity of releasing neurotrophic molecules. Our
study aimed to detect the effect of human ASCs in a mouse sciatic
nerve chronic constriction injury (CCI) model. hASCs were isolated
from subcutaneous adipose tissue of 5 healthy women (mean age
37 ± 12) and characterized in order to verify their stemness. 106 hAS-
Cs were injected into the rodents caudal vein 7 days after CCI, and, at
1, 3, 7, 14, 21 and 28 days post injection, we assessed their effect on
mechanical allodynia and thermal hyperalgesia, and it correlated with
the alteration of the profile of pro- and anti-inflammatory cytokines.
hASCs were able to completely reverse hyperalgesia and reduce allo-
dynia starting 24 h after injection. The effect began to fade 21 days
after administration, but it could be restored by a new cell injection
(106). We also observed a recovery of cytokines balance both for pro-
(IL-1b) and anti-inflammatory (IL-10) ones. Here, we demonstrated
that hASCs treatment is able to reduce neuropathic pain symptoms and
to re-establish cytokine balance in a CCI mouse model; this phenome-
non might be due to the recruitment of cells in the lesion area and to
their interaction with the resident ones inducing a modulation of pain
and inflammation.

42.P11
Modulating behaviors of human adipose-derived
stem cells using a graphene oxide-based
artificial extracellular matrix
J Kim, KS Choi, Y Kim, KT Lim, H Seonwoo, K Deok-Ho,
CS Chong-Su, K Young Soo, C Yun-Hoon and C Jong Hoon
Department of Biosystems & Biomaterials Science and
Engineering, Seoul National University, South Korea; School of
Chemical Engineering and Materials Science, Chung Ang
University; Department of Otolaryngology, Ajou University
School of Medicine; Department of Bioengineering, Center for
Cardiovascular Biology, Institute of Stem Cell and Regenerative
Medicine, University of Washington; Research Institute for
Agriculture and Life Sciences, Seoul National University, South
Korea

In this report, we propose that a graphene oxide (GO) film is an effi-
cient extracellular matrix (ECM) for human adipose-derived stem cells
(hASCs). Using a self-assembly method, we successfully fabricated GO
films. The hASCs grown on GO showed increased adhesion, indicated
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by a large number of focal adhesion, and higher correlation between
the orientations of actin filaments and vinculin bands compared to
hASCs grown on control substrate. Further, the GO film proved to be a
suitable environment for the time-dependent proliferation of hASCs.
The enhanced differentiation of hASCs included osteogenesis, adipo-
genesis, and epithelial genesis, while chondrogenic differentiation of
hASCs was decreased. The data obtained here collectively demon-
strates that the GO film is a suitable ECM for the adhesion, prolifera-
tion, and differentiation of hASCs.

42.P12
The effect of electric stimulation and metallic
ions on differentiation of adipose-derived stem
cells
L Jaatinen, S Salemi, D Eberli, J Vörös and J Hyttinen
Department of Biomedical Engineering,Tampere University of
Technology, Finland; Urologic Tissue Engineering and Stem Cell
Therapy, Department of Urology, University Hospital Zurich;
Laboratory of Biosensors and Bioelectronics, ETH Zurich,
Switzerland

Applied electric fields have been shown to have an important role in
many cellular functions, including cell migration, orientation, elonga-
tion and differentiation. Neural stem cells have been differentiated
towards neuronal lineages by using alternating electric fields (EF). In
this study, we have investigated the influence of the applied electric
currents and electrolysis of copper to differentiate human adipose-
derived stem cells (hADSC) towards neuronal cells. The hADSCs were
induced by both mechanical and electrical stimulation along with a
small amounts of copper released from the electrode. In the controls,
either EF was applied or copper chloride was added to the culture. The
morphological changes and neuronal lineage specific marker beta-III-
tubulin expression was studied and stimulated cells further character-
ized by IHC, WB, and PCR. Through the application of electricity and
copper electrolysis we were able to differentiate hADSCs to cells with
neural phenotype with elongated, neuron-like shape and high level of
beta-III-tubulin expression. Cells exposed to electric stimulation with-
out copper release changed their morphology to elongated shape with
no beta-III-tubulin expression. Cells with addition of copper alone did
not significantly change the morphology and had a limited beta-III-
tubulin expression only. We have thus demonstrated that electric stimu-
lation together with electrolytic release of copper induces the neuronal
differentiation of hADSC in vitro.

42.P13
Molecular mechanisms regulating matrix
dependent adipose derived stem cell physiology
C Ploner, S Lobenwein, S Geley, D Wolfram and G Pierer
Department of Plastic, Reconstructive and Aesthetic Surgery
Innsbruck, Austria; Division of Molecular Pathophysiology,
Austria

In regenerative medicine soft tissue defects are often repaired by autol-
ogous tissue/stem cell transplantation. Actually, synthetic or biologi-
cally derived materials are used to improve the surgical outcome,
however, often with limited success. This might be due to the use of
non-tissue compatible matrices/fillers and – properly – to our limited
knowledge on how matrix structure influences adipose derived stem
cells (ASC) behavior. Thus we aim to address the question how primary
ASC interact with their extracellular matrix (ECM) form a biological
point of view. For this we systematically investigated the expression of
ECM-interacting alpha integrin proteins in primary human ASC and
identified by comparative expression profiling with in-vivo and in-vitro
differentiated adipocytes integrins, specifically expressed in ASC. To
this end, functional gene analysis revealed the importance of ITGAV

(recognizes type I collagen) for ASC proliferation and ITGA7 (recog-
nizes laminin) for efficient adipocyte differentiation. The investigation
of the activated downstream pathways and competitive substrate
experiments suggest that the presence of single ECM components spe-
cifically support individual ASC characteristics and hence shall be con-
sidered by the rational design of tissue specific bioscaffolds.

42.P14
Comparison of polylactide-based 3D composites
in the differentiation of adipose stem cells
KA Ahtiainen, L Sippola, B Mannerström,
S Haimi, R Suuronen, T Ylikomi, M Kellomäki and S Miettinen
Department of Cell Biology, School of Medicine, University of
Tampere, Finland; Adult Stem Cell Research, Regea, Institute of
Biomedical Technology, University of Tampere, Finland

The objective of this study was to examine the growth and differentia-
tion of adipose stem cells (ASCs) in knitted and rolled polylactide
(PLA)-based scaffolds. The basic PLA96/4 (P) and composite scaffolds
consisting of PLA96/4+bioactive glass (PG), PLA96/4+chitosan (PC),
and PLA96/4+bioactive glass+chitosan (PGC) were seeded with rab-
bit ASCs. The constructs were cultured in control and chondrogenic
media for 3 weeks. Cell viability was visualized by fluorescent staining.
Quantitative real-time RT-PCR was used to measure the relative expres-
sion of the genes related to osteochondral differentiation. The forma-
tion of cartilaginous matrix components was examined with sulfated
glycosaminoglycan (GAG) assay and histological staining.All the com-
posites provided a suitable basis for the proliferation and differentiation
of ASCs. Cell aggregate formation was enhanced in chondrogenic med-
ium and in the presence of chitosan in the PC and PGC scaffolds. The
accumulation of sulfated GAGs was strongest in the PGC. In the PC
and PGC scaffolds, the expression of the genes related to chondrogenic
differentiation was higher than in the P and PG scaffolds, where the
gene expression was more affected by culture media. The biomaterial
composition of the PLA96/4-scaffold has even more effect on the
growth and differentiation of ASCs than the culture medium. The
advantages of different composites can further be utilized in the devel-
opment of tissue-engineered osteochondral implants.

42.P15
Immunosuppressive effect of human adipose
derived stem cells(ADSC)
IW Lee, J Yang, HJ Lee, JS Yi and HJ Lee
Catholic University of Korea, South Korea

ADSCs have similar potentials as stem cells with bone marrow stem
cells, but has more advantages such as easy to get large amount of cells
and minimal invasion to the patients. For clinical use of ADSCs in
urgent patients, rapid availability from cell banking may offer many
options. Recent reports revealed that ADSCs have immune suppressive
effect which might be a key for ADSCs allograft from cell banking. This
study was conducted to analyze immunosuppressive effect of ADSC for
allogenic transplantation for therapeutic purpose. We obtained adipose
tissue from donors and isolated and cultured ADSC. We examined phe-
notypic and gene expression profile by flow cytometry and induced
ADSCs to differentiate into various cell types. Immunosuppressive
properties were analyzed by mixed lymphocyte culture and lymphocyte
proliferative response to non-specific mitogens. Cultured ADSCs shows
characteristics of stem cells and can be differentiated into the osteo-
blast, adipocyte and neuronal cells. ADSC did not provoke in-vitro al-
loreactivity of incompatible lymphocyte and suppressed mixed
lymphocyte reaction. ADSC also suppressed proliferative response of
lymphocyte to the mitogen such as PHA, ConA and IL-II. These findings
support that ADSC has properties of stem cells and immunosuppressive
effect. ADSCs might have potentials for cell based regenerative thera-
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pies for various neurological diseases and also for allogenic transplan-
tation because of their immunosuppressive properties.

42.P16
Immunogenicity of adipose stem cells
J Sivula, M Partikainen, B Mannerström and S Miettinen
Adult Stem Cells, BioMediTech, University of Tampere, Finland

Adipose stem cells (ASC) are capable of differentiating into multiple
cell types and they have been shown to have therapeutic potential for
diverse clinical applications. ASCs seem to be immune privileged; they
do not to elicit immune reactions against themselves. Furthermore,
ASCs have shown to be immunosuppressive, diminishing immune reac-
tions. Because of these properties, ASCs are an attractive cell type for
cell therapies. In this study, we investigated the immunogenic proper-
ties of the ASCs. Previously in our group, good manufacturing practice
(GMP) compliant serum-free and animal-free (xeno-free) workflows
for the expansion of ASCs were developed and assessed. We have
established ASC lines grown in FBS, human serum and in this novel
serum and xeno free medium. We performed mixed lymphocyte reac-
tions to determine the immunogenic and immunosuppressive proper-
ties of ASCs in these three different mediums. We have also
investigated the change in CD marker profiles of the cells grown in FBS
and human serum containing media and in novel serum and xeno free
medium and during the passaging of the cells. As a conclusion, cell cul-
ture medium has strong effect on immunological properties of ASCs.
Moreover, culturing conditions and passaging have effect on CD marker
profile of ASCs. These differences in cell behavior according to choice
of medium shout for safety and efficacy assessment of ASCs cultured in
these novel conditions before clinical use.

42.P17
A novel micro-macroporous scaffold for adipose
tissue reconstruction using adipose-derived stem
cells (ADSCs)
M Phull, T Eydman, J Roxburgh, JR Sharpe, Y Martin,
DJ Lawrence-Watt and G Phillips
Blond McIndoe Research Foundation, UK; Brighton Sussex
Medical School, UK; University of Brighton, UK

Introduction: Changes in tissue contour from loss of subcutaneous adi-
pose tissue due to burns, tumour resection or congenital abnormalities
severely impact on patients. Current reconstructive strategies yield
unpredictable and often unsatisfactory results. Autologous ADSCs sup-
port de novo tissue formation, and we report the fabrication of a novel
gelatin scaffold suitable for the delivery of ADSCs.
Methods: Gelatin solution (7% w/v) was added to moulds containing
packed alginate beads and cross-linked with gluteraldehyde (25% w/
v). Beads were removed from the gelatin matrix using 3% w/v tri-
sodium citrate. ADSCs from human adipose tissue were seeded directly
into the scaffold or delivered incorporated into fibrin hydrogels. ADSCs
were cultured within scaffolds for 14 days prior to differentiation for a
further 14 days.
Results: Cryosections showed that leaching of the beads from the gela-
tin matrix produced macropores with dimensions similar to the bead
template (2 mm) and that the scaffold walls were microporous. H&E
staining revealed ADSCs had infiltrated the macropores when seeded
directly into the scaffold and when incorporated into fibrin hydrogels.
Oil Red O staining confirmed differentiation of cells along the adipose
lineage. ConclusionThe novel, templated scaffolds support the infiltra-
tion, proliferation and differentiation of ADSCs. Scaffolds can be moul-
ded to any shape, making them suitable for ADSCs delivery to
reconstruct soft tissue lost following trauma.

42.P18
The effects of biophysical and biochemical
environment on preadipocyte differentiation
KD Hettiarachichi, AJ O’Connor, S Leo, KD Rowe, AJ Penington,
WA Morrison and KM Abberton
O’Brien Institute, Ireland; University of Melbourne, Australia

Introduction: Adipose tissue is key for clinical applications such as
breast reconstruction after cancer. Adipocyte differentiation can be
induced chemically, but the physical properties of the cell environment
can influence differentiation. This study aims to investigate the effect
of matrix stiffness on adipocyte differentiation.
Materials and methods: 3T3-L1 cells were cultured on polyacrylamide
gels of varying elastic modulus in normal or adipogenic media. RNA
was extracted from cells at day one and three to assess expression of
adipogenic markers by rt-PCR.
Results: Cells showed maximal spreading on gels with moduli above
4.1 kPa, but on those moduli below 4.1 kPa they showed a more spher-
ical phenotype, forming tissue-like aggregates within 27 h of seeding.
In standard medium, maximal expression of adipogenesis markers was
seen in the mid range of matrix stiffness, around 4–14 kPa. There was
a complex pattern of interaction between matrix stiffness and medium
type, with adipogenic medium generally increasing expression of mark-
ers of early adipogenesis but not uniformly, and showing significant
interaction with matrix stiffness.
Conclusions: Matrix stiffness influences adipocyte differentiation with
matrices around the stiffness of endogenous adipose tissue the most
favourable, but there is unpredictable interaction with chemical signals
of adipogenesis that will need to be better understood for the optimal
design of matrices for adipose tissue engineering.

42.P19
Local inhibition of adipogenesis in 3D coculture
of adipose-derived stem cells and microvascular
endothelial cells
T Blunk, C Muhr, S Dietl, A Goepferich, M Winnefeld
and P Bauer-Kreisel
Department of Trauma, Hand, Plastic and Reconstructive
Surgery, University of Wuerzburg, Germany

The interplay between adipogenesis and vascularization plays a key
role in the development of engineered adipose tissue. However, the
cross-talk of the cell types involved is still largely unknown. Therefore,
the objective of this study was to investigate adipogenesis in 3D cocul-
ture spheroids made from adipose-derived stem cells (ASC) and micro-
vascular endothelial cells (MVEC) in comparison to ASC monoculture
spheroids. 3D coculture spheroids from human ASC and human MVEC
were produced in 96-well plates using the liquid overlay technique.
Employing an ASC: MVEC ratio of 1 : 1, MVEC assembled either in
clusters or in network-like structures (confocal microscopy, immunohis-
tochemistry). After adipogenic induction, ASC within coculture spher-
oids accumulated less triglycerides than in corresponding
monocultures (histology, triglyceride quantification). Well in agree-
ment, the vast majority of adipogenic marker genes (e.g., aP2, FATP1,
adiponectin, adipsin) were expressed less strongly in the cocultures on
day 2 and day 9 after induction (TaqMan array after ASC separation by
MACS). Strikingly, MVEC were demonstrated to locally inhibit adipo-
genesis of ASC in close proximity of the MVEC (histology, immunohis-
tochemistry). The established coculture appears suitable to further
investigate the molecular cross-talk of the two cell types. Furthermore,
the coculture spheroids may serve as preformed building blocks possi-
bly favoring vascularization in approaches to adipose tissue engineer-
ing.
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42.P20
Controlled release of dexamethasone enhances
long-term retention of adipose tissue
KG Marra, A Kelmendi-Doko and P Rubin
University of Pittsburgh, USA

Tissue defects from trauma, tumor resection or congenital malforma-
tions require soft tissue repair. While current reconstructive procedures
involve movement of soft tissue from other areas of the body, there
remains an unmet need for new modalities that are less invasive and
more precise. The aim of this study was to develop a controlled delivery
system of adipogenic factors, namely insulin and dexamethasone
(dex), within the fat graft. Both insulin and dex were encapsulated in
poly(lactic-co-glycolic acid), (PLGA) microspheres (MS) and mixed
with lipoaspirate to induce adipogenesis in vivo. Loaded-MS were
mixed with human lipoaspirate and injected subcutaneously into an a-
thymic mouse model. Groups included both low and high doses of dex
and insulin per 1 ml of human fat as well as combination groups. A
control group with five animals was also added to analyze empty PLGA
microspheres in 1 ml of human lipoaspirate. Samples were analyzed
grossly and histologically after 3, 6, 12 and 24 weeks in vivo. Mass and
volume were measured, with the MS-containing samples demonstrat-
ing an increased mass and volume displacement with an increased MS
content. Histological analysis indicated there is increased vasculariza-
tion within the insulin/dex MS-containing samples. In summary, this
study demonstrates that the controlled delivery of adipogenic factors
such as dexamethasone via polymer microspheres can significantly
affect tissue formation and vascularization.

42.P21
Mechanical derivation of functional myotubes
from adipose-derived stem cells
AJ Engler
UC San Diego, USA

Though reduced serum or myoblast co-culture alone can differentiate
adipose-derived stem cells (ASCs) into mesenchymal lineages, effi-
ciency is usually not sufficient to restore function in vivo. Often when
injected into fibrotic muscle, their differentiation may be misdirected
by the now stiffened tissue. ASCs are shown here to not just simply
reflect the qualitative stiffness sensitivity of bone-marrow-derived stem
cells (BMSCs) but to exceed BMSC myogenic capacity, expressing the
appropriate temporal sequence of muscle transcriptional regulators on
muscle-mimicking extracellular matrix in a focal adhesion-dependent
manner. ASCs formed multi-nucleated myotubes with a continuous
cytoskeleton that was not due to misdirected cell division; microtubule
depolymerization severed myotubes, but after washout, ASCs re-fused
at a rate similar to pretreated values. BMSCs never underwent stiff-
ness-mediated fusion. ASC-derived myotubes, when replated onto non-
permissive stiff matrix, maintain their fused state. Together these data
imply enhanced mechanosensitivity for ASCs, making them a better
therapeutic cell source for fibrotic muscle.

42.P22
Transition of adipose derived stem cells into
contractile smooth-muscle-cells for bladder
engineering
S Salemi, M Tremp, R Gobet, T Sulser and D Eberli
Laboratory for Urologic Tissue Engineering and Stem Cell
Therapy, Switzerland; Division of Pediatric Urology, Department
of Pediatric Surgery, Children’s Hospital Zurich, Switzerland

Tissue engineering using smooth muscle cells (SMCs) may provide
alternative treatments for diseases with smooth muscle pathologies

such as bladder voiding dysfunction, urinary incontinence and erectile
dysfunction. An alternative cell source would be adipose derived stem
cells (ADSCs), which can be differentiated into different cell types.
However, ADSC differentiated to SMCs may loose their contractile phe-
notype followed by a switch to a synthetic form. Since little is known
with regard to the baseline functional characteristics of differentiated
SMCs, we have investigated the gene and protein expression and cell
contractility during induction of ADSCs into SMCs. Rat ADSCs were
induced towards SMCs using induction medium. Real- time PCR dem-
onstrated gradual increase of calponin, MyH11 and smoothelin during
1–4 weeks and decrease after 5 and 6 weeks. FACS data showed an
increase of alfa-smooth muscle and calponin but decrease of smooth-
elin and MyH11 after 3 weeks. The same was observed using immuno-
cytology smoothelin the contractile protein was reduced after 5 and
6 weeks. WB revealed increase of smoothelin, calponin and MyH11
protein during 1–4 weeks and reduction after 5 to 6 weeks. The con-
traction assay showed a maximal contraction after 2–4 weeks and
response to carbochol whereas undifferentiated ADSCs did not con-
tract.The induction time of 3 weeks seems sufficient to differentiate
the cells into SMCs with a contractile phenotype suitable for bladder
engineering.

42.P23
Biocompatibility of human adipose stem cells
with beta-tricalcium phosphate substitutes:
influence of fibronectin coating on osteogenic
differentiation process
C Müller-Sánchez, C Castellarnau and M Reina
University of Barcelona, Spain

Introduction: Bone tissue engineering requires cells with regenerative
capacity, biocompatible scaffolds and osteoinductive matrix.
Objective: This study aims to evaluate the biocompatibility and osteo-
genic differentiation of adipose stem cells (ADSCs) on beta tricalcium
phosphate scaffolds with/without coating with fibronectin (FN).
Methods: 1 · 105 ADSCs cultured with proliferative (PM) or osteo-
genic medium (OM) were seeded on 500 mg of KeraOs� (KO) gran-
ules (Keramat, Spain) with/without FN coating (5 lg/cm2). Cell
viability was detected by Alamar blue at 3, 10, 14 and 21 days. Cell
morphology was observed by SEM. Osteogenic differentiation was
evaluated by alizarin red staining; ALP assay and real-time PCR array
to quantify a panel of 84 osteogenesis-related genes.
Result: ADSCs can attach and grown on KO and KO-FN granules. These
results were confirmed by SEM. The assays revealed that KO-FN gran-
ules are able to induce the highest ALP activity and increased mineral-
izedmatrix in PM andOM at 21 days comparedwith KO. The PCR-array
showed the activation of 45 and 54/84 genes in ADSCs culture on KO
and KO-FN respectively. Overexpression of highly osteogenesis-related
genes such as BMP1, BMP2, BMP4, RUNX2, SMAD1, ALPL, BGLAB or
COL12A1 and downregulation of BMP3 and TWISTwasmeasured. Con-
clusion: ADSCs are biocompatible with KO. The coating with FN induces
an increase in ALPactivity, mineralizedmatrix and the strong expression
of a greater number of genes relatedwith osteogenic process

42.P24
Osteogenic medium is superior to growth factors
in differentiation of human adipose stem cells
towards bone-forming cells in 3D culture
L Tirkkonen, S Haimi, S Huttunen, E Pirhonen, GKB Sándor and S
Miettinen
Adult Stem Cells, BioMediTech, University of Tampere, Finland;
Onbone Oy, Finland

Bone regeneration by autologous stem cell transplantation is a promis-
ing approach to treat large bone defects. Human adipose stem cells
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(hASCs) are easily available cells having the potential to differentiate
into mesenchymal lineages, including bone-forming cells. Recently,
hASC-based applications have been successfully used to treat bone
defects in clinical practice by our group. Commercially available bioac-
tive glass scaffolds (BioRestore, Inion Ltd, Tampere, Finland) and
biphasic calcium phosphate granules (BoneCeramic, Straumann AG,
Basel, Switzerland) were compared in this study as carriers for hASCs.
For efficient osteo-induction, bone morphogenetic proteins (BMP-2 and
BMP-7), vascular endothelial growth factor (VEGF), and a novel, opti-
mized osteogenic medium were compared in combination with the bi-
omaterials. Both biomaterials supported the cell viability and
proliferation during 2 weeks of culture. The most significant osteogenic
differentiation of hASCs was achieved by BoneCeramic combined with
osteogenic medium. On the contrary, combining growth factors with
either biomaterial did not increase osteogenic differentiation or prolif-
eration when compared to control. Moreover, BMP-7 consistently inhib-
ited proliferation and osteogenic differentiation of hASCs seeded on
either biomaterial. To conclude, our results demonstrate that osteo-
genic medium enhances hASC differentiation towards bone-forming
cells in 3D culture more efficiently than growth factors.

42.P25
The impact of bioactive glass, beta tricalcium
phosphate and BMP-growth inducing factors on
osteogenic differentiation of human adipose stem
cells
MWaselau, S Vanhatupa, M Patrikainen and S Miettinen
Adult Stem Cell Group, BioMediTech, University of Tampere,
Finland; Faculty of Veterinary Medicine, University of Helsinki,
Finland

Human adipose stem cells hASCs are an attractive and abundant
source of multipotent progenitor cells. Currently, optimized osteogenic
differentiation methods for their usage in clinical applications are
under intensive investigation. In this study, the combinatorial input of
biomaterials: bioactive glass (BAG), beta tricalcium phosphate (beta-
TCP) and growth inducing factors: bone morphogenetic protein
(BMP)-2, BMP-7 on osteogenic differentiation of ASCs was investi-
gated. Cell attachment, viability and proliferation was analyzed by
Live/Dead staining and qDNA measurements. Osteogenic differentia-
tion was determined by alkaline phosphate (ALP) stainings and expres-
sion of osteogenic marker genes. Our results revealed providential
attachment and viability of ASCs on both biomaterials. However, BAG
significantly induced cell growth in control medium (CM) and osteo-
genic medium (OM) compared to beta-TCP. ALP activity measurements
indicated that BAG supports osteogenic differentiation in CM more
than beta-TCP. Nevertheless, ALP activity was higher on beta-TCP cul-
tured cells in OM. Surprisingly, BMP-2 and -7 supplementation had a
negative impact on early cell proliferation and ALP activity of hASC
independently of the biomaterial, but clearly elevated osteopontin
expression of BAG cultured cells. Our data suggest that BAG enhances
proliferation and early osteogenic differentiation of hASC in vitro and
thus, may be a clinically feasible for bone tissue engineering.

42.P26
Fibrin-encapsulated, genetically modified
adipose-derived stem cells for use in tissue
repair
M Schinhan, AM Mueller, F Liu, Z Shen, RM Porter, RWindhager,
CH Evans and E Ferreira
Center for Advanced Orthopaedic Studies, Beth Israel Deaconess
Medical Center, Harvard Medical School, USA; Departments of
Surgery and of Biomedicine, University Hospital Basel,
Switzerland; Department of Orthopaedic Surgery, Vienna
General Hospital, Medical University of Vienna, Austria

Transplantation of stem cells engineered to express Bone Morphoge-
netic Protein-2 (BMP-2) remains an attractive approach for bone repair
as it provides both BMP and osteoprogenitors. Adipose-derived stem
cells (ADSCs) are of particular interest as they are obtained with lower
donor-site morbidity and at greater yields than in bone marrow. This
study aimed to develop an expedited method, using gene transfer, for
preparing ADSC-loaded fibrin gels to serve as cell and BMP-2 delivery
systems.hADSC suspensions were mixed with adenovirus carrying
hBMP-2 or GFP cDNA (2500 viral particles per cell). Transduction was
carried out using a centrifugation method (2000 g for 15 min). The
supernatant was removed and the cell pellets resuspended in media.
Subsequently, transduced cells were transferred to fibrinogen which
then polymerized into a fibrin gel encapsulating the cells. Cell viability
and transgene expression were evaluated over a 3-week study. Our cen-
trifugation method resulted in at least 70% transduction efficiency. Cell
viability and GFP expression within the scaffolds was maintained for at
least 3 weeks. Ad.BMP-2 transduced cells produced ~170 ng BMP-2/
24 h/106 cells at day 8, then BMP-2 secretion progressively decreased
to basal levels. These data suggested that ADSCs can be expeditiously
engineered and encapsulated in fibrin gels to deliver high quantities of
BMP-2. In vivo studies are underway to evaluate the potential of this
system for healing rat segmental defects.

42.P27
Induction of insulin-producing cells from human
adipose tissue-derived stem cells by Pdx-1
J Lee and SC Kim
Asan Medical Center, South Korea

Pancreatic and duodenal homeobox gene 1 (Pdx-1) plays a key role in
normal pancreas development and is required for maintaining the nor-
mal function of islets. In this study, we examined whether human adi-
pose tissue-derived stem cells(hASCs) could differentiate into insulin-
producing cells by exogenously expressed Pdx-1. hASCs were infected
with recombinant adenovirus encoding the mouse Pdx-1 gene and dif-
ferentiated under high-glucose conditions. Insulin transcript levels and
the expression of key transcription factors required for pancreatic devel-
opment were significantly increased by exogenous Pdx-1 overexpres-
sion. In addition to transcripts for transcription factors involved in
pancreatic development, transcripts for the GLP-1 receptor, glucokinase
and glucose transporter, which are required for maintaining the func-
tion of pancreatic b-cells, were observed only in Pdx-1-induced hASCs.
Pdx-1-induced hASCs exhibited insulin secretion in response to glucose
challenge in vitro. When Pdx-1-induced hASCs were transplanted into
streptozotocin (STZ)-induced diabetic mice, they reduced blood glu-
cose levels, although they did not restore normoglycemia. These results
demonstrate that the expression of exogenous Pdx-1 is sufficient to
induce pancreatic differentiation in vitro, but does not induce the fully
functional, mature insulin-producing cells that are required for restor-
ing normoglycemia in vivo.
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42.P28
Preclinical evaluation of adipose-derived
mesenchymal stem cell efficacy in grafted burn
wound healing
P Enkhbaatar, I Hiroshi, A Prasai, E Malgerud, C Finnerty, L Traber,
D Herndon and D Traber
Department of Anesthesiology, The University of Texas Medical
Branch, USA; Shriners Hospital for Children, USA

Goal: To compare the efficacy of allogenic mesenchymal stem cells
(MSCs) isolated from adipose tissue (AT) under burned vs. unburned
skin. We hypothesize that burned skin AT-derived MSCs promote
grafted burn wound healing.
Method: Third degree burns were induced in four squares (5 · 5cm
each) on the right dorsum of the sheep. After 24 h, eschar was excised
and four skin graft patches (2 · 2cm each) harvested from the contra-
lateral side and were centrally placed in each of the squares. The
grafted sites were treated with 7 million AT-derived MSCs harvested
from area under burned, adjacent and distal to burn skin in a different
sheep with third degree skin burn. The healing was evaluated at 7, 14,
and 21 days. MSCs were also tested in mesh graft burn wound.
Results: The AT-derived MCSs differentiated in vitro into osteoblasts,
chondroblasts and adipocytes. Unlike the control site, the size of trea-
ted grafts similarly increased to an average of 2.3 · 2.3 cm, and
2.8 · 2.8 cm at 7, and 14 days. The wound epithelialization was
38.7% (burned), 34.8% (adjacent) and 36.9% (distal) versus 20%
(untreated) at day 14, and 82.3%, 94.1% and 93.8% vs. 65% at day
21. Histologically ~95% and 74% of wound not covered with patch in
treated and untreated sites, respectively were re-epithelialized. High-
resolution ultrasound revealed regular epithelization of treated meshed

graft. Conclusion: MSCs isolated from ‘burned’ fat had an equal
potency as the cells isolated from fat adjacent or distal to the burn.

42.P29
Adipose tissue engineering for a breast
reconstruction
RTada and T Fujisato
Osaka Institute of Technology, Japan

The current surgical treatment for the breast reconstruction is per-
formed by a medical prosthesis or an autologous transplantation. How-
ever, since they have still several shortcomings should be solved, the
cure by the regenerative approach is highly expected. In this paper, the
adipose tissue regeneration with the decellularized matrix was
reported. Rat lungs were decellularized by SDS solution perfused by
bioreactor. They were then seeded with adipose cell line 3T3-L1 cells
by injection of the cell suspension. The constructs were proliferated for
3 days, differentiated for 3 days, and matured for 7 days in a circula-
tory culture system. They were then implanted into nude mice subcuta-
neously in the back. The decellularized tissue was completely cell free
and only collagen-like fibers were remained. The maturation of
injected adipocytes in the construct was confirmed by the Oil-Red O
staining. From the implantation study, the seeded cells were well
remained and matured in the constructs. These results suggest that the
acellular lung may be useful as a scaffold for the adipose tissue engi-
neering.
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43. Adipose-derived Cells for Regenerative Medicine: Clinical
Overview (in coop. IFATS)

43.01
Keynote: The adipose stem cell IP landscape
L Powers
Bethesda, USA

No abstract available.

43.02
Keynote: Therapeutic applications of adipose
tissue and its progenitor cells
K Yoshimura
Department of Plastic Surgery, University of Tokyo, Japan

Many features of adipose stem/progenitor cells, such as physiological
functions, have been clarified in the past decade. The progenitors play
important roles in physiological turnover, hyperplasia and atrophy of
adipose tissue; as well as incidental remodelings, such as post-injury
repair. A variety of adipose remodeling such as those after ischemia,
ischemia-reperfusion injury, mechanical injury, and lipografting were
examined in a cellular level. Under severe ischemic conditions, adipo-
cytes die soon, but ASCs can stay viable up to 3 days. ASCs are acti-
vated by various factors derived from dying cells and disrupted
extracellular matrix and contribute to subsequent regenerating pro-
cesses. Using adipose tissue or/and ASCs, we can promote angiogene-
sis or adipogenesis, boost vascularization of irradiated tissue, promote
healing of chronic ulcer or diabetic ulcer. We can also clinically boost
effects of lipografting for a variety of tissue augmentation and recon-
struction, and for tissue revitalization of stem cell-poor tissues, such as
irradiated tissue, chronically inflammatory fibrous tissue, and hypertro-
phic scar contracture. We need careful design of microenvironment
activating ASCs, cell delivery protocol to avoid unexpected behavior
and induce maximal potential of ASCs, and selection of target diseases
for successful clinical applications.

43.03
Keynote: A phase I clinical trial for maxillary
bone augmentation with adipose stem cells and
calcium phosphate scaffolds
MN Helder
VU University Medical Center, The Netherlands

For patients with maxillary atrophy, autologous bone implantation into
the maxillary sinus is the ‘golden standard’ to achieve sufficient bone
volume for dental implants. However, autografting has disadvantages,
such as limited graft availability, patient discomfort, and donor-site
morbidity. Synthetic bone substitutes are used as an alternative strat-
egy, but only allow osteoconduction, since viable osteogenic cells are
lacking. In this phase I trial, osteoinductive implants [calcium phos-
phate (CaP) carriers seeded with the stromal vascular fraction of adi-
pose tissue] are generated in an intra-operative procedure within
hours, thereby avoiding costly GMP stem cell expansions and a second
intervention. Where possible, a ‘split mouth design’ (with only CaP scaf-
fold at the contralateral control side) was applied to allow efficacy
evaluation. Adverse events (AE) are monitored, and clinical, X-ray, and

Cone-beam CT data are collected at regular intervals during follow-up.
After 6 months biopsies are obtained during dental implant placement,
and evaluated for bone formation by histomorphometry and lCT. Cur-
rently (May 1), we have included 10 patients. No AEs have occurred
sofar. Biopsies have now been collected from five patients, which are
currently being analyzed with lCTand histomorphometry. Preliminary
outcomes show some unexpected but promising efficacy data. The full
outcomes of these five patients will likely be evaluated before the
TERMIS meeting.

43.04
Differentiation of adipose-derived mesenchymal
cells to endocrine pancreatic lineage
MDWilliams, E Keramidaris, MV Joglekar, GM Mitchell
and AA Hardikar
The University of Melbourne, Australia; O’Brien Institute
(Melbourne); NHMRC Clinical Trials Centre -The University of
Sydney, Australia

Loss of insulin-producing cells occurs in type 1 and type 2 diabetes but
lack of donor pancreata limits cell replacement therapy. This paper
assesses the differentiation of adipose-derived mesenchymal cells
(AMCs) into readily available replacement insulin-producing cells.
Chromatin immunoprecipitation analysis of multiple tissues from adult
mice identified visceral adipose tissue to be most similar to pancreas.
AMCs were isolated from Pdx1-GFP and MIP-GFP transgenic mice,
where GFP expression is driven by pancreatic and duodenal homeobox
1 gene promoter (Pdx1) or mouse insulin-1 promoter (MIP). We opti-
mized the differentiation to endocrine pancreatic lineage by quantita-
tive assessment of GFP accumulation (promoter activity). This data
was used to differentiate human AMCs to insulin-producing cells.
Human AMCs were isolated and cultured from visceral pancreatic and
subcutaneous abdominal fat. These were characterized for stem cell
and pancreatic markers using confocal microscopy, flow cytometry and
TaqMan-based real-time qPCR. Expression of GFP in transgenic mouse
AMCs subjected to this differentiation protocol demonstrated commit-
ment to endocrine pancreatic lineage. We have shown that human
AMCs will migrate into islet-like cell aggregates when subjected to dif-
ferentiation protocol, which induced significant increases in islet hor-
mone transcripts in vitro. Transplantation studies into a mouse model
of type 1 diabetes will confirm their potential for cell replacement
therapy.

43.05
Safety and efficacy of adipose engineered tissue
in breast reconstruction a translational
experience
C Calabrese
Oncologic Reconstructive and Regenerative Surgery Unit, Breast
Unit Surgery Azienda Ospedaliera- Universitaria Careggi
Florence, Italy

The development of translational experience in Plastic Surgery allows
to engineer a functional tissue dedicated to reconstruct soft tissue
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defects followed to breast surgical oncology or integrate implant sur-
gery in staged breast reconstruction. The procedure is one-step and
based on intraoperative SVF isolation followed by a fat enhancement
process. The final adipose engineered tissue is SVF-enhanced and bio-
logic/living scaffold supported, represented by mature adipocites. In
the Breast Unit of the Azienda Ospedaliera-Universitaria Careggi, since
December 2007 to December 2011, 105 breast reconstruction patients
have been treated with enriched fat and obsereved with a 26.4 months
median follow up. Clinically, enriched fat techniques obtain an high
graft retention rate and long term stability in hostile sites like scars or
radiated areas. Result evaluation was supported by instrumental exam-
ination as ultrasounds and MRI. Breast reconstruction treats oncologic
patients and the safety issue is prioritary. In the 105 patients breast can-
cer local reccurences and metastasis were evaluated. A case control
study was also performed comparing different fat grafting techniques
in selected groups of nipple areola sparing mastectomy reconstruction
patients. The patient follow up showed any evidence of an higher local
recurrence and metastasis rate than the expected.

43.P01
Evaluation of a novel, rapid method to catch and
release therapeutic numbers of viable adult stem
cells from adipose
FC Lewis, N Bryan, D Bond, C Stanley and JA Hunt
University of Liverpool, UK; Autology Health Ltd, UK

Isolating therapeutic doses (>106) of adult stem cells (ASCs) is diffi-
cult. Routine methods centred on small antibody labelled magnetic par-
ticles do not work well in primary tissues without extensive pre-
treatment and can become internalised causing phenotypic alteration
or immuno-compromisation. In this study we evaluated a new larger
particle to isolate ASCs, which allows cell release without retention of
isolation artefacts. Adipose was isolated from 10 week old rats and col-
lagenase digested. Capture particles (50–100 lm diameter, Autology
Health Ltd, UK) populated with anti-CD90 antibody were combined
with adipose (15 min, 4 �C). Following washing, the particles were
incubated with release buffer (15 min, RT) to elute any captured cells.
Typically 5–10% of the cells in rat white adipose were CD90+ cells,
which did not vary as a function of anatomical location, (n = 7). Parti-
cles allowed selective capture of CD90+ cells. The large particles
depleted up to 80% of ASCs from primary adipose without extensive
pre-treatments. The phenotype of the isolated cells was confirmed by
positive RT-PCR for the CD90 transcript. Using the release buffer
captured cells could be recovered and introduced into culture without
internalisation of capture particles. This study presents a novel cell
selection strategy for ASCs. The technique can process large volumes of
minimally processed crude tissue allowing capture and release of
therapeutic numbers of ASCs, whilst avoiding internalisation.

43.P02
‘Cellular therapy’ through lipostructuring; the
role of adipose-derived adult stem cells in
regenerative surgery processes
L Annacontini, D Parisi, F Lembo, A Maiorella, A Campanale,
M Valente and A Portincasa
Plastic and Reconstructive Surgery Department, University of
Foggia, Italy

Introduction: Adipose tissue grafting (lipostructuring) is regularly used
for volume corrections due to congenital malformations and/or syn-
dromes, burns, trauma and after oncologic and/or aesthetical proce-
dures.
Materials: Thirty nine patients, January 2006 to December 2010,
underwent lipostructuring according to Coleman technique (12F, 7M,

range 13–58, mean age 36 years) for pathologic scars, congenital mal-
formation and volume deficiency of the face (8 cases), breasts (15),
thorax (2), abdomen (4), upper and inferior limbs (10). Always short
term profilaxis. Range hospital stay was 3–5 days. Follow up
performed at 3, 6 and 12 months after the operation with pinch and
punch tests.
Results: Adipose-Derived Adult Stem Cells (ADSC) presence in adipose
tissue makes of lipofilling a ‘cellular therapy’: the stem cell identifica-
tion with histology, citologic and ultrastructural caracterization,
immuno-histochemical identification confirmed the potential of this
surgical option. Long-term results highlighted how a regular healing
process followed the lipofilling with encouraging results in term of skin
trofism, disappearance of symptoms like pain, parestesy, disestesy,
allowing the resolution of volume losses with an aesthetic improve-
ment.
Conclusion: The identification of ADSC in grafted adipose tissue clari-
fied why skin trophism and healing processes improve dramatically,
compared to other surgical procedures; the ADSC seem to play a funda-
mental role in ‘regenerative surgery’ procedure.

43.P03
Enhanced engraftment of a cell enriched matrix
derived from lipoaspirate using a custom
processing system with extrusion
C Friddle, R Bruno I, Husfeld and M Coleman
InGeneron, Inc., USA

Autologous lipoaspirate is an attractive option for graft material when
performing cosmetic or reconstructive procedures. Research indicates
that clinical outcomes may be improved by increasing the inherent neo-
angiogenic and regenerative potential of the autograft through centri-
fugation to remove oil and aqueous fluids from the graft (Coleman
1995, Kurita et al 2008). This process increases the short term reten-
tion of mass in the autograft. However, it does not change the histologi-
cal character of the graft. In contrast, fat grafts that are supplemented
with adipose-derived regenerative cells demonstrate better long term
retention, and improved vascularization (Zhu et al 2010).Yoshimura’s
lab (Eto et al 2012) demonstrated the importance of cell regeneration
for the survival of transplanted adipose grafts and replacement of dying
adipocytes. To enhance graft survival we have developed a mechanical
method for producing an autologous fat graft enriched in regenerative
cells. Extrusion of lipoaspirate multiple times in combination with high
speed centrifugation disrupts mature adipocytes and enriches for pre-
adipocytes and other regenerative cells. The number of viable cells per
gram of graft is increased 3-fold and the number of plastic-adherent
cells per gram is increased 4 fold. The enhanced graft in nude mice
shows much more thorough vascularization and interstitial collagen
deposition at 4 weeks. This appears to eliminate the central dead zone
observed in control samples.

43.P04
Combinative approach for clinical-grade
generation of mesenchymal stem cells under
xeno-free conditions
I Kalaszczynska, M Noga and M Lewandowska-Szumiel
Department of Histology and Embryology, Medical Uniwersity of
Warsaw, Poland

Typically mesenchymal stem cells (MSCs) are cultured in media con-
taining bovine serum (FBS)-inconsistent, xenogenic component and
potential source of pathogens, ipso facto, decreasing the clinical benefit
of MSCs. Therefore it is necessary to implement xeno-free conditions
from the moment of isolation, throughout maintenance of MSCs in cul-
ture until clinical application. Until now, most xeno-free culture condi-
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tions allowed efficient expansion, but not isolation of MSCs.In the pres-
ent study, we performed the isolation and expansion of adipose derived
mesenchymal stem cells (ADSCs) under nine different conditions. Each
of either FBS-, human serum (HS)-containing medium or a chemically
defined medium (StemPro MSC SFM) was tested on standard or one
of either amine or vitronectin (VTN) peptide functionalized sur-
faces.The combination of StemPro media and VTN surface provides a
far superior ADSCs attachment, morphology and growth compared to
those cultured in any of the other eight conditions. ADSCs cultured
under these conditions showed an average 3-fold higher expansion rate
than ADSCs cultured in FBS-supplemented medium on TCT. The higher
proliferation rate was confirmed by a BrdU assay. Furthermore, charac-
teristic surface marker expression, osteogenic and adipogenic differenti-
ation potential of ADSC was maintained. Summarised, we report the
most up-to-date method of isolation and expansion of ADSC for the
production of clinical-grade stem cells. Grant No. POIG.01.01.02-00-
022/09

43.P05
A new method for safe isolation and maintenance
of human adipose stem cells in xeno-free
conditions
C Escobedo-Lucea, A Sanz-Garcı́a, YR Lou, C Gandı́a-Ventura,
M Yliperttula and JM Garcı́a-Verdugo
DDN Division, Faculty of Pharmacy, University of Helsinki,
Finland; EDMANS Research Group.Mechanical Engineering
Department, University of La Rioja, Spain; Neurobiologı́a
Comparada, Instituto Cavanilles, Universidad de Valencia, Spain

Adult stem cells which can be obtained from adipose tissue (hASC) are
important tools for tissue engineering for various reasons: adipose tis-
sue is abundant, hASC are easily isolated and differteniated to multiple
lineages, and do not trigger an immune response. Most research and
clinical protocols using hASC contain reagents derived from xenogenic
sources. Thus, we aimed to design a protocol to isolate and maintain
the properties of hASC without animal reagents.
Materials and methods: The hASC were isolated from samples obtained
from liposuction. Cultures were maintained in media with human
serum (HS). TrypLE Select was used to detach and expand the cells.
Ultrastructural and molecular characterization was performed on hASC
maintained for one, three and five passages. To evaluate the multipo-
tent capacity of hASC under xeno-free conditions differentiation to

adipose and cartilage was induced. Microarray analysis was performed
to validate hASC expression pattern and exclude genetic anomalies.
Results: Our xeno-free culture conditions maintain hASC morphology,
proliferation and stemness. Additionally, HAS, Tryple and HS had no
adverse effects on hASC differentiation, chromosomal stability. or bio-
chemical pathways.
Conclusions: We have demonstrated hat it is possible to isolate and
maintain hASC in the absence of animal reagents while preserving cru-
cial culture parameters during long term culture. Hence, we have
developed a necessary tool for the improvement of clinical therapies.

43.P06
Burn induced alterations in adipose derived stem
cells
C Finnerty, A Prasai, A El Ayadi, K Pazdrak and D Herndon
Shriners Hospitals for Children - Galveston; Department of
Surgery, University of Texas Medical Branch; Sealy Center for
Molecular Medicine and the Institute for Translational Sciences,
University of Texas Medical Branch, USA

Introduction: The use of autologous adipose-derived stem cells (ADS-
Cs) to improve wound healing in severely burned patients is a new
field receiving much attention. We have recently demonstrated that a
chronic inflammatory response is propagated within the adipose tissue
at the same time that the lipolytic response is heightened. As inflamma-
tion and stress signaling have been implicated in DNA damaging pro-
cesses, we compared ADSCs from burned and non-burned animals to
determine whether burn-induced alterations occurred.
Methods: Adipose tissue samples from Sprague Dawley rats sustaining
a 60% total body surface area burn (n = 3) were harvested and were
compared to samples from three non-injured control animals. ADSCs
were isolated using standard methods. Differentiation potential to yield
was confirmed in all cell isolates. Cells from several different passages
were measured. Telomere length was determined using Roche’s Tel-
oTAGGG Telomere Length Assay kit.
Results: There was a direct correlation between burn injury and telo-
mere shortening that was unrelated to passage number.
Conclusion: These data indicate that the ADSCs must be well-charac-
terized to determine their utility for tissue replacement and wound
healing following a severe burn injury.
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44. Mesenchymal Stem & General Cell Therapy: Current Status and
Future Developments (in coop. ISCT)

44.01
Cell type-associated differences in migration,
survival and immunogenicity following grafting in
CNS tissue.
J Praet, K Reekmans, D Lin, N De Vocht, J Daans, N Hens,
P Pauwels, Z Berneman, A Van der Linden and P Ponsaerts
University of Antwerp, Belgium; University of Hasselt, Belgium

Cell transplantation has been suggested to display several neuro-pro-
tective and/or -regenerative effects in animal models of central nervous
system (CNS) trauma. However, while most studies report on clinical
observations, currently little is known regarding the actual fate of the
cell populations grafted and whether or how the brain’s innate immune
system, mainly directed by activated microglia and astrocytes, interacts
with autologous cellular implants. Here we grafted well-characterised
neural stem cell, mouse embryonic fibroblast, dendritic cell, bone mar-
row mononuclear cell and splenocyte populations, isolated from
C57BL/6-eGFP transgenic mice, below the capsula externa of healthy
C57BL/6 or cuprizone-treated C57BL/6 mice. Two weeks post-grafting,
an extensive histological analysis was performed in order: (i) to quan-
tify cell graft localisation, migration, survival and toxicity, and (ii) to
characterize endogenous CNS immune responses against the different
cell grafts. Obtained results indicate dependent on the cell type grafted:
(i) a different degree of cell graft migration, survival and toxicity, and
(ii) a different endogenous immune response. Based on these observa-
tions, we warrant that further research should be undertaken to under-
stand - and eventually control - cell graft induced tissue damage and
activation of the brain’s innate immune system. The latter will be inevi-
table before cell grafting in the CNS can be performed successfully in
clinical settings.

44.02
Keynote: In vitro analysis of the
transdifferentiation of adipogenic differentiated
mesenchymal stem cells towards the osteogenic
and chondrogenic lineage via dedifferentiation
M Ullah, S Stich, M Sittinger and J Ringe
Tissue Engineering Laboratory & Berlin-Brandenburg Center for
Regenerative Therapies, Department of Rheumatology, Charité-
University Medicine Berlin, Germany

Human mesenchymal stem cells (MSC) are self-renewing multipotent
cells. It is supposed that they become unipotent on terminal differentia-
tion. But in transdifferentiation, the differentiated cells of a restricted
unipotet stage are able to form other cell types. To address the question
of how the differentiated cells with limited potency reprogram into
other cell types, we turned MSC to adipogenic differentiated cells and
converted them to osteogenic and chondrogenic lineages via direct cell
conversion, dedifferentiation and single cell conversion. To screen the
differentiated cells for potency and ways of conversion into other cell
types, we applied FACS analysis, histologic and immunohistochemic
staining, qPCR (PPARG, FABP4 for adipogenesis; RUNX2, SPP1 for
osteogenesis; COL2A1, SOX9 for chondrogenesis) and microarray gene
expression analysis. We found that the upregulation of DHCR24,
MAP2K6, SESN3, RGS2, CCPG1 and GAS2L3 influences the cell cycle
towards an arrested state with restricted potency, while downregula-
tion of these genes accelerates the cell progression to dedifferentiate

and resume their potency. Similarly the downregulation of DST, KAT2B,
MACF1, MLL5, MSH2, RB1, SMAD3 and ZAK is associated with cell
arrest to decrease the cell potency, while upregulation motivates cell
dedifferentiation to increase their differentiation capacity. In conclusion
our results show that dedifferentiation is involved as an intermediate
step in the transdifferentiation of cells.

44.03
Influence of bioadhesive coatings on cells
migration from polylactide microcarriers for cell
therapy
R Levato, E Engel, MA Mateos-Timoneda and JA Planell
Institute for Bioengineering of Catalonia (IBEC), Spain; CIBER en
Bioingenierı́a, Biomateriales y Nanomedicina (CIBER-BBN),
Spain

One of the most challenging limitations in cell therapy is poor cell sur-
vival upon transplantation. Biomaterial carriers can dramatically
increase anchorage-dependent cells viability and engraftment in host
tissues, by providing mechanical support and homing. However, many
cell therapy strategies require cells to migrate at specific sites through-
out target tissues to express their therapeutic activity, i.e. in several
ischemic and tumor tissues. Carriers can be engineered to retain seeded
cells, but also to act as reservoirs, from which cells can migrate, possi-
bly in a temporally-controlled manner. Herein, the effect of functional-
ization of polylactide microcarriers (MCs) on Mesenchymal Stromal
Cells viability, phenotype, release and migratory potential is studied.
MCs with controlled size and high surface area were prepared via a
novel toxic-chemicals-free method, as we recently described. Collagen
and RGD-peptides were either covalently grafted or physisorbed on
MCs surface. While stable covalent modifications promote better cell
adhesion and higher proliferation compared to physisorption, function-
alized MCs also affected the cells migratory behaviour in response to
cytokines involved in cell recruitment, like SDF-1a and VEGF. Less sta-
ble coatings (physisorbed) showed sensibly higher number of migrat-
ing cells and faster release than covalent collagen/RGD coatings. These
are key findings to design biomaterials for efficient and controlled cell
delivery to damaged tissues.

44.04
Cell-matrix interface: ISO 13022 a new
international standard for the management of
risk for cell-based products
S Kloth
TUEV SUED Product Service GmbH, Germany

Currently the International Organization for Standardization (ISO) is
developing a new standard document which will address the require-
ments for risk management for medical products based on viable
human cells. The standard ISO 13022 specifies a procedure to identify
the hazards and hazardous situations associated with such products, to
estimate and evaluate the resulting risks, to control these risks, and to
monitor the effectiveness of that control. Furthermore, it outlines the
decision process for the residual risk acceptability, taking into account
the balance of residual risk, and expected medical benefit as compared
to available alternatives. It will cover viable human materials of autolo-
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gous origin as well as allogeneic human material.The document is
intended to provide requirements and guidance on risk management
related to the hazards typical of medical products manufactured utiliz-
ing viable human materials such as:a) contamination by bacteria,
moulds or yeasts and parasites,b) contamination by viruses,c) contami-
nation by agents causing Transmissible Spongiform Encephalopathies
(TSE),d) contaminating material responsible for undesired pyrogenic,
immunological or toxicological reactions,e) decomposition of the prod-
uct and degradation products caused by inadequate handling including
procurement, packaging, storage, transport and application, andf) com-
plications resulting from the mix up of human raw materials.

44.P01
Are endogenous subventricular zone neural
stem/progenitor cells responsible for the
remyelination of the corpus callosum in a mouse
model of multiple sclerosis? an in-vivo
bioluminescence and magnetic resonance
imaging study.
J Praet, C Guglielmetti, R Vreys, J Rangarajan, F Maes, M Verhoye,
P Ponsaerts and AVan der Linden
University of Antwerp, Belgium; K.U. Leuven, Belgium

The cuprizone (CPZ) mouse model allows in vivo follow-up of de- and
remyelination in the corpus callosum (CC) but very little is known
regarding the actual origin of remyelinating oligodendrocytes. As cell
proliferation was previously observed in the subventricular zone (SVZ)
during CPZ intoxication, we set out to investigate whether SVZ neural
stem cells (NSC) contribute to remyelination of the CC. To this end,
starting on the day of in situ NSC labeling, C57BL6/j mice were fed a
0.2% cuprizone diet during a 4 week period and then left to recover on
a normal diet for 8 weeks. Two labeling strategies were employed: (i)
NSC were labeled with micron-sized iron oxide particles (MPIO) and
then followed up by means of MRI at week 4, 6 and 12 post-injection.
(ii) NSC were labelled using a eGFP-Luciferase lentiviral vector (LV)
and then followed up weekly by means of BLI for 12 weeks. Both MRI
and BLI allowed the in vivo follow-up of NSC migration and did not
reveal any impairment in NSC migration from the SVZ towards the
olfactory bulb. MRI, but not BLI, indicated the presence of labelled cells
in the CC but histological validation demonstrated that these MPIOs
were mainly present within astrocytes and microglia. Histological
examination of the LV transfected animals showed only few eGFP posi-
tive cells in the CC which were found to be transfected astrocytes near
the injection tract. Therefore our results suggest that SVZ NSCs do not
contribute to CC remyelination in the CPZ model.

44.P02
Evaluation of the influence of two different
hydroxyethyl starch solutions (6% HES 450/0.7
and 6% HES 200/0.5) in the processing of cord
blood
S Suessner, B Reisinger, S Hennerbichler-Lugscheider and
C Gabriel
Red Cross Blood Transfusion Service of Upper Austria, Austria

Introduction: Long-term cord blood banking requires storage space in
liquid nitrogen which is limited and costly. For this reason there have to
be established techniques for volume reduction of CB units.
Material and methods: Our standard CB processing procedure consists
of two steps : HES sedimentation for higher RBC depletion at first and
separation with the SEPAX System (Biosafe) afterwards. The aim was
to analyse the influence of two different hydroxyethyl starch (HES)
solutions on TNC recovery and viability of CD34 positive cells. Data
were collected between January 2006 and March 2011 from our rou-
tinely processed CB Units. In this period the HES 450/0.7 was used in

the processing of 394 CB units against 835 CB units produced with
HES 200/0.5. HES 450/0.7 was added with a concentration of 20%,
HES 200/0.5 with a concentration of 40%. TNC counting was per-
formed with Sysmex XE-2100, viability of CD34 positive cells was eval-
uated according to ISHAGE protocol with 7-AAD.
Results: The mean TNC recovery (TNC count before and after process-
ing) with HES 450/0.7 was 91,6%, with HES 200/0.5 80,6%. The dif-
ference is significant (p < 0.00). The mean viability of CD34 positive
cells was in both groups above 98%.
Conclusion: TNC recovery can be essentially improved by applying
HES with higher molecular weight and a concentration of 20%. The
use of different HES solutions has no effect on the viability of CD34
positive cells.

44.P03
Influence of leptin on osteogenic differentiation
of human marrow stromal cells (hMSC) and
modulation of BMP-2-mediated osteoinduction
LA Strobel, SN Rath, A Hoppe, JP Beier, A Arkudas, AR Boccaccini,
RE Horch and U Kneser
Department of Plastic and Hand Surgery, Emerging Fields
Initiative, Erlangen Medical Center, University of Erlangen-
Nuremberg, Germany

Aim: The progress in molecular genetics provided the concept of a
whole-body-physiology. Bone metabolism is one important system that
is closely linked to other systems by hormones such as leptin. The aim
of this study is to determine the reaction of human marrow stromal
cells (hMSCs) to leptin in 2D and 3D culture.
Methods: The hMSCs were incubated with leptin (1000 ng/ml), BMP-
2(100 ng/ml) or both for 21 days. In further groups, hMSCs were pre-
stimulated for 7 days using osteoinductive media and subsequently
leptin-treated for 21 days. Cell metabolic activity was measured
weekly. At 14 and 21 days, alkaline phosphatase activity and expres-
sion of bone-specific genes (RT-PCR) was analysed.
Results: Leptin receptor gene expression showed potential sensitivity of
hMSCs to leptin. Metabolic activity was not significantly influenced by
leptin. BMP-2 proved to be a strong osteogenic growth factor. Interest-
ingly, there was an additive osteogenic effect by combining BMP-2 and
leptin under certain culture conditions. Whereas leptin on its own had
little impact on non-stimulated hMSCs, pre-stimulated cells appeared
more susceptible for leptin-mediated effects.
Conclusion: These results suggest osteoinductive effects of leptin espe-
cially in pre-stimulated hMSCs. Combining leptin and BMP-2 might fur-
ther enhance osteoinduction. This needs to be confirmed in long-term
culture under different conditions to clarify applicability of leptin
related to in vitro generation of bioartificial bone.

44.P04
Cryoprotection of human mesenchymal stem
cells from repeated freezing/thawing-induced
damages by carboxylated poly-L-lysine
OS Jin, JH Lee, YC Shin, SH Hyon, K Matsumura and DW Han
Pusan National University, Korea; Institute for Frontier Medical
Sciences, Kyoto University; Japan Advanced Institute of Science
and Technology, Japan

Here, we investigated the cryoprotective effects of carboxylated poly-L-
lysine (COOH-PLL) on human mesenchymal stem cells (hMSCs)
subjected to repeated freezing/thawing (rFT)-induced damages.
COOH-PLL was synthesized by reacting PLL with succinic anhydride to
convert amino groups into carboxyl groups. hMSCs were frozen in
culture media containing COOH-PLL without serum. For comparison,
media containing 10% dimethylsulfoxide (DMSO) without serum were
prepared. Freezing was carried out in a deep-freezer with a cooling rate
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of 1 �C/min down to -80 �C. After freezing for 2 h, cryovials of either
COOH-PLL or DMSO freezing media were quickly thawed in a water
bath at 37 �C and then placed at room temperature for 10 min. For
rFT, this process was five times repeated every 2 h. Finally, the cryovials
were stored in a liquid N2 (-196 �C) tank. After 4 week of storage, all
vials were removed from liquid N2 and thawed quickly in a water bath.
The cells were refreshed with complete media and then cultivated for
up to 2 week. After cultivation, proliferation and morphology were
determined by cck-8 assay and fluorescence microscopy, respectively.
For evaluating osteogenic differentiation, alkaline phosphatase activity
and Alizarin Red S staining were performed. COOH-PLL with antifreeze
protein properties could protect hMSCs from injury induced by rFTand
would be effectively used for cell therapy and regenerative medicine.

44.P05
Tonsil-derived mesenchymal stem cells:
Evaluation of biological, immunological, and
genetic factors for successful banking
KH Ryu, KA Cho, HS Park, SY Woo, YS Park, IH Jo, SC Jung,
BO Choi, HS Kim and SM Chung
School of Medicine, Ewha Womans University, Korea

Introduction: Tonsillectomy is the most common surgical procedure in
pediatric patients. The removed tonsil tissue is a kind of waste tissue.
The aims of this study are evaluation of the feasibility and characteris-
tics of mesenchymal stem cells from human palatine tonsils (T-MSC).
Materials and methods: Eighty tissues from nine tonsillectomies
patients under 10 year-old were collected. Mononuclear cells were iso-
lated and cultured. T-MSCs expanded during 4 weeks were cryopre-
served in -200 �C. After 10 days cryopreservation, T-MSCswere thawed
in 37 �C water bath. T-MSCs before or after cryopresevation-and-thaw-
ing were evaluated several basic characteristics; colony forming unit-
fibroblast features, MSC-specific surface antigen profiles, inhibition of
alloreactive Tcell proliferation, mesodermal and endodermal differenti-
ation potentials. The short tandem repeat (STR) analysis was performed
in using genomic DNA randomly isolated from three subjects.
Results: Both fresh and cryopreserved-and-thawed T-MSCs showed
similar high proliferation capacity and expressed primitive cell surface
markers. In addition to mesodermal differentiation, fresh and cryopre-
served/thawed cells also underwent endodermal differentiation. Both
cells significantly decreased PMA-induced T cell proliferation. T-MSC
from three independent donors formed chimerism in STR analysis.
Conclusion: The results demonstrate that T-MSCs are a potentially
good source for MSC banking.

44.P06:
Proliferation and osteogenic differentiation
pattern of menstrual blood derived stem cells in
presence of different products of platelet
concentrates
S Kazemnejad, R Najafi, M Hosseinpoor and I Nikokar
Paramedical Faculty of Guilan University of Medical Sciences,
Iran, Avicenna Research Institute, ACECR, Iran

Aim: To establish a safe and efficient protocol for development of men-
strual blood derived stem cells (MenSCs) into osteoblasts, substitution
effect of fetal bovine serum (FBS) with human platelet products was
evaluated during osteogenic differentiation of MenSCs.
Methods: After characterization, osteogenic differentiation potential of
MenSCs was evaluated in inducing media fortified by fetal bovine
serum (FBS), platelet rich plasma (PRP), platelet poor plasma (PPP),
platelet gel supernatant (PGS) or platelet lysate (PL). Parallel experi-
ments were carried out to determine mineralization, alkaline phospha-
tase and osteocalcin levels of cultured cells in different conditions.
Results: FBS was more efficient than other media supplements in sup-
porting MenSCs outgrowth. The proliferation rate of MenSCs in pres-

ence of FBS was about threefold greater than that of PPP (p < 0 001).
However, mineralization as judged by Alizarin red staining was
strongly more positive in cells differentiated in presence of PL than that
fortified with other groups. These findings were confirmed with
enzyme linked immunosorbent assay showing greater production of
alkaline phosphatase and osteocalcin in culture media of differentiated
cells under PL compared with those in another media supplements.
Conclusion: FBS substitution by PL substantially improves osteogenic
differentiation capacity of MenSCs. It represents a major novel step
toward safe and applied stem cell therapy of bone diseases.

44.P07
Analysis of mesenchymal stem cell surface
markers after osteogenic differentiation
S Ruminski, I Kalaszczynska and M Lewandowska-Szumiel
Medical University of Warsaw, Department of Histology and
Embriology, Poland

Detection of cell surface antigens CD166, CD105, CD90, CD73 and
CD29 is a commonly used method to identify mesenchymal stem cells
(MSC) for tissue engineering. To verify the specificity of those markers,
non-mesenchymal cells were analyzed by FACS. Surprisingly, human
bone derived cells and MG63 cells were positive for all MSC-specific
markers in at least 95% while negative for CD45 and CD31. Human fi-
broblasts were highly positive for CD90 and CD29 but displayed lower,
yet clearly detectable levels of CD166, CD105 and CD73. Next, human
bone marrow mesenchymal stem cells (BMSC) and adipose-derived
stem cells (ASC) obtained from four donors were subjected to osteo-
genesis in two different culture media. After 21 days, BMSCs showed
extensive mineralization while maintaining more than 80% of CD166-,
CD90-, CD73- and CD29-positive cells or 66–93% CD105-positive cells.
ASCs displayed only weak Alizarin Red staining at day 21. However,
using Real-time PCR analysis, an increase in expression of Runx2, colla-
gen I, alkaline phosphatase, and osteonectin genes was observed. More
than 85% of all analyzed ASC were positive for CD166, CD90, CD73
and CD29 and 65–97%-positive for CD105. In conclusion, the analyzed
surface markers may not be specific for MSC and may be maintained at
early stages during differentiation of BMSC and ASC. The relationship
between MSCs marker expression and osteogenesis will be further
investigated at later time points in culture. Grant No. POIG.01.01.02-
00-022/09

44.P08
Self-assembled hydrogels enhance bone marrow
derived-mesenchymal stem cell distribution and
retention following transplantation to the intact
rat striatum
B Newland, T Moloney, D Hoban, E Dowd and A Pandit
Network of Excellence for Functional Biomaterials (NFB),
National University of Ireland, Ireland; Department of
Pharmacology, National University of Ireland, Ireland

Poor transplant survival hinders the advancement of ex-vivo cell based
therapies for neurodegenerative diseases. We have shown previously
that naı̈ve mesenchymal stem cells (MSCs) survive poorly following
transplantation to the rat brain (~65% remaining 4 days post-trans-
plant). We hypothesise that delivery of the cells within a hydrogel will
yield improved survival in an ectopic environment by providing a phys-
ical adherent substrate as well as a protective barrier to the host
response. To test this hypothesis, rats received intra-striatal transplants
of 30 000 transgenic GFP-MSCs (n = 4) or 30 000 GFP-MSCs deliv-
ered within a cross-linked collagen type I hydrogel (n = 4). Four days
post-transplant, 40 lM brain sections were visualised by fluorescence
microscopy, and stained for microglial activation (OX42) and reactivity
of astrocytes (GFAP). Applying Cavalieri’s principle, we found that cells
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delivered within the hydrogel exhibited enhanced survival, occupying
a greater transplant volume compared to control MSCs. Cells appeared
homogenously dispersed within the gel which also facilitated focal
retention of the cells within a distinct transplant site compared to con-
trol MSCs. Hydrogel mediated MSC delivery may therefore hold signifi-
cant translatable therapeutic potential by enhancing cell survival, graft
volume and graft positioning without elevating the host response.

44.P09
Methods for multilineage differentiation of
human bone marrow-derived stem cells
CY Chen, FH Lin and JS Sun
Department of Biomedical Engineering, National Taiwan
University, Taiwan; Department of Orthopedic Surgery, National
Taiwan University Hospital Hsin-chu Branch, Taiwan

Introductions: Historically, there are various treatment options for
osteoarthritis, such as drug and surgery. In recent years, human bone
marrow-derived mesenchymal stem cells for bone tissue engineering
have been widely used on clinical treatment. However, there are some
limitations on the differential capability of bone marrow-derived stem
cells. The aim of this study is to utilize tissue engineering methods on
therapeutic applications.
Materials and methods: Human bone marrow was collected from total
joint replacement surgery, and the mesenchymal stem cells were har-
vested via Ficoll-Paque gradient separation. The pre-plate technique
was modified and treated to isolate various populations of human bone
marrow-derived mesenchymal stem cells. In order to measure the
plurepotency, we tried to add differentiation inducing agents for ecto-
derm, mesoderm and endoderm differentiation.
Results: The surface markers (CD29/CD34/CD44/CD45/CD73/CD90/
CD184) and transcription factors (Oct-4/Nanog) were measured using
flow cytometer. After differentiation induction, the data were analyzed
qualitatively with immune-cytochemistry. Furthermore, the quantitative
real-time PCR assay showed the gene expression for each population.
Conclusions: In summary, we successfully isolated pluripotent stem cell
population from human bone marrow by Ficoll-Paque gradient separa-
tion and pre-plate technique. We hope these pluripotent stem cells
could be introduced into new therapeutic applications.

44.P10
High efficiency transduction of green fluorescent
protein in human mesenchymal stem cells
mediated by lentiviral vector and in vitro
multilineage differentiation
O Beltran, L Quintero, H Velasco and G Salguero
Grupo Terapia Celular y Medicina Regenerativa-Universidad
Militar Nueva Granada, Colombia; Facultad de Medicina
Universidad Nacional de Colombia; Departamento de
Hematologı́a y Oncologı́a, Universidad de Hannover, Colombia

Human mesenchymal stem cells (hMSC) are pluripotent cells of fibro-
blastoid morphology and plasticity to various cell lineages such as
chondrocytes, osteocytes and adipocytes. There is increasing evidence
of the benefits of cell therapy based on hMSC. New technologies in
gene transfer using lentiviral vectors have opened the possibility to
improve the function and performance of hMSC by the constitutive
expression of transgenes of interest. In this work we standardized
hMSC transduction of bone marrow obtained from human healthy
donors by using a lentiviral vector expressing the gene for green fluo-
rescent protein (GFP). hMSCs were infected with lentiviral particules
resulting in transduction efficiency above 96% as verified by flow
cytometry. The hMSC-GFP expressed CD105, CD90 and CD73, typical
mesenchymal markers and maintained their potential to differentiate
into osteoblasts, adipocytes and chondrocytes. GFP expression persisted

over the whole culture and differentiation period. Thus, the use of the
hMSC constitutively expresing GFP will allow to clarify biological and
functional aspects of the MSC in vitro and in vivo and further improve
potential therapeutical applications in clinical trials.
Keywords: mesenchymal stem cells, green fluorescent protein, hMSC-
GFP+ lentivirus, transduction.

44.P11
Immunomodulatory effects of human fetal
cartilage-derived progenitor cells (FCPCs)
LSu Jeong, P Eun-Jung, K Young Jick, C Byung Hyune, P So Ra
and M Byoung-Hyun
Department of Molecular Science & Technology, Ajou University,
Republic of Korea; Cell Therapy Center, Ajou University Medical
Center, Republic of Korea; Division of Biomedical &
Bioengineering Sciences, Inha University College of Medicine,
Republic of Korea; Department of Physiology, Inha University
College of Medicine, Republic of Korea; Department of Orthopedic
Surgery, School of Medicine, Ajou University, Republic of Korea

Recently, FCPCs have been described as a new source for tissue engi-
neering and cell therapy. Previous studies have shown that FCPCs
exhibits cell proliferation and differentiation abilities similar to those of
MSCs. Many of their characteristics, however, are yet to be identified.
In this study, we investigated immunological properties of FCPCs using
activated human lymphocytes (PBLs). FCPCs and PBLs were obtained
from human fetal limbs cartilage and human, respectively. FCPCs were
c-irradiated to mixing with lymphocytes, and PBLs were activated with
ConA. To determine the effect of FCPCs on the proliferation of PBLs,
BrdU assay and cell cycle analysis using PI staining were performed
after co-culturing them for 4 days. The levels of IFN-c and IL-10
released were also measured on days 1, 4, and 6 of co-culture by. When
FCPCs were incubated with PBLs at 1 : 10, 1 : 100, and 1 : 1000
ratios, the proliferation of PBLs was significantly inhibited and their cell
cycle was arrested in the G2 phase. When cells were stimulated with
ConA, the production of IL-10 was increased both in PBLs and FCPCs
but that of IFN-c was increased only in PBLs. Co-culture of PBLs with
FCPCs for 1, 4, and 6 days resulted in the decrease of IFN-c production
by PBLs, whereas the production of IL-10 did not show significant
change. These results suggest that FCPCs may act as an immunomodu-
lator and could be used to reduce hypersensitive response of recipients
to tissue engineered implants and cell therapies.

44.P12
Isolation of mesenchymal stromal cells from
solid tissues: cell features after digestion versus
migration
C Gittel, W Brehm, J Burk, H Juelke and IC Ribitsch
Large Animal Clinic for Surgery, University of Leipzig, Germany;
Translational Centre for Regenerative Medicine, University of
Leipzig, Germany

In terms of a successful and economic clinical use of mesenchymal stro-
mal cells (MSC), an effective isolation technique is required. Currently,
collagenase digestion is most widely-used for MSC isolation from solid
tissues. However, isolation of the cells by taking advantage of their
capability to migrate has also been described. Therefore the aim of this
study was to compare cell yields as well as cell features of MSC isolated
by both techniques. Equine tissue samples with different stiffness were
harvested. For cell isolation by digestion, minced tissue pieces were
incubated in collagenase I solution, followed by centrifugation and cell
seeding. For cell isolation by migration, tissue pieces were placed onto
culture plates. Isolated MSC were then subjected to proliferation,
migration and three-lineage differentiation assays as well as tendon
marker expression analysis. The MSC yield after the first cell harvest
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was significantly higher in digested tissue samples, even though less
primary culture time was needed. However, further analysis of cell
characteristics revealed that the isolation method had no major influ-
ence. Yet, interestingly, gene expression of the tendon marker Scleraxis
was significantly higher in MSC isolated by digestion. Digestion and
migration are feasible methods for MSC isolation from solid tissues. If
rapid MSC recovery is required, collagenase digestion appears to be the
preferable method.

44.P13
Safety evaluation of cultured chondrocytes by
comparative genomic hybridization analysis
M Kobayashi, M Sato, M Kokubo, T Kawake, T Ukai, S Ito, T Nagai
and J Mochida
Department of Orthopaedic Surgery, Surgical Science Tokai
University, School of Medical Sciences, Japan

Objective: The authors fabricated chondrocyte sheets by co-culturing
chondrocytes and synovial cells and conducted a clinical study of joint
repair according to the Guidelines on Human Stem Cell Research,
approved by the Ministry of Health, Labour and Welfare Japan, Com-
parative genomic hybridization (CGH) analysis was performed for
safety evaluation on cultured chondrocytes.
Methods: CGH analysis, which is used to detect cancer mainly caused
by the accumulation of genetic abnormalities, was performed to con-
firm transformation after multiple passages of chondrocytes. We stud-
ied a total of 13 samples of cartilaginous tissues obtained from total
knee arthroplasty, anterior cruciate ligament reconstruction, high tibial
osteotomy, or surgery for polydactyly. Cells were isolated from the sam-
ples by an enzymatic process and then cultured until the 6th passage.
The DNA extracted from the passaged cells was subjected to CGH
analysis.
Results: CGH analysis revealed no genomic copy number abnormality
at the 4th and 6th passages.
Discussion: Although no mutations and abnormalities were detected
during the passage of chondrocyte under this setting, false-positive
results were obtained under a different set of criteria. Additional exper-
iments (e.g., dye swap), performed to confirm the results, revealed no
mutations and had actually false positive.
Conclusions: CGH analysis revealed no genomic copy number abnor-
malities even after multiple passages of cultured chondrocytes.

44.P14
Effect of environmental hydrogen peroxide in
isolator on biological properties of mesenchymal
stem cells
M Tadokoro, M Sasao, I Koshida, M Daimon, M Hirose, M Kokubo,
H Ohgushi, M Kino-Oka and S Yuba
Health Research Institute, National Institute of Advanced
Industrial Science and Technology, Japan; Shibuya Kogyo Co.
Ltd.; Human Technology Research Institute, National Institute of
Advanced Industrial Science and Technology; Department of
Biotechnology, Osaka University, Japan

In cell and tissue processing for clinical application, aseptic area in the
clean room would be required with strict managements to prevent any
contamination, resulting in huge maintenance cost. Innovative system
using isolator and decontamination techniques has been attracting
attention for the processing. On this system, vaporized hydrogen perox-
ide (H2O2) is an agent reducing bacteria and spores for bio-decontami-
nation of isolator. H2O2 vapor converts into water and oxygen using a
catalyst during the ventilation process. Meanwhile, it is well known
that the oxidative stress via H2O2 induces harmful effects on cultured
cells. To concern the effects of residual H2O2 in interior environment of
isolator on biological properties of mesenchymal stem cells (MSC), cell

suspension was exposed to environmental H2O2 and then cell viability
and morphology were evaluated. Two ml of rat MSC suspension was
prepared in /35 mm culture dishes. The dish lid was opened in isolator
during the ventilation process. The viability of cells and amount of dis-
solved H2O2 in each suspension at a certain exposure period were mea-
sured. Cell morphology with and without exposure to the H2O2 did not
show any significant difference, whereas the cells with high exposure
to H2O2 showed low viability. The results raised the possibility that
residual H2O2 in isolator dissolved into culture medium to affect cell
survival, indicating that H2O2 vapor decontamination needs sufficient
ventilation to reduce H2O2.

44.P15
Efficient formation of cell spheroids using
polymer nanofiber
JY Shin, M Jin, J Park, HK Jang, TJ Lee, WG La, SH Bhang,
IK Kwon, OH Kwon and BS Kim
Seoul National University, South Korea; Hanyang University;
Kyung Hee University; Kumoh National Institute of Technology,
South Korea

Spheroid culture has been used for suspension cultures of anchorage-
dependent cells. In this study, we developed a new method for the sus-
pension cultures of anchorage-dependent animal cells using polymer
nanofibers. Poly(lactic-co-glycolic acid) nanofibers (785 nm in average
fiber-diameter, 88 lm in average fiber-length) fabricated by the elec-
trospinning method were added to each suspension culture of human
embryonic kidney 293 cells and human dermal fibroblasts. As com-
pared to no addition of nanofibers to the suspension cultures, nanofi-
bers enhanced cell spheroid formation, thereby reducing cell death
resulting from a lack of cell adhesion. Efficient formation of spheroids
in the presence of polymer nanofibers may be useful for the suspension
cultures of anchorage-dependent cells.

44.P16
Production of hemoglobin-containing micro-gel
beads as oxygen carriers for cell culture
T Takeda, S Iwanaga, N Saito and M Nakamura
Graduate school of Science and Engineering for Education and
Research, University of Toyama, Japan; Institute of Industrial
Science, University of Tokyo, Japan

After successful clinical application of the engineered skin and cornea,
engineering of thick and functional tissues is the next emerging issue
to be challenged. The tissues of important organs such as heart, liver
and kidney have specific three dimensional structures with significant
thickness. In such tissues, capillary vasculatures are developed very
much, and oxygen is sufficiently supplied to the peripheral tissues via
the blood with many RBCs, which can deliver oxygen very effectively
owing to the function of hemoglobin (Hb). On the other hand, oxygen
is supplied only via the dissolved oxygen in the culture medium in the
case of conventional cell culture in vitro. For this reason, lack of oxygen
inside is always a major problem in culturing of thick three-dimen-
sional tissues in vitro. Therefore, the development of the effective oxy-
gen carrier, some alternatives to RBCs, is essential for in vitro culture
system for thick tissues. Then, considering to such necessity of the
development of artificial oxygen carrier, we tried to produce Hb-con-
taining micro-gel beads. In this research, we used ink-jet technology
which can produce micro-sized and uniform-sized droplets. We could
successfully obtain Hb-containing alginate micro-gel beads, which have
almost similar sizes and similar Hb concentration to those of human
RBCs. If Hb can be fixed effectively, the produced Hb-containing algi-
nate micro-gel beads have good potentials to be one of the useful artifi-
cial oxygen carriers.
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44.P17
Oxygen consumption in T-47D cells immobilized
in alginate
BE Larsen, EO Pettersen, J Karlsen and JE Melvik
School of Pharmacy, University of Oslo, Norway; Department of
Physics, University of Oslo, Norway; FMC Biopolymer/
Novamatrix, Norway

The metabolic consequences of entrapping cells in hydrogels require
further study. In this work, T-47D mammary carcinoma cells were
entrapped in alginate at a concentration of about 2.5 105 cells/ml in
well-defined constructs, which were covered with growth medium and
incubated at 37 �C. Oxygen concentration was monitored using a fiber-
optic microsensor and oxygen meter (Presens GmbH, Regensburg, Ger-
many). Cell density and viability were determined by haemocytometer
counting and live/dead confocal imaging of vibratome sliced gel sec-
tions. Viability declined with time and depended on location within the
gels, at day 7 it was about 30% in the biostructure interior. Pericellular
oxygen concentration fell below physiological levels within 20 h, likely
explaining the loss in viability. The simplicity of the system allowed cal-
culation of cellular consumption rates based on the rate of oxygen con-
centration change (disregarding influx by diffusion). 3–6 h into the
experiments consumption rates were 60 ± 10 fmol/cell h, about 25%
of that reported for exponentially growing T-47D cells in monolayer. In
the alginate, however, no proliferation was observed. As the gel con-
struct may be varied with respect to several parameters, including pres-
ence of metabolic factors, structure micro-elasticity, cell types and
more, it allows careful determination of oxygen metabolism dependen-
cies in a 3D micro-environment.

44.P18
Down-regulation of cellular metabolism improves
cell survival under hypoxic conditions
J Kim, A Hwang, R Khouri, K-E Andersson, SJ Lee, J Jackson,
A Atala and J Yoo
Wake Forest Institute for Regenerative Medicine, USA

Building a clinically relevant sized tissue/organ requires maintenance
of viable cells until host vasculature is established and integrated
into the implanted constructs. However, delay in vasculogenesis
results in premature cell death due to the inadequate supply of oxy-
gen. One potential solution is to maintain cell viability by downregu-
lating cellular metabolism until host vascularization is established.
Adenosine is reported to increase during hypoxia and functions as a
modulator of ion-channel arrest. This results in a decrease in ATP
consumption and thus, oxygen demand. In this study we attempted
to promote cell survival under hypoxic conditions by exploiting this
property of adenosine. Muscle cells were cultured under three differ-
ent conditions: (i) normoxia, (ii) 0.1% hypoxic conditions without
adenosine, or (iii) with adenosine. Metabolic activity of cells grown
in normoxic conditions increased linearly with respect to time. Hyp-
oxic cells not treated with adenosine showed an eventual decline.
However, when treated with adenosine, cells under hypoxic condi-
tions maintained a steady state of metabolic activity and resumed
their normal activity when they were returned to normoxic condi-
tions. These results demonstrate that cell viability can be maintained
by downregulating cellular metabolism under hypoxic conditions.
This concept represents a novel method for increasing cell survival in
cell-based therapeutic approaches.

44.P19
Temperature-regulated affinity interaction
between cells and immobilized antibodies on
thermoresponsive surfaces
J Kobayashi, T Ohno, M Hayashi, Y Arisaka, Y Matsubara,
H Kakidachi, Y Akiyama, M Yamato, A Horii and T Okano
Institute of Advanced Engineering and Science, Tokyo Women’s
Medical University (TWIns), Japan; Corporate R&D Center,
Olympus Corporation, Japan

Antibody-immobilized, poly(N-isopropylacrylamide) (PIPAAm)-grafted
cell culture surfaces were developed for enhancing cell adhesion and
regulating affinity interaction between cells and surface-immobilized
antibodies by temperature changes. It’s noted that CD90 is expressed
many type of cells, including T cells, thymocytes, neurons, endothelial
cells, fibroblasts, and adipose-derived stem cells. Here, anti CD90 anti-
body-immobilized thermoresponsive cell culture surfaces were pre-
pared by following methods: (i) direct immobilization on carboxylated
PIPAAm-grafted surface, (ii) immobilization via poly(ethylene glycol)
(PEG) spacer, and (iii) affinity binding between biotin and streptavidin.
The number of adhered floating cells (Ty-82) was greater on the affin-
ity binding surface relative to other antibody-immobilized surfaces.
Neonatal normal human dermal fibroblasts (NHDFs) were also
adhered on the surfaces, and formed the monolayer. By reducing the
temperature to 20 �C, NHDFs were spontaneously detached as a single
cell sheet. Through flow cytometeric analyses, recovered NHDFs from
the directly and PEG spacer immobilized surface had no antibody on
the surfaces of cellular membrane, while those from the affinity immo-
bilized surface had both antibody and streptavidin. By optimizing the
immobilization methods of antibodies onto the surfaces, this surface
technology have a potential to give the application of weak adherent
cells such as primary cells for cell sheet-based therapies.

44.P20
Development of selection criteria for data mining
tools to analyse microarray of stem cell
populations
A Sanz-Garcı́a, C Escobedo-Lucea,
R Fernández-Martı́nez, C Gandı́a-Ventura and M Yliperttula
DDN Division, Faculty of Pharmacy, University of Helsinki.
Finland; Mechanical Engineering Department, University of La
Rioja, Spain; EDMANS Research Group, Spain

Genetic studies such as microarray chips generate a large volume of
data which must be properly analysed to obtain the biological signifi-
cance of the resulting list of genes. Data mining techniques are useful
to identify and characterize the role of these genes by construction of
maps reflecting expression or function. However, the choice of a suit-
able tool for a given experimental dataset is not straightforward. To
establish the most adequate analysis tool based on the characteristics
of data, gene lists were studied using different tools. Microarray studies
were performed with human adipose stem cells (hASC¢s). We analysed
different databases of Agilent gene expression microarrays from hASC¢s
employing different bioinformatics software. Background correction
was applied by the subtraction method described in LIMMA. Array data
were normalized through a non-parametric quantile normalization
assuming similar distribution of the signal for all arrays. For differential
expression analysis, we treated our data using the LIMMA of biocon-
ductor parametric method, to obtain stable values of differential
expression, even with few replicas. To classify the biological functions
associated with our differential expression gene lists, we compared
some tools for functional analysis of biological enrichment including
DAVID and FatiGO. Our observations suggest that software can yield
distinct results depending on sample size and functional genes of
interest.
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44.P21
Free-radical scavenging cerium oxide
nanoparticle hydrogels for cell encapsulation
J Weaver and C Stabler
University of Miami, USA

Cellular encapsulation is a promising strategy for shielding foreign cells
from direct immune attack; however, it fails to prevent inflammation or
indirect immune activation, which exposes embedded cells to oxidative
stress. Cerium oxide nanoparticles, or nanoceria, are highly unique
nanoparticles with the capacity to mimic free-radical scavenging
enzymes in a ubiquitous and self-renewing manner. We sought to local-
ize these nanoparticles within a biomaterial. In this study, we incorpo-
rated nanoceria within alginate hydrogels and evaluated their catalytic
activity as well as their capacity to protect co-encapsulated cells from
free radical damage. Nanoceria was synthesized and evaluated via FT-
IR, DLS, and superoxide reduction. Nanoceria (0.01–1 mM) retained its
catalytic activity within alginate microbeads, where it was found to
effectively scavenge superoxide and degrade H2O2 in the surrounding
milieu. No cytotoxicity was found at <1.0 mM nanoceria. Nanoceria-
alginate microbeads provided statistically significant protection (50%
higher viability) of co-encapsulated MIN6 cells from superoxide-medi-
ated cell death. Live/dead imaging qualitatively verified these results.
Our data illustrates a novel, self-renewing, ubiquitous free-radical scav-
enging biomaterial with the demonstrated capacity to protect co-encap-
sulated cells from free-radical damage. It is envisioned that these
materials would be highly beneficial for cell-based implants, particu-
larly pancreatic beta cells.

44.P22
Annexin A2 as a regulator of the cellular
senescence and apoptosis through p21
IR Oh, JS Kim and CW Kim
Korea University, Korea

Introduction: Stressors even at sublethal level cause Stress induced pre-
mature senescence (SIPS).Cells undergoing SIPS exhibit properties
similar to cells in replicative senescence (RS).Mesenchymal stem cells
(hMSCs) are multipotent progenitors which self-renew and differenti-
ate into multiple lineages. Furthermore, they contribute to the homeo-
static maintenance of many organs and tissues. The study identified
ANXA2 and further probed whether it is associated with the cellular
senescence and apoptosis through p21.

Materials and methods: SIPS was confirmed using a range of different
analytical methods. Five differentially expressed spots were detected in
the 2-DE map, which were identified as ANXA2, myosin light MLC2,
ECH1,PSMA1 and a mutant b-actin by ESI-Q-TOF MS/MS in hMSCs.
ANXA2 was confirmed up-regulated in SIPS cells. Further experiments
have been done for its role in cellular senescence and apoptosis in nor-
mal fibroblasts (MRC-5 or WI-38).
Results: H2O2-induced overexpressed ANXA2 has shown to directly
interact with CAV1 and down-regulation of ANXA2 induced caspase-
mediated apoptosis through regulation of p21 which is a major inhibi-
tor of p53-dependent apoptosis.
Conclusion: ANXA2 is associated with the cellular senescence and
apoptosis through regulation of p21 expression.

44.P23
Analysis of proteomes related to cellular
senescence by calorie restriction in mesenchymal
stem cells
HN Lee, HJ Kim and CW Kim
Korea University, Korea

Introduction: Mesenchymal stem cells (MSC) are one of the most
promising stem cell types because of the ability to self-renew and differ-
entiate into multiple tissues. However MSCs loose their multipotency
and proliferation capability with age. Previous studies have reported
that calorie restriction (CR) increases proliferation of MSCs and
decreases apoptosis. Therefore, in this study, we examined the effect of
low glucose on human bone marrow derived MSCs (hBM-MSCs).
Materials and methods: Proliferation under low glucose (LG, 1.4 mM)
condition was compared with that under normal glucose (NG, 5.5 mM)
condition. Moreover comparative studies of population doubling, b-
galactosidase activity, ROS generation, and differentiation capacity in
NG and LG conditions were performed. In addition protein expression
patterns were investigated between NG and LG conditions using 2-DE.
Results: CR doesn’t seem to have a significant effect on cell prolifera-
tion, ROS generation, and adipogenic differentiation of MSCs. Interest-
ingly, however, a lower senescence associated b-galactosidase activity
was observed under CR than under the NG condition and the differen-
tiation potential into osteocytes was maintained under CR. In addition,
three up-regulated and seven down-regulated proteins were found
under the glucose restriction condition via 2-DE analysis.
Conclusion: These results imply that differentially-expressed proteins
under the LG condition may provide more information on aging and
differentiation.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

276 44. Mesenchymal Stem & General Cell Therapy: Current Status and Future Developments (in coop. ISCT)



45. Targeting the Stem Cell Niche for Tissue Engineering

45.01
Keynote: Deconstructing and reconstructing stem
cell niches
S Gobaa, A Ranga, S Hoehnel, M Roccio and M Lutolf
Laboratory of Stem Cell Bioengineering, Institute of
Bioengineering and School of Life Sciences, Ecole Polytechnique
Fédérale de Lausanne (EPFL), Switzerland

Proper tissue maintenance and regeneration relies on intricate spatial
and temporal control ofbiochemical and biophysical niche cues,
instructing stem cells to acquire particular fates, for example remain-
ing quiescent or undergoing self-renewal divisions. Despite rapid pro-
gress in the identification of relevant niche proteins and signaling
pathways using powerful in vivo models, the behavior of many stem
cell types can only be poorly controlled in vitro. To address this bot-
tleneck, we have been developing biomaterial-based technologies to
display stem cell regulatory signals in a precise and near-physiologi-
cal fashion, serving as powerful artificial microenvironments to probe
and manipulate stem cell fate.In this talk I will discuss some our
recent efforts to develop two- and three-dimensional microarrayed
artificial niches based on a combination of biomolecular hydrogel en-
gineeringand microfabrication. These platforms allow key biochemi-
cal and biophysical characteristics ofstem cell niches to be mimicked
and the physiological complexity deconstructed into a smaller, exper-
imentally amenable number of distinct signaling interactions. The
systematic deconstruction of stem cell niches may serve as a broadly
applicable paradigm to accelerate the transition of stemcell biology
to the clinic.

45.02
Keynote: Engineering homing and differentiation
of mesenchymal progenitor cells during bone
healing
PS Lienemann, A Sala, AS Kivelio, M Karlsson, WWeber,
MP Lutolf and M Ehrbar
Department of Obstetrics University Hospital of Zurich,
Switzerland; Biotechnologie u. Bioengeneering, ETH Zurich,
Switzerland; Laboratory of Stem Cell Bioengineering, EPF
Lausanne, Switzerland

Clinically employed osteoinductive treatment regimen make use of
bone morphogenetic protein (BMP) concentrations exceeding the phys-
iological growth factor concentration by 1000-fold. The rather low bio-
activity of the applied growth factors, which might be due to
inadequate delivery modalities or negative feedback signals has been
tackled by sustained, low-dose release of growth factors from biologi-
cally derived or engineered synthetic materials. In this talk, strategies
to foster bone regeneration by improving the availability and respon-
siveness of mesenchymal progenitor cell (MPC) at the treatment site
will be discussed. 3D in vitro migration as well as in vivo recruitment
of osteogenic cells from murine calvarial origin in response to cell-
instructive microenvironments will be presented. We believe that novel
in vitro migration models using prospectively isolated, osteogenic cells
in combination with in vivo validation will provide a promising strategy
to screen for novel MPC recruitment promoting factors. Such findings
should inspire the design of next generation cell-instructive materials
by relying on the modulation of naturally occurring processes during
tissue development and regeneration.

45.03
VEGF induced CXCL12/CXCR4 axis in the
recruitment of mesenchymal stem cells (MSCs)
by osteogenic differentiated bone marrow
stromal cells (O-BMSCs)
Y Zhou, W Fan, I Prasadam, R Crawford and Y Xiao
Institute of Health and Biomedical Innovation, Queensland
University of Technology, Australia

Cell-cell interaction is believed to play important roles in the bone heal-
ing process. However, it is still unclear how transplanted cells behave
and interact with host cells in cell-based therapy, especially in the site
of bone defect healing. The purpose of this study was to investigate the
interactions between osteogenic differentiated bone marrow stromal
cells (O-BMSCs) and mesenchymal stem cells (MSCs) in vitro and in
vivo and the underlying mechanism of vascular endothelial growth fac-
tor (VEGF) induced CXCL12/CXCR4 axis in MSCs recruitment and dif-
ferentiation. Our data suggested that VEGF secretion increased
dramatically in BMSCs after osteogenic differentiation and that the
secretion of VEGF promoted migration of MSCs via the activation of
CXCL12/CXCR4 axis. For the in vivo study, type I collagen scaffolds car-
rying O-BMSCs were implanted into skull defects in SCID mice. In situ
hybridization demonstrated that O-BMSCs recruited host MSCs in oste-
ogenic process at orthotopic site. H&E and immunohistochemical stain-
ing revealed that remarkable new bone formation was correlated with
the strong CXCL12/CXCR4 expression in the new bone matrix and
blocking VEGF with neutralizing antibody resulted in significant
decrease of MSCs recruitment and new bone formation. This study
demonstrated that VEGF secreted by O-BMSCs plays a vital role in the
MSCs recruitment via CXCL12/CXCR4 axis during osteogenesis.

45.04
Mesenchymal Stem Cells (MSC) induce the
homing of endogenous stem/progenitor cells
through the activation of alternatively activated
macrophages in an ectopic bone formation model
RTasso, D Reverberi, C Lo Sicco and R Cancedda
University of Genova and A.O.U. San Martino-IST, National
Cancer Research Institute, Italy

Introduction: MSC are effective therapeutic agents in a variety of clini-
cal situations of tissue injury acting as cellular modulators. The in vivo
therapeutic effects of MSC depend on their anti-inflammatory poten-
tial, as well as on their capacity to stimulate functional mobilization of
host cells. Using an ectopic model of bone regeneration, we demon-
strated that MSC activate endogenous mechanisms leading to new tis-
sue formation by host cells. The aim of the project is to identify the
molecular mechanisms leading to the recruitment process.
Materials and methods: Combinations of wild-type (WT) MSC/scaffold
were implanted in syngenic WT micethat were lethally irradiated and
reconstituted with a Green Fluorescent Protein-positive (GFP+) bone
marrow (chimeric mice). Implants were extracted at different times
and endogenous cells, harvested through enzymatic digestions, were
characterized.
Results: Implanted MSC are able to mobilize inflammatory macrophag-
es that progressively acquire an alternative activation profile. Macro-
phage polarization promotes angiogenesis and tissue repair skewing
the secretion of molecules involved in the regulation of cell migration.
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Polarized macrophages were effective at inducing endothelial progeni-
tor cells and pericytes migration within the scaffold, leading to the
development of the engineered tissue.
Conclusion: The activation of endogenous stem cells from either the
blood or a tissue-specific niche is a promising approach for therapeutic
success.

45.05
Building bone marrow: engineering biophysical
regulation of hematopoietic stem cell fate
decisions
BP Mahadik, S Pedron Haba, JS Choi, PAJ Kenis and BAC Harley
University of Illinois at Urbana-Champaign, USA

The stem cell niche provides extrinsic signals that regulate fate. The
prototypical mammalian niche is the hematopoietic stem cell (HSC)
niche in the bone marrow (BM). It contains cells, the extracellular
matrix (ECM), and ECM-bound or soluble biomolecules that present
chemotactic, durotactic, and paratactic cues as well paracrine and jux-
tacrine signals to drive HSC fate. We have developed a microfluidic
platform to create 3D microgels containing counter gradients of cell
and matrix signals to quantify the effects of cell-matrix and cell-cell
cues on HSC fate. At each point along the gradient, the region-specific
hydrogel presents a defined constellation of cues. This platform enables
real-time, in situ analyses of HSC activity via 2-photon imaging; dis-
crete regions can be removed via a custom extraction system for analy-
sis via conventional molecular biology approaches. We have created
BM mimics as type I collagen microgels containing opposing gradients
of HSCs vs. BM stromal cells or mesenchymal stem cells. We have
shown a significant influence of matrix properties (stiffness, ligand con-
tent) on HSC morphology, viability, and bioactivity. We have also
shown that co-culture of HSCs with putative niche cells significantly
impacts proliferation and early lineage specification. Critically, many of
these effects can be abrogated by increasing microgel density to reduce
biomolecule transport, suggesting paracrine signaling plays a function-
ally significant role in HSC fate.

45.P01
3D electrospun PLA nanofibers favours
neurovascular niche regeneration in vivo
Z Alvarez Pinto, O Castaño, JA Panell, S Alcantara and E Engel
Institute for Bioengineering of Catalonia, Spain; Institute for
Bioengineering of Catalonia, Dpt. Material Science and
Metallurgical Engineering, Thechnical University of Catalonia-
UPC; University of Barcelona, Medical School, Spain

To develop neural tissue engineering strategies useful for repairing
damaged neural pathways after Central Nervous system injury it is
essential to control and optimise the neurovascular niche. The aim of
this study is to develop an artificial implant made of Poly lactic acid
70/30 fibers to promote nerve regeneration and angiogenesis after a
lesion in cerebral cortex. Random and aligned nanofibers produced by
electrospining, were used for seeding embryonic neurons and post
natal glial cells from mice cerebral cortex during 5 days in vitro and
also to implant in new born mice cerebral cortex using the stereotaxic
apparatus. Cells and cortices were analyzed by Immunocytochemistry.
Both types of electrospun fibers supported neural cells growth, but only
in aligned fibers neural cells could invade the 3D scaffold. Cells chan-
ged their morphology mimicking the progenitor neural cells as the ones
seen during development, expressing the immature glial markers Nes-
tin and Pax6 and the neural progenitor markers Tbr2. In the in vivo
models, PLDLA fibers did not seem to have elicited a foreign body reac-
tion. It was also discovered that glial cells, neurons and blood vessels
could penetrate into nanofibers after 2 months post implantation fol-

lowing the direction of aligned fibers. To conclude, PLDLA fibers induce
an immature phenotype of neural cells necessary to promote a good
environment to regenerate the neurovascular niche helping neuronal
migration after a lesion.

45.P02
Carbohydrate based scaffolds for mesenchymal
stem cell culture
A Ozden-Piskin, B Kutluca, S Arslan and S Uckan
Hacettepe University, Turkey

Tissue regeneration requires biogedredable natural polymers for manu-
facturing scaffolds. In addition to forming three dimentional media
they also offer improved biocompatibility. This study aims at designing
porous carbohydrate based natural scaffolds. The surfaces of alginate
gels are usually not suitable for cell attacment, however, increasing the
porosity in these gels may provide efficient micro environment for cell
growth. Here, glucose and carboxy cellulose is combined with alginate
as an attempt to improve cell culturing properties. Gels were prepared
in different combinations of alginate, glucose and carboxymethyl cellu-
lose by using 1 M CaCl2. Gels were analysed by scanning electrone
microscopy. They were kept in 0.09% NaCl and the swelling abilities
were analysed by measuring the increase in weight. Cytotoxicity was
detected by growing human mesenchimal stem cells on gels and mea-
suring cell viability be MTT. Human mesenchimal stem cells were also
grown on these scaffolds to test cell proliferation, in dMEM tissue cul-
ture medium containing 10% FBS, 5% CO2 and antibiotics. Multiway
variance analysis is applied to the results for testing their accuracy.It is
concluded that, the swelling behaviour and microscopic appearence
indicates that gels have a highly porous structure. They have no toxic
effect on mesenchimal stem cells. Furthermore, they increased the pro-
liferation of these cells by providing a large surface area due to their
porous structures.

45.P03
VEGF and BMP-2 are the key regulators in bone
regeneration by promoting stem cell homing and
differentiation
W Zhang and X Jiang
Ninth People’s Hospital affiliated to Shanghai Jiao Tong
University, School of Medicine, China

VEGFand BMP-2 have been widely used to stimulate angiogenesis and
new bone formation, with bone defects repaired by scaffolds releasing
these dual factors without cell seeding. In this study, the goal was to
determine whether these two factors played roles as cell homing mole-
cules for mesenchymal stem cells (MSCs) in bone tissue regeneration
and to provide new insight into the mechanism of function. In vitro,
we used a transwell chemotaxis model to examine the homing capacity
of VEGF and BMP-2 on bone marrow-derived mesenchymal stem cells
(BMMSCs). More stem cells were recruited in the presence of VEGF or
both VEGF and BMP-2. In vivo, more stem cells were found homing to
silk scaffolds with the growth factors, and more endothelial cells in the
two groups with VEGF and more osteogenic cells in the two groups
with BMP-2. Importantly, osteogenic cells at different differential stages
were observed. At four weeks, VEGF enhanced angiogenesis of the tis-
sue engineered complex. At twelve weeks, observations based on
sequential fluorescence labeling and Micro-CT revealed that the bone
formation process was accelerated in both quantity and quality when
BMP-2 was used. These findings support our hypothesis that localized
release of VEGF and BMP-2 promote bone regeneration, in part, by
facilitating the homing of endogenous stem cells and then directing the
differentiation of these cells into endothelial and osteogenic lineages.
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45.P04
Decellularization of bone marrow and its
evaluation as a hematopoietic stem cell niche
N Nakamura, Y Hashimoto, S Funamoto, K Nam, T Kimura,
T Fujisato, H Iwata and A Kishida
Tokyo Medical and Dental University, Japan; Sapporo Medical
University; Osaka Institute of Technology; Kyoto University,
Japan

Recent studies revealed that hematopoietic stem cells (HSCs) home to
the microenvironment (HSC niche), and induce hematopoiesis. In the
HSC niche, the maintenance and proliferation, differentiation of HSCs
are regulated. Niche is consisted of extracellular matrix (ECM) and sup-
porting cells such as mesenchymal stem cell (MSC), osteoblast and
CXCL12-abundant reticular cell (CAR cell). It is well known that HSCs
are regulated by biological substances secreted from various supporting
cells. However, the role of ECM is not yet known in detail. In this study,
we constructed an artificial niche using decellularization method in
order to fine out the role of ECM. The decellularized bone marrow is
expected to provide the 3-D structural template which preserves the
original niche structure. The decellularization was performed by using
detergents methods and high-hydrostatic pressure (HHP) method. The
decellularized bone marrow was implanted to the C57BL/6 mice to
investigate whether the decellularized bone marrow would function as
hematopoietic stem cell niche template for blood forming. Although
decellularized bone marrow was implanted subcutaneously, we found
out that the decellularized bone marrow became red bone marrow
after 4 weeks. Therefore, it is demonstrated that the decellularized
bone marrow provides a specific microenvironment for hematopoiesis.

45.P05
Human dermal fibroblasts for TERM- a story of
phenotype plasticity
J Rakar, S Lonnqvist, P Sommar, JPE Junker and G Kratz
Linkoping University, Sweden; Karolinska Institute; Brigham and
Womens Hospital, USA

Several years ago we began experimenting with human dermal fibro-
blasts, attempting tochangetheirphenotype.The ideawas tostandardize
aminimally invasiveway of obtaining autologous cells for use in repair of
multiple tissue types.We investigated the use ofmedium-based differen-
tiation of fibroblasts, based on similar methods that were desribed for
adult stemcells.Workwithprimaryandclonalfibroblasts ledtoapublica-
tionshowing thatdermalfibroblasts could indeedbecoaxed toward three
mesenchymal lineages: adipogenic, chondrogenic and osteogenic, based
on proteinmarkers and tissue staining. A broad range of publications has
emerged from labs around the world on the use of cells from the dermal
compartment toobtainautologouscells that canbedifferentiated invitro.
Furtherexperimentsbroughtus into the realmofvascular tissueengineer-
ing, and we have obtained cells reminiscent of endothelial cells. We are
nowmoving in two directions: approaching clinically relevant studies on
the use of the differentiated fibroblasts, including in vivo experiments
and functional studies; and also exploring the transcriptome and the
genetic regulation underlying the phenotype plasticity of fibroblasts.
Briefly, thesedevelopmentsandkeyfindingswill bepresented.

45.P06
Effects of interactive mechanical and biochemical
niche signaling on stem cell differentiation in 3D
F Yang
Stanford University, USA

Stem cells hold great promise as autologous cell sources for tissue
repair. A long-standing bottleneck in stem cell biology and tissue
engineering field is the lack of understanding of how the complex

niche signals regulate stem cell fate in 3D. While stem cell niche is a
multi-factorial environment, most previous studies focus on studying
the effects of individual type of microenvironmental cue on stem cell
fate regulation. We hypothesize that biochemical and mechanical cues
of microenvironment interact in a non-linear manner in regulating
stem cell osteogenesis in 3D. The goal of this study is to develop novel
3D combinatorial hydrogels with various biochemical and mechanical
properties to facilitate rapid analysis of interactive niche signaling on
stem cell osteogenesis in 3D. Using a modular design approach, we
have developed an interpenetrating network with two distinct cross-
linking mechanisms for the biochemical and mechanical building
blocks. Our data suggests scaffold biochemical and mechanical signals
synergize only at specific concentration and combinations to promote
bone differentiation. Leading group led to over 150-fold increase in
expression of mature bone marker osteocalcin, and blebbistatin treat-
ment decreased the non-muscle myosin IIB up-regulation and the
enhanced bone differentiation in 3D. The technology platform is very
versatile and can be adapted to optimize niche cues for directed differ-
entiation of any type of stem cells towards any lineages.

45.P07
Mononuclear cells enhance cell migration out of
human articular cartilage
NM Hopper, J Wardale and N Rushton
University of Cambridge, UK

The belief that adult articular cartilage lacks progenitor cells has been
challenged with the hypothesis that a progenitor cell population might
reside in the superficial zone of cartilage. This study aimed to charac-
terize the articular cartilage cell population and to compare two differ-
ent cell isolation methods. In addition, a real-time cell analyzer was
used to monitor cell migration from human cartilage tissue revealing
the novel finding that peripheral blood mononucleated cells (PBMC)
act as a chemoattractant for cartilage-derived cells. Human tissue was
obtained from patients undergoing total joint replacement with full
ethical consent. The cell surface antigen phenotype and protein expres-
sion of the primary cell lines were analysed with flow-cytometry and
western-blot. The xCELLigence (Roche) was employed to assess the
migration potential of chondrocytes. Cells derived from a three hour
digestion were 96.5% positive for CD90 (Thy-1), however, the cell pop-
ulation migrating out from cartilage explants only 0.025%. In addition,
digested and migratory cell populations had markedly different protein
expression profiles. The results show that the addition of mononuclear
cells increased the cell migration rate by 40%. In order to develop new
therapies for the osteochondral niche it is essential to understand the
underpinning biological mechanisms that control the fate of progenitor
and other cell types homing to the tissue repair site.

45.P08
A method for multicellular spheroid engineering
N Kojima, S Takeuchi and Y Sakai
University of Tokyo, Japan

Forming multicellular spheroid (MCS) is an essential method to main-
tain cell functions because it can mimic three-dimensional environ-
ment. Integrating dissimilar cells and other materials in MCSs may
induce more cell characteristics. However it is difficult to form MCSs
with these cells/particles because of their different cohesive properties.
In this study, we report a new method that overcomes this difficulty
and demonstrate MCS engineering. This method of aggregating hetero-
geneous cells/particles was based on the swelling property of a culture
medium containing 3% methylcellulose (MC medium). Injection of
several microlitres of normal medium containing suspended cells into
the MC medium resulted in absorption of the normal medium and
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aggregation of the cells within 30 min. We confirmed that this method
could be used to aggregate dissimilar cells and multiple-sized polysty-
rene beads (0.1–100 lm diameter). When we used pre-formed MCSs
(up to 100 lm diameter) and single cells, multicore-shell structures
were obtained. The combination of alginate gel beads (20 lm diame-
ter) with single cells was effective in the formation of network-like dis-
tribution of cells in MCSs. We also found that cultivation of MCSs
comprising dissimilar cells led to spontaneous migration inducing spe-
cific patterns in the MCSs. These results show that MCS engineering
has a potential to reconstitute tissue/organ-like structures, which are
adaptable to regenerative medicine and pharmaceutical screening.

45.P09
Effect of surface-immobilized extracellular
matrices on the proliferation of neural progenitor
cells derived from induced pluripotent stem cells
S Konagaya, K Kato, T Komura and H Iwata
Kyoto University, Japan; Hiroshima University, Japan

Introduction: Induced pluripotent stem (iPS) cells have a capability of
self-renewal and differentiation into multiple cell types. Neural progen-
itor cells (NPCs) derived from iPS cells have been considered as one of
the potential sources for the cell transplantation therapy of central ner-
vous disorders. A next challenge may be to establish a culture method
for preparing NPCs in a large quantity. In this study, we investigated
the effect of surface-immobilized extracellular matrices (ECMs) on the
proliferation of NPCs derived from iPS cells.
Methods: iPS cells were differentiated into NPCs by the serum-free
floating culture method [1]. Then NPCs were cultured for 3 days on an
ECM array that displayed collagen I, collagen IV, gelatin, laminin-1,
laminin-5, Matrigel, fibronectin, vitronecitn, and ProNectin F to com-
pare the efficiency of NPCs proliferation.
Results: The array-based screening showed that NPCs derived from
mouse iPS cells efficiently proliferated on a substrate with immobilized
laminin-1, fibronectin, and vitronectin. Based on this result, a laminin-
1-immobilized substrate was tested using NPCs derived from human
iPS cells. Our results showed that the human NPCs also proliferated
selectively on this substrate without impairment of multipotential dif-
ferentiation capability.
Conclusion:When immobilized on a substrate, laminin-1 is effective for
the selective expansion of NPCs derived from mouse and human iPS
cells.
Reference:
1. Okada Y., et al.

45.P10
Characterisation of the proliferative properties of
three types of adult stem cells
CA Holladay, A Pandit and D Zeugolis
National University of Ireland, Ireland; Vornia and National
University of Ireland, Ireland

Background: Adult stem cells exist in niches surrounded by somatic
cells and extracellular matrix. Analysing the proliferation of stem cells
after tissue extraction may shed light on how the artificial cell culture
environment influences their behaviour.
Methods: The proliferation rates of stem cells derived from tendons,
bone marrow, and cancellous bone were compared as well as the
effects of passaging and defrosting.
Results: When first seeded after isolation, marrow stem cells attached
to tissue culture plastic quickly, whilst tendon stem cells and bone stem
cells attached more slowly (1, 8 and 11 h respectively). Marrow stem
cells had the slowest doubling time followed by tendon stem cells and
bone-derived stem cells (61, 42 and 37 h respectively). Proliferation of

bone stem cells increased with passage, whilst tendon and marrow
stem cell proliferation slowed. Freezing and defrosting tendon and
bone stem cells slowed attachment, but increased the overall prolifera-
tion rate.
Discussion: Bone stem cells proliferate faster in vitro than marrow and
tendon stem cells and this difference increases with passage. The rela-
tionship between proliferative potential and phenotypic marker expres-
sion is currently under study and will be invaluable in therapeutic stem
cell production.
Acknowledgments: The research is funded by the European Union Sev-
enth Framework Programme (FP7/2007-2013) under grant no.
251385 (Tendon Regeneration).

45.P11
Using design of experiments (DOE) to identify
crucial factors in hematopoietic niches for the
expansion of CD34+ cells from the umbilical cord
blood
FO Fallata, MA Mantalaris and PN Panoskaltsis
Biological Systems Engineering Laboratory, Department of
Chemical Engineering, Imperial College London, UK; Department
of Hematology, Imperial College London, Northwick Park & St.
Mark’s Campus, UK

A deep insight into the niches within different organs where haemato-
poiesis takes place helps to identify large number of cues implicated in
the process. The complexity of the system regulating the process and
the crosstalk between the various regulatory molecules mandates the
application of a methodology capable of not only identifying the crucial
components but also elucidating clearly the interactions between them.
Herein we use the design of experiments (DOE) approach to identify,
characterize and optimize the ex vivo expansion of hematopoietic stem
cells (HSCs) from the umbilical cord blood in a serum-free culture sys-
tem. We have selected a novel combination of early acting cytokines,
morphogenes, hormones, hormone-like proteins, and some cell signal-
ling pathways to identify the important key players and to study the
interaction between them. The present results show the feasibility of
using DOE approach to define not only the critical factors required for
the expansion of HSCs, but also to determine the number of experi-
ments required and the optimum combination levels of novel factors
that need to be tested in order to expand the cells of interest. This
study demonstrates the advantages of the DOE and its significance as
an efficient tool to analyze complex systems comprising the HSCs niche
to develop an optimized ex vivo HSC culture system for clinical
applications.
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46. From Cells to Secretomes in Regenerative Medicine

46.01
Keynote: Paracrine factors- non-invasive
alternative to cell transplantation?
KWollert
Medical University of Hannover, Germany

Advances in therapy have led to a significant decline in mortality in
patients with acute myocardial infarction. Unfortunately, this decrease
in mortality is paralleled by an increase in the incidence of heart failure
in patients surviving with significant myocardial damage. The develop-
ment of heart failure after myocardial infarction is determined by the
size of the infarcted area, the wound healing response that occurs in
the first weeks after the event, and chronic left ventricular remodeling.
Reperfusion therapy can effectively limit infarct size in patients present-
ing early after symptom onset. Moreover, several strategies can be pur-
sued to attenuate chronic remodeling. So far, no specific therapies are
available to target the wound healing process and prevent its complica-
tions, infarct expansion and aneurysm formation, which ultimately
determine heart failure development. Only recently, it has been shown
in randomized-controlled clinical trials that an intracoronary infusion
of autologous bone marrow cells during the wound healing phase can
promote functional improvements in patients recovering from a myo-
cardial infarction. These beneficial effects are thought to be mediated,
to a large extent, by paracrine factors that are released from the trans-
planted bone marrow cells. The paracrine concept implies that individ-
ual paracrine factors might be identified and developed as therapeutic
agents for patients with myocardial infarction. We will provide exam-
ples that this may indeed feasible and that systemic treatment with
individual paracrine factors may ultimately provide a non-invasive
alternative to cell transplantation.

46.02
Keynote: Mesenchymal stem cell derived
secretomes: cardiac regeneration and
cytoprotection in vitro and vivo
M Gnecchi
University of Pavia, Italy

Transdifferentiation into cardiomyocytes (CMC) and into vascular line-
age cells has been originally proposed as principal mechanism underly-
ing adult stem cell (ACS) therapeutic action. More recently, permanent
engraftment and transdifferentiation of transplanted ASC have not
been confirmed. Furthermore, so far it has not been possible to repro-
ducibly induce a functional cardiac phenotype in bone marrow-derived
(BM) stem cells in vitro using physiological growth factors or non-toxic
chemical compounds. These negative results have questioned the plas-
ticity of BM stem cells. Therefore, it has been proposed that the func-
tional benefits observed after BM stem cell transfer in animal models of
cardiac injury might be related to secretion of soluble factors (SF) that,
acting in a paracrine fashion, protect the heart. The most compelling
data pertain to BM mesenchymal stem cells. The mechanisms mediat-
ing the effects of paracrine factors are many. SF may favor in particular
neovascularization, cytoprotection and endogenous cardiac regenera-
tion. Furthermore, the post infarction inflammatory and fibrogenic pro-
cess, CMC contractility, and cardiac metabolism may also be influenced
in a paracrine fashion. The demonstration that stem cells secrete thera-
peutic factors provides a potential breakthrough in that, rather than
administering cells, it may be possible to administer specific factors pro-
duced by these cells for cardiac therapy.

46.03
Keynote: Mesenchymal stem cells as ‘medicinal’
cells: induction of endogenous bone repair
R Cancedda and R Tasso
DIMES, University of Genova & A.O.U. San Martino–IST,
National Cancer Research Institute, Italy

The use of adult stem cells in clinics to enhance tissue regeneration is
under debate for safety, efficiency and cost-effectiveness issues. Bone
marrow-derived mesenchymal stem cells (MSC) are considered effec-
tive therapeutic agents for tissue repair, not just for their multipotent
differentiation capacity, but also for their interesting role as cellular
modulators. MSC therapeutic effects in vivo are often associated with
functional mobilization of host cells into injured tissues rather than
with a direct differentiation into the tissue cell types. Taking advantage
of an ectopic bone formation model in immuno-competent mice, we
showed that the capacity of implanted MSC to activate endogenous
regenerative mechanisms is critically dependent on the conditions of
their ex vivo culturing prior to transplantation. In particular, the pres-
ence of a factor such as FGF-2 in the culture medium during MSC
expansion critically influences their subsequent in vivo ability to acti-
vate endogenous regenerative mechanisms. We also gathered evidence
that such MSC function depends on paracrine factors. In our model, in
response to the implanted MSC, host cells, such as inflammatory
(M1)and alternatively activated (M2) macrophages as well as endothe-
lial progenitor cells and pluripotent mesenchymal cells were mobilized
within the lesion site.The cell interaction, the nature, and the compart-
mental origin of the migrated host specific cell populations playing a
role in the bone regeneration process will be discussed.

46.04
Using the secretome of mesenchymal progenitors
of the umbilical cord as a modulator of neural
and glial survival, viability and differentiation
FG Teixeira, MM Carvalho, NA Silva, F Marques, SD Mesquita,
NM Neves, RL Reis, L Pinto, N Sousa and AJ Salgado
Life and Health Sciences Research Institute (ICVS), School of
Health Sciences, University of Minho, Portugal; 3B’s Research
Group - Biomaterials, Biodegradables and Biomimetics,
University of Minho, Headquarters of the European Institute of
Excellence on Tissue Engineering and Regenerative Medicine,
Portugal

Although it is hypothesized that mesenchymal stem cells’ secretome
plays a major role in CNS regeneration, little is known on the mecha-
nisms that regulate these actions. In the present work we aimed to
assess if the secretome of a population of MSCs isolated from the WJ of
the UC (HUCPVCs) was able to modulate neural/glial survival differen-
tiation and proliferation in in vitro and in vivo models. Two approaches
were used: (1) primary cultures of neurons and glial cells, were incu-
bated with conditioned media (CM) from HUCPVCs and (2) HUCPVCs
or their CM were injected in the dentate gyrus of male Wistar rats. In
vitro results revealed that HUCPVCs CM increased cell proliferation in
neuronal and glial cells cultures, as well as the survival of astrocytes,
oligodendrocytes and neurons. In vivo experiments revealed that ani-
mals injected with HUCPVCs, had an increased endogenous cell prolif-
eration, and disclosed higher levels of FGF-2, BDNF and NGF, as
indicated by qRT-PCR. On the other hand, in the animals injected with
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CM, the effect caused in the DG was more evident for astrocytes and
neuronal cell densities. The CM was also able to induce the differentia-
tion of resident neural precursor towards the neuronal lineages. With
this work it was possible to show that HUCPVCs secretome is able to
modulate in vitro and in vivo neural/glial cell survival proliferation and
differentiation, a fact that may facilitate the future applications of these
cells in future CNS related therapies.

46.05
Human placenta mesenchymal cells after
intravenous transplantation into rats with
experimental ischemic stroke undergo homing in
brain neurogenic zones and enhance
neurogenesis
KN Yarygin, IV Kholodenko, RT Tairova, VV Burunova, LV Gubsky,
VN Yarygin and VI Skvortsova
Institute of Biomedical Chemistry, Russian Academy of Medical
Sciences, Russia; Russian State Medical University, Institute of
Pathology and Pathophysiology, Russian Academy of Medical
Science, Russia

We used magnetic resonance imaging (MRI), fluorescent microscopy,
and immunohistochemistry to study homing and further fate of human
placental MSC after intravenous transplantation into rats with experi-
mental stroke imitated by transient middle cerebral artery occlusion
(MCAO). MSC isolated from human placenta and labeled in vitro with
fluorescent magnetic microparticles were infused i.v. 24 h after the
operation. The fate of transplanted cells was monitored in vivo by MRI
and post mortem on histological slices. MSC transplantation signifi-
cantly reduced the volume of the ischemic lesion evaluated by MRI.
Some transplanted cells invaded brain and after 2–3 weeks concen-
trated around the infarction area and in brain neurogenic zones - the
dentate gyrus (DG) of hippocampus and subventricular zone (SVZ).
Six weeks after operation most of them could not be identified suggest-
ing that they either perished or lost the label. A tiny proportion of MSC
invading brain survived and expressed glial or neural markers. How-
ever, differentiating human cells failed to acquire astrocyte- or neuron-
like morphology. Human MSC transplantation further stimulated prolif-
eration of rat cells in SVZ, already enhanced by ischemia, and their
migration towards the infarction site. Favourable effects of human MSC
transplantation in rat MCAO model are likely to be at least partly asso-
ciated with their targeted migration to brain neurogenic zones and acti-
vation of endogenous neural and glial precursors.

46.P01
The influence of culture conditions on the growth
factor and cytokine expression of human bone
marrow-derived mesenchymal stromal cells
J Wappler, T Läufer, A Heidenreich and K Montzka
Department of Urology, RWTH Aachen University, Germany

Human mesenchymal stromal cells (hMSC) are of enormous interest
for various clinical applications. Besides the capacity to differentiate
into various tissues, the beneficial effect after direct or systemic applica-
tion is reported to be a paracrine effect. The aim of this study was to
investigate which influence the different culture conditions (medium,
serum, passage number, long-term storage) have on the growth factor
and cytokine expression of hMSC. Human MSC were isolated from
bone marrow and expanded in DMEM or Panserin 401 supplemented
with either 10% or 2% FBS. In the low serum culture conditions bFGF,
EGF, PDGF-BB and dexamethasone were additional supplemented as
previously described by our group. In this investigation two different
sera were applied. RNA was isolated after passage 1, 3 and 5 from

naive hMSC and from cultivated hMSC after long-term storage. Quanti-
tative RT-PCR was performed to investigate the different growth factor
and cytokine expression. The growth factor and cytokine expression of
each donor MSC was altered by all different culture conditions (med-
ium, serum, passage, long-term storage). Interestingly, no obvious
trend could be determined. The expression of the investigated marker
of each individual donor demonstrated enormous differences. The cul-
ture conditions of hMSC have an enormous impact on the individual
growth factor and cytokine expression. However, there is no obvious
trend detectable.

46.P02
Periodontal tissue regeneration with the stem
cells cultured conditioned media
K Takamasa, KWataru, I Takeharu and Y Ryoko,
O Masashi, H Hideharu and U Minoru
Department of Oral and Maxillofacial surgery, Nagoya University
Graduate School of Medicine, Japan

Introduction: Tissue regeneration using mesenchymal stem cell (MSC)
suffers from some problems such as high capital investment, expensive
cell culture, complicated safety and quality management issues regard-
ing cell handling. Recent studies of MSC transplantation revealed that
the implanted MSC did not survive for a long time and MSC secreted
many growth factors and chemokines during their cultivation. We
hypothesized that the conditioned media from MSC had osteogenic
and angiogenic potentials and investigated the effects of conditioned
media from MSC on periodontal tissue regeneration.
Material and methods: CM from human BMMSC (hBMMSC-CM) were
collected during their cultivation. Canine BMMSC (cBMMSC) and rat
BMMSC (rBMMSC) cultured in hBMMSC-CM were assessed from the
point of proliferation, migration and osteogenic activity. Periodontal
bone defects were prepared in the canine and rat models and the colla-
gen sponges or b-TCP with or without hBMMSC-CM were implanted to
the defects. Each defect was evaluated radiologically and histologically.
Results: Proliferation and migration of cBMMSCs and rBMMSCs on-
creased significantly in hBMMSC-CM. In vivo, bone and blood vessels
regenerated by hBMMSC-CMwere more prominent than the others.
Conclusions: The stem cell cultured conditioned media will be the alter-
native therapy in periodontal tissue regeneration.

46.P03
Trophic capability of adipose-derived stromal
vascular fraction cells for regenerative medicine
C Kim, C Shimoda and HJ Paek
Tissue Genesis Institute, LLC, USA

Regenerative properties and utilities of adipose-derived stromal vascu-
lar fraction (SVF) cells are being increasingly realized. A number of fac-
tors, including lipoaspiration, tissue location, collagenase, and isolation
techniques and apparatuses, can potentially affect the resultant SVF
cells’ composition and properties. Our study supports the widely recog-
nized trophic and differentiation capabilities of SVF cells using a cell-
based technological platform. SVF cells were isolated from human adi-
pose tissue using the fully automated Cell Isolation System� (Tissue
Genesis, Inc.). SVF cells were directly plated in 60-mm dishes and
grown to 90% confluency (day 0). Conditioned medium was collected
at days 2 (n = 15) and 4 (n = 15) to measure secreted angiogenic
and anti-apoptotic factors. SVF cells demonstrated continuous secretion
of vascular endothelial growth factor (2578 ± 726 to
4768 ± 1485 pg/106 cells), hepatocyte growth factor (793 ± 459 to
2762 ± 1108 pg/106 cells), and tissue inhibitor of metalloproteinases-
1 (3543 ± 1485 to 5727 ± 2619 pg/106 cells) and -2 (311 ± 93 to
624 ± 161 pg/106 cells) over days 2 and 4 (P < 0.0001). Stromal
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cell-derived factor-1 secretion was not sustained after day 2. DNA and
RNA were also isolated and are currently being evaluated for concomi-
tant gene expression and markers associated with pluripotency. Thus
far, we demonstrate sustained intrinsic secretion of trophic factors by
SVF cells over time, further implicating their integral role in regenera-
tive medicine.

46.P04
Human amniotic membrane derived soluble
factors: an immunomodulatory cocktail
D Rossi, S Pianta and O Parolini
Centro di Ricerca E. Menni-Fondazione Poliambulanza Istituto
Ospedaliero, Italy

Mesenchymal stromal cells (MSC), obtained from different sources,
have generated enormous interest for their potential application in
regenerative medicine due to their stem cell potential and immunologi-
cal features. Despite many studies have provided support for the immu-
noregulatory role of MSC, the exact mechanisms whereby this
immunomodulation occurs still remain to be fully elucidated. In this
study we aimed to identify the immunomodulatory soluble factors
released in culture by human amniotic mesenchymal tissue cells (hAM-
TC) and amnion membrane fragments (hAM). Conditioned medium
(CM) from hAMTC or hAM cultures was harvested at day 5. CM was
subsequently subjected to temperature changes, fractionation or de-
proteinization. Moreover we specifically inhibited the activity of IDO
(idoleamine 2,3-dioxygenase) and the production of PGs (prostaglan-
dins) during CM production. We demonstrate that CM from both hAM-
TC and hAM were able to inhibit in vitro lymphocyte proliferation. This
inhibitory effect seemed to be mediated by low molecular-weight, non-
protein, thermo-stable compounds. We showed that anti-TGF-b, IL-10
and HGF, and the IDO activity inhibitor were all unable to revert the
anti-proliferative effect of CM. On the contrary, the addition of COX
inhibitors and anti-IL-6 induced a partial reversal of this effect. In this
study we have shown that CM-hAMTC and CM-hAM effect partially
involves the activity of PGs and IL-6, but not that of IDO, NO, TGF-b,
IL-10 or HGF.

46.P05
Secretome from mononuclear cells confers
immunosuppression in a murine autoimmune
myocarditis model
K Hoetzenecker, M Zimmermann, T Schweiger, D Kollmann,
A Mitterbauer, P Birner, M Mildner, L Lichtenauer
and HJ Ankersmit
Christian Doppler Laboratory for Cardiac and Thoracic Diagnosis
and Regeneration, Austria

Although auto-immunity is thought to play a major role in the patho-
genesis of myocarditis, ‘‘classical’’ immunosuppression has not been
effective in treating patients suffering a post-infectious viral myocardi-
tis. However, a modification of the autoimmune response could possi-
bly lead to better results. We have recently shown that a high dose
application of paracrine factors obtained from mononuclear cells
(MNC) modulates the inflammatory response following myocardial
ischemia. In this subsequent study, we sought to determine immuno-
suppressive features of MNC secretome in a CD4+ cell dependent
model of murine myocarditis. Cell culture supernatants derived from
murine MNC were injected intraperitoneally after induction of autoim-
mune myocarditis with a cardiac myosin peptide homologue. The
inflammatory response was determined by histopathological evalua-
tions and by ELISA. Impact of MNC secretome on proliferation and cell
viability of T- cells was measured by FACS and histone release assays.
Treatment of EAM mice with a single high dose of MNC secretome

resulted in an attenuation of myocardial infiltrate (myocarditis score
2.7 ± 0.4 vs 0.01 ± 0.01; P = 0.002). We further evaluated the effect
of MNC secretome on JURKATcell line and purified human CD4+ cells.
Coincubation of MNC secretome with T-cells led to a caspase-9 depen-
dent induction of apoptosis. Our data give first evidence that secretome
obtained from MNC possess immunosuppressive features in an autoim-
mune myocarditis model.

46.P06
Conditioned media from bone marrow derived
mesenchymal stem cells and adipose derived
stem cells enhanced bone regeneration in rat
calvarial bone defects.
MOsugi, W Katagiri, R Yoshimi, T Inukai, T Kawai, H Hibi
and M Ueda
Department of Oral and Maxillofacial Surgery, Nagoya
University Graduate School of Medicine, Japan

Recently, it was reported that stem cells secrete many growth factors
and cytokines during their cultivation and that could affect on the cel-
lular characteristics and behavior. This study investigated the effect of
conditioned media from bone marrow derived mesenchymal stem cells
(BMMSC-CM) and adipose derived stem cells (ADSC-CM) on bone
regeneration in vitro, and in vivo.BMMSC-CM and ADSC-CM enhanced
the migration, proliferation and expression of osteogenetic marker
genes of rat MSC (rMSC). MSC-CM included several cytokines such as
VEGF. They have angiogenic potential which is almost equal to VEGF.
In vivo, a prepared bone defect of a rat calvarial model was implanted
in four different rat groups using one of the following graft materials:
BMMSC-CM/Collagen, ADSC-CM/Collagen, PBS/Collagen, and defect
only. Micro-CT and histological analysis indicated that the conditioned
media groups had a greater area of newly regenerated bone compared
with the other groups (P < 0.05). In vivo imaging and immunohisto-
chemical staining showed that migration of rMSCs to the bone defect
in the conditioned media groups were greater than in the other groups.
These results demonstrated that BMMSC-CM and ADSC-CM can regen-
erate bone through mobilization of endogenous stem cells and angio-
genesis. The use of conditioned media from stem cells for bone
regeneration will be a unique concept that utilizes paracrine factors of
stem cells without cell transplantation.

46.P07
Preliminary and first-in-human clinical study of
novel bone regenerative medicine using the
conditioned media from bone marrow derived
mesenchymal stem cells
W Katagiri, H Tateishi, M Osugi, R Shohara, T Inukai, T Kawai,
H Hibi, T Hirai and M Ueda
Nagoya University Graduate School of Medicine, Japan; Fujieda
Heisei Memorial Hospital, Japan

The growth factors and cytokines contained in the conditioned media
from bone marrow derived mesenchymal stem cells (MSC-CM) have
several effects on cell behavior. Our previous studies revealed that
MSC-CM enhanced bone regeneration through cell mobilization,
angiogenesis and osteogenesis in vitro and in vivo. The aim of this
study is to evaluate the safety and the effects of MSC-CM in clinical use
for bone regeneration. Commercially available human mesenchymal
stem cells were cultured in basal media and MSC-CM was prepared.
Sixteen patients (Twenty-six sites) who were diagnosed to need bone
augmentation procedure because of periodontitis, tooth extraction or
application of dental implants were treated with mixture of MSC-CM/
b-TCP or MSC-CM/collagen sponge after informed consents. The clini-
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cal and radiographic assessments were performed during the follow-up
period (at least 6 months). Histological assessments were also per-
formed in some cases. No systemic and local complications were
reported throughout the study. Radiographic assessment revealed early
and effective bone regeneration in seventeen sites (65.4%). Histologic
evaluation also showed early bone regeneration. Only one site showed
the resorption of the grafted material because of infection. This is a pre-
liminary and first-in-human clinical study of bone regeneration using
MSC-CM. MSC-CM seemed to have a great osteogenic potential for the
regenerative medicine of bone.

46.P08
Conditioned media obtained from human outer
root sheath follicular keratinocyte culture
increases the hair-inducing capacity of cultured
dermal cells
YK Sung and MH Lee
Department of Immunology, School of Medicine, Kyungpook
National University, Korea

The neogenesis of hair follicle through follicular cell implantation is a
key for the cell-based therapy for hair loss and is believed to greatly
depend on the ability to reproducibly expand hair-inductive dermal
cells in vitro. However, hair-inductive capacity of these cells is lost dur-
ing subculture. Recent studies showed that hair-inductive potential of
cultured dermal cells can be maintained by the addition of conditioned
media obtained from epidermal keratinocyte culture. In this study, we
investigated whether treatment of human outer root sheath follicular
keratinocyte conditioned media (FKCM) activates signaling pathways
that contribute to the maintenance of hair-inducing capacity (trichoge-
nicity) and increases the trichogenicity of cultured dermal cells. RT-
PCR analysis showed that expression of alkaline phosphatase (ALP), a
marker of the enhanced trichogenicity, was increased in the presence of
FKCM. Immunoblot showed that FKCM treatment activated BMP and
b-catenin signaling pathways and induced more hair follicles compared
with control cells in hair reconstitution assays. Altogether, our data
demonstrates that factors that promote trichogenicity of dermal cells

are contained in human FKCM and suggest that FKCM is of use for hair
regeneration research and may be applied for cell-based therapy for
hair loss.

46.P09
Real-time quantification of autologous artificial
connective tissue (AACT) secreted factors using a
surface plasmon resonance biosensor (SPR)
RE Bustos Cruz, JM González Carreño and MR Fontanilla Duque
National University of Colombia - Tissue Engineering Group,
Colombia

Introduction: Evaluation of proteins secreted by fibroblasts comprising
skin substitutes show that they are secreted in a way that promotes
wound healing. Yet, assessment of proteins secreted by oral fibroblasts
forming part of oral substitutes is scarce. We developed oral autologous
artificial connective tissue (AACT) and its profile of secreted factors at
the moment of grafting was done with an antibody-array system.
Although the array allowed the quantification of secreted factors, this
was a relative quantification. Based on biosensor technology here we
established a real time method to quantify AACT-fibroblast secreted
proteins. This direct single step analysis is sensitive, fast and specific
and requires no sample labeling.
Methods: For quantification a Surface Plasmon Resonance (SPR) bio-
sensor (BiaCore�) was used. A surface chip CM5 was used to immobi-
lize anti- fibroblast secreted factor monoclonal and polyclonal
antibodies used to capture the analytes. The activation of the surface
chip was made via-chemical coupling. The best electrostatic interaction
between antibodies and the chip surface was determined using Sodium
Acetate buffer. Thereafter, factors specific for each immobilized anti-
body were injected at different concentrations to obtain the standard
curves where FI of secreted factors were interpolated for quantifica-
tion.
Results: Three sequential pre-concentration assays allowed obtaining
the specific conditions of pre-concentration, immobilization.
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47. Mechanism on Stem Cell Action (in coop. REMEDIC)

47.01
Keynote: Progenitor and non-progenitor functions
of MSCs: mechanisms and contexts
P Bianco
Sapienza University of Rome, Italy

Cells referred to a MSCs (skeletal stem cells) play a dual set of func-
tions, both of which are revealed by in vivo transplantation assays: in
organs generated by in vivo transplantation, they represent self-renew-
ing and multipotent progenitors of all skeletal tissues, and at the same
time the organizers of non-skeletal host tissues (hematopoietic and vas-
cular). This dual function makes MSCs unique among all cells that are
currently called stem cells. Both arms of this dual function can be har-
nessed for therapies, some of which are traditionally envisioned (regen-
eration of bone and cartilage) while others emerge as the non-
progenitor functions of MSCs are more clearly recognized. The ‘niche’
effect exerted by MSCs on hematopoietic stem cells can now be accu-
rately modeled in vivo with human cells, and dissected in some detail
via ad hoc systems for in vivo transplantation that eliminate the need
for exogenous scaffolding, and murine models. These systems reveal,
through experimental modeling, unexpected links between the progen-
itor and non-progenitor functions of MSCs, and within the lineage sys-
tem. While progress is made in understanding the stem cell biology of
a unique system (with features that single it out from other well known
systems such as hematopoiesis or epithelia), the predominant approach
to translation mostly focuses on non-progenitor functions, but drifts
away from the notion of stem cells or regenerative medicine.
Intravenous infusion of (rapidly cleared) M

47.02
Keynote: Skeletal tissue engineering:
development of combination products
F Luyten
Prometheus, Division of Skeletal Tissue Engineering, Belgium

The clinical impact of (stem) cell based combination products is still
limited. The complexity of ‘living’ implants requires more work includ-
ing the development of robust manufacturing methods. Also, in depth
studies are needed on the mechanisms by which these implants may
contribute to tissue repair. In an effort to optimize bone healing, we
have been exploring implants using periosteal cell populations. We
have found that these cells not only contribute through their osteo/
chondrogenic potential, but that they also display pro-angiogenic fea-

tures and may contribute to tissue remodeling by affecting osteoclasto-
genesis. We have found that the survival and function of periosteal
cells relies on timely interactions with blood vessels from the nearby
muscle, which re-emphasizes the importance of the local environment.
We have further investigated the rational selection of calcium phos-
phate (CaP) containing materials, based on biomaterial properties, and
evaluation of their bone formation capacity. We found that the cell-
material combinations behave quite differently in vivo, despite appar-
ent in vitro similarities. Microarray studies with a variety of analysis
approaches such as principal component analysis, gene clustering and
osteogenic network analysis provided input on the factors/pathways
critical in driving the in vivo bone formation processes. In conclusion,
more rational approaches for tissue repair will hopefully lead to more
predictable clinical outcomes.

47.03
Keynote: Immunomodulation by mesenchymal
stem cells
K Le Blanc
Karolinska Institutet, Sweden

Mesenchymal Stromal Cells (MSCs) are non-hematopoietic progenitor
cells found in the bone marrow and many other tissues. In vitro and
in vivo, the cells differentiate into adipocytes, chondrocytes and osteo-
cytes after appropriate induction. Both undifferentiated and MSCs
induced to differentiate, have immune-modulatory properites and pro-
mote peripheral tolerance. In vitro and in vivo in experimental animal
models, MSCs suppress alloreactive donor anti-host T-cell responses.
MSCs also prevent the maturation of monocytes to first immature
dendritic cells (DCs) and next mature myeloid DCs that support T-cell
alloresponses. Instead, MSCs re-polarise pro-inflammatory DCs into
tolerogenic IL-10+ DCs that together with other effects promote T-cell
anergy and Treg induction. Interferon induces MSC to produce indeol-
amine 2,3 dioxygenase, prostaglandin E2 and other factors that are
believed to mediate these effects. Many questions remain to be
answered before MSCs can be established as an immunomodulatory
treatment. Efficacy of the cells needs to be established in clinical
trials. This is particularly true since no efficacy marker has been
established that predicts the clinical outcome of patients treated
with MSCs. So far, data indicates low infusional toxicity. Response
rates in the literature indicate that MSCs are a promising tool for
immunomodulation.
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48. Gene Transfer Approaches in Tissue Engineering

48.01
Keynote: Combinatorial development of
biomaterials and synthetic siRNA delivery
systems
DG Anderson
Massachusetts Institute of Technology, USA

High throughput, combinatorial approaches have revolutionized small
molecule drug discovery. Here we describe our work on high through-
put methods for developing and characterizing biomaterials, and in
particular siRNA delivery systems. Libraries of nanoparticles, degrad-
able polymers and lipid-like materials have been synthesized, formu-
lated and screened for their ability to deliver siRNA, both in vitro and
in vivo. A number of siRNA delivery formulations have been developed
with in vivo efficacy, and show potential therapeutic application for the
treatment of genetic disease, viral infection, and cancer.

48.02
Keynote: Ultrasound-mediated gene delivery:
Potential and current limitations
A McHale
Dept. of Pharmacy and Pharmaceutical Sciences, University of
Ulster, UK

Ultrasound-mediated gene transfer is emerging as a practical alterna-
tive to other gene transfer modalities. Using ultrasound as a stimulus
for gene transfer/delivery is attractive from a variety of perspectives
including its non-invasive nature and its ability to stimulate biological
events with a high degree of both three dimensional spatial and tempo-
ral control. In exploiting ultrasound for the purposes of gene delivery,
these attributes offer unique benefits enabling the extracorporeal stim-
ulation of gene transfer in a variety of environments. Although ultra-
sound alone can be employed to stimulate gene transfer, it is
significantly enhanced in the presence of exogenously-added microbub-
bles. Comprising a variety of shell-based materials and gas cores, these
agents afford an extra level of control from a gene delivery perspective.
In this presentation the potential advantages and current limitations
associated with the use of ultrasound as a gene transfer/delivery stimu-
lus will be reviewed.

48.03
A simple and efficient 3D cyclised ‘Knot’ polymer
structure for nonviral gene delivery
B Newland, Y Zheng, J Yao, M Abu Rub, H Cao, WWang
and A Pandit
Network of Excellence for Funtional Biomaterials (NFB),
National University of Ireland, Ireland

Since the polyamidoamine dendrimer (PAMAM) demonstrated that its
3D hyperbranched structure could facilitate effective transfection,
much effort has been turned to the preparation of branched versions of
common transfection agents. Herein, we report the design and synthe-
sis of new 3D ‘Single Cyclized’ polymeric gene vectors with well-
defined compositions and functionalities via a one-step synthesis from
readily available multi-vinyl monomers. The cyclization agent ethylene

glycol dimethacrylate was used at 10% of monomer mixture, usually
impossible due to insoluble gel formation were it not for the use of the
highly controllable Deactivation Enhanced – ATRP synthesis method.
This allowed single growing chains with PEG and a cationic monomer
to crosslink within themselves forming a new structure for a transfec-
tion agent. This structure of cyclizing chains offers a different pattern
of interaction between the polymer and plasmid DNA, and leads to a
general profile of higher transfection capability (over 6 cell types) than
SuperFect� (partially degraded PAMAM). By adjusting the monomer
ratio of PEG, lower toxicity is also achieved, thus rendering the cyclised
knot a more attractive alternative to the PAMAM dendrimer.
Acknowledgement: SFI, Strategic Research Cluster (SRC) (grant number
07/SRC/B1163).

48.04
Non-viral sonoporation gene therapy for
orthotopic bone regeneration
G Feichtinger, S Schuetzenberger, A Hofmann, P Slezak, M Kaipel,
E Schwartz, S Pfeifer, KWassermann, M van Griensven, T Nau,
A McHale and H Redl
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, AUVA Research Center, Austrian Cluster for Tissue
Regeneration, European Institute of Excellence on Tissue
Engineering and Regenerative Medicine Research (Expertissues
EEIG), Austria;Computational Imaging and Radiology Lab,
Department of Radiodiagnostics, Medical University of Vienna,
Austria;School of Biomedical Sciences, University of Ulster, UK

Sonoporative gene transfer, a minimally invasive non-viral gene trans-
fer method, has been shown to trigger expression of plasmid vectors in
vivo. The combination of Bone Morphogenetic Protein 2 and Bone Mor-
phogenetic Protein 7 in a co-expression strategy has been proven highly
osteoinductive. Therefore, the aim of this study was to design and test
BMP2/BMP7 co-expression plasmids for their regenerative potential in
in vivo models. BMP2 and BMP7 were cloned into a constitutive
expression plasmid and an inducible TetON system for co-expression.
Induction of osteogeneic differentiation was tested in vitro in C2C12
cells with an osteocalcin specific reporter system and standard meth-
ods. Subsequently, the plasmids were administered in an ectopic mouse
model and 3 days post fracture in a rat femur non-union model, using
sonoporation. Animals received five treatments on five subsequent
days. Controls received luciferase plasmid, which allowed monitoring
of gene transfer efficacy & localization via bioluminescence imaging.
All animals were imaged using an in vivo lCTon days 28 and 56. Bio-
luminescence showed strong luciferase expression after sonoporation.
lCT images showed ectopic bone formation in muscle and enhanced
bone volume in critical size femur defects. Therefore, we conclude, that
sonoporative gene transfer is an effective non-viral method to mediate
transient transgene expression in ectopic and orthotopic settings and to
improve bone regeneration in orthotopic settings.
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48.05
Efficacy of TissueGene-C (TG-C), a cell mediated
gene therapy, in patients with osteoarthritis:
A phase IIa clinical study
CW Ha, KH Lee, BS Lee, SH Park, JJ Cho, TW Kim, MJ Noh and
MC Lee
Kolon Life Sciences, Korea; Samsung Medical Center, Korea;
TissueGene Inc, Korea; Seoul National University Hospital, Korea

TG-C is a gene-modified cellular therapy for the treatment of knee
osteoarthritis (OA). TG-C contains normal (hChonJ) and transduced
(hChonJb#7) human chondrocytes transduced with a TGF-b1 gene-
containing retroviral vector at a 3:1 ratio. In a Phase I study no severe
adverse events (SAEs) and dose limiting toxicity were observed up to
the dose level of 3 · 10e7 cells/knee. The current study was a random-
ized, single blind phase IIa trial conducted to determine both the safety
and efficacy of TG-C in patients with OA. Participants (n = 27) with a
confirmed diagnosis of OA by MRI were randomized to either
0.6 · 10e7 cells/knee (low dose, n = 13) or 1.8 · 10e7 cells/knee
(high dose, n = 14) of TG-C treatment.TG-C significantly improved
IKDC, WOMAC, and 100 mm VAS scores. Low and high doses of TG-C
treatment showed significant improvement in total IKDC score by 33%
(from 44.9 ± 7.8 to 59.93 ± 10.5, P < 0.001) and by 25% (from
49.9 2 ± 9.5 to 62.48 ± 9.7, P < 0.001), WOMAC scores by 45%
(from 31.92 ± 8.4 to 17.43 ± 8.2, P < 0.001) and by 41% (from
30.00 ± 9.5 to 17.79 ± 9.7), and 100 mm VAS scores from by 47%
(51.07 ± 13.4 to 26.50 ± 14) and by 45% (from 50.77 ± 13.3 to
28.14 ± 11.2), respectively, at 6 month post treatment. No serious
adverse events (SAEs) were observed in either treatment group. Over-
all, the current Phase IIa study indicated that TG-C improved three
evaluation criteria for pain, sports activities, and quality of daily life in
patients with OA without producing any serious adverse effects.

48.P01
Surface-modified microbubbles and their use in
ultrasound-mediated gene transfer
N Nomikou and A McHale
Sonidel Ltd., Ireland; University of Ulster, UK

It has been strongly suggested that ultrasound presents a very attrac-
tive means of facilitating non-invasive, site-specific gene transfer. In an
ultrasonic field microbubbles enhance the formation of transient pores
in cell membranes (sonoporation) and this can be used to facilitate
intracellular delivery of macromolecules such as nucleic acids. It has
previously been shown that the spatial proximity between the micro-
bubble, the cell surface and the nucleic acid, in the presence of an
ultrasonic field, plays an important role in promoting sonoporation
events and achieving efficient gene transfer. Here we describe the effect
of cationic surface charge and the presence of biotin on ultrasound-
mediated gene transfer into RIF1 target cells, in vitro. Microbubble
reagents (neutral, cationic and biotinylated cationic surface) were pro-
vided by SONIDEL Ltd. The plasmid pCMV-Luc was used as a reporter
of gene transfer and luciferase expression was detected using biolumi-
nescent imaging. Ultrasound treatment was performed using a SONI-
DEL SP100 sonoporator (1 MHz). The results demonstrate that
cationic charge and the presence of biotin on the surface of the micro-
bubbles significantly enhance the interaction of these reagents with
plasmid DNA and the cell membrane. This, in turn, promotes ultra-
sound-mediated gene transfer and the data suggest that this approach
might find application in areas such as non-invasively promoting gene
transfer for the purposes of tissue regeneration.

48.P02
Ultrasound mediated gene transfer for
therapeutic angiogenesis-proof of concept with
luciferase
A Hofmann, R Mittermayr, H Redl, M Van Griensven and
G Feichtinger
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, AUVA Research Center, Austrian Cluster for Tissue
Regeneration, European Institute of Excellence on Tissue
Engineering and Regenerative Medicine Research (Expertissues
EEIG), Austria

Peripheral vascular diseases are often accompanied by delayed wound
healing. Therefore local delivery of growth factors, e.g.Vascular Endo-
thelial Growth Factor-A (VEGF-A) and Platelet Derived Growth Factor-
B (PDGF-B) offers a promising therapeutic possibility. Ultrasound medi-
ated non-viral gene therapy (Sonoporation) is an alternative simple
and minimal invasive method for temporary gene expression. The aim
of the study was to optimize a Sonoporation protocol to improve angio-
genesis in a murine ischemic hind limb model. Non-viral plasmids were
injected intramusculary into mouse hind limb muscle and percutane-
ously sonoporated. Transfection efficacy and expression kinetics using
different concentrations of luciferase encoding plasmid (20, 80 and
120 lg +microbubbles) were investigated. No microbubbles and sono-
poration served as controls. Bioluminescence signals were measured to
evaluate optimized DNA amounts. Sonoporation was effective irrespec-
tive of dosing. However, differences were obtained when comparing
plasmids + microbubbles + sonoporation versus controls. In controls,
luminescence signals could only be detected up to 3–7 days. In con-
trast, plasmid transfection via sonoporation assisted by microbubbles
showed luminescence signals up to 28 days. In vivo transfection with
sonoporation is effective when plasmids are combined with microbub-
bles. The maximum observed protein expression is 28 days. This time
frame is optimal to induce angiogenesis by VEGF-A and PDGF plasmid
therapy.

48.P03
The use of multicellular tumor spheroids (MCTS)
as in vitro model for electrogene therapy
optimization
L Gibot, L Chopinet-Mayeux and MP Rols
Institute of Pharmacology and Structural Biology (IPBS), CNRS
(UMR 5089)-Université Paul Sabatier, France

Cell membrane can be transiently permeabilized under application of
electric pulses. This process is actually clinically used to introduce small
anticancer drugs into solid tumors as well as gene in tissues (Rols,. Curr
Gene Ther, 2010). To be effective, electrogene therapy (EGT) requires
the optimization of electrical parameters of the applied voltage such as
electric field strength, pulse width and pulse frequency. Because MCTS
display nutrient, oxygen and signal gradients, cell-cell contacts as well
as cell-extracellular matrix interactions, we propose to use them to in
vitro optimize EGTelectrical parameters (Chopinet et al.,. Int J Pharm,
2011). Electrotransfection was performed at different intensities (from
300 to 600 V/cm) by applying 4 to 10 pulses of 5 ms duration at 1 Hz
frequency. A secure and efficient electrogene transfert lays on a com-
promise between cell viability and gene expression. GFP-gene expres-
sion and cell viability were directly detected with a fluorescence
microscope in fresh MCTS made of human HCT-116 cells and quanti-
fied by flow cytometry after enzymatic dissociation. Preliminary results
show that 500 V/cm electric fields, 6 to 8 pulses of 5 ms duration at
1 Hz frequency induce a good compromise between cell viability and
gene expression in MCTS. Our aim is now to confirm and test EGTcon-
ditions onto a more complex MCTS model including stromal and endo-
thelial cells to better mimic in vivo tumor microenvironment.
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48.P04
A unique bioluminescent prostate cancer mouse
model for the evaluation of stem-cell based gene
therapy
JH Suurbach, EM McGowan, A Simpson, N Tran and
R Martiniello-Wilks
Translational Cancer Research Group, Medical & Molecular
Biosciences, Faculty of Science, University of Technology Sydney,
Australia

Most prostate cancer (PCa) related deaths result frommetastases. Bone
marrow derived mesenchymal stem cells (BMSC) show promise as
therapeutic gene transfer vehicles due to their ability to home to
tumour sites anywhere in the body while evading degradation by the
immune system. BMSCs can be genetically modified with therapeutic
gene(s) ex vivo to deliver its therapeutic payload on re-introduction
into the donor. Understanding BMSC behaviour in the context of the
tumour environment in a living body is essential for the successful
development of novel cell therapies. This study describes the use of a
unique, syngeneic C57BL/6 model of PCa. Sequential Lumina II biolu-
minescence full body imaging (BLI; Caliper/ Thermo Scientific) was
used to quantify: therapeutic gene and/or firefly luciferase modified
BMSC (BMSC-fl) homing to PCa; renilla luciferase modified RM1
(RM1-rl) pseudometastases growth in albino C57BL/6 male mice.
BMSC therapeutic genes included in this study are the yeast cytosine
deaminase and uracil phosphoribosyltransferase fusion suicide gene or
interleukin-24. RM1-rl cells injected subcutaneously or intravenously
formed solid and measurable subcutaneous tumours and lung pseu-
dometastases respectively. We showed light reactions produced by
BMSC-fl substrate D-luciferin and RM1-rl substrate coelentrazine were
transient and did not cross-react in vitro or in vivo. BLI and survival
studies confirming therapeutic BMSC killing of PCa in vivo will be dis-
cussed.

48.P05
Development of disulfide-modified hyaluronan
graft polyethyleneimine nanocarrier for gene
transfection
PH Yeh, HC Wu, JS Sun and TWWang
Department of Materials Science and Engineering, National Tsing
Hua University, Taiwan;Department of Materials Engineering,
Tatung University, Taiwan;Department of Orthopedic Surgery,
National Taiwan University Hospital Hsin-Chu Branch, Taiwan

In this study, a novel thiolated hyaluronic acid (HA)- polyethylenimine
(PEI) copolymer with environmental sensitive functional group was
synthesized, characterized and examined as a potential non-viral gene
vector. The physical and chemical properties of fabricated gene carrier
were analyzed via 1H NMR and FT-IR for the demonstration of cross-
linking of HA with PEI. TNBS assay and Ellman’s reagent were con-
ducted for the verification of disulfide bond (s-s) formation. The
particle size and morphology were investigated by dynamic light scat-
tering, zeta potential and transmission electron microscopy, respec-
tively. The ability of HA-ss-PEI to complex with plasmid DNA was
observed by gel electrophoresis. Fluorescent microscopy and ELISA
spectroscopy was utilized to examine transfection efficiency and pro-
tein expression level of therapeutic pDNA. From the results, a novel
environmental sensitive gene delivery nanocarrier has been success-
fully synthesized. HA-ss-PEI (+23.9 mV) complexed with negatively
charged plasmid DNA can be achieved via electrostatic attraction to
form a stable spherical nanoparticle of 100 nm in diameter. The nano-
carrier could successfully complex with pDNA in the N/P ratio above 3
and transfect stem cells to produce specific protein for therapeutic pur-
poses. In brief, the environmental sensitive HA-ss-PEI nanoparticles can

be used as a promising non-viral gene carrier for therapeutic gene ther-
apy in biomedical applications.

48.P06
Towards inhibition of fibrotic encapsulation of
implants using siRNA nanoparticles
H Hartmann, S Vollmer, H Oliveira, A Pêgo and B Schlosshauer
NMI Natural and Medical Sciences Institute Reutlingen,
Germany;INEB Porto, Portugal;NEB Porto, Portugal

Introduction:We aim to use siRNA to inhibit undesired fibrotic encapsu-
lation of implants by down-regulating cellular collagen secretion. Inhi-
bition of fibrotic encapsulation can, among other things, be important
for accurate performance of implanted biosensors.
Materials and methods: To overcome extracellular and intracellular bar-
riers that restrict therapeutic application of siRNA, we utilize chitosan
as a biomaterial carrier. Subjects of our work are electrostatic binding
of siRNA to the biomaterial and characterisation of the resulting nano-
particles using photon correlation spectroscopy. Furthermore, in cell
culture we analyse particle uptake, subsequent gene knockdown and
collagen synthesis.
Results: Fibrosis is characterised by enhanced synthesis and unorga-
nized aggregation of collagen. In cell culture experiments we are able
to effectively down-regulate a gene important for collagen secretion
and to modify collagen secretion. Usage of chitosan in certain ratio to
siRNA allows the formation of small particles with size in the nanome-
ter range and positive zeta potential. Moreover, these particles are effi-
ciently taken up into fibroblasts and produce a significant reduction of
the targeted gene.
Conclusion: Our results highlight the potential of chitosan/siRNA nano-
particles to inhibit a fundamental fibrotic pathway. Our aim for the
future is to use siRNA nanoparticles to biologically functionalise
implants for different medical applications.

48.P07
Potential of bioengineered cell sheets prepared
with lentivirally transduced adipose tissue-
derived stem/stromal cells for hemophilia B
therapy
I Shim, K Ohashi , N Watanabe, K Tatsumi, Y Kashiwakura,
T Ohmori, Y Sakata, M Inoue and T Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University (TWIns), Japan;Research Division of
Cell and Molecular Medicine, Center for Molecular Medicine,
Jichi Medical University School of Medicine, Japan; DNAVEC
Corporation, Japan

Hemophilia B is an inherited bleeding disorder caused by the deficiency
of Factor IX (FIX), a functional clotting factor. Gene transduced cells
are considered to be a useful tool in establishing cell-based gene thera-
pies for diseases with monogenic plasma protein deficiencies. Patient-
derived adipose tissue-derived stem/stromal cells (ADSCs) are an
attractive cell sources. This study explored the potential of mouse ADS-
Cs (mADSCs) for human FIX (hFIX) gene transduction with a self-inac-
tivating lentivirus simian immunodeficiency virus (SIV) vector in vitro
and their ability to produce and secrete biologically active hFIX. The
optimal SIV-vector dose for mADSCs transduction was determined by
their transduction efficiency and the production level of hFIX. Although
the hFIX production levels showed a slight decrease in the first week,
sustained production levels were observed for 4 weeks. For establishing
a tissue engineering-based treatment modality with hFIX transduced
ADSCs, a method to create a contiguous cell sheet format was investi-
gated. Transplantation of hFIX-transduced ADSC sheets was found to

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

288 48. Gene Transfer Approaches in Tissue Engineering



be successfully engrafted in the subcutaneous space, resulting in a
detection of hFIX in the recipient’s plasma. The present study showed
that a combination of SIV-mediated gene transduction and cell sheet
tissue engineering technology was able to establish a valuable cell and
gene-based therapy utilizing autologous ADSCs for individuals with
hemophilia B.

48.P08
Cellular and genetic medicines advancing the
treatment of prostate cancer
R Martiniello-Wilks, JH Suurbach, N Tran, EM Mcgowan,
A Simpson, SR Larsen and PJ Russell
Translational Cancer Research Group, Medical & Molecular
Biosciences, Faculty of Science, University of Technology Sydney,
Australia

While early prostate cancer (PCa) can be cured with surgery, metastatic
disease is incurable. Suicide gene therapy (SGT) is feasible for the

prostate which is a non-essential organ for life. SGT involves the trans-
fer of a non-mammalian suicide gene directly into the prostate render-
ing PCa sensitive to killing by systemically administered non-toxic
prodrug. SGTshows several advantages: prodrug activation in the pros-
tate avoids systemic toxicity; the toxin readily diffuses across cell mem-
branes killing local bystander PCa cells that do not express the suicide
gene; stimulation of immune cells providing PCa metastases killing
(distant bystander effect). We are currently exploring two novel SGT
delivery methods. The first utilises a sheep atadenovirus delivery of a
bacterial purine nucleoside phosphorylase gene and prodrug fludara-
bine phosphate (FP253; PCTAU03/00381). FP253 has been registered
for a Phase I clinical trial (NCT00625430/ClinicalTrials.gov). We are
now successfully engineering bone marrow-derived stem cells (BMSC)
to deliver yeast cytosine deaminase uracil phosphoribosyltransferase
fusion gene to metastatic PCa in the presence of prodrug 5-fluorocyto-
sine. BMSC have attracted much attention as cellular gene vehicles due
to their: ability to seek out cancer in the body; autologous or allogeneic
transplantation as they overcome issues of host immunity and the abil-
ity to avoid degradation by the immune system, a major limitation of
most current gene delivery methods.
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49. Gene Transfer Approaches in Tissue Engineering II and Gene
Activated Matrices

49.01
Keynote: Healing bones with gene activated
matrices and other genetic strategies
C Evans
Center for Advanced Orthopaedic Studies, Beth Israel Deaconess
Medical Center, Harvard Medical School, USA

It is widely appreciated that gene transfer offers much potential as a
means of promoting bone healing, but there is no consensus as to
which gene delivery strategies are best suited for individual applica-
tions. Four different approaches are represented in the literature. Two
are in vivo and two are ex vivo. The in vivo strategies include the use of
Gene Activated Matrices and the direct injection of vectors into the site
where bone needs to be generated. Traditional ex vivo methods require
the harvest and expansion of autologous cells, which are genetically
modified and returned to the individual. Expedited ex vivo methods
aim to simplify this by accomplishing the tissue harvest, genetically
modification and reimplantation in a single sitting. Both viral and non-
viral vectors have been used for these purposes, with successes noted
in many small animal studies and a few large animal studies. Despite
the promising pre-clinical data, no human clinical trials have yet
started.

49.02
Controlling drug release spatially and temporally
in scaffolds
MØ Andersen, JV Nygaard, DQ Le, J Burns, MK Raarup, M Chen,
K Howard, C Bünger, M Kassem and J Kjems
iNANO, Aarhus University, Denmark; Department of
Endocrinology and Metabolism, University of Southern Denmark;
Stereology and Electron Microscopy Laboratory and MIND
Center, Aarhus University; Orthopaedic Research Laboratory,
Aarhus University, Denmark

Most organs and body parts consist of multiple cell types arranged in
discrete spatial geometries. The generation of each of these cell types is
in turn controlled by numerous factors, such as proteins and RNA,
which are active during specific timed phases. Successful engineering
of complex tissues requires the development of methods that recapitu-
lates this spatial and temporal information. We pursue this by function-
alizing porous tissue engineering scaffolds with drug delivery systems.
By changing various parameters in the scaffolds and delivery systems it
is possible to construct composites that deliver these drugs in specific
areas at specific time points. To gain temporal control, we have, for
example, devised different encapsulation and incorporation techniques
that allow proteins to be released from scaffolds at different rates. Fur-
thermore, we have investigated how properties such as scaffold surface
area, hydrophilicity and drug bonding influence the release of adsorbed
protein and RNA from scaffolds. For imparting spatial information we
have developed scaffolds that can retain different RNA containing
nanoparticles in discrete locations and through theseguide the develop-
ment of different tissue types in those locations. We also demonstrate
how it is possible, using co-printing of implant and drugs, to replicate
the structure seen on a CT-scan in a scaffold containing different nano-
particles in areas with soft and hard tissue.

49.03
Development of a gene-activated matrix for
enhanced bone tissue regeneration combining
dual angiogenic and osteogenic non-viral gene
delivery
EG Tierney, CM Curtin, SA Cryan, GP Duffy and FJ O’Brien
Royal College of Surgeons in Ireland, Ireland; Royal College of
Surgeons in Ireland, Ireland

Gene-activated matrices (GAMs) have shown potential in localised
gene delivery resulting in bone tissue regeneration. The potential of
using a collagen-nanohydroxyapatite (Coll-nHa) scaffold developed in
our laboratory as a GAM suitable for bone tissue engineering is
explored within. Furthermore, the possibility of combining two non-
viral vectors containing an angiogenic (angio gene) and an osteogenic
gene (osteo gene) in the GAM is investigated. (Due to I.P. constraints
these vectors and genes cannot be disclosed until September.) Firstly,
the transfection parameters of two vectors were optimised using green
fluorescent protein and luciferase in monolayer MSCs and assessed
using flow cytometry and a LumiFlex GLuc Assay kit respectively.
Monolayer osteogenesis and angiogenesis assays were performed with
each vector and gene. Vector A was observed to be suitable for delivery
of the angio gene while Vector B was apt for osteo gene transfection.
Coll-nHA scaffolds were loaded with vector-gene complexes as follows:
Vector A both genes; Vector B both genes; Vector 1-Angio Gene/Vector
B-Osteo Gene (Mix GAM). These GAMs were seeded with MSCs and
cultured in osteogenic media. Calcium quantification, lCTanalysis and
alizarin red staining revealed that the Mix GAM had superior osteo-
genic capabilities compared to controls and all other GAMs. Incorporat-
ing two different vectors allows us to harness the synergism of an
osteogenic and an angiogenic gene to mimic natural bone healing.

49.04
Gene silencing of chordin in combination with
supplementation of BMP-2 has positive effects on
osteogenic differentiation of human adipose
tissue derived stem cells (hADSC)
H Schneider, B Sedaghati, D Huster, MC Hacker and
M Schulz-Siegmund
University of Leipzig, Pharmaceutical Technology, Germany;
Biophysics, Germany

Introduction: Although BMP-2 is known to potently induce osteogenic
differentiation of human mesenchymal stem cells, strong individual dif-
ferences have been reported. In part, this is due to internal antagonists
against BMP-2 e.g. noggin and chordin, secreted by differentiating
cells. We hypothesized that osteogenic effects of BMP-2 can be
improved by transient non-viral gene silencing of chordin.
Methods: hADSCs were isolated from lipoaspirates of different donors.
Cells of passage 4 to 5 were transfected with siRNA against chordin
and noggin using a commercial liposomal transfection agent. Subse-
quently, cells received BMP-2 in a dose of 100 ng/ml. Osteogenic differ-
entiation of hADSC was determined by normalized alkaline phosphase
(ALP) activity and matrix mineralization.
Results: ALP activity of hADSC treated with siRNA against chordin
showed increased ALP activity for every donor tested. In contrast,
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silencing of noggin increased ALP in some donors only. In combination
with BMP-2, silencing of either chordin or noggin showed strongly
improved ALP activity compared to the scambled control group that
was also supplemented with BMP-2. Mineralization was observed to
start earlier in groups that received siRNA against chordin or noggin
and showed increased amounts of incorporated Calcium on day 16
compared to the control groups. Improved effects of chordin compared
to noggin silencing may be due to an up-regulation of BMP-2 expres-
sion in the chordin group only.

49.05
Fibrin mediated proangiogenic and secretory
control gene therapy for compromised wound
healing
M Kulkarni, A O’Loughlin, R Vazquez-Martinez, K Mashayekhi,
U Greiser, E O’Toole, T O’Brien, M Malagon and A Pandit
Network of Excellence for Functional Biomaterials, National
University of Ireland, Ireland; Regenerative Medicine Institute,
Ireland; Dept. Cell Biology, Physiology and Immunology, IMIBIC,
University of Cordoba, CIBERobn, Spain; Centre for Cutaneous
Research, Barts and the London School of Medicine and Dentistry,
Queen Mary University of London, UK

Diabetic patients are susceptible to chronic ulcers especially on lower
extremities. Despite rigorous treatment, success has been modest in
reducing the rate of amputations. Hyperglycemia is an important pre-
disposing factor. Here, the objective was to unleash the pathological
disarray at molecular level by studying the effects of hyperglycemia on
wounded keratinocytes and subsequently to develop a controlled deliv-
ery system capable of delivering multiple therapeutic genes. The micro-
array data analysis on the wounded keratinocytes under hyperglycemic
vs normoglycemic culture conditions revealed a profound differential
gene regulation, with a number of up- and down-regulated genes. The
secretory control molecule Rab18, found to be significantly downregu-
lated, was chosen as therapeutic gene, considering hyper-secretion of
pro-inflammatory cytokines and proteolytic enzymes in diabetic wound
healing. eNOS was chosen as proangiogenic gene, considering reduced
angiogenesis in diabetic wound healing. With eNOS in fibrin gel and
Rab18 in fibrin microspheres embedded in fibrin gel, the Rab18-eNOS
loaded fibrin-in-fibrin system was investigated in alloxan induced
hyperglycemic rabbit ear ulcer model. Rab18-eNOS treated group
showed significantly higher percent wound closure at day 14 post-
wounding with reduced inflammatory cell infiltrate and more func-
tional angiogenesis. Thus, fibrin mediated delivery of Rab18-eNOS is a
promising therapy towards normalization of diabetic wound healing.

49.P01
Gene transfection using PLL-PRP conjugates
binding to protein based physical hydrogels
T Kimura, X Wen, K Nam, S Hielshorn and A Kishida
Inst Biomater Bioeng, Tokyo Med Dent Univiversity, Japan;
Materials Science and Engineering, Stanford University, USA

Recently, the neural stem cell transplantation to the diseased site is
focused as a novel therapy for neural disease, such as Huntington’s,
and Parkinson’s. The viability of the transplanted cells is one of impor-
tant key factors to succeed in the treatment. We have proposed that
two-component protein-based hydrogel system that can self-assemble
under constant physiological conditions helps cell viability during
transplantation procedures by protecting the cells from shear stress dur-
ing injection. In the present study, we have proposed that the addition
of plasmid DNA, which encodes functional proteins such as neural
growth factor, to this hydrogel system enhances neural regeneration

and have synthesized poly-L-lysine (PLL) conjugated with proline-rich
peptide (PRP) that binds to one of the two components (WW domains)
of the hydrogel. The �-amino moiety of PLL was modified with PRP
through disulfide binding. The modification ratio of PRP to PLL was
varied from 1% to 5%. The obtained PLL-PRP conjugates were mixed
with plasmid DNA or polypeptide having WW domains. The complex
formation of PLL-PRP and plasmid DNA was confirmed by an agarose
gel electrophoresis. Also, the complex of PLL-PRP and plasmid DNA
could transfect to various cells. The binding of PLL-PRP and WW poly-
peptide was also achieved. From these results, it suggests that PLL-PRP
could be applicable to this two components hydrogel system as gene
carrier.

49.P02
Biodegradable and cationic polymer coupled with
minicircle COL7A1 for the corrective gene therapy
of recessive dystrophic epidermolysis bullosa
A Aied, E Murauer, X Hu, L Cutlar, Y Zheng, A Pandit
and WWang
National University of Ireland, Ireland; Paracelsus Medical
University, Austria

Introduction: Recessive dystrophic epidermolysis bullosa is an inherited
disease characterized by severe blistering of the skin after mild trauma
caused by a missing anchoring protein called collagen type VII (gene:
COL7A1). Here we aim to provide corrective gene therapy of RDEB
using a cationic polymer to reintroduce the COL7A1 sequence (in the
form of miniature plasmid known as minicircle, MC-COL7A1) into skin
cells by topical application.
Experimental methods: Polymer synthesis: The polymer was synthesised
by DE-ATRP and characterised by chromatography (GPC) and proton
NMR. Organotypic skin culture and transfection: Fibroblasts and kerati-
nocytes (keratinocyte growth medium II) (Promocell) from RDEB
patients were embedded or seeded in a fibrin gel-matrix, respectively.
After 28 days in culture at the air-liquid interface, the skin equivalents
were transfected with the polymer/MC-COL7A1 polyplexes and analy-
sed for protein expression 48 h later. Analysis: Collagen VII expression
in skin equivalents was analysed using immunofluorescence and wes-
tern blot. Monoclonal LH7.2 antibody (Sigma) specific for collagen VII
was used in all cases.
Results and Conclusion: Cells treated with polymer/MC-COL7A1 poly-
plexes showed collagen type VII expression levels similar to those in
normal human keratinocytes and fibroblasts. The results suggest direct
treatment of RDEB using a topically applied polymer/MC-COL7A1
polyplexes is possible and has a potential therapeutic application.

49.P03
Utilizing chitosan nanoparticles for the
production of gene-activated matrices for bone
regeneration
R Raftery, SA Cryan and FJ O’Brien
Tissue Engineering Research Group, Department of Anatomy,
Royal College of Surgeons in Ireland, Ireland; School of
Pharmacy, Royal College of Surgeons in Ireland, Ireland; Trinity
Centre for Bioengineering, Trinity College Dublin, Ireland

Chitosan is a natural cationic polymer which shows promise as a gene
delivery vector as it is biocompatible, biodegradable and capable of
intercellular delivery of nucleic acids. Mesenchymal stem cells (MSCs)
are notoriously difficult to transfect and toxicity is a major issue associ-
ated with commonly used non-viral vectors such as polyethylenimine
(PEI). The objective of this study is to develop a method of transfecting
mesenchymal stem cells (MSCs) with a reporter gene, followed by ther-
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apeutic genes, using chitosan nanoparticles before applying this tech-
nique onto a collagen-glycosaminoglycan scaffold, thereby producing a
gene-activated matrix for bone regeneration. Chitosan nanoparticles
were formed by ionic gelation and characterized for size and zeta
potential followed by assessment of complexation efficiency by gel
mobility shift assay. MSCs were transfected with chitosan-pDNA nano-
particles using PEI-pDNA polyplexes as a positive control. Transfection
efficiency was monitored by fluorescence microscopy and flow cytome-
try. Efficiency of chitosan as a gene delivery vehicle is influenced by a
huge number of parameters. Results from this study have led to the
development of a method for formulating nanoparticles of diameter
100–120 nm, a positive zeta potential and excellent complexation effi-
ciency making them suitable for transfection. Ongoing work involves
applying this MSC transfection system for the development of a gene-
activated matrix for bone regeneration.

49.P04
Current approaches of bone tissue engineering
RV Deev, AY Drobyshev, IY Bozo, EG Sviridov,
NV Tsupkina, ES Philonenko, SL Kiselev and AA Isaev
Human Stem Cell Institute, Russia; Moscow State University of
Medicine and Dentistry; Institute of Cytology RAS; Vavilov
Institute of General Genetics, Russia

Introduction: The problem of bone defects repair is highly relevant to
surgical practice, but is not resolved. For this reason we develop tissue
engineering approaches for creating effective osteoplastic materials.
Materials and methods: The first approach is based on cell technology.
We combined a scaffold (demineralized bone matrix) with multipotent
mesenchymal stromal cells (MMSC) and evaluated in vitro. This bone
graft was transplanted into the defect of rabbit leg and cranial bones.
The second approach is based on gene technology. We combined a scaf-
fold (collagen/hydroxyapatite) with DNA-plasmid containing VEGF/
GFP genes. Produced gene-therapy osteoplastic material was investi-
gated in vitro (cultured with MMSC and endotheliocytes on Matrigel)
and in vivo (transplanted into cranial bone defects of rabbits).
Results: We’ve developed and patented effective technologies for creat-
ing cell-based and gene-therapeutic osteoplastic materials. In vitro
we’ve found that plasmids of gene-therapeutic osteoplastic material
leave the structure of a scaffold and transfer into MMSC, were the
genes of plasmids are expressed. Edotheliocytes form capillary-like
structures on Matrigel. Cell-based and gene-therapeutic osteoplastic
materials both show efficiency for repair bone defects in vivo.
Conclusion: The result of our research shows that both tissue engineer-
ing strategies are effective, but most promising gene approach as it isn’t
associated with costly personalized cellular service.

49.P05
Bioactive implants: RNA interference as a tool to
direct stem cell differentiation
P Dillschneider, MØ Andersen, M Kassem and J Kjems
Interdisciplinary Nanoscience Center and Department of
Molecular Biology and Genetics, Aarhus University, Denmark;
Molecular Endocrinology Laboratory, Odense University Hospital,
Denmark

Exogenous short interfering RNAs (siRNAs) or microRNA enable the
specific control of cellular protein production which has many potential
applications in implant and tissue engineering technology including
directing the differentiation of stem cells into a specific lineage by tar-
geting e.g. a transcription factor or a repressor of differentiation. To
functionalize scaffolds with siRNA and/or microRNA, interphasing the
scaffold with the nucleic acid in way that ensures RNA stability and
effective uptake and function in stem cells is needed. We have previ-

ously reported that adherent nanoparticles containing a number of siR-
NAs and coupled to nanostructured scaffolds, allowed spatial retention
of the siRNAs within nanopores until their cellular delivery, enhanced
lineage-specific differentiation of skeletal (mesenchymal) stem cells
(MSCs) into osteogenic and adipogenic lineage (Andersen et al; 2010.
Mol Ther. 18:2018–27). To further enhance the differentiation effi-
ciency, we are currently employing a similar approach and including
miRNA and miRNA inhibitors. We have identified novel miRNAs that
control the differentiation induction of osteogenic and adipogenic dif-
ferentiation by miRNA profiling of MSC using next generation sequenc-
ing. These candidate miRNAs -coated implants are being tested for
their ability to enhance osteogenic and adipogenetic differentiation of
MSC and exploring the possibilities of spatially localized differentiation
effects.

49.P06
Intracellular regulation of ES/iPS cells on
E-Cad-Fc engineered matrix facilitated by
bio-functionalized nanoparticles of carbonate
apatite
S Hossain and TAkaike
Tokyo Institute of Technology, Japan

Gene therapy through intracellular delivery of a functional gene to
embryonic stem (ES) and induced pluripotent stem (iPS) cells which
have the potential to be differentiated to a specific cell type represents
a new and versatile source of cell replacement in regenerative medi-
cine. Therefore, a unique pH sensitive nanoparticles of carbonate apa-
tite has been successfully fabricated by embedding fibronectin on the
carrier for specific recognition to cell surface integrin of ES cell cultured
on the E-Cad-Fc which is artificial ECM with a fusion protein of E-cadh-
erin extracellular domain and IgG Fc region in maintaining pluripoten-
cy of ES cells without colony formation which may accelerate
transfection efficiency due to homogenous single cell state providing
every ES cell for nanoparticle interaction and subsequent gene trans-
fection. Moreover, intrinsic fascinating properties of carbonate apa-
tite—ability of preventing crystal growth for efficient endocytosis and
fast dissolution rate in endosomal acidic compartments to facilitate
DNA/siRNA release from the particles and endosomes made it suitable
for DNA, siRNA and drug delivery even to ES and cancer cell lines.
Therefore, we achieved highest transgene expression due to the dual
effect of smart biodegradable pH sensitive carbonate apatite carrier
and novel homogenous culture system for ES cell at single cell level
using E-cad-Fc matrix which will guide to homogenous differentiation
towards hepatocytes for regenerative medicine.

49.P07
Development of in vitro and in vivo evaluation
methods for advanced biotherapeutics
KD Park, SY Kang, MJ Choi, SY Han, JH Choi, SH Kim, I Oh,
SY Baek and SH Yoo
National Institute of Food and Drug Safety Evaluation, Korea
Food and Drug Administration, Korea

Recent years have witnessed significant innovation in the biopharma-
ceuticals area. The reason for this is that biopharmaceuticals can be tai-
lored for a specific problem in a given individual. The greatest potential
of pharmaceutical biotechnology lies in gene therapy. In this study, we
intended to develop in vivo and in vitro efficacy test for evaluation of
gene therapy product. This study was planned for 2-year projects and
performed to establish foundation of evaluation for gene therapy prod-
ucts. First, we established gene therapy products for this study. We
investigated the gene candidates for treatment of ischemic heart dis-
ease and selected VEGF and GATA-4genes for gene therapy products
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and DNA plasmid was accepted for Vector system. Second, to develop
in vivo animal test model, we induced ischemic heart disease with liga-
tion of coronary artery, LAD. We calculated EF, LVIDs and LVIDd of
ischemic heart disease after 4 weeks of surgery. Infarction area and
fibrosis were observed with triphenyltetrazolium chloride (TTC) and
trichrome staining on histopathogy. Third, we induced functional car-
diac differentiation from ESCs with Embryonic Stem Cell Test and mod-
ified the protocols to control cardiac differentiation. Characterization

were performed with immunohistochemistry and RT-PCR et al. Taken
together, we studied for establishment of foundation as in vivo and in
vitro test for evaluation of ischemic heart disease gene therapy
products.
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50. Preformed Vasculature and Induced Angiogenesis

50.01
Keynote: Angiogenesis and tissue engineering –
from isolated endothelial cells to preformed
vasculature and surgical angiogenesis
U Kneser, W Holnthoner and S Levenberg
University of Erlangen Medical Center, Germany; Ludwig
Boltzmann Institute for Experimental and Clinical Traumatology,
Austrian Cluster for Tissue Regeneration, Austria; Department of
Biomedical Engineering, Technion, Israel

Engraftment, differentiated function and long-term viability of thick
three-dimensional engineered tissue constructs represent a major chal-
lenge. Addressing it requires development of vessel-like networks that
will allow the survival of the construct in vitro and its integration in
vivo owing to improved angiogenesis directly after implantation. This
keynote lecture features recent advances in engineering of vascularized
structures. Thorough understanding of endothelial cell biology, state of
the art cell culture technology including co-culture with mesenchymale
cells and dynamic culture conditions and embodiment of angiogenetic
growth factors in polymeric scaffolds for prolonged release are prereq-
uisites for successful in vitro vascularization strategies. Prefabrication
of vascular networks in vitro can be achieved either by cell self-assem-
bly or by use of microfabrication methods. Recent developments in sur-
gical implantation strategies allow generation of vascularized tissue
units with a defined vascular axis that can be transferred into defect
sites using microsurgical techniques. In the near future, interdisciplin-
ary approaches aiming on combination of optimized (micro)surgical
implantation modalities and innovative tissue engineering strategies
with a perspective of readily transplantable bioartificial tissues for large
volume applications will be developed.

50.02
Role of heme oxygenase-1 in regenerative
medicine
A Grochot-Przeczek, A Jazwa, J Kotlinowski, M Kozakowska,
A Loboda, A Jozkowicz and J Dulak
Department of Medical Biotechnology, Faculty of Biochemistry,
Biophysics and Biotechnology, Jagiellonian University of Krakow,
Poland

Heme oxygenase-1 (HO-1) involvement has been demonstrated in the
blood vessels formation (Dulak et al., Circulation 2008, 117: 231-241).
Here we investigated the role of HO-1 in reparative processes using cell
and gene therapy approach. The restoration of blood flow after hind
limb ischemia was impaired in HO-1-deficient animals. Even the lack
of one HO-1 allele attenuated regeneration in heterozygotic mice when
combined with hyperglycemia. The lack of HO-1 impaired bone mar-
row-derived proangiogenic progenitor cells (PPS), affecting their resis-
tance to oxidative stress, migration, proliferation and vascular
differentiation. Nevertheless, the expression of HO-1 was not sufficient
in PPCs to achieve regenerative effect after delivery of PPCs to the dam-
aged tissues. However, the secretory properties of PPCs required HO-1
expression as evidenced by enhanced revascularization in ischemic
muscles treated with conditioned media. Additionally, conditioned
media from HO-1 overexpressing myoblasts accelerated revasculariza-
tion in the ischemic muscles of diabetic mice. Finally, both adenoviral
transfer of HO-1 as well as hypoxia-driven HO-1 expression from plas-
mid vector enhanced angiogenesis in diabetic wounds and in ischemic
limbs, respectively. Our studies indicate that HO-1 is required to
achieve full regenerative capacities. Secretome or gene therapy

employing the HO-1 overexpression may enhance the regeneration of
damaged tissues.

50.03
VEGF expression by human mesenchymal stem
cells promotes vascularization of osteogenic
grafts, but shifts bone homeostasis towards
increased resorption
U Helmrich, S Güven, E Groppa, R Largo, A Scherberich,
M Heberer, I Martin and A Banfi
Departments of Surgery and of Biomedicine, Basel University
Hospital, Switzerland

Rapid vascularisation of tissue-engineered osteogenic grafts is a major
obstacle in the development of regenerative medicine approaches for
bone repair. Vascular Endothelial Growth Factor (VEGF) is a powerful
angiogenic factor. However, VEGF has a very short half-life in vivo
while its expression needs to be sustained for approximately 4 weeks
in order to allow the stabilization and persistence of newly formed ves-
sels. Therefore, we investigated a cell-based gene therapy approach to
generate osteogenic grafts with an increased vascularization potential
in an ectopic nude rat model in vivo, by genetically modifying human
BMSC to achieve sustained rat VEGF expression. 8 weeks after in vivo
implantation, the vascular density of constructs seeded with VEGF-
expressing BMSC was 3-fold greater than with control cells. However,
VEGF over-expression specifically caused a global reduction in the
quantity of bone, which formed thin trabeculae of freshly deposited
matrix. VEGF-expression did not impair MSC proliferation and differen-
tiation potential in vitro, nor their long-term engraftment in vivo, but
strongly increased the recruitment of TRAP- and Cathepsin K-positive
osteoclasts. These data suggest that an equilibrium exists between
VEGF-triggered angiogenesis, osteogenesis and bone resorption, so that
VEGF over-expression might disrupt the balance between bone forma-
tion and resorption towards excessive degradation.We acknowledge
support by the EU FP7 Project MAGISTER (CP-IP 2146).

50.04
Recellularization of decellularized human
placental vascular scaffolds for bioengineering
X Deng, J Wang, Q Ye, R Zaka, MB Bhatia, WT Hofgartner
and RJ Hariri
Celgene Cellular Therapeutics, USA

Introduction: Bioengineering transplantable or extracorporeal orga-
noids may offer new therapeutic options for organ failure. Decellular-
ized native vasculature is regarded as a suitable material for
bioengineering. Human placenta is rich in native vasculature and could
be used as a template for cell repopulation in tissue and organ regener-
ation. In this study, we have evaluated the adherence and growth of
different cell types in decellularized human placental vascular scaffolds
(DHPVS).
Methods: DHPVS sterilized in 0.1% peracetic acid was cut into 8 mm3

tissue blocks. For recellularization, PDAC�, HUVEC, 293/GFP and He-
paRG cells were seeded on DHPVS. Cell adherence and growth was
evaluated under a fluorescent microscope and by MTS assay. Cell via-
bility was determined by Live/Dead cell kit. Hepatocyte function was
assessed using the Albumin Blue Fluorescent Kit.
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Results: All cell types studied demonstrated adherence and proliferation
on DHPVS. The cells had better growth on DHPVS than in conventional
2D culture. PDAC cells and HepaRG cells showed adherence and prolif-
eration on the scaffolds with high viability. HepaRG cultured on DHPVS
were found to produce significantly more albumin than cells grown on
in the absence of DHPVS (P < 0.05), an early indication of maintai-
nence of cellular function on the scaffold.
Conclusions: The current study illustrates the potential for using decell-
ularized placenta scaffolds as natural 3D bioengineering matrix for
organoid development.

50.05
In vivo fabrication of a vascular bed suitable for
grafting cell sheets
Y Kuruma, T Shimizu, D Fujisawa, H Sekine, I Dobashi,
T Sameshima and T Okano
TERUMO CORPORATION / Institute of Advanced Biomedical
Engineering and Science, Tokyo Women’s Medical University,
Japan

An engineered thick tissue is not able to survive without functional vas-
cular network to supply oxygen and nutrients to the cells. Polysurgery
of cell sheet grafts has already overcome this barrier. In this study, we
challenge to engineer a vascular bed for ectopical fabrication of multi-
layer cell sheets graft. The rat femoral artery and vein were used as
central vessels of vascular bed. The artery and vein were incorporated
in a novel silicone chamber with collagen gel to isolate them from the
surrounding tissue. Two weeks after in vivo incubation of the chamber,
some new capillaries from the artery and vein were formed in the
chamber. Then neonatal rat cardiac cell sheet were transplanted on the
vascular bed, and the chamber was resealed again. Two weeks after
the cell sheet implantation, a well organized vasculature and visible
cardiac pulsation was detected in the chamber. A cross sectional view
of Azan staining indicated the substantial vascular connection between
the vascular bed and implanted cell sheet. When saline was injected
with the artery, it drained successfully from the vein, after removing
the chamber from the rat. These results indicated the establishment of
a perfusable vascular network in the construct, and the possibility of ec-
topical transplantation of the vascularized thick construct.

50.P01
Angiogenesis and cell infiltration induced by
enzymatically synthesized amylose hydrogels
impregnated with bFGF
M Tanihara, Y Shibasaki, J Takahara, M Sunako, S Hirohara,
K Terada and TAndo
Nara Institute of Science and Technology, Japan; Sanwa
Cornstarch Co., Ltd., Japan

Background: Enzymatically synthesized amylose (ESA) is non-biologi-
cally produced linear polysaccharide using enzymes. ESA is obtained
with any desired molecular weight and has narrow molecular weight
distribution. We have already reported that carboxylated ESA exhibits
heparin-like anti-coagulant activities.
Objective: To obtain functional scaffold, we synthesized novel cross-
linked ESA hydrogel and assessed their ability to release bFGF, bioactiv-
ities and biodegradability.
Methods: Carboxy group was introduced to ESA by treating with succi-
nic anhydride, and then sulfonate group was introduced to a part of
the carboxy group on ESA treated with taurine. Degree of substitution
(DS) of these groups was measured by potentiometric titration. Cross-
linking by ethylenediamine resulted ESA hydrogels, and bFGF release
profile were measured by ELISA. bFGF-impregnated ESA hydrogels
were implanted subcutaneously into rat dorsal area for 2–4 weeks and

assessed their biological activity and biodegradation. Acetyl group was
also introduced to control biodegradability.
Results: ESA hydrogel having higher DS(COOH) suppressed initial
burst of bFGF release and showed longer release profile. Acetylation of
ESA hydrogel having DS(COOH) = 2.1 showed slow release of bFGF
up to four weeks. Only ESA hydrogel having both sulfonate and acetyl
groups remained after four-weeks implantation and showed cell infil-
tration and blood vessel formation in the gel.

50.P02
Transplantation of cord blood mesenchymal stem
cells as spheroids enhances vascularization
SH Bhang, SS Noh, SH Lee, TJ Lee and BS Kim
Seoul National University, Korea; Hanyang University, Korea

Poor survival of cells transplanted into ischemic regions is one of the
problems of stem cell therapy. Cord blood mononuclear cells
(CBMNCs) are an alternative source of mesenchymal stem cells (MSCs)
without the disadvantages of MSCs derived from bone marrow or adi-
pose tissue. We investigated whether the angiogenic efficacy of cord
blood mesenchymal stem cells (CBMSCs) can be enhanced by grafting
as spheroids in a mouse hindlimb ischemia model. Animals were
divided into no-treatment, dissociated hCBMSC, and spheroid hCBMSC
groups and received corresponding hCBMSC treatments. After surgery,
the ischemic hindlimbs were monitored for 4 weeks, and then the
ischemic hindlimb muscles were harvested for histological analysis.
Apoptotic signaling, angiogenesis-related signal pathways, and blood
vessel formation were investigated in vitro and/or in vivo. The trans-
plantation of hCBMSCs as spheroids into mouse ischemic hindlimbs
significantly improved the survival of the transplanted cells by sup-
pressing apoptotic signaling while activating anti-apoptotic signaling.
Furthermore, the transplantation of hCBMSCs as spheroids significantly
increased the number of microvessels and SM a-actin positive vessels in
the ischemic limbs of mice, and attenuated limb loss and necrosis.
hCBMNC can be an alternative source of MSC and spheroid-based
CBMSC delivery can be a simple and effective strategy for enhancing
the therapeutic efficacy of CBMSCs.

50.P03
Vasculature of artificial scaffolds for bone tissue
engineering
QZ Chen, S Ling and PA Komesaroff
Department of Materials Engineering, Monash University, Alfred
Hospital, Australia

Bone is a blood-vessel dependent tissue, which would not survive with-
out blood circulation. As a matter of fact, vasculature of an artificial tis-
sue matrix represents one of the most significant challenges in tissue
engineering of vascularised types (bone is one of them). Vasculature
demands two contradictory requirements on the porous structure of
scaffolds. The proliferation of endothelial cells requires high surface
areas; which however will block the ingrowth of vessels at a later stage.
The growth of the vascular tissue requires a highly interconnective and
open porous structure, which however would not provide a sufficient
surface area for cells to attach and proliferate. To address the above
dilemma, we have fabricated highly porous and open scaffolds from
Bioglass and used a type-I collagen gel as a carrier to seed vascular
endothelial cells throughout the 3D scaffold. In this design, the colla-
gen gel supports and fosters cells for the regeneration of vascular tis-
sues, and the highly open solid structure maintains the physical
integrity of the tissue engineering construct. Our study with the above
‘Scaffold-Collagen Gel’ system has demonstrated that endothelia cells
can proliferate throughout the 3D network, eventually growing into a
vessel-like tubular tissue.
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50.P04
Stem cells clustering and therapeutic
angiogenesis
SH Kim
KIST, Korea

Many limitations remain of using stem cells for clinical application due
to their low therapeutic efficiency. First of all, most of stem cells die
within the first week after transplantation and only a small proportion
of transplanted stem cells are alive in ischemic region. Therefore, for
successful stem cell therapy, it is prerequisite to develop stem cells that
can survive well into ischemic tissues and differentiate into vascular
cells. Recently, we established a 3D stem cell masses (3DCMs) culture,
demonstrating that 3DCMs formed from human adipose derived stem
cells (hASCs) differentiated into vascular cells in vitro and had a proan-
giogenic action in hind limb ischemia models. 3DCMs were applied to
augment stem cell effect for treatment of myocardial infarction induced
in rat model. We demonstrated that 3DCMs injection increased the sur-
vival and retention of transplanted cells as well as their vascularization
as compared to hASCs injection. The wall thickness in 3DCM group fur-
ther increased as compared with hASC group. The cardiomyocyte apop-
tosis in 3DCM group was two times lower than that in control group.
Capillary density in 3DCM group increased three times than in hASC
group. We conclude that 3DCM culture promotes the efficient vascular
differentiation of stem cells, and 3DCM transplantation results in vascu-
lar regeneration through the direct therapeutic effects of the injected
cells.

50.P05
Prevascularization strategy in fibrin matrix
S Muehleder, AM Husa, W Holnthoner and H Redl
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, Austrian Cluster for Tissue Regeneration, Austria

Vascular tissue engineering aims at mimicking the complexity of the
vascular network in cell based scaffolds and promoting angiogenesis in
regenerating tissues. Providing sufficient blood supply for complex tis-
sue-engineered constructs is the goal of different prevascularization
strategies. The establishment of a capillary network prior to scaffold
implantation has been shown to enhance tissue survival. Importantly,
microvessel formation is dependent on the matrix structure the cells
are seeded on. In this study, the use of polyethylene glycol (PEG) to
fabricate channels for prevasularization in fibrin is evaluated. A spacer
formed with PEG was embedded into a fibrin matrix. After dissolution
of the spacer we seeded the resulting channel with OECs and show
ingrowth of endothelial cells into the surrounding matrix. Co-culture
with adipose-derived stem cells embedded in fibrin and exposure to
shear stress enhanced migration and tube formation of OEC after
7 days, as evidenced by immunhistochemical stainings against endo-
thelial cell specific marker CD31 and pericyte marker a-smooth muscle
actin. PEG itself does not have an influence on migration and tube for-
mation, as shown by appropriate controls. The present findings demon-
strate that PEG appears as a suitable biomaterial used for applications
in vascular tissue engineering.

50.P06
Biomaterials for the stabilization of Hypoxia
Inducible Factor 1 (HIF-1) in stem cell recruitment
and vascularization
Y Xiao, W Shi, C Wu, W Fan and Y Zhou
Queensland University of Technology, Australia

Low oxygen tension (hypoxia) in vivo plays a pivotal role in coupling
angiogenesis with osteogenesis via progenitor cell recruitment and dif-

ferentiation. The concept proposed in this project involves using mate-
rials-based strategies to design scaffolds which activate the hypoxia
pathway for the purpose of developing and regenerating skeletal tissue.
We have synthesized hypoxia-mimicking scaffolds by incorporation of
metal ions such as cobalt. The control release of cobalt ions showed a
role in stabilizing hypoxia inducible factors (HIF-1) from degradation
by ubiquitination in mesenchymal stem cells (MSCs) and subsequent
induction of vascular endothelial growth factor (VEGF) production.
VEGF produced by the stem cells in the hypoxia-mimicking scaffolds
not only activated the endothelial cells in neovascularization, but also
recruited un-differentiated MSCs via the activation of CXCR4/CXCL12
axis. The recruited MSCs further stabilized the tube-like structure
formed by the activated endothelial cells, showing well-organized ves-
sel networks. This study provided some new thought in developing
bone substitutes by stimulation of cell signalling pathways of angiogen-
esis and osteogenesis coupling.

50.P07
Controlled release of PDGF-BB from heparin-
conjugated electrospun PCL/gelatin fibers on
bioactivity and cellular infiltration
J Lee, A Atala, JJ Yoo, SJ Lee
Wake Forest Institute for Regenerative Medicine, USA

A smart scaffolding system provides not only physical support for an
engineered tissue, but also a sustained release of bioactive molecules
that can stimulate cell proliferation, migration, and differentiation
towards desired cell phenotypes. We developed a heparin-conjugated
electrospun poly(�-caprolactone) (PCL)/gelatin fibers to provide con-
trolled delivery of platelet-derived growth factor-BB (PDGF-BB) for vas-
cular smooth muscle cell (SMC) infiltration. We attempted to improve
cell infiltration into the electrospun scaffolds by controlling the fabrica-
tion parameters. Subsequently, heparin was conjugated on the surface
of the fibers using its free amine groups, and the heparin-conjugated
scaffolds were immobilized with PDGF-BB using binding affinity. The
biological activity of PDGF-BB from the scaffolds was assessed, which
was defined as the ability of PDGF-BB to stimulate the growth of SMC.
PDGF-BB that was strongly bound to the heparin-conjugated fibers was
able to induce proliferation of the SMC better than PDGF-BB that had
been released from non-heparinized fibers. In addition, the combina-
tion of the large pore structures in the 3.0-lm fibers and the heparin-
mediated delivery of PDGF-BB induced the SMC infiltration into the
scaffold via synergistic actions of the scaffold’s physical and chemical
properties. We demonstrate that our scaffolding system is capable of
generating fully cellularized vascular constructs for potential vascular
tissue engineering applications.

50.P08
Injectable system for spatio-temporally
controlled delivery of hypoxia-induced
angiogenic signaling
E Hadjipanayi, U Cheema, U Hopfner, AT Bauer, HG Machens,
AF Schilling, E Hadjipanayi,
U Cheema, U Hopfner and AT Bauer
Technical University Munich, Germany; University College
London, UK

We previously reported on two strategies for delivering hypoxia-
induced signaling (HIS) in vivo, namely implanting living or non-viable
hypoxic cell-matrix depots that actively produce angiogenic factors or
act as carriers of factors trapped within the matrix during in vitro pre-
conditioning, respectively. This study aims to improve on this approach
by development of an injectable system for delivering cell-free matrix
HIS-carriers. 3D spiral nano-porous collagen constructs, comprising an
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inner cellular and outer acellular compartment, were cultured under
hypoxia (5%O2) for 3 weeks. The acellular matrix was fragmented
into micro-fractions and added into a 5�C thermo-responsive type I col-
lagen solution, which underwent a concentration-dependent sol-gel
phase transition at 37�C. A range of angiogenic factors (e.g
VEGF,FGF,PLGF,IL-8) were trapped within the acellular matrix, as they
diffused through it. Levels of VEGF and IL-8, delivered from matrix
fractions into media through collagen sol-gel, were up-regulated by
day 4 of hypoxic culture, peaked at day 8, and declined towards the
baseline by day 20, while FGF levels were stable over this period. Fac-
tors were bioactive after 3 months freeze storage, as shown by their
ability to induce endothelial tubule formation in vitro. This system pro-
vides a minimally invasive, and repeatable, method for localized deliv-
ery of time-specific cell-free HIS factor mixtures, as a tool for inducing
spatio-temporally controlled angiogenesis.

50.P09
Blood vessel engineering using a novel
biomimetic compartmented tubular scaffold and
human adipose mesenchymal stem cells
YE Arslan, AE Elcin and YM Elcin
Ankara University, Stem Cell Institute and Faculty of Science,
Turkey; Gazi Univ., GEF, Biology Division, Turkey

There exists a substantial need for ‘off-the-shelf’ functional vascular
grafts for use in a number of cardiovascular disorders. A biomimetical-
ly-designed tubular scaffold and an easily accessible stem cell source
may help to achieve this goal. We have recently described a novel
method for fabricating a compartmented tubular scaffold, composed of
a macroporous media and a nanofibrous intima template (patent appli-
cation TR-PT-2012/01600). Electrospun nanofibrous poly(�-caprolac-
tone) side of the construct served as the intima layer for endothelial
cells, while the type I collagen/elastin media layer was fabricated by
pore formation, lyophilisation and crosslinking steps for smooth muscle
cells. Human adipose-derived mesenchymal stem cells (hAdMSCs)
were solely considered as the stem cell source. Initially, the smooth
muscle cell (SMC) differentiation protocol was optimized using combi-
nations of TGFb1, BMP4 and Angiotensin II inside smooth muscle
growth medium (Medium 231, Gibco) which yielded cells phenotypi-
cally similar to smooth muscle cells. Secondly, hAdMSCs were differen-
tiated in vitro into phenotypic endothelial-like cells (ECs) using the
endothelial growth and differentiation media (EGM-2, Lonza). Preli-
minary cell-surface interactions studies were performed. Currently, we
are evaluating the dynamic culture/conditioning of the hybrid tubular
construct inside a real time computer controlled bioreactor system. The
support of TUBITAK (111M336) is acknowledged.

50.P10
Adherent and functional properties of endothelial
cells on anti-thrombotic polymers
S Chikako, A Makiko and T Masaru
Department of Biochemical Engineering, Graduated School of
Science and Technology, Yamagata University, Japan

Introduction: There are no appropriate materials which exhibit both
excellent anti-thrombotic and endothelialization to develop functional
artificial blood vessels and vascular stents. We have reported that poly
(2-methoxyethyl acrylate) (PMEA) and poly(tetrahydrofurfuryl acry-
late) (PTHFA) show excellent anti-thrombotic properties. In this study,
we report on the adhesion of endothelial cells on PMEA and PTHFA.
Materials and Methods: Test polymers were coated on polyethylene
terephthalate (PET) films. Human umbilical vein endothelial cells (HU-
VECs) were seeded on the polymer surfaces and cultured. At several
time points, we investigated the number of adherent cells and forma-

tion of focal adhesions by observing the expression of vinculins using
confocal laser scanning microscopy.
Results and Discussion: On PMEA, cells adhered at the initial stage of
culture, cell spreading area got larger and vinculin expression became
stronger with time. On PTHFA, much more cells adhered and strong
vinculin expression was already shown at an early stage. These results
suggest that endothelial cells could adhere on PMEA and PTHFA with
formation of strong focal adhesions.
Conclusion: PMEA and PTHFA could have both excellent anti-throm-
botic and endothelialization properties. It is supposed that PMEA and
PTHFA could be appropriate coating polymers for developing small-
diameter artificial blood vessels, improving current artificial blood ves-
sels and vascular stents.

50.P11
In situ forming starPEG-heparin hydrogels to
evoke vascular morphogenesis and angiogenesis
K Chwalek, M Tsurkan, K Levental, S Prokoph, U Freudenberg and
C Werner
Leibniz Institute of Polymer Research, Germany

Engineered biomimetic hydrogels promoting angiogenesis are instru-
mental for progress in regenerative medicine. We report about a novel
3D hydrogel system incorporating integrin binding peptides, cell
responsive crosslinkers and reversible conjugated growth factors to
induce angiogenesis by modulation of the biophysical and biochemical
cues which guide endothelial cells (ECs) in vivo. To enable cell embed-
ding we developed a cytocompatible strategy for in situ crosslinking of
star shaped poly (ethylene glycol) (starPEG)-peptide conjugates and
heparin utilizing Michael-type addition chemistry. Parameters adjusted
to evoke EC morphogenesis in vitro were material stiffness, adhesive
ligand concentration, and growth factor presentation. Primary ECs
showed a viability of ~90% when entrapped in the cell responsive star-
PEG-heparin hydrogels, thus proving the applicability of the crosslink-
ing method. Within 3 days, ECs underwent pronounced
morphogenesis resulting in cellular vacuolization and coalescence into
lumenized tubular structures as shown by light, confocal and electron
microscopy. Cell viability and morphogenesis were superior in softer
gels and in the presence of vascular endothelial growth factor
(VEGF165). Furthermore, hydrogels releasing VEGF165 induced angio-
genesis in vivo, as confirmed by the chicken chorioallantoic membrane
(CAM) assay. In sum, starPEG-heparin in situ gels offer valuable
options for cell transplantation and can effectively support angiogene-
sis.

50.P12
Multilayer cell sheet transplantation for
vascularization
DH Chang, T Shimizu, Y Haraguchi, M Yamato and
T Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, Japan

We manufactured multilayered cell sheets from bone marrow-derived
mesenchymal stem cells (MSC). It was found to take 30 min for the
MSC sheet to attach to ischemic heart tissue following cell sheet trans-
plantation. The purpose of this study was to confirm vascularization
and cardiac function once MSC sheets were transplanted onto the
ischemic heart. Bone marrow-derived cells were seeded on tempera-
ture-responsive dishes. Once MSC reach confluence at 7 days, a mono-
layer of MSC was detached as the culture temperature was decreased
from 37 to 20�C. Multilayered cell sheets were prepared in stacks of
three monolayers. Myocardial infarction was created by the ligation of
the left coronary artery in six pigs. Multilayered MSC sheets were then

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

50. Preformed Vasculature and Induced Angiogenesis 297



transplanted onto the ischemic heart surface. Histological analyses and
echocardiography were performed after MSC sheet transplantation at
1, 4 and 8 weeks. The transplantation of MSC sheets increased the
ejection fraction in this myocardial infarction model. Moreover, the
blood vessels were clearly observed at 1 week, and increasing vascular-
isaton of the transplanted cell sheets and the infracted heart tissue
were observed at 4 and 8 weeks. These results suggest that the trans-
plantation of multilayered MSC sheets improves cardiac function. This
improvement may be explained in part by the growth factor-mediated
effects of the MSC sheet. Thus, the transplantation of multilayered
MSCs can potentially provide a new therapeutic strategy.

50.P13
Engineering a pro-angiogenic and anti-fibrotic
tissue engineering scaffold
A Sham, S Beyer, DW Trau and M Raghunath
National University of Singapore, Singapore

Inadequate vascularization is a major bottleneck which limits clinical
applications of tissue engineering mainly to thin or avascular tissues. In
addition, an implanted biomaterial will inevitably evoke a foreign body
reaction, which in turn can lead to fibrous encapsulation of the implant
and damage to surrounding tissues. Here we propose the incorporation
of prolyl hydroxylase inhibitors (PHIs) into scaffolds as a means to
overcome both of these problems. PHIs are a class of small molecule
drugs with known pro-angiogenic and anti-fibrotic effects. In this study,
2,4-pyridinedicarboxylic acid (PDCA), an established PHI, was conju-
gated via amide bonds to a gelatin sponge scaffold. The PDCA is
released when the amide bonds are cleaved by infiltrating cells. For in
vitro testing, fibroblasts were cultured on the scaffolds for 7 days. Cyto-
toxicity test results showed that the PDCA-conjugated scaffolds have
low cytotoxicity at all dosages tested. VEGF secreted into the medium
was measured and it was found that the PDCA could increase VEGF
secretion significantly, indicating a pro-angiogenic effect. Collagen out-
put was measured by SDS-PAGE followed by densitometry, and results
showed that the PDCA could dramatically reduce collagen secretion,
demonstrating strong anti-fibrotic potential. These preliminary results
suggest that the incorporation of PDCA into scaffolds may be a viable
solution for improving vascularization and reducing fibrosis in tissue
engineered constructs.

50.P14
Digital light processing of photoelastomers as
customized biomaterials for vascular tissue
restoration
AWilke, S Baudis, H Wilhelm, H Bergmeister, F Nehl, R Liska and
J Stampfl
Institute of Materials Science and Technology, Vienna University
of Technology, Austria; Institute of Applied Synthetic Chemistry,
Vienna University of Technology, Austria; TGM Vienna, Austria;
Ludwig-Boltzmann Cluster for Cardiovascular Research, Vienna
Medical University, Austria

The aim of our research is to design new biocompatible materials for
the application of narrow blood vessel replacement like coronary
bypasses in the cardiovascular system. The approach is to use elastic
photopolymers for artificial vascular grafts. Digital light processing
(DLP) is an additive manufacturing technology (AMT) capable of real-
izing very complex structures offering the possibility to create cellular
structures within the artificial grafts to enable ingrowth of new tissue.
Photoelastomers can be customized by variation of the ratio of reactive
diluents and crosslinker and the addition of thiols to the monomer for-

mulation. The best composition of the monomer system was adjusted
for the DLP regarding the photoinitiator- and absorber concentration to
reach the mechanical properties of natural small caliber blood vessels
[1, 2]. To characterize the mechanical properties of the materials elastic
modulus (E), the tensile strength (rM) and the elongation at break
(�B) were tested. Additionally, a special suture tear test has been devel-
oped to insure the conformity of the suture tear resistance (RT) of syn-
thetic and native blood vessels as the vascular grafts are sewed to the
natural blood vessels.
References:
1. Baudis, S., Steyrer, B., Pulka, T., Wilhelm, H., Weigel, G., Bergmei-
ster, H., Stampfl, J., Liska, R., Macromolecular Symposia, 296 (2010),
1; S. 121-126.
2. Lyman, D.J.; Fazzio, F.J.; Voorhees, H.; Robinson, G.; Albo, D., Jr. J.,
Biomed. Mater. Res. 1978, 12, 337-345.

50.P15
Re-cellularization of a biological vascularized
matrix (BioVaM) for the generation of 3D artificial
tissues
B Andrée, T Horvarth, M Lux, L Venturini, A Haverich
and A Hilfiker
Leibniz Research Laboratories for Biotechnology and Artificial
Organs (LEBAO), Department of Cardiothoracic, Transplantation
and Vascular Surgery, MHH, Germany

Tissue engineering is a promising technique for reconstruction of failing
organs. Based on its size the supply with nutrients and oxygen in con-
structs requires an in vitro and/or in vivo vascularization e.g. a biologi-
cal vascularized matrix (BioVaM). Here we report the generation of a
vascularized matrix for 3D artificial tissues. A decellularization process
utilizing Triton X-100 and SDS was established to generate a matrix
with preserved pedicles derived from porcine small intestine. The de-
cellularization protocol was optimized to overcome cytotoxic effects
observed with other protocols. The arterial and/or venous vessel bed
was recellularized with lentiviral transfected primary porcine cells
(smooth muscle cells and endothelial cells). The reseeded matrix was
cultivated for 2 weeks under static conditions. After cultivation the
whole construct and cryosections were analyzed via fluorescent micros-
copy. With the optimized decellularization procedure cytotoxic effects
were eliminated. Each BioVaM was characterized with regard to the
maximal injection volume of the vessel bed. Coverage of the entire
arterial and venous vessel bed was achieved after 14 days of cultiva-
tion. Recellularization of the matrix was already achieved under static
conditions; however further perfusion might improve functional vessel
formation. Perfusable, endothelialized constructs may aid in solving
the problem of nourishing cells inside 3D tissue-engineered constructs.

50.P16
Dose- and time-dependent angiogenesis by
controlled delivery of matrix-bound VEGF
V Sacchi, M Martino, T Morton, A Hofmann, E Groppa,
R Gianni Barrera, J Hubbell, H Redl and A Banfi
ICFS, Switzerland; EPFL Switzerland; LBI Trauma, Austria

Vascular endothelial growth factor (VEGF) is the key factor to induce
therapeutic angiogenesis. The induction of safe and stable angiogenesis
requires sustained VEGF delivery for at least 4 weeks at homogeneous
microenviromental doses. Continuous release of matrix-bound growth
factors is a convenient approach for clinical translation of this biological
concept. Therefore, here we aim to determine the requirements to
induce normal and stable angiogenesis by controlled release of trans-
glutaminase (TG)-bound VEGF from a fibrin gel. Both VEGF dose and
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duration are a function of degradation rate, which was studied to iden-
tify the best gel composition. Then, to determine VEGF therapeutic
window, different VEGF concentrations were tested combined with var-
ious concentrations of aprotinin, which inhibits gel degradation by
plasmin. An aprotinin concentration of 56 lg/ml ensured both suffi-
cient in vivo persistence and an adequate VEGF release rate. In this
condition, after 9 days a VEGF concentration of 25 lg/ml triggered the
switch from aberrant to predominantly normal angiogenesis. A lower
VEGF dose of 5 lg/ml almost totally eliminated any aberrant angio-
genesis. After 4 weeks, this condition showed only normal and well
perfused capillaries. In conclusion, in vivo release of TG-VEGF from
fibrin gels can be precisely tuned under optimized conditions to effi-
ciently induce dose-dependent and stable angiogenesis.We acknowl-
edge support by the EU FP7 Project ANGIOSCAFF (CP-IP 214402).

50.P17
In vitro vasculogenesis: Endothelial colony-
forming cells based 3D model
E Gousopoulos, A Sala and M Ehrbar
Department of Obstetrics- Research Section, University Hospital
Zurich, Switzerland

Endothelial colony-forming cells (ECFCs) which exhibit an endothelial
phenotype, have a large proliferative potential, and functionally inte-
grate into new vascular networks have been isolated from peripheral
and umbilical cord blood. Since markers to unambiguously phenotypi-
cally characterize these cells remain elusive, their identification relies
mostly on late outgrowth of colonies and cell morphology. Similarly,
relatively little is known about origin, in vivo function, and angiogenic
potential of the ECFCs. In vitro 3D vasculogenesis and angiogenesis
models containing ECFCs, perivascular cells, extracellular matrix mole-
cules (ECM) and growth factors would provide an important link
between 2D cultures and in vivo assays. The objective of this work is to
promote and evaluate the in vitro vasculogenic potential of ECFCs in
3D cultures. Their differentiation and morphogenesis potential will be
followed in fibrin gels and synthetic cell-instructive PEG-based matrices
containing adhesive (e.g. RGD, FN fragments), pro-angiogenic (e.g.
VEGF, HGF) cues and perivascular cells. Morphogenesis assays will be
performed by time-lapse microscopy and expression profiles of relevant
angiogenic genes will be performed.

50.P18
Construction of ECM-growth factor integrated
protein through coiled-coil structure to promote
angiogenesis
Y Assal, M Mie and E Kobatake
Tokyo Institute of Technology, Japan

Angiogenesis is a vital physiological process for tissue regeneration and
repair where the extracellular matrix (ECM) plays an important role. In
our previous study, an artificial ECM (EREI2CBD) containing two
repeats of elastin-derived unit (APGVGV)12, cell-adhesive sequence
(RGD) and laminin-derived IKVAV sequence was engineered then
fused with collagen-binding domain (CBD). EREI2CBD promoted tubu-
lar formation in collagen gel. While gowth factors are serving as stimuli
in neovascularization, our laboratory constructed a bFGF-thered ECM
using a coiled-coil helical interaction to increase cell proliferation. In
this study, we tried to improve EREI2CBD by binding it to multi-growth
factors noncovalently through designed coiled-coil heterodimer
between Helix A and Helix B; immobilized form of EREI2CBD-HelixB
with co-adsorbed HelixA-scVEGF121 (121-aminoacid single chain vas-
cular endothelial growth factor) and HelixA-bFGF (basic fibroblast
growth factor). Proteins were expressed in E.coli and purified using
His-Tag. To confirm the activity of HelixA-scVEGF121 and HelixA-bFGF,

human umbilical vein endothelial cells (HUVECs) were used. HelixA-
scVEGF121 and HelixA-bFGF enhanced the growth of HUVECs. HU-
VECs could adhere to designed ECM that revealed strong binding to
collagen type I. Noncovalent binding of designed ECM and multi-
growth factors through coiled-coil structure may be a novel approach
in biomaterial which may bring new contribution to the tissue-engi-
neering field.

50.P19
Prefabrication of tissue engineered constructs – a
viable strategy for neovascularisation – a model
tested on rabbits
A Feucht, H Nguyen The, K Storck and R Staudenmaier
HNO Uniklinik Ulm, Germany; Departement of Trauma and
Orthopedics University of Hanoi; HNO TUMünchen, Germany

The micro-surgical implantation of an arteriovenous vascular loop rep-
resents a reliable technology for the neovascularisation of three-dimen-
sional cultivated cell constructs. Auricular cartilage biopsies were taken
from 15 rabbits and populated in 3D cell carriers made from polycapro-
lactone in the form of a human ear. These cartilage cell constructs were
implanted into a flap of skin and neovascularised by means of vascular
loops implanted micro-surgically. They were then enhanced as 3D tis-
sue and freely re-implanted in-situ through microsurgery. It was possi-
ble to demonstrate, on a macroscopic level, that the 3D flaps could be
freely transplanted. On a micro-angiographic level it was evident that
all the skin flaps and the implanted cultivated constructs were well
neovascularised. There is evidence of cartilage-like tissue with the new
formation of the extra-cellular matrix. It was possible to prove the new
formation of collagen II in the cultivated biomaterial constructs immu-
nohistochemically. Other tissue types or organoid structures could also
be neovascularised through a microsurgically implanted arteriovenous
vascular pedicle in order to ensure a sufficient supply of blood and
nutrients. This is particularly interesting for cultivated tissue intended
for the replacement of defects without skin flaps, for example liver cells
or contractile elements. This introduces a new and and promising neo-
vascularisation technology for the field of tissue engineering.

50.P20
Method for the fabrication of macroscopic high
resolution scaffolds by the combination of
inkjet-printing and laser initiated polymerization
S Engelhardt, O Refle and MWehner
Lehrstuhl für Lasertechnik RWTH Aachen, Germany; Fraunhofer
Institut für Produktionstechnik und Automatisierung; Fraunhofer
Institut für Lasertechnik, Germany

The circulatory system is a network of branched vessels, bridging diam-
eters from the centimeter range to a few micrometers. The fabrication
of a synthetic vessel system faces the problem that the demand for high
resolution meets the necessity for macroscopic structure sizes, which
generally contradict each other. A possible fabrication method with suf-
ficient high resolution is two photon polymerization (TPP). Here, a
focused laser beam is used to initiate a local hardening of a photosensi-
tive material. Although the possible resolution is below one microme-
ter, process time is generally too high to generate macroscopic
structures. In contrast to TPP, 3D-Inkjet printing, allows a macroscopic
3D structure with feature sizes down to 50 lm. The main advantages
are high possible process speed through parallelization and the ability
to generate multimaterial scaffolds, but the resolution is not sufficient
for small vessels. Hence, we combine these two fabrication methods in
a single machine setup, merging the high resolution TPP with the fast
3D-inkjet printing. For this application a specially designed inkjet print-
head was realized, which allows temperature controlled, sterile print-
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ing. Additionally a small footprint TPP setup, adapted for process com-
bination was built. First results demonstrate the feasibility of the com-
bination. This setup will be used to generate a branched, high
resolution vessel system, which can be used to supply an artificial skin
model.

50.P21
The effect of hypoxia on the induction of
angiogenic differentiation in human amniotic
fluid-derived stem cells (hAFSCs)
C Lloyd-Griffith, GP Duffy and FJ O’Brien
Royal College of Surgeons in Ireland;Trinity Centre for
Bioengineering, Trinity College Dublin, Ireland

The survival of tissue engineered constructs post-implantation depends
significantly on rapid and successful integration with the host vascula-
ture. This study sought to create, in vitro, a functional vasculature in a
collagen-GAG scaffold, designed as a biomaterial for bone regeneration
prior to implantation using a unique stem cell source, hAFSCs (isolated
from amniotic fluid retrieved during routine amniocentesis). We pro-
pose to achieve this by using hypoxic conditions (therefore activating
Hypoxia Inducible Factor-1 pathway) to create an environment that is
more appropriate for the de novo formation of vascular tissue within
the seeded scaffold. In order to determine the endothelial differentia-
tion potential of hAFSCs, the cells were seeded on Matrigel, which pro-
motes tubule formation. hAFSCs were then cultured in hypoxic or
normoxic conditions for 48 h and imaged at a range of time-points.
Human Umbilical Vein Endothelial Cells (HUVECs) and human Mesen-
chymal Stem Cells (hMSCs) were used for comparison. Quantification
of tubule forming ability revealed that cells cultured in hypoxic condi-
tions had significantly higher total tubule length and displayed a signif-
icant delay in the degradation of tubule structures formed by all three
cell types. Tubule forming ability was not as evident in hAFSCs as it
was in HUVECs or hMSCs. This is most likely due to the primitive nat-
ure of hAFSCs. We conclude that hypoxia may enhance nascent vascu-
lar networks in a tissue engineering construct.

50.P22
Vascularized tissue fabrication from human cells
using in vitro bioreactor
Y Nakayama, YH Lo, K Sakaguchi, Y Kagawa, T Shimizu,
M Yamato, S Tsuneda, M Umezu and T Okano
Waseda University, Japan; Tokyo Women’s Medical University,
Japan

We have developed original technology to fabricate three-dimensional
(3-D) tissues by layering cell sheets. In multi-layered cell sheets, how-
ever, hypoxia, nutrient insufficiency and waste accumulation limit the
final size of viable constructs. To clear this obstacle, we have developed
a perfusion bioreactor system with collagen-based microchannels as a
culture-bed for fabricating vascularized 3-D tissues. In this study, we
stacked human cell sheets on the culture-bed and challenged to fabri-
cate vascularized human 3-D tissues. Co-cultured cell sheets, which
contain normal human dermal fibroblasts (NHDF) and GFP-expressing
human umbilical vein endothelial cells (GFP-HUVEC) were harvested
on a temperature-responsive culture dish. A triple-layered co-cultured
cell sheets was placed on the microchannels and the construct was cul-
tivated in the perfusion bioreactor for 5 days. Microscopic observation
demonstrated that GFP-HUVEC migrated and formed capillary-like
structure in the collagen gel. Tri-cultured cell sheets containing NHDF,
GFP-HUVEC, and Human Aortic Smooth Muscle Cells (AoSMC) were
also cultivated and the results indicated the number of migrating cells
increased in the tri-cultured case rather than the co-cultured case.In
conclusion, vascularized human 3-D tissues were constructed in vitro

by cell sheet technology and the perfusion bioreactor system. This
method will contribute to in vitro fabrication of various types of thick
function.

50.P23
Enhancing implanted cell survival in in vivo
tissue engineering
GMMitchell, DJ Tilkorn, Z Lokmic, AM Dingle, K Yap, SO Hofer,
MD Williams, JA Rophael, AJ Penington and
WAMorrison
O’Brien Institute, University if Melbourne Dept. of Surgery at St.
Vincent’s Hospital Australia

A major issue confronting tissue engineering is the poor survival of
implanted cells in vivo, due to hypoxia and loss of cell/cell attachment.
Techniques that diminish the influence of these factors were investi-
gated in rat and mouse models, where a vascular pedicle is enclosed in
a plastic chamber in vivo. The pedicle sprouts capillaries within a week,
but a hypoxic environment exists for 7–10 days. In minimizing hypoxic
cell death two techniques have been used: (1) a delayed implantation/
prevascularized rat chamber technique in which rat primary myoblasts
were implanted at either 0, 4 or 7 days post pedicle/chamber construc-
tion. Capillaries increase in this model from 0 at day 0 to an extensive
capillary network at day 14. DiI labeled myoblasts/mm2 counted
7 days post implantation were positively correlated to the vasculariza-
tion within the chamber (P = 0.017). (2) In vitro preconditioning of
L6 myoblasts with DETA-NONOate (nitric oxide donor) significantly
increased percent myoblast volume (P = 0.007) after 3 weeks in SCID
mouse chambers. To counteract loss of adjacent cell attachments, the
survival of liver progenitor cell (LPC) spheroids (20 000 cells/sph.)
compared to the same number of single LPCs in the mouse chamber
demonstrated spheroid implantation significantly increased LPC sur-
vival (P < 0.05) and differentiation (P < 0.005). Prevascularization,
cell preconditioning, and multicellular-spheroid implantation offer sig-
nificant potential to improve implanted cell survival.

50.P24
Dendritic VEGF blockers to control angiogenesis
in tissue regeneration
V Perugini, R Tsaryk, A Guildford, S Meikle, CJ Kirkpatrick
and M Santin
School of Pharmacy and Biomolecular Sciences, University of
Brighton, UK; University Medical Center of the Johannes
Gutenberg, University Mainz, Germany

Vascular endothelial growth factor (VEGF) is the most potent angio-
genic factor. However, its uncontrolled expression may lead to the
development of pathological conditions including fibrocartilage devel-
opment and maculopathy. This work presents the synthesis of hyper-
branched poly(epsilon-lysine) dendrons exposing a VEGF blocker(seq
WHLPFKC) to their uppermost molecular branches (generation 3) and
their ability to inhibit HUVEC and HDMEC proliferation. Both linear
and dendritic VEGF blockers were synthesised by a solid phase method
using a Biotage microwave and characterised by HLPC and MS. Their
in vitro anti-angiogenic effects were analysed in the presence and
absence of 4 ng/ml of hVEGF165 spiking with both blockers at an equi-
molar concentration in the range from 0.49 to 7.84 nM after 24 and
48 h. The data show the synthesis of both peptide blockers with
batches of 60 mg and purity above 70%. Blockers prevented VEGF/
VEGFR2 interactions and controlled cell fate after already 24 h. The
threshold of blocker action varied between the two blockers where the
linear one having an effect at concentrations lower than the dendron-
ised blocker. However, the previously established ability of the den-
dronised VEGF blockers to be retained in tissue engineering scaffolds
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was shown to provide a better control over a localised inhibition of
angiogenesis. This work was supported by EU FP7 project Disc Regen-
eration, no. NMP3-LA-2008-213904.

50.P25
Improved elastomeric materials for CAD/CAM
generation of vascular structures in soft tissue
replacement therapies
SC Ligon, S Baudis, F Nehl, AWilke, H Bergmeister, D Bernhard,
A Nigisch, J Stampfl, R Liska and B Husar
Institute for Applied Synthetic Chemistry, TU Vienna, Austria;
Insititue of Materials Science & Engineering, TU Wien; Core Unit
for Biomedical Research, Medical University of Vienna;
Department of Surgery, Austria

Computer aided design and manufacturing (CAD/CAM) find use in
regenerative medicine and tissue engineering fields. Popular fields of
use of include dental modeling and partial bone repairs. In compari-
son, application of CAD/CAM in softer tissue replacement procedures
such as vascular grafting has been much slower to progress. Thus,
while cardiovascular diseases continue to account for a majority of
mortalities in the western world, currently used materials and manu-
facturing methods provide artificial vessels insufficiently stiff for nar-
row diameter applications. Lithographic based CAD/CAM methods
overcome such limitations with reliable production of sub-millimeter
scale structures; however, the majority of photoresins used for CAD/
CAM cure with a restrictively high modulus for soft tissue application.
To address the mechanical shortcomings of commercially utilized
CAD/CAM build materials, urethane diacrylates have been imple-
mented to give comparably softer materials. Further reduction of
modulus with improved tear resistance was afforded by addition of
thiol chain transfer agents. Good control of formulation and process-
ing conditions (light intensity, exposure time, and write speed) pro-
vide narrow (1–2 mm ID) tubes with mechanical properties identical
to or exceeding those of native vessels. Ester linkages within the poly-
mer backbone are shown to assist rate of degradation for improved
tissue regeneration. Cellular assays with HUVECs indicate no prob-
lems with compatibility.

50.P26
Investigation of the vascularization potential of
channeled alginate scaffold
L Zieber and S Cohen
The Avram and Stella Goldstein-Goren, Department of
Biotechnology Engineering, Ben-Gurion University of the Negev,
Israel

One of the major hurdles in regeneration of a thick, functional cardiac
tissue is mass transfer limitations in in vitro engineered a-vascular tis-
sue, especially of dissolved oxygen which is limited to a diffusion dis-
tance of ~200 lm. To overcome this, we designed and fabricated by
CO2 laser a macro-porous alginate scaffold with an array of ~2.7 chan-
nels per mm2, ~200 lm in diameter and ~400 lm wall-to-wall spac-
ing, intended to mimic the vasculature of cardiac tissue. Cell cultivation
(endothelial cells (ECs), fibroblasts) in the channeled scaffolds, in a
perfusion bioreactor or under static mode, revealed that most of seeded
cells concentrated near and around the channels. In particular, ECs
were shown to line the channel walls. Channeled and non-channeled
alginate/alginate-sulfate scaffolds supplemented with affinity-bound
bFGF were subcutaneously implanted into BALB/c mice and retrieved
for analysis on week 3, 4, 6 and 8 after transplantation. A mature, func-
tional (red blood cell-containing) and denser blood vessel network was
evident in the channeled scaffolds earlier and to a greater extent com-

pared to the control non-channeled ones. In addition, the number of
penetrating cells and collagen deposition were greater in the channeled
scaffolds, indicating that the channels are more accessible for cell pene-
tration than the torturous macro-porous structure. Our study suggests
that the channeled alginate scaffold is appropriate for regeneration of
vascularized tissues.

50.P27
Longterm cell-demanded release of TG-VEGF for
the development of mature vascular networks in
vivo
JS Marschall, RA Largo, VM Ramakrishnan, A Ziogas, T Sulser,
J Hubbell, K Lorentz, D Eberli and M Ehrbar
Department of Urology, University Hospital Zurich, Switzerland;
Department of Obstetrics, University Hospital Zurich,
Switzerland; Institute of Bioengineering, Ecole Polytechnique
Fédérale de Lausanne, Switzerland

Establishment of mature vessels in ischemic or engineered tissues by
biomaterial engineering and growth factor delivery remains a chal-
lenge. Here, a fibrin engineering platform allowing covalent immobili-
zation of proteins has been utilized to deliver angiogenic growth
factors such as vascular endothelial growth factor (TG-VEGF). How-
ever, control over growth factor delivery from such gels has been hin-
dered by their in vivo ephemerality. To modulate the stability of fibrin
gels and the release profile of VEGF, we simultaneously incorporated
TG-VEGF and a protease inhibitor, Aprotinin (TG-A). Fibrin gels that
were formed with or without TG-VEGF and different amounts of TG-A
were implanted in the backs of mice. The immobilization of variable
amounts of TG-A resulted in a series of fibrin gels whose lifespan could
be tuned from 2 to 4 weeks. Morphological and histological evalua-
tions indicate that angiogenic response (vessel # and maturity) is
greatly dependant on fibrin gel stability. As the magnitude of angiogen-
esis was only due to materials properties and not growth factor dosing,
these findings indicate growth factor bioactivity can be influenced by
delivery; by varying the material composition, growth factor release
can be tailored for specific treatments. Thus, this translational work
represents a significant step forward towards developing mature vascu-
lar networks for engineered tissues but might also find use in other tis-
sue engineering and drug delivery applications.

50.P28
BioVaSc as matrix for tissue engineering of bone
substitutes
CH Rücker, C Amrehn, M Haddad-Weber, D Haddad
and H Walles
University Hospital of Würzburg, Germany

The current clinical possibilities to treat critical sized bone defects
which do not heal spontaneously exhibit distict disadvantages. The tis-
sue engineering of cell-seeded bone substitutes based on synthetic scaf-
folds aims at nullifying these limitations. Thus, high integrative and
regenerative potential and the possibility of vascularization of the
implants are prerequisites. This project seeks the formation of a vessel-
rich neomatrix by combining b-tricalcium phosphates with a biomatrix
made from decellularized porcine intestine (BioVaSc).b-tricalcium
phosphate granules were combined with a BioVaSc that was pre-
seeded with perfluoropolyether (PFPE) labeled mesenchymal stem
cells (MSC) and/or microvascular endothelial cells (EC) and were culti-
vated in bioreactors. Growth and degree of ingrowth of the cells into
the scaffolds were investigated by means of histological methods and
magnetic resonance imaging (MRI).The immunohistological analysis of
the cells on the BioVaSc shows a successful population of the matrix by
MSCs and ECs. The cell types could be identified on the surface and
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the periphery of the b-tricalcium phosphate scaffolds by MRI. The
investigations indicate a suitability of the BioVaSc for use as basis of
the creation of a vessel system in bone substitutes. In further experi-
ments, it has to be investigated how the re-populated vascular system
of the BioVaSc can be effectively used in order to support vasculariza-
tion in bone substitutes.

50.P29
Matrix metalloproteinase (MMP) sensitive PEG
diacrylate (PEGDA) hydrogels with spatial
variations in matrix properties direct vascular cell
invasion
M Turturro, M Christenson, J Larson and G Papavasiliou
Illinois Institute of Technology, USA

The spatial presentation of immobilized extracellular matrix (ECM)
molecules, soluble growth factors and matrix mechanical properties
guide numerous physiological processes. The goal of this work was to
explore the role of these gradients in directing 3D cell behavior and
vascularization in tissue engineered scaffolds. Perfusion based frontal
polymerization (PBFP) was used to impart PEGDA hydrogels with
simultaneous gradients in elastic modulus and immobilized YRGDS
adhesion ligands. Bulk polymerized hydrogels served as controls with
gels rendered susceptible to cell mediated proteolysis by the inclusion
of MMP sensitive domains. Gradient hydrogels exhibited an 81%
decrease in elastic modulus and a 73% decrease in immobilized YR-
GDS, while properties of bulk control gels remained constant. Aggre-
gates of smooth muscle and endothelial cells seeded within bulk
hydrogels invaded uniformly in all directions while those seeded in gra-
dient hydrogels invaded bidirectionally with sprout alignment observed
in the directions parallel to the gradient. In PBFP hydrogels, aggregate
sprout length was found to be twice as long in the direction of the gra-
dient as compared to the perpendicular direction after three weeks in
culture. This directionality was more prominent in gradient regions of
increased stiffness, presentation of MMP sensitive domains and YRGDS
concentration. These studies provide significant insight on the role of
gradients in directing 3D cell behavior and vascularization.

50.P30
Collagen: chitosan hydrogels for stimulation of
angiogenesis in a type I diabetic mouse model:
potential use as a pre-vascularized ectopic site
for islet transplantation
J McBane, B Vulesevic, D Padavan, K McEwan, G Korbutt and
E Suuronen
University of Ottawa Heart Institute; Dept of Cellular and
Molecular Medicine, University of Ottawa, Canada; Dept of
Mechanical Engineering, University of Ottawa; Alberta Diabetes
Institute, University of Alberta, Canada

Islet transplantation to treat type 1 diabetes (T1D) has shown varied
long term success, due in part to poor blood supply, suggesting that
pre-vascularization of the transplant site is needed. In the current study,
we compared preformed collagen (1C) and collagen:chitosan hydro-
gels (2C), +/)circulating progenitor cells (CPCs), as materials to pro-
mote angiogenesis in a T1D (streptozotocin-induced) nude mouse
model. CPCs were isolated from human peripheral blood mononuclear
cells cultured on fibronectin for 4 days. 1C or 2C (10:1 collagen:chito-
san) hydrogels +/) CPCs were crosslinked using EDC/NHS. After gela-
tion at 37�C for 18 h, live/dead staining showed greater CPC viability
in the 2C gels compared to 1C gels (79% vs. 69%, P < 0.05). The 2C
gels were mechanically stronger than the 1C gels (0.6 vs. 0.4 kPa at
30% strain, P < 0.05), had more crosslinks (9.2 vs. 7.4 per lm^2,

P < 0.05), and were degraded more slowly by 100 U of collagenase
(3 h vs. 2 h). Consequently, 2C gels could be retrieved after 6 weeks of
subcutaneous implantation, whereas not all 1C-CPCs gels were recov-
ered. The 2C gels showed increased pro-angiogenic cytokines at 1 and
2 week timepoints. The 6 week explants trended toward more vWF+
cells for the 2C vs 1C gels; which correlates with the increased expres-
sion of VCAM-1 in 2C explants compared to 1C-CPCs gels at 6 weeks.
The mechanical, degradation and cytokine data all suggest that the 2C
gel is a better candidate for use as a pre-vascularized ectopic islet trans-
plant site.

50.P31
Large-area multilayer microfabricated alginate
methacrylate scaffold for tissue engineering
CY Tsai and YC Chen
Department of Applied Science, National Hsinchu University of
Education, Taiwan

The success of therapeutic vascularization and tissue engineering will
rely on our ability to create vascular networks using clinically friendly
biomaterials. The ability to influence the direction and structure in the
formation of a vascular system is crucial in engineering tissue. Tradi-
tional approaches for three-dimensional scaffold fabrication are not
suitable for generating large area and complex structures due to the
lack of control of the architecture, microvasculature, and cell-cell inter-
actions. The proposed photolithography platform allows us to design
uniform large area, multilayers and complex tissue scaffolds with arbi-
trary architecture that can mimic the microarchitecture of tissues and
to augment regeneration therapies. The photolithography system was
developed and optimized to fabricate complex three-dimensional archi-
tecture using gelatin methacrylate biomaterial by optimizing a number
of process parameters to get good nutrient diffusion and endothelial
cell viability. Variation of the methacrylation degrees enabled tailoring
mechanical and degradation rate properties of the scaffolds. A dynamic
cell seeding method was designed to optimize the coverage of the scaf-
fold. Scaffolds were incubated in a cell suspension and submitted to
constant agitation, resulting in enhanced cell adhesion compared to
conventional cell seeding.

50.P32
Bioactive acellular substance induces
angiogenesis and adipogenesis in vitro and
permanent regeneration of soft tissue in vivo
JR Sarkanen and T Ylikomi
University of Tampere, Finland

Soft tissue defects and chronic wounds are a medical and economic
challenge to the health care system. Soft tissue engineering seeks to
fabricate replacements for soft tissue defects like burns, scars, chronic
wounds, surgical defects, congenital malformations or for cosmetic use.
However, the lack of vascularization in transplantable constructs is the
major obstacle in tissue engineering. Current soft tissue replacements
also cause severe complications, donor-site morbidity, implant volume
loss, or allow only autologous transfer of cells. Therefore, no curative
treatment for sustained soft tissue restoration exists. We have devel-
oped a novel substance, an acellular and xeno-free adipose tissue
extract that contains a wide number of angiogenic and adipogenic fac-
tors. In vitro, adipose tissue extract is able to induce adipose stem cell
differentiation and endothelial cell tubule formation. In in vivo implan-
tation tests in rodents, when combined with hyaluronan hydrogel, adi-
pose tissue extract is able to induce angiogenesis and adipogenesis.
The extensive capillary induction appears in a week and the adipose
tissue accumulation at 12 weeks. The inductive effect is shown to
remain for 9 months. The adipose tissue extract is biocompatible and
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induces permanent soft tissue restoration. This substance is a potential
replacement for the current soft tissue products to overcome the chal-
lenge of vascularization, and for permanent soft tissue restoration and
improved wound healing.

50.P33
Vascular morphogenesis in ASC cultures is
mediated by heterotypic cell-cell interactions
D Hutton, E Logsdon, E Moore, F MacGabhann, J Gimble and
W Grayson
Johns Hopkins University, USA; Pennington Biomedical Research
Center

Adipose-derived stem cells (ASCs) hold great promise for regenerative
medicine. Recently, it has been shown that ASCs can spontaneously
form endothelial vessels in 3D hydrogels. We investigated the cellular
mechanism by which ASCs undergo vascular morphogenesis in 2D and
3D. ASCs were seeded at 20 000 cells/cm2 and cultured in the pres-
ence or absence of AG1295, an inhibitor to platelet-derived growth fac-
tor (PDGF) receptor activity. ASCs self-assembled into complex 3D
vascular structures. This phenomenon was only apparent when ASCs
were seeded at high density and occurred through orchestrated interac-
tions among three distinct sub-populations: CD31 positive cells
(CD31+), smooth muscle actin positive cells (SMA+), and cells
unstained for both of these markers (CD31-/SMA. These vessel-like
structures arose from CD31+ cells through their interactions with
CD31?/SMA? cells. SMA+ cells proliferated and migrated toward the
vessel structures. By 2 weeks, the lumen-containing CD31+ vessels
grew extensively and were encased within a dense multi-layered clus-
ter of SMA+ and CD31?/SMA? cells. Recruitment of SMA+ cells was
largely due to PDGF signaling, as inhibition of PDGF receptors substan-
tially reduced SMA+ cell growth and vessel coverage. Studies with
multicellular spheroids have demonstrated that ASCs are capable of
assembling lumen-containing vascular structures within a 3D environ-
ment via similar mechanisms and has elucidated a novel role for PDGF
in this process.

50.P34
Ephrin-mimicking matrices for the study of Eph
signaling and angiogenesis
S Metzger, A Ziogas, P Lienemann, A Sala and M Ehrbar
Universitäts Spital Zurich, Switzerland

Erythropoietin-producing human hepatocellular carcinoma (Eph)
receptors and their ephrin ligands are thought to be crucial for develop-
mental processes such as cell migration, tissue boundary formation,
axon guidance and arterial or venous differentiation. However, their
use in vascular engineering application has been limited due to the lack
of knowledge on the exact role of ephrin signaling during morphogene-
sis. The aim of this study is to design ephrin-mimicking materials that
can be employed to study and later specifically induce arterial and
venous structures. Therefore, we developed three transglutaminase
(TG)-tagged ephrin mimetic peptides (TG-EMPs) that can be incorpo-
rated into PEG gels by Factor XIII polymerization. Additionally, as the
clustering of native ephrin ligands was found to be fundamental for
their activity, multimerized TG-EMPs were formed by a PEG-based
strategy. The activity of the mono- and multimeric TG-EMPs was deter-
mined by studying their ability to stimulate or inhibit receptor tyrosine
phosphorylation of human endothelial and prostate cancer cells. Next,
the effects of different TG-EMPs on the migration of these cells were
determined. Based on the hypothesis that Eph-ephrin interactions
might influence VEGF signaling, and consequently vascular morpho-
genesis, we are currently studying the influence of ephrins and TG-

EMPs mediated signals on VEGF induced angiogenesis (vessel number,
morphology and function) using the chicken CAM assay.

50.P35
Generation of a cell-based controlled delivery
device for induction of angiogenesis
S Boccardo, L Melly, I Martin, M Heberer, F Eckstein, A Banfi,
D Ricci and A Marsano
Department of Robotics, Brain and Cognitive Sciences, Italian
Institute of Technology, Italy; Departments of Surgery and
Research, University Hospital Basel, Switzerland

Uncontrolled expression of Vascular Endothelial Growth Factor (VEGF)
can induce aberrant angiogenesis. We developed a method to ensure
sustained but controlled VEGF release by FACS-based purification of
transduced adipose tissue-derived mesenchymal stromal cells (ASC),
which could already induce effective vascularization in the myocar-
dium. However, efficacy is limited by poor cell survival after injection.
In this study we aim to generate an engineered ASC-based patch both
to increase cell survival and as a controlled delivery device capable to
promote angiogenesis in the surrounding ischemic tissue. Transduced
or naı̈ve human ASC were cultured for 5 days onto collagen scaffolds
in a perfusion-based bioreactor. The in vivo intrinsic angiogenic poten-
tial of patches generated by these ASC, or cell-free scaffold was investi-
gated subcutaneously in nude mice. A critical size empty scaffold was
stitched underneath the patch to test the ability of causing vessel
ingrowth into an avascular tissue. Seeding efficiency was 63 ± 5% and
ASC were uniformly distributed. After 5 days in vivo, vessel ingrowth
was 10-fold higher in the patches generated by VEGF-ASC compared
to controls (CD31+ area = 2% vs 0.2% and 0.2% for naive ASC and
cell-free scaffold, respectively), but also in the empty scaffold under-
neath (2% vs 0.22% and 0.38%, respectively). We are currently investi-
gating the angiogenic efficacy in relation to the VEGF dose and the
proportion of transduced cells in mixed cultures.

50.P36
Engineering cell-instructive microenvironments to
study angiogenesis
A Sala, E Gousopoulos, F Weber and M Ehrbar
USZ, Switzerland

Although angiogenesis is centrally involved in tissue malfunction and
disease, morphogenetic processes involved in vessel formation are only
beginning to be understood. To study and engineer angiogenic pro-
cesses under well defined conditions, reductionistic in vitro models that
recapitulate the natural milieu while allowing for systematic evaluation
from single to combinatorial biological events, are needed. We exploit
natural and artificial extracellular matrices, patterning techniques and/
or additive layering to engineer angiogenic microenvironments that
recapitulate main features of the structured natural milieu; extracellu-
lar matrix components, neighbouring cells, soluble as well as immobi-
lized factors. Preliminary results on human umbilical vascular
endothelial cells (HUVECs) in poly (ethylene glycol) (PEG) gels show
the importance of the individual components involved in the efficient
formation of vessel-like structures in artificial environments. Based on
this know-how, we have engineered instructive environments to gener-
ate organized vascularized bone tissue-like constructs. We now evalu-
ate the angiogenic potential of late outgrowth endothelial cells (OECs)
in comparison to microvascular endothelial cells (MVEC) in 3D Fibrin
and PEG-based gels in presence of bioligands and morphogens. Func-
tional assays and expression profile of relevant angiogienic genes are
being analysized.
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50.P37
Differential behaviour of hypoxia-inducible genes
during neuronal aging
F Molina, A Rus, MA Peinado and ML del Moral
University of Jaén, Spain

Mammalian cells respond to hypoxia increasing the expression of sev-
eral hypoxia-inducible genes. The master regulator of this cellular
adaptation is hypoxia-inducible factor 1 (HIF-1). It has been shown
that hypoxia influences several aspects of angiogenesis; however, there
are few studies that examine angiogenesis-related genes, such as vascu-
lar endothelial growth factor (VEGF), transforming growth factor-b1
(TGF-b1), and adrenomedullin, in the hypoxic striatum during aging,
which constitutes our goal. Adult (4 months old) and aged (24 months
old) Wistar rats were submitted to hypoxia (20 min) and sacrificed
after 0 h, 24 h, and 5 days of reoxygenation. Expression of VEGF, TGF-
b1, and adrenomedullin was determined by RT-PCR (TaqMan assays).
The number of blood vessels was evaluated after lectin immunohisto-
chemistry using fractal dimension.HIF-1a mRNA levels were higher
after the hypoxic stimulus in old rats vs. adult ones. VEGF, TGF-b1, and
adrenomedullin mRNA expression increased at 0 h of reoxygenation in
adult striatum, but decreased in aged rats. Finally, quantification of stri-
atal blood vessels remained unaltered in both age groups.To conclude,
although striatal HIF-1 responds stronger to hypoxia during aging, its
target genes (VEGF, TGF-b1 and adrenomedullin) decrease immedi-
ately after the hypoxic insult. Conversely, HIF-1 response to hypoxia
was weaker in adult striatum; however, angiogenesis-related genes sig-
nificantly boosted at 0 h of reoxygenation.

50.P38
Bioactivity of the recombinant human
antimicrobial peptide LL37: a key role in wound
healing through vascularization
JP Silva, R Ramos, AC Rodrigues, R Costa, L Guardão, R Soares,
M Vilanova, L Domingues and MF Gama
IBB-Institute for Biotechnology and Bioengineering, Centre of
Biological Engineering, University of Minho, Portugal;
Department of Biochemistry (U38-FCT), Faculty of Medicine,
University of Porto, Portugal; ICBAS – Instituto de Ciências
Biomédicas de Abel Salazar, Portugal

Antimicrobial peptides (AMPs) are usually defined as small, cationic,
amphipathic peptides making part of the innate immune system.
Human cathelicidin AMP LL37 is overexpressed in different cells, tis-
sues and body fluids and, in addition to its antimicrobial activity,
induces chemotaxis of immune system’ cells, arteriogenesis, angiogene-
sis and promotes wound healing. Our group developed a new, low-cost
method for the expression and purification of LL37, by fusing it with
the Carbohydrate Binding Module from family 3 (CBM3) from CipA
from Clostridium thermocellum. The CBM3-LL37 protein is overexpres-
sed in E. coli and retained both the antibacterial and immunophysio-
logic properties. Additionally, it induced proliferation, migration and
formation of tubule-like structures by endothelial cells. Topical applica-
tion of rLL37 also increased vascularization and re-epithelialization,
thus accelerating the wound healing process, in wounds of dexametha-
sone-treated mice. This indicates a key role for LL37 in wound regener-
ation, mainly mediated by its proangiogenic activity, which is currently
being studied with further detail in diabetic mice, a chronic wound
model. Moreover, we are working on the development of natural poly-
mer-based delivery systems for the topical sustained release of LL37
that can be applied to wound sites, thus promoting faster and more
efficient wound regeneration. Acknowledgements: JPS and RR are sup-
ported by FCT grants SFRH/BPD/64958/2009 and SFRH/BD/27404/
2006.

50.P39
Inhibitory effect of porcine cartilage-derived
water-soluble biomaterial on angiogenesis
K Sun Young, C Kyoung-Hwan, K Young Jick, C Byung Hyune,
P So Ra and M Byoung-Hyun
Department of Molecular Science & Technology, Ajou University,
Republic of Korea; Cell Therapy Center, Ajou University Medical
Center, Republic of Korea; Division of Biomedical &
Bioengineering Sciences, Inha University College of Medicine,
Republic of Korea; Department of Physiology, Republic of Korea;
Department of Orthopedic surgery, School of Medicine, Ajou
University, Republic of Korea

Introduction: Articular cartilage is known as an avascular tissue and to
have anti-angiogenic factors such as chondromodulin-?, endostatin and
sulfated glycosaminoglycan side chains. In our previous studies, an
extracellular matrix (ECM) biomaterial derived from porcine chondro-
cytes showed activity of angiogenesis inhibition. In this study, we pro-
duced a water-soluble form of the porcine cartilage-derived ECM
biomaterial (PCP-ws) and evaluated its anti-angiogenic property.
Materials and Methods: The slices of cartilage tissues were lyophilized
and comminuted into a particulate form, which was then decellular-
ized and solubilized by pepsin/HCl. The toxicity of the PCP-ws was
evaluated on young rabbit fibroblasts, chondrocytes and human umbili-
cal vein endothelial cells (HUVEC) by MTTassay. Tube formation assay
using HUVECs was performed after treating PCP-ws at 1, 2.5 and
5 mg/ml in concentration.
Results & Conclusion: The PCP-ws was successfully made from the de-
cellulized PCP powder. In MTT assay, there was no significant differ-
ence in cell viability between the PCP-ws treated and untreated groups.
In the tube formation assay, the formation of tube network of HUVECs
was significantly inhibited by PCP-ws in a dose-dependent manner.
Remarkably, the experimental group treated with 5 mg/ml of PCP-ws
showed almost no tube-like structure.
Conclusion: These results suggest that PCP-ws have an inhibitory effect
on angiogenesis in vitro and could be a useful biomaterial for many
applications.

50.P40
Apolipoprotein E modifies angiogenic factors
production and microRNAs expression in an
isoform-dependent way
S Czauderna, AWitalisz, B Pilecki, A Strzepa, A Jozkowicz,
J Dulak and A Loboda
Department of Medical Biotechnology, Faculty of Biochemistry,
Biophysics and Biotechnology, Jagiellonian University, Poland

Apolipoprotein E (ApoE), existing in human population in three major
isoforms - ApoE2, ApoE3 and ApoE4, plays an important role in choles-
terol transport and metabolism. Although the association between
ApoE isoforms and neurodegenerative and cardiovascular diseases is
well established, little is known about the effect of ApoE polymorphism
on the production of angiogenic mediators, including microR-
NAs.Murine macrophages (RAW264.7) stably transfected with one of
the human forms of either ApoE3 or ApoE4, differ in the expression of
prosurvival, proangiogenic and anti-inflammatory factors – heme oxy-
genase-1 (HO-1) and vascular endothelial growth factor (VEGF). The
highest expression of VEGFobserved in ApoE4-expressing macrophages
was HO-1 dependent as the silencing of HO-1 with siRNA decreased
VEGF mRNA and protein level. Macrophages with ApoE4 have also
higher expression of CXCR4 and MMP-9 as well as proangiogenic miR-
146a and proinflammatory miR-155 but decreased level of VCAM,
MCP-1 and miR-24 in comparison to ApoE3-expressing macrophages.
Additionally, conditioned media from ApoE4-expressing macrophages
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more potently stimulated angiogenesis in vitro. ApoE4 isoform changes
macrophages phenotype to more proangiogenic and proinflammatory,
what can have vital implications to in vivo angiogenesis-dependent
conditions like wound healing or atherosclerotic plaque formation.Sup-
ported by the Foundation for Polish Science, Parent-Bridge Programme
co-financed by the Europ. Union.

50.P41
A new model of angiogenesis to test the
angiogenic potential of matrix delivered factors
P Slezak, J Hartinger, M Layr, S Pfeiffer, A Hofmann, H Redl and
R Mittermayr
Ludwig Boltzmann Institute for experimental and clinical
Traumatology – Research Center of the AUVA, Austrian Cluster
for Tissue Regeneration, Austria; AUVA Trauma center Meidling,
Austria

Angiogenesis is pivotal in tissue engineering and regeneration. We
developed a new model of angiogenesis to standardize ‘‘in vivo’’ testing

of angiogenic substances liberated from (bio)matrices. Utilizing a sili-
con tube to isolate a vascular bundle, a protected niche is created and
newly formed vascular structures can then be precisely attributed to
the specific local conditions. In this study, standardized silicon tubes
were used to sheath rodent epigastric vascular bundles. As proof of
concept VEGF165 was administered in fibrin which served as matrix
for spatial stability and prolonged release. Fibrin alone was tested as
the vehicle group. An empty silicon tube served as a control group. The
angiogenic response was evaluated by immunohistological means (von
Willebrand Factor (vWF) and smooth muscle actin (sma)). This in vivo
model of angiogenesis is technically easy and timely to perform.
Results with VEGF165 at 200 ng/mL showed an increase in vWF posi-
tive stained vessels compared to the empty control group. In contrast, a
suppression of vascular growth was noted when compared to the fibrin
sealant group which seems attributable to high VEGF dosing. The vehi-
cle (fibrin) group showed a potent angiogenic effect capable in induc-
ing persistent vessel formation. The developed model of angiogenesis
seems to be a reliable and reproducible approach to further evaluate
the angiogenic potential of scaffold delivered growth factors. Study
supported by EU grant Angioscaff.
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51. Cocultures as Tools for Angiogenesis

51.01
Keynote: Vessel network assembly within 3D
tissues and its integration with functional
vasculature
S Levenberg
Department of Biomedical Engineering, Technion, Israel

Vascularization continues to represent a major challenge in the success-
ful implementation of regenerative strategies. Current approaches for
inducing vascularization in vivo includes pre-forming a vasculature ex
vivo, and the use of a variety of strategies to stimulate vascularization
in situ. Vessel network assembly within 3D tissues can be induced in-vi-
tro by means of co- culturing of endothelial cells (EC), mesenchymal/
fibroblast cells and cells specific to the tissue of interest. This approach
supports formation of endothelial vessels and promotes EC and tissue-
specific cell interactions. In addition, it has been shown that in vitro
prevascularization of engineered tissues can promote its survival and
vascularization upon implantation and that implanted vascular net-
works of in vitro engineered constructs, can anastomose with host vas-
culature and form functional blood vessels in vivo. Very exciting and
recent research questions involve the degree of vascularization in vitro
required for best vascularization of tissue constructs in vivo as well as
understanding the mechanisms of host-implant vessel integration and
anastomosis. In addition, new co culture approaches for inducing pre-
defined vessel structures in vitro will be discussed.

51.02
Construction of functional ex-vivo liver tissues
with pericyte-incorporated microvessels using
microporous membranes
J Kasuya, R Sudo, T Mitaka, M Ikeda and K Tanishita
Department of System Design Engineering, Keio University,
Japan; Department of Biological Engineering, Massachusetts
Institute of Technology, USA;Development and Regeneration,
Research Institute for Frontier Medicine, Sapporo Medical
University School of Medicine, Japan

Reconstruction of functional liver tissues in vitro remains a major chal-
lenge in liver tissue engineering. In the liver, hepatic stellate cells
(HSCs) locate the outer surface of microvessels to form a functional
unit, termed the liver sinusoid, with endothelial cells (ECs) and hepato-
cytes. We previously demonstrated EC capillary formation in tri-culture
where a polyethylene terephthalate microporous membrane was inter-
calated between ECs and hepatic organoids composed of small hepato-
cytes (SHs), i.e., hepatic progenitor cells, and HSCs. However, the high
thickness and low porosity of the membranes limited heterotypic cell-
cell interactions, which are essential to form HSC-EC hybrid structures.
Here, we demonstrated the effective use of the thin and high porous
poly (D,L-lactide-co-glycolide) (PLGA) microporous membranes in SH-
HSC-EC tri-culture to reconstruct the HSC-incorporated sinusoidal
structures in vitro. First, the formation of EC capillary-like structures
was induced on Matrigel-coated PLGA microporous membranes. Next,
the membranes were stacked on hepatic organoids composed of SHs
and HSCs. HSCs selectively migrated to the EC capillary-like structures
and were located along the outer surface of the structures with their
long cytoplasmic processes. In these tissues, SHs acquired high levels of
differentiated functions, compared to those without ECs. This model
will provide a basis for the construction of functional, thick, vascular-
ized liver tissues in vitro.

51.03
Adipose-derived stem cells induce vascular tube
formation of outgrowth endothelial cells in a
fibrin matrix
WHolnthoner, K Hohenegger, AM Husa, S Muehleder, A Meinl
and H Redl
Ludwig Boltzmann Instititue for Experimental and Clinical
Traumatology, AUVA Research Center, Austrian Cluster for
Tissueregeneration, Austria;University of Applied Science
TechnikumWien, Austria; Bernhard Gottlieb University Clinic of
Dentistry, Austria

Vascularization of engineered tissues is one of the current challenges in
tissue engineering. Several strategies aim to generate a prevascularized
scaffold which can be implanted at sites of injury or trauma. Endothe-
lial cells derived from peripheral blood (outgrowth endothelial cells,
OEC – acc. Fuchs et al. 2007) display promising features for vascular
tissue engineering, including their autologous nature, capacity for pro-
liferation and their ability to form mature vessels. In this study we
investigated the ability of OEC to form vascular structures in co-culture
with adipose-derived stem cells (ASC) in a fibrin matrix. Using micro-
carrier beads coated with OEC, we showed ingrowth of endothelial
cells in the fibrin scaffold. Furthermore, co-cultures with ASC induced
vessel formation, as evidenced by immunostaining for CD31 and
alpha-smooth muscle actin. The degradation of fibrin is at least in part
mediated by expression of matrix metalloproteinase-14. Moreover, we
show OEC/ASC-induced vessel-like structure formation even in the
absence of microcarrier beads. Our data add new insights into co-cul-
ture-induced vessel formation of outgrowth endothelial cells within a
fibrin matrix representing an autologous system, which can be easily
translated to clinical settings.

51.04
Delaying the addition of human mesenchymal
stem cells to pre-formed endothelial cell
networks results in increased vascularisation
within a collagen-GAG scaffold in vivo
TMMc Fadden, GP Duffy, AB Allen, HY Stevens, RE Guldberg and
FJ O’Brien
Royal College of Surgeons in Ireland, Ireland; Georgia Institute of
Technology, USA

To overcome the problem of graft failure due to avascular necrosis of
tissue engineered (TE) constructs, one approach is to pre-vascularise a
TE construct in vitro prior to implantation. This study has developed a
pre-vascularised collagen-GAG (CG) scaffold using a delayed addition
of human mesenchymal stem cells (MSCs) to pre-formed human endo-
thelial cell (EC) networks. Functional assessment of these pre-engi-
neered vessels was carried out in an immunocompromised rat
subcutaneous model. Animals were sacrificed at 4 weeks post-implan-
tation and vascular perfusion using a lead chromate-based, radiopaque
contrast agent was conducted. Micro-computed tomographical angiog-
raphy to observe construct vascularisation indicated successful perfu-
sion with no leakage of the contrast agent evident. Quantitative
analysis demonstrated a significant increase in vascularisation in the
co-culture group compared to cell-free and EC-only groups (P < 0.03).
Positive staining for human CD31 was observed in the cell-seeded
groups; thus demonstrating successful integration of the in vitro engi-
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neered vessels with the host vasculature. This study has shown that
pre-engineered vessels, formed by an EC/MSC co-culture within a CG
scaffold becomes functional and results in significantly increased vascu-
larisation in vivo. This mode of vascularisation, with the short-term cul-
ture period and efficient host integration may be used not only in the
repair of bone but in the treatment of other ischemic tissues.

51.05
The role of endogenous myeloid cells in
cocultures of outgrowth endothelial cells and
osteogenic cells in the formation of vascular
structures
G Kramer, M Paschke, H Schmidt, CJ Kirkpatrick and S Fuchs
Institute of Pathology, Johannes Gutenberg University, Germany;
Experimental Trauma Surgery, Christian-Albrechts-Universität
Germany; MetaPhysiol, Germany

During wound healing and inflammation myeloid cells play a key role
in the regulation of angiogenesis. In this context previous animal stud-
ies have shown that myeloid cells from the host invade into implants
and contribute to their neovascularization (Melero-Martin 2010). In
this study we provide evidence for a role for endogenous myeloid cells
in the formation of vascular structures in cocultures of peripheral
blood-derived outgrowth endothelial cells (OEC) and osteogenic cells.
OEC from human peripheral blood and primary osteoblasts (pOB) or
mesenchymal stem cells (MSC) were cocultured as described earlier
(Fuchs et al. 2007, Kolbe et al. 2011). Angiogenesis was evaluated by
CLSM. In addition, the expression of CD11b was assessed by immuno-
fluorescence microscopy, flow cytometry and real time PCR. CD11b
positive cells in co-cultures were closely associated with vascular struc-
tures. In addition, these myeloid cells stained for CD31, suggesting an
active contribution to vascular structures. The potential origin of the
myeloid cells was characterized by several methods and indicated
CD11b-positive subpopulations in OEC and osteogenic cells. During
the co-culture the CD11b-positive cell population increased in parallel
to the increase in angiogenic structures. These data suggest a role for
endogenous myeloid cells in the formation of vascular structures and
indicate that the co-cultures might favour a pro-myeloid niche.

51.P01
Expansion of bone marrow angiogenic progenitor
cells by high density culture
Y Lu, Y Gong, Z Du, G Zhou, W Liu, Y Cao and W Zhang
Shanghai 9th People’s Hospital, Shanghai Jiao Tong University
School of Medicine, China

Adult stem cells are distributed in variety of tissues and the stemness of
these cells is maintained by the stem cell ‘niche’. Growing evidence sug-
gests that the cell-cell contact plays an important role in this niche.
Most of the cell culture methods break the cell-cell contact by seeding
cells at a relatively low density. We hypothesized that seeding cells at a
high density to maintain the cell-cell contact in culture might be benefi-
cial for stem cell expansion. To test this hypothesis, bone marrow cells
from wistar rats were seeded at 2 · 105 cells/cm2 in a 10 cm diameter
culture dish. To avoid the quick exhausting of nutrients, total of
9 · 105 cells were seeded separately into six high density spots in the
culture dish. Meanwhile, same amount of cells were seeded evenly in
the culture dish at a regular density of 1.6 · 104 cells/cm2 as a control.
After 15 days of culture, flow cytometric analysis demonstrated that
cells derived from high density culture expressed higher levels of angio-
genic markers than cells from regular density culture. In addition, these
cells showed strong capillary tube formation ability and a therapeutic
potential in a hindlimb ischemia model, indicating that bone marrow
angiogenic progenitor cell could be expanded in a high density culture

without additional growth factors. The high density culture system not
only provides a novel method for bone marrow angiogenic progenitor
cell expansion, but also a new in vitro model for studying stem cell
niche.

51.P02
Characterization of outgrowth endothelial cells
derived from peripheral blood
AM Husa, S Muehleder, W Holnthoner and H Redl
Ludwig Boltzmann Institute for Experimental an Clinical
Traumatology, AUVA Research Center, Austrian Cluster for
Tissueregeneration, Austria; University of Applied Science
TechnikumWien, Austria

Vascularization of tissue constructs is one of the current challenges in
tissue engineering. Peripheral blood is a readily available autologous
source for endothelial progenitor cells, which can be differentiated into
outgrowth endothelial cells (acc. Fuchs et al. 2007). To employ these
cells in prevascularization experiments, we characterized OEC by cell
biological and molecular biological methods and by functional assays.
Flow cytometry showed that the cells are positive for endothelial mark-
ers CD31, Vascular Endothelial Growth Factor Receptor 2 (VEGFR-2),
VE-Cadherin and CD146, whereas negative for CD14, CD45, CD36 and
CD133. In addition, low passage cells are slightly positive for Tie-2 and
a subpopulation also for CD34. Quantitative PCR revealed expression
of CD31, VEGFR-2, VE-Cadherin, platelet derived growth factor b
(PDGFb) and von Willebrand factor (vWF). Moreover, by immunoblot-
ting we show that OEC are positive for CD31 and vWF, reinforcing the
previous findings. Furthermore, the cells took up acetylated low lensity
lipoprotein and formed tube-like structures on Matrigel as well as on
fibrin. Finally, upon stimulation with tumor necrosis factor a (TNFa)
OEC upregulated endothelial-leukocyte adhesion molecule 1 (ELAM-1)
while thrombomodulin expression decreased. No significant change
was found for tissue factor, CD41 and CD61. Altogether these results
prove the endothelial character of the OEC and therefore establish
these cells as candidates for the use in tissue engineering purposes.

51.P03
Vasculogenesis of human dental pulp stromal
cells in vitro and in vivo
N AL-Hazaimeh, J Beattie, M Duggal and X Yang
University of Leeds, Biomaterials and Tissue Engineering Group,
UK

The ability to enhance dental pulp cells vasculogenesis is crucial to
maintain the tooth vital. This study investigated the ability of using
human dental pulp stromal cells (HDPSCs) to form new vasculature in
vitro & in vivo. HDPSCs were isolated from human permanent teeth
and cultured as monolayers or on 3D Matrigel scaffold in endothelial
cell growth medium-2 (EGM-2) with/without 50 ng/ml of vascular
endothelial growth factor (VEGF). After 24, 48 & 72 h, endothelial
marker (CD31, CD34, vWF & VEGFR-2) expression was determined by
qRT-PCR and immunocytochemistry. For in vivo study, the canal space
of human dentine slides (3 mm) were filled with HDPSCs/Matrigel
(1 · 10-6 cells/ml), which were implanted subcutaneously in nude
mice. In monolayer, EGM-2 with VEGF up regulated HDPSCs expres-
sion of CD31 & VEGFR-2 compared to control while expression of
CD34 and vWF remained unaffected. However on Matrigel, all four
genes were up regulated, which were confirmed by Immunocytochem-
istry. HDPSC formed tube-like structures on 3D Matrigel in VEGF trea-
ted group only. After 3 weeks in vivo, H&E staining showed HDPSCs
pre-cultured under vasculogenic conditions enhanced blood vessels for-
mation. Immonohistochemical staining confirmed new blood vessel
formation in the root canal and the cells were positive to CD34, which
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was identical to normal dental pulp tissue. In conclusion, HDPSCs have
the potential for vasculogenesis & revascularization of dental pulp tis-
sue after tooth implantation.

51.P04
Three specific antigens to isolate EPC from
human liposuction material
G Hager, W Holnthoner, A Husa, K Pütsch, C Gabriel
and H Redl
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, AUVA Research Center, Austria; Austrian Cluster
for Tissueregeneration, Austria;Miltenyi Biotec, Germany; Red
Cross Blood Transfusion Service of Upper Austria, Austria

Human fat tissue is an attractive source to gain stem cells in high quan-
tity because of its easy availability coupled with low morbidity. In coop-
eration with Miltenyi Biotec we tried to enrich the very rare
endothelial progenitor cells (EPC) of human liposuction material by
using specific antibodies coupled to magnetic beads. The CD133 anti-
gen is a marker for early EPC, which was used for their initial isolation.
CD34 a well known stem cell marker is lost in adipose stem cells (ASC)
after one week in culture. Therefore this marker was taken to purify
the CD133 enriched fraction. CD31 as a marker of late EPC was taken
for their final enrichment. The EPC fraction achieved showed typical
cobblestone morphology, FACS analysis revealed the expression of the
endothelial cell markers CD31, CD34, VEGFR2 and VE-Cadherin. No
expression was detected anymore for CD133, as well as for CD14 and
VEGFR3 demonstrating the absence of leucocytes and lymphatic endo-
thelial cells. The endothelial origin of the gained EPC was confirmed
by tube forming structures in a matrigel assay and the uptake of acety-
lated LDL. A vessel forming experiment is performed to show func-
tional integrity of isolated EPC. With support of FP7-Angioscaff.

51.P05
Labeling progenitor derived endothelial cells for
studying cell-scaffold interactions
NB Thébaud, M Rémy, R Siadous, L Rami, R Bareille
and L Bordenave
Univ. Bordeaux, Bioingénierie tissulaire, INSERM U1026, France

Vascularization being a crucial process, the inclusion of PDECs (Progen-
itor Derived Endothelial Cells) to constructs is relevant in tissue engi-
neering. To track cell presence in the matrix, fluorescent labeling by
infection with lentiviral transduction was performed and its influence
on PDEC viability, proliferation and differentiation was evaluated in vi-
tro. The vector contained the tdTomato protein gene under the control
of the Phosphoglycerate kinase promoter. For viral transduction, PDECs
(from human cord blood) were mixed with 6.106 viral particles and
cultured. The percentage of labeled cells was of 93–98%. Expression of
tdTomato was observed under fluorescent microscope. There was no
difference between PDECs labeled or not for cellular uptake of UEA-1
lectin and stainings for CD31, VE-cadherin and vWF (FACS). The sur-
face marker CD45 was found at less than 0.5% for both cell types.
PDEC proliferation (3 donors), with cells labeled or not was checked
(10 000 seeded cells/cm2) at days 1, 2, 3, 6 and 9 by neutral red and
MTT, showing that it is not affected by labeling. Also, PDEC functional-
ity was not modified in the capacity of labeled cells to form cord-like
structures when cocultured with human osteoprogenitors.We conclude
that PDECs tdTomato labeling does not alter the expression of specific
endothelial markers, proliferation and capacity. We provide an
improved qualification of PDECs for monitoring cell-scaffold interaction
in tissue engineering.

51.P06
The role of blood-derived angiogenic cells
(BDAC) with pericytic characteristics in early
angiogenesis
A Blocki, Y Wang, K Bhakoo and M Raghunath
NUS Graduate School for Integrative Sciences and Engineering,
National University of Singapore, Singapore; Division of
Bioengineering, National University of Singapore, Singapore;
Translational Imaging Industrial Laboratory (SBIC), Agency for
Science, Technology and Research (A*STAR); Department of
Biochemistry, National University of Singapore, Singapore

Pericytes are perivascular cells that are involved in blood vessel forma-
tion, maturation and stabilization. Although in the current view, peri-
cytes are multipotent MSC-like cells residing in various tissues and
responsible for the maturation and stabilization of blood vessels, peri-
cytes involved in angiogenesis were reported to express hematopoietic
markers. Here we propose the generation of blood-derived angiogenic
cells (BDAC) with characteristics of pericytes. Comparison between
BDAC and MSC-like pericytes derived from placenta (Pl-Prc) showed
that both cell populations co-localized with tubular network formed by
endothelial cells (EC) on matrigel. Both cell populations incorporated
into EC spheroids, however when seeded into a collagen-I gel only
BDAC migrated along the sprouts. Interestingly endothelial sprouting
was enhanced in collagen I gels by BDAC, whereas it was inhibited by
Pl-Prc. BDAC expressed many pro-angiogenic factors including VEGF,
IL-8, MCP-1 and crucial proteases for endothelial sprouting MMP-9 and
uPA. Interestingly inhibition if MMP-9 could significantly decrease
sprouting. We propose the existence of at least two pericyte popula-
tions. Pericytes of hematopoietic origin are involved in early stages of
angiogenesis like endothelial sprouting and resembled by BDAC,
whereas MSC-like pericytes are rather involved in stabilization of blood
vessels. BDAC represent promising candidates for therapeutic angio-
genesis.

51.P07
Endothelium differentiation and regeneration
from human adipose-derived stem cell by shear
stress
YJ Chang, SC Lin, SC Fan, S Chien and CCWu
National Cheng Kung University; I-Shou University; UC San
Diego; National Cheng Kung University, Taiwan

In the vascular system, endothelial cells (ECs) provide an interface
between blood streams and vessel wall. The shear stress generating by
blood flow might be a role to regulate endothelium differentiation and
vascular development. Human adipose-derived stem cells (ASCs), iso-
lated from adipose tissue, would be applied to regenerative medicine
or cell-based therapy. Thus, we want to investigate that endothelium
differentiation of ASCs combines both biochemical and mechanical
stimulation. Human adipose-derived stem cells (hASCs) were isolated
and cultured in DMEM, containing 10% FBS, and penicillin/streptomy-
cin. We combined the endothelial growth factors and shear stress sys-
tem to stimuli hASCs differentiation. RNA and protein level of EC
markers were measured by RT-PCR and western blotting. DiI-LDL
uptake and Matrigel assay were performed for EC functional analysis.
Up-regulation of EC marker and function reveal the synergistic effect of
endothelium differentiation on hASCs under biochemaical and
mechanical stimulation.
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51.P08
Primary rat endothelial progenitor cells derived
from bone marrow with high vascularisation
potential for tissue engineering
O Bleiziffer, A Brandl, Q Yuan, A Arkudas, J Beier, R Horch
and U Kneser
Department of Plastic and Hand Surgery, Erlangen University
Medical Center, Germany

Introduction: Bone marrow-derived progenitor cells may contribute to
formation of blood vessels. Endothelial progenitor cells (EPC) have
demonstrated high potential to enhance therapeutic vascularisation.
The aim of this study was to establish highly proangiogenic endothelial
progenitor cells derived from rat bone marrow for vascularisation of
bioartificial tissues and organs.
Material and methods: The mononuclear cell fraction was isolated from
tibia and femur bones and subcultured. Molecular phenotype was char-
acterised by FACS and PCR analysis. Functional capacity was investi-
gated by tube formation on Matrigel and Fibrin. DiI-Ac-LDL uptake
was used to confirm endothelial lineage up to 3 weeks after isolation.
Results: Progenitor cells expressed CD 146, CD 31 and VEGFR-2, mark-
ers of endothelial phenotype, in a distinct fashion. At 1 and 2 weeks
after isolation, cells demonstrated tube formation on Matrigel and in a
Fibrin matrix as well as DiI-Ac-LDL uptake, while control cells did not.
Moreover, we were able to select EPC by DiI-Ac-LDL uptake followed
by staining with FITC-UEA up to 3 weeks.
Conclusion: Primary EPC can be isolated with potent proangiogenic
potential, as demonstrated by functional assays and expression of
endothelial-specific surface markers. Combination of two independent
fluorescent staining systems enables selection of EPC and long term
tracking in vivo after transplantation, providing insights into their role
in blood vessel formation in vivo.

51.P09
Pre-vascularising liver progenitor cell spheroids
in vitro to increase survival in vivo
AM Dingle, K Yap, WA Morrison, HL Peters, GC Yeoh
and GMMitchell
O’Brien Institute, University if Melbourne Dept. of Surgery at St.
Vincent’s Hospital Melbourne, Australia; Murdoch Childrens
Research Institute; University of Western, Australia

Introduction: Cell death upon implantation in vivo is a major obstacle
in tissue engineering and cell therapy. Implanting cells as 3D multi-cel-
lular spheroids rather than single cells can improve cell survival. Fur-
thermore, combining vascular cells within spheroids may improve in
vivo cell survival by maximizing vascularization through inosculation.
This project aims to combine liver progenitor cells (LPCs) with vascular
cells to form capillaries within 3D multicellular spheroids to enhance
survival post implantation.
Methods: Murine LPCs, liver sinusoidal endothelial cells (LSECs) and
adipose derived mesenchymal stem cells (ASCs) were investigated for
their spheroid forming ability using 20 000 cells/well in 20% methyl-
cellulose. Proliferation and apoptosis were assessed by immunohisto-
chemistry over 10 days. Various cell types were co-cultured to assess
their ability to form a single spheroid and if capillaries could be formed
within the spheroid.
Results: Each cell type formed a single spheroid/well with increasing
apoptosis and decreasing proliferation over 10 days. In co-cultures,
capillaries (CD 31 +ve) were seen in spheroids containing LPC/LSEC
and LPC/LSEC/ASC.
Conclusion: Co-culturing LPCs with vascular cells shows capillary for-
mation. Optimization experiments will increase capillary networks
within LPC spheroids. In vivo implantation experiments will determine
the success of inosculation in spheroid survival and LPC differentiation
for liver replacement therapy.

51.P10
Effects on the regulation of VEGF by
macrophages in triple-culture with outgrowth
endothelial cells and osteoblasts
I Bischoff, E Dohle, RE Unger and CJ Kirkpatrick
Inst. of Pathology, University Medical Center, Johannes Gutenberg
University Mainz, Germany

Macrophages (MF) or monocytes (MNC) are known to play a signifi-
cant role in the induction of new blood vessels. The co-culture system
of endothelial cells and varying osteoblast cell-types represents a model
to evaluate the different modulatory activity that MF may have on the
other cells. The aim of this study was to compare the effect that MF/
MNC (cell line THP-1) have on the release of VEGF in co-culture sys-
tems consisting of 1) human outgrowth endothelial cells (OEC) and
human primary osteoblasts (pOB) and 2) OEC and the human osteo-
sarcoma cell line MG-63. MG-63 are used as an osteoblast cell model in
in vitro studies and has similar effects on endothelial cells as pOB in
terms of promoting angiogenesis. Triple-cultures of pOB and OEC with
MNC or MF (THP-1) resulted in an increase of the expression of VEGF.
POB from at least three donors exhibited similar results. Triple-cultures
of OEC and MG-63 with MNC or MF did not show any up regulation
or increased release of VEGF. Triple-cultures with pOB, OEC and MF/
MNC show a pattern of increasing release of VEGF mimicking what is
observed in vivo under physiological conditions. The effect was not
observed by using MG-63. These results show that in vitro models with
primary cells more closely resemble the in vivo situation to stimulate
MF/MNC to enhance the pro-angiogenic activity in the microenviron-
ment. Further studies with other osteosarcoma cell lines are underway
to determine if these cells show similar behaviour to MG-63.

51.P11
Cell interactions between human endothelial
cells and mesenchymal stem cells in a three
dimensional macroporous polysaccharide-based
scaffold
J Guerrero, C Lalande, S Ziane, R Bareille, N Thébaud,
M Derkaoui, L Bordeanave, C le Visage, D Letourneur
and J Amedée
Inserm, U1026 Tissue Bioengineering, France; University
Bordeaux Segalen, France; Inserm, U698, Cardiovascular
Bioengineering, France; PRES Sorbonne Paris Cité, France

In bone tissue engineering, prevascularization of a scaffold by associa-
tion with endothelial cells improves angiogenesis and bone formation.
Crosstalk between endothelial cells and osteoprogenitors has been
studied in 2 dimensions (2D) but remains unknown in 3D. Here, we
used a macroporous matrix of polysaccharides that promote cell inter-
actions. Cocultures of human Bone Marrow Stromal Cells (hBMSC)
and human Endothelial Progenitor Cells (hEPCs) were performed. The
aim was to investigate the existence of intercellular junctions in the 3D
coculture and its effect on osteoblastic differentiation. Time lapse vid-
eomicroscopy performed during 24 h revealed that the porous polysac-
charide-based scaffold generates formation of multicellular aggregates
inside the pores of the matrix. The kinetic of cell aggregation depends
on the mono- or coculture and the ratio of both cell types in coculture.
Aggregates were constituted by a ring of hEPCs surrounding hBMSCs.
Expression of Connexin43, VE-cadherin and bone specific markers
cbfa1, alkaline phosphatase, type I collagen, osteocalcin, osteopontin,
were studied by RT-Q-PCR and immunofluorescence for 12 days. Im-
munostaining evidenced VE-cadh in the ring of hEPCs and Cx43 punc-
tated points between hBMSCs and hEPCs. mRNA levels of Cx43 and all
the bone specific markers were increased with time of coculture. These
data indicate that this 3D matrix enhances cell communication
between heterotopic cells and drive hBMSCs towards osteogenic line-
age.
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51.P12
Quantitative analysis of interactions between
capillary networks and hepatocyte tissues in a
microfluidic platform
R Sudo, T Tsuji, D Akuzawa, S Chung, R Kamm and K Tanishita
Keio University, Japan; Korea University; Massachusetts Institute
of Technology, USA

Increasing interest has focused on capturing the complexity of tissues
and organs in vitro as models of human pathophysiological processes.
In particular, a need exists for a model that can investigate the interac-
tions in three dimensions between epithelial tissues and a microvascu-
lar network since vascularization is vital for reconstructing functional
tissues in vitro. Here, we utilized a microfluidic device to develop a co-
culture model of microvascular endothelial cells (MVECs) and hepato-
cytes. Hepatocytes and MVECs were cultured on each sidewall of a col-
lagen gel scaffold between two microfluidic channels under static or
flow conditions. Morphogenesis of three dimensional hepatocyte cul-
tures was found to depend on the application of interstitial flow across
hepatocyte clusters. In addition, MVECs formed three dimensional cap-
illary networks that extended across an intervening gel to the hepato-
cyte tissues in hepatocyte-MVEC co-culture while they formed sheet-
like structures in MVEC monoculture. Furthermore, an interface
between the tip of the capillary networks and hepatocyte tissues was
analyzed by confocal microscopy, and cell growth and migration in the
capillary networks were quantitatively analyzed to investigate interac-
tions between the capillary networks and hepatocyte tissues. The
experimental approach described here is useful more generally for
investigating microvascular networks within 3D engineered tissues
with multiple cell types in vitro.

51.P13
Factors involved in capillary formation by
endothelial cells in coculture with osteoblasts
R Rehlich, A Sartoris, RE Unger and CJ Kirkpatrick
REPAIR-lab, Institute of Pathology, University Medical Center
Mainz, Germany

The survival and functioning of bone biomaterial requires a rapid and
stable vascularization after implantation. One of the goals to speed the
acceptance and recovery of an implant is to generate a pre-vascularized
construct with the patient’s own cells. In vitro co-cultures of human
microvascular endothelial cells and primary human osteoblasts on
bone biomaterials result in a tissue-like self-assembly of the cells, with
endothelial cells forming microcapillary-like structures containing a
lumen intertwined between cell layers of osteoblasts. These pre-formed
capillaries have been shown to anastomose after implantation and rap-
idly integrate into the functioning host vasculature. However, the abil-
ity of endothelial cells to form microcapillaries differs depending on
tissue source and donor. Which individual factors are involved in stimu-
lating the randomly distributed endothelial cells in the co-culture to
migrate and form microcapillaries? In order to be able to predict a reli-
able prevascularization with variable donors an understanding of the
cell-cell communication and factors which lead to microcapillary struc-
tures is necessary. Therefore, we have begun examining different
human osteoblast cell lines and osteoblasts isolated from different loca-
tions in the body to identify factors involved in this process. Moreover,
we found morphological differences in endothelial cells from different
source tissues, which also show distinct formations of microcapillary-
like structures.

51.P14
Interactions between periosteal cells and blood
vessels during bone autograft healing:
implications for tissue engineering strategies
N van Gastel, M Depypere, I Stockmans, J Schrooten, F Maes,
FP Luyten and G Carmeliet
Laboratory of Clinical and Experimental Endocrinology &
Prometheus, Division of Skeletal Tissue Engineering, Belgium;
Department of Electrical Engineering (ESAT/PSI), Belgium;
Laboratory of Clinical and Experimental Endocrinology,Belgium;
Department of Metallurgy and Materials Engineering &
Prometheus, Division of Skeletal Tissue Engineering, Belgium;
Laboratory of Skeletal Development and Joint Disorders &
Prometheus, Division of Skeletal Tissue Engineering, Belgium

Despite major drawbacks, autografts remain the golden standard to
treat large bone defects. Cell-based bone tissue engineering is a promis-
ing alternative, but the lack of timely formed blood vessels often com-
promises the survival of implanted cells. Here, we examined the role of
periosteal cells in blood vessel formation using a mouse segmental
bone defect model. We verified the critical role of periosteal cells in
autograft healing by showing that removal of the periosteum reduces
the healing of autografts to the level of allografts. MicroCT-based visu-
alization of the vasculature revealed a significantly lower number of
blood vessels surrounding allografts compared to autografts, especially
near the central graft region. Implantation of autografts from GFP-mice
showed that the blood vessels in the callus were derived almost exclu-
sively from the host. These data suggest that periosteal cells are critical
for the attraction of blood vessels. Indeed, murine periosteum-derived
cells (mPDC) cultured in hypoxia showed a faster and stronger increase
of Vegf mRNA levels compared to bone marrow stromal cells. Also, con-
ditioned medium of mPDC enhanced endothelial cell (EC) prolifera-
tion, while inhibition of mPDC-derived VEGF in cocultures induced
manifest EC death. Our results show that periosteal cells are crucial for
autograft healing not only by their strong osteogenic potential, but also
their pro-angiogenic features and thus may provide an ideal cell source
for bone regeneration.

51.P15
Coculture of Endothelial Progenitor Cells (EPC)
and Coculture of Endothelial Progenitor Cells
(EPC) and Mesenchymal Stem Cells (MSC) in
polyurethane scaffolds (PU) promotes
simultaneously implant neo-vascularization and
bone neo-formation
F Duttenhoefer, S Egli, LM Benneker, G Richards, M Alini
and S Verrier
AO Research Institute Davos, Switzerland; Inselspital University
of Bern, Switzerland

Vessel ingrowth from nearby tissues is insufficient in most large defect
healing, current tissue engineering strategies focus on the neo-vascular-
ization process. Our aim is to develop a pre-vascularized bone implant
made of PU co-seeded with autologous MSC and EPC, and identify an
optimized environment for both cell populations. MSC and EPC were
isolated from human bone marrow (KEK_Bern126/03) using Ficoll
and MACS respectively. PU scaffold were seeded with MSC alone, or
with 25% or 50% EPC and in the presence of autologous Platelet Rich
Plasma. Constructs were incubated (37�C-5%CO2) in endothelial cell
culture medium (M200+LGS) or in IMDM+FCS+Platelet Lysate,
alone or with Dexamethasone. After 1 week, samples were implanted
subcutaneously in nude mice and sacrificed at 8 weeks. Other samples
were kept in vitro until day 35. After 7 days, the presence of tubular
structures positive for endothelial- (PECAM, vWF, LN) and pericyte-
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markers (CD146, NG2, aSMA) was observed only in MSC-EPC co-
seeded samples and only in the presence of Dex. After 21 days, MSC-
EPC samples were positive for ALP. In MSC samples, ALP only appeared
after 35 days. After 8 weeks in vivo, matrix mineralization was clearly
detected. We showed that EPC combined with MSC enhances and sta-
bilises early vascular-like network formation in scaffolds, supports oste-
ogenic differentiation of MSC and mineralization. The presence of PL
and Dex in the medium has proven essential in these coculture sys-
tems.

51.P16
A distinct subpopulation of pig endothelial
progenitor cells is the origin of vascular-like
networks and supports pig endothelial cell
proliferation in co-cultures with mesenchymal
stem cells
M Lux, T Horvath, B Andrée, L Venturini, A Haverich
and A Hilfiker
Leibniz Research Laboratories for Biotechnology and Artificial
Organs (LEBAO), Hannover Medical School, Germany

Vessel TE focuses on the coculturing of various cell types for the gener-
ation of endothelium lined muscular tubes. Endothelial cells (EC),
requested for this purpose, normally appear as heterogenous popula-
tion of cells when differentiated from EPC. Here, the role of giant Endo-
thelial Progenitor Cells (gEPC) in cocultures with Mesenchymal Stem
Cells (MSC) and vessel derived EC was analyzed. gEPC and differenti-
ated EC stably expressing GFP or RFP were seeded onto monolayers of
bone marrow derived MSC, all of porcine origin. After 14 days, cell
type specific markers were investigated (EC, smooth muscle cells, peri-
cytes) by immunhistochemistry. Appearing vascular-like networks were
analyzed for density and structure length.MSC in contact with EC
stained positive for sm-a-actin (ACTA2) and sm-myosin heavy chain 11
(MYH11). Proliferation of EPC was not observed, however, extensive
vascular-like networks developed, which seemed to be formed mainly
by the gEPC-subpopulation. gEPC, negative for ACTA2 and MYH11,
exhibited a strong expression of CD31, more intense than normal EPC.
As EPC, EC showed no proliferation on MSC, however, when tricul-
tured with gEPC they proliferated and migrated until a confluent
monolayer was reached. This study reveals (1) gEPC are the origin of
vascular-like networks when cocultured with MSC, which in turn differ-
entiate towards a smooth muscle cell phenotype. (2) gEPC have a pro-
liferative effect on terminally differentiated EC when cocultured with
MSC.

51.P17
Pericytes contribute to the stability of the
vascular network of osteogenic tissue formed
from cell sheet-based constructs
LF Mendes, RP Pirraco, W Szymczyk, TC Santos, AM Frias, RL Reis
and AP Marques
3B’s Research Group, University of Minho, Portugal; ICVS/3B’s
Associate Laboratory, Portugal

Despite the increased use of cell sheets for tissue engineering, the appli-
cation of this new technology for thick tissue reconstruction is being
limited by old barriers such as the need to create a pre-vascular net-
work to ensure proper nutrient and oxygen supply in vivo. In the pres-
ent work, we created a cell sheet-based construct by co-culturing bone
marrow-derived osteogenic and pericyte-like cells with human umbili-
cal vein endothelial cells (HUVECs) with the purpose of enhancing the
in vivo vascularization of newly formed osteogenic tissue. Human bone
marrow mesenchymal stromal cells (hBMSCs) were isolated and cul-
tured in medium supplemented with osteogenic factors or TGF-b1 to

obtain either osteogenic or CD146+ pericyte-like cells. Immunocyto-
chemistry analysis of the co-cultures showed organized structures
formed by CD146+ hBMSCs and HUVECs over the osteogenic cell
sheet, suggesting the existence of cross-talk between the co-cultured
cell types. Nude mice were used to test the ability of those constructs
to form functional and vascularized osteogenic tissue. Immunohisto-
chemistry analysis of cell sheet-based constructs after 1 and 3 weeks of
transplantation revealed the integration of HUVECs with neighboring
host’s vessels. Additionally, the analysis of the diameter of the blood
vessels showed a higher mean diameter for the condition that com-
bined pericyte-like cells and HUVECs, reinforcing the advantage of the
proposed model regarding blood vessels maturation and stability.

51.P18
Assessing the ability of in vitro engineered
vasculature in a collagen-GAG scaffold to
enhance bone tissue regeneration in vivo using a
rat calvarial defect model.
EM Thompson, TM McFadden, GP Duffy and FJ O’Brien
Royal College of Surgeons, Ireland

In vitro engineering of microvasculature within tissue engineered (TE)
constructs attempts to overcome graft failure due to avascular necrosis
following implantation. We have recently developed a mechanism to
engineer, in vitro, vasculature in a collagen-GAG (CG) scaffold using a
delayed addition of human mesenchymal stem cells (MSCs) to pre-
formed human umbilical vein endothelial cell (EC) networks. This
study assessed the in vivo response and functionality of this co-cultured
(CC) construct in a critically sized calvarial bone defect and compared
it to vasculature formed using ECs alone and a cell-free CG scaffold
(control). Animals were sacrificed at 4 and 8 weeks post-implantation.
Quantitative analysis with microCT and histomorphometry demon-
strated increased bone formation in the CC group compared to ECs
alone at 4 weeks. Immunohistochemistry revealed the presence of M2
macrophages indicating a high level of remodelling and healing in the
bone defects. In addition, positive staining for human CD 31 demon-
strated the presence of human ECs 4 and 8 weeks post-implantation
indicating that pre-engineered vessels had the ability to remain viable
and become functional in vivo. These results reveal new information
on vasculogenesis and the immune response of host animals toward a
TE construct during tissue repair. In addition these data suggest that a
CG scaffold containing pre-engineered vessels using a co-culture of ECs
and MSCs may provide accelerated healing in bone defects.

51.P19
Enhancement of osteogenesis and angiogenesis
by bone forming peptide 4 derived from BMP-7
prodomain
HK Kim, JS Lee, JH Kim, DS Park, MH Jeong and TRYoon
Heart Research Center of CNUH, South Korea; Dept. of Biology,
South Korea

Cells were cultured in medium for 6 days and treated with BFP 4 for
1 days and then subjected to various tests MTT assays, alizarin red S
staining, alkaline phosphatase (ALP), cell migration, tube formation,
osteogenic and angiogenic gene expressions, fluorescence microscopy,
flow cytometric analysis and animal experiments. D1 cells were found
to differentiate into osteoblasts in the presence of osteogenic differenti-
ation medium. Osteogenic differentiation was enhanced when cells
were treated with BFP 4, as determined by alizarin red S staining, ALP
activity, calcium contents and osteogenic genes (ALP, Runx2, and osteo-
calcin) mRNA expression, and flow cytometric analysis for CD44 sur-
face molecules. Angiogenic differentiation was enhanced when cells
were treated with BFP4, as determined by cell migration and tube for-
mation analysis. Furthermore, X-ray and morphology images showed
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that BFP 4 enhanced bone and blood vessel formation on animal exper-
iments. These findings suggest that BFP 4 enhances osteogenic and
angiogenic differentiation via osteogenic related protein expression and
angiogenic related protein when administered to cells.
Acknowledgement: This research was supported by a grant of the Korea
HT R&D Project, Ministry for Health, Welfare & Family Affairs, Korea
(A084869 and A100012) and by the Pioneer Research Center Program
through the NRF of Korea funded by the MEST (2011-0001696).

51.P20
Periodontal regeneration: In vitro evaluation of
prolyl hydroxylase inhibitors
H Agis, G Watzek and R Gruber
Department of Oral Surgery, Medical University of Vienna and
Austrian Cluster for Tissue Regeneration, Austria

Prolyl hydroxylase (PHD) inhibitors hold a therapeutic potential to sup-
port periodontal regeneration. This assumption is based on the capacity
of PHD inhibitors to stabilize hypoxia-inducible factor (HIF)-1, a cen-
tral mediator of angiogenesis. The impact of PHD inhibitors on a
broader cellular response, including protease activity and bone resorp-
tion, are however not fully understood. To demonstrate the responsive-
ness of the periodontium to PHD inhibitors, we determined HIF-1 and
the production of vascular endothelial growth factor (VEGF) in peri-
odontal fibroblasts. Following the same strategy, we determined the
release kinetic of PHD inhibitor from bone substitutes. The impact of
PHD inhibitors on plasminogen activation was evaluated by chromo-
genic assays, and the impact on the formation and activity of osteo-
clasts was assessed in murine bone marrow cultures. Our data show
that non-toxic concentrations of PHD inhibitors increase HIF-1 and pro-
voke the production of VEGF. PHD inhibitors released from bone substi-
tutes within 48 h stimulate VEGF production. In addition, PHD
inhibitors reduced plasminogen activation capacity of periodontal fibro-
blasts, and decreased the formation and activity of osteoclasts. Overall
our results suggest that PHD inhibitors stimulate a pro-angiogenic
response and have an anti-catabolic activity. These findings provide the
basis for preclinical studies for PHD inhibitors loaded onto bone substi-
tutes to support periodontal regeneration.

51.P21
Impact of human amnion-derived mesenchymal
stromal cells and placental fibroblasts on the
function of endothelial cells
GWeiss, J König, D Pfeiffer, B Huppertz, A Lass and I Lang
Institute of Cell Biology, Histology and Embryology, Medical
University Graz, AustriaCenter of Biomedical Technology, Danube
University Krems, AustriaInstitute of Molecular Biosciences, Karl-
Franzens University Graz, Austria

Introduction: Mesenchymal stromal cells derived from the human
amnion (hAMSC) are multipotent cells which are immunologically well
tolerated. This makes them promising candidates for cell-based thera-
pies. In our study we investigated the paracrine effects of hAMSC and
placental fibroblasts (PlFib) on the function of placental endothelial
cells (PlEC).
Methods: Conditioned medium (Cdm) was prepared by incubating con-
fluent hAMSC and PlFib with EGM-2 medium for 48 h. The impact of
Cdm on the viability and network formation of EC was determined
using LDH and Matrigel assays, respectively. The paracrine factors in
Cdm were analysed by angiogenesis array kits and ELISA.
Results: Culture of PlEC in hAMSC-Cdm and PlFib-Cdm reduced the
activity of LDH in the culture supernatant to 59 ± 26% and 59 ± 17%
of control, respectively. As LDH is released by damaged cells, this points
to a clearly enhanced endothelial viability. In the Matrigel assay, only
PlFib-Cdm significantly increased the number of endothelial networks.

Protein analysis of Cdm revealed a similar secretion of pro- and antian-
giogenic factors such as angiogenin, IL-8, TIMP-1&2, while VEGF was
only secreted by PlFib.
Conclusion: hAMSC and PlFib enhance endothelial cell viability via
paracrine factors. Additionally, PlFib increase endothelial network for-
mation by factors such as VEGF. Therefore, hAMSC might be valuable
in therapeutic approaches to promote the survival of blood vessels
without the risk of excessive angiogenesis.

51.P22
Unfolded Protein Response (UPR) as a possible
target for angiogenesis regulation in tissue
engineering
L Anspach, R Tsaryk, F Pröls and CJ Kirkpatrick
Institute of Pathology, Germany; Institute of Neuroanatomy,
Germany

Vascularization is important for most tissue engineering applications.
Current strategies including the use of growth factors to control angio-
genesis present several limitations. Therefore, targeting novel signaling
pathways involved in the regulation of angiogenesis might improve
vascularization in tissue engineering. We demonstrate here that the
unfolded protein response (UPR) could be such a pathway. UPR is acti-
vated by accumulation of unfolded proteins following stress signals.
After activating UPR, cells produce e.g. chaperones to counteract stress.
However, it is also known that this pathway is involved in physiological
reactions, such as inflammation and differentiation. We showed that
BiP, an UPR regulatory protein, was induced in primary endothelial
cells after stimulating with VEGFand bFGF. Anoxia, another angiogenic
stimulus, also led to an increased BiP expression at mRNA and protein
level. Importantly, down-regulation of BiP using siRNA inhibited the
migration of endothelial cells in a modified scratch assay. Furthermore,
the cells with down-regulated BiP exhibited reduced formation of capil-
lary-like structures in an in vitro angiogenesis assay. Altogether, these
data indicate an important role for BiP and the UPR pathway in angio-
genesis regulation. We believe that the targeting of UPR could be used
to control angiogenesis in different tissue engineering applications, in
which stimulation or inhibition of vascularization is important.

51.P23
Hypoxia enhanced the induction of human
amniotic mesenchymal cells into vascular
endothelial lineage through up-regulation of the
gene expression associated with angiogenesis
NMaruyama, K Kokubo, T Shinbo, M Hirose, M Kobayashi,
N Sakuragawa and H Kobayashi
Kitasato University Graduate School of Medical Sciences,
JapanKitasato University School of Allied Health Sciences, Japan

Aim: Human amniotic mesenchymal side population cells (h-AMSPCs)
have pluripotency and weak immunogenicity. These cells have promis-
ing features in regenerative medicine. The aim of the present study was
to determine whether hypoxic condition is appropriate for the differen-
tiation of the h-AMSPCs into vascular endothelial lineage.
Methods: The mesenchymal cells were isolated from the enzyme-trea-
ted amniotic membrane and were stained with Hoechst33342. The h-
AMSPCs were negatively sorted by FACS. The h-AMSPCs were cultured
in induction medium containing VEGF in normoxia (20%) or hypoxia
(1%) for 1 or 2 weeks. The expressions of endothelial markers as KDR,
Flt-1, vWF, VE-cadherin and VCAM were evaluated by real-time PCR
and fluorescent immunostaining. Changes in the expression of angio-
genesis-related genes were also investigated by DNA microarray.
Results: Gene expressions of KDR, Flt-1, VE-cadherin and vWF were
most pronounced after 2 weeks cultivation. Protein expressions of KDR
and VE-cadherin were more strongly observed after 2 weeks cultiva-
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tion under hypoxia. In the microarray data, gene expression of Angio-
poietin, VEGFA and Thrombospondin, which were known to be up-reg-
ulated by HIF, increased under hypoxia.
Conclusion: The h-AMSPCs cultured under hypoxia differentiated into
vascular endothelial lineage, probably due to the up-regulation of the
gene expression associated with angiogenesis through HIF system.

51.P24
Cyclic mechanical strain guides capillary-like
morphology in vitro
D Koennig, CJ Wilson, G Kasper, S Werner, K Lehmann
and GN Duda
Julius Wolff Institute/BCRT/BSRT, Germany

Introduction: Stretching of tissue stimulates angiogenesis but increased
motion at a fracture site hinders revascularisation. In vitro studies have
indicated that mechanical stimuli promote angiogenic responses in
endothelial cells, but can either inhibit or enhance responses when
applied directly to angiogenesis assays. We anticipated that cyclic ten-
sion applied during endothelial network assembly would increase vas-
cular structure formation up to a certain threshold.
Methods: Fibroblast/HUVEC co-cultures were subjected to cyclic equi-
biaxial strain (1 Hz; 6 h/day; 7 days) using the FlexerCell FX-4000T
system and limiting rings for simultaneous application of multiple
strain magnitudes (0–13%). Cells were labelled using anti-PECAM-1,
and image analysis provided measures of endothelial network length
and numbers of junctions.
Results: Cyclic stretching had no significant effect on the total length of
endothelial networks (P > 0.2) but resulted in a strain-dependent
decrease in branching and localised alignments of endothelial struc-
tures, which were in turn aligned with the supporting fibroblastic con-
struct.
Conclusion: The organisation of endothelial networks under cyclic
strain is dominated by structural adaptation to the supporting con-
struct. It may be that, in fracture healing, the formation and integrity
of the granulation tissue and callus is ultimately critical in revasculari-
sation and its failure under severe strain conditions.

51.P25
Capillary-like structures adjacent to
biofunctionalized microfibres generated by
different supportive cell types
S Weinandy, R Lösel, RE Unger, K Douma, R Megens,
CJ Kirkpatrick, M van Zandvoort, J Sachweh, S Jockenhoevel
and D Klee
Department of Tissue Engineering & Textile Implants, AME-
Helmholtz, Germany Institute for Biomedical Engineering, RWTH
Aachen, Germany; Institute of Technical and Macromolecular
Chemistry (ITMC), RWTH Aachen, Germany; Institute of
Pathology, University Medical Center, Johannes Gutenberg
University of Mainz, Germany; Institute of Biomedical
Engineering, University of Maastricht, The Netherlands; Institute
for Cardiovascular Prevention, Ludwig-Maximilians University
Munich, Germany

Introduction: For an engineered tissue with more than 100–200 lm of
thickness, blood vessels are necessary to supply tissue cells with nutri-
ents. Thus, the goal of our studies is to locally control in vitro capillari-
sation by positioning of supportive and vessel-forming endothelial cells
on biofunctionalized fibres within a 3D matrix. This support may then
lead to capillary-like structure formation adjacent to the fibres.
Material and methods: Biofunctionalization of poly-DL-lactide acid
(PDLLA) fibres is performed by aminofunctionalization and covalent
binding of RGD peptides via hexamethylene diisocyanate (HDI). As

supportive cells, human foreskin fibroblasts (HFF) were seeded on the
fibres, followed by human umbilical vein endothelial cells (HUVECs).
Fibrin moulding followed. After 9 days of co-culture, gels were fixed
and immunostained (CD31). Quantification of capillary-like structures
in the 3D fibrin matrix was carried out using two-photon microscopy
and ImagePro� Analyzer software.
Results: When fibrin moulding was done after cell seeding, capillary-
like structures formed on HFF as supportive cells adjacent to biofunc-
tionalized microfibers.
Conclusions: Vascular network formation can be realised and controlled
in the immediate neighbourhood of biofunctionalized fibres inside a
3D fibrin matrix. Supportive cells like HFFs are necessary to generate
these networks next to the fibres. Two-photon microscopy helps to visu-
alize and quantify the capillary-like structures.

51.P26
In vitro vascular-like network as a platform for
functional tissue constructs
H Vuorenpää, O Huttala, R Sarkanen, T Ylikomi and T Heinonen
School of Medicine, Finnish Centre for Alternative Methods,
University of Tampere, Finland

The current limitation in developing 3D-tissue constructs is the lack of
adequate vascularization. The vascular network should have features
of mature and stable vessels. Preferably no animal components or
unnatural scaffold material should be present. Since human adipose
stromal cells (hASC) are known to secrete several angiogenic factors
and promote vascular maturation, they are excellent building blocks
for tissue constructs.We developed a natural-like, xeno-free in vitro vas-
cular-like network. We induced hASCs to vascular-like network forma-
tion in co-culture with human umbilical vein endothelial cells
(HUVEC). The aim was to find optimal culture conditions for the for-
mation of vascular-like network with properties of mature tubules. The
results show that hASCs induced tubule assembly, vessel maturation
and also differentiated into endothelial cells themselves. hASCS and
HUVECs self-assembled into a 3D network with a complete basement
membrane and vessel supporting cells. Vascular endothelial growth fac-
tor and basic fibroblast growth factor were found to be essential for
vascular-like network formation. In addition, serum-free/low-serum
culture and addition of other growth factors improved network forma-
tion. This vascular-like network provides an excellent tool for develop-
ing natural-like, scaffold-free 3D-tissue constructs. Target cells from
different origin can be added to the vascular-like network as the appli-
cability of the system was tested in various conditions.

51.P27
Crosstalk between fibroblasts and endothelial
cells promotes angiogenesis in vitro: putative
role of alkaline phosphatase
SG Guerreiro, RE Unger, A Sartoris, MJ Martins, MA Barbosa, R
Soares, PL Granja and CJ Kirkpatrick
INEB - Instituto de Engenharia Biomédica, Biomaterials Division,
Universidade do Porto, Portugal; REPAIR-Lab, Institute of
Pathology, University Medical Center, Johannes Gutenberg
University, Germany; Universidade do Porto, Faculdade de
Medicina, Departamento de Bioquı́mica (U38-FCT), Portugal

Interactions between the different cell-types, growth factors and extra-
cellular matrix components involved in angiogenesis are crucial in the
mechanisms of new vessel formation for tissue regeneration. The aim
of the present study was to investigate if cocultured fibroblasts and
endothelial cells (from macro- or microvasculature) could modulate
growth factor production (VEGF, bFGF, TGF-b1 and IL-8), influence the
formation of microcapillary-like structures by endothelial cells and
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affect fibroblast differentiation. Results obtained show that the two
cells types interact with each other through exchange of growth factors
(e.g., fibroblasts produce VEGF, which is known to influence angiogen-
esis). Fibroblasts promoted the formation and organization of capillary-
like structures by endothelial cells, increased the amount of collagen in
the cocultures and determined the expression of alkaline phosphatase.
High alkaline phosphatase expression could be co-localized with capil-
lary-like structures and the interaction between the two cells types
induced fibroblast activation near microvessel-like structures.

51.P28
Generation of prevascularized muscle tissue
constructs by coculture of skeletal muscle stem
cells with endothelial cells
H Kenar, GT Kose, CC Kesemenli, E Karaoz and V Hasirci
Kocaeli University, Center for Stem Cell and Gene Therapies
Research and Practise, Turkey; Yeditepe University, Department of
Genetics and Bioengineering, Turkey; Kocaeli University, Faculty
of Medicine, Department of Orthopedics and Traumatology,
Turkey; METU, BIOMATEN, Department of Biological Sciences,
Biotechnology Research Unit, Inonu Bulvari, Turkey

Tissue engineered skeletal muscle constructs have been developed as
alternatives to autografts to be used especially in regeneration of mus-
cle tissue in congenital or accidental maxillofacial tissue defects. Skele-
tal muscle stem cells are able to form functional myotubes easily under
in vitro conditions, especially under provision of biological cues and
cyclic strain. With the aim of translating research to therapy, develop-
ment of animal product-free protocols have gained significant impor-
tance. Human skeletal muscle stem cells (hSkMSCs) were isolated with
enzymatic digestion from a small skeletal muscle biopsy obtained dur-
ing orthopedic surgery, and characterised with flow cytometry and by
differentiation into osteogenic and adipogenic lineages at the third pas-
sage. hSkMSC were seeded on electrospun parallel microfiber
PHBV:PLDLLA:PGS mats to promote aligned myotube formation,
which is necessary for unidirectional muscle contraction. Fetal bovine
serum was replaced with human platelet lysate to make the protocol
and the final product applicable to humans. Simultaneous construct
vascularization protocol was developed by coculturing hSkMSCs with
HUVEC or peripheral blood derived endothelial colony forming cells
(ECFC) in a 1:1 ratio in media with different compositions. The endo-
thelial cells formed both unidirectional and transverse capillary net-
works, and hSkMSCs were able to form aligned myotubes.

51.P29
Effect of neurotrophic factors on angiogenesis in
reconstructed skin
M Blais, P Lévesque and F Berthod
Laval University, Canada

The neurotrophic factors (NF) are a class of secreted peptides. They are
vital for the cutaneous innervation and the epidermis is known to be a
major source of NF that remotely attract the nerve fibers. Interestingly,
an angiogenic effect for the NF nerve growth factor (NGF) was
described in other tissues. Beside their neuronal contribution, we
hypothesized that neurotrophic factors influence the microvascular net-
work in the skin. We characterized the endogenous expression and
release of NF in human skin and we simplified the evaluation and com-
parison of their angiogenic properties by developing a unique endothel-
ialized reconstructed connective tissue model (ERCT). Using the ERCT,
we observed that the addition of NF to the culture medium induce a
major increase of CLT formation and migration within the ERCT with
10 ng/ml NGF, 0.1 ng/ml BDNF, 15 ng/ml NT-3 and 50 ng/ml GDNF.
Moreover, we assayed the phosphorylation events for some of the
kinase effectors after stimulation with NF. Here we report the expres-
sion of TrkA, TrkB, p75, c-Ret and Gfra-1, the cell receptors for these
NF and we report for the first time an analysis of the intracellular
kinase pathways activation following 15 min of stimulation with NF.
We could also demonstrate that this effect was mediated through the
TrkA and TrkB receptors for NGF, BDNF and NT-3. In conclusion, we
generated an ERCT that allowed for the study of the role of neuro-
trophic factors on angiogenesis.

51.P30
Hypoxia mimicking small molecules induce an
angiogenic trophic profile in human
mesenchymal stromal cells
HAM Fernandes, J Doorn, B Le, J van de Peppel, JPTM van
Leeuven and MR De Vries
University of Twente, The Netherlands

The pro-angiogenic response of human mesenchymal stromal cells
(hMSCs) is mediated by vascular endothelial growth factor (VEGF).
We employed a high throughput assay on hMSCs containing a hypoxia
responsive element from the VEGF promoter to identify novel small
molecules which mimic hypoxia. The effect of several of these small
molecules was cell type/species dependent, but we identified a mole-
cule that induces high expression of HIF-1 target genes in hMSCs.
Microarray data showed that the mechanism of action differs from des-
feroxamine (DFO - a known hypoxia mimic). At a protein level, we
confirmed that the new molecule, in contrast with DFO, induces high
levels of IL-8 expression suggesting a distinct mechanism from DFO-
induced angiogenesis. Importantly, our new molecule alone was suffi-
cient to induce vascular invasion of a Matrigel plug in vivo, making it a
highly promising molecule for future revascularization strategies.
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52. Optical and MRI Imaging in vivo (in coop. EIBIR)

52.01
Keynote: Imaging challenges in tissue
engineering
EM Brey, AA Appel, JC Larson, TJ Holmes and MA Anastasio
Illinois Institute of Technology, USA

The ability to engineer functional tissues could lead to new options for
tissue reconstruction and replacement. Imaging technologies for 3D
analysis of engineered tissues has been identified as a strategic priority
for agencies involved in tissue engineering research. In this presenta-
tion, information will be provided on imaging challenges in tissue engi-
neering and approaches that are being employed to address these
issues described. A particular emphasis will be placed on techniques
that can provide 3D imaging of engineered tissues without the use of
exogenous contrast agents. Data will be presented using X-ray phase-
contrast (PC) to image engineered tissues. These have shown promise
for biomedical applications due to their ability to provide information
on tissue structure through reliance on alternative X-ray properties
(refraction, scatter) in addition to X-ray absorption. X-ray PC tech-
niques can resolve both soft tissue and bone with excellent spatial reso-
lution and deep tissue penetration. Hydrogels, polymer foams and
tissue structure can be imaged using X-ray PC computed tomography
without use of contrast agents. In addition, results will be presented
showing how traditional brightfield, darkfield and phase contrast
microscopy available in most research laboratories can be used for 3D
imaging of engineered tissues in vitro for pre-implantation evaluation.
Overall, this presentation will identify some of the recent advances in
3D imaging of engineered tissues.

52.02
Keynote: Molecular MRI of the joint
S Trattnig
Center of Excellence for High Field MR Department of Radiology,
Medical University of Vienna, Austria

Osteoarthritis (OA) changes in hyaline articular cartilage are character-
ized by important changes in the biochemical composition of cartilage.
The macromolecular network of cartilage consists mainly of collagen
and glycosaminoglycans (GAG). Special MR techniques attempt to
selectively demonstrate the GAG components and/or the collagen fiber
network of the extracellular matrix and are usually summarized as
‘compositional imaging’ of cartilage. These MR imaging techniques
comprise: Delayed Gadolinium enhanced MRI of Cartilage (dGEMRIC)
and sodium (23 Na) imaging which are based on similar principles,
with positive sodium ions being attracted by the negatively fixed
charged density of the GAG side chains. These electrostatic forces are
responsible for a direct relationship between the local sodium concen-
tration and fixed charged density with a strong correlation between
fixed charged density and GAG content. T2 and T2* mappingT2 map-
ping has been used to describe the composition of hyaline articular car-
tilage in the knee joint on the basis of collagen structure and hydration.
In addition to the transverse relaxation time (T2) of articular cartilage,
T2* relaxation measures have recently been investigated for depiction
of the collagen matrix. Chemical Exchange Saturation Transfer (gag-
CEST) CEST imaging have recently been presented as a technique with
the potential to measure GAG content in cartilage.

52.03
Diffusion tensor imaging to assess collagen
structure in cardiovascular bioengineered tissues
S Ghazanfari, A Driessen-Mol, GJ Strijkers, FPT Baaijens and
CVC Bouten
Eindhoven University of Technology, The Netherlands

Collagen is the principal load–bearing element of cardiovascular tis-
sues. The 3D arrangement of these fibers is crucial to understand the
mechanical behavior of the tissue. We evaluated a novel imaging meth-
odology Diffusion Tensor Imaging (DTI) to assess the 3D collagen
structure in bioengineered cardiovascular tissues, which is fast, non-
invasive and non-destructive.Human venous vascular cells (p7) were
seeded onto rapid degrading PGA (polyglycolic acid)/P4HB (poly-4-hy-
droxybutyrate) scaffold strips and cultured for 3 weeks. To validate
DTI measurements, collagen in the tissue-engineered (TE) strips was
stained with the fluorescently labeled CNA35-OG488 probe and visual-
ized by confocal microscopy. An algorithm was developed in Mathem-
atica in order to quantify the fiber orientations in the microscopy
images. TE strips for DTI measurements were embedded in 4% type
VII agarose. Fiber tractography was performed by an in-house-devel-
oped software program on the DTI images.DTI demonstrated an
angled collagen alignment in the TE strips; likely in the direction of the
internal stress. The DTI measurements were validated by the confocal
microcopy measurements.This study demonstrated the feasibility of
using DTI for evaluating the collagen orientation in bioengineered car-
diovascular tissues as a fast and non-destructive method.

52.04
The use of fluorescent imaging to detect the
neovascularization and differentiation of skeletal
muscle in vivo.
TL Criswell, BT Corona, Z Wang and S Soker
Wake Forest Institute for Regenerative Medicine, USA

Introduction: A significant barrier for a progress in tissue engineering is
the inability to monitor, in real time, the dynamic process of tissue
regeneration. The first goal of this project is to develop a cell-labelling
scheme that can be used for the development of a non-destructive
imaging modality to monitor tissue regeneration in vivo. Another criti-
cal difficulty in cell therapy is the requirement for a functional vascula-
ture to maintain viable cells. A second goal of this project is to develop
a method to enhance tissue neovascularization.
Methods: Endothelial cells (HUVECs, labelled with DiI), pericytes
(10T½ cells labelled with Qdot705) and GFP+ myoblasts were the cell
sources for these experiments. Cultures of fluorescently labelled cells,
alone or together, were seeded on an acellular collagen scaffold and
allowed to grow for 7 days prior to implantation into the subcutaneous
space of nude mice for 8 weeks. Scaffolds were recovered for histologi-
cal analyses.
Results: The presence of fluorescently labelled myoblasts and HUVECs
were detected in scaffolds explanted after 8 weeks. Myoblasts were
seen to have differentiated into mature myofibers and the presence of
HUVECs on the scaffolds results in a significantly greater number of
functional blood vessels integrated into the scaffold.
Conclusions: These experiments demonstrate that the use of fluores-
cently labelled cells is a viable method of tracing cell fate. Comple-
menting the myoblasts with endothelial.
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52.P01
Preparation of molecular probe for photoacoustic
tomography diagnosis
Y Uesugi, M Morita, J Jo, M Minami, Y Tomita, S Yuasa, T Yano
and Y Tabata
Kyoto University, Japan, CANON INC., Japan

Indocyanine green (ICG) is clinically used as a contrast agent. ICG is
also useful for photoacoustic tomography diagnosis because it has an
ability to absorb light in the near-infrared wavelength range. However,
ICG is not always stable in the body, resulting in poor accumulation at
the target site. This study is undertaken to design a novel delivery sys-
tem which enables ICG to stabilize in the body and enhance the tumor
accumulation. Gelatin was reacted with the N-hydroxysuccinimide
ester group of 1, 2-distearoyl-sn-glycero-3-phosphoethanolamine
(DSPE), followed by dialysis and lyophilization. Similarly, cholesterol
was grafted into gelatin. ICG was mixed with DSPE- or cholesterol-
introduced gelatin in the water to form the complexes. Following the
intravenous injection into the Colon26 tumor-bearing mice, the body
distribution of complexes was evaluated. The molar absorption coeffi-
cient of ICG complexed with DSPE- or cholesterol-grafted gelatin signif-
icantly increased compared with that of free ICG. The complex of ICG
and DSPE-grafted gelatin showed stronger photoacoustic signal than
that of cholesterol-grafted gelatin. The in vitro stability study revealed
higher stability of ICG complex with the DSPE-grafted gelatin. The ICG
complexed with the DSPE-grafted gelatin injected was accumulated in
the tumor to a significantly high extent compared with free ICG. The
DSPE-grafted gelatin is a promising delivery system to enhance the
tumor accumulation of ICG.

52.P02
Spatially selective modification of polymeric
scaffolds with markers for MR-Imaging
E Bremus-Köbberling, H Leonards and M Naderi
Fraunhofer Institute for Laser Technology, Germany

Tissue regeneration is monitored most oftenly via tissue sections at cer-
tain time points of in vivo experiments. To overcome this drawback in
animal studies a novel approach to observe tissue regeneration on
polymeric scaffold structures is presented. The goal of this study is to
modifiy scaffolds made from biocompatible polymers e.g. polylactid-
acid (PLA) with MR-active markers like 19Fluorine. The regions of
interest e.g. the suture of artificial vessels or newly designed Y-shape
junctions can be selectively marked with highly fluorinated compounds
to enhance visibility of these areas in MR-imaging. Our approach is
based on photoactive compounds which can be immobilized onto poly-
mer surfaces upon irradiation with light of a suited wavelength. Due to
the high spatial resolution and adjustable parameters for photo immo-
bilization laser irradiation is applied. The use of heterobifunctional
linkers like 4-azido-2,3,5,6-tetrafluorobenzoic acid, succinimidyl ester
(ATFB, SE, Invitrogen) and Sulfosuccinimidyl (perfluoroazidobenzami-
do) ethyl-1,3-dithiopropionate (Sulfo-SFAD, Pierce Scientific) facilitate
a two step proceedure: First photo coupling of the compound onto the
polymer surface, secondly wet chemical modification with a fluori-
nated compound like 3,5-Bis-(trifluoromethyl)-benzoylamine. Methods
and preliminary results on achievable fluorine contents will be
presented.

52.P03
Proton magnetic resonance imaging of
resorbable hydrogels for tissue regeneration
H Simaan Yameen, D Seliktar, H Dafni and M Neeman
Technion- Israel Institute of Technology, IsraelWeizmann Institute
of Science, Israel

Magnetic resonance imaging (MRI) is a tomographic technique with
high temporal and spatial resolution that can be applied for non-inva-
sively track the degradation of biomaterials in vitro and in vivo. In this
context, contrast enhancement agents such as gadolinium Gd(III),can
help to differentiate between the biomaterial implant and the sur-
rounding host tissue. The goal of this work was to synthesize labeled
resorbable hydrogels based on PEGylated fibrinogen (PF) that can be
used for characterizing and tracking the degradation of the materials in
situ using MRI imaging. PF-GdDTPA was synthesized by conjugating
diethylenetriaminepentaacetic acid-chelated Gadolinium (GdDTPA) to
PF precursor and forming hydrogels by photopolymerization. The effect
of different concentrations of PF-GdDTPA on proton relaxation times
was determined. The R1 relaxivity of 1.3 mg/ml PF-GdDTPA was mea-
sured to be 2.2 (S-1), which was optimal for MRI imaging. Human der-
mal fibroblast cells were viable and proliferated normally in materials
made from this concentration of PF-GdDTPA. In vitro constructs made
from PF-GdDTPA hydrogel beads encapsulated in secondary unlabeled
PF gels were used to demonstrate the contrast between the Gd-labeled
and unlabeled regions. The labeled materials were implanted subcuta-
neously in rats and showed comparable contrast with the surrounding
host tissue. We conclude that PFhydrogels with Gd (III) have the
potential to enable noninvasive tracking of biomaterial resorption.

52.P04
Tracking of human muscle precursor cells by MRI
and muscle regeneration in vivo
FAzzabi Zouraq, V Jovaisaite, L Hefermehl, A Boss, M Rudin,
T Sulser and D Eberli
Urology department, University Hospital Zurich,
SwitzerlandDepartment of Diagnostic and Interventional
Radiology, University Hospital Zurich, Switzerland; Institute for
Biomedical Engineering, ETH & Univ. Zurich, Switzerland

Follow-up of cell survival and tissue formation is essential for improve-
ment of cell therapies. Hence, tracking transplanted stem cells by a
non-invasive manner is desirable. One method is Magnetic Resonance
Imaging (MRI), where cells are labelled with Iron Oxide Nanoparticles
(SPION). In this study we explored effects of increasing intracellular
levels of SPIO and defined a safe concentration in which human MPCs
can be easily detected by MRI, without loss of characterisations. MPCs
were labelled with increasing concentration of SPION (100–1600 lg/
mL). Then, labelling efficiency, cell viability, growth, molecular charac-
teristics and differentiation were examined in vitro. SPIO labelled
MPCs were injected subcutaneously into nude mice and followed for
4 weeks by MRI imaging. Muscle tissue formation was assessed macro-
scopically by organ bath and by immunohistochemistry. Labelling with
more than 800 lg/mL of iron oxide reduced the viability of cells by
15–25%. In the long term, 800–1600 lg/mL SPIO decreased MPC dif-
ferentiation ratio by 10%. However, 400 lg/mL SPIO has no effects on
cell viability, growth, differentiation, and cells expressed muscle-spe-
cific markers and were detected by MRI for at least 4 weeks. Trans-
planted labelled cells formed a functional muscle tissue. Our data
concludes that the optimized conditions of MPC labelling can be safely
used in clinics to track sphincter muscle regeneration in patients under
SUI treatment by cell therapy.
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52.P05
MRI relaxometry characterizes in vivo
differentiation of muscle precursor cells
N Chuck, FAzzabi Zouraq, S Noetzli, D Eberli and A Boss
Division of Urology, University Hospital Zurich, Switzerland;
Department of Diagnostic and Interventional Radiology,
University Hospital Zurich, Switzerland

We developed methods to assess the differentiation process of human
muscle precursor cells (MPCs) in vivo by applying magnetic resonance
imaging (MRI) relaxometry measurements. Cultured MPCs were mixed
with collagen and injected subcutaneously into nude mice. Controls
were injected with collagen. MRI was conducted on a 4.7 T scanner
between days 3–28 post-injection. Measurements comprised T1, T2
using multi-echo-spin-echo and saturation recovery sequences and T2*
quantification with a multi-echo-gradient-echo-sequences. Relaxation
times were additionally measured in the paraspinal muscles. Animals
were harvested at different time-points and the engineered muscle tis-
sue was assessed by histology and immunohistochemistry. The engi-
neered muscle tissue was always measurable with a decrease in
volume over time. In control mice, collagen was resorbed in one week.
Relaxometry measurements revealed a decrease of T1, T2 and T2*
relaxation time during differentiation (initial measurement: T1
2172 ms +/) 141, T2 202 ms +/) 16, T2* 29 ms +/) 14, final mea-
surement: T1 1240 ms +/) 17, T2 31.9 ms +/) 0.6, T2* 7.5 ms +/)
1.6), thereby approaching the physiological relaxation properties of
muscular tissue. Cell differentiation and myofiber formation was con-
firmed by histology, immunohistochemistry and contractility confirmed
by organ bath. This novel method might offer the possibility to non-
invasively assess the effectiveness of cellular therapies for muscular dis-
orders in near future.

52.P06
MRI and fluorescence for in vivo tracking of
injectable microcarrier hydrogel implants
S Berdichevski, D Seliktar, H Simaan Yameen, M Neeman and
H Dafni
Technion, Israel Institute of Technology, Israel; The Weizmann
Institute of Science, Israel

Hydrogel microcarriers are a good platform for minimally invasive
delivery of cells and bioactive factors. Microcarriers have a high surface
area/volume ratio, which can provide several advantages for tissue
regeneration, including more efficient interaction between implanted
cells and surrounding tissues, increased nutrient availability and
enhanced release of bioactive factors. In this study, we prepared hydro-

gel microcarriers from fluorescence/MRI probed materials by conjugat-
ing diethylene triamine pentaacetic acid-chelated Gadolinium
(GdDTPA) and Cy5.5 dye to a resorbable PEG-Fibrinogen (PF) precur-
sor. The hydrogel’s in vivo subcutaneous resorption was documented
by MRI and IVIS imaging for three types of constructs: preformed
plugs, microcarriers and in situ polymerized material. We demon-
strated the safety of PF-GdDTPA by in vitro viability and proliferation
assays. MRI data revealed that all constructs were almost fully
degraded in vivo within 3 weeks; however, the preformed plugs
degraded significantly slower than the other two constructs with a sim-
ilar volume. The release of covalently bound Cy5.5 into the surround-
ing tissues confirmed the implant resorption kinetics. Histological
sections further substantiated the benefits of better integration of the
microcarrier system. Finally, using bimodal imaging of co-localized
MRI and fluorescence signals, we obtained a more complete picture of
the in vivo implant resorption, which was correlated with histological
data.

52.P07
Real-time imaging quantification of scaffold
degradation using invisible near-infrared
fluorescence
SH Kim, SJ Lee, JH Lee, H Hyun, Y Ashitate, JV Frangioni,
G Khang and HS Choi
Beth Israel Deaconess Medical Center, Harvard Medical School,
USA; Wake Forest Institute for Regenerative Medicine, USA

Current scaffold degradation analysis methods require a lot of sample
and animal and make inaccurate results due to their nonconsecutive
single-time-point information. Moreover, in vivo does not correlate
with in vitro results. Herein, we have developed a noninvasive quanti-
tative method to investigate matrix degradation by employing invisible
near-infrared (NIR) fluoroscence emitting dyes into collagen scaffold
which comes from small intestinal submucosa. Biodegradability of
ZW800-1 conjugated scaffolds was examined in vitro and in vivo using
FLARE� real-time intraoperative imaging system with an 800 nm
emission filter set. To confirm accuracy and advancement of our sys-
tem, existing invasive analyses including histology and gravimetric
assay were carried out at the same time. Scaffold degradation showed
confrontational curve against released dye over incubation time, which
was quantitatively evaluated by fluorescence imaging. The results from
optical fluorescence imaging were consistent with the data obtained
from invasive method. This non-invasive method using NIR imaging
fluorophore could enable degradation analysis of various biomaterials
exactly, rapidly, easily and economically.
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53. Micro- and Nano-Tomographic Imaging in TERM

53.01
Keynote: In vivo monitoring of vascular
development and regeneration
R Müller, L Nebuloni and G Kuhn
Institute for Biomechanics, ETH Zurich, Switzerland

In vivo monitoring of vascular development and regeneration through
micro-computed tomography (micro-CT) requires the injection of con-
trast agents that provide good contrast, no extravasation and slow
blood clearance. For this purpose, nanoparticle-based agents providing
high soft tissue enhancement were developed for use in pre-clinical
research. In the present study, a nanoparticulate contrast agent (Exi-
TronTM nano 12 000) was injected intravenously in C57BL/6 female
mice. Following the injection, neck or lower hind limb tissues were
monitored over 30 min with low resolution (70 lm) scans using in
vivo micro-CT (Scanco vivaCT 40). The same protocol was applied for
the following 5 days and 1 month after the first injection. The average
X-ray absorption over time was calculated in blood, muscle and bone
marrow. Nanoparticles provided a stable contrast within the first half-
hour after injection. In the follow-up study, the daily injection was very
well tolerated by all animals, as the nanoparticles were excreted from
blood in less than 24 h. Dynamic measurements acquired 1 month
after the first injection revealed that the dynamic response of all tissues
went back to its first values. In conclusion, X-ray absorbing nanoparti-
cles provided useful in characterizing different tissue behaviors with
dynamic imaging facilitating in vivo monitoring of vascular develop-
ment and regeneration.

53.02
Use of innovative techniques based on X-ray
synchrotron radiation in advanced regenerative
orthodontics
A Giuliani, M Langer, A Manescu, C Mangano, A Piattelli,
G Papaccio, F Rustichelli
Università Politecnica delle Marche–Dip. di Scienze Cliniche e
Odontostomatologiche, ItalyCreatis - INSA-Lyon - Université CB
Lyon 1 & European Synchrotron Radiation Facility,
FranceSurgical and Morphological Science,University of Insubria,
ItalyUniversity of Chieti - Department of Oral Medicine and
Pathology, ItalySecond University of Naples - Tissue Engineering
and Regenerative Medicine Division, Italy

Phase imaging is an innovative technique that offers an improved sensi-
tivity compared to conventional attenuation-based techniques. The
gain in sensitivity can be several orders of magnitude for soft materials,
which makes it appealing for imaging of soft and/or thin tissues of bio-
medical interest. In particular, in-line phase tomography is the only
phase tomography technique that has been recently successfully
applied to the case of mostly weakly absorbing structures, in the pres-
ence of strongly absorbing ones. We used this technique to investigate
the growth kinetics of regenerated bone in different dental implants
retrieved from humans, where a large range of absorption contrast
exists between bone and soft tissue or even between the Ti-based
implant and surrounding tissues. Moreover, interesting results were
obtained by X-Ray holotomography on a woven bone built in vitro by
dental pulp stem cells and on a sample taken from the repaired mandi-
ble human bone. This innovative technique allowed not only the visual-
ization and quantification of mineralized tissues, but showed that in

both cases vessels are present. This is of paramount importance and
demonstrates that in-line X-Ray phase tomography and holotomogra-
phy appear to be important ways to investigate the cellular events
involved in bone regeneration and represent promising tools for future
clinical investigations of the cranio-facial tissues.

53.03
Imaging hydrogel-based engineered tissues with
a benchtop X-ray imager
AA Appel, AB Garson, AM Zysk, JC Larson, B Jiang, T Waller,
A Yeatts, JP Fisher, MA Anastasio and EM Brey
Illinois Institute of Technology/ Edward Hines Jr. VA, USA;
Washington University in St. Louis, Illinois Institute of Technology
University of Maryland, USA

Hydrogels have been explored in many tissue engineering applications.
However, it is difficult to monitor the performance of these materials as
they generate little contrast with conventional imaging technologies. X-
ray imaging techniques based on phase-contrast (PC) have shown
promise for biomedical application due to their ability to provide infor-
mation about the X-ray refraction properties of samples. In this
research, hydrogels were imaged using a newly developed benchtop X-
ray in-line PC system. Porous PEG hydrogels and nonporous alginate
beads were synthesized using standard methods. Following cell seeding
and culturing in bioreactors, beads were imaged in vitro in cell culture
media in both planar and CT mode. PEG hydrogels loaded with fibrin
were implanted subcutaneously in rats, harvested and imaged. Algi-
nate beads could be discerned from surrounding media. At later time-
points, beads displayed higher contrast due to mineralization. The X-
ray PC system was also capable of discriminating between underlying
muscle tissue and invading fibrovascular tissue within the explanted
PEG hydrogels without the use an exogeneous contrast agents. These
samples suggest the significant potential use of a benchtop PC X-ray
technique to visualize hydrogels in vitro and ex vivo for tissue engineer-
ing applications.

53.04
X-ray absorption and X-ray diffraction micro
tomography of biodegradable polymer based
composites
J Jaroszewicz, J Idaszek, F Vanmeert, K Janssens, A Bonnin
and W Swieszkowski
Faculty of Materials Science and Engineering - Warsaw University
of Technology, Poland; Department of Chemistry - University of
Antwerp, Belgium; European Synchrotron Radiation Facility,
France

Evaluation of degradation process of biodegradable materials is partic-
ularly important in tissue engineering. The aim of this study was to
show how 3D imaging technique which combines X-ray absorption
microtomography (uCT) and X-ray diffraction microtomography (XRD-
CT) could be used to examine the in vitro degradation process of polyc-
aprolactone–based composites. The measurements were performed at
the European Synchrotron Radiation Facility (ESRF, Grenoble, France)
at the ID 22 beamline. Quantitative 3D morphological information with
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submicron resolution was obtained by uCT. The sample-to-detector dis-
tance was large enough so that edge-enhancement by refraction of X-
rays was utilized (phase contrast imaging). The complementary infor-
mation on phase distribution, changes in crystallinity and composition
during degradation process was obtained by means of XRD-CT. Finally,
it was possible to compare uCTand XRD-CT images of the same sample
cross-section and demonstrate the capability of the technique for bio-
medical investigations.

53.05
Keynote: Multi-mode imaging of bone and
fracture callus
M Kerschnitzki, L Galvis, R Hörth, P Kollmannsberger, J Dunlop,
RWeinkamer, P Roschger, K Klaushofer, G Duda, A Masic,
WWagermaier and P Fratzl
Max Planck Institute of Colloids & Interfaces, Germany; Ludwig
Boltzmann Institute of Osteology at Hanusch Hospital,
AustriaBerlin-Brandenburg School of Regenerative Therapies
(BSRT), Germany; ETH Zurich, Laboratory for Biologically
Oriented Materials, Switzerland; Julius Wolff Institute and
Center for Musculoskeletal Surgery, Germany

Bone is a dynamic tissue, continuously undergoing processes of remod-
eling, during which the local characteristics of organic tissue and min-
eral particles are changing, while bone forming osteoblasts get
embedded in the bone matrix to become osteocytes. The situation is
even more complex during bone healing where callus tissue is laid
down, matures and eventually gets resorbed or remodeled into bone.
To answer questions related to bone development, disease or regenera-
tion, multi-modal analysis is needed to estimate structure, composition,
cell activity and mechanical behavior within the same tissue. The pre-
sentation will review methodology being currently developed which
combines position resolved x-ray diffraction, small-angle scattering and
fluorescence spectroscopy with light microscopic imaging, polarized
Raman imaging and nanoindentation mapping. This allows imaging
hard and soft components of the bone and fracture callus and to esti-
mate their properties in relation to the position of osteocytes in the tis-
sue.

53.P01
Effect of micro-tomography radiation on cell
viability and survival of live human mesenchymal
stem cells
SR Rathbone, LA Hidalgo-Bastida, R Bradley, P Withers and
SH Cartmell
Manchester Metropolitan University, UK; University of
Manchester, UK

Micro-tomography is commonly used for scaffold characterisation in
tissue engineering. Cell visualisation is limited due to the absorption of
X-rays and only fixed and stained samples can be imaged. New X-ray
techniques, such as phase-contrast microCT, are undertaking cell imag-
ing without markers or contrast agents but there is little information
about the effect of this radiation on live cells. Human mesenchymal
stem cells were seeded on tissue culture slide-flasks and cultured for
24 h prior to irradiation with a custom-made Nikon microCT. Irradia-
tion regimes included different voltage (35–70 keV) and different
power (4–25 W) for 20 min. Samples were maintained for 7 days after
radiation and analysed for survival, DNA content, and gene and protein
expression at 24 h and 7 days. Results 24 h post-irradiation revealed
little difference in cell viability and density between exposed and non-
exposed samples, regardless of energy or power levels. Samples analy-
sed after 7 days showed lower cell viability and density that correlated

to higher energy doses and exposure time. Further results of gene
expression levels were not significantly different nor DNA levels after
7 days of irradiation at low dose. Mammalian cells can tolerate a lim-
ited exposure of ionised radiation. Cell survival decreases at high radia-
tion dose caused either by increased voltage, current or exposure time.

53.P02
Quantitative analysis of vascular tree structure in
decellularized liver for tissue engineering
N Shirakigawa, H Ijima, T Ideguchi, K Ichikawa, T Izumi,
M Higashi, S Yamamoto and Y Onizuka
Kyushu University, Japan

Introduction: Decellularized liver (DC-liver) has been expected to be a
practical scaffold as a mold of fine vascular tree network for liver tissue
engineering. However, the structure was discussed by only the appear-
ance. Quantitative analysis of the structure is required for the develop-
ment of practical tissue engineering technology.
Materials and methods: DC-liver of rat was prepared by using detergent.
Vascular tree structures in natural liver / DC-liver were copied by resin.
The preparation condition of resin sample was optimized to detect X-
ray absorption of three-dimensional structure clearly. Three-dimen-
sional numerical data of resin was obtained by 3D-CT.
Results and discussion: Molded resin with vascular tree network was
successfully obtained. However, the X-ray absorption of resin was too
weak to observe the fine network structure of resin. On the other hand,
X-ray absorption efficiency was enhanced by coating the resin with con-
trast agent. Clearly image of a mold of vascular tree network was
obtained. Internal 3D numerical information of vascular tree network
in DC-liver could be obtained. This 3D numerical data provides useful
information for the development of practical liver tissue engineering
technology.
Acknowledgements: This work was supported by a Grant-in-Aid for Sci-
entific Research (B): 22360348 from the Ministry of Education, Cul-
ture, Sports, Science and Technology of Japan.

53.P03
Analysis of vascularization in explanted chitosan
based hydrogels using novel radiotracer
L Rami, F Debordeaux, S Delmond, J Schulz, A Mishra, N Barthe,
B Brouillaud, L David, P Fernandez and L Bordenave
INSERM, FranceUniv. Bordeaux, Bioingénierie tissulaire, France;
INCIA, France UMS 3428, UBSCHU de Bordeaux, CIC-IT
Biomaterials, France; UMR INSERM 1026IMP UMR CNRS 5223,
France

As far as vascularization is the key challenge in tissue engineering,
there is a need for objective tools able to monitore neoangiogenesis
inside scaffolds. It is known that a molecular target involved in the
angiogenic process is the avb3 integrin. Radiolabelled peptides based
on the Arg-Gly-Asp (RGD) sequence have been reported as radiophar-
maceuticals with high affinity and selectivity for the amb3 integrin and
could therefore be useful as noninvasive molecular imaging techniques.
In the present preliminary work, 99mTc-DTPA-bis (cRGDfK) was devel-
oped and evaluated in in vitro labelling of sections of bioresorbable
chitosan based physical hydrogels that have been implanted subcuta-
neaously in rats for 1 to 60 days and shown to exhibit angiogenic
behavior, on histological examination. The tracer structure presents a
bifunctional chelator which is necessary for 99mTc labelling and 2 cyc-
lic RGD peptides. Following incubation with 99mTc-DTPA-bis
(cRGDfK) of high radiochemical purity on sections and a correct label-
ling yield, the sections were analyzed with quantitative high-speed and
high-resolution autoradiographies (BetaImager and MicroImager, Bio-
space Lab, respectively) and areas of binding were identified and pro-
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cessed. Competition binding confirmed good affinity binding. Further
studies are necessary but 99mTc-DTPA-bis(cRGDfK) represents a prom-
ising novel tracer for angiogenesis in non oncological applications. We
thank ANR for financial support.

53.P04
Trace elements concentration in bone
F Miculescu, LT Ciocan, M Miculescu and A Ernuteanu
University Politehnica from Bucharest, Romania

High concentrations of metals in the natural environment associated
with industrial activity and increased migration of metals may cause an
increase in the concentration of metals in living organisms, especially
in the bone tissue, which reflects their total concentration in the body.
Physiological basis for this assessment is based on the fact that the skel-
eton serves as a major reservoir for ingested heavy metals integrating
them into bone matrix during calcification and where they remain until
the bone is remodeled or resorbed. Investigations on the bone can be
focused on three structural levels: mezostructural, micro, and nano-
structural. In this study, we used X-ray fluorescence (XRF) to measure
the residual amount of heavy elements in bone particles, obtained by a
widely used method. The bones used to perform the experiments were
collected from local hospitals, following certain surgical coxofemural
prosthesis operations (according to agreed procedures on patient pri-
vacy and medical ethics). Studies carried out on samples taken from
humans have shown that the variability in bone chemical composition
is depending on subject living area, which is essential for understand-
ing the contribution of these factors on bone mass and constitution.
Comparing values obtained with concentrations of metals in bones
reported by other authors allowed us to conclude that EDPXRF method
can be used to assess tissue concentrations of natural elements.

53.P05
lCT evaluation of osteoarthritic changes in the
tibia plateau of rats after destabilization of the
medial meniscus
M Flicker, S Handschuh, M Glösmann and R Erben
Department of Biomedical Sciences, Insitute of Pathophysiology,
University of Veterinary Medicine, Austria; VetCore Facility for
Research/Imaging Unit, University of Veterinary Medicine,
Austria

Recently, a nondestructive method was developed to assess changes in
quality and quantity of articular cartilage by micro-computed tomogra-
phy (lCT) in combination with a negatively charged contrast agent.
This method was used to study osteoarthritis (OA) development after
destabilization of the medial meniscus (DMM) in a rat model. OA was
induced in right knee joints of rats by DMM, contralateral knees served
as intra-individual controls. At multiple time points after OA induction
(2, 4, 6, and 16 weeks) proximal tibias were harvested and fixed in
70% ethanol. Prior to lCT scans specimens were immersed in contrast
agent. Segmented images of tibia plateaus were assessed for mean
attenuation, cartilage thickness and changes in morphology of the sub-
chondral bone plate. Three dimensional (3D) reconstructions were
used for macroscopic evaluation. Results were histologically confirmed
in hard tissue sections from the same specimens. Analysis of 3D recon-
structions and analysis of segmented images revealed progressing carti-
lage loss especially in the weight-bearing aspects of the medial tibial
plateau. Cartilage damage was associated with increased X-ray attenu-
ation in eroded areas and in focal cyst-like structures. The lCT results
were confirmed by histology. lCTanalysis is a valuable tool for quanti-
tative assessment of changes in cartilage and subchondral bone plate
in small animal models of OA.

53.P06
High resolution desktop tomography for
evaluation of tissue ingrowth into polymer
scaffolds
J Jaroszewicz, A Kurzyk, B Ostrowska, Z Pojda and
W Swieszkowski
Faculty of Materials Science and Engineering, Warsaw University
of Technology, Poland; Department of Cellular Engineering,
Oncology Center-Institute, Poland

Conventional methods for evaluation tissue engineered scaffold/cell
constructs are based on 2D techniques such as histology, scanning
electron and fluorescence microscopy. However, these methods are
destructive and provide only discrete 2D information. In this work,
the X-ray computed tomography method is applied to examine the in-
vitro tissue ingrowth potential of biodegradable scaffolds. The capabil-
ities of the method are demonstrated at varying resolutions using both
absorption and phase contrast mode. Imaging of the scaffold/tissue
composite at a scale of 5 mm and resolution of 5 lm allows visualiza-
tion of the complex ingrowth of tissue into the biomaterial. Further
imaging at 1 lm resolution allows to study of cell-tissue fine structure.
These observations illustrate the benefits of tomography over tradi-
tional techniques for the characterization of tissue morphology and in-
terconnectivity.
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54. Controlled Drug Release

54.01
Keynote: Controlled stem cell receptor activation
using magnetic particle based approches
AJ El Haj
Institute of Science and Technology in Medicine, Keele University,
UK

One of the aims of controlled release technologies is to optimise local-
ised targeting and regulation of key receptors on cells within tissues in
the body. These technologies traditionally involve transport of growth
factors and other critical agonists within nanoparticles or other bioma-
terial carriers to the tissue. Defining the release kinetics of the factors
can control cell differentiation at the site. We have been developing a
novel magnetic nanoparticle strategy for multifunctional localised con-
trol of stem cells in regenerative medicine applications which aims for
temporal, spatial and traceable cell differentiation and tissue regenera-
tion in tissues during clinical therapy. Magnetic particles have been
used by multiple groups as tracking agents for MRI and targeting for
hyperthermia and gene therapy applications. Our strategy involves a
remote targeting approach to specific cell receptors for activation. By
generating remote external oscillating magnetic fields, we can control
receptor activation and promote cell differentiation along different lin-
eages. Recent work includes optimising concentrations of particles to
achieve multifunctionality, targeting, tracking and controlled differenti-
ation. Multiple mechano-activatable receptors have been targeted
including integrin, TREK ion channels, Wnt and growth factor path-
ways. Using a chick fetal femur organ culture model, we have demon-
strated particle delivery and localised activation of specific receptors.

54.02
Controlled delivery of rhBMP-2 from OPF
hydrogel composites for bone tissue engineering
LA Kinard, C Chu, FK Kasper and AG Mikos
Rice University, USA

Considerable morbidity is associated with the repair of bone defects;
however, the development of injectable materials could reduce the
invasiveness of such procedures. It has been generally difficult to dem-
onstrate extended release of growth factors from synthetic hydrogels
alone. Therefore, we have designed hydrogel composites consisting of
synthetic oligo(poly(ethylene glycol) fumarate) (OPF) and a naturally
derived gelatin microparticle (GMP) drug delivery vehicle that also
functions as a digestible porogen. The objective of this study was to
evaluate the effect of different composite formulations on the release
rate of rhBMP-2. We determined the degradation rate and mass swell-
ing of composites up to 9 weeks and studied the effects of OPF: GMP
ratio, GMP charge, and rhBMP-2 loading phase on the release rate of
rhBMP-2. We detected rhBMP-2 concentration in the hydrogel superna-
tant over 4 weeks using 125I-radiolabeled rhBMP-2. Our results indi-
cated significant effects of the loading phase of rhBMP-2 on its release
kinetics; however, the OPF: GMP ratio and GMP charge had minor
effects on release. Formulations with rhBMP-2 loaded into the GMP
phase as opposed to the OPF phase demonstrated significantly reduced
burst release with an increased release rate from days 3–17. Here, we
demonstrated the development of a hydrogel composite that displays
favorable degradation and rhBMP-2 release kinetics for in vivo bone
repair.Funded by AFIRM (W81XWH-08-2-0032) and NSF (0940902).

54.03
FGF2 coacervate restores cardiac function
Y Wang, H Chu, W Chen and J Huard
University of Pittsburgh, USA

Classic controlled delivery vehicles are particulates, gels and lipo-
somes. We designed a new controlled release vehicle-a coacervate.
The injectable coacervate is sub-micron sized oil droplets self-assem-
bled from a biocompatible and biodegradable polycation, heparin,
and fibroblast growth factor-2 (FGF2). FGF2 loaded into the coacer-
vate at nearly 100% efficiency. In vitro assays demonstrated that the
matrix protected FGF2 from proteolytic degradations. FGF2 released
from the coacervate was more effective in the differentiation of endo-
thelial cells and chemotaxis of pericytes than free FGF2. To test the
utility of the FGF2 coacervate in cardiac regeneration, we used mouse
infarct model where the left anterior descending coronary artery is
ligated. One injection of the coacervate containing 500 ng FGF2 elic-
ited comprehensive cardiac protection in vivo. The cardiac tissue is
preserved better in the coacervate group than all the controls: saline,
delivery vehicle, and free FGF2. Cardiac function as indicated by frac-
tional area change (FAC) and end systolic and diastolic area is closer
to normal in the coacervate group. FAC in the coacervate group is
50% and 88% higher than free FGF2 and saline respectively. We have
previously demonstrated potent angiogenesis in subcutaneous tissues
and excellent bioactivity of NGF using the coacervate. Taken together,
these show the potential of polyvalent coacervate as a new controlled
delivery platform.

54.04
Boosting osteogenic differentiation of MSCs by
BMP-2 loaded silk fibroin nano particles
P Shi and J Goh
National University of Singapore, Singapore

The administration of BMP-2 in the tissue regeneration may be com-
promised by the blood from the cancellous bone surfaces after decorti-
cation washing away or diluting the therapeutic agents. Therefore to
complement the loss of therapeutic agents, more growth factors
unavoidable to be used. The BMP-2 loaded nanoparticles were
designed to overcome the massive loss of therapeutic agents during
bleeding, most importantly providing right pharmaceutical doses
instead of the luxuriant doses applied currently. Silk fibroin particles
had outstanding capabilities of delivering model drugs to cells as well
as high cellular uptake efficiencies. Many studies have demonstrated
that nanoparticles of sub-micron size have a number of advantages
over microparticles as a drug delivery system, such as relatively higher
intracellular uptake and available to a wider range of biological tar-
gets. Therefore, BMP-2 loaded silk fibroin nanoparticles were fabri-
cated and used to promote osteogenic activity of bone marrow
derived stem cells. Finally, better cytocompatibility was observed on
stem cells cultured with BMP-2 loaded silk fibroin nanoparticles.
Simultaneously, alkaline phosphatase activity of stem cells was also
boosted, and cytotoxity of BMP-2 was minimized. Further alizarin red
tests and calcium quantification examinations also proved that promis-
ing osteogenic differentiation outcomes of stem cells exposed to BMP-
2 loaded silk fibroin nanoparticles compared with that of exposure to
BMP-2 only.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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54.05
The importance of proper protein handling and
detection for the design of a BMP-2 release
system
S Piskounova, L Gedda, G Hulsart-Billström, J Hilborn and
T Bowden
Uppsala University, Sweden

Although various promising strategies have been proposed for the
delivery of BMP-2 for bone regeneration, there is currently no ideal sys-
tem out on the market. Proper handling and detection of BMP-2 are
two factors that are commonly overlooked, resulting in inaccurate char-
acterization of BMP-2 delivery systems. In this work we employed radi-
olabeling with 125I in an attempt study the growth factor release from
a hydrogel system both in vitro and in vivo. BMP-2 (InductOs, Pfizer)
was radiolabeled using a modified chloramine-T method and adsorp-
tion to sample tubes was studied at different times and temperatures.
In vitro release of BMP-2 was compared to the ALP expression. In vivo
release was correlated to bone formation in an intramuscular ectopic
model in male Sprague–Dawley rats. The results showed that Protein
LoBind tubes exhibited the lowest BMP-2 adsorption. Both release
studies resulted in a biphasic profile of biologically active BMP-2. Min-
eralization was observed in vivo after 8 days, with increasing mineral
volume and mineral content until day 14. The study confirmed the
superiority of radiolabeling over conventional methods such as ELISA,
as well as the importance of cautions handling and reliable quantifica-
tion techniques for successful design of BMP-2 delivery systems.

54.06
Delivery and efficacy of interfering RNA via a
crosslinked collagen hydrogel in an excisional in
vivo model and a human pre-clinical model to
reduce fibrosis
MMonaghan, S Browne, K Schenke-Layland and A Pandit
Network of Excellence for Functional Biomaterials, National
University of Ireland, Ireland; Dept. of Cell and Tissue
Engineering, Fraunhofer Institute for Interfacial Engineering and
Biotechnology IGB, Germany

RNA interference has already been realised in clinical therapy wherein
small interfering RNAs delivered systemically can inhibit mRNA and
reduce protein expression 1. MicroRNAs (miRs) can silence gene
expression endogenously and efforts exist at elucidating their roles in
various states of physiology. Notably, miR-29B has emerged as a pivotal
regulator of fibrosis and remodelling presenting an opportunity of inter-
vention 2. Hence, the specific objectives of this project are to deliver
siRNA mimicking miR-29B from a collagen type I hydrogel of miR com-
plexes in vitro using a human skin model and in an in vivo rat model.
Hydrogels formed using atelocollagen were neutralised, kept on ice
and crosslinked using 4-arm-Poly (ethylene-glycol) succinimydl gluta-
rate prior to gelation at 37�C. Within these hydrogels siRNA both in
unprotected form and complexed with a hyperbranched polymer were
mixed and applied to a wounded in vitro skin model previous described
and on excisional wounds in vivo (analysed at 28 days). The combina-
torial effect of scaffold and miR-29B reduced wound contraction in vivo
(~15%). Current studies are verifying the silencing effect of this plat-
form on the gene expression of fibrotic factors

Acknowledgement is given to Science Foundation Ireland; Grant no.
07/SRC/B1163 and the European Molecular Biology Organisation.
References:
1. Davis, M.E., et al., Nature, 2010. 464(7291): p. 1067–1070.
2. van Rooij, E., et al., Proc Nat Acad Sci, 2008. 105(35): p. 13027–
13032.

54.P01
Ionically crosslinked casein nanoparticles as a
novel controlled delivery vehicle for flutamide
NA Elgindy, WA Samy, MWasfy and AO Elzoghby
Faculty of Pharmacy, Alexandria University, EgyptFaculty of
Pharmacy, Beirut Arab University, LebanonFaculty of Pharmacy,
Pharos University, Egypt

A novel particulate delivery matrix based on casein (CAS) nanoparti-
cles was developed for controlled release of flutamide (FLT). Nanopar-
ticle formation was carried out by O/W emulsification stabilized by
ionic crosslinking between positively charged CAS molecules and nega-
tively charged sodium tripolyphospate (TPP). FLT-loaded nanoparticles
were prepared by varying the TPP/CAS and FLT/CAS mass ratios. Fou-
rier-Transform infrared spectroscopy demonstrated formation of nano-
particles via ionic interaction. TEM measurements showed that
nanoparticles exhibited a spherical shape with a size around 100 nm.
Both placebo and FLT-loaded nanoparticles were found to have a zeta
potential of +16 mv indicating their stability to aggregation. The
entrapment efficiencies of the particles ranged between 29% and 42%.
In vitro release profile in PBS displayed that 50% FLT was released in
the first 5 days. The pharmacokinetic parameters of FLT-loaded CAS
nanoparticles were evaluated after i.v. administration to healthy rats.
Compared to FLT, the FLT-loaded nanoparticles showed more sustained
release, longer circulation time and well toleration during the in vivo
studies with no apparent adverse effects. Results illustrated the feasibil-
ity of the technique for preparing FLT-loaded CAS nanoparticles which
may be effective in prolonging release of anticancer drugs.

54.P02
Designing a novel system for strictly regulating
the differentiation of transplanted neural stem/
progenitor cells in the brain tissue
T Nakaji-Hirabayashi, C Gujral, Y Minagawa and H Kitano
Frontier Research Core for Life Sciences, University of Toyama,
JapanDepartment of Environmental Applied Chemistry, Faculty
of Engineering, University of Toyama, Japan

Transplantation of neural stem/progenitor cells (NSPCs) is taken notice
as a powerful method for treatment of Parkinson’s disease. However,
cell-based therapy for treatment of Parkinson’s disease has big prob-
lems. One of problems is that the differentiation of grafted NSPCs can-
not be strictly regulated in the brain. To overcome the problem, in this
research, biodegradable microparticles (MPs) were designed to strictly
regulate the differentiation of cell. MPs are constructed with PLGA as
an outer phase, atelocollagen as an inner phase, and glial cell line-
derived neurotrophic factor (GDNF) fused with collagen-binding pep-
tide (CBP), that is GDNF-CBP chimeric protein. The main character of
the designed MP is a novel function in which the release of neurotroph-
ic factor encapsulated into MP is time-dependently regulated by using
biodegradation of collagen with specific protease. GDNF-CBP was syn-
thesized using Escherichia coli, and was stably-encapsulated using col-
lagen-CBP binding. MPs were prepared using W-O-W emulsion
technique. GDNF-CBPs encapsulated in MPs hardly released in PBS. In
contrast, an immediate start of release of GDNF-CBP observed in colla-
genase solution. Bioactivity of GDNF-CBP released from MPs was ana-
lyzed with differentiation of NSPCs into neuronal cell, indicating that
the released GDNF-CBP has a bioactivity. Consequently, it was shown
that our designed MPs have ability for strictly regulating the differentia-
tion of transplanted NSPCs.
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54.P03
Development of evaluation system of growth
factors on their stability and biological activity
H Ijima and H Mizumachi
Kyushu University, Japan

Introduction: Growth factor is one of the key components to create a
functional tissue. Recently, immobilized growth factor is expected for
the development of practical tissue engineering technology. In this
study, we synthesized heparin-collagen conjugate and developed an
evaluation system of growth factors on their biological activity and the
stability.
Materials and methods: Heparin-collagen conjugate was synthesized by
using 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide and N-hy-
droxysuccinimide. Air-dried heparin-collagen film was used for not
only the evaluation of growth factor-immobilizable efficiency but also
in vitro cell culture. Primary rat hepatocytes and normal human umbili-
cal vein endothelial cells (HUVEC) were used.
Results and discussion: HGF and VEGF were immobilized on this hepa-
rin-collagen film. The immobilized ratios of the growth factors were
more than 90%. Primary rat hepatocytes and HUVEC could be cultured
on this growth factor-immobilized heparin-collagen film even in
growth factor-free culture medium. HUVEC proliferated depend on
immobilized VEGF density. Based on the results, about 50% of immobi-
lized VEGF was stably maintained their biological activity during
16 days even in culture condition. These results indicated that immobi-
lized growth factors will be a promising material for the practical tissue
engineering technology.
Acknowledgements: This work was supported by a Grant-in-Aid for Sci-
entific Research (B): 22360348 from MEXTof Japan.

54.P04
Injectable hydrogel containing affinity-driven
self-assembled nanoparticles for therapeutic
angiogenesis of hindlimb ischemia
E Ruvinov, I Freeman and S Cohen
Ben-Gurion University of the Negev, Dept. of Biotechnology
Engineering, Israel

The proper spatio-temporal delivery of multiple therapeutics represents
a major challenge in strategies aimed at inducing tissue regeneration
and angiogenesis after major ischemic insults. To address this, we
developed a delivery platform made of an injectable in-situ forming
alginate hydrogel incorporating growth factors within self-assembled
nanoparticles (NPs). The NPs are spontaneously formed as a result of
electrostatic, affinity-binding interactions between heparin-binding
proteins and the synthetic alginate-sulfate (AlgS). The NPs have an
average diameter of 100–200 nm and negative surface charge (f
potential = -20 mV), indicating that AlgS is present on the NP surface.
When entrapped in NPs, the growth factors are protected from enzy-
matic degradation by trypsin, as shown by mass spectrometry (MALDI-
TOF). In a model of hindlimb ischemia, the injection into muscle of
NPs of the three angiogenic factors (VEGF, PDGF-BB and TGF-b1) in in
situ forming hydrogel significantly enhanced blood perfusion (Laser
Doppler imaging) and vessel density (a-SMA staining), as compared to
animals treated with the factors dissolved in saline. The results
strengthen our recent work, which revealed a long-term efficacy of this
system in a model of acute myocardial infarction. The simple design
and scalability of the delivery platform together with its efficacy in pro-
longing the activity of multiple growth factors makes it a valuable tool
for clinical applications in regenerative medicine.

54.P05
Polycaprolactone and polycaprolactone/
tricalcium phosphate scaffolds with the
bactericidal properties
E Choinska, R Zaleczny, M Pawelec, H Polowniak-Pracka,
W Swieszkowski and KJ Kurzydlowski
Faculty of Materials Science and Engineering, Warsaw University
of Technology, PolandFaculty of Mechatronics, Warsaw University
of TechnologyDepartment of Microbiology, The Maria
Sklodowska-Curie Memorial Cancer Center and Institute of
Oncology, Poland

Nowadays, scaffolds for tissue engineering (TE) should provide not
only mechanical support for neo-tissue formation, but also actively par-
ticipate in regeneration processes. In addition, to avoid infections or
biofilm formation, also the controllable drugs release is desirable in TE.
Therefore, aim of the study was to develop polymeric and composite
scaffolds with bactericidal properties. Two types of cylindrical scaffolds
(fi = 6 mm) were fabricated using rapid prototyping technique. The
first one was made of PCL and 15% of gentamicin sulfate (GS). The
second one was made of PCL, 5% of tricalcium phosphate (TCP) and
15% of GS. The scaffolds were characterized in the terms of structure
and physicochemical properties using gel GPC, DSC, SEM and microto-
mography (lCT). The kinetics of drug release from the scaffolds was
tested in vitro, and against three bacterial strains: Staphylococcus aur-
eus, Pseudomonas aeruginosa and Staphylococcus epidermidis.The
DSC and GPC results have shown no significant influence of TCP and
antibiotic on the thermal properties and on the molecular weight of
the polymer. The SEM observations and lCT scans have shown good
distribution of TCP and GS in the polymeric matrix. The PCL scaffolds
show faster drug release than the composite scaffolds. However, the
both types of scaffolds provided similarly good bactericidal properties
during microbiological tests. In all cases, during the two-weeks tests,
the inhibited bacterial growth zones were observed.

54.P06
Polysaccharides impregnated vancomycin-PMMA
implants for treatment of methicillin-resistant
Staphylococcus aureus osteomyelitis
J Choopool, K Oungbho and S Phongpaichit
Prince of Songkhla University, Thailand

The aim of this study was to enhance drug release from polymethyl
methacrylate (PMMA) cement by incorporation of polysaccharides.
The cement tablets comprising of PMMA, vancomycin, and polysaccha-
rides (chitosan, alginate, pectin) were prepared using mould method.
Surface morphology and porosity of these cement composites were
studied by scanning electron microscopy (SEM). Vancomycin released
from the cements was determined over 4 weeks. The drug was assayed
using both UV-spectrophotometry at 280 nm, and microbiological
method using agar diffusion technique against Micrococcus luteus.
SEM micrographs showed highly porous structure of all polysaccha-
ride-PMMA composites, whereas the pore was not found in the PMMA
cement. Vancomycin release from the cement composites was remark-
able increased as 6 to 7-folds above PMMA cement over 4 weeks. The
highest drug amount was observed from the PMMA-alginate composite
as 33.82 ± 0.06 mg, followed by pectin, and chitosan cements as
31.98 ± 0.35 mg, and 28.09 ± 0.33 mg, respectively, whereas
4.50 ± 0.03 mg was released from PMMA cement after 4 weeks. Dur-
ing 28 days the released drug was well above the MIC against Staphy-
lococcus aureus ATCC 25923 (MIC = 0.5 mcg/ml), and methicillin-
resistant Staphylococcus aureus (MRSA) DMST 20654 (MIC = 1 mcg/
ml). These data indicate that polysaccharides impregnated in PMMA
composites can be a potential candidate for enhanced antibiotic carrier
for treatment of MRSA osteomyelitis.
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54.P07
Light triggered drug release
H Leonards, D Schmitz, A Pich and E Bremus-Köbberling
Lehrstuhl für Lasertechnik, Germany; DWI an der RWTH Aachen
e.V.; Fraunhofer Institut für Lasertechnik, Germany

In therapy of cancer the systemic application of drugs is the most com-
mon procedure (chemotherapy). Highly undesirable side effects of
these drugs to the entire organism like bone marrow suppression,
immunosuppression or alopecia (hair loss) is still a problem in this kind
of treatment. By targeting and controlling dosage of anticancer drugs
side effects can be minimized. Thus, product efficiency and safety, as
well as patient convenience and compliance can be improved. In a
novel approach the model drug/antimetabolite 5-Fluorouracil (5FU) is
immobilized on/released from a microgel surface. By use of (2+2)
Diels-Alder cycloaddition a dimer of 5FU is synthesized in a UV-photo-
reactor and subsequently bound to a beta-cyclodextrin cage. Photo-
chemical cleavage of 5FU dimers occurs in a certain range of
wavelength and allows a controlled - light triggered - release of 5FU. In
this study the influence of different light sources, intensities and irradi-
ation times on release kinetics is investigated. The drug release is quan-
tified by high pressure liquid chromatography. Aim of the activities is
the development of a drug loaded stent with targeted and controllable
drug release by use of laser irradiation. Research on this novel drug
release system is funded within the ‘Boost Fund’ program of ‘Explor-
atory Research Space’ at RWTH Aachen – ERS.

54.P08
Heparin mimetic peptide amphiphile nanofibers
for angiogenesis
Z Soran, G Uzunalli, YS Dagdas, AB Tekinay and MO Guler
Institute of Materials Science and Nanotechnology, Turkey

Angiogenesis is a basic physiological process during both development
and tissue regeneration. Formation of blood vessels is triggered by
interaction with the glycosaminoglycans (GAGs) situated in extracellu-
lar matrix (ECM) and vascular endothelial growth factor (VEGF)
secreted by endothelial cells. Since VEGFactivity is modulated by hepa-
rin which is a component of ECM, mimicking the ECM is a promising
approach in tissue engineering. Here, we demonstrate a novel peptide
nanofiber system that mimics the heparin functionality to induce angio-
genesis in pancreatic islets without addition of any exogenous growth
factors in vitro. Viability of rat islets was examined by Alamar blue/
DNA assay for 21 days. Sprouting was shown by lectin staining. In
order to show the functionality of islets, glucose-stimulated insulin
release assay was performed. Results indicated that heparin-mimetic
PA increases the viability of islets compared to control group. These
promising results stem from peptide nanofibers’ bioactivity, which
induce sprouting formation and mechanical support that keeps the
islets intact. Also, glucose assay showed that cells are functional and
produce insulin. In conclusion, we report that heparin-mimetic PA
nanofibers designed by our group alleviates some of the handicaps of
islet transplantation.

54.P09
Modeling of release kinetics of silver
nanoparticles from novel alginate
nanocomposites aimed for biomedical
applications
D Kostic, I Madzovska, S Vidovic and B Obradovic
Faculty of Technology and Metallurgy, University of Belgrade,
Serbia

Alginate hydrogels with embedded silver nanoparticles (AgNPs) are
very attractive for biomedical applications as antimicrobial materials
due to the possibility of AgNPs controlled release. In order to predict
the antimicrobial activity, it is necessary to know the release kinetics,
which depends on the hydrogel size and shape as well as on the sur-
rounding hydrodynamic conditions. In this study, we have produced
alginate microbeads (1.9% w/v, ~600 lm in diameter) with incorpo-
rated, electrochemically synthesized AgNPs (1.8 mM) and studied the
silver release kinetics in distilled water at 37�C in three different sys-
tems: static dishes, shaken flasks and packed bed bioreactors (0.27 ml/
min perfusion rate). AgNPs release was monitored over 3 weeks by
UV-Vis spectroscopy while total silver concentrations in water and in
microbeads were determined by AAS. Release kinetics of AgNPs was
modeled by internal diffusion within the microbeads followed by exter-
nal mass transfer and silver oxidation, assumed to be a first order reac-
tion. Internal diffusion was found to be rate limiting in all investigated
systems with the AgNPs apparent diffusion coefficient in the hydrogel
of ~10^(-11) cm^2/s, while the fluid flow increased the overall
transfer rate for 65–85%.

54.P10
Genipin crosslinked gelatin hydrogel:
Tolbutamide release and cytocompatibility
G Thakur, S Banerjee, A Mitra and A Basak
Department of Biomedical Engineering, Manipal Institute of
Technology, IndiaSchool of Medical Science and Technology,
Indian Institute of Technology Kharagpur, IndiaDepartment of
Chemistry, Indian Institute of Technology Kharagpur, India

Gelatin based drug carrier matrices have gained immense interest as a
promising class of delivery system. The aim of this study was to
develop model drug Tolbutamide -loaded-gelatin based gels. Gelatin
gel due to its reversible gel-sol transition at ~35�C and potentially low
gel strength is often chemically crosslinked to improve its thermal and
mechanical stability. Here, gelatin matrices were crosslinked with geni-
pin, a naturally occurring crosslinker for the release of tolbutamide.
Tolbutamide (an anti-diabetic drug) was incorporated into the gelatin
matrices to form drug loaded gel for the release study. Morphological
analysis of crosslinked gels using confocal microscopy revealed network
structure. The release of tolbutamide from the crosslinked gels indi-
cated an initial increase upto 8 h. This was followed by a steady release
state after 20 h (52%). Release kinetics was determined following Pep-
pas model. The diffusional exponent (n) (0.84 ± 0.01) (P < 0.05)
indicated anomalous release behaviour. Further, in vitro cellular com-
patibility and normal cell proliferation in AH-927 cell line was observed
in live dead assay and fluorescence microscopy studies using propidium
iodide staining. The studies supported that the matrices display excel-
lent compatibility without compromising the cellular integrity and
thus, can be utilized as safe carrier matrices for drug transport.
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54.P11
Click-hydrogel therapy to prevent re-synostosis
in pediatric mouse model
CD Hermann, KA Lawrence, DS Wilson, X Ning,
R Olivares-Navarrete, RE Guldberg, N Murthy, JKWilliams, Z
Schwartz and BD Boyan
Georgia Institute of Technology, USA; Children’s Healthcare of
Atlanta, USA

Craniosynostosis is the pathologic fusion of cranial sutures and requires
calvarial remodeling. In many cases, rapid re-closure of the skull occurs
and is associated with a high incidence of complications. The objective
was to develop a novel injectable click hydrogel for controlled delivery
of the BMP antagonist Gremlin to delay bone growth. Our click hydro-
gel cross-links spontaneously in less than 1 min via Cu-free click-chem-
istry between poly(ethylene-glycol) and our newly dibenzocyclooctyne
cross-linker. Release kinetics were performed in vitro and in vivo by
incorporating a fluorescently labeled protein into hydrogels. A posterior
frontal defect was made in infantile (21-days post-natal) C57Bl/6 mice
(5 mice/group/time). Defects containing one of the following treat-
ments and evaluated by lCTand histology 5 and 14 days later: empty
defect, hydrogel+carrier, hydrogel+300 ng rhGremlin, and, hydro-
gel+500 ng rhGremlin. Increasing the concentration of the cross-linker
resulted in a more controlled and linear release. Quantification of fluo-
rescent images of the defect showed that more protein was retained
when delivered with the hydrogel. There was a dose-dependent
decrease in defect width and bone volume in the defect with hydrogel
containing Gremlin. The hydrogel was able to provide controlled deliv-
ery of rhGremlin to delay the post-operative re-synostosis and has
potential to greatly reduce the complications associated with the surgi-
cal management of craniosynostosis.

54.P12
Antioxidative and physicochemical characteristics
of hydroxyapatite-calcium sulfate bone cements
impregnated phenolic compounds crosslinked
fish gelatin-chitosan
K Oungbho, D Anekchai, C Sukmee and A Sakunphueak
Drug Delivery System Excellence Center, Thailand

Hydroxyapatite and calcium sulfate are widely used as bone cements
due to their biocompatibility and nontoxicity. However, poor physical
characteristics of the cements such as high friability, and fast disintegra-
tion in body fluids limit their applications as drug carriers. This study
was focused on improvement of physicochemical properties of bone
cements by incorporation of chitosan and marine collagen. Triphala,
Thai herbal medicine comprising of polyphenolic compounds, was used
as crosslinking agent of gelatin and chitosan. The cement tablets were
prepared using mould method and investigated for their physicochemi-
cal properties. With increasing of triphala concentrations of the cement
composites, increased hardness and decreased friability were observed.
SEM micrographs showed alteration of surface morphology of the trip-
hala incorporated cement composites. These tablets were stable in PBS
at pH 7.4 over 1 month. DPPH free radical scavenging assay revealed
remarkable antioxidant activity of the cement composites. These data
suggest that triphala incorporated in chitosan-fish gelatin bone
cements may be suitable as skeletal drug delivery systems and bone tis-
sue engineering.

54.P13
A biodegradable, delayed burst-release device
for the delivery of vaccine ‘booster shots’
AM Clark, FPWMelchels, TR Dargaville, P Timms, K Beagley and
DW Hutmacher
Institute of Health and Biomedical Innovation, Queensland
University of Technology, Australia

A single-administration vaccine delivery device (SAVDD) has been con-
ceptualised to achieve spontaneous burst release of a vaccine with a
tailorable lagtime, using a biodegradable polymer capsule. The SAVDD
is implanted subcutaneously and designed to provide a burst-release of
vaccine at a specific time up to a year after implantation, by varying
the composition and geometry of the polymer capsule. Biodegradable
PCL-PEG co-polymer capsules were prepared by melt electrospinning.
Polymer degradation was evaluated in phosphate buffered saline at
37�C using dye marker technology, followed by implantation in an in
vitro porcine skin tissue culture model. Preliminary degradation studies
have shown that it is possible to tailor the rate of polymer degradation
enabling burst-release of the vaccine with a tuneable lagtime. Vaccine
stability has been assessed using Chlamydia Muridarum MOMP-MBP.
Protein degradation assays (nanodrop, BCA, SDS Page) were con-
ducted from -20 to 37�C with varying protein concentrations. The
development of this SAVDD aims to provide a generic technology plat-
form that can be applied to any repeat administration vaccine. This
technology platform can improve both the logistics and efficacy of im-
munisation programs around the world, particularly where access to
medical care is limited, such as in remote communities, developing
countries, and for the immunization of wildlife.

54.P14
Investigation of copper-alginate microbeads as
antimicrobial materials for potential biomedical
applications
I Madzovska, B Obradovic and M Vukašinović-Sekulić
Faculty of Technology and Metallurgy, University of Belgrade,
Serbia

Alginate hydrogels cross-linked with copper ions are promising bioma-
terials for biomedical applications due to their biocompatibility, bioin-
ductivity and antimicrobial properties. While highly-hydrophilic
alginate matrices can serve as cell carriers or wound dressing, Cu ions
provide antimicrobial activity and as essential micronutrients and co-
factors for many enzymes, promote angiogenesis and healing pro-
cesses. In this study, we have optimized production of Cu-alginate mi-
crobeads (~ 500 lm) by electrostatic extrusion of 1.9%w/v Na-
alginate solution into 0.135 M CuSO4 gelling solution. Release kinetics
of Cu ions in saline solution (0.9% w/v NaCl) as well as in distilled
water were investigated in conjunction with studies of antimicrobial
activity of the microbeads in suspensions of E. coli and S. aureus.
Experiments were performed in shaken flasks at 37�C for 24 h (4 g of
microbeads in 10 ml of solution). It was found that Cu ions quickly
induced alginate gelation resulting in the Cu concentration of
0.157 mM/g in the hydrogel. However, when Cu-alginate microbeads
were placed in water or saline solution, Cu ions were released over 5 h
period to the final concentration in solution of ~20 mM. This release
trend was found to be very efficient inducing quick bactericidal effects
in both cultures even after 1 h of incubation. These results suggest that
copper release rate and antimicrobial activity of Cu-alginate could be
optimized for each particular application.
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54.P15
Evaluation of release properties of protein loaded
microspheres
Ö Erdemli, D Keskin, S Ozen and ATezcaner
Middle East Technical University, Turkey; Hacettepe University,
Turkey

The study of in vitro release profiles of proteins delivery systems gives
in advance information on the in vivo drug release behavior and suc-
cess of the system. The purpose of this study was to assess the effects
of different types of release enviroments (phosphate buffer saline, cell
culture medium with serum and synovial fluid) on the in vitro release
of a model protein from poly (�-caprolactone) (PCL) microspheres.
Microspheres were prepared by modifying the double emulsion-solvent
evaporation method. Encapsulation efficiency of protein loaded micro-
sphereres was found 54.03 ± 1.32%. SEM examinations showed that
microspheres had spherical shape and rough surface without pores.
The mean particle size of protein loaded PCL microspheres was
5.79 ± 0.12 lm. Release profile of the protein from microspheres was
studied in PBS for 14 days at 37�C and the amounts of total and bio-
logically active protein released from microspheres were determined by
BCA and ELISA, respectively. Amount of total protein released from
PCL microspheres was found higher than that of amount of biologically
active protein released from PCL microspheres. Additionally, release
profile of model protein from microspheres will also be carried in cell
culture medium containing 5% FBS and in human synovial fluids for
14 days. The released amounts of total and biologically active protein
from PCL microspheres in PBS, synovial fluids and cell culture medium
will be compared at the end of this study.

54.P16
Poly-�-caprolactone/poloxamine matrices for
drug delivery and bone regeneration applications
AM Puga, A Rey-Rico, C Alvarez-Lorenzo and A Concheiro
Departamento de Farmacia y Tecnologı́a Farmacéutica,
Universidad de Santiago de Compostela, Spain

The design of implantable devices that can locally provide both high
levels of antimicrobial drugs and osteoconductive properties is an inter-
esting way to improve current therapeutic strategies for osteomyelitis
management. We have previously observed that certain poloxamine
varieties (X-shaped PEO-PPO copolymers) can induce differentiation of
mesenchymal stem cells to osteoblasts (Rey-Rico et al. Eur Cells Mater.
2011; 21:317–340). Physical blends of poly-�-caprolactone (PCL) and
different varieties of poloxamine (Tetronic� 908, 1107, 1301 and
1307), also incorporating ciprofloxacin, were prepared by hot melting,
through a solvent-free and eco-friendly methodology. Blending of PCL
with poloxamine led to matrices with mechanical properties similar to
those of fresh cortical bone. Implantable devices were able to sustain
the release of ciprofloxacin for more than six months being its release
rate accelerated when poloxamine was present in the matrices. All
implants of PCL: poloxamine showed good cytocompatibility with os-
teoblasts. Matrices prepared with Tetronic� 908 enabled the differenti-
ation of mesenchymal stem cells to osteoblasts. Overall, PCL
poloxamine implantable matrices, with tunable size and form, are
potentially useful not only for the local treatment of bone infections
requiring antibiotic release over a long period of time, but also as scaf-
folds for bone regeneration.

54.P17
Characteristics and release profiles of PEG-PCL-
PEG microspheres containing immunoglobulin G
Ö Erdemli, A Usanmaz, D Keskin and ATezcaner
Department of Engineering Sciences, Middle East Technical
University, Department of Chemistry, Turkey

Polyester-polyether type block copolymers have attracted much atten-
tion in the area of drug delivery systems with their capability in provid-
ing biomaterials having a broad range of amphiphilic characteristics.
The aim of the present work was to prepare and characterize immuno-
globulin G (IgG) loaded poly(ethylene glycol)- poly(�-caprolactone)-
poly(ethylene glycol) (PEG-PCL-PEG) microspheres as potential drug
carriers. PEG-PCL-PEG triblock copolymer was synthesized by ring-
opening polymerization of �-caprolactone initiated by MPEG and char-
acterized. IgG loaded PEG-PCL-PEG microspheres were prepared by
using the double emulsion-solvent evaporation method. Encapsulation
efficiency of microspheres was 74.32 ± 3.45%. According to the scan-
ning electron microscopy images, microspheres had spherical shapes
and rough surface without pores. Release profiles of c-irradiated and
non-irradiated microspheres were studied in PBS (0.01 M, pH 7.4) for
7 days and the amounts of total and biologically active IgG released
were quantitated with BCA and ELISA methods, respectively at differ-
ent time points. The IgG release profiles of c-irradiated and non-irradi-
ated PEG-PCL-PEG microspheres showed similar trends. No significant
difference was observed between the amounts of IgG released from c-
irradiated and non-irradiated PEG-PCL-PEG microspheres (P > 0.05).
This study showed that PEG-PCL-PEG microspheres are promising sys-
tems for the controlled release of proteins.

54.P18
Chondrocyte extracellular matrix modification by
indomethacin controlled release from alginate
gels
C Garcia, P Diaz, R Couceiro, J Senaris and M Freire-Garabal
Department of Pharmacology USC, SpainInstitute of Ceramics
USCDepartment of Orthopaedics, USC Clinical Hospital, Spain

Nonsteroidal anti-inflammatory drugs (NSAIDs) are currently used in
the treatment of different types of arthritis such as osteoarthritis (OA)
reducing its sympthoms. There are some clues showing that Indo-
methacin may be reducing several inflammation mechanisms. How-
ever, there is a need for further information about how Indomethacin
modifies the chrondocyte extracellular matrix (ECM). Naturally
derived alginate gels were used as a scaffold in order to provide an
ideal environment for chondrocyte culture as well as a drug delivery
system. Matrilins are known ECM proteins which play a key role in
cytoskeletal dispositions and tissue remodelling. Indomethacin was
loaded (0.1 lM–160 lM) into alginate gels and released over a maxi-
mum period of 15 days. Human chondrocytes isolated from arthrosic
knees were cultured in the scaffolds for 5, 10 and 15 days. The
expression of Glycosaminoglycans(GAGs) and Matrilins (1, 3) was
studied by means of qPCR. Inflammatory cytokines were also mea-
sured (IL-6,TNF-alpha) along with MMP-13 expression. Live/Dead
rate was calculated by Confocal Microscopy. As a result Indomethacin
was successfully released showing a low cytotoxic rate and exerting a
effect in GAGs metabolism which seemed to be modulated by a com-
bined Matrilin expression.
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54.P19
Modulating drug release kinetics of PLGA
microspheres by fabricating PLGA-alginate
core-shell drug delivery devices with microfluidic
method
J Wu, TT Kong, MKT To, A Shum, LQ Wang and KWK Yeung
Department of Orthopaedics and Traumatology, LKS Faculty of
Medicine, University of Hong Kong, ChinaDepartment of
Mechanical Engineering, University of Hong Kong, China

Controlled drug delivery devices offer numerous advantages com-
pared with conventional drugs. Among all the devices, PLGA micro-
spheres are of particular interests for biocompatibility, biodegradability
and easy administration. However, control of the drug release kinetics
is still a major challenge due to the complex release mechanisms [1].
Recently, near zero order release were observed from PLGA micro-
spheres / alginate beads composite devices [2]. However, such struc-
ture eliminated the easy administration property. In this study, PLGA-
alginate core-shell devices were developed by microfluidic method to
modulate the drug release kinetics while keeping the microspheric
geometry. PLGA-alginate core-shell devices were fabricated by O/W/O
emulsion systems utilizing capillary microfluidic devices [3]. The
resultants were characterized by SEM, microscopy, in vitro release test
and MTT assay. The core-shell structure was confirmed by SEM and
microscopy. The drug release kinetics of PLGA microspheres were sig-
nificantly modulated by the shell layer. Initial burst was suppressed
and a near zero order release was achieved when the shell layer was
saturated with released drug. PLGA-alginate core-shell devices were
biocompatible and may be promising tools for controlled drug
delivery.
References:
1. A. R. Ahmed et al. Eur.J.Pharm.Biopharm. 2008. 70 765–769.
2. R. H. Ranganath et al. Pharm.Res. 2009. 26 2101–2114.
3. H. C. Shum et al. J.A.C.S. 2008. 130 9543–9549.

54.P20
Antibiotic-eluting calcium phosphate foams for
bone regeneration
D Pastorino, C Canal and MP Ginebra
Biomaterials, Biomechanics and Tissue Engineering Group,
Department of Materials Science and Metallurgy, Technical
University of Catalonia (UPC), SpainCIBER of Bioengineering,
Biomaterials and Nanomedicine, Spain

Calcium Phosphate Cements (CPCs) are used as synthetic bone grafts
and have been shown to have high potential not only for bone
regeneration, but also as local drug delivery systems due to different
properties, among which their nano- and microporosity. However,
this intrinsic porosity of CPCs does not always allow the drug to be
fully released to the surrounding media. Calcium Phosphate Foams
present an additional macroporosity in comparison with CPCs, fulfill-
ing the requirements of pore size and interconnectivity that are rele-
vant for bone regeneration. Moreover, the open macroporosity is
expected to strongly modify the drug release kinetics. It is the aim of
this work to develop antibiotic-eluting self-setting calcium phosphate
foams. To this end, Doxycycline hyclate is added in an alpha-trical-
cium phosphate slurry, which after foaming is able to set, producing
a solid hydroxyapatite foam. The effect of the antibiotic addition on
the setting reaction and structural parameters of the foam is studied,
and the antibiotic release profile is determined for different antibiotic
concentrations. Results show that calcium phosphate foams are able
to release higher drug percentages (26.01% ± 8.83 at 100 h) than
their unfoamed counterparts (5.10% ± 1.49), and the antibiotic
release is sustained for longer periods of time. Moreover, increasing
the amount of doxycycline in CPFs leads to important structural

effects in the foam architecture, such as an increase in pore intercon-
nectivity.

54.P21
Insulin entrapment and release from zinc-
containing silica microparticles
E Vanea, C Moraru, S Cavalu and V Simon
Babes-Bolyai University, Faculty of Physics & Institute of
Interdisciplinary Research in Bio-Nano-Sciences, Romania
University of Oradea, Faculty of Medicine and Pharmacy,
Romania

The major problem associated with oral delivery of insulin is the low
bioavailability in the stomach due to the susceptibility to enzymatic
attack. Microencapsulation of an active material is considered for pro-
tection and controlled release. The encapsulation of proteins in zinc sil-
ica matrix offers several advantages. Inorganic silica matrix isolates
and constrains the movement of the biomolecules preventing their
aggregation and denaturation, while the zinc oxide improves the stabil-
ity of the system especially at low pH values. The purpose of this study
was to encapsulate insulin into zinc silica microparticles and micro-
spheres using sol-gel and spray-drying methods, respectively, and to
characterise these particles with respect to average size, specific surface
area, porosity and morphology. The insulin secondary structure was
assessed using FTIR spectroscopy and indicates a high structural integ-
rity of insulin in sol-gel derived particles. For release assays, the as pre-
pared samples were immersed in solutions with different pH values
and kept at 37�C for different periods of time. The amounts of with-
drawn solutions were analyzed by UV-VIS spectroscopy in order to
identify the insulin level for a prolonged period.
Acknowledgements: The research was accomplished in the framework
of PNII Idei PCCE 248/2008 project granted by Romanian National
University Research Council. E.V. author wishes to thank for the finan-
cial support provided through the Contract POSDRU/89/1.5/S/60189.

54.P22
Core-shell PVA/PCL nanofibres with liposomes as
a novel drug delivery system
E Filova, M Buzgo, M Rampichova, A Mickova, M Tesarova,
D Lukas and E Amler
Faculty of Biomedical Engineering, Czech Technical University,
Czech RepublicInstitute of Experimental Medicine of the ASCR,
Czech RepublicDepartment of Biophysics, 2nd Faculty of
Medicine, Charles University in Prague, Czech Republic

The incorporation of growth factors (GF) into liposomes in the core/
shell nanofibres may improve the stability of GF and positively influ-
ence the tissue regeneration. In the study, the core/shell polyvinyl alco-
hol/poly-�-caprolactone (PVA/PCL) nanofibres with liposomes-
incorporated bFGF, IGF-I, and TGF beta 1 (Lip-PVA/PCL) in the core,
and control nanofibers with GF blend (PVA/PCL) were prepared and
tested their effect on the viability and proliferation of mesenchymal
stem cells (MSCs) using MTS assay, and BrdU and PicoGreen assays,
respectively. Cells on the scaffolds were visualized using confocal
microscopy. The 22 day-release profile of GF was evaluated using
ELISA assays. MSCs on Lip-PVA/PCL scaffolds showed significantly
higher both proliferation and viability compared to PVA/PCL. The
release profile of GF in Lip-PVA/PCL was lower and sustained release
of GF was observed compared to PVA/PCL. The core-shell PVA/PCL
nanofibers with liposomes can be used as the novel drug delivery sys-
tem. Supported by the research plans AV0Z50390703 and
AV0Z50390512, MSMT research programs NPV II 2B06130 and
1M0510, grant no. MSM0021620849, and project ERA-NET CARSILA,
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no. ME 10145, the Grant Agency of the ASCR (grant no.
IAA500390702), Czech Science Foundation (grants nos. GA202/09/
1151, P304/10/1307, and 106/09/P226), the Grant Agency of Charles
University (grant nos. 96610, 97110, 330611, 384311, and 164010),
Internal Grant Agency of the Ministry of Health of CR no. NT12156.

54.P23
BMP-2 release from low-temperature processed
calcium phosphate foams
EB Montufar, D Ben-David, M Espanol, E Livne and MP Ginebra
Biomaterials, Biomechanics and Tissue Engineering Group, Dept.
Materials Science & Metallurgy, Technical University of
Catalonia, Spain

Although it has been shown that the specific release of BMP-2 can
modulate the osteogenic capacity of calcium phosphate (CaP) bone
grafts, the interaction BMP/material in the release behavior is a crucial
aspect which remains largely unknown. Thus, this work aims to deter-
mine the in vitro release profile and the biological activity of BMP-2
loaded CaP foams with different compositions and to assess their osteo-
inductive capacity by subcutaneous implantation in athymic nude mice.
The foams were obtained at 37�C by foaming an alpha-tricalcium phos-
phate (a-TCP) slurry and the progression of the hydrolysis reaction
from a-TCP to hydroxyapatite (HA) was adjusted to obtain specific pro-
portions of the two phases. 1ug of rhBMP-2 was then adsorbed on the
foams containing 50, 80 and 100% HA respectively. In vitro results
showed that the BMP-2 released from the foams and its activity was
strongly dependent on the composition of the foam, being more sus-
tained in the samples containing 80% HA, and with a higher activity as
determined by osteocalcin expression in human mesenchymal stem cell
cultures. The 8 week-ectopic implantation of the foams corroborated
this trend as shown by the significant increase in bone neoformation,
bone marrow and blood vessels formation. In conclusion, the composi-
tion of the CaP substrate strongly influenced the protein release pat-
tern, which in turn resulted in a different in vivo performance of the
BMP-2 loaded scaffolds in terms of osteoinduction potential.

54.P24
Intrinsically magnetic Fe-substituted
hydroxyapatite for medical application
T D’Alessandro, M Sandri, S Panseri, C Cunha and ATampieri
Institute of Science and Technology for Ceramics, National
Research Council, ItalyRizzoli Orthopaedic Institute, Italy

Nowadays the use of magnetic stimulation or guidance in regenerative
medicine is coming up as one of the most attractive concept to design
magnetisable scaffolds. Considering the importance of having magnetic
scaffold based on no-toxic magnetic nanoparticles (MNPs), the present
work is focused on the development of an innovative biocompatible
and bioresorbable superparamagnetic phase by doping hydroxyapatite
(HA) with Fe ions. XRD and Rietveld analysis confirm that the new
phase is an HA with a disordered structure where Fe2+ and Fe3+ occu-
pied the two independent calcium sites with a specific coordination so
to generate intrinsic superparamagnetism. Magnetic Fe-HA can be used
as a conceptually new type of biomaterial for hard tissue regeneration
or as a valid bioactive substitute for the not biodegradable magnetite
MNPs. The possibility to functionalize the Fe-HA MNPs with growth
factors or drugs results to be an innovative delivery system that can be
used both for regenerative medicine and for cancer therapy, due to the
possibility to move and to fine control, by an external magnetic field,
the release of the bound molecules in the target bone site. Moreover,
thanks to the hyperthermia effect induced by the Fe-HA magnetic prop-
erties (4.2 emu/g at 2T), these new Fe-HA MNPs can be used in cancer

therapy: they exhibit an increase in temperature of about 40�C in 60 s
under the exposition of magnetic field. Studies in vitro and in vivo have
assessed the biocompatibility of Fe-HA.

54.P25
Evaluation of phytoncide-eluting stent coated
with biodegradable PLGA
SN Kang, J Choi, YK Joung, K Park and DK Han
Korea Institute of Science and Technology, Korea

Drug-eluting stent (DES), metallic stents coated with drug-loaded non-
degradable or degradable polymers, has become a standard treatment
in percutaneous coronary intervention (PCI). Among drugs for DES, it
has been known that sirolimus with immunosuppressive activity and
paclitaxel with potent anti-proliferative effect are the most representa-
tive drugs. This is why they can prevent in-stent restenosis that induces
the proliferation of smooth muscle cells. However, it was recently
reported that there were potential risks that inhibit endothelialization
and delay vessel healing. Phytoncide, a substance released from trees
and plants, has many attractive effects such as human NK cell activity
and an anti-oxidant. In particular, monoterpenoids in phytoncide were
known as compounds with anti-oxidative and anti-microbial activities.
Hence, we investigated in vitro bioactivity and release behavior of phy-
toncide as an alternative drug of sirolimus and paclitaxel. Cell viability
and anti-proliferative effects of phytoncide and sirolimus on smooth
muscle cell (SMC) and endothelial cell (EC) were characterized by
CCK-8 assay. In vitro migration assay was performed to evaluate the
inhibitory effect on cellular migration. For drug release in vitro, phyton-
cide incorporated in poly(lactic-co-glycolic acid) (PLGA) was coated on
stainless steel by our electrospray method. Obtained results suggest
that phytoncide could be promising to replace sirolimus or paclitaxel as
a drug for DES.

54.P26
Hollow calcium carbonate/calcium silicate
microspheres for drug delivery
CS Yang, CC Ho and SJ Ding
Institute of Oral Science, Chung Shan Medical University, Taiwan

Bioceramic microspheres for bone regeneration applications should
have good bioactivity, biodegradability, and controlled drug-release
ability. Calcium silicate (CS) exhibits good bioactivity and controlled
drug-release ability. The main disadvantages of CS are its low degra-
dability and difficult to fabricate into spherical form. In the present
study, hollow calcium carbonate/calcium silicate (CC/CS) hybrid micr-
ospheres with desirable properties were prepared using the CO2 bub-
ble template method. The morphology and composition were
examined by scanning electron microscopy (SEM), X-ray diffraction
(XRD) and Fourier transform infrared spectroscopy (FTIR). Addition-
ally, methylene blue (MB) was used as model for evaluating the feasi-
bility of CC/CS microspheres on drug-delivery system. The cell
viability of MG63 was used to examine the biocompatibility. Results
showed that monodisperse hollow microspheres with size of about
10 lm could be obtained by controlling the concentration of Si pre-
cursor. XRD and FTIR demonstrated that the hollow spherical struc-
ture consisted of vaterite. Moreover, the loading capacity of MB was
remarkably enhanced from 35 to 105 lg per mg of particles while Si
was incorporated into CC in the microspheres. The viability of MG63
cultured with CC/CS microspheres revealed good biocompatibility,
comparable to the tissue culture plate control. It is concluded that the
hollow CC/CS microspheres might have the potential for bone repair
and drug-delivery system.
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54.P27
Monodisperse hydrophilic multi-block copolymer
microspheres for controlled intrarenal drug
delivery
J Zandstra, C Hiemstra, A Petersen, J Zuidema, A Lathuile,
G Veldhuis, R Steendam and E Popa
University Medical Center Groningen, The
NederlandsInnoCoreTechnologies B.V.; Nanomi B.V., The
Netherlands

The increasing prevalence and treatment costs of chronic kidney dis-
ease call for novel therapeutic strategies that prevent disease progres-
sion at an early stage. We propose polymer microspheres (MSP) with
physical and chemical properties tailored to controlled intrarenal drug
delivery as a tool to modulate processes responsible for chronic kidney
disease, such as inflammation and fibrosis. In this study we generated
monodisperse, hydrophilic-phase-separated-multi-block copolymer-
based MSP and investigated their intrarenal biocompatibility and thus
adequacy for future therapeutic application. Monodisperse MSP
(30 lm) were injected under the capsule of healthy F344 rat kidneys.
Kidneys were retrieved 3,7,14 and 28 days after MSP implantation.
General histology was evaluated by PAS staining. Renal interstitial
presence of macrophages and myofibroblasts as a result of MSP implan-
tation was studied by IHC. MSP were detected in the subcapsular space
at all time points and showed little degradation in time. MSP implanta-
tion did not affect tubular integrity at any time point. Macrophages
and myofibroblasts were virtually absent in the renal interstitium. We
report for the first time the intrarenal biocompatibility of MSP designed
for intrarenal drug delivery. Based on their slow degradation rate and
the lack of adverse effects of their subcapsular implantation on the
renal tissue, we propose monodisperse MSP to be a promising tool for
sustained, controlled intrarenal drug delivery.

54.P28
Multi-factor release systems for regenerative
applications in tissue engineering
S Kurdyn, J Nickel and HWalles
University Hospital of Würzburg, Germany

As regenerative implants are used for the treatment of cartilage and
bone defects, a major challenge lies in the development of suitable
mechanisms of growth factor delivery as naturally occurring concentra-
tions are needed to enable regenerative properties of incorporating
implants. Biomimetic materials for implants become more popular due
to their improved compatibility, and they also offer an ideal platform
for growth factor release systems mimicking the ECM as a reservoir for
growth factors. By modulating the binding affinities, different release
kinetics can be achieved and finally used to create a modular setup of
chronological assessable multi-factor release systems whose composi-
tion then could be adapted to various application-specific manners. To
investigate the influence of modulated heparine affinities on the
release kinetics, GDF-5 was equipped with different artificial heparine
binding domains. Although both, the DNA recombination and the pro-
tein dimerization could be confirmed successfully, in vitro ALP assays
revealed a loss of their biological activity and SPR interaction studies
with the cellular receptors BMPR-IA and BMPR-IB showed a significant
decrease in their binding affinities. Assuming protein misfoldings as a
possible explanation, the purification and renaturation steps performed
need to be analyzed in detail and subsequently adopted appropriately
to generate biologically active muteins whose binding kinetics then can
be examined and further refined.

54.P29
A bone graft composite of demineralized bone
matrix and alendronate-loaded hydroxyapatite
microsphere ameliorates osteoporosis
SH Jeon, JH Chae, EJ Lee and KW Kang
Hans Biomed Corporation R&D Center, Republic of Korea

Osteoporosis is an abnormal reduction in bone mass and bone deterio-
ration leading to increased fracture risks. Despite variety of therapeutic
approaches were developed, many adverse effects were found and
needed to be solved. We have developed a new bone graft composite
(HAP-ALD-DBM) that is hydroxyapatite-based microsphere loaded
with alendronate, demineralized bone matrix (DBM), and carboxyl
methyl cellulose (CMC) combinations for prevention of osteoporosis,
when it is used bone repairs and regenerative processes. The HAP-ALD-
DBM and HAP-ALD (the same microsphere without DBM) were evalu-
ated in vitro chemical characteristics and in vivo biocompatibility and
safety, in particular for ameliorating osteoporotic processes by the
grafts. The experimental results showed the bone graft composite is
highly safe and biocompatible with animals tested. Furthermore, new
bone deposits occurred in the area of bone graft implanted sites after
13 weeks. On the basis of serological tests, calcium contents, bone den-
sity revealed differences among treatment groups. However, HAP-ALD-
DBM bone graft composite showed clear evidences of bone regenera-
tive effects on bone repairs. And it showed the greatest increase of bone
mass and density in radiological and histological findings at graft sites.

54.P30
Development of novel statin releasing
biodegradable nano-scaled fiber for bone tissue
engineering
RWadagaki, D Mizuno, A Yamawaki-Ogata, X Fu, M Satake,
H Kaneko, M Ueda and Y Narita
Department of Cardiac Surgery, Nagoya University Graduate
School of Medicine, JapanDepartment of Oral and Maxillofacial
Surgery, Nagoya University Graduate School of Medicine,
JapanTechnology Innovation Center, Teijin Limited, Japan

Introducton: Tissue engineering is an effective approach for the treat-
ment of bone defects. Statins have been widely and safety used for the
treatment of hyperlipidemia for more than two decades. Some studies
have reported pleiotropic effects of statins on bone formation. Mean-
while, electrospun biodegradable fibers have a similar structure with
the natural extracellular matrix (ECM), and have shown applicability
to carriers for drug delivery system (DDS) and scaffolds for bone tissue
engineering. We developed simvastatin-releasing, biodegradable fiber
scaffold (SRBFS) by electrospun procedure. The objective of this study
was to investigate the feasibility of SRBFS for the treatment of bone
defects in comparison with b-tricalcium phosphate (b-TCP) which is
clinically used frequently as a bone repair material.
Materials and methods: Non-healing, critical-sized (4 mm) calvarial
defects were created in the left parietal bone of 8 weeks-old male mice.
Defects were treated with SRBFS, biodegradable fiber scaffold without
simvastatin, and b-TCP particles. Histological, biochemical analysis and
micro-CT scan analysis were performed for 6 and 18 weeks after
implantation.
Results: The new bone formation in the SRBFS was significantly higher
than in the other two groups both 6 and 18 weeks after implantation.
Conclusion: These results suggested that our strategies using statin
releasing biodegradable fiber scaffold may be favorable for the treat-
ment of bone defects.
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54.P31
Enhanced orthotopic bone regeneration
promoted by intracellular delivery of
dexamethasone
VE Santo, K Sato, J Ratanavaraporn, ME Gomes, JF Mano, RL Reis
and Y Tabata
3Bs Research Group-Biomaterials, Biodegradables and
Biomimetics, University of Minho, Portugal; ICVS/3B’s - PT
Government Associate Laboratory, Portugal; Kyoto University,
Institute for Frontier Medical Sciences, Department of
Biomaterials, Field of Tissue Engineering, Japan

Cell engineering approaches are a promising tool to promote the regen-
eration of functional bone, particularly regarding the use of osteopro-
genitor cells. The main goal of this work was to direct rat bone marrow
mesenchymal stem cells (rBMSCs) towards the osteoblastic phenotype,
through the use of dexamethasone-loaded amphiphilic nanocarrier
intracellular delivery systems (dex-micelles), in order to induce new
orthotopic bone formation in vivo. Dexamethasone is a glucocorticoid
known to stimulate osteogenic differentiation of MSCs in animal mod-
els and humans. The dynamic nature of the nanoparticulate carriers
allowed a pH-responsive release of the drug, promoting a faster deliv-
ery under acidic conditions as the ones observed in the endossome
compartment. Internalization studies with rBMSCs showed an effective
internalization of the dex-micelles up to 24 h of incubation and the
consequent intracellular release of dexamethasone up to 7 days led to
increased levels of osteogenic-related markers. The implantation of gel-
atin hydrogels seeded with rBMSCs pre-cultured with dex-micelles pro-
moted a highly significant enhancement of de novo bone formation in
a rat ulna critical size defect, in a dose-dependent manner. One month
post-implantation, new tissue with clear hierarchical organization was
found in the groups loaded with the nanocarriers. These results high-
light the potential of the proposed intracellular delivery system as a
powerful approach to promote bone regeneration.

54.P32
In vivo bioluminescent imaging of enhanced
skeletal muscle regeneration by enzyme
modulated oxygen generating system
SIH Abdi, HC Lau, I Jo, BC Ahn and JO Lim
Department of Biomedical Science, Kyungpook National
University, Republic of Korea; Joint Institute for Regenerative
Medicine, Biomedical Research Institute, Kyungpook National
University School of Medicine, Republic of Korea; Department of
Molecular Medicine, Ewha Womans University Medical School,
Republic of Korea; Department of Nuclear Medicine, Kyungpook
National University School of Medicine, Republic of Korea

This study addressed the hypothesis that skeletal muscle regeneration
can be enhanced by controlled oxygen producing systemwhich ismodu-
lated by an enzyme, catalase. Furthermore, this regeneration process in
vivo was tracked by firefly luciferase expressing cells using biolumines-
cence (IVIS) imaging (BLI). A severe animal model (BALB/c Nude
Mouse) ofmuscle injurywas used by combiningmyotoxin induced direct
skeletal muscle damage with induction of ischemia to the hind limb.
Enzymemodulated oxygenmicrosphere system loadedwith firefly lucif-
erase expressing cells were injected in sample group (n = 5). Animals
were observed by BLI for 6 weeks. Finally, animals were sacrificed and
evaluated by histology and molecular analysis. Localized and sustained
release of oxygen enhanced cell engraftment, limited fibrosis, induced
new vessel formation and accelerated formation of muscle tissue traced
by molecular and imaging analysis. The enzymemodulated oxygen pro-
ducing microspheres can effectively promote skeletal muscle regenera-
tion in vivoby enhanced local angiogenesis and reducednecrosis.
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55. Bioreactors for Translational Research

55.01
Keynote: Bioreactors for development of healthy
and diseased myocardial tissue models
M Radisic
Institute of Biomaterials and Biomedical Engineering Department
of Chemical Engineering and Applied Chemistry University of
Toronto, Canada

The ability to generate cardiomyocytes from either embryonic stem
cells or induced pluripotent stem cells (PSC) provides an unprece-
dented opportunity to establish human in vitro models of cardiovascu-
lar disease as well as to develop replacement cardiac tissue for possible
implantation. Although advances in stem cell biology enable us to reli-
ably obtain cardiomyocytes from stem cells, cardiomyocytes derived
from human PSC are representative of early human development and
are not equivalent to adult cells. Our goal was to develop in vitro mod-
els that enable induction of maturation and hypertrophy in human
iPSC derived cardiomyocytes. The cells were cultivated in cylindrical
microwells microfabricated in PDMS with centrally positioned suture.
Gel compaction enabled generation of a highly aligned tissue termed
biowire (100 mm in diameter and 1 cm long). The tissues were stimu-
lated using biphasic suprathreshold pulses, at the frequencies up to
6 Hz. Quantitative PCR indicated a significant downregulation of atrial
natriuretic factor (ANF), a marker of fetal development and alpha-myo-
sin heavy chain, expressed in higher quantities in fetal human cardio-
myocytes. Stimulated samples exhibited improved calcium handling
compared to non-stimulated samples (e.g. responsiveness to caffeine).
After addition of a hypertrophy agonist, isoproterenol, for one week
the up-regulation of atrial natriuretic factor and brain natriuretic pep-
tide was induced.

55.02
Options for long-term monitoring strategies in
bone tissue engineering
S Hofmann and R Müller
Institute for Biomechanics, ETH Zurich, Switzerland

Monitoring strategies play a pivotal role when experimental results are
to be fed into computational simulations, as each sample can be
assessed individually and over time. Only when taking the changing
environmental status into account, influencing factors of tissue devel-
opment can be identified and their effect quantified. Long-term cul-
tures provide the possibility to assess influencing factors not only in
parallel but also sequentially. We designed spinner flask bioreactors for
non-destructive monitoring of mineralized ECM development of indi-
vidual samples with lCT. MSC were cultured on silk scaffolds and their
mineralized ECM development was compared to static culture. The
setup enabled long-term tissue culture and showed continuous deposi-
tion of mineralized ECM over 2 years. Dynamic culture resulted in sig-
nificantly increased ECM volume and a more homogenous distribution
of the tissue, especially at early timepoints. lCT monitoring of spinner
flask bioreactors provides a tool to assess long-term effects of mechani-
cal stimulation in bone tissue engineering. This technology may be
expanded to investigate other parameters such as drug effects or co-
cultures with bone resorbing cells in order to truly understand 3D cell
behavior in vitro. This valuable data will serve as input for computa-
tional simulations and enable translation of in vitro knowledge to the
in vivo situation.
Acknowledgments: Funding from the RMS Foundation, Bettlach, and
provision of silk by Trudel Silk.

55.03
Real-time and in-situ control of environmental
parameters in a modular bioreactor
S Giusti, D Mazzei and A Ahluwalia
Interdepartmental Research Center ‘E.Piaggio’, Faculty of
Engineering, University of Pisa, Italy

Many researchers now recognize the importance of the external envi-
ronment in which cells are cultured for cell function and differentiation.
Most of the systems able to apply physiological-like stimuli also need a
classical incubator or a specifically designed system to control the envi-
ronmental parameters at some distance from the cells. Here, a stand-
alone platform for cell, tissue and organ culture is described. The
SUITE (Supervising Unit for In-vitro Testing) system can control local
environmental variables like pH, temperature and hydrostatic pressure
over long periods, to provide the optimal environment for cells outside
the classical incubator and also to apply mechanical and chemical stim-
uli to simulate the physiological milieu. The SUITE platform is used
with Multi-Compartmental modular Bioreactors (MCmB) to perform
dynamic cultures of hepatocytes as in-vitro liver model. Preliminary
tests demonstrated the capability of the system to maintain the target
parameters for more than 72 h generating different hydrostatic pres-
sures (20–30–40–50 mmHg). Then, two bioreactors were connected in
series and cultured for 24 h in the SUITE platform with hydrostatic
pressures of 20–30–40 mmHg. Static and dynamic controls were
placed in the classical humidified incubator at 37�C, 5% CO2. The
results show that cell function is enhanced in SUITE at up to 30 mmHg
of hydrostatic pressure, as confirmed by viability, metabolic function
and morphological analysis.

55.04
All-in-one rapid-prototyped bioreactor/implant
for semi-automated generation of tailor-made
critical size bone tissue substitutes
PF Costa, C Vaquette, ME Gomes, RL Reis and DW Hutmacher
3B’s Research Group – Biomaterials, Biodegradables and
Biomimetics, University of Minho, Portugal; ICVS/3B’s – PT
Government Associate laboratory, Portugal; Institute of Health
and Biomedical Innovation, Queensland University of Technology,
Australia

Additive Manufacturing (AM) offers the possibility to design and build
products with high geometrical complexity and in smaller batch num-
bers. In this work we applied AM to design and build a disposable bio-
reactor in combination with a scaffold. This work applies rapid
prototyping to design and fabricate scaffolds pre-enclosed into a dispos-
able and ready-to-use perfusion chamber. Computerized tomography
was used to scan a 3 cm sheep tibia section and generate a porous
computer model replica. A fully enclosed perfusion chamber was
designed around the replica. As a proof of principle the perfusion
chamber and porous implant within were prototyped in one single
piece by fused deposition modeling of ABS. The device’s watertightness
was confirmed by micro-CT and high flow perfusion studies. Micro-CT
also confirmed that although prototyped in one piece, one inside the
other, the implant and surrounding chamber were not merged together
at any point. Opening the chamber we observed that perfused fluids
had totally and homogenously reached the highly interconnected por-
ous network of the scaffold. This device is currently being fabricated
from PLA for performing in vitro perfusion cell cultures in its interior.
This work demonstrated the possibility to produce easy- and ready-to-
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use fluid-efficient culture chambers pre-enclosing tailor-made and
patient-specific scaffolds.

55.05
Capacitive stimulation enhanced osteogenic
differentiation of primary human mesenchymal
stem cells
R Balint, NJ Cassidy and SH Cartmell
University of Manchester, UK; Keele University, UK

Electricity is a novel modality in Tissue Engineering that has the ability
to enhance proliferation and differentiation of various musculoskeletal
cell lines in vitro and in vivo. In our work we are developing Electrical
Stimulation into an effective modality for the creation of bone
implants. A capacitive bioreactor, developed by our group, was used to
deliver electrical stimuli with 3 V/mm field strength to primary Mesen-
chymal Stem Cells cultured in osteogenic medium. A computerised
model was created in the commercial software MATLAB, based on the
Method of Moments that allows the calculation of the of the electrical
field strength inside the bioreactor. Stimulation was delivered with
500 Hz frequency, and 1 and 1000 ls pulse width for 3 h per day. Cell
numbers were assessed with Picogreen assay, metabolism with Alamar
Blue, differentiation by Alkaline Phosphatase assay and the qRT-PCR of
the bone related markers BMP-2 and ALPL at day 4 and 7. Proliferation
was significantly lowered by 1 ls pulses both at day 4 (P < 0.005) and
7 (P < 0.005), but this coincided with a significant enhancement of
metabolic (P < 0.005 and P < 0.05) and alkaline phosphatase activity
(P < 0.005 and P < 0.005). At day 7 expression of the gene ALPL was
increased 3-fold (P = 0.04) due to 1 ls pulses. The presence of BMP-2
was not detected in controls, but was detected in 1 ls treated samples.
This shows the great potential that capacitive electrical stimuli have for
tissue engineering.

55.06
Engineering of human bone tissue from
pluripotent stem cells in perfusion bioreactors
D Marolt, I Marcos Campos, S Bhumiratana, A Koren, P Petridis,
G Zhang, PF Spitalnik, WL Grayson and G Vunjak-Novakovic
Department of Biomedical Engineering, Columbia University,
USA; The New York Stem Cell Foundation, USA; Blood
Transfusion Centre of Slovenia, Slovenia; Department of
Pathology and Cell Biology, College of Physicians and Surgeons,
Columbia University, USA; Department of Biomedical
Engineering, School of Medicine, Johns Hopkins University, USA

Bone tissue engineering aims to develop functional grafts for recon-
structive surgery, by methods designed to mimic processes during
native bone formation. Human embryonic stem cells (ESC) and
induced pluripotent stem cells (IPS) represent promising cell sources
for these goals, as they can provide unlimited numbers of tissue pro-
genitors, and give rise to any cell type in the body. We developed a
stepwise protocol to engineer fully viable, compact bone-like tissue
from ESC. ESC-mesenchymal progenitors were derived from pluripo-
tent colonies, expanded and cultured on osteoconductive scaffolds in
bioreactors with interstitial flow of medium for 5 weeks. The resulting
tissue constructs contained significantly higher cell numbers, alkaline
phosphatase activity, osteopontin release into the culture medium and
deposition of mineralized bone matrix (staining positively for osteo-
pontin, bone sialoprotein, osteocalcin and osteoid) compared to stati-
cally cultured constructs. Notably, ESC-engineered bone maintained its
phenotype stability, underwent further maturation and supported vas-
culature ingrowth during 8 weeks in vivo, without a single incidence of
tumor formation. In contrast, undifferentiated ESC implanted on osteo-

conductive scaffolds consistently formed teratomas over the same time
period. We propose that engineering of bone-like tissue from pluripo-
tent stem cells can advance fundamental studies of osteogenesis, as
well as translation into regenerative medicine applications.

55.P01
Development of the automatic cell processing
machine for the clinical application of the
cartilage regeneration
K Nakashima, H Hasunuma, M Nakamura, S Wakitani,
Y Hashimoto and M Saito
Kawasaki Heavy Industries, LTD., Japan; Mukogawa Women’s
University; Osaka City University; Osaka University, Japan

In order to make regenerative medicine practicable, we have been
developing automatic cell processing machines. Cell culture for the
regenerative medicine has been performed by cell culture experts in
cell processing facilities, not only been making great cost but also will
have latent contamination risks and human errors. As these machines
are able to be settled in lower grade air clean room, the initial and run-
ning cost are deduced. Because the clean robot arms automatically deal
with cell culture procedure with preset programs, it is not necessary to
worry about the cross-contamination nor to take A patient for B by mis-
take. At this time, the machines are aiming at the clinical application of
cartilage regeneration. In its regeneration, bone marrow MSCs from
the patient are cultured to obtain the necessary cell numbers and cellu-
lar quality. The compatibility between human-handling and robot-arm
handling cellular quality has been verified in Osaka University Hospital
utilizing our machine. There is one benefit that the robot has high
repeatability though they cannot realize the differences among individ-
uals. Then, we have let responsible culture person enable to make deci-
sions of the timing and conditions of primary culture and sub-culture
so flexible. When we verified the compatibility, cell number, viability
and cell surface markers were confirmed. From now on, the clinical
studies are going utilizing our machine. This research is supported by
Japanese government, NEDO.

55.P02
Development of automated 3-dimensional tissue
fabrication system (Tissue Factory)-2:
Confirmation of an aseptic process
MWada, T Kikuchi, M Mizutani, K Tanimoto, M Kino-Oka,
T Shimizu and T Okano
ABLE Corp., Japan; CellSeed Inc.; Japan Science and Technology
Agency; Shibuya Kogyo Corp.; Osaka University; Tokyo Women’s
Medical University, Japan

Aseptic processing is the most demanding of pharmaceutical manufac-
turing processes. We are developing a new concept cell automated pro-
duction system (Tissue Factory) by adopting modular of small isolators
which have uniformed docking ports. Every module can be decontami-
nated individually by hydrogen peroxide steam, and has an automated
process manufacturing function, for example cell isolation, cell primary
culture, cell expansion, cell sheet forming, and cell sheet layering. Sev-
eral proper modules can be attached on the system and interlocked to
manage various production lines when necessary. We have innovated
the flexible modular platform (FMP) concept, and tried to construct
aseptic processing procedures for the system. In this study, we prepared
several modules for cell sheet forming and layering (cell seeding/med-
ium changing module, cell sheet layering module, CO2 incubator mod-
ule, sample loading module, and transfer module), and the aseptic
processing reproducibility of one combinatorial process was investi-
gated (Operational Qualification). The maintenance of optimal germ
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free condition was carried out repeatedly. This research is granted by
the Japan Society for the Promotion of Science (JSPS) through the
‘‘Funding Program for World-Leading Innovative R&D on Science and
Technology (FIRST Program)’’.

55.P03
Development of automated 3-dimensional tissue
fabrication system (Tissue Factory) 1: automation
system toward clinical practice in regenerative
medicine
MMizutani, M Wada, T Kikuchi, S Watanabe, M Kino-Oka,
T Shimizu and T Okano
Japan Science and Technology Agency, Japan; ABLE Corp.;
CellSeed Inc.; Osaka University; Tokyo Women’s Medical
University, Japan

We have succeeded in a novel treatment in regenerative medicine using
‘‘cell sheet’’, and the treatment have been applied to clinical practices
of the cornea, heart, esophagus, periodontal ligament, and cartilage.
The approach to industrialization is one of the critical issues to broadly
distribute the treatment, and we are developing an automated 3-
dimensional tissue fabrication system (Tissue Factory) for mass produc-
tion of living materials, where we had newly designed to be the flexible
modular platform (FMP) for saving the common apparatuses which
can be shared in multi-manufacturing lines. The exterior of modules
has adopted an isolator technology for excluding from some major con-
tamination risks. Tissue factory has been developed separately as cell
isolation & primary culturing system, cell expansion culturing system,
and cell sheet assembly system. In this study, we had designed a proto-
type of cell sheet assembly (cell sheet forming and layering) system,
and the prototype faced several challenges of automated production
control system for FMP. This research is granted by the Japan Society
for the Promotion of Science (JSPS) through the ‘‘Funding Program for
World-Leading Innovative R&D on Science and Technology (FIRST Pro-
gram)’’.

55.P04
Development of automated 3-dimensional tissue
fabrication system (Tissue Factory)-5: cell sheet
assembly process
T Kikuchi, M Wada, M Mizutani, M Kino-Oka, T Shimizu and
T Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, TWIns, Japan; ABLE Corp.; Japan
Science and Technology Agency; Department of Biotechnology,
Osaka University, Japan

We develop an automated 3-dimensional tissue fabrication system ‘Tis-
sue Factory’. The central challenge is to lead to more efficient cell-pro-
cessing facility by introducing the novel system rather than
conventional cell-processing facility with fully equipped clean rooms.
For minimizing the manufacturing space and maximizing the flexibility
for multi-purpose manufacturing facility, we applied a flexible modular
platform to our system. In this study, we underwent the cell sheet
assembly process, where a multilayered cell sheet was fabricated by
stacking single layer cell sheets. Three processing modules (seeding,
incubation and sheet assembly) and two supportive modules (transfer-
ring and gateway) were connected as a system. Human skeletal muscle
myoblasts were seeded in temperature-responsive culture dishes and
cultured overnight utilizing the seeding module and the incubation
module. On the next day, the single layer cell sheets in the dishes were
stacked into a multilayered cell sheet utilizing the sheet assembly mod-
ule. The whole process was conducted automatically except for the

preparation of materials. After the adjustment of the process parame-
ters, multilayered cell sheets were successfully fabricated. These multi-
layered myoblast sheets kept viable in the following static culture for
3 days at least with the live cell ratio over 95%. This study demon-
strated the feasibility of automatic cell sheet assembly process using
our system.

55.P05
Development of automated 3-dimensional tissue
fabrication system (Tissue Factory) 3–1:
automated cell isolation system from tissue for
regenerative medicine
H Kubo, T Shioyama, M Oura, A Suzuki, S Takeda, S Yamamori,
M Kino-Oka, T Shimizu and T Okano
Nihon Kohden Corporation, Japan

Currently, cell therapy is considered to be one of the most effective
treatments for damaged tissue. The cell isolation from tissue is the most
important processes. However, most part of the process depends on
manual operations, which requires highly sophisticated techniques to
stably acquire high quality cells. In this study, we introduce a newly
developed cell isolation system which enables isolation of target cells
from tissue specimen. As the model process, the isolation of skeletal
myoblasts from skeletal muscle tissue was performed the serial proce-
dures of mechanical mincing, enzyme digestion to prepare the cell sus-
pension under aseptic condition. The culture system has five functional
units: pipetting unit for cell suspension, liquid pump unit for medium
supplying, centrifugation unit for cell washing and cell isolating. The
cell isolating unit consists of three parts: a stirrer device, a chamber,
and a rotate controller. Tissue specimens were put in the chamber, and
pre-warmed enzyme solution was added. Then a stirrer device was
rotated intermittently at 37�. After this process was completed, skeletal
myoblasts were acquired and suspended in a culture medium. The
number of isolated cells per weight of tissue specimen was examined
by comparing the machine operation and the conventional manual
one. The successful performance was accomplished in the isolation of
skeletal myoblasts from porcine muscle tissue, contributing to labor-
saving and operational stability.

55.P06
Innovative low-cost microgravity bioreactor for
hydrogel-based myocardial regeneration
G Cerino, D Massai, D Gallo, D Lorusso, C Ciobanu, U Morbiducci
and FMMontevecchi
Politecnico di Torino, Italy; Petru Poni Institute of
Macromolecular Chemistry, Romania

Hydrogel-based injectable scaffolds offer a promising strategy for the
regeneration of injured cardiac tissues. An innovative low-cost perfu-
sion bioreactor was designed for testing and culturing cell-seeded hy-
drogel microspheres in microgravity condition (MC). Optimal design
and culture conditions were identified by a multiscale computational
fluid dynamic (CFD) approach providing a comprehensive investigation
of the functioning of the device. The bioreactor geometry allows the
generation of stationary vortices within the culture chamber, which
maintain in mixing suspension the microspheres and assure an ade-
quate oxygen transport, guaranteeing MC without using rotating com-
ponents. Within the culture chamber are located a filter for preventing
accidental outputs of microspheres, and a check valve for guarantying
the unidirectionality of the flow. For assisting the bioreactor design and
for identifying the proper operating conditions, multiphase CFD simu-
lations were performed, by adopting a finite volume method. According
to the CFD results, experimental tests demonstrated the suitability of
the bioreactor: the combination of operating conditions and properly
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shaped chamber walls give rise to flow separation, with the ensuing
formation of stationary vortices. The balance between hydrodynamic
and gravitational forces guarantees MC, avoiding both specimen sedi-
mentation and shear stress values critical for cells. Work carried out in
the scope of BIOSCENT European Project.

55.P07
Versatile use of biomimetic bioreactors for
functional evaluation of nanocomposite alginate
based hydrogels
B Obradovic, J Stojkovska, I Madzovska, D Kostic, S Vidovic and
Z Jovanovic, M Vukašinović-Sekulić and V Miskovic-Stankovic
Faculty of Technology and Metallurgy University of Belgrade,
Serbia

We present here utilization of perfusion bioreactors and a bioreactor
with dynamic compression, which mimic physiological conditions in
vascularized tissues (20–50 lm/s fluid velocities) and mechanically
loaded tissues such as articular cartilage (0.1–1 Hz compression fre-
quency, 5–10% strain), respectively, for functional evaluation of novel
alginate based hydrogels with incorporated silver nanoparticles (Ag-
NPs) of different compositions (blends with PVA and PVP) and in differ-
ent forms (discs, beads, microbeads, microfibers). These hydrogels are
attractive as antimicrobial wound dressings and soft tissue implants as
well as scaffold components in tissue engineering. We have combined
conventional methods for determination of hydrogel antimicrobial
activity in suspensions of E. coli and S. aureus and cytotoxicity in
monolayer cultures of bovine calf chondrocytes, with bioreactor studies
of chondrocytes immobilized in alginate and of articular cartilage discs
in direct contact with nanocomposite hydrogels. Main functional
parameters (AgNPs release kinetics, mechanical properties and cytotox-
icity) were significantly affected by the surrounding environment. We
have developed predictive models for AgNPs release and mechanical
behavior for the case of nanocomposite alginate microbeads when
applied topically (static environment) or implanted in vascularized
and/or dynamically loaded tissues.

55.P08
Development of automated 3-dimensional tissue
fabrication system (Tissue Factory) 4(2); Survival
rate analysis of floating human myoblasts to
develop a subculture equipment for a mass cell
production
K Toyoshige, M Taizo, Z Guangbin, K Masahiro, S Tatsuya and
O Teruo
Central Research Laboratory, Hitachi, Ltd., Japan; Department of
Biotechnology, Osaka University; Institute of Advanced
Biomedical Engineering and Science, Tokyo Women’s Medical
University, Japan

Several clinical applications of cell sheet technology have been made,
and there are great hopes to be popular therapies. Especially, a heart
disease has been treated with laminated tissues of myoblast cell sheets
in Japan. For cell expansion of myoblasts, the closed vessel culture sys-
tem is the promising tool which can perform the automated culture
operations under asepic condition accompanied by several liquid han-
dling for cell and medium transfer during the passage. The passage
operation of cell seeding and harvesting allows the adherent cells to be
suspension, which is considered to reduce the viability. In the present
study, the influence of the floating time was examined. The human
skeletal Muscle Myoblast (HSMM) cells were maintained in SkGM-2
(Lonza). The number and ratio of the survival floating myoblasts was
estimated after 0 (control), 1, 2, 3, 4 h under 37�C and gentle shaking.

To estimate the growth activity, the cells were seeded in 8-well plates.
The number of the attached cells was measured and the ratio of myo-
blasts in the population was evaluated by immunostaining. The ratio of
the survival floating myoblasts within 2 h was more than 80% and no
difference of growth activity, considering that 2 h suspension of cells
allow the automated operations. This study is performed under the
support of the ‘Funding Program for World-Leading Innovative R&D on
Science and Technology (FIRST)’, Japan.

55.P09
pH-triggered automatic medium exchange: a step
forward toward GMP-compliant tissue
engineering manufacturing processes
MA Asnaghi, I Stefani, AF Pellegata and S Mantero
Department of Bioengineering, Politecnico di Milano, Italy

Medium exchange is one of the most frequent steps during cell cul-
tures. Facing the need of reducing contamination risks and preserving
the homeostasis of the culture milieu, we developed an automatic med-
ium exchange system for feedback-based control of pH within a user-
defined range of values. A sensing system for on-line monitoring of pH
was developed. Appropriate hydraulic circuits and a closed-loop control
unit have been implemented to manage medium conditioning accord-
ing to the sensing apparatus. The operating parameters, such as pH
thresholds and pumps flow rates, are arbitrarily set by the operator in
an easy, intuitive and versatile control panel: real-time graphs of pH
values are shown and data logged. A Petri dish with modified plug was
used as culture chamber: reliability and sterility tests, and cell cultures
trials were designed to validate the device. Mechanical and electrical
reliability of the apparatus during operation were verified. Medium pH
could be efficiently maintained within user-defined ranges. The sterility
of the whole system was also positively verified. In conclusion, the
developed device is a versatile and reliable tool, proving how automa-
tion of cell cultures (limiting labor-intensive operator handling) could
improve safety and standardization of tissue engineering processes in
order to achieve GMP graft production. Moreover, control of environ-
mental parameters such as pH to drive cell behavior is an invaluable
tool in tissue engineering.

55.P10
Development of automated 3-dimensional tissue
fabrication system (T-Factory) 3–2: Real-time
Multi Sensing System
MOura, H Makino, H Kubo, S Takeda, S Yamamori, M Wada,
M Mizutani, M Kino-Oka, T Shimizu and T Okano
Nihon Kohden Corporation, Japan

We developed an automated 3-dimensional tissue fabrication system
(T- Factory) with flexible modular platform (FMP) realizing on-demand
connection and disconnection modular-type devices. To manage the
automation system for primary cell culture which includes the variance
of the profile, ‘monitoring’ is one of the critical functions. In this study,
we proposed a real-time multi sensing system in a customized culture
vessel, which can measure temperature, pH, CO2, motion and position
in the modular device. The captured data were transmitted to the cen-
tral computer by a telemetry system. This monitoring system realizes
the estimation of the culture status and the automation stability, help-
ing the culture traceability. In addition, we installed a novel noninva-
sive method for pH monitoring, which is based on spectrophotometry.
This proposed system is expected to contribute to advances in automa-
tion systems for regenerative medicine.
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55.P11
Multimodality, multispectral and 3D light
microscopy of engineered tissues without dyes
T Holmes, J Larson, M Turturro, M Vaicik,
G Papavasiliou, S Larkin, CD Holmes, A Jurkevich, S Sinha, E
Toshihiko and E Brey
Lickenbrock Technologies, USA; Illinois Institute of Technology;
University of Missouri, USA

Light microscopic imaging of live cells and tissue typically requires
fluorescent or absorbing dyes. For future monitoring of engineered tis-
sue, dyes may be toxic or alter cell behavior. Future applications will
be in monitoring clinically functional tissue for transplantation, where
dyes may be prohibited altogether. Methodologies for producing high-
contrast and 3D views of tissue constructs without dyes are being
developed. These methodologies include multispectral collection with
several wavelengths and multimodality imaging, including phase-con-
trast, darkfield and forms of transmitted light brightfield modalities.
Early approaches to software algorithms include new 3D deconvolu-
tion algorithms, principal component analysis for generating high-con-
trast images of desired structures and 3D visualization algorithms
using the VTK software library. Proof-of-principle tests will be pre-
sented. Samples that were used include 2D and 3D constructs rele-
vant to the study of tissue engineering, including vascular aggregates,
smooth muscle aggregates and cultures with multiple cell types, such
as stem cells and adipocytes. Three dimensional deconvolutions of
these modalities and samples will be presented. Feasibility tests that
show promise to spectrally discriminate cell types and cell compo-
nents, such as lipid droplets versus other components, will be shown.
These preliminary tests show promise for future development of this
technology.

55.P12
Metabolic change of cultured cell sheets
depending on oxygen supply
Y Kagawa, E Maeyama, T Shimizu, S Tsuneda and T Okano
Institute for Nanoscience and Nanotechnology, Waseda
University, Japan; Department of Life Science and Medical
Bioscience, Waseda University; Institute of Advanced Biomedical
Engineering and Science, Tokyo Women’s Medical University,
Japan

Introduction: Our group has been trying to fabricate thick, cell-dense
cardiac tissues by layering cell sheets in vitro. In the perfusion cultured
cell sheets, anaerobic metabolism was predominantly observed. To con-
firm this observation, here, we try to quantitate the metabolic change
of the cell sheets depending on oxygen supply, under static culture con-
ditions.
Methods: A cell sheet was cultured on collagen gel using two systems,
namely systems I and II. In system I, the sheet was immersed in the cul-
ture medium constantly. In system II, the medium was placed under
the gel and was permeated through the gel. Thus the sheet contacted
with air for a brief period after the medium exchange. The medium
was exchanged and collected every other day.
Results/Conclusion: Net lactate production by a cardiac cell sheet in sys-
tem II was significantly smaller than that in system I. As a result, the
molar ratio of lactate produced to glucose consumed was 1.4, suggest-
ing that aerobic cell metabolism had occurred partially. Interestingly,
when a fibroblast sheet was used, the reduction in the lactate produc-
tion did not occur. Considering the fact that the cardiac cells consume
oxygen more rapidly than the fibroblasts, the observed metabolic
change reflects the shortage of oxygen in culturing cardiac cells. There-
fore, developing a system supplying enough oxygen to the rapid con-
suming cells, like cardiac cells, is crucial for tissue culture in future
studies. Granted by the JSPS (FIRST Program).

55.P13
Streamlined bioreactor-based production of
engineered grafts
DWendt and I Martin
University Hospital Basel, Switzerland

The majority of all tissue engineering approaches require extensive cell
expansion in monolayer culture (2D) prior to cell seeding & culture in
3D scaffolds. However, expansion in 2D is typically associated with cell
dedifferentiation or a progressive & dramatic loss of stem/progenitor
cell function. Moreover, due to the large number of manual & labor-
intensive manipulations that must be performed by lab technicians,
conventional 2D expansion procedures possess inherent risks of con-
tamination, high intra- & inter-operator variability, limited scale-up
potential, & high manufacturing costs in the long-term. As an alterna-
tive, we describe a bioreactor-based approach to streamline the produc-
tion of engineered grafts within a single closed system, which
eliminates the need for 2D cell expansion. Cells, freshly isolated from a
tissue biopsy, can be seeded & expanded directly in the pores of a 3D
scaffold within a perfusion bioreactor, & perfusion cultured until the
graft is sufficiently mature for implantation. This streamlined approach
will be illustrated in the context of engineering of human cartilage
grafts, osteogenic grafts, & vascularized bone grafts. The streamlined
process could serve as the basis of manufacturing systems requiring the
minimal number of processes & unit operations, thereby facilitating
simplified & compact bioreactor designs with limited automation
requirements, & with the likely result of lower operating costs &
increased compliance to safety guidelines.

55.P14
No guidance documents or standards are
available to assist the development of
bioreactors for tissue engineering applications
B Akra and S Kloth
TUEV SUED Product Service GmbH, Germany

Due to the fact that there are extremely varying conditions in the
human body, a variety of bioreactor types for all fields of application
have been developed over the last few years. These bioreactors are
essential for routine manufacturing of tissues for clinical application
and in studying the effect of different parameters on cell behavior.
Today, there are no specifications supporting the design of new bioreac-
tors under standardized conditions. Therefore, it is important to estab-
lish a working group of scientific and industrial experts that can
identify shared problems, identify risk factors and define fundamental
common requirements. The technical committee CEN/TC 316 ‘Medical
devices utilizing tissues’ of the European Standardization Organization
(CEN) is organizing this year a workshop in Berlin, Germany towards
standardization of Bioreactors. The presentation will provide insight
into the current activities for standardization on the European and
international level.
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55.P15
Development of a cell culture system providing
an oxygen gradient condition
H Ota, N Goda, M Yamato and T Okano
Tokyo Women’s Medical University, Japan; Waseda University,
Japan

This study describes a cell-culture system allowing culture cells to be
exposed to an oxygen gradient condition, which was created with the
diffusion of PDMS from a micro channel at the bottom of a bleeding
ground for cell culture. Oxygen density and gradient in the ground
were controlled by altering culture-chamber design, and the volumetric
flow rate of gas in the micro channel. The oxygen gradient system was
demonstrated to be a powerful tool for drug screening and biological
studies for regeneration medicine. Hypoxia culture condition of tissue
and stem cells have recently attracted attentions for forming tissue
structure, imitating human body, and analyzing the differentiation of
stem cells. Cells in tissue in vivo are always exposed to an oxygen gra-
dient from vessels. However, in vitro investigations analyzing cell func-
tions have been performed with a uniform hypoxia or controlled
oxygen conditions using devices such as a hypoxia incubator. The sys-
tem composed of an oxygen gradient PDMS-chamber made with a
micro-fabrication technology, and a hypoxia desiccator realized an oxy-
gen density gradient from 0 to 159 mmHg in the surface of the cham-
ber. In addition, cells in the hypoxia region of chamber were stained
with pimonidasole, a hypoxia marker, which was confirmed by an
immunofluorescent technique. The proposed oxygen gradient system
was able to be readily applicable to efficient and precise studies investi-
gating of the tissue function or differentiation of stem cell.

55.P16
Mesenchymal stem cells cultured in a
bidirectional flow system resulted in superior cell
proliferation and osteogenetic induction
CL Tseng, KM Chang, IKWang and FH Lin
Graduate Institute of Biomedical Materials & Tissue Engineering,
Taipei Medical University, Taiwan; CESCO Bioengineering, INC.,
Taiwan; Industrial Technologies Research Institute, Taiwan;
Institute of Biomedical Engineering, National Taiwan University,
Taiwan

Mesenchymal stem cells (MSCs) are capable of differentiating into os-
teoblasts, chondrocytes or myoblasts depending upon culture condi-
tion. However, MSCs present very low concentration in bone marrow.
A bidirectional flow system with was developed for culture, expand
and induce MSCs into osteogenesis. A comparison between static and
spinner-flask culture with this flow system was examined. Total DNA
was measured to evaluate cell growth. Cultured media with osteoge-
netic supplement were sampled and the concentrations of glucose, lac-
tate and calcium (Ca) were quantified. Bone markers such as alkaline
phosphatase (ALP), osteocalcin (OC) and intracellular Ca content were
examined. After 4 weeks culture, highest cell numbers was acquired
from the bidirectional flow system and the glucose consumption in it
was obviously higher than the other two groups. After 3 weeks, MSCs
cultured in spinner-flask and this flow system with high ALP concentra-
tion expression. The content of OC in static cultured MSCs was dramat-
ically higher after 4 weeks culture. At the same time, Ca concentration
in medium was decreased and high Ca concentration in cell was
detected due to intracellular deposition. In conclusion, MSCs cultured
in static state had no proliferation but mineralization. Otherwise, cells
in this flow system could be expanded and induced into osteogenetic
lineage without mineralization. The bidirectional flow system ulti-
mately is applied in bone regeneration for personal MSCs cultivation.
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56. Automatization of Bioreactor Technologies for 3D Tissue
Cultures

56.01
Keynote: Bioreactor technology and
automatization in the production of human 3D
tissues
HWalles
Tissue Engineering und Regenerative Medizin, University
WürzburgCell and Tissue Engineering Fraunhofer Institute for
Interfacial Engineering and Biotechnology IGB, Germany

Bioreactors can be designed to maintain physiological parameters at
desired levels, enhance mass transport rates, and expose cultured tis-
sues to specific stimuli. The requirement of functional tissue engineer-
ing includes (1) cellular components with appropriate functions, (2) a
scaffold usable as structural template, (3) a bioreactor providing the
necessary biochemical and physiological regulatory signals guiding tis-
sue development. To ensure homogeneous conditions within the biore-
actors methods of topology and shape optimization are applied. The
results are compared with analytic models, from which a general para-
metric description of the design is obtained and tested. During the talk
a state of the art review of specific reactors and the automatization of
singles production steps and whole processes will be provided. A major
topic will be the discussion of concepts which are important in the
development of reactors and technologies that can be use for produc-
tion of clinical scale tissue. At the end of the talk a general overview of
a fully automated process to produce skin equivalents will be given.
However, without a comprehensive understanding of each of these
components, bioreactor design and tissue growth to manufacture prod-
uct will remain at a relatively rudimentary and limited level. Increased
fundamental understanding of the issues can have a dramatic impact
on the ability to generate tissue-engineered product safely, economi-
cally, and in the numbers that are required.

56.02
Bioreactor systems for expansion and
differentiation of human mesenchymal stem cells
A Neumann, T Hatlapatka, S Kress, A Lavrentieva
and C Kasper
University of Natural Resources and Life Sciences, Institute of
Applied Microbiology, Austria; Leibniz University of Hanover,
Institute for Technical Chemistry, Germany

A main challenge in cell therapies and other tissue regeneration
approaches is to produce a therapeutically significant cell number. For
expansion of mesenchymal stem cells (MSC) the cultivation on 2D
plastic surfaces is still the conventional procedure, even though the cul-
ture conditions differ significantly from the 3D environment in vivo.
Additionally, static amplification of MSC is a labour-intensive proce-
dure. We therefore used bioreactors (rotating bed or wave bioreactors)
in order to maximize ex vivo expansion of MSC and for guided differen-
tiation towards the osteogenic lineage. The integration of sensors for
online monitoring of various parameters (e.g. pH, pO2, pCO2) ensured
cultivation under well controlled and reproducible conditions. MSC
derived from umbilical cord and human adipose tissue were used for
the study. Cell expansion in a rotating bed bioreactor provided a high
number of MSC. The use of micro carrier cultures in wave bioreactor
was also shown to be a suitable and effective method to expand adher-

ent cells under stirred dynamic or flow conditions. After expansion cells
were differentiated towards the osteogenic lineage. Cells lack the abil-
ity to grow in 3D direction and build functional tissue in vitro. Thus, it
is necessary to seed and culture cells on 3D matrices to obtain func-
tional implants. After expansion cells were seeded on ceramic 3D
matrices. Osteogenic differentiation was induced under dynamic condi-
tions.

56.03
Assessment of the performance of a novel
hydrostatic force bioreactor- changes of pH and
oxygen tension during cell culture
Y Reinwald, J Bridge and A El Haj
Institute of Science and Technology in Medicine, University of
Keele, UK

pH and oxygen tension are crucial parameters during bioprocesses,
which are known to influence the cell cycle, cell growth, cell differenti-
ation and the production of extracellular matrix. Despite their impor-
tance, limited information seems to be available about pH and oxygen
changes in three-dimensional cell culture systems. The aim of this study
is to investigate the performance of a hydrostatic force bioreactor by
measuring the changes of pH and dissolved oxygen in bicarbonate-buf-
fered and HEPES-buffered cell culture media. Moreover, it examines
the effect of hydrostatic force on the viability of chick fetal femur
derived stem cells cultured in 3D collagen gels. The time, pressure and
frequency of the applied hydrostatic force were altered in order to
determine their effect on pH and dissolved O2. pH changes of media
samples were determined via a colorimetric approach. The concentra-
tion of dissolved oxygen was measured using an optical micro oxygen
sensor. Increasing hydrostatic force, duration and frequency resulted in
an initial increase of pH and oxygen concentration. Oxygen concentra-
tion and pH then equilibrated and during extended loading periods no
further increase was observed. Initial results suggest further that an
increase in hydrostatic force had a stronger influence on pH and dis-
solved O2 than frequency of modulation.
Acknowledgements: The author would like to thank Tissue Growth
Technologies and the EPSRC for funding and Dr. Henstock for provid-
ing cells.

56.04
Increased flow velocity positively influences
osteogenic differentiation of human stem cells in
a perfusion bioreactor
JR Vetsch, S Hofmann and R Müller
Institute for Biomechanics, ETH Zurich, Switzerland

Introduction: Bioreactors are widely used to mimic the in vivo environ-
ment and to monitor and control in vitro culture conditions. Perfusion
bioreactors have been shown to enhance the mass transfer to the inte-
rior of a 3D scaffold and exert shear forces on cultured cells. The veloc-
ity of perfusion flow mainly triggers the extent of shear stress acting on
the cells. We investigated the effect of two different flow velocities on
human mesenchymal stem cells (hMSCs) cultured in a perfusion biore-
actor.
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Methods: hMSCs were cultured on silk fibroin scaffolds of 8 mm in
diameter and 1–2 mm in height. Scaffolds were cultured under
dynamic (0.2 and 12 ml/min) and static conditions in osteogenic med-
ium for 7 weeks. The development of mineralized extracellular matrix
(ECM) was monitored with micro-computed tomography.
Results: Cells cultured under low flow conditions did not produce min-
eralized ECM but showed increased levels of DNA and non-mineralized
ECM. High flow conditions resulted in mineralized ECM production
with similar DNA levels compared to the static group.
Conclusions: Flow velocity had a distinct influence on cultured hMSCs.
Low flow velocity triggered cell proliferation whereas high flow veloc-
ity induced osteogenic cell differentiation. Therefore, a high flow veloc-
ity is preferable to induce osteogenic differentiation of hMSCs.
Acknowledgments: Authors acknowledge funding from the European
Union (BIODESIGN) and silk cocoons provision by Trudel Silk Inc.

56.P01
Fabrication and 3D culture of customized artificial
bone by oscillatory flow
DJ Du, KS Furukawa, TAsaoka, L Shao and T Ushida
Harbin Medical University, China; Tokyo University; Tokyo Denki
University, Japan

As the bone defects of the patients were usually various and compli-
cated in shape, it would be favorable to produce a custom-made engi-
neered bone graft according to the anatomical information of a target
defect from a patient. We used a segment of rabbit femur as bone
defect model for reconstruction in this research, and fabricated a cus-
tom-made ceramic scaffold according to the CT data by sterolithogra-
phy successfully. Furthermore, the customized scaffold was cultured
with rabbit MSCs by a novel oscillatory perfusion system. The results
showed that the ceramic scaffolds not only have customized contour
the same to the CT data, but also have interconnected customized
channels designed for 3D perfusion culture. After 3D culture by oscilla-
tory flow, the cells grew homogeniously throughout the scaffold, but
the cells within the scaffolds culture in a static condition died after the
prolonged in vitro culture. The DNA content and ALP activity was also
significantly higher in perfusion group than static group (n = 3,
P < 0.05). Therefore, in this study, the customized artificial bone with
3D cellular osteogenic activity was fabricated successfully and proved
to be promising for clinical application.

56.P02
Recapitulating endochondral ossification in
custom perfusion bioreactor for bone grafts
engineering
PS Lee, D Rancourt and R Krawetz
University of Calgary, Canada

The purpose of this study was to develop an in-vitro biomimetic biore-
actor capable of mimicking physiological niches essential for endochon-
dral ossification by embryonic stem cells (ESC). Ultimately, deriving
bone grafts with physiological properties to promote better integration
and regenerative capacity. An ESC engineered construct was cultured
in a bioreactor that allows media modifications based on the stages of
differentiation. Nutrients and oxygen were delivered across an agarose
bedding to allow for the generation of gradients within the bioreactor.
Differential pO2 distribution ranging from 84 mmHg to 0 mmHg was
observed. After 52 days, a rigid ivory-toned construct was derived. It
was stiffer (144.1 Pa) than its cell-free counterpart (21.5 Pa). Calcium
deposition was validated with positive alizarin red straining. Real-time
PCR and immunofluorescence staining had shown inhabitation by
chondrocytes and osteoclasts, with positional variability observed. The
oxygenated section was composed of pre-chondrocytes and osteoclasts,

while chondrocytes was found in the hypoxic area. Although calcium
deposition was detected, osteoblast was absent. A mineralized con-
struct comprised of chondrocytes and osteoclasts was derived. In the
future, mechanical loading will be applied on the construct to drive fur-
ther maturation, prior to transplantation into critical size skeletal defect
model. Once validated, this technology may provide an alternative
approach for producing custom implants.

56.P03
Cyclic hydrostatic pressure enhances
osteogenesis in cell-seeded scaffolds
JR Henstock and AJ El Haj
Keele University, UK

Cyclic hydrostatic pressure (CHP) has been proposed as an important
stimulus by which osteochondral and progenitor cells sense and
respond to mechanical loading in vivo. In our previous work we have
demonstrated that CHP applied in a custom designed bioreactor stimu-
lates enhanced osteogenesis in the chick foetal femur in vitro, particu-
larly an increase in the bone density. In this current investigation we
have employed the same bioreactor strategy to mechanically stimulate
hydrogel and solid scaffolds seeded with embryonic or adult stem/pro-
genitor cells. We found that CHP results in an increase in the construct’s
density, supporting our previous conclusions that cyclic pressure stimu-
lates enhanced bone formation (via matrix mineralisation). The mech-
anisms underlying this effect are under investigation to further
evaluate this bioreactor technology as a useful means to mechanically
precondition 3D scaffolds for applications in osteochondral tissue engi-
neering.
Methods & Results: Bone-forming cells were isolated from foetal chick
femurs and seeded into hydrogel scaffolds (Matrigel in this example).
A regime of one hour stimulation per day at 1 Hz, cycling between 0
and 280 kPa was applied for 7 days. End point analysis was by lCT,
histology and qPCR. Cell-seeded hydrogels which experienced CHP in
the bioreactor were both denser than unstimulated controls and con-
tained a larger mineralising phase (41.7% of the total gel volume, com-
pared to 35.3% for unstimulated gels).

56.P04
Dynamic culture and mild hypoxia synergistically
enhance osteogenic differentiation of human
periosteum progenitor cells on 3D scaffolds
Y Chen, YC Chai, F Luyten and J Schrooten
School of Pharmacy, Shanghai Jiao Tong University, China;
Laboratory for Skeletal Development and Joint Disorders;
Prometheus, Division of Skeletal Tissue Engineering Leuven,
Belgium; Department of Metallurgy and Materials Engineering,
Prometheus, Division of Skeletal Tissue Engineering Leuven,
Katholieke Universiteit Leuven, Belgium

We aimed at exploring the interaction between two important in-vitro
environmental factors: hypoxia and dynamic culture and developing
an optimized 3D culture condition for scaffold in skeletal tissue engi-
neering. 100 000 human periosteum derived progenitor cells (hPDCs)
were firstly seeded into titanium scaffold made by selective laser melt-
ing (SLM) methods. Seeded scaffolds were divided into four different
culture conditions: (i) 20% O2

+Static (ii) 20% O2
+Dynamic; (iii) 5%

O2
+Static; (iv) 5% O2

+Dynamic for an additional 3 weeks. Upon har-
vesting, samples morphology were characterized with live/dead stain-
ing and assayed for cellularity, metabolic activity, ALP, and calcium
deposition. A statistical DOE approach was adapted to analyze the
interactions between variables and then identify the best combination
of factors that would yield maximum in vitro mineralization. The
results show that dynamic culturing of hPDCs in 5% O2 resulted in
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enhanced osteogenic differentiation compared to static control. Higher
cellularity, a more homogeneous distribution of hPDCs throughout the
scaffolds and higher ALP protein level and calcium deposition were
found in 5% O2 under dynamic culture. The multi ANOVA analysis also
confirmed that there is a significant interaction between these two
investigated factors (P < 0.001).We have demonstrated here that
dynamic culture imparts biophysical stimuli and improved nutrient
supply to cells resulting in higher osteogenic differentiation.

56.P05
Dynamic seeding of large cancellous bone
scaffolds with mesenchymal stromal cells:
spatial cell distribution using perfusion, rotation
and static seeding techniques
F Milan, J Rauh, M Schieker and M Stiehler
Department of Orthopedics and Centre for Translational Bone,
Joint and Soft Tissue Research, University Hospital Carl Gustav
Carus, Germany; Experimental Surgery and Regenerative
Medicine, Department of Surgery, Ludwig-Maximilians-
University (LMU), Germany

Due to the high socioeconomic relevance of musculoskeletal disorders
innovative concepts for bone regeneration are essential. In this context,
a major prerequisite for successful dynamic cultivation of large-scaled
three-dimensional porous scaffolds is the homogenous cellular distribu-
tions (Rauh et al., Tissue Eng Part B, 2011). The aim of the study was
to compare the spatial distribution of single-cell-derived immortalizied
hTERT-expressing human mesenchymal stromal cells (MSCs) on high-
volume porous scaffolds using perfusion-based, rotational, and static
seeding techniques. Bovine cancellous bone (BCB) and tricalciumphos-
phate (TCP) cylinders (Ø20 mm · 25 mm) were seeded with
6.3 · 106 MSCs for 2 h in triplicates using a rotational seeding device,
a perfusion bioreactor system and static steel multi-well chamber. With
a cutting device the samples were cut along the central axis. All devices
were custom-built. Cell distribution was examined using confocal laser
microscopy and cell quantification measuring DNA and LDH content.
The rotational seeding technique resulted in improved distribution of
viable MSCs compared to static and perfusion seeding. Seeding effi-
ciencies were up to 31% higher on BCB compared to TCP. Rotational
seeding improved seeding efficiency up to 26% compared to static and
perfusion-based techniques. We conclude that rotational cell seeding
should be considered for bone tissue engineering strategies using large-
scaled porous structural scaffolds.

56.P06
Development of automated 3-dimensional tissue
fabrication system (Tissue Factory) 4(1):
development of large scale expansion culture
system
T Miyazaki, G Zhou, T Kobayashi, M Kino-Oka, T Shimizu
and T Okano
Central Research Laboratory, Hitachi, Ltd., Japan; Department of
Biotechnology, Osaka University; Institute of Advanced
Biomedical Engineering and Science, Tokyo Women’s Medical
University, Japan

Cell sheet engineering is paid to attention as a promising technology
that spreads the regenerative medicine. We are developing a large scale
expansion culture system for distributing a large amount of cells in
order to popularize this high level medical treatment. We adopt the
closed vessel cell culture method for the system, which has a merit in
preventing contamination because of less cell exposure time to outer
environment. Additionally, this system is expected to have cameras to

monitor cell condition. Under those specifications, the increase of cell
culture area per volume of the system should be considered. We investi-
gate the area per volume between two cell culture vessel layouts: wide
area plane culture and tube inner wall culture and confirmed that both
methods do not have a remarkable difference. Therefore wide area
plane culture method is selected in the point of easiness of observation
using cameras. Moreover, the level regulation mechanisms which main-
tain horizontalness of culture vessels using acceleration sensor feed-
back are installed because the influence of the inclination of culture
vessels will be large in the wide area plane culture method. This devel-
opment is performed under the support of the ‘Funding Program for
World-Leading Innovative R&D on Science and Technology (FIRST pro-
gram)’.

56.P07
Flow perfusion co-culture of articular
chondrocytes and mesenchymal stem cells
R Dahlin, V Meretoja, M Ni, FK Kasper and A Mikos
Rice University, USA

Articular chondrocytes (ACs) and bone marrow-derived mesenchymal
stem cells (MSCs) are two common cell sources for articular cartilage
engineering. However, their use is not without challenges. Isolation of
adequate numbers of ACs leads to donor site morbidity and in vitro
expansion results in a loss of phenotype. Conversely, large numbers of
MSCs can be isolated, but their chondrogenesis is limited. Co-cultures
of ACs and MSCs are gaining popularity as an alternative to monocul-
tures. The objective of this work was to evaluate AC and MSC co-cul-
tures in flow perfusion conditions. Bovine ACs and a 1:1 ratio of bovine
ACs and rabbit MSCs were seeded on poly(�-caprolactone) microfiber
scaffolds and divided into static and perfusion cultures for 14 days in
chondrocyte growth medium. DNA and glycosaminoglycan (GAG) con-
tent (n = 8) were quantified, and histological sections were analyzed
(n = 4). Both AC and co-culture groups had significantly higher levels
of DNA and GAG in perfusion than in static conditions. Furthermore,
the need for ACs was successfully diminished in static cultures as there
was no statistical difference in GAG or GAG/DNA levels between the
cell populations. In perfusion, however, the GAG/DNA was signifi-
cantly greater in ACs (4.1 ± 0.5 lg/lg) than in co-cultures
(3.2 ± 0.3 lg/lg). While both cell populations were enhanced by per-
fusion, more work is needed in order to fully utilize perfusion condi-
tions in the co-cultures. (This work was funded by the NIH R01-
AR57083.)

56.P08
Development of hASC on 3D microcarrier system
J Yu, CY Lin, CH Huang and NC Cheng
National Taiwan University, Taiwan (R.O.C.); National Taiwan
University Hospital, Taiwan

Finite amount of cells that can be extracted from an individual remains
an impediment and the stem cells may face the problems of losing their
original phenotypes after a series of passaging. Bioengineered-micro-
carriers are composed of alginate core embedded with paramagnetic
particles and coated with covalently bound adhesion molecules, such
as, collagen, gelatin and laminin. These specially designed microcarri-
ers have the advantages of high surface to volume ratio, efficient oxy-
gen and medium nutrient diffusion which are beneficial for cell
proliferation and maintenance of cell phenotype. In this study, hASC
(human adipose-derived stem cell) was selected as our model for com-
parison of the cell conditions in 2D and 3Dculture. Cell adhesion assays
were performed first for the selection of the appropriate ECM coating.
BioLevitator, a bench-top incubator which can increase the mass trans-
fer between cells and microcarriers by tuning the rotating condition to
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thoroughly mixing was used in the 3D culture system. Cells morphol-
ogy and proliferate status were observed by DAPI and Phalloidin stain-
ing. Cells from either 2D or 3D culture were replated for the
examination of their differential ability toward osteogenic and adipo-
genic lineage. Increases of cell viabilities and growth rate by culturing
cells in environment similar to physiological environment were found.
There is a trend that the differentiation ability of hASCs on 3D culture
system was higher than 2D.

56.P09
Electrospun biaxially distensible bilayer
membranes to treat cleft palate
F Bye, A Bullock and S MacNeil
University of Sheffield, UK

Cleft palate occurs in over 1 in 1000 live births worldwide. Current
treatments are multi-staged, spanning childhood. Current implants
don’t grow with the child, nor allow for the development of a hard pal-
ate. This study aims to develop an electrospun scaffold that can be used
for cleft repair, encourage growth of a hard palate, and biaxially distend
with the child. The aim is to produce a bilayer membrane to allow
growth of bone on one side, and oral mucosa on the other, allowing
slow growing bone tissue to develop. The scaffold must also be capable
of biaxial distension to accommodate the growth of the palate. Bilayer
membranes of nanofibrous polyhydroxybutyrate-co-valerate and micro-
fibrous polyL-lactide were produced by sequential electrospinning onto
a rotating drum. Embryonic mesenchymal progenitor cells and dermal
fibroblasts were labelled with fluorescent dyes and seeded onto either
side of the membrane. Cells attached and proliferated but did not cross
over even after 7 days of co-culture. A distensible bilayer membrane
was created by electrospinning onto a biaxially distensible surface (a
latex balloon) and the effects of biaxial distension on cells were investi-
gated through the development of a dynamic balloon bioreactor. In
summary we describe a bilayer nanofibre/microfibre membrane capa-
ble of segregating labelled cells for at least 7 days. This study now
needs to be extended to characterise the response of cells on the scaf-
fold during biaxial loading.

56.P10
Shear force stimulation of adipose-tissue derived
stem cells in a novel bioreactor
MM Frank, J Kollmitzer, H Redl and D Rünzler
University of Applied Sciences Technikum Wien – Department of
Biochemical Engineering, Austria; TGM School of Technology –
Department of Biomedical and Health Engineering, Austria;
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology / AUVA Research Center, Austria; The Austrian
Cluster for Tissue Regeneration, Austria

Introduction: Adipose-tissue derived stem cells (ASCs) have been iden-
tified as a possible source for cartilage tissue engineering. Although dif-
ferentiation with growth factors is possible, the mechanical properties
of these constructs are rather poor. Therefore, our concept aim to
enhance differentiation by applying a combination of shear and pres-
sure forces on a scaffold seeded with ASCs.
Material and methods: The bioreactor system consists out of two piezo
motors and one cantilever with a stamp on it. The first piezo motor is
connected to the cantilever and presses the stamp onto a fibrin scaffold
with the embedded cells inside. The second motor is a linear element
that is responsible for the bidirectional movement of the lower part,
where the scaffold is fixed.
Results: Constructs were stimulated applying a force of 300 mN over
3 weeks, 3 days per week, without destroying scaffold or cells. The first
findings indicate that cell proliferation is reduced, compared to un-

stimulated cells. After stimulation, chondrogenic differentiation was
demonstrated with alcian blue histochemistry.
Conclusion: ASCs can be stimulated in this system with various parame-
ters. Therefore, different parameters will be tested on passage 2 ASCs
of rats with variation in duration from 10 to 60 min, force from 100 to
600 mN, frequency from 2 to 5 days per week. Financial support from
FFG (#818412) and City of Vienna is gratefully acknowledged.

56.P11
Computational and experimental approach to
understand the dynamic cell seeding
AL Olivares, CM Perrault and D Lacroix
Institute for Bioengineering of Catalonia, Spain

Proper cell density and spatial distribution in a 3D scaffold are essential
to morphogenetic development of an engineered tissue. The aim of this
study was to combine computational and experimental techniques to
study cell seeding under dynamic conditions. Rapid prototyped poly-
caprolactone scaffold with diameter of 5 mm and height of 1.5 mm
(Biotek, USA) was used in a custom-made microfluidic chamber, thus
enabling live visualization of the seeding process. The scaffold morpho-
logies were reconstructed from micro CT images and the fluid volume
was created similar to the microfluidic chamber. Computationally cell
motion was represented as particles in a fluid medium using a multi-
phase Lagrangian formulation implemented in Ansys Fluent. Spherical
particles (10 lm) were dragged by the fluid flow and cell adhesion
was simulated. Experimentally, polystyrene fluorescent microspheres
(10 lm) were used, and the fluid flow was controlled with a syringe
pump. Identical inlet fluid flow condition was applied corresponding
with a constant inlet velocity of 0.05 mm/s. Live image of the seeding
process in the microfluidic chamber enables to record particle trajectory
and velocity and possible zone of cell adhesion. In both cases when the
particles are near the scaffold, there is an increase of particle velocities.
The correspondence in terms of particles adhered are shown. The com-
bination of experimental and computational analysis provides a strong
platform to optimize cell seeding.

56.P12
In vitro and in silico study of cell growth in
porous scaffold under dynamic flow
M Chabanon, H Duval, O Français, B Le Pioufle, E Vennat,
B Goyeau and B David
Ecole Centrale Paris, MSSMat, CNRS, UMR 8579, France; LGPM,
France; Ecole Normale Supérieure, SATIE BIOMIS, CNRS, UMR
8029, France; EM2C, CNRS, UPR 288, France

The use of bioreactors for cultivating bone-forming cells on a three-
dimensional porous scaffold material resolves mass transport limita-
tions and provides physical stimuli, increasing the overall proliferation
and differentiation of cells. Despite the recent and significant develop-
ment of bioreactors for tissue engineering, the underlying mechanisms
leading to improved bone substitutes remain mostly unknown. Previ-
ous studies have shown that numerical simulations can be a powerful
tool to predict tissue development in complex environments. However,
current models often present a poor representation of local physics
and comparisons with experiments generally do not lead to a quanti-
tative agreement. In order to experimentally reproduce the fluid flow
through a porous scaffold, three-dimensional, micro-architectured
micro-fluidic chambers have been designed. Osteoblast cells have
been cultivated in micro-systems with and without flow, and cell pro-
liferation dynamics have been monitored with image analyzing.
Simultaneously, a numerical model has been developed in order to
predict cell growth under fluid flow. Cell population dynamic is simu-
lated using a three-dimensional cellular automaton, while the fluid
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flow is described using the Lattice-Boltzmann method (LBM). Experi-
ments and numerical results show the influence of fluid induced shear
stress on cell proliferation.

56.P13
Characterisation of a uniaxial tensile strain
bioreactor
MDMoles, A Campbell Ritchie and CA Scotchford
University of Nottingham, UK

Uniaxial strain bioreactors are used to investigate the mechanobiology
of cells in vitro, and for mechanical conditioning of cell-scaffold con-
structs. Bioreactors create a controlled environment that more closely
resembles in vivo conditions than conventional cell culture techniques.
A custom-designed bioreactor imparting cyclic uniaxial tensile strain to
cells cultured on a hyperelastic membrane was characterised. DIC and
laser displacement data showed near-uniform and uniaxial strain
across the well verifying finite element modelling. Micro-crystalline
domains are evident with high resolution atomic force microscopy that
after plasma-etching are obscured by formation of an amorphous oxide
layer. Wettability studies show hydrophilicity increases as a function of
both plasma power and etching duration. X-ray photoelectron spectros-
copy revealed that plasma-etching of the Chronoflex culture membrane
increased surface oxygen while nitrogen and silicon remained
unchanged. Adsorption of serum proteins to the modified surface
increased nitrogen content and improved attachment of osteoblast-like
cells. Poor cell attachment was found with non-etched membranes;
clustered cells were evident, and scanning electron microscopy showed
that these clusters were bound to the membrane via single cells. Osteo-
blastic cell morphology and spreading on plasma-etched membranes
was similar to that of TCP. Changes in cell morphology and metabolism
were observed in cells exposed to cyclic strain.

56.P14
Dynamic culture in a rotating bioreactor gives
rise to enhanced cell distribution, viability and
morphology
I Stefani, MA Asnaghi, I Cattaneo, A Remuzzi and S Mantero
Department of Bioengineering, Politecnico di Milano, Italy;
Department of Biomedical Engineering, Mario Negri Institute,
Italy; Department of Industrial Engineering, University of
Bergamo, Italy

In vitro culture conditions play a crucial role in cell distribution, viabil-
ity, proliferation and differentiation, driving subsequent tissue develop-
ment. Significantly better results were reported when scaffolds were
seeded and cultured under dynamic conditions in bioreactors, com-
pared to static controls. The aim of the present study was to investigate
the effects of dynamic conditioning on cell distribution, viability and
morphology onto long tubular porous scaffolds using our double-cham-
ber rotating bioreactor, which allows proper cell seeding, mass trans-
port and hydrodynamic stimuli within a construct of clinically relevant
dimensions (L = up to 10 cm, d = 2.5‚10 mm). Primary porcine aor-
tic smooth muscle cells, primary bovine chondrocytes and human mes-
enchymal stem cells were separately seeded on (1) non-woven 100%
benzilic ester of hyaluronic acid and (2) non-woven 20/80 PGA/PLLA
scaffolds. Dynamic culture under two different conditions, single phase
(medium) and two-phase (medium/air) rotation, were investigated
and compared with static controls. Histological and immunohistochem-
ical analysis were performed, as well as scanning electron microscopy,
at different timepoints (1 day, 7 days, 21 days, 34 days). Higher cell
survival and much better colonization throughout the scaffold thick-
ness with respect to static controls were obtained. Evaluation of ECM

synthesis is currently on-going on late timepoint sections stained with
Masson’s trichrome and subsequent morphometric analysis.

56.P15
An innovative acoustic permeability measurement
system for tissue engineering scaffolds
F Pennella, A Schiavi, G Cerino, D Massai and U Morbiducci
Politecnico di Torino, Italy; INRIM

Permeability is a key parameter to evaluate the transport performance
of the scaffolds. Existing permeability systems show limitations related
to (i) long measurement time (e.g. gravity driven systems) and (ii)
necessity of controlling sensitivity of three transducers, i.e. pressure
flow systems. To overcome these shortcomings, we present a new rapid
permeability evaluation technique based on acoustic pressure measure-
ments by using only a transducer, i.e. a low-frequency microphone. The
permeability system consists of a condenser microphone and a cavity
closed with a scaffold holder and a piston. Technically, an alternating
airflow waveform is generated in the cavity by the motion of the piston
and the microphone, located in the cavity, is used to measure the sinu-
soidal pressure component. The permeability is determined by the ratio
between the root mean square (RMS) value of the pressure measured
into the closed cavity and the RMS volumetric airflow rate. Preliminary
tests were performed on a low-porosity rigid calcium carbonate com-
mercial scaffold used for the regeneration of bone tissue (porosity =
50%, pore diameter = 150 lm). The experimental results provided a
permeability value k = (2.85 ± 0.10)e-11 m2, with a confidence level
of 95%, in accordance with published permeability values. In the next
future, this system will be used to measure permeability of scaffolds,
with different porosity, over a wide order of magnitude (from 1e-18 m2

to 1e-7 m2).

56.P16
Replicating the 3D cardiomyocyte environment in
the squeeze pressure bioreactor
S Giusti, A Tirella, E Galli, F Vozzi and A Ahluwalia
Interdepartmental Research Center ‘E.Piaggio’, Faculty of
Engineering, University of Pisa, Italy; Institute of Clinical
Physiology IFC-CNR, Italy

Cardiac cells are normally subject to mechanical stresses during hemo-
dynamic loading/unloading in the heart, modulating their physiologi-
cal development and functions. Furthermore, a 3D structure can
increase differentiation of cardiac cells. Here, the SQPR (SQueeze PRes-
sure) bioreactor is used to apply a cyclic hydrodynamic non-contact
pressure on a H9c2 murine cardiac cell line in combination with scaf-
folds, to recreate a functional cardiac environment. The system is com-
posed of a control unit and a chamber with a piston which moves up
and down, creating a local overpressure on the base of bioreactor,
where the cell construct lies. A CFD model identified pressure peak val-
ues around 1 kPa. The system was set to a 1 Hz cyclic loading fre-
quency for 24 h. 2D (i.e. collagen sandwich) and 3D hydrogel (i.e.
gelatin porous) scaffolds were fabricated and compressive mechanical
tests were performed to evaluate the mechanical properties of both
constructs. Typical values range within 1 to 10 kPa. Cellular experi-
ments were performed seeding the 2D scaffolds with 6 · 104 cells/cm2

and the 3D constructs with 1 · 106 cells/cm3. The results showed that
stimulated cells have good viability compared to controls, indicating
that the SQPR does not damage the cell culture. Moreover, morpholog-
ical and histological analyses show that after stimulation cells adopt a
more cardiotypic phenotype with an organized cytoskeletal structure
and elongated F-actin fibers.
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56.P17
Electro-mechanical sensorized bioreactor for
cardiac tissue engineering
D Massai, G Cerino, G Falvo D’Urso Labate, A Rodriguez,
U Morbiducci and FM Montevecchi
Politecnico di Torino, Italy

In cardiac tissue engineering, a number of studies demonstrated the
role of physical stimuli in improving functional and mechanical proper-
ties of the engineered cardiac constructs. We designed and developed
an electro-mechanical sensorized bioreactor for delivering controlled
stretching and electrical stimulations for growth and differentiation of
stem cells cultured on scaffolds.The bioreactor is composed of: a sterile
culture chamber for housing cell-seeded scaffolds and the culture med-
ium (working volume = 70 ml); a mechanical stimulation system,
with dedicated grasping system, to provide cyclic stretching loading
(strain up to 20%, cycling frequency up to 2 Hz); an electrical stimula-
tion system to provide electrical monophasic square pulses (1–6 V/cm,
0.25–10 ms, 1–5 Hz); a sensing system for measuring the load applied
to the constructs; a recirculation system for the automated medium
change; a control system for data acquisition and mechanical stimula-
tion. Operating tests demonstrated the suitability of the bioreactor in
delivering mechanical and electrical stimuli to mimic the physiological
ones, providing information on forces acting on the constructs. This
bioreactor is a multipurpose adaptable system for dynamic culture of
cell-seeded scaffolds, in order to obtain functional cardiac constructs.
Study carried out within the scope of BIOSCENT European Project (ID
214539).

56.P18
A multi-stimuli environment for cardiac tissue
engineering
ATirella, F Pagliari, S Giusti, E Gaudiello, P Di Nardo and
A Ahluwalia
Interdepartmental Research Centre, Italy; Laboratory of Cellular
and Molecular Cardiology Department of Internal Medicine
University of Rome, Italy

The identification of the ideal cell source to generate cardiac tissue able
to integrate into the host myocardium and with the contractile system
is crucial for cardiac engineering. Amongst different cell sources so far
proposed, human adult Cardiac Progenitor Cells (hCPCs) show the
ability to proliferate and differentiate toward cardiac lineages when
grown in appropriate microenvironmental conditions. It is widely
accepted that conventional 2D cultures may provide a physiological
environment for growing cells. For this reason the need to have an
engineered microenvironment, matching physiological requirements, is
crucial. A 3D context with spatial and time varying distribution of regu-
latory factors using mechanically matched scaffolds and bioreactors
could represent an in vitro cell culture model being able to more closely
reflects the in vivo conditions. In the present study, the possibility of
using biocompatible and biodegradable scaffolds of collagen based or
derivatives hydrogels in combination with Linneg/Sca-1pos hCPCs
gathered from human heart biopsies was investigated. Bio-constructs
were placed in the low shear, high flow MCmB (MultiCompartment
modular Bioreactor) and the combined effects of dynamic culture con-
ditions and 3D scaffolds on cell morphology and differentiation were
studied in order to investigate the possibility of fabricating stem cell-
derived cardiac patches to replace infarcted tissue.

56.P19
Development of a skin culture model using a
bioreactor with a combination of shear and
compressive mechanical stimulation
AM Clark, PW Melchels, TR Dargaville, P Timms, K Beagley and
DW Hutmacher
Institute of Health and Biomedical Innovation, Queensland
University of Technology, Australia

A skin culture model has been developed to evaluate the degradation
and burst release kinetics of a subcutaneously implanted vaccine deliv-
ery device. The tissue culture model aims to preserve the physiological
and immunological properties of the native tissue in order to provide
an environment which represents the implantation site of the vaccine
delivery device, without the need to conduct live animal studies. Por-
cine skin explants were cultured with the epidermal side at the air-
media interface, in a combined compressive/shear bioreactor system to
simulate the dynamic environment of native tissue and encourage per-
fusion of oxygen and medium through the tissue. A prototype of the
vaccine delivery device was then implanted in the hypodermal region
of the explant to evaluate the degradation and release kinetics of the
active compound, using a fluorescently labelled marker, ovalbumin.
Physiological and immunological changes to the dermal tissue were
assessed using a haematoxylin and eosin stain, in conjunction with
immunohistochemistry for key biological markers such as collagen, ker-
atin and Langerhans cells. The shear/compressive bioreactor has dem-
onstrated potential to increase the viability of the porcine skin explants,
thus creating a better model for live native skin. This model will reduce
the need for animal experiments while assessing the degradation and
burst release kinetics of the vaccine delivery device during the optimi-
zation of the technology.

56.P20
Establishment of 3D culture system for primary
hepatocytes ‘Regulation of cell membrane
polarity for tissue engineering’
K Arai, TAdachi, S Hossain, TAkaike and M Nakamura
University of Toyama, Japan; Tokyo Institute of Technology,
Japan

It is important for liver to be constructed 3 dimensional (3D) structure
for maintaining sufficient hepatic function. In addition, the cell mem-
brane proteins of hepatocyte are maintained the polarization of vessel
and bile canaliculi side in vivo. However, the polarization of cell mem-
brane proteins cannot be maintained in 2D culture system. Therefore,
the artificial culture system is necessary to solve this problem. In this
study, we report the artificial technique that can regulate the polariza-
tion of cell membrane proteins of hepatocyte. We used PVLA[poly(N-p-
vinylbenzyl-4-O-ß-D-galactopyranosyl-D-gluconamide)] as artificial
extracellular matrix. PVLA is the specific artificial polymer that is
adhered to hepatocytes through interaction between the asialoglyco-
protein receptor (ASGPR) of hepatocytes and the galactose moieties of
PVLA polymer. We confirmed that the polarization of ASGPR can be
regulated by using PVLA coated dish. In addition, we confirmed that
the spheroid of hepatocyte is formed by the cell migration. And the
spheroid formation maintains the liver specific function and regulation
of cell membrane polarization. Next, we fabricated complex gel struc-
tures by using 3D bioprinter, since it is important for primary hepato-
cyte to be maintained 3D environment. We selected the alginate gel to
form the gel structure rapidly and be used as the scaffold to seed hepa-
tocyte. These findings may open a new horizon by developing the arti-
ficial organ for TE.
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56.P21
Towards engineering vascularized adipose tissue
in a custom-made bioreactor system
KWerner, A Appelt, J Weyhmüller, P Bauer-Kreisel, T Blunk
and H Walles
Department of Trauma, Hand, Plastic and Reconstructive
Surgery, University of Wuerzburg, Germany; Department of
Tissue Engineering and Regenerative Medicine, University of
Wuerzburg, Germany

In adipose tissue engineering for reconstructive and plastic surgery,
adequate vascularization of large constructs still represents a crucial
challenge. Therefore, objectives of this study were (1) to establish co-
culture conditions for adipose-derived stem cells (ASC) and microvas-
cular endothelial cells (MVEC) on a decellularized porcine jejunum
segment, and (2) to perform first steps towards the use of this cell car-
rier in the generation of vascularized adipose tissue in a custom-made
flow-through bioreactor system. The decellularized jejunum segments
were seeded with human ASC and human MVEC in coculture
(400 000 cells/cm2 each, seeded on opposite sides of the matrix) and
a coculture medium based on PGM (Lonza) and VascuLife (CellSys-
tems) was established. After adipogenic induction in well plates, Oil
red O staining for lipids indicated strong adipogenesis of ASC, which
was in distinct contrast to uninduced controls. Lipid content increased
over time during the 14 days of culture (histology, triglyceride quantifi-
cation). A fraction of the ASC was shown to migrate towards MVEC,
which were stained positive for CD31. When cultured in the bioreactor
system, either under static (no flow) or flow (3.8 ml/min) conditions,
successful adipogenesis of ASC was also demonstrated. In ongoing
work, the decellularized jejunum is intended to be utilized as the basis
for engineering adipose tissue in a bioreactor system specifically foster-
ing the development of vascular structures.

56.P22
Application of a laser-based sensor for real-time
oxygen monitoring in three-dimensional tissue
cultures
BWeyand, E Schmälzlin, M Stolz, M Israelowitz, C Gille,
HP von Schroder, K Reimers and PM Vogt
Hannover Medical School, Department of Plastic, Hand and
Reconstructive Surgery, Germany; Fraunhofer Institute of Applied
Polymer Research, Potsdam and Colibri Photonics GmbH,
Germany; Colibri Photonics GmbH, Germany; Biomimetics
Technologies Inc, Canada; University of Toronto, Department of
Surgery, University Hand Program and Bone Lab, Canada

Clinical-size tissue engineered constructs pose a challenge to cell nutri-
tion and survival. Oxygen concentration within 3D scaffolds deter-
mines cell viability and metabolism. Current technologies for oxygen
monitoring include fibre optical sensors for direct insertion or indirect
assessment by differential oxygen sensors. A real-time two-frequency
phase-modulation technique to determine phosphorescent lifetime of
oxygen-sensitive probes encapsulated in microbeads was applied
towards mammalian static and dynamic cell culture systems. The oxy-
gen sensor system consisted of an optical device with phosphorescent
microbeads and a laser light source, a minaturized electronical device
with implemented lock-in-amplifyer and frequency generator and soft-
ware for data collection and analysis. Cylindrical collagen sponge-like
scaffolds with microbeads were seeded with adipose-derived mesen-
chymal stem cells and cultured statically and dynamically in a laminar
flow bioreactor up to 3 weeks. Signal detection was reliable at a depth
of 10 mm inside the collagen scaffold. MSC demonstrated a gradual
decrease in oxygen concentration in the scaffold centre from 21%
down to 10%. The multifrequency phase-modulation technique allows
measurement of phase shift of luminescent signals at two different fre-

quencies and therefore can overcome autofluorescent signals from the
tissue itself. The technique is applicable for continuous oxygen monitor-
ing in static and dynamic culture of 3D tissue.

56.P23
Differentiation of murine embryonic stem cells
(mESCs) into type II pneumocytes in a 3D
sparged bioreactor
I Paopo, XY Xu and A Mantalaris
Department of Chemical Engineering, Ubon Ratchathani
University, Ubon Ratchathani, Thailand; Biological Systems
Laboratory, Department of Chemical Engineering, Imperial
College London, South Kensington Campus, UK

Current practise on lung disease involves lung transplantation, which is
limited by organ availability and immune rejection. Cellular therapies
using ESCs offer an attractive possibility as long as challenges such as
controlled and efficient differentiation are addressed. ESCs are tradi-
tionally cultured using conventional culture, which is labour-intensive,
difficult to scale-up and cannot recapitulate the proper microenviron-
ment that controls differentiation. Herein, mESCs were encapsulated in
alginate hydrogels and were cultured in static cultures and a sparged
bioreactor whereby gas (5%CO2 and 20%O2) is injected into the biore-
actor. The A549 conditioned medium was used to induce differentia-
tion toward the type II pneumocyte. The differentiated cells were
assessed for lung cell markers: SPA, SPC, AQP5, CC10 and FoxA2. Rela-
tive expression of SPC markers reached the maximum level, ~10-fold
increase, at day 14 and day 20 for 3D static cultures and the sparged
bioreactor, respectively. After day 20, SPC expression was decreased in
the static cultures in contrast to the sparged bioreactor. At day 30, both
systems expressed endodermal makers, FoxA2, observing a signifi-
cantly higher level in the sparged bioreactor. In conclusion, the gassing
in the sparged bioreactor not only enhanced the differentiation of
mESCs into type II pneumocytes but also mimicked the in vivo environ-
ment in the lung which allows the cells to maintain the lung genotype
and morphology in long term cultures.

56.P24
Microarray analysis of human MSC in 3D
collagen culture: 10% uniaxial cyclic tensile
strain upregulates genes associated with
musculoskeletal and cardiovascular development
A Charoenpanich, MEWall, JC Bodle, CJ Tucker, DMK Andrews,
DS Lalush and EG Loboa
NC State University; UNC-chapel hill, USA; National Institute of
Environmental Health Sciences, USA

Mesenchymal stem cells (MSC) have gained great interest for cell
based therapy and tissue engineering applications. As progenitor cells
in bone, MSC function in an active mechanical environment. Previ-
ously, we have shown that cyclic tensile strain of magnitude 10% accel-
erates and increases osteogenesis of human MSC and ASC. The aim of
this study was to use microarray to investigate potential mechanisms of
hMSC response to mechanical load (10% cyclic tensile strain) in 3D
collagen culture in the absence of soluble osteogenic induction factors.
79 genes were identified in response to 10% uniaxial cyclic tensile
strain. Top five physiological development and functions associated
with dataset included tumor morphology, tissue development, tissue
morphology, development in musculoskeletal system, and development
in cardiovascular system. Musculoskeletal system development and
function showed the upregulation of genes associated with prolifera-
tion of muscle cells; clu, plau, plaur, trib1, and vegf a and differentia-
tion of bone cell lines; bhlhe40, igf1r, irs1. Cardiovascular system
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development and function showed the upregulation of genes associ-
ated with vascularization; igf1r, irs1, plau, vegfA and migration of
endothelial cells; hlx, plaur, tnfsf12a, vegfA. The top ten mapped path-
ways included embryonic stem cell pluripotency, and the roles of osteo-
blasts, osteoclasts and chondrocytes in rheumatoid arthritis with the
upregulation bmp1, wnt5b, pik3cd, and tcf4.

56.P25
Engineering cartilage: human adipose stem cells
detect and respond to physiologic levels of
hydrostatic pressure
C Correia, AL Pereira, ARC Duarte, AM Frias, AJ Pedro,
JT Oliveira, RA Sousa and RL Reis
3B’s Research Group, University of Minho, Portugal

Human articular cartilage functions under a wide range of mechanical
loads in synovial joints, where hydrostatic pressure (HP) is the preva-
lent actuating force. We hypothesized that formation of engineered car-
tilage can be augmented by applying such physiologic stimuli to
adipose stem cells, cultured in hydrogels, using custom-designed
hydrostatic pressure bioreactors. To test this hypothesis, we investi-
gated the effects of distinct hydrostatic pressure magnitudes on carti-
lage formation in vitro by human adipose stem cells (hASCs)
encapsulated in gellan gum (GG) hydrogels. To this end, we applied a
pulsatile regimen to hASC-GG constructs (0.5 Hz) and varied the
amplitude of loading, by generating both low (0.4 MPa) and physio-
logic (5 MPa) HP levels. hASC (10 million cells/mL) were encapsu-
lated in GG hydrogels (1.5%) and cultured in chondrogenic medium
under three regimens for 4 weeks: (1) 0.4 MPa Pulsatile HP; (2)
5 MPa Pulsatile HP; and (3) Static. Greater chondrogenic differentia-
tion and matrix deposition were obtained for physiologic loading
(5 MPa), as evidenced by gene expression of aggrecan, collagen type II
and sox-9, metachromatic staining of cartilage ECM and immunolocal-
ization of collagens. We thus propose that hASC detect and respond to
physical forces, thus resembling joint loading, by enhancing cartilage
tissue development in amplitude-dependant manner.

56.P26
The influence of scaffold mechanical
manipulations on embryonic stem cells
differentiation
D Dado-Rosenfeld and S Levenberg
Technion, Israel Institute of Technology, Israel

Controlling embryonic stem cells (ESC) proliferation and differentia-
tion to form complex, viable three-dimensional (3D) tissues is challeng-
ing due to their pluripotency and their potential therapeutic
implications. We previously showed that polymer scaffolds which serve
as mechanical and biological supports for cell growth and functionality
can promote proliferation, differentiation and organization of ESC into
3D structures. The ability to create such 3D constructs can enhance our
understanding of embryogenesis mechanism. During this process cells
sense a range of mechanical forces which play a critical role in the gas-
trulation phase by transforming the embryo from a simple sphere of
cells to a multi-layered organism. In this study we used mechanical
manipulation to mechanically influence the differentiation of mouse
ESC within 3D structures and to better understand the involvement of
forces in embryogenesis. Using advanced bioreactor we apply dynamic
or static forces on the cells within 3D environment and examine their
differentiation. Our results show that external signal mediated to the
cells through the scaffold can influence their differentiation with differ-
ent response for each of the germ layers. Additionally, different type of
mechanical manipulations induced different response of the cells.

56.P27
Mechanical stimulation of mesenchymal stem
cells in a 3D glass scaffold using oscillating and
unidirectional flow
M Shaeri, CK Chong, G Reilly and R Delain-Smith
Kroto Research Institute, UK; University of Sheffield, UK

Bioreactor conditioning seems to accelerate cell differentiation and
matrix production for bone tissue engineering but it is unclear what
the optimal mechanical stimulus is. The aim of this study was to inves-
tigate the effects of oscillating and unidirectional flow (3, 5 and 10 ml/
min) on a human mesenchymal stem cell (MSC) cell line h-ESMP
(Cellartis) within porous glass scaffolds. Glass scaffolds (NSG GROUP,
10 mm diameter and 3 mm height) were seeded with 2.5 · 105 cells
and cultured in standard MSC media with dexamethasone (DEX)
(100 nm). Cell-seeded scaffolds were subjected to fluid flow for 1 h on
days 4, 7 and 10 and samples were tested for cell metabolic activity by
MTS activity and Alkaline Phosphatase (ALP) activity by the p-nitro-
phenol phosphate reaction at day 7 and collagen and calcium produc-
tion at day 14 of culture. Preliminary results indicate that both flow
regimens maintained cell viability in the scaffolds. More specifically
ALP, calcium and collagen production were higher in those scaffolds
subjected to oscillating flow than those of unidirectional flow. Scaffolds
that had been subjected to an oscillating flow of 3 ml/min were shown
to produce the highest level of ALP and those that were subjected to
5 ml/min produced the highest level of calcium and collagen. These
results indicate that short bouts of oscillatory flowmay stimulate osteo-
genic differentiation of MSCs in bioreactor conditioning of tissue engi-
neered bone.

56.P28
Effects of hydrodynamics on undifferentiated
mouse ES cells proliferation in a suspension
bioreactor
HMizumoto, K Dohji and T Kajiwara
Department of Chemical Engineering, Faculty of Engineering,
Kyushu University, Japan

Introduction: ES cells and iPS cells have much attention as a cell source
for a regenerative medicine technology. To realize the therapeutic
potential of these stem cells, a mass cultivation system for undifferenti-
ated cells must be established. We focus on stirred-tank as a culture
vessel for ES cell culture. In this study, we evaluate the effect of shear
condition on ES cells proliferation in suspension bioreactor.
Materials and methods: A single-cell suspension was added to a 100 ml
spinner vessel containing 50 ml of culture medium supplemented with
1000 U/ml LIF. The culture was stirred continuously for 3 days at vari-
ous agitation rates. Then, cells were harvested and were dissociated to
obtain single-cell suspension. The cells were reseeded back in the spin-
ner vessel. Every 3 days, ES cells were passaged in a same procedure.
Results and conclusion: ES cells formed multicellular aggregates spon-
taneously. It was found that high cell density culture could be
achieved in the suspension bioreactors as long as the maximum shear
stress was maintained within the range of 0.4 and 0.6 Pa. The result-
ing bioprocess achieved an 11-fold expansion in 3 days. The high
expansion ratio was maintained at least five serial passaging. ES cells
within the aggregates maintained in an undifferentiated state
throughout the culture period. These results indicated that this sus-
pension culture process provides an alternative to the conventional
culture process on feeder cells.
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56.P29
Hydrogel microsphere cell carriers for cell
expansion in suspension culture: implications for
stem cell therapeutics
D Seliktar and R Goldshmid
Technion – Israel Institute of Technology, Israel

The development of scalable methodologies for handling human stem
cells (hSC) necessitates an approach premised on the use of three
dimensional (3D) suspension cultures that are readily adaptable to
large-scale bioreactors. In this project, encapsulating fibrinogen based
hydrogel biomaterials were used for developing a 3D bioprocessing
methodology for stem cells through a straightforward cell inoculation
into microspheres, in situ self-renewal in the microsphere culture sys-
tem and mild cell recovery into a solution phase. For creating the
microsphere carriers, we employed a temperature-responsive semi-syn-
thetic hydrogel material produced by the conjugation of poloxamers to
fibrinogen. Mesenchymal cells were encapsulated and cultivated in the
hydrogel microspheres using suspension bioreactors for up to 14 days.
The viability, cell cycle and proliferation were characterized and indi-
cated comparable expansion results to 2D tissue cultures on petri
dishes. Cell recovery from the hydrogels was accomplished enzymati-
cally with high yields and minimal disruption to cell viability. We con-
clude that a biomaterial-based method can be successfully applied for
suspension expansion of cells with controlled cell proliferation through
cell-cell and cell-material interactions. Moreover, hydrogel microsphere
cell carriers such as the ones described herein may offer a tangible solu-
tion to the growing demand for commercial-scale stem cell bioprocess-
ing practices.

56.P30
Development of bioreactor for culturing 3D
hydrogel structures containing living cells
T Watanabe, S Iwanaga and M Nakamura
Toyama University, Japan; Tokyo University, Japan

It is essential to keep sufficient delivery of nutrients and oxygen to the
periphery in engineering large sized tissues. For this purpose, the biore-
actors for perfusion culture play an important role. Various 3D hydrogel
structures containing living cells can be designed and fabricated using
3D bio-printer we have ever developed. 3D structures with multiple
perfusion canals can be designed and fabricated. Then, the custom-
made bioreactors were developed to culture such 3D bio-constructs. In
order to achieve a fluent flow, flow-canals with uniform multiple micro
channels of 180 lm in diameter were installed in the culture chamber.
The bioreactor circuit was composed of a peristaltic pump, air trap, a
gas exchanger and the designed culture chamber. Then, we investi-
gated the flow in the chamber by flow visualization using fluorescent
ink and the samples of non-woven mesh. As a result of the flow visuali-
zation, gentle and uniform flow was observed in the chamber, which is
thought due to micro-channel. The trace of the flow was decided by
the thickness of the fluorescent inks remained in the non-woven mesh.
Compared to the chamber without micro-channels, the distribution of
stain was significantly uniform. In conclusion, the bioreactor system in
which fabricated 3D tissues can be cultured with uniform and gentle
flow was developed. Using this bioreactor, fragile 3D hydrogel struc-
tures can be cultured towards culturing large sized thick artificial tis-
sues.

56.P31
Site-directed cell differentiation on a single
multicellular spheroid using multilayer
microfluidic system
CY Fu, RZ Lin and HY Chang
Institute of Molecular Medicine, NTHU, Taiwan; Children’s
Hospital Boston, USA

Multicellular spheroids which are formed following rearrangement and
compaction of cell aggregates, have been widely use as a 3-dimentional
culture model to supplement traditional monolayer cultures. Because
of their tissue-like characteristics, spheroids culture is suitable for vari-
ous applications, including tumor metastasis and invasion research,
drug screening, and serving as building units for tissue engineering.
This abstract presents a microfluidic system which can induce cell dif-
ferentiation at a specific site on a single spheroid. A thin PDMS mem-
brane contained multiple orifices (200 lm) was bonded between two
PDMS micro-channels to create a multilayer microfluidic chip. The
designed geometry could trap a spheroid, partitioning the spheroid into
two parts which allows different parts of a spheroid exposing to differ-
ent stimuli and later differentiating into different cell types. Our preli-
minary results showed that spheroids could be trapped on the
membrane under continuous flow. To mimic the different stimuli, two
fluorescent dyes, CMFDA (green) and CMTMR (red), were injected
into different channels. After treatments, a chimeric spheroid was
shown one part with red and the other part with green fluorescence. In
conclusion, cell differentiation cues can be delivered by fluid flow to a
selected part of the spheroid. This technique may contribute to tissue
engineering, drug screening, and biological studies.

56.P32
Perfusion seeding of porous scaffolds: a
bioreactor-based procedure suitable for the
establishment of uniform 3D-structured
co-cultures
C Arrigoni, A Marcotto, C Turrisi, G Talò, S Mantero
and M Moretti
Cell and Tissue Engineering Lab - Gruppo Ospedaliero San
Donato Foundation, Italy; Cell and Tissue Engineering Lab -
IRCCS Istituto Ortopedico Galeazz, Italy; Bioengineering
Department - Politecnico di Milano, Italy; SKE Advanced
Therapies S.r.l., Italy, Bioengineering Department - Politecnico di,
Italy

Interstitial perfusion has been proved successful for the development of
3D tissues, whereby it is crucial to provide a high initial number of via-
ble cells with a homogeneous distribution throughout scaffolds. The
present study aims at characterizing and enhancing a perfusion seeding
technique based on a previously validated Oscillating Perfusion Biore-
actor (OPB). Design of Experiments: statistical methods were used to
assess the effects of process parameters, considering flow speed, cell
seeding density and seeding time as process variables and cells and
commercial scaffolds as inputs. OPB enabled to reach up to 70% seed-
ing efficiency associated to significantly higher cell viability as com-
pared to static controls (170% relative to static, P < 0.0001) for
densities up to 4 · 104 cells/mm3. Scaffold cross-sections showed
higher uniformity for perfusion seeded compared to statically seeded
constructs. In order to assess the possibility to guide the structural orga-
nization of the construct obtained with our procedure, we performed
preliminary experiments with a two steps sequential seeding method
of MSC and HUVEC. With our procedure we generated constructs with
HUVEC networks embedded on uniformly MSCs-lined scaffolds, as
opposed to statically or one-step seeded mixed populations constructs.
In conclusion results demonstrate that our bioreactor-based seeding
procedure can represent a step forward in the achievement of structural
control in organized 3D multicellular systems.
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56.P33
Stem cell expansion in a fluidised bed bioreactor
for accelerated osseointegration of bone
substitute material
I Benzeval, MJ Ellis and IG Turner
Department of Chemical Engineering and Centre for Regenerative
Medicine, University of Bath, UK; Department of Mechanical
Engineering, University of Bath, UK

The aim of this work is to enable the culturing of human stem cells
within a porous bioceramic scaffold in a novel fluidised bed bioreactor.
As such, the populated scaffold would be superior to the current syn-
thetic bioceramic bone graft materials commercially available. The
presence of a viable cell population will promote more rapid osseointe-
gration thus accelerating the healing process. Particles of hydroxyapa-

tite / tricalcium phosphate (4-6mm in diameter) have been fluidised
successfully. The results combined with data from terminal velocity
experiments and fundamental theory of fluidisation, have been used to
develop a CFD model of the bioreactor in FLUENT. This model utilises
a combination of the Eulerian multiphase model and the dense discrete
phase model to calculate the velocity, pressure drop and shear stress
within the bioreactor allowing control of its operation. Tests to establish
the shear stress in relation to attachment and detachment of a cell line,
using a purpose-built flow chamber, will enable the final design of the
fluidised bed to be optimised in this FLUENT model. This analysis will
inform the next stage of the project where suitable conditions will be
derived to seed and culture a cell line within the fluidised bed. This
model has the scope to be adapted to encompass the differing require-
ments of a range of cell lines in conjunction with bone graft material of
different geometries, compositions and properties.
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57. TE for In Vitro Tests

57.01
Keynote: Incorporating microfabricated models of
gastrointestinal tract into ‘Body-on-a-Chip’
devices
ML Shuler and M Esch
Cornell University, USA

A ‘Body-on-a-Chip’ device is a physical representation of a PBPK model
where tissue engineered constructs of selected organs replace the corre-
sponding differential equations and is used to predict human response
to drug candidates. Such devices are microfabricated to facilitate low
cost drug tests. The GI tract controls entry of orally delivered drugs into
the systemic circulation. Here we described two approaches to con-
struction of a realistic GI tract model consisting of epithelial, goblet,
and M cells. This model produces mucus and can transport particles
across the cell layer. While the cells formmicrovilli on a flat membrane,
macrovilli require a supporting structure. We have done this using a
novel fabrication technique to make collagen pillars. These pillars have
physiologically realistic height to diameter ratio. As an alternative we
have constructed a S4-8 membrane (controlled pore size from 0.5 to
3.0 l) that drops over silicon pillars. The pillars are then etched away
leaving a porous structure. Cells have been grown on both of these
structures. We will compare these two approaches, demonstrate the
ability to construct multi cell type systems with full functionality and
test a GI tract module integrated with systemic circulation and other
organ modules such as liver.

57.02
Digital microfabrication of tissue arrays for
pharmaceutical investigations
Q Hamid, C Wang, J Snyder and W Sun
Drexel University, USA; Tsinghua University, China

Presently, monolayer cell cultures are frequently used to investigate
potential pharmaceutical agents. The issues at hand are that these
models give very little in terms of feedback on the effects of the micro-
environment on chemotherapeutic and the heterogeneity of the tar-
geted biological investigation. Micro-Electro-Mechanical Systems
(MEMS) technologies have been very attractive and demonstrate the
potential for many applications in the field of tissue engineering, regen-
erative medicine, and life sciences. These fields bring together the mul-
tidisciplinary field of engineering and integrated sciences to develop
biological microfluidic models that aides the exploration of pharmaceu-
ticals and its effects on tissues and organs. The Digital Micro-mirror Mi-
crofabrication (DMM) system has the capabilities to fabricate many
advantageous tissue models. Amongst them, the microfluidic tissue
array demonstrates promising tissue engineering, regenerative medi-
cine, and life sciences in vitro tissue applications. Unlike many conven-
tional microfabrication approaches, this digital microfabrication
process eliminates the need for mask by incorporating a dynamic
mask-less fabrication technique. Tissue arrays developed by this digital
microfabrication process create a cell friendly environment that
enhances cell attachment and proliferation within the modeled micro-
architecture.

57.03
Engineering a functional in vitro model of the
spinal stretch reflex arc
J Hickman
University of Central Florida, USA

In vitro systems that will be developed for drug discovery and toxicity
testing need to move beyond the single cell systems to functional tis-
sue. However, creating single organ systems in many ways doesn’t
address the issue of system level functionor neuronal control of those tis-
sue systems.We are developing two test-beds, one based upon cognitive
function and the other motor control circuits, specifically the reflex arc.
This specialized circuit translates information from themotor cortex to a
motoneuron, which then activates muscle fibers, in turn a specialized
part of themuscle, called the spindle, relays information based upon this
movement to a sensory neuron back to the original motoneuron. We
have created each segment of this system utilizing rat cells and have
now repeatedmultiple segments utilizing segments derived fromhuman
stem cells. These cellular systems have been integrated with BioMEMs
devices, including microcantilever systems that allow for non-invasive
stimulation andmonitoring of the devices. Glial cells have also been inte-
gratedwith certain segments for understanding themyelination process.
This talkwill focus onprogress todate and building these systems aswell
as their eventual utilization in the drug discovery process. These systems
can beused to address applications, such as spinal cord injury,myotroph-
ic lateral sclerosis, neuropathic pain, demyelinationg diseases as well as
being useful in studies of fundamental neuroscience.

57.04
Thymus engineering: 3D in vitro model to culture
functional adult thymic epithelial cells
E Piccinini, H Heiler, C Berkemeier, G Holländer, I Martin,
T Barthlott and D Wendt
University Hospital Basel, Switzerland, Department of
Biomedicine of Basel, Switzerland

The lack of available models for in vitro culture of functional adult thy-
mic epithelial cells (TEC) is a limiting factor for the engineering of a
thymic organoid and the understanding of the development of a com-
petent immune system. Therefore, we aimed to establish a 3D model
for ex vivo culture of functional TEC. We first demonstrated that a
small number of primary adult murine TEC seeded onto a scaffold
could support T-cell maturation in vivo, but to a limited extent. To
increase the potency of the graft, we aimed to expand TEC in vitro.
However, TEC expanded under conventional conditions (in 2D on plas-
tic) lost their specific phenotype and functionality. In contrast, TEC
expanded for 12 days in 3D in a fibrin hydrogel formed EpCAM+ cell
aggregates and showed phenotypic properties similar to freshly
extracted TEC in terms of size and marker expression (e.g. MHC II).
Moreover, 3D-expanded TEC maintained their functionality in vitro as
assessed by their capacity to support and activate CD4+/CD8+ double
positive thymocyte precursors. Ultimately, TEC functionality was con-
firmed in vivo by ectopically implanting fibrin constructs in athymic
mice and detecting mature T-cell of thymic origin in the peripheral
nodes after 6 weeks. We have developed an in vitro 3D model that
maintains the functionality of expanded TEC, paving the way to a bet-
ter understanding of TEC/thymocyte cross talk and to unprecedented
approaches for the treatment of thymic-derived pathologies.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

57. TE for In Vitro Tests 347



57.05
3D bioengineered model of the tumor-stroma
microenvironment of late stage ovarian cancer
D Loessner, J Baldwin, A Rockstroh, H Irving-Rodgers,
V Magdolen, DW Hutmacher and JA Clements
Institute of Health and Biomedical Innovation, Queensland
University of Technology, Australia; Australian Prostate Cancer
Research Centre – Queensland, Queensland University of
Technology, Australia; Clinical Research Unit, Department of
Obstetrics and Gynecology, Technical University of Munich,
Germany

Introduction: The tumor-associated stroma promotes cancer progres-
sion, yet the precise interactions between cancer cells and their stromal
compartments are poorly defined. We discovered mediators of metasta-
sis by employing a bioengineered 3D approach that mimics the tumor-
stroma microenvironment of late stage ovarian cancer.
Methods: We established an integrated 3D co-culture model of ovarian
cancer and stromal cells using imaging and proliferation analyses. In
patients, ovarian cancer cells form spheroids attaching to the stromal
layer. Spheroids were grown in biomimetic polyethylene glycol-based
hydrogels and layered onto electrospun-fabricated polycaprolactone
meshes allowing adhesion of stromal cells. A whole human genome
microarray was conducted to identify genes differentially regulated
upon 3D co-culture.
Results: Spheroid growth was enhanced and more genes were differen-
tially expressed upon 3D co-cultures. Regulation of biosynthesis and
transcription were altered in cancer cells, while inflammatory and
migratory responses changed in stromal cells after 3D co-culture.
Conclusions:We unraveled pathways that may be crucial in the etiology
of ovarian cancer metastasis.

57.P01
Engineered silk fibroin matrices for 3D in vitro
tumor modeling
S Talukdar and SC Kundu
Indian Institute of Technology Kharagpur, India

Tissue engineering has provided a major impact on regenerative medi-
cine and may have an equally significant impact on personalized cancer
medicine. Breast cancer metastases are usually not a curable condition.
However, proper treatment can prolong life, delay the progression of
cancer, relieve cancer-related symptoms, and improve quality of life.
3D in vitro model systems that are able to mimic the in vivo tumor
microenvironment are now essential in cancer research. 3D silk fibroin
protein matrices from non-mulberry silkworm Antheraea mylitta were
investigated as potential biomaterial for this purpose. A model of in vi-
tro breast cancer was developed and studied for the efficacy of antican-
cer drugs paclitaxel, celecoxib and ZD6474. Human metastatic breast
adenocarcinoma cells were co-cultured with human osteoblast-like and
mesenchymal stem cells. The results indicate that a mylitta fibroin scaf-
fold can provide an easily manipulated microenvironment system for
tumor modeling. The engineered tumor construct shows different
zones of cell proliferation like an avascular tumor. Higher drug concen-
trations and synergistic combinations were required to achieve reduc-
tion in cell viability and invasive potential in 3D cultures. Metastatic
breast cancer cells were found to suppress osteoblast proliferation, alter
their morphology and functioning, induce bone loss and increase resis-
tance to drugs. 3D in vitro tumor models may be a better system to
evaluate cancer treatment strategies.

57.P02
Development of an in vitro platform for the study
of drug-induced cardiotoxicity
GC Anene-Nzelu, D Choudhury, L Hwa Liang and H Yu
National University of Singapore, Mechanobiology Institute
Singapore, Institute of Bioengineering and Nanotechnology,
Singapore

Introduction: Drug induced cardiotoxicity accounted for 19% of drugs
withdrawn from the US market in the last 40 years. Early detection of
compounds that are cardiotoxic during the in vitro stage would reduce
the incidence of drug induced cardiotoxicity. We propose that recreat-
ing the anisotropic cardiomyocyte culture will increase the sensitivity of
the platform for drug screening and provides a better environment to
study CYP metabolism in the heart.
Methods: HL-1, H9C2 and primary cardiomyocytes were cultured on
gratings of two different dimensions: One with pitch of 1micron and
depth of 200 nm and the other with pitch of 2 l and depth of 300 nm.
Alamar blue, Immunostaining, RT-PCR and CYP gene induction studies
by Beta Napthoflavone (BNF) were carried out.
Results: Cells were viable on the gratings. The F-actin and sarcomeric
actinin and CX43 staining revealed a more aligned sarcomeric structure
for the cells on the gratings which translated to increased force of con-
traction. There was significant CYP 1A1 induction upon treating the
cardiomyocyte culture with BNF, a known CYP 1A1 inducer.
Discussion and conclusion: These preliminary results concur with the
existing report that anisotropic culture restores phenotype and function
of the cardiomyocytes. It shows its usefulness for CYP induction in car-
diomyocytes. Further experiments are aimed at understanding how cul-
ture configuration affects cardiomyocyte sensitivity to drugs and its
effect on CYP metabolism of drugs.

57.P03
Extracellular matrix deposition and scaffold
biodegradation in an in vitro three-dimensional
model of bone: x-ray computed microtomography
study
A Ruggiu, F Tortelli, VS Komlev, F Peyrin and R Cancedda
Università degli Studi di Genova & AOU San Martino-IST Istituto
Nazionale per la Ricerca sul Cancro, Italy; A.A. Baikov Institute
of Metallurgy and Materials Science, Russian Academy of
Sciences, Russia; European Synchrotron Radiation Facility,
France; Université de Lyon, France

The development of an in vitro model of bone and the optimization of
tools for the comprehension of the biological processes occurring dur-
ing bone repair remains a major goal in the field of bone tissue engi-
neering. Recently, taking advantage of a model based on the three-
dimensional co-culture of osteoblasts and osteoclast precursors in Skeli-
teTM scaffolds we showed an enhancement of osteoblast differentia-
tion in the 3D mineralized environment that, in turn promoted earlier
osteoclast differentiation. The same study demonstrated that the
increased osteoblast differentiation in the 3D model led to a deposition
of extracellular matrix faithfully reflecting the bone morphology. Here
we evaluated the same in vitro model by both X-ray computed microto-
mography and histological analysis, thus fully evaluating bone deposi-
tion and degradation processes. Either osteoblasts or a combination of
osteoblasts and osteoclasts were seeded on SkeliteTM scaffolds. Scaf-
fold biodegradation and an increased bone deposition, together with a
more organized extracellular matrix were observed in the co-cultures,
highlighting the role of osteoclasts in the guidance and regulation of
bone deposition. These results confirm the potential and the relevance
of co-culturing osteoblasts and osteoclasts in order to resemble the
native tissue. Finally, the approach here presented could be useful in
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the future to validate and develop new in vitro culture systems in the
field of bone tissue engineering.

57.P04
3D in vitro model of tumour microenvironment
PA Cygan, S Stolnik-Trenkic, AM Grabowska, P Elvin, SRWedge
and S Watson
School of Pharmacy, University of Nottingham, UK; School of
Clinical Sciences, University of Nottingham; Cancer Bioscience,
AstraZeneca, Austria

It is thought that altered communication in the tumour microenviron-
ment (TME) results in epithelial-to-mesenchymal transition (EMT)
which drives cancer development and progression. To elucidate the
functional role of TME in cancer progression a three-dimensional
(3D) in vitro model was created.HCT116 epithelial colon carcinoma
cell line was cultured in alginate-chitosan-hyaluronan (Alg-Cs-HA)
capsules in mono- or co-culture with neuroblastoma IMR-32 fibro-
blasts for 20 days. Capsule internal structure, cancer cell morphology,
viability, metabolic activity, gene expression profiles and protein
expression were analysed. Capsules exhibited an irregular, porous
internal structure. Distinctive morphology of epithelial cancer cells
within Alg-Cs-HA capsules was observed. Encapsulated HCT116 cells
initially exhibited increased metabolic activity, followed by a decrease
and plateau formation. Large changes in gene expression levels were
observed in a number of EMT-related genes. Of those the expression
of vimentin, Slug, Zeb1, MMP-2 and -9 was upregulated whereas
E-cadherin, cMet, TGFb1 and integrin a5 was decreased with time
and upon co-culture with fibroblasts. Epithelial cell aggregates
showed altered adherens junction morphology and strong MMP2 pro-
tein expression. Current results indicate that Alg-Cs-HA capsule may
provide relevant 3D in vitro model for studies of interactions within
TME and potentially a model for therapeutic target validation for ini-
tial drug screening.

57.P05
Towards convenient in-vitro culturing of
basement membrane containing tissues:
development of a new gradient perfusion
bioreactor
BB Mollet, GC van Almen, EWMeijer and PYW Dankers
Eindhoven University of Technology, Institute for Complex
Molecular Systems, Department of Biomedical Engineering,
Laboratory of Chemical Biology, The Netherlands

Membranes play an important role in the vital functions of many
organs. To recreate and study these membranes in vitro, an organotypi-
cal environment is key. A new dual chamber perfusion bioreactor was
developed, which holds space for a single membrane (Ø 9 mm). The
possibility to supply a continuous flow of separate media to each side
of the membrane, combined with optical and (small magnification)
microscopic accessibility, enables the use of this bioreactor for a variety
of applications in both membrane tissue engineering and the assess-
ment of membrane functionality. A bioartificial kidney epithelial mem-
brane, composed of human kidney-2 (HK-2) epithelial cells cultured in
confluent density on an electrospun microfibrous polymer mesh, was
used as a model system to demonstrate the functionality of the new
bioreactor. The HK-2 cells were shown to remain viable even after a
prolonged perfusion culture period (20 days) inside the bioreactor. Fur-
thermore, preservation of the renal epithelial phenotype was indicated
by RT-PCR by the expression of characteristic renal transporter genes.
A gradient of media over the tissue engineered membrane enabled
leakage experiments inside the bioreactor by which the monolayer

integrity of the HK-2 epithelial cells on the membranes was assessed.
Further possible applications using this bioreactor, which will be
explored in future experiments, include transport studies and co-cul-
tures.

57.P06
Towards a 3D cellular model for predicting in
vitro the outcome of medical therapies: A case in
photodynamic therapy (PDT)
M Alemany-Ribes, M Garcia-Diaz, M Busom, S Nonell
and CE Semino
Tissue Engineering Laborator, Institut Quı́mic de Sarrià, Spain;
Grup d’Enginyeria Molecular, Spain

The need to obtain cell culture systems that recreate the in vivo cellular
environment has challenge researchers to develop synthetic scaffolds
inspired on extracellular matrix. These culture systems provide to cells
a truly three-dimensional (3D) space for growing, essential for receiv-
ing the appropriate chemical, physical and mechanical cues. We have
developed a 3D model, consisting of a hydrogel (the self-assembling
peptide RAD16I) and human normal dermal fibroblasts (hNDF), to
predict the outcome of photodynamic therapy (PDT), compared with
monolayer cultures (2D). PDT is a therapeutic modality for treating var-
ious ophthalmic, dermatologic, cardiovascular and oncologic diseases,
which involves a photosensitizer (PS), light and molecular oxygen to
generate singlet oxygen, a phototoxic agent. Interestingly, we found
that cells in 3D respond differently to PDT than in 2D. We observed
that cells in RAD16I spontaneously up-regulated a subset of hypoxic
markers, together with a radial uptake of the PS. These results demon-
strated that cells in 3D are exposed to non-uniform distribution of oxy-
gen and drug, which produces a heterogeneous population of cells that
differ in their response to PDT, creating a cellular niche more resistant
to the therapy. Instead, 2D cultures are characterized by uniformly rich
nutrition and oxygenation. These data suggest that 3D models repre-
sent a powerful bridge between 2D systems and tissues for predicting
in vitro the effect of medical therapies.

57.P07
Towards an in vitro model of macrophage-
mediated degradation of polymer scaffolds
TG Van Kooten, E Bat, R Kuijer and DW Grijpma
UMCG, The Netherlands; University Twente, The Netherlands

Resorbable polymers are used in the human body as drug carriers and
as scaffolds for tissue regeneration. Resorption of the polymers is based
on intrinsic properties and the inflammatory process regulated by mac-
rophages and fibroblasts. Macrophage-mediated degradation involves
enzymes and/or reactive oxygen (ROS) species. The aim is to establish
an in vitro model of polymer scaffold degradation in the presence of
macrophages and fibroblasts that can be used to predict the outcome
of the in vivo inflammatory niche. Macrophages (J774) and fibroblasts
were cultured on poly(trimethylene carbonate) (pTMC) network films
in the presence of inhibitors for degradation pathways in heat-inacti-
vated medium. Degradation was quantified through polymer mass loss.
Macrophage activity was measured through cytokine release. Cell cov-
erage was calculated from confocal images. ROS were detected using
CM-H2DCFDA.Cholesterol esterase is the main contributor to macro-
phage-mediated degradation as assessed by the degradation inhibition
by diethylumbelliferylphosphate. ROS(indirectly inhibited by apocynin
through NADPH oxidase and nitric oxide synthase) also contribute to
the degradation of PTMC networks, as clear ROS activity patterns can
be associated with sites of polymer surface erosion. The interaction
between fibroblasts and macrophages creates an additional level of
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complexity towards a representative in vitro model to investigate the
mechanism of in vivo degradation of biodegradable polymers.

57.P08
Microfluidic gradient systems to generate
defined cell microenvironments and study
cellular fate processes
P Wallin, E Bernson and J Gold
Applied Physics, Chalmers University of Technology, Sweden

Cell microenvironments are the main driving force in cellular fate pro-
cesses and phenotype expression in vivo. In order to mimic specific
stem cell niches, and study cellular responses under those conditions in
detail, we need the ability to create and control cell microenvironments
in vitro. This includes the capability to modify surface properties and
liquid composition in cell culture. In particular, the ability to generate
spatial and temporal controlled liquid gradients, using microfluidic sys-
tems, is of high relevance to study concentration dependent cell
responses. In this study, a diffusion based gradient generator was char-
acterized both by computational fluid dynamic simulations, as well as
experimentally. The microfluidic network was combined with a micro-
structured growth substrate to study myoblast differentiation and
alignment in response to chemical and topographical stimulation. The
same microfluidic network was also used to investigate different
aspects of endothelial cell migration along chemotractant gradients
and stem cell differentiation. The developed platform allows monitor-
ing phenotype expression of cells in highly controlled gradient environ-
ments of soluble factors in combination with defined cell culture
substrate properties. This offers a big advantage over standard cell cul-
ture techniques when investigating specific cellular responses to vary-
ing stimuli.

57.P09
Chondrocyte adhesion and phenotype
maintenance in 2D and 3D substrates
KM Ferlin, DS Kaplan and JP Fisher
University of Maryland, USA; Food and Drug Administration,
USA

Isolated chondrocytes can be grown in vitro for the repair of articular
cartilage defects. Phenotypic changes of chondrocytes in vitro are well
characterized, but there is little information about cell adhesion. Previ-
ously, we quantified the adhesion of chondrocytes grown in monolayer
using a centrifugation adhesion assay, and found that adhesion
increases with passage, which correlates with chondrocyte dedifferenti-
ation. This work aims to investigate the adhesion of chondrocytes in
3D culture, which retains the native cell morphology and phenotype.
We hypothesize that adhesion of chondrocytes in alginate beads will be
lower than cells in monolayer, and that decreased adhesion will corre-
late with phenotype and morphological maintenance. Chondrocytes
were isolated from tibiofemoral calf joints and encapsulated in 2% algi-
nate beads. At each time point, subsets were taken for qRT-PCR, immu-
nohistochemistry, and the centrifugation assay. For the assay, cells were
incubated for 1 h in fibronectin coated wells. The well plate was
inverted and centrifuged, and imaging was performed before and after
spinning to determine percent adherent cells. Compared to monolayer
results, adhesion was decreased for cells cultured in 3D. Rather than
increase with each time point, the percent adherent cells remained
under 11% with no statistical difference between points. These results
will be utilized in the further study of the relationship between adhe-
sion and phenotype maintenance.

57.P10
Development of an 3D ex vivo model of bone
tissue
AL Gamblin, A Renaud, J Amimaud, P Hulin, V Trichet,
D Heymann and P Layrolle
INSERM, France; IFR26 plateforme d’imagerie; Université de
Nantes, Nantes Atlantique Universités, Laboratoire de
Physiopathologie de la Résorption Osseuse et Thérapie des
Tumeurs Osseuses Primitives, France; CHU, Hôtel Dieu, France

The pathologies of skeleton have a strong socio economic impact in our
population. Although therapies have improved the treatment of osteo-
sarcoma and osteoporosis, their efficiency remains still limited. The
understanding of the mechanisms during the formation and the remod-
eling of bone tissue requires the development of an ex vivo model. The
aim of this work is to develop a 3D model of bone tissue from human
cell precursors cultured on biphasic calcium phosphate (BCP) particles.
In this study, human bone marrow mesenchymal stem cells (MSCs)
and monocytes were cultivated on particles of BCP (125–200 lm) in
order to differentiate into osteoblasts and osteoclasts, respectively. The
MSCs seeded on BCP adhered and proliferated producing an extracel-
lular matrix and formed a 3D structure. Light and confocal laser scan-
ning microscopy showed that MSCs created bridges between BCP.
Then, at day 14, monocytes were seeded on this structure and culti-
vated with osteoclastogenic cytokines. At day 28, monocytes merged
into multinuclear osteoclasts. The osteogenic differentiation of MSCs
was observed using immuno-histology: Alkaline phosphatase, Collagen
1 protein. Alike, Cathepsin K and Tartrate resistant acid phosphatase,
indicating osteoclastic differentiation were enhanced in these condi-
tions. Differentiation was confirmed by supernatant analysis. In sum-
mary, we develop an ex vivo model that may allow the study of bone
physiopathology including bone healing, osteoporosis and osteosarco-
mas.

57.P11
In vitro tissue disease model for osteoarthritis
pathophysiology
S Murab, S Chammittachal, M Bhattacharjee, D Kaplan, S Ghosh
IIT Delhi, India; Tufts University, USA

A tissue engineered in vitro disease model for Osteoarthritis pathophys-
iology was developed using silk fibroin scaffold, coupled with proin-
flammatory cytokines IL1b, TNFa using human chondrocytes.
Chemically modified silk scaffolds anchor cytokines by ionic interac-
tions in a biomimetic manner. Diazonium coupled silk matrix showed
constant release of cytokines up to 7 days after adsorption to mimic an
OA microenvironment in vitro. SEM analysis showed matrix embedded
cytokines induced expression of multiple elongated processes in chon-
drocytes in vitro, as seen in OA cartilage in vivo. Large scale gene
expression profile of in vitro disease model showed striking similarity
to OA cartilage tissues (collected from four patients who underwent
total knee replacement surgery), while that of healthy tissue engi-
neered constructs (without cytokines) had similar expression profile to
healthy cartilage tissue. The common markers of OA including COL,
MMP, TIMP, ADAMTS, Metallothionein genes were upregulated at least
by 35-fold in in vitro model. Microarray data was validated by RT-PCR.
Protein interaction studies indicated that TNFa stimulates IL-1 & 6 that
control equilibrium between MMPs and their inhibitors TIMPs, result-
ing in ECM degradation. TNFa also regulated apoptosis of chondrocytes
through MAPK pathway. This in vitro disease model can be modified to
assess various signalling mechanisms and their response to selective
cell or drug treatments, as a step toward patient specific models.
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57.P12
Developing a novel three dimensional in vitro
intestinal mucosa model for drug absorption
evaluation
N Li, XLWang and LYang
Dalian Institute of Chemical Physics, Chinese Academy of
Sciences, China

Human epithelial cell culture models of monolayer Caco-2 cells have
been widely employed to assess the absorption of drug molecules
across intestinal mucosa. However, cautions should be taken when
interpreting the conclusions from those models due to their undesirable
phenotype and functionality when compared with the native intestinal
tissue. Here, an improved, more physiologicaly relevant three dimen-
sional (3D) culture model of the intestinal mucosa was developed to
study drug absorption, in which a co-culture of epithelial cells, Caco-2
cells and HT29-MTX cells, was indirectly seeded on a Transwell filter
insert with collagen gel and stromal cells incorporation. This setting-up
provided a compatible environment to improve the epithelial cell phe-
notype and functionality. In comparison with the monolayer culture of
Caco-2 cells, the constructed 3D model displayed more physiologically
relevant characteristics evidenced by its decreased TEER value and
mucus-like layer formation. A decreased expression of P-glycoprotein
was also observed in the current 3D culture model, leading to an
increased absorptive permeability of the substrates. More importantly,
an improved correlation (r = 0.95) was obtained between the absorp-
tive permeability in the 3D culture model and the absorbed fraction
reported in human body. This reconstructed 3D co-culture model pre-
sents a unique, improved opportunity to evaluate drug permeability in
vitro.

57.P13
Noninvasive wettability measurement of mucosal
epithelial cell sheets
T Nobuyuki, K Makoto, U Ryohei, K Makoto, Y Masayuki and
O Teruo
Tokyo Women’s Medical University, Japan; Waseda University;
Osaka University, Japan

Introduction: Oral mucosal epithelial cell sheets have been utilized for
regenerating corneal tissue. Corneal mucosa has a high wettability for
keeping tear. This study noninvasively quantified the wettability of cell
sheets in various culture conditions and discussed the relationship
between the wettability and gene expression levels.
Materials and methods: For preparing a cell sheet, rat oral mucosal epi-
thelium cells were seeded on a temperature-responsive cell culture
insert with Keratinocyte Culture Medium (KCM). Three different condi-
tions were applied for the cell culture; (A) in KCMwith Cytochalasin D,
(B) in KCM without fatal bovine serum, and (C) in KCM as the control.
For the wettability measurement, the width of cell sheet surface
exposed by a momentary air-jet application to the medium was
measured. Gene expression was quantified by DNA microarray
analysis.
Results: The most fragile cell sheet in the case of (A) never broke by air-
jet application. A cell sheet wettability measurement was theoretically
derived from the residual width of medium after the air-jet application.
The residual width in case of (B) was significantly larger than that of
(C). MUC4 gene expression in case of (B) was one sixtieth of that of
(C).
Conclusions: The cause of the residual width difference between (B)
and (C) was speculated to be mucin 4. This method would be useful
for screening the wettability of cell sheet before transplant and evaluat-
ing tear film breakup time in vitro.

57.P14
Development of an immune responsive 3D human
lung model
HC Harrington, PA Cato, JWAylott, FRAJ Rose and
AM Ghaemmaghami
University of Nottingham, UK

Despite enhanced patient care, the morbidity and mortality of patients
with lung disease have remained high, for example there is one asthma
related death every 20 min worldwide. This is partly due to lack of effi-
cient therapeutic strategies and also that a large proportion of patients
do not respond to treatments. There is a lack of predictive preclinical
models of asthma and new treatments that enter clinical trials fre-
quently fail, possibly because preclinical animal studies are often lim-
ited in their physiological relevance to the human lung. We are
developing an immune responsive 3D human lung model that will
allow high throughput drug assessment and minimise animal testing
leading to more effective preclinical studies. The anatomical and func-
tional properties of the human lung are simulated in our model using a
multi cell approach in which human derived cells cultured on relevant
polymeric scaffolds. The scaffolds allow cell migration and interaction
throughout the interstices of the 3D structure; such interactions are
thought to enhance the recovery of the epithelial barrier following
wound infliction or allergen challenge. The model is positioned within
a Quasi Vivo bioreactor which can enhance 3D culture-growth and bet-
ter mimic in vivo conditions and may further enhance epithelial barrier
recovery following damage.

57.P15
Tissue-engineered psoriatic skin model:
differences between involved and uninvolved
cells
J Jean, A Duque-Fernandez, G Bernard, J Soucy and R Pouliot
Faculté de Pharmacie, Université Laval, Canada; Centre LOEX de
l’Université Laval, Génie tissulaire et régénération: LOEX - Centre
de recherche FRSQ du Centre hospitalier affilié universitaire de
Québec, Canada; Département de Dermatologie, Hôpital de
l’Enfant-Jésus, Canada

Psoriasis can be recognized by the presence of red plaques (involved
psoriatic skin) localized close to apparently normal skin (uninvolved
psoriatic skin). Previous research had highlighted some characteristics
of each skin type. However, the discovery of the triggering factor for
psoriatic plaques formation still remains elusive. The aim of this study
was to develop pathological skin substitutes produced with involved or
uninvolved psoriatic cells, in order to better characterize psoriatic skins.
Normal, involved and uninvolved psoriatic skin substitutes were pro-
duced according to the self-assembly approach procedure. Results
showed that involved substitutes had a thicker epidermis, higher cell
proliferation, abnormal cell differentiation and disorganized stratum
corneum compared with normal substitutes. When uninvolved cells
were used, various results were observed; it appeared that some of the
substitutes mimicked those which were produced with normal cells
(profile 1), while others shared the same characteristics with involved
cells (profile 2). Briefly, uninvolved substitutes of profile 1 had a thin,
well-organized epidermis with normal cell proliferation and differentia-
tion such as observed with normal substitutes, while uninvolved substi-
tutes of profile 2 showed an inverse trend such as obtained with
involved substitutes. The results suggest that uninvolved substitutes
could demonstrate characteristics associated with both normal or
involved psoriatic skins.
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57.P16
Tissue-engineered skin substitute as a powerful
tool for functional studies of proteins involved in
keratinocyte differentiation: the case of the dual
leucine zipper-bearing kinase
C Simard-Bisson, R Blouin and L Germain
Centre LOEX de l’Université Laval, Génie tissulaire et
régénération: LOEX - Centre de recherche FRSQ du Centre
hospitalier affilié universitaire de Québec, and Département de
Chirurgie, Faculté de Médecine, Université Laval, Canada;
Département de biologie, Université de Sherbrooke, Canada

A better knowledge of keratinocyte differentiation is necessary to
understand skin pathologies showing defects in this process such as
psoriasis. The Dual Leucine zipper-bearing Kinase (DLK) is a protein
expressed in the stratum granulosum of normal human skin epidermis
and in Tissue-Engineered Skin Substitutes (TESS). When overexpres-
sed in cultured keratinocytes using adenoviral vectors, DLK induces
keratinocyte terminal differentiation by causing growth arrest, up-regu-
lation of a late differentiation marker (filaggrin) and activation of
transglutaminase 1, an enzyme involved in the cornified envelope
assembly. To confirm the role of DLK in stratum corneum formation, a
TESS model underexpressing DLK was developed. The TESS were
transduced at day 0 of culture at the air-liquid interface using lentiviral
vectors containing a short hairpin RNA sequence directed against DLK.
Biopsies were harvested 14 days later to examine the consequences of
DLK depletion. As expected, immunoperoxydase staining showed a
reduction of DLK expression in TESS. Consistent with our previous
study, immunufluorescence stainings revealed reduced levels of filag-
grin and transglutaminase 1. The decrease of DLK was associated with
cell detachments and a reduction of desmocollin expression, suggesting
defects in desmosome structure. Those results show that DLK play a
role in cornified envelope and desmosome assembly which are crucial
to the function of the outermost layer of the skin: the stratum
corneum.

57.P17
Development of an in vitro wound healing model
for fibrosis treatment
ATan and M Raghunath
National University of Singapore, Singapore

Background: Fibrosis, a threat to implants and wound repair, warrants
a therapeutic solution. To study antifibrotic agents we employ an in vi-
tro system in the presence of TGFb1, a factor which converts fibroblasts
to fibrogenic myofibroblasts. However, current protocols do not reflect
the pulsatile cytokine exposure prevailing in vivo. Hence, we evaluated
the efficacy of short pulses in the creation and maintenance of the myo-
fibroblast phenotype.
Methods: Fibroblasts were pulsed for 0.5, 4 h, 48 h or 2 · 4 h (consec-
utive days) and maintained in the absence of TGFb1 for 2 weeks. Peri-
odically, 24 h collagen secretion rate, a-SMA presence and expression
of fibrogenic genes were quantified, and their methylation patterns
analysed.

Results: A 0.5 h, 4 h, 48 h pulse was sufficient to elevate collagen I
secretion rate and a-SMA expression for 7 days, repeat pulses extended
this period to 14 days. In all treatment types, fibrogenic genes were up-
regulated 24 h post pulse, but no methylation changes were evident.
Conclusion: Customary models of in vitro fibrogenesis use 3–5 days
continuous exposure of cells with TGFb1, a condition far removed from
physiology. We show here, that already a single 0.5 h pulse, is sufficient
to effect long term changes towards the myofibroblast phenotype, and
is potentiated by a second pulse a day later. We believe that our current
model is a more realistic reflection of in vitro wound healing model for
future fibrosis treatment testing.

57.P18
Optimising glial cell alignment in 3D culture to
facilitate the development of neural tissue
models for CNS research
C O’Rourke, J Loughlin, R Drake and J Phillips
The Open University, UK; TAP Biosystems, UK

Aim: The overall aim is to develop robust models for neuroscience
research, with neural cells arranged in a hydrogel matrix to resemble
living nervous system tissue. We create engineered neural tissue by a
process of initial glial cell self-alignment within tethered 3D collagen
gels and the aligned glia then support and direct neuronal growth to
recreate the anisotropy of an organised CNS tract.
Method: A two-stage approach was developed to determine the glial
cell seeding density to achieve consistent, predictable alignment
regardless of the cell source. (1) Contraction profiles were established
using C6 glioma cells at densities from 0.1 to 6 million cells/ml in free-
floating round collagen gels, in simple 24-well and 96-well plate
assays. (2) Chosen seeding densities were then used to assess the
degree of cellular alignment using tethered rectangular collagen gels.
Results: By combining data from the contraction profiles and alignment
assays, the relationship between the % contraction of the free-floating
round gels and the extent of cellular alignment in the tethered rectan-
gular gels was established.
Conclusion: We have shown that contraction profiles in simple multi-
well plate assays, using a small number of cells, can efficiently assess
glial cells from different sources and determine the optimal seeding
density for generating robust anisotropic engineered neural tissue.

57.P19
Development of a 3D neuronal glial co-culture
model for peripheral nerve studies and repair
strategies
M Daud, K Pawar, F Claeyssens, A Ryan and J Haycock
Sheffield University, UK

3D peripheral nerve models have potential value for studying neuro-
nal-glial development and the design of scaffolds for nerve repair. The
aim of this study was to develop an aligned scaffold for this purpose.
Electrospinning parameters were carefully devised for producing
aligned PCL fibres with diameters of 1, 5, and 8 lm. Neuronal and pri-
mary Schwann cell growth was investigated in vitro. Neuronal / Schw-
ann cell co-culture and dorsal root ganglia (DRG) explants were
conducted on the fibres in vitro. Neurite extension, Schwann cell
responses and a neuronal/Schwann cell co-culture model were exam-
ined using 3D confocal microscopy. Neurite guidance was evident on
all fibres diameters and the longest neurite growth was detected on
8lm fibres (142.36 ± 9.68 lm). Cell length was measured to assess
Schwann cell elongation on the fibres and the length was the longest
on 1 lm (116.53 ± 7.85 lm). DRG explants on the fibres showed
neurite guidance and co-localization of neurite and Schwann cells. The
longest neurite was measured on 1 lm fibres (2.5 mm) and the fur-
thest Schwann cell migration was observed on 1 lm fibres (2.7 mm).
We also demonstrated an in vitro co-culture of neuronal and Schwann
cells in 3D on the scaffolds, for which co-localisation of both cell types
was observed. Aligned electrospun PCL microfibers scaffolds have great
potential as a substrate for constructing an in vitro 3D peripheral nerve
model. Fibre size influences neurite outgrowth and Schwann cell
behaviours.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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57.P20
Astrocyte and fibroblast cross-talk - mimicking in
vitro the astrogliosis in a multiple sclerosis
lesion
DN Rocha, CC Barrias, JB Relvas and AP Pêgo
INEB, Portugal; IBMC, Portugal

The inhibition of oligodendrocyte progenitor cell (OPC) differentiation
by microenvironmental factors is thought to be one of the main causes
of remyelination failure in chronic Multiple Sclerosis (MS) lesions. We
aim at developing a microengineered hydrogel-based array to mimic
an MS astrogliosis microenvironment to be used for the identification
and validation in-vitro of candidate molecules that promote OPC differ-
entiation, towards the development of new therapeutic strategies for
the treatment of demyelinating diseases. Firstly, the cross-talk between
astrocytes and meningeal fibroblasts (MF), two of the major cellular
components of an MS scar, was investigated in vitro. The culture of as-
trocytes or MF with conditioned medium (CM) from the other cell type
resulted in the upregulation of GFAP and Vimentin in astrocytes and of
Collagen IV in MF. To investigate the MF-astrocyte cross-talk in a 3D
system, alginate (Alg) disks of 0.5, 1 and 2% (w/v) with 4 · 106 astro-
cyte cells/ml were prepared as a binary composition of high and low
molecular weight Alg. Astrocytes remained viable in all Alg formula-
tions tested, with cells being able to spread in 0.5 and 1% (w/v) Alg
disks. Furthermore, a significant GFAP up-regulation was detected in
relation to the control when astrocytes where cultured in the presence
of fibroblast CM. This suggests that astrocyte activation, as in an as-
trogliosis phenotype, can be achieved by the use of meningeal fibro-
blast CM in vitro.

57.P21
Study of axonal migration of human induced
pluripotent stem cells-derived sensory neurons in
a tissue-engineered model
R Parenteau-Bareil, K Pardee, M Blais, S Cadau, R Gauvin and
F Berthod
Centre LOEX de l’Université Laval, Centre de Recherche FRSQ du
Centre Hospitalier affilié Universitaire de Québec, Canada;
Biomedical Engineering, Boston University and the Wyss Institute
for Biologically Inspired Engineering, Harvard University; Quebec
Center for Functional Materials, Canada

The developments of tissue-engineered (TE) models recapitulating
peripheral nerves migration in vitro are promising tools for studying
numerous neuropathies and neuroinflammatory diseases. The primary
source of peripheral neurons has historically been the dorsal root gan-
glion neurons of rodents. Since pluripotent stem cells and neuronal dif-
ferentiation protocols are now well defined and readily available, these
TE models will gain much accuracy to recapitulate neurodegenerative
diseases using iPS cells derived from patients. This study is a proof of
principle showing that human iPS cells can be successfully differenti-
ated into sensory neurons used to promote axonal migration in a tridi-
mensional TE model. iPS cells were generated and differentiated into
peripheral neurons. The phenotype of the differentiated neurons was
characterized by staining of TrK receptors, peripherin and TRPV1. The
presence of nociceptive peptidegic neurons was quantified by ELISA.
The neurons were cultured for 21 days on a TE connective tissue made
of a collagen sponge. Axonal migration was shown in the whole thick-
ness of the tissue. Using iPS cells obtained from patients with neuroin-
flammatory diseases or peripheral neuropathies could be a powerful
strategy to recapitulate these disease phenotypes in vitro and better
understand the cause and the evolving process of the pathologies. In
addition, such models could be very useful to screen new drugs and
develop new strategies to treat these diseases.

57.P22
Development of a small calibre artificial blood
vessel model
KWankhammer, C Stefanitsch, D Pfeiffer,
B Huppertz, A Lass, G Dohr and I Lang
Cell Biology, Histology and Embryology; Medical University Graz,
Austria; Center of Biomedical Technology; Danube University
Krems, Austria; Molecular Biosciences, Karl-Franzens University
Graz, Austria

The treatment of cardiovascular disease often implies bypass grafting.
Due to the limited availability of healthy autologous vessels, alterna-
tives are urgently needed. Synthetic large calibre prostheses are well
established. However, vascular grafts with diameters smaller than
6 mm are highly susceptible to thrombosis. Therefore, we aim to
develop small calibre grafts with characteristics close to in vivo blood
vessels to reduce the risk of graft occlusion. Small calibre ePFTE grafts
were coated with fibronectin or fibrinogen-thrombin (FT) to facilitate
the adherence of human placental endothelial cells (EC) and mesen-
chymal cells (MSC) on the inner and outer surface of the graft, respec-
tively. The prostheses were exposed to pulsatile flow in a bioreactor for
1 week. Cell identity was evaluated by immunocytochemistry; mor-
phology and efficiency of cell attachment was analysed after H&E
staining and by scanning electron microscopy. Fibronectin coated the
graft surface homogeneously, while FT showed an irregular covering.
EC and MSC adhered to the graft under both coating conditions and
showed EC and MSC typical antigen expression. Ultrastructural analy-
sis revealed the existence of pores within the ePFTE tubes, allowing
direct interactions of EC with MSC. The combination of fibronectin
coating with the co-culture of MSC and EC enables an artificial blood
vessel model close to in vivo characteristics. Funded by Styrian Govern-
ment, Austria

57.P23
Engineering vascularized cardiac tissue in vitro
K Sakaguchi, Y Tanaka, H Sekine, T Shimizu, M Yamato, M Umezu
and T Okano
Waseda University, Japan; Tokyo Women’s Medical University,
Japan

Engineering thick tissues can give advance a new myocardial therapy
and a new in vitro model for pharmaceutical research. However, the in
vitro scaling up of thick tissues is limited due to the lack of vessels sup-
plying oxygen and nutrition, removing waste molecules. We report a
new strategy for preserving vital thick tissues using a perfusion bioreac-
tor having collagen-based microchannels. When a multi-layered cardiac
cell sheet is incubated within this bioreactor, endothelial cells in the cell
sheet migrate and spontaneously vascularise the collagen gel. Fresh
culture medium readily flows into the cell sheet through the collagen-
base with microchannels, and the cell sheet remains in good condition.
Additionally, to successfully exceed the tissue thickness transport limi-
tations, triple-layered cell sheet was repeatedly layered over the origi-
nal viable cell sheet three different times over 5-day intervals. All
layered cell sheets spontaneously integrate completely, and the entire
resulting tissue construct exhibits stabilization without necrosis for
20 days of bioreactor culture. Multi-step procedure provides vascular-
ized cardiac tissue with thicknesses of approximately 110 lm. These
results confirmed a route to fabricate in vitro engineered thick tissues,
vital 3-D cell sheets. Restoring damaged cardiac tissue by implantation
and successful production of accurate cardiac tissue models for investi-
gating the effects of pharmaceuticals are enabled.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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57.P24
Fabrication of three-dimensional tubular cardiac
tissue using neonatal mouse cardiomyocytes
S Tsuruyama, K Sakaguchi, T Shimizu, H Sekine, S Aoki,
K Matsuura, M Umezu and T Okano
Graduate School of Science and Engineering, Bioscience and
Biomedical Engineering, Waseda University, Japan; Institute of
Advanced Biomedical Engineering and Science, Tokyo Women’s
Medical University, Japan

The aim of this study was to fabricate pulsatile myocardial tubes using
cell sheet based tissue engineering. We have examined the optimiza-
tion of culture conditions for neonatal mouse cardiomyocyte sheets
using temperature-responsive culture dishes, and established a method
for tubular structure formation by wrapping cell sheets. When purified
mouse cardiomyocytes were cultured on a temperature-responsive dish,
it was difficult to make contiguous cell sheet due to weak cell-to-cell
junction. Therefore, we cultured cardiomyocytes with mouse neonatal
cardiac fibroblasts for enhancing cell-to-cell junctions. The homoge-
nous and intact cell sheets were successfully fabricated at the co-culture
ratio of 4:1. Then, the square co-culture cell sheet (20 · 10 mm) was
wrapped around a silicon tube. After this tube was removed, the
wrapped cell sheet was connected to a novel perfusion bioreactor. After
4 days perfusion culture, the tubular tissue was remove from the perfu-
sion system, fixed, and stained with HE. The histological analysis
showed the multilayered structure of the engineered tissue, which was
similar to that of native myocardial tissue. The co-culture of cardiomyo-
cytes and cardiac fibroblasts was thought to have the enough amount
of attached cell-to-cell connection compared to mono-cultured cardio-
myocytes, resulting in the successful fabrication of tubular tissue.
Three-dimensional tubular cardiac tissue may contribute to cardiovas-
cular research as a new model of heart tissue.

57.P25
Studying the drug-responsiveness of breast
cancer cells cultured within human osteoblast-
derived matrices
L Thibaudeau, ATaubenberger, V Reichert and D Hutmacher
Institute of Health and Biomedical Innovation - Queensland
University of Technology, Australia

Bone metastases frequently occur in advanced breast cancer (BC) and
at that stage the disease is incurable with current treatment options. To
date, cancer research strategies still rely on 2D cultures despite the
increasing awareness of the role that the extracellular matrix (ECM)
plays in regulating cancer cell behaviour, including proliferation, inva-
siveness and resistance to drug-induced apoptosis. To mimic stromal
ECM, cell-secreted matrices are promising tools for cancer research and
have been shown to influence cancer cell response to cytotoxic agents.
In our previous work we have established human primary osteoblast-
derived matrices (OBM) as a model system to study interactions occur-
ring between bone metastatic cancer cells and the bone matrix. OBM is
highly mineralised, composed of fibrillar structures, and contains pro-
teins and growth factors characteristic of bone ECM. In the presented
project we set out to investigate the effects of the bone matrix-mimick-
ing OBM on the drug-responsiveness of four BC cell lines to Paclitaxel
in comparison to tissue culture plastic. Preliminary results indicate that
culture on OBM does not significantly modulate the cell’s drug resis-
tance when compared to tissue culture plastic. In our future work we
plan to compare the drug-responsiveness of BC cells grown on osteo-
blast- versus fibroblast-derived matrices to gain further insights into
ECM components that can mediate drug resistance.

57.P26
Hormone-responsive 3D multicellular culture
model of human breast tissue
XLWang and D Kaplan
Dalian Institute of Chemcial Physics, Chinese Academy of
Sciences, China; Department of Biomedical Engineering, Tufts
University, USA

A hormone-responsive 3D human tissue-like culture system was devel-
oped in which human primary mammary epithelial cells (MECs) were
co-cultured with two types of predominant mammary stromal cells on
silk scaffolds. Silk porous scaffolds incorporated ECM provided a com-
patible environment for epithelial structure morphogenesis and differ-
entiation. The presence of stromal cells promoted MEC proliferation,
induced both alveolar and ductal morphogenesis and enhanced casein
expression. In contrast, only alveolar structures were observed in the
monocultures. The alveolar structures generated from the heterotypic
cultures in vitro exhibited proper polarity similar to human breast tis-
sue in vivo. Consistent with their phenotypic appearance, more func-
tional differentiation of epithelial cells was also observed in the
heterotypic cultures, where casein- and mRNA expression was
increased significantly. Additionally, this 3D multicellular culture
model displayed an estrogen-responsive capability in a physiologically
relevant manner, evidenced by the enhanced cell proliferation, aber-
rant morphology, changes in gene expression profile and few polar-
ized lumen structures after estrogen treatment. This culture system
offers an excellent opportunity to explore the role of cell–cell and
cell–substrate interactions during mammary gland development and
their alteration during neoplastic transformation in human breast
tissue.

57.P27
3D in vitro tumor test systems of nerve sheath
tumors
C Moll, S Nietzer, G Dandekar and HWalles
University Hospital of Würzburg, Germany

Neurofibromatosis type 1 (NF1) is a hereditary disease associated with
neurofibromas, which can transform to highly aggressive and life-
threatening malignant peripheral nerve sheath tumors (MPNST). Ther-
apy options for those patients are very limited, still there are promising
drug therapies under study. The drug testing, however is predomi-
nantly done in 2D culture systems which do not mirror the complexity
of such tumors. Therefore, a 3D in vitro tumor test system is being
developed in this study. For establishing a 3D test system, two MPNST
cell lines (NSF-1, S462) were cultured on an acellularized biological
scaffold from porcine gut. Additionally, we introduced primary fibro-
blast cells. The growth pattern and gene expression of selected markers
were analyzed in 2D and 3D culture systems. Both MPNST cell lines
showed a distinct growth in 2D as well as on the 3D scaffold. After
14 days in culture cells grew homogenously on the 3D scaffold surface.
Compared to the NSF-1 cell line, S462 cells invaded into deeper
regions of the matrix with a higher rate of proliferation which suggests
a more malignant phenotype of these cells in the 3D system. Fibroblasts
altered the cell growth and migration potential of tumor cells indicat-
ing a strong modulatory role of tumor-associated cells. In conclusion,
we were able to show that our model reflects a much more realistic in
vivo-like environment and therefore might be applicable in basic
research or future drug screening studies.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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57.P28
A model system for screening cancer drugs and
evaluating chemosensitivity
E Ivanir, Y Shachaf and D Seliktar
Technion – Israel Institute of Technology, Israel

A major challenge facing the field of in vitro drug screening is the lack
of reliable tumor model systems for evaluation of drug potency and
patient-specific chemosensitivity. In this study, we developed an in vitro
tumor growth system that uses a simple approach to quantify the
chemosensativity and the optimal drug dosing for malignant tumors.
The system works by cultivating a tumor biopsy in a PEG-fibrinogen
(PF) hydrogel matrix for up to 6 days and documenting tumor cell
migration. The PF hydrogel was capable of supporting the progressive
expansion of the tumor biopsy in vitro in a 3D milieu that is specifically
designed to selectively enhance malignant cell migration from the
tumor biopsy, while limiting mesenchymal cell outgrowth. In addition,
the matrix is transparent, enabling straightforward monitoring of in vi-
tro malignant cell progression using simple, non-invasive optical tech-
niques. Quantitative cell outgrowth data showed a linear relationship
between tumor cell outgrowth and culture time, with significantly dif-
ferent outgrowth kinetics for tumor cells compared to mesenchymal
cells. The presence of anticancer drugs in the culture medium, includ-
ing doxorubicin and cisplatin, inhibited the tumor cell outgrowth kinet-
ics in a dose dependent manner, thus enabling straightforward
verification of chemosensitivity. Taken together, these results confirmed
that our tumor culture system enables the effective chemosensitivity
assaying of tumor biopsies.

57.P29
Establishment of an in vitro assay for high-
throughput screening of pro-adipogenic agents
R Kling, S Ravuri, YC Lin, J Bechtel, A Gough, B Philips,
J Kirkland, K Marra, J Fernstrom and P Rubin
University of Pittsburgh, USA; Mayo Clinic, USA

Introduction: The identification of adipogenic agents that can be used
effectively in vivo to overcome fat graft resorption is an unmet need for
enhancing reconstructive therapies. A highly reproducible assay is
needed to both effectively screen agents and approximate normal
human physiological conditions in an in vitro setting.
Material/Methods: Adipogenic stimulation of murine 3T3-L1 cells was
assessed over 14 days with ‘in-house’ differentiation media and quanti-
fied by intracellular lipid droplet accumulation using both AdipoRed
and Lipidtox reagents. Bright field and fluorescent images were
recorded for confirmation of fluorescence data.
Results: Differentiation media percentages of 1% yielded adipogenic
responses approximately 10–30% above baseline (i.e. absence of differ-
entiation media) and was consistent with adipogenesis using a manu-
factured differentiation media (ZenBio). Nuclear area decreased
linearly in a dose-dependent manner above a cut-off value of 10% dif-
ferentiation media. With 100% differentiation media treatment, 70%
of 3T3-L1 cells exhibited ‘strong’ differentiation based on an algorithm
we developed.
Conclusion: We are establishing a high-throughput assay that can
screen for adipogenic agents based on varying thresholds of differentia-
tion (weak, moderate, strong) and can confirm fluorescence based
data. Importantly, conditions for this assay control for physiological
concentrations of key adipogenic factors such as insulin, IBMX and
PPAR-gamma.

57.P30
Collagen-based scaffolds as models for the study
of human breast cancer tumours
C Curtin, M Morgan and FJ O’Brien
Royal College of Surgeons in Ireland, Ireland

Collagen-based scaffolds exhibit excellent biocompatibility and a 3D
structure making them favourable for mimicking the microenvironment
of breast cancer tumours. We hypothesise that 1) collagen scaffolds
may be used as 3D cell culture in vitro ‘tumours’ that mimic characteris-
tics of in vivo primary tumour progression while 2) collagen-nanohydr-
oxyapatite scaffolds may serve as models for the study of breast cancer
bone metastasis that often results in secondary tumour growth.
Hs578Ts(i)8 human breast cancer cells were seeded on collagen-based
scaffolds. Cell-seeded scaffolds were assessed for attachment, prolifera-
tion and mineralisation potential using DNA assays, calcium quantifica-
tion assays and histology. Collagen-based cell-seeded scaffolds
demonstrated similar cell attachment and proliferation profiles. Live/
dead staining confirmed these results showing primarily live cells
attached to scaffold surfaces. Cells cultured on the collagen-based scaf-
folds under osteogenic conditions demonstrated enhanced calcium
deposition in a time-dependent manner compared to growth media.
Collagen-based scaffolds demonstrated the ability to support the
attachment, proliferation and mineralisation of breast cancer cells.
Enhanced mineralisation was observed with osteogenic media treat-
ment demonstrating the response of the breast cancer cells to their
microenvironment. These results demonstrate the utility of these scaf-
folds as platforms that permit the study of cancer biology.

57.P31
Three-dimensional co-culture cancer model with
vascular endothelial cell for anti-cancer drug
testing
X Wan, Z Cui and H Ye
Institute of Biomedical Engineering, University of Oxford, UK

Introduction: Angiogenesis is essential in cancer microenvironment. To
mimic interaction between vasculature system and cancer cells in vivo,
a 3D co-culture model of human endothelial cells and cancer cells was
developed.
Methods: Human umbilical vein endothelial cells were cultured on the
Matrigel, a basement membrane preparation, then co-culture was cre-
ated by adding another layer of Matrigel containing human cancer cell
line Adr/NCI. For anti-cancer drug testing, Paclitaxel and Cisplatin, two
widely accepted anti-tumour drugs were used. Two-dimensional (2D)
culture and three-dimensional (3D) cultures were compared by total
cell viability, colony size was used to compare mono-culture and co-cul-
ture in 3D, and different effects of two drugs were evaluated by angio-
genesis parameters like tubule length distribution and branch point
number only in 3D co-culture.
Results: The optimum ratio of HUVECs to Adr/NCI cells in the co-cul-
ture system was found to be 3:1. The co-culture system can be main-
tained for 10 days and was observed to feature vascular network and
tumour-like structures. Compared with 3D mono-culture of cancer cells,
the co-culture model was shown to have larger tumour-like colony
structures and higher drug resistance to Paclitaxel and Cisplatin.
Conclusions: In summary, this model has shown that cancer cells may
be affected by co-culturing with endothelial cells in 3D. The results can
potentially be useful for pre-clinical drug testing to screen drug candi-
dates.
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57.P32
Evaluation & validation of an in vitro system for
predicting the acute inflammatory reaction
elicited by biomaterials
N Bryan, H Ashwin, Y Bayon and JA Hunt
University of Liverpool, UK; Covidien, France

Leukocytes are a fulcrum in inflammation, possessing an armament of
antimicrobial & proteolytic molecules. Therefore unfavourable interac-
tions between these cells & biomaterials significantly reduce longevity
& efficacy. In this study we evaluated a chemiluminescent screen for
quantifying biomaterial stimulated leukocyte reactive oxygen species
(ROS), & validated this in a rat model. Materials; Synthetics: polypro-
pylene (PP), polyester terephthalate (PET) & polyglycolic acid (PGA)
varied in polymer composition & fibre conformation. Biologics: human
& porcine dermis & small intestinal submucosa (SIS) varying in decell-
ularisation & cross linking. In vitro: Materials were incubated under
continuous luminsecent recording with human blood from healthy
donors (n = 5) & pholasin. In vivo: implants delivered SC into 6 week
old, male wistar rats adjacent to dorso-lumbar musculature. Synthetics
demonstrated PGA was the most ROS stimulating polymer & material
complexity & surface area played an over-riding role in leukocyte acti-
vation vs. polymer chemistry. Biologics showed SIS was significantly
more activating than dermis and that SDS was a particularly pro-
inflammatory decellularisation reagent. In vivo observations supported
these findings showing aggressive & prolonged neutrophil response
toward the SIS materials. The data also concluded inter-patient varia-
tion in ROS response to specific materials suggesting this technique as
a screen to maximise patient/material compliance.

57.P33
Establishment of standard test method for cell
migration ability for bioactive ceramics
M Kikuchi, I Akahane, M Hirose, Y Kobayashi,
T Ushida, M Yokoi, Y Kang, Y Arai and S Tsutsumi
National Institute for Materials Science, Japan; National Institute
of Advanced Industrial Science and Technology; Waseda
University; University of Tokyo; Nihon University, Japan

Porous bioactive ceramics are widely used as bone fillers and scaffolds.
However, no international standards for cell migration ability are pro-
posed. In the present study, cell migration test method for international
standardization was confirmed and proposed. Five types of porous bio-
active ceramics and a porous composite were used as test materials.
Prior to cell culture, specimens were soaked in the MEM and applied
vacuum to let medium infiltration into their pores. The specimen was
placed on the confluent MG-63 or MC3T3-E1 layer on a 6-well plate.
To inhibit shifting of the specimen, SUS316 ring weight was placed on
the specimen and/or collagen gel was coated on the well before cell
culture. After 3 days, the specimen was harvested, fixed, cut into half,
stained with Giemsa and observed with stereomicroscope. The same
specimen was implanted into cranial bone hole and observed with l-
CT. The cells went up to pores in all specimens. In the case of MG63,
the migration distances were; A: 430, B: 275, C: 336, E: 462, G: 486
and H: 706 lm, and this trend was the same as in the case of MC3T3-
E1. Weight and/or coating allowed even cell migration; however, the
trend was mostly the same. The in vitro cell migration and in vivo bone
formation showed the same trend except for H due to its anisotropic
porous structure. This test method could be a good for testing cell
migration ability in porous bioactive ceramics.
Acknowledgements: Part of this study was supported by METI, Japan.

57.P34
Gelatin-chondroitin-hyaluronan tri-copolymer
scaffold improves cytochrome P450 induction by
delivery transcriptional regulators in human
dermal fibroblasts
C Tsai-Shin, Y Kai-Chiang and L Hsuan-Shu
Institute of Biotechnology, National Taiwan University, Taiwan

Reliable and convenient in vitro systems for determining drug metabo-
lism and predicting risk of drug-induced hepatotoxicity are of tremen-
dous value but are still lacking. In this study, we selected 10 hepatic
transcription factors and nuclear receptors to deliver into human der-
mal fibroblasts (HDFs) to induce their expression and activities of cyto-
chrome P450 (CYP) enzymes 3A4, 1B1 and 2C9 to the levels much
higher than those in 3 hepatoma cell lines. These induced HDFs were
further cultured into spheroids and seeded into tri-copolymer scaffolds.
Scanning electron microscopy and confocal microscopy disclosed well
accommodation of these spheroids inside the scaffolds. The induced
CYP activities in these tissue constructs were increased further. CYP3A4
activities in these constructs persisted for as long as 2 weeks. This pres-
ent study demonstrated a novel strategy to induce high expression and
activities of important CYPs in HDFs to a long-enough period of time,
and this approach has potential to establish convenient in vitro assay
systems based on easily obtainable HDFs with various genetic back-
grounds to study drug metabolism and to predict human risks of drug
toxicities.

57.P35
Endotoxins – the real reason for the bioactivity in
your in vitro cell assays?
R Lieder, VG Gaware, F Thromodsson, M Masson, PH Peterssen
and OE Sigurjonsson
The Blood Bank, Landspitali University Hospital, Iceland; Faculty
of Pharmaceutical Sciences, School of Health Sciences, University
of Iceland; Department of Anatomy, Medical Faculty, University
of Iceland; School of Science and Engineering, Reykjavik
University, Iceland

In order to provide innovative biomaterials for the treatment of ortho-
pedic tissue injuries, an increasing number of non-chemists and non-
biologists have entered the field of biomaterials research. This results in
the lack of profound knowledge to understand the complex interaction
mechanisms of natural substances and to assess the risk for contami-
nating biota. It is this deficit in knowledge combined with sensitive
cell-based assays that can lead to inaccurate evaluation of biomaterials.
Hence, there should be both an active effort to assemble multi-disci-
plinary teams and a genuine concern for the effect of contamination on
in vitro assays. Here we show that the presence of low levels of endo-
toxins in chitosan derivatives can significantly improve osteogenic dif-
ferentiation and deposition of calcium hydroxyapatite crystals without
affecting cell viability. However, after appropriate endotoxin removal,
chitosan derivatives are essentially rendered ineffective and thus less
appropriate for the use as biomaterial. We conclude that the presence
of endotoxins in a natural substance used in biomaterials research may
result in false positive results, profoundly altering product performance
in vitro. False positive results through uncritical use of natural sub-
stances in vitro can be avoided by proper endotoxin testing and careful
evaluation of cytokine secretion patterns.
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57.P36
Design of an ex-vivo culture system for studying
early arterialization phenomena occurring in
saphenous vein graft disease
M Piola, M Soncini, F Prandi, M Pesce and GB Fiore
Dipartimento di Bioingegneria, Politecnico di Milano,
ItaliaLaboratorio di Ingegneria Tissutale Cardiovascolare, Centro
Cardiologico Monzino, IRCCS, Italia

Introduction: Saphenous vein (SV) graft disease represents an unsolved
problem in coronary artery bypass graft (CABG). After CABG, progres-
sive structural modifications of the SV wall, due to intima hyperplasia,
lead to the occlusion of the graft lumen. In this scenario, the design of
an ex vivo vein culture system (EVCS) is presented. The device is aimed
at replicating ex-vivo arterialization conditions experienced by SV after
CABG for studying the biological mechanisms activated by SVexposure
to arterial-like conditions.

Methods: The EVCS chamber consists of the SV housing hosted in a fal-
con tube acting as reservoir, and an external stimulation system con-
nected to the chamber and dimensioned according to preliminary
compliance measurement of SVs. The stimulation phase consists of a
loading step (0‚80 mmHg), followed by the application of a cyclic
CABG-like pressure wave (80‚120 mmHg), and a final unloading
phase (80‚0 mmHg). Stimulation phase is cyclically alternated with a
recirculation phase via I/O hardware and dedicated user software inter-
face. Preliminary experiments (sterility maintenance and SVs survival
over time) were performed on human SVs using the EVCS.
Results & Conclusions: The EVCS provided a sterile environment suit-
able for stimulation experiments and assured the survival of excised
human SVs up to 8 days. Stimulation experiments are ongoing and will
permit to study the SV responses to arterial-like conditions in a con-
trolled environment.
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58. Innovative Microscopic Techniques

58.P01
Discriminative performance of biomaterials and
regenerative medicine products for soft tissue
repair, by quantitative histopathology
A Alves and Y Bayon
Covidien - Sofradim Production, France; Biomatech – Namsa,
France

Biomaterials and Regenerative Medicine products (hereinafter referred
as implants) for soft tissue repair become even more innovative with
increased efficacy potential for the treatment of soft tissue defects.
Their in vivo performance is generally analysed by histology, but show-
ing often limitations in discriminating their performance. It may be
completed by series of (i) immunohistochemistries & (ii) gene expres-
sion analyses. There, we developed an alternative approach for an
improved histology analysis, based on two specific stainings for the
quantification of collagen formation and cell. Total collagen content,
Type I and III collagens and cells were quantified by image analysis.
Digital cell grouping were further achieved, based on image treatment
of several parameters: optical density, size, nucleus circularity. This
allowed cell separation & quantification into several types, involved in
the wound healing process. This methodology was first validated by
comparing manual vs. digital cell groupings and has been used for
implant evaluations, in a hernia animal model. It showed its value (i)
in performing multiple analyses on the same tissue sections & (ii) in
better discriminating the performance of implants versus standard his-
tology. This quantitative histology approaches permits simple, more
objective & concise evaluations of the performance of new implants, by
enabling concurrent multiple analyses of inflammation and wound
healing markers.

58.P02
Noninvasive discrimination of undifferentiated
iPS cells and malignant tumor cells among
cultivated cells for transplantation by the
measurement of laser phase shift
M Takagi
Graduate School of Engineering, Hokkaido University, Japan

We previously reported that the laser phase shift of adherent animal
cells, which is a product of cell height and cell refractive index, could
be noninvasively determined by phase-shifting laser microscopy (PLM)
in a short time. Aiming the discrimination of remaining undifferenti-
ated iPS cells and detection of generated malignant tumor cells from
the view point of quality control of regenerative medicine, the noninva-
sive discrimination of these cells among cultivated cells for transplanta-
tion was investigated using the measured value of phase shift of cell
transmitted laser, respectively. A human prostatic carcinoma epithelial
cell line (PC-3) showed markedly lower phase shift measured by
phase-shifting laser microscopy (PLM, FK Optical Institute, Japan) than
that of human normal prostate epithelial cells (PREC), although there
was no apparent difference in cell morphology between them. The dif-
ference in the phase shift was due to lower actin density and lower cell
height of malignant tumor cells. Human iPS cells (253G1) were respec-
tively cultivated in single cells on the dish coated with Matrigel and in
colonies with feeder layer of MEF cells, stained with ALP, and observed
under PLM to measure the phase shift. The phase shift of ALP positive
cells was markedly higher than that of ALP negative cells in both cul-

ture types. The higher phase shift of ALP positive cells was due to
higher refractive index.

58.P03
Imaging and evaluating the degradation kinetics
of resorbable bone substitute scaffolds using
two-photon laser scanning microscopy
D Duarte Campos, M Vogt, M Lindner, M Weber, R Megens, J Pyta,
M van Zandvoort and H Fischer
Department of Dental Materials and Biomaterials Research -
RWTHAachenUniversity Hospital, Germany; Institute for
Molecular Cardiovascular Research - RWTHAachen University
Hospital, Germany

Large bone defects need to be filled with a grafting material acting
as an osteoconductive scaffold for new formation of bone. b-trical-
cium phosphate (b-TCP) is a widely used substitute in bone tissue
engineering that is degradable over an appropriate period, and con-
sequentially replaced by newly formed tissue. In theory osteoclasts
are able to resorb bone by changing the environmental pH below
7, increasing locally the solubility of the biomaterial that is conse-
quentially dissolved. We hypothesize that macrophages and/or acti-
vated macrophages are able to phagocytize calcium phosphate
particles, and moreover they are able to resorb calcium phosphate
based scaffolds. Using an innovative imaging technology, we com-
pared different cell-ceramic scaffold combinations behavior, imaging
and evaluating the amounts of resorbed material for every study
sample. Scaffolds of b-TCP with 10 mm diameter, 1 mm height,
and a porosity of 30% were incubated with (1) RAW macrophages,
(2) interleukin-4 activated macrophages, and (3) osteoclasts for up
to 21 days. Interestingly, b-TCP degradation kinetics was not statisti-
cally different after the incubating period for macrophages and oste-
oclasts, therefore corroborating our hypothesis. Here, we show for
the first time the possibility of ceramic particles to be phagocytized
by macrophages or activated macrophages, by imaging with a two-
photon laser scanning microscope.

58.P04
Noninvasive monitoring methodology for
maturation process of tissue-engineered cartilage
R Maehara, S Fukushima, M Kino-Oka and TAraki
Osaka University, Japan

Chemical and histological examinations applied to quality evalua-
tion of chondrocytes cultured in collagen gel are quite invasive,
and cannot be performed repeatedly during culture period. In con-
trast, second harmonic generation (SHG) microscopy visualizes col-
lagen without any preparation because SHG light is selectively
emitted from collagen fiber. Hence, SHG microscopy has a poten-
tial in estimating the quality of tissue-engineered cartilage noninva-
sively. In this study, chondrocytes isolated from rabbit articular
cartilage were cultured in atelocollagen gel. Cell seeding densities
were normal and lower condition that causes cell dedifferentiation.
We observed structural changes of the gel by SHG microscopy,
and evaluated the cells by immunostaining of type II collagen.
Our results showed that aggregations of round-shaped cells were
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detected as clear holes of SHG image only in the gel with normal
cell density, and these cells produced type II collagen, which is
essential protein in cartilage. Moreover, the size of the holes asso-
ciated with the number of cells in the aggregations. These results
indicate that we can infer the distribution and the number of cells
producing type II collagen. In culture process, it is valuable to

monitor the number and the distribution of cells producing matrix
since it is the most important index of the maturation of tissues.
Thus, SHG microscopy can be a helpful tool for management of
process quality in tissue-engineered product.
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59. Nanotools

59.P01
Application of the nanoprobes derived from
carbazole diiodide for detecting cell
transformation
TLYang, L Lin, TH Young and TC Chang
Department of Otolaryngology, National Taiwan University
Hospital and College of Medicine, Taiwan; Institute of Biomedical
Engineering, College of Medicine and College of Engineering,
National Taiwan University, Taiwan; Institute of Atomic and
Molecular Sciences, Academia Sinica, Taiwan

The plastic nature renders cells to be changed by external stimuli. Mul-
tistep and multifocal processes are required for cell transformation. To
establish a method for detecting cell transformation significantly bene-
fits cell lineage tracing, cell identification, and cancer therapeutics. We
developed a novel fluorescent nanoprobe, 3,6-bis(1-methyl-4-vinylpy-
ridinium) carbazole diiodide (BMVC) to detect cell features of transfor-
mation and differentiation. BMVC probes can bind to quadruplex DNA
structure and have been successfully used for differentiating cancer
from normal cells. It can also distinguish stem cells from differentiated
cells in various cellular types. It can be applied to living cells, and its sig-
nals are easily identified by conventional fluorescent microscopy. In this
study, several cell transforming models were used to evaluate the utility
of BMVC nanoprobes. These transformed cells demonstrated various
alterations both in morphological phenotypes and subcellular organiza-
tion. When BMVC probes were applied, the number of BMVC-positive
cells increased in accordance with the changes of the transformed cells.
The ratio of BMVC expression was correlated with the foci formation,
increased cell motility, cell proliferation and apoptosis, anchorage-inde-
pendent growth, and increased invasiveness. These results provide evi-
dence of the potential of BMVC nanoprobes, and show the possibility of
BMVC probes to be applied to monitor cell transformation.

59.P02
Self-assembled microcapsules with tunable and
sustained release of macromolecules for tissue
engineering
R Costa, C Custodio, FArias, J Rodriguez-Cabello and J Mano
3Bs Research Group: Biomaterials, Biodegradables and
Biomimetics - University of Minho, Portugal; ICVS/3B’s - PT
Government Associate Laboratory, Braga/Guimarães, Portugal;
G.I.R. Bioforge - University of Valladolid, Spain; Networking
Research Center on Bioengineering, Biomaterials and
Nanomedicine (CIBER-BBN), Spain

Layer-by-layer (LbL) has been presented as a tool capable of construct-
ing tunable and sustained release reservoirs for therapeutic and prolif-
eration/differentiation agents. We report the conception of
biocompatible stimuli-responsive microcapsules fabricated using LbL
containing BSA as model protein. The capsules were constructed by
the sequential adsorption of chitosan and a temperature-responsive
elastin-like recombinamer (ELR) containing RGD into self-assembled
layers and onto inorganic CaCO3 microparticle templates. By increas-
ing the temperature (25–37�C), a considerable shrinking was observed
(5.5–3.2 lm) as well as higher retention of the encapsulated BSA.
Such variations were observed for the first time at a relevant physiolog-
ical temperature, contrary to similar LbL systems requiring tempera-
tures ranging 50–70�C. Different number of bilayers allowed tuning

further the permeability: more layers resulted in a more effective bar-
rier to the protein diffusion. Cell viability tests using L929 cells also
demonstrated the non-cytotoxicity of these structures. The developed
nanostructured reservoirs exhibited tunable and sustained permeability
by simply varying the temperature and the number of layers. Exploiting
both permeability mechanisms, it would be possible to control the
release not only of a pharmaceutical in traditional drug delivery appli-
cations but also of agents in tissue engineering that influence the prolif-
eration and differentiation of cells.

59.P03
Enhanced mesenchymal stem cell
chondrogenesis using controlled nano-
topography patterned on polycaprolactone
scaffolds
Y Wu, JBK Law, Z Yang, EH Lee and HY Low
Mechanobiology Institute, National University of Singapore,
Singapore; Institute of Materials Research and Engineering
A*STAR Singapore; Department of Orthopaedic Surgery, Yong
Loo Lin School of Medicine, National University of Singapore,
Singapore

While previous reports have shown the importance of matrix materials
and soluble factors on MSC chondrogenesis, the influence of nano-
topography environment, which have been known to exert a critical
effect on cell proliferation and differentiation in-vivo, have not been
investigated in the chondrogenic differentiation of mesenchymal stem
cells (MSC). In this study, we carried out a systematic study on the
influence of nano-topographic matrix material (chondroitin sulfate) on
MSC chondrogenesis. Distinct spatially-controlled nano-topography in
the form of nano-pillar, nano-hole and nano-grill structures were
directly patterned onto polycaprolactone (PCL) film acting as scaffold,
followed by surface coating with chondroitin sulfate (CS). The effect of
nano-topography on cell-proliferation, cell morphology, cell elasticity,
F-actin distribution and chondrogenesis differentiation were studied
and compared against non-patterned PCL film. Our results indicate that
nano-topography, especially nano-pillar and nano-hole, exerted a sig-
nificant enhancement on MSC chondrogenesis which corresponded to
specific change in cell morphology and cytoskeleton reorganization
and increased cell stiffness at early stage, compared to other topo-
graphic surfaces. This study indicates the sensitivity of MSC differentia-
tion and development to surface topography and highlight the
importance of incorporating topographical design in scaffolds for carti-
lage tissue engineering.

59.P04
Hepatocyte behaviors on single-walled carbon
nanotubes
H Koga, T Fujigaya, N Nakashima and K Nakazawa
The University of Kitakyushu, Japan; Kyushu University, Japan

Nanomaterials, such as nanoparticles, nanofibers, and nanotubes, advo-
cated as useful material for cell scaffolding that mimics tissue architec-
ture. Especially, carbon nanotubes (CNTs) have attracted attention as
one of the most useful scaffolds for biological and medical applications
due to their unique structural, electrical, and mechanical properties. In
this study, we focus on the morphological and functional behaviors of

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

360 59. Nanotools



rat hepatocytes on single-walled CNT-coated surfaces. Although the
hydrophobic characteristics of CNT-coated surfaces increased with
increasing CNT density, hepatocyte adhesion decreased, indicating that
the interaction between hepatocytes and CNTs is weak. The hepatocytes
on a CNT-coated surface gradually gathered together and formed spher-
oids (spherical multi-cellular aggregates). In contrast, collagen treat-
ment in conjunction with the CNT-coated surface improved hepatocyte
adhesion, and the cells maintained a monolayer configuration through-
out the culture period. The albumin secretion and ammonia removal
activities of hepatocyte spheroids were maintained at elevated levels for
at least 15 days of culturing as compared with hepatocyte monolayer.
Furthermore, connexin-32 expression was higher in the spheroid than
in the monolayer, indicating that the spheroids develop cell–cell com-
munication. These results indicate that CNTs can be used for the forma-
tion and long-term culture of hepatocyte spheroids.

59.P05
Monitoring microconstructs: cell and nanosensor
encapsulation in alginate micro-beads
ATirella, LA Carroll, J Aylott and A Ahluwalia
University of Pisa, Italy; Laboratory of Biophysics and Surface
Analysis, School of Pharmacy, Boots Science Building, University
of Nottingham, UK; Interdepartmental Research Centre,
University of Pisa, Italy

Monitoring and controlling the microenvironment of cell cultures is an
ongoing challenge for many researchers. Much research has been con-
ducted characterising individual aspects such as 3D architecture,
mechanical properties, biochemicals, etc. The biggest deficits in exist-
ing models for monitoring analytes within the cellular environment is
the lack of appropriate means for non invasive, real-time and inte-
grated monitoring of the cellular responses. Nanosensors can overcome
these issues: they are porous polymeric nanoparticles that are sensitive
to a range of analytes including pH and O2. Microfabrication tech-
niques are innovative tools to obtain controlled microstructures with a
defined 3D architecture. In this work uniform sized 3D micro-scaled hy-
drogel constructs of approximately 300–400 lm diameter were fabri-
cated. Through dual incorporation of cells and nanosensors within
these constructs we aim to have a real-time, non invasive method to
measure microenvironmental pH value and O2 content. Ratiometric
fluorescent output from the microenvironment is used to monitor O2

and pH during cell culture. Measurements show that 3D micro-scaled
constructs are suitable for cell growth and proliferation. Moreover O2

content and pH within hydrogel cellularised microspheres are shown
to have physiological values which enable the maintenance of the
hepatic phenotype.

59.P06
Nano-reinforced poly(hydroxyethyl acrylate)
hydrogels
CE Plazas Bonilla, JA Gómez Tejedor, JE Perilla Perilla and
JL Gómez Ribelles
Networking Research Center on Bioengineering, Biomaterials and
Nanomedicine (CIBER-BBN), Spain; Universidad Nacional de
Colombia - SedeBogotá - Facultad de Ciencias - Departamento de
Farmacia - Grupo de Procesos Quı́micos y Bioquı́micos,
Colombia; Center for Biomaterials and Tissue Engineering,
Universitat Politècnica de València, Spain; Universidad Nacional
de Colombia - SedeBogotá - Facultad de Ingenierı́a -
Departamento de Ingenierı́a Quı́mica y Ambiental - Grupo de
Procesos Quı́micos y Bioquı́micos, Colombia

The application of hydrogels as scaffolding material in tissue engineer-
ing is sometimes prevented by their excessive compliance and lack of suf-
ficient mechanical resistance. Different hybrid polymer composites

containing an inorganic nano-reinforcement have been proposed in the
literature to improvemechanical properties of hydrogels. Amazing prop-
erties can be obtained by precise organization of the organic and inor-
ganic phases in the composite. The strategy proposed in this work to
obtain a doublemicro and nano-reinforcement of a hydrogelmatrix con-
sists in a two-step synthesis being the polymer network formation the
first step. Polymeric microstructure drives the absorption of a silica pre-
cursor solution and the further distribution of the inorganic phasewhich
is formed ‘in situ’. Poly(hydroxyethyl acrylate) micro / nano-composites
were obtained with silica content up to 60% by weight. Silica phase is
continuous, samples maintain their integrity after eliminating the
organic phase by pyrolisis. Water absorbed in the gel is able to crystal-
lize, at least in part, when the silica content is below 30% by weight,
interestingly for higher silica content the glass transition of the polymer
phase is suppressed as well. Increase of the elastic modulus with silica
content is continuous. Improvement of bioactivity of the material in sim-
ulated body fluidwas also assessed. The synthetic route proposed allows
obtaining a family of composite hydrogels with adjustable properties.

59.P07
Hyaluronic acid/poly(amidoamine) dendrimer
nanoparticles for central nervous system
applications: In vitro and in vivo studies
BL Silva, SR Cerqueira, JP Fevereiro, RP Pirraco, AP Marques,
JM Oliveira, RL Reis and N Sousa, AJ Salgado
Life and Health Sciences Research Institute (ICVS), School of
Health Sciences, University of Minho, Portugal; 3B’s Research
Group - Biomaterials, Biodegradables and Biomimetics,
University of Minho, Headquarters of the European Institute of
Excellence on Tissue Engineering and Regenerative Medicine,
Portugal

Central nervous system (CNS) disorders are among the diseases with
less efficiency in treatment. In order to reach its target and exert its
effect within the brain parenchyma, drugs must overcome the blood
brain barrier (BBB) and the blood-cerebrospinal fluid-brain (BCSFB).
The aim of this work was to develop a novel nano-based dendrimer
which could serve as a nanocarrier with the ability to cross these barri-
ers. Hyaluronic acid/poly(amidoamine) dendrimer nanoparticles (HA/
PAMAM NPs) were synthesized and a detailed physicochemical charac-
terization was performed. Results from DLS analysis showed that these
HA/PAMAM NPs possessed a mean diameter of 61.23 nm. The HA/PA-
MAM NPs were negatively charged and had a low polydispersity factor,
which indicates a narrow size distribution. Moreover it was also possi-
ble to bind them to fluorochromes, such FITC, in order to trace them in
biological environments. In vitro biological assays revealed that HA/PA-
MAM NPs did not cause any cytotoxic effect on the viability and prolif-
eration of neuronal and glial primary cell cultures. It was also possible
to observe that the fluorescent-labeled NPs could be in vitro internal-
ized by glial, neuronal and endothelial cells. Finally, in vivo assays
revealed that these nanoparticles could be found in the brain paren-
chyma upon intrathecal injections. Further studies will focus on testing
these systems in relevant models of CNS injury and degeneration.

59.P08
Characterization of polymer surfaces to optimize
cell behavior
C Holzer, M Katschnig, S Laske, M Kracalik, W Balika, U Schäfer
and N Andraschek
Montanuniversitaet Leoben, Austria; Sony DADC AG; Medical
University of Graz, Austria

Polymeric nano-surfaces can imitate the extracellular matrix, whose
topography interacts in vivo with cells and regulates their activity and
morphology. The possibility to optimize such tools for tissue engineer-
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ing and regenerative cell cultivation will be highly interesting for both
the biomedical and polymer processing research and industry. To
gather basic information about polymeric substrates we examined at
first selected unstructured polymers with diverse treatments regarding
hydrophilicity (surface energy), surface chemistry (XPS) and topogra-
phy (AFM). The results are presented in this work. It can be said that
due to surface treatments surface energy increases, which is equivalent
to an increase of hydrophilicity. Hydrophilicity is known to enhance cell
adhesion. Furthermore the compared commercial products can be out-
reached concerning hydrophilicity by choosing appropriate treatment
parameters.XPS demonstrated that as result of the oxidation reactions
due to surface treatment polar functional groups are implemented in
the surface. These groups seem to be important for cell adhesion and
furthermore cell viability. AFM investigations showed a notable topog-
raphy impact (roughening, characteristic formations) because of sur-
face treatment, but there was no topography impact on cell adhesion
and viability. In future the outcome of this work will give base knowl-
edge for investigating the influence of nano-structures on cell behavior.

59.P09
Evaluation of novel magnetic Fe-hydroxyapatite
nanoparticles for bone applications
S Panseri, T D’Alessandro, M Sandri, C Cunha, M Marcacci,
C Hung and ATampieri
Rizzoli Orthopaedic Institute, Italy; National Research Council;
Columbia University, USA

The use of magnetic nanoparticles (MNPs) for biological and medical
purposes has been enormously increasing in the last years and recently
the interest has focused in their use also in tissue engineering. Here,
novel biocompatible and bioresorbable superparamagnetic nanoparti-
cles, which avoid coating and the presence of poorly tolerated mag-
netic secondary phases, were investigated in vitro and in vivo.
Magnetic biomimetic Fe-Hydroxyapatite (Fe-HA) powder and granu-
late were prepared by doping HA with Fe2+ and Fe3+ ions. Saos-2
human osteoblast-like cells were tested with different concentrations of
Fe-HA MNPs from 200 lg/ml to 2000 lg/ml, with and without the
application of a magnetic field. Assays for cell proliferation, cell viabil-
ity, cell morphology and alkaline phosphatase activity did not show
any differences between Fe-HA and HA control groups, indicating good
biocompatibility. Fe-HA granulate has been implanted in vivo in a criti-
cal bone defect rabbit model and after 12 weeks good biocompatibility
and osteointegration has been observed. This study shows that the
novel Fe-HA MNPs are biocompatible and comparable to commercially
available HA formulations. We anticipate that Fe-HA MNPs could be
guided to a desired bone site to increase cell proliferation and enhance
bone formation using an external magnetic field, moreover, they could
be functionalized with several growth factors and/or drugs to induce
tissue regeneration and reduce recovery time.

59.P10
Mechanical characteristics and release properties
of magnetic nanoparticle encapsulating
biodegradable hydrogels
F Inci, D Kavaz, UA Gurkan, F Xu, O Mullick, Y Sung, L Baoqiang
and U Demirci
Bio-Acoustic MEMS in Medicine (BAMM) Laboratory, Center for
Bioengineering, Brigham and Women’s Hospital, Harvard
Medical School, USA Harvard-MIT Health Sciences and
Technology, USA

Magnetic nanoparticles (MNPs) currently have broad applications in
biology and medicine. MNPs have been recently encapsulated within
cell encapsulating hydrogels which can be manipulated and assembled

in magnetic fields. Here, we studied mechanical and the release
properties of MNPs from gelatin methacrylate (GelMA) hydrogels. We
performed non-confined compression tests and analyzed the results as
Young’s modulus, ultimate stress and failure strain. We observed that
1% and 5% MNP encapsulating hydrogels had two failure levels com-
pared to GelMA hydrogels as control. MNP concentrations didn’t signif-
icantly affect to the mechanical properties of hydrogels. The effect of
MNP concentration on porosity ratio and swelling behavior of hydro-
gels was also evaluated. In swelling behavior of hydrogels, there was a
statistically significant decrease in MNP encapsulating hydrogels com-
pared to the control. There was also significant difference observed
between the control and 5% MNP encapsulating hydrogels in porosity
ratio of hydrogels. We analyzed MNP release from hydrogels by using
inductively coupled plasma atomic emission spectroscopy and hydrogel
degradation to evaluate the effect of cells and MNPs on hydrogels. Hy-
drogel degradation increased when high MNP concentrations were
used. MNP release also correlated with hydrogel degradation. Results
indicated that MNP encapsulating hydrogels can be potentially used in
tissue engineering, regenerative medicine and on-demand drug
delivery.

59.P11
Electrophoretic characterization of magnetic
nanoparticles coated with poly(ethyleneglycol)
(PEG) as an antieneoplasic drug carrier
R Gómez-Sotomayor, JL Viota and AV Delgado
Department of Applied Physics, School of Science, University of
Granada, Spain

In recent years therapeutic nanoparticle approaches attracted a great
interest because of the new applications in biological systems. In this
scenario iron oxide nanoparticles are particularly attractive because of
their magnetic properties, which allow them to be used in diagnostic
protocols and treatments. Additionally their potential to reduce circu-
lating concentrations of free drug, to promote tumor-specific deposition
and to restrict drug distribution to noncancerous tissues make them
suitable candidates in drug delivery applications [1,2]. In the present
work, we describe how superparamagnetic iron nanoparticles stabi-
lized by an Fe3O4 shell can be used as nuclei for the engineering of
composite particles with an external poly(ethyleneglycol) (PEG) coat-
ing capable of loading doxorubicin. Iron nanoparticles were synthe-
sized according to Sheng Peng’s thermal decomposition method [3].
After the iron nanoparticles synthesis, we made the characterization of
their size, magnetic properties, surface charge and composition. Finally,
the designed nanostructures were used to incorporate an antineoplasic
drug, doxorubicin, on the surface of the nanoparticles, after they were
coated with PEG (molecular weight 2000). Electrokinetics and absor-
bance spectra demonstrated that the coating was produced. Absor-
bance in UV-VIS range was used to assess the drug adsorption on the
nanoparticles surfaces. Preliminary in vitro tests show that nanoparti-
cles can be introduced into the cells.

59.P12
Effects of components of the blood on magnetic
targeting of stem cells for therapy
T Kwan and A El Haj
Institute for Science and Technology in Medicine, Keele University,
UK

Stem cell therapy may provide solutions for chronic musculoskeletal
disease. One challenge in therapy development is localisation to the
site of action without acute inflammation. Magnetic trapping may pro-
vide a means to deliver stem cells to the site of repair and we have
been investigating the use of magnetic nanoparticles for this process. In
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this study we investigate some of the blood parameters which will
modulate the movement of cells in circulation and the magnetic field
effect. Specifically, the effect of the large circulating protein albumin on
stem cell targeting has been determined. Mesenchymal stems cells
were cultured with superparamagnetic iron oxide particles and placed
in an in vitro circulatory flow model with external magnets, in media
and with Bovine Serum Albumin (BSA) added at varying human physi-
ological concentrations. After a period of 24 h the suspension medium
and section of tubing overlying the magnet were collected and

subjected to analysis of DNA concentration using PicoGreen Assay. The
ratio of DNA concentration adherent to the tubing, compared to DNA
concentration remaining in the suspension was analysed and a dose
response was observed. Our results show that magnetic trapping is
affected as a result of BSA added to the media. This technique allows
us to assess in vitro the factors which influence magnetic targeting in
vivo and will be used to determine effects of circulating blood cells on
cell distribution or delivery to the target tissue.
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60. Cryopreservation

60.P01
Cryoprotective cell scaffold for tissue
engineering
K Matsumura and SH Hyon
Japan Advanced Institute of Science and Technology, Japan;
Institute for Frontier Medical Sciences, Kyoto University, Japan

Cryopreservation of regenerated tissue is the one of the key techniques
to spread of the use of the production of tissue engineered products for
clinical application. However, cryopreservation of regenerated tissues
including cell sheets and cell constructions is not easy compared to cell
suspensions because of the weakness of cell–cell interaction and their
inhomogeneous structures. Recently we showed that several kinds of
polyampholytes have a cryoprotective effect on cells in solution with-
out any other cryoprotectant. This interesting phenomenon is charac-
teristic of polymers with high electron charge, especially
polyampholytes. Cells are killed because of the damage caused by the
intracellular crystallization of water during freezing. Therefore, a mem-
brane-permeable chemical such as dimethyl sulfoxide (DMSO) is usu-
ally added in order to cryopreserve the cells. However, the
cryoprotective effect of polymers such as polyampholytes that do not
penetrate the membrane cannot be explained by the same mechanism
of DMSO. We revealed that polyampholyte chains trap the sodium ions
and restrain their movement at low temperatures. This phenomenon
might decrease cell damage caused by an abrupt increase in osmotic
pressure during freezing. The result suggests that extra cellular envi-
ronment might affect the cell viability after cryopreservation. In this
study, we attempted to make cell scaffolds using polyampholytes for
the development of the novel cryoprotective cell scaffolds.

60.P02
Cryopreservation of a human cornea equivalent:
conservation of the barrier function for
transcorneal drug adsorption studies
BI Bernemann, RS Reichl, GB Glasmacher and HN Hofmann
Institute for Multiphase Processes, Leibniz Universitaet Hannover,
Germany; Institute for Pharmaceutical Technology, Technische
Universitaet Braunschweig, Germany

Currently, cryopreservation is the only method for long-term storage of
living cells and tissues. However effective cooling and thawing of
native and engineered tissue pose a specific challenge. Aim of this pro-
ject is to develop an effective transport and storage protocol for human
hemi-cornea equivalents (HCC) used as in vitro model for transcorneal
drug absorption studies. Effective cryopreservation requires optimiza-
tion of freezing parameters for every cell type. We showed for sus-
pended human corneal epithelial cells (HCE-T cells) that a cooling rate
of 0.2 K/min led to the highest survival rates, whereas human kerato-
cytes (HCK-Ca) reached optimal survival with 5–10 K/min. Despite this
discrepancy acceptable cell survival could be achieved by adaption the
composition and concentrations of cryoprotective agents (CPA). The
findings are transferred to the procedure for 3D HCC. With the applied
protocol the main barrier characteristics of the in vitro model could be
maintained. This is evaluated by measuring the transepithelial electri-
cal resistance (TEER) and of Na-fluorescein permeation. The data show
promising results to develop an effective cryopreservation strategy for
HCC. Furthermore this will offer new options for corneal graft banking
in the future.

Acknowledgment: We thank M. Hahne and A. Brinkmann for support
with HCC construction. This work is supported by funding from the
Federal Institute for Risk Assessment (BFR) under grant no. 1328–
488.2.

60.P03
Cryopreservation of mesenchymal stromal cells
in alginate microbeads by conventional freezing
and vitrification
YA Petrenko, AI Pravduk, VS Zaikov and AY Petrenko
Institute for problems of cryobiology and cryomedicine NAS,
Ukraine

The aim of this study was to investigate the viability, metabolic activity
and differentiation properties of human adult bone marrow mesenchy-
mal stromal cells (MSC) after cryopreservation by slow cooling or vitri-
fication within alginate microbeads. MSC were isolated from adult
human bone marrow, expanded in vitro and then encapsulated into
alginate microbeads (AM). Cell seeded AM were cryopreserved by slow
(1 �C/min) cooling protocol under protection of 10% Me2SO and 20%
FCS, or by vitrification under protection of 10% Me2SO, 20% ethylene
glycol, 20% propanediol and 0.5 M sucrose. Cells viability was assessed
by FDA/EB staining. Metabolic activity – by Alamar blue and MTT
assays. nn MSC within AM maintained spherical shape during in vitro
culture and did not adhere and proliferate. However, MSC were able to
differentiate into adipogenic and osteogenic cell lineages in response to
specific induction stimuli. The cryopreservation of MSC within AM by
slow cooling allowed to preserve cells survival and metabolic activity at
87% ± 2% and 69% ± 4% of control levels, correspondingly. The via-
bility of encapsulated MSC cryopreserved by vitrification varied
depending on time of equilibration with vitrification solution. The max-
imal viability and metabolic activity of vitrified cells comprised 73 ± 6
and 55 ± 5 correspondingly. Encapsulated MSC preserved multilin-
eage differentiation potential after both conventional and vitrification
cryopreservation protocols.

60.P04
Cryopreservation of bone marrow-derived stem
cells using natural cryoprotectants
H Shon, HJ Cho, SH Lee, JS Suh and J Yoo
Kyungpook National University Hospital, South Korea; Wake
Forest Institute for Regenerative Medicine; Wake Forest University
School of Medicine, USA

Efficacy of cryopreservation of human bone marrow-derived stem cells
(BMSCs) in clinically safe, animal product free medium containing nat-
ural cryoprotectants was evaluated. We used disaccharides, antioxi-
dants and caspase inhibitors for cryopreservation of BMSCs in
combination with a reduced concentration of dimethylsulfoxide
(Me2SO). The thawed cells were tested for viability with MTT assays
and a growth curve was created to measure population doubling time.
In addition, we performed flow cytometry analysis for cell surface anti-
gens, and RT-PCR for mRNA expression of stem cell markers. The solu-
tions containing trehalose and catalase with 5% or 2.5% (v/v) Me2SO
produced results similar to those for the control (10% (v/v) Me2SO
and 30% FBS) in terms of cell viability, culture growth, expression of
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cell surface antigens and mRNA expression of stem cell markers in
BMSCs cryopreserved for a minimum of 3 weeks. Thus, BMSCs can be
cryopreserved with a reduced concentration of Me2SO with the addi-
tion of disaccharides, antioxidants and caspase inhibitors. Our results
demonstrate that human bone marrow-derived stem cells could be suc-
cessfully cryopreserved for banking and clinical applications in clini-
cally safe protective reagents. [Supported by the grants of the Korea
Healthcare technology R&D Project, Ministry for Health, Welfare &
Family Affairs, Republic of Korea (A091224) and Regenerative Medi-
cine R&D Project from Daegu Metropolitan City.]

60.P05
Development and cryopreservation of bone and
cartilage constructs for orthopaedic tissue
engineering
PK Pramanik
Department of Biotechnology & Medical Engineering, National of
Technology, India

In recent years the development of bone and cartilage tissue engi-
neered constructs have been gaining importance for their use in treat-
ing patients suffering from several osteochondral defects caused by
tissue degeneration, traumatic injury and orthopaedic surgery. This
paper describes the development of nano and micro structured compos-
ite scaffolds from a variety of silk and chitosan biopolymers with supra-
molecular coating and addition of filler materials. The scaffolds were
seeded with hMSCs. The resultant cell-scaffold constructs were grown
and differentiated to develop bone and cartilage constructs. However,
the successful cryopreservation is the key challenge for long term pres-
ervation of these constructs for their commercial utilization. For this
purpose, the cryopreservation study has been carried out in our labora-
tory to standardize the preservation protocol. In this study, we investi-
gated several natural osmolytes and selective antioxidants in
combination to see their effects on post-thaw cell viability and early
apoptosis of the cryopreserved cells and constructs. So far, the study
has shown encouraging results towards the maintenance and survival
of cells and cell scaffold constructs under extreme stressed conditions
during and after freezing by using the combination of natural extracel-
lular CPA, intracellular CPA and antioxidant.

60.P06
Isolation, characterization and preservation of
MSCs derived from umbilical cord blood
BA Bissoyi and PK Pramanik
Department of Biotechnology & Medical Engineering, National
Institute of Technology, India

Mesenchymal stem cells (MSCs) are considered as a potential source
for the treatment of various tissue related diseases such as bone, carti-
lage, neuron, cardiac and skin. However, the isolation and preservation
of MSCs is of paramount importance for their commercial use. In the
present work mononuclear cells were isolated from human umbilical
cord blood (hUCB) using Ficoll Hypaque density gradient technique
and cultured. MSCs were identified and characterized based the
expression of anti CD markers (Positive for CD 44, CD 79, CD 90, CD
105, Negative for CD34, CD45 and HLA DR). MSCs of passage 4 were
cryopreserved using controlled rate freezing method. The effects of a
variety of osmolytes (individually and in combination) with different
antioxidants on post thaw viability of cryopreserved MSCs were investi-
gated. The combination of osmolytes and antioxidants showed better
cell viability than the use of conventional DMSO. There was no signifi-
cant change was observed in the G0/G1 cell cycle phase (BrdU assay)
when the cryopreserved MSCs were cultured. Furthermore, the ROS

activity was significantly reduced due to addition of antioxidants. Thus,
it is demonstrated that the combination of osmolytes and antioxidants
may be an effective medium for cryopreservation of hUCB derived
MSCs.

60.P07
Analysis of human umbilical cord cells for the
establishment of a vascular cell bank
C Lueders and R Hetzer
Deutsches Herzzentrum Berlin, Germany

Introduction: Characterization of human umbilical cord artery derived
cells (HUCAC) and Wharton’s jelly cells (WJC), i.e., their proliferation
and differentiation potential, is not only essential for fabrication of tis-
sue engineered constructs but should be used also an important ele-
ment of quality control for the establishment of an individual cell bank.
Methods: WJC and HUCAC were isolated, expanded and character-
ized. Cell viability, growth potential and the expression of specific
markers from fresh and cryopreserved cells were studied over several
passages. Differentiation potential into chondrogenetic, osteogenetic
and adipogenetic lineages was analyzed and compared to the differen-
tiation potential of mesenchymal cells from human bone marrow.
Results: Viability of directly thawed and recultured cells increased with
rising passage number. Growth potential of cryopreserved, recultured
cells was similar to that of fresh cultivated cells. Fresh cultivated and
cryopreserved WJC and HUCAC revealed positive staining for several
mesenchymal cell markers. Differentiation potential of WJC and HU-
CAC revealed only partial differentiation of a few cells into adipogenic,
chondrogenic and osteogenic lineages compared to bone marrow cells.
Conclusion: Viability, proliferation and the cellular marker concentra-
tion of all fresh and cryopreserved cells were similar. Compared to mes-
enchymal bone marrow cells WJC and HUCAC have only a minor
differentiation potential.

60.P08
Natural cryoprotectants to do cryopreservation of
amniotic fluid-derived stem cells
K Pramanik
National Institute of Technology, India

Natural cryoprotectants are most desirable chemicals in the field of Tis-
sue Engineering. Amniotic Fluid-derived stem cells (AFSCs) are a
potential cell source for therapeutic applications. They can be easily
mass produced, cryopreserved and shipped to clinics for immediate
use. However, one major obstacle to the manufacturing of clinical
grade stem cells is the need for current good manufacturing practices
for cryopreservation, storage, and distribution of these cells. Most cur-
rent cryopreservation methods used for stem cells include the poten-
tially toxic cryoprotectant (CPA) dimethylsulfoxide (Me2SO) in the
presence of animal serum proteins that prevent direct use of these cells
in human therapeutic applications. It will be essential to develop non-
toxic CPAs or reduce CPA concentration in the freezing media. Here we
assessed the use of disaccharides, antioxidants and caspase inhibitors
for cryopreservation of AFSCs in combination with a reduced concen-
tration of Me2SO. The thawed cells were tested for viability with MTT
assays and a growth curve was made. We also performed FACS analysis
for cell surface antigens, RT-PCR for mRNA expression of markers and
assays to determine the myogenic differentiation potential. Statistically
significant increase in post-thawed cell viability in solutions containing
trehalose, catalase and ZVAD-fmk with 5% Me2SO was observed. The
solutions containing trehalose and catalase produced similar results.
So, AFSCs can be cryopreserved this way.
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61. 3D Scaffold/Cell Printing

61.01
Bioprinting anisotropic stem cell
microenvironment
UA Gurkan, Y Sung, R El Assal, F Xu, ATrachtenberg, W Kuo and
U Demirci
Bigham and Women’s Hospital, Harvard Medical School, USA;
Harvard School of Dental Medicine, USA

Current cell/tissue scaffolding methods present challenges due to lack
of control over spatial cell seeding and extracellular matrix (ECM)
composition. Microdroplet-based hydrogel bioprinting can be used to
engineer complex tissue anisotropies by producing scaffolds with con-
trolled microscale spatial heterogeneity in ECM and cellular composi-
tions. We showed that microdroplet-based hydrogel bioprinting
approach will facilitate engineering of complex tissue anisotropies. We
achieved a biochemical gradient with microdroplets encapsulating
human Mesenchymal Stem Cells (hMSCs) and to assess the hMSC dif-
ferentiation at the engineered fibrocartilage phase. Microdroplets were
created by cell-encapsulating droplet generation system and cell-laden
collagen droplets were printed on collagen coated substrate. hMSCs
were patterned in microdroplets with BMP-2 and TGF-b1 representing
the fibrocartilage phase. Quantitative RT-PCR array was used to assess
the differentiation of hMSCs to bone and cartilage following 16 days of
culture. PCR analysis showed that the hMSCs displayed a potent upreg-
ulation of osteogenesis and chondrogenesis related genes. MSC related
genes as well as other tissue specific (e.g., adipose and tendon) genes
were down regulated at the micropatterned interface. These results
indicated that microdroplet-based bioprinting can generate biochemi-
cal anisotropy to facilitate controlled hMSC differentiation in bone-fi-
brocartilage phase.

61.02
Development and validation of an integrated
organ printing system
HW Kang, C Kengla, SJ Lee, A Atala and JJ Yoo
Wake Forest Institute for Regenerative Medicine, USA

Although a variety of tissue constructs can be generated with gel mate-
rials, these often present with limitations in maintaining structural
integrity due to their low mechanical strength, which makes handling
and surgical suturing difficult. As such, we developed a novel organ
printing system that integrates solid freeform fabrication and cell print-
ing technology. The integrated organ printing system consisted of four
delivery modules that can process multiple types of materials, includ-
ing synthetic polymers and a cell/gel mixture. The materials are pre-
cisely dispensed by the control of air pressure. A heating unit was used
to obtain dispensable synthetic polymers. We investigated the feasibil-
ity of delivering viable cells while fabricating rigid synthetic scaffolds
simultaneously to create durable tissue structures. NIH 3T3 cells/Plu-
ronic F-127 mixture, gelatin, and poly(�-caprolactone) (PCL) were
delivered to construct 3D structures. Live/dead staining and MTS
assays were performed to evaluate cell viability within the 3D configu-
ration. The results show that the cells were successfully placed into the
desired position with approximately 80% cell viability. We have suc-
cessfully designed and constructed an integrated organ printing system
that is able to print 3D-organ structures with precision. This system
provides a major leap in the advancement of organ printing technol-
ogy.

61.03
Monitoring analyte concentration using self
reporting scaffolds a 3D culture model
HC Harrington, FRAJ Rose, AM Ghaemmaghami and JWAylott
University of Nottingham, UK

Within a 3D cell culture construct it is favourable to have a homoge-
nous cell culture environment that is free from analyte gradients such
as those created from inefficient nutrient exchange or metabolic waste
removal. Assessment of analyte concentration within a cultured 3D
environment can be performed by physically probing the construct;
however this can disturb cell viability and function and ultimately led
to sacrifice of the tissue model. We have developed novel self-reporting
scaffolds that can be utilised as an analytical tool to monitor local envi-
ronmental analyte concentrations within 3D cell culture models. The
self-reporting scaffolds incorporate optically responsive nanosensors
within the polymer fibres to produce scaffolds capable of non-invasive
in situ assessment of local environmental analyte concentrations such
as oxygen and pH. The nanosensors report the analyte concentration
by ratiometric fluorescent output from dyes incorporated into a bio-
compatible matrix. Culture models positioned within a bioreactor can
prevent 3D culture-associated cell death but may not entirely eliminate
analyte gradients. Coupling the use of self-reporting scaffolds and per-
fusion bioreactors can in the future provide on-line assessment of
dynamic 3D culture.

61.04
Laser fabrication of multi-scale elastic 3D
scaffolds
A Ovsianikov, D Dado-Rosenfeld, S Nürnberger, S Levenberg,
H Redl, R Liska and J Stampfl
Institute of Materials Science and Technology, TU Wien, Austria;
Department of Biomedical Engineering, Technion - Israel Institute
of Technology, Israel; Department of Traumatology, Medical
University of Vienna, Ludwig Boltzmann Institute for
Experimental and Clinical Traumatology, Austrian Cluster for
Tissue Regeneration Vienna, Austria; Institute of Applied
Synthetic Chemistry, Austria

Until recently 3D cell-culture matrices were mainly considered from a
standpoint of support and guidance of cell proliferation and tissue
development. The early designs of tissue engineering constructs
focused on bulk properties, while disregarding individual cell environ-
ment. Current findings show that the role of the extracellular matrix
(ECM) extends beyond a simple structural support to regulation of cell
and tissue function. Mechanical stimulation and cell interaction with
the topographic cues is an important part of this regulation. Systematic
studies of its underlying mechanisms in vitro rely on methods capable
of creating such 3D cell-culture matrices with high reproducibility and
in accordance to a defined design. Two-photon polymerization (2PP) is
a method based on localized cross-linking of the photopolymers,
induced by femtosecond laser pulses. High resolution of the 2PP facili-
tates fabrication of 3D scaffolds, which contain features at several
length scales, in a single step. In this contribution our recent results on
fabrication of 3D scaffolds by 2PP of novel biodegradable photoelas-
tomers are presented. The scaffolds were seeded with different cell
types, and cultured under mechanical stimuli and in static conditions.
Our results emphasize the potential of the proposed method for realiza-
tion of rationally engineered multi-scale 3D scaffolds.
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61.05
Self-assembly-based biofabrication
F Marga, K Jakab, C Norotte, C Khatiwala, B Shepard, S Dorfman,
S Colbert, B Hubbard and G Forgacs
University of Missouri, USA; Organovo, Inc,. USA

We introduce an automated rapid prototyping method (organ printing)
that allows the engineering of fully biological three-dimensional cus-
tom-shaped tissue and organ modules. In this technology bio-ink units
(multicellular aggregates) composed of single or several cell types are
deposited into a support structure by special-purpose printers. Printing
of the bio-ink units (controlled by architectural software) is carried out
according to a design template, consistent with the geometry and com-
position of the desired organ module. Structure formation occurs by
the post-printing fusion of the discrete bio-ink units. When the bio-ink
units contain more than one cell type, fusion is accompanied by sorting
of the cells into the physiologically relevant pattern. Thus structure for-
mation takes place through self-assembly processes akin to those uti-
lized in early embryonic morphogenesis. We demonstrate the
technology by detailing the construction of vascular and nerve grafts.
Spherical and cylindrical bio-ink units have been employed to build
fully biological linear and branching vascular tubular conduits and mul-
tiluminal nerve grafts. Upon perfusion in a bioreactor the constructs
achieved desirable biomechanical and biochemical properties that
allowed implantation into animal models. Our results show that the
biofabrication by printing of conveniently prepared cellular units is fea-
sible and may represent a promising tissue and organ engineering tech-
nology.

61.06
Design, physical prototyping and initial
characterization of ‘lockyballs’: enabling
technological platform for bottom-up modular 3D
tissue biofabrication
R Rezende, F Pereira, V Kasyanov V, Ovsianikov, J Torgensen,
J Stampfl, J Nogueira, V Mironov and J V Silva
Center for Information Technology Renato Archer (CTI),
BrazilRiga Stradins University, Latvia; Institute of Materials
Science and Technology, Vienna University of Technology, Austria

Directed tissue self-assembly or bottom-up modular approach in tissue
biofabrication is an attractive and potentially superior alternative to a
classic top-down solid scaffold-based approach in tissue engineering.
There is a growing consensus that a strategy based on the integration
of a directed tissue self-assembly approach with a conventional solid
scaffold-based approach could be a potential optimal solution. We
hypothesize that tissue spheroids with ‘Velcro�-like’ interlockable solid
micro-scaffolds or simply ‘lockyballs’ could enable the rapid in vivo bio-
fabrication of 3D tissue constructs at desirable material properties and
high initial cell density. Recently, biocompatible and biodegradable
photo-sensitive biomaterials could be fabricated at nanoscale resolution
using two-photon polymerization (2PP). Here we report design studies,
physical prototyping using 2PP and initial functional characterization
of inter-lockable solid micro-scaffolds or so-called ‘lockyballs’. The lock-
able skeletal tissue spheroids (chondrospheres and osteospheres)
biofabricated using the described lockyballs as solid micro-scaffolds are
characterized by attractive new functionalities such as lockability and
tunable material properties of the tissue engineered constructs. The
bottom-up lockyball based modular approaches creates the basis for a
development of in vivo rapid skeletal tissues biofabrication and bio-
printing.

61.P01
Feasibility of 3D printing and stereolithography
for fabrication of custom-shaped poly (lactic
acid): hydroxyapatite composite biomaterial
scaffolds
A Malayeri, C Gabbott, G Reilly, E Ghassemieh, PV Hatton and
F Claeyssens
Centre for Biomaterials and Tissue Engineering, School of Clinical
Dentistry, the University of Sheffield, UK; The Kroto Research
Institute; Department of Mechanical Engineering, UK

Orthopaedics craniofacial defects would benefit greatly from fabrica-
tion of custom-shaped scaffolds. Solid freeform fabrication methods
(including robocasting and stereolithography) show great promise, but
the focus of work to date has been on the preparation of scaffolds using
single polymers. Hydroxyapatite is widely employed in bone repair due
to its osteoconductive properties. The aim was to evaluate the potential
of using SFF methods in manufacturing predefined PLA/HA porous
scaffolds. We compared robocasting with projection microstereolithog-
raphy (lSL) for fabrication of macroscopic scaffolds. With robocasting
we produced scaffolds via high pressure dispensing of HA: PLA paste
diluted in solvent from a 100 lm inner diameter needle onto a sub-
strate, while translating the dispensing needle with a computer-aided
xyz-stage. In projection lSL, we projected a 2D image into a liquid
photocurable HA/PLA composite resin, which cures under irradiation.
A 3D object can be built up layer-by-layer via projecting consequent
images while translating the substrate in one direction. The techniques
proved to produce predefined 3D macroscopic (cm-sized) objects with
~100 lm resolution. Preliminary biocompatibility studies indicated
that these scaffolds were capable of supporting cell attachment and
growth. It was concluded that both techniques were suitable for prepa-
ration of composite scaffolds, although 3D printing had the advantage
of using non-photocurable polymers.

61.P02
3D micropatterning of biological structures using
holographic optical tweezers
GR Kirkham, G Gibson, LDK Buttery, MJ Padgett, S Allen
and KM Shakesheff
University of Nottingham, UK; University of Glasgow, UK

In the human body the points of contact between cells and matrices, as
well as intercellular adhesion points, are specifically controlled, influ-
encing cell architecture and morphogenesis. In order to accurately
investigate and replicate these complex systems in vitro, precise three
dimensional control of cell patterning at the cellular level is of key
importance. Here we demonstrate the use of holographic optical twee-
zers to simultaneously position multiple cells into 3D patterns. Individ-
ual mouse embryonic stem cells were positioned into defined
aggregate architectures, directing subsequent embryoid body develop-
ment and differentiation. Furthermore, the technique has been used to
control the formation of primitive vascular structures by patterning
human endothelial cells, thereby controlling the position of tubule for-
mation. The data gathered in this study clearly demonstrates the signif-
icant potential of this method for generating sophisticated in vitro
model systems.
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61.P03
Chemically modified hydrogels for two-photon
polymerization (2PP)
OK Kufelt
Laser Zentrum Hannover e. V., Germany

Two-photon polymerization (2PP) is a promising approach to fabricate
micro- and nanostructured three-dimensional scaffolds for tissue engi-
neering. As a scaffold material, a variety of synthetic polymers, but
especially naturally occurring hydrogels like gelatin, hyaluronic acid
and chitosan are qualified to be biocompatible. The application of the
2PP-technique to such natural materials requires their certain chemical
modification to enable photopolymerization. While gelatin is a mixture
of proteins, hyaluronic acid and chitosan are natural polysaccharides,
they all provide molecular sides for further chemical functionalization
with photosensitive groups such as methacrylate, vinyl or azide. In this
work, we discuss the preparation of methacrylamide-modified gelatin,
chitosan and hyaluronic acid, as well as the utilization of these hydro-
gels for photocrosslinking and 2PP structuring. The mechanical proper-
ties of the generated materials depend significantly on the amount of
incorporated methacrylamide moieties which was determined using a
picrylsulfonic acid essay for primary amines detection. To create hydro-
gel-hybrid materials with tunable properties, photocurable chitosan
hydrogels were alternatively prepared by covalently bonding of the free
amino groups to the acid group of a photosensitive hetero-bifunctional
crosslinking agent (4-azidobenzoic acid). Such functionalization allows
the material to be cross-linked with further biocompatible polymers
such as polylactic acid.

61.P04
Cure-depth control and biocompatibility in
microstereolithography
R Bail, CM Rogers, SM Ratchev, FR Rose and
JI Segal
Manufacturing Research Division, Faculty of Engineering, The
University of Nottingham, University Park, UK; Wolfson Centre
for Stem Cells, Tissue Engineering and Modelling (STEM), School
of Pharmacy; Manufacturing Research Division, Faculty of
Engineering, UK

There is a need for three dimensional, biocompatible microstructures in
tissue engineering and cell culturing applications. Microstereolithogra-
phy is a powerful technique to additively build these structures from
photocurable materials under UV or blue visible light. To achieve the
desired accuracy a high degree of cure-depth control is necessary, and
this is particularly important in transparent biomaterial compositions
such as hydrogels. The process hence often requires a dye that effi-
ciently absorbs light of the applied wavelength, minimises cell toxicity
and is available at a reasonable material cost. Tartrazine is a well
known food dye that qualifies as such a processing additive, while
many biomedical stains are too cost-intensive in relation to the material
volumes required in stereolithographic processing. This study demon-
strates that the Tartrazine concentrations required to achieve good
cure-depth control can be as low as 0.1 wt%. It was furthermore
observed that Tartrazine does not negatively affect cell viability at dye
concentrations of 0.05 wt% and enhances cell growth at 0.1 wt%.
These results justify the further investigation and a potentially novel
application of Tartrazine in photopolymer processing of water-contain-
ing biomaterials under blue light

61.P05
Laser microfabrication of hydrogel scaffolds
J Torgersen, A Ovsianikov, X Qin, Z Li, S Mühleder, W Holnthoner,
R Liska and J Stampfl
Institute of Materials Science and Engineering, Vienna University
of Technology, Austria; Institute of Applied Synthetic Chemistry,
Vienna University of Technology, Austria; Ludwig Boltzmann Inst.
for Experimental and Clinical Traumatology, Austrian Cluster for
Tissue Regeneration, Austria

Additive manufacturing techniques have found increasing interest to
fabricate 3D hydrogel scaffolds. The constructs can be produced repro-
ducibly and in accordance to a CAD model. The cells can be introduced
by two different ways into the construct: seeding of cells onto the sur-
face after the fabrication and incorporation of cells into the fabrication
process. The latter might allow higher cell densities and better control
over the distribution. Two-photon polymerisation (2PP) is a rapidly
emerging platform for the 3D microfabrication of biocompatible scaf-
folds. Most biological tissues exhibit a window of transparency at the
wavelength of the applied femtosecond laser. Hydrogels based on syn-
thetic (PEGDa) and natural monomers (Gelatine Hydrolisate, Bovine
Serum Albumin) are presented. Using novel water-soluble 2PP initia-
tors (4, 4’-dialkylamino bis(styryl)benzene core), complex 3D con-
structs can be fabricated reproducibly in environments with high water
contents. The biocompatibility of the presented compounds is evalu-
ated and reported. We demonstrate the feasibility and potential of two-
photon polymerisation for the bio-fabrication of 3D tissue constructs
directly in the presence of living cells.

61.P06
Towards in vivo bioprinting: design and
implementation of in vivo bioprinter
JV Silva, R Rezende, V Kasyanov and V Mironov
Center for Information Technology Renato Archer (CTI), Brazil
and Cuspis LLC, USA; Riga Stradins University, Latvia

Organ printing is a variant of robotic computer-aided additive biofabri-
cation technology with using self-assembling tissue spheroids as build-
ing blocks. Bioprinting in vivo using robotic dispensing tissue spheroids
such as chondrospheres or osteospheres is one of most promising direc-
tions in clinical translation of rapidly emerging bioprinting technology.
Here, we report about design and development of first clinical in vivo
robotic bioprinter. Previously, we have developed robotic biofabricator
for scalable biofabrication of tissue spheroids of standard size and novel
robotic bioprinter with three nozzles (Two Nordson sprayers and one
Fishman dispenser). However, design of cartridge for clinically relevant
number of tissue spheroids for bioprinter was one of unsolved problem.
The development of magnetic forced driven harvester of tissue spher-
oids labelled with magnetic nanoparticles solves this problem. It has
been shown that magnetic levitation-based harvesting of tissue spher-
oids from robotic tissue spheroids biofabricator with their transfer
directly into bioprinter with sequential delivery into damaged tissue is
feasible. Working prototype of first in vivo clinical bioprinter has been
designed and implemented. It has been demonstrated that in vivo bio-
printing of 3D skeletal tissues such as cartilage and bone using tissue
spheroids is technically feasible and that this open realistic opportuni-
ties for clinical applications of bioprinting in rapidly emerging surgical
robotics.
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61.P07
Developing biodegradable 3D hydrogels
scaffolds: from synthesis to two-photon
polymerization
XH Qin, ZQ Li, J Torgersen, A Ovsiannikov, S Mühleder,
W Holnthoner, J Stampfl and R Liska
Institute of Applied Synthetic Chemistry, Vienna University of
Technology, Austria; Institute of Materials Science and
Technology, Vienna University of Technology, Austria; Lugwig
Boltzmann Institute for Experimental and Clinical Traumatology,
Austrian Cluster for Tissue Regeneration, Austria

Developing 3D hydrogel scaffolds capable of promoting cell viability
and cell-extracellular matrix (ECM) interactions is of great importance
for Tissue Engineering (TE) applications. To mimic the biochemical
and structural complexity of ECM, two-photon polymerization (TPP)
shows the greatest promise to fabricate ECM-biomimetic hydrogels
because it allows fabrication of complex user-dictated shapes with
micrometer-scale resolution. Poly(ethylene glycol) diacrylates have
been widely used for TPP fabrication of hydrogels due to high reactiv-
ity. However, unreacted acrylate groups are irritant and potentially
cytotoxic. For most TE applications, monomers with low cyto-toxicity
are in demand. Our previous work proved that vinyl esters (VEs) are
much less cytotoxic than acrylates references. Although VEs are gener-
ally not as reactive as acrylates, the thiol-vinyl ester photo-click reac-
tions are robust enough for efficient TPP applications. Since it is hard to
assemble ECM-biomimetic hydrogels using synthetic monomers alone,
proteins with Thiol and VE functionalities are developed for their
potential use as Thiol-ene photo-click hydrogels. Presented is the syn-
thesis of vinyl ester derivative of gelatin hydrolysate, preparation of thi-
olated bovine serum albumin, and 3D fabrication of gelatin/albumin
based hydrogel scaffolds via TPP click reactions. We suppose the robust
thiol-vinyl ester photo-click reactions are responsible for the reasonable
writing speed and broad processing window.

61.P08
Water soluble initiators for two-photon
polymerization
Z Li, X Qin, A Ovsianikov, T Torgersen, A Ajami, H Husinsky,
S Muehleder, W Holnthoner, J Stampfl and R Liska
Institute of Applied Synthetic Chemistry, Vienna University of
Technology, Austria; Institute of Materials Science and -
Technology, Vienna University of TechnologyInstitute of Applied
Physics, Vienna University of TechnologyLudwig Boltzmann
Institute for Experimental and Clinical Traumatology, Austrian
Cluster for Tissue Regeneration, Austria

Two-photon polymerization (2PP) in aqueous environment has
attracted increasing attentions due to its versatility in biological appli-
cations, especially in the microfabrication of biocompatible 3D scaffolds
for tissue engineering with nano-level resolution. Efficient water-borne
two-photon curable formulation demands reactive water-soluble photo-
initiators (PIs) with low toxicities. Although some commercial hydro-
philic dyes have been used as initiators in 3D biological fabrication,
high laser intensities and long exposure time are required due to their
small two-photon absorption (TPA) cross sections. Here, a novel water-
soluble TPA PI 2, 5-bis-[4-[(2-sodiumcarboxylate-methyl)(methyl)-
amino]-benzylidene]-4- methylcyclohexanone (G2CK) was prepared
via introducing hydrophilic sodium carboxylate groups into the effi-
cient TPA PI 2,5-bis-[4-(dimthylamino)-benzylidene]-4-methylcyclo-
hexanone, which showed large TPA cross section combined with high
photoinitiation activity. In 2PP structuring tests using formulations with
water contents of up to 80%, G2CK exhibited broad ideal processing
windows and nicely shaped structures were obtained at low laser inten-
sities, as well as high writing speeds. Finally, the results of time

resolved cytotoxicity tests with this novel water-soluble PI are pre-
sented.

61.P09
Controllable and tunable 3D scaffolds fabrication
using laser based techniques
A Ranella, CH Simitzi, M Barberoglou, S Melissinaki,
V Psycharakis, A Selimis, M Farsari, E Stratakis, I Athanassakis
and C Fotakis
IESL- FORTH & UOC, Greece

In tissue engineering, the development of a reproducible and con-
trolled method of micro/nano fabrication of 3D scaffolds is of great
importance. Ultrafast pulsed lasers micro/nano engineering offers
unique features; nanoscale spatial resolution, nonthermal and nonde-
structive engineering. Here, we report on the fabrication of high resolu-
tion 3D scaffolds deploying three laser based techniques: (i) two-
photon polymerization (2PP), (ii) ultrafast laser micro/nano structur-
ing (ULMNS) (iii) single pulse UV laser irradiation of biopolymers. The
2PP technique relies on two-photon polymerization enabling 3D bioac-
tive structures fabrication with submicron resolution. The ULMNS tech-
nique is an effective direct-write method to fabricate hierarchical
micro/nano structures on Si surfaces with superior control over struc-
ture geometry and pattern regularity. We report Si micro/nano spike
forests fabrication and replication of the initial spiked morphology on
soft polymeric materials. The third technique relies on the generation
of a foam layer on biopolymers. Following scaffolds’ fabrication, tailor-
ing of their surface properties has been advantageously achieved. The
ability of different cell types to be grown and differentiated onto the
specific scaffolds has been investigated. The ultimate goal is to explore
the influence of the synergy of surface topography and chemistry on
cell behaviour, related to viability, motility, adhesion, morphology, cyto-
skeletal arrangement and differentiation.

61.P10
Application of riboflavin as water-soluble
photoinitiator for fabrication of tissue
engineering scaffolds via two-photon
polymerization
A Koroleva
Laser Zentrum Hannover e.V., Germany

In recent years, two-photon polymerization (2PP) became a powerful
tool for fabrication of different biomedical micro-devices ranging from
microneedles for transdermal drug delivery and ossicular prosthesis for
middle ear to scaffolds for tissue engineering (TE). Applying 2PP, pre-
cisely defined complex 3D scaffolds for TE can be fabricated from vari-
ety of materials such as completely synthetic and non-biodegradable
acrylates, PEG-hydrogels and modified natural proteins. However, cyto-
toxity of the photoinitiators is the factor which limits the use of 2PP
technology for fabrication of TE scaffolds. One potential source of bio-
compatible photoinitiators is free radical generating molecules that are
naturally occurring in biological systems. Riboflavin (vitamin B2) is
one chemical that has potential to be used as a more biocompatible
photoinitiator. In addition to a biocompatible photoinitiator, a biocom-
patible polymer that can be cross-linked by free radicals is needed for
making tissue engineering scaffolds by 2PP. We have demonstrated, for
the first time, the ability to perform two-photon polymerization using
riboflavin as a photoinitiator. TE scaffolds produced out of PEGda with
riboflavin as a photoinitiator were found to support cell growth. Toxic-
ity testing indicated that PEGda crosslinked using riboflavin has supe-
rior biocompatibility, much greater than when crosslinked using
conventional photoinitiators, such as Irgacure 369 and Irgacure 2959.
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61.P11
Utilization of photopolymerization of new low
toxic vinyl monomers in bone tissue engineering
B Husar, A Mautner, C Heller, M Schwentenwein, F Varga, T Koch,
K Macfelda, G Russmüller, J Stampfl and R Liska
Institute of Applied Synthetic Chemistry, Vienna University of
Technology, Austria; Ludwig Boltzmann Institute of Osteology,
Vienna Hanusch-Hospital, Austria; Institute of Materials Science
and Technology, Institute of Biomedical Research, Medical
University Vienna, Austria; Department of Cranio- Maxillofacial
and Oral Surgery, Austria

The fabrication of 3D scaffolds by lithography-based additive manufac-
turing technology (AMT) represents an appealing approach in bone tis-
sue engineering. As state of the art poly(lactic acid) cannot be
processed by high resolution photopolymerization-based techniques, it
has so far been necessary to use (meth)acrylate-based photopolymers.
Although (meth)acrylates have excellent photoreactivity and afford
photopolymers with good mechanical properties, their cytotoxicity and
degradation products disqualify them from medical use. Therefore,
(meth)acrylate-based monomers were replaced by vinyl esters and
vinyl carbonates with exceptional low cytotoxicity. In vitro cytotoxicity
studies with osteoblast-like cells proved that these monomers are 1–3
orders of magnitude less cytotoxic than (meth)acrylates. Although the
photoreactivity is lower than that of acrylates, they are sufficiently
photoreactive to be structured by lithography based AMT. By addition
of thiols to the photocurable formulation, curing speed can reach the
value for acrylates. The mechanical properties and rates of degradation
can be tuned over a broad range. All polymers were significantly stiffer
than PCL, being almost as stiff as PLA. Degradation of the polymers
results in the formation of non-toxic degradation products of low
molecular weight that can be easily transported within the human
body. Finally, in vivo testing proofed an excellent biocompatibility of
these materials.

61.P12
Submerged biofabrication into a hydrophobic
high-density fluid
DF Duarte Campos, MWeber, A Blaeser, S Neuss,
W Jahnen-Dechent and H Fischer
Department of Dental Materials and Biomaterials Research -
RWTH Aachen University Hospital, Germany; Institute for
Biomedical Engineering Biointerface Group Helmholtz; Institute
of Biomedical Engineering and Institute of Pathology-RWTH
Aachen, Germany

Over the last decade, biofabrication technologies appeared as impor-
tant tissue engineering strategies for regenerative medicine and organ
transplantation. Several combinations of materials serving as matrices
for cell printing and different printing techniques, such as inkjet and
laser guided printing were attempted worldwide. The major drawback
of these past approaches was the poor or inadequate material-printing
device and substrate combinations as well as the relatively small size of
the printed construct. Here, we show a promising alternative for print-
ing living cells, submerged into a hydrophobic high-density fluid sub-
strate. Human MG-63 cells and human mesenchymal stem cells were
encapsulated into agarose hydrogels and afterwards submerged
printed. Constructs with variable shapes and sizes were achieved and
remained stable for more than 6 months. Live/dead staining showed
viable cells after the printing process, as well as after incubation for
21 days. Further histological analyses after 2 and 3 weeks of in vitro
culture revealed vital mesenchymal cells with marked matrix produc-
tion and focal mitotic activity as a sign of proliferation. Compressive
strength values of printed gels consecutively increased over the
3 weeks in culture. Our concept appears as a simple, reproducible, pre-

cise and ‘printing-supporting’ approach allowing for the fabrication of
polymeric constructs on a 3D freeform basis. Our first results are
encouraging for future regenerative applications.

61.P13
Mosaic hydrogels: Dynamic tessellation and
coding of cells
L Leng, A McAllister, B Zhang, M Radisic and A Günther
University of Toronto, Canada

Patterning of biological molecules and cells in soft materials using tra-
ditional top-down deposition or layer-by-layer fabrication lack spatio-
temporal control and presents a significant challenge in the
engineering of 3-D constructs. Here we show the one-step preparation
of planar hydrogels with precise control over its local composition and
mechanical properties for creation of 3-D tissue-like structures. A
scaled-out microfluidic device with on-chip reservoirs enables the incor-
poration of up to seven distinct biopolymer into a continuously flowing
base biopolymer sheet. The obtained planar hydrogels had direction-
ally dependent properties, with tessellations of different hydrogels
leading to mosaic stiffness and diffusivity patterns. We demonstrate the
local storage or the timed release of an embedded colloidal, biomolecu-
lar, or cellular payload within the patterning biopolymer. The simulta-
neous and controlled incorporation of endothelial cells, fibroblasts, and
cardiomyocytes within hydrogel sheets in combination with a barcode
system enables to track and record the various conditions patterned
throughout the culture time. We envision the routine fabrication of het-
erogeneous soft materials with higher degrees of structural and compo-
sitional complexity. The ability to assign a biomolecular or cellular
payload to regions of a hydrogel promises systematic investigation of
cell–cell and cell–matrix interaction, cellular patterning, and co-culture,
all in a 3D environment.

61.P14
Fabrication of 3D hydrogel scaffold for cartilage
tissue engineering
JH Lee, SH Lee and WD Kim
Korea Institute of Machinery & Materials, Republic of Korea

Recently, there has been a growing interest in fabrication of tissues and
organs using cell printing technique. Cell printing technique is based
on Solid Freeform Fabrication (SFF) technology, which can overcome
the limitation of the conventional scaffold fabrication method. Using
cell printing technology, cells, biomaterials and biochemical factors will
be integrated to construct artificial tissues and organs most similar to
the human ones. In this paper, we fabricated a lab-made 3D cell print-
ing system and 3D cell-laden hydrogel scaffolds. The 3D hydrogel scaf-
folds have good environmental advantages for cell growth. We
fabricated interconnected porous 3D alginate scaffolds using our cell
printing system. The chondrocytes are encapsulated in the alginate
scaffolds. Experiment results show that chondrocytes encapsulated
scaffold with pores has better viability than without pores. In other to
promote the proliferation and differentiation of the chondrocyte, we
add 1%, 3%, and 5% of gelatin to the alginate. The experimental
results show that the 3D alginate-gelatin scaffold promotes the prolifer-
ation and differentiation of the encapsulated chondrocytes.
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61.P15
3D bioprintable hydrogels with tunable physical
and mechanical properties for encapsulation of
heart valve cells
B Duan, LA Hockaday, KH Kang and JT Butcher
Cornell University, USA

3D bioprinting of living aortic valve conduits with native anatomical
shape and mechanical and cellular heterogeneity have potential for
pediatric heart valve regeneration. It is important to investigate the
phenotype of heart valve cells (smooth muscle cells (SMC) from heart
valve root and valve interstitial cells (VIC) from leaflet) in bioprintable
hydrogel with tunable stiffness. In this study, SMC and VIC were encap-
sulated within photocrosslinkable poly(ethylene glycol) diacrylate
(PEGDA)/methacrylated-gelatin/alginate hydrogels. The mechanical
properties were tunable and well controlled by varying the molecular
weight of PEGDA and the mixture ratio. We characterized different hy-
drogel networks including the swell ratio, tensile test, encapsulated cell
(SMC and VIC) viability, cell growth rate and cell phenotypes. SMC
showed significant higher growth rate in stiff hydrogels and expressed
more smooth muscle actin, but less vimentin compared to compliant
counterparts. But the encapsulated VIC did not show any difference
between hydrogels with different stiffness. We have also employed our
extrusion based 3D bioprinter to bioprint a 3D grid pattern structure
using stiff hydrogel encapsulated with SMC and compliant hydrogel
with VIC. Both cell types survived 3D bioprinting and photocrosslink
process. By mimicking the native valve structure and biomechanics, the
hydrogels with tunable properties can accommodate VIC and SMC for
bioprinting of heterogeneous aortic valve conduit.

61.P16
The influence of freeze-drying methods on
porous gelatin scaffolds structure
A Doryab, G Amoabediny and N Salehinik
University of Tehran, Iran

In this present work gelatin scaffolds were manufactured by several
freeze-drying methods. This study assessed the structure of scaffold,
which is prominent factor to preparation porous gelatin scaffold.
Results indicated that porous gelatin scaffolds made by bidirectional,
unidirectional and traditional freeze-drying are strikingly different. It
has shown that gelatin scaffolds made by bidirectional freeze-drying
are interconnected more than unidirectional and traditional method. In
addition, scaffolds properties such as porosity and water adsorption
ability were studied. Toxicity of porous gelatin scaffolds was examined
by in vitro cell culture. Porous structure was characterized by scanning
electron microscopy.
Keywords: freeze drying method, porous structure, gelatin scaffold

61.P17
How structure and chemical composition
influence mechanical and biological properties of
3D tissue engineering scaffolds fabricated using
rapid prototyping method
B Ostrowska, A Kurzyk, Z Pojda, W Swieszkowski and
K Kurzydlowski
Warsaw University of Technology, Oncology Center-Institute,
Poland

The aim of the study was to create and evaluate 3D scaffolds made of
polymer (polycaprolactone) and composite (polycaprolactone + 5%
tricalcium phosphate) which could be used for bone tissue engineering
(BTE). Cylindrical porous scaffolds with 3D orthogonal periodic porous

architectures were fabricated using rapid prototyping method and Bio-
scaffolder. The scaffolds structure was investigated using scanning elec-
tron microscopy (HITACHI SU8000). X-ray microtomographical
analysis and the mechanical testing of the porous structures were per-
formed using SkyScan 1172 machine, equipped with a material testing
stage. Fatigue strength was evaluated using dynamical electromechani-
cal testing machine (BOSE). After Gamma sterilisation, the scaffolds
were seeded and cultured with human umbilical cord stromal cells
(UCSC) (1.4 · 106/cm3) for 6 weeks under osteogenic stimulation
conditions (MesenCult, Stem Cell Technologies). Calcium deposits
were stained with Alizarin Red. The obtained scaffolds had structures
with high porosity (50%–60%) and interconnected pores ranging from
400 to 500 lm. Addition of the 5% TCP particles did not affect signifi-
cantly the mechanical properties of the composite scaffold. Higher sur-
face development has been observed for the composite samples what
has positive influence on cell proliferation. Both the adhesion rate
(seeding phase) and expansion rate of UCSCs and osteogenic differen-
tiation were significantly higher (over 30%) for composite scaffolds.

61.P18
Designing in-situ architectures using microscopic
laser photolithography in 3D cell culture
hydrogels
I Mironi-Harpaz, L Hazanov, G Engel, D Yelin and D Seliktar
Technion - Israel Institute of Technology, Israel

An advantage of hydrogel scaffolds is their ability to be spatially struc-
tured with mechanical cues that guide cells. However, creating unique
stiffness landscapes within a hydrogel using photolithography has pro-
ven difficult in materials that support 3D cell culture. For this purpose,
temperature responsive bioactive hydrogels were made from fibrinogen
and Pluronic�F127 (FF127). These materials form a physical hydrogel
at physiological temperatures and can be further photopolymerized
(fully or locally) in the presence of an initiator and UV light (i.e., chem-
ical crosslinking). Particle tracking microrheology was used to study
the local rheological properties of these heterogeneous hydrogels. The
beads’ displacements in the chemically crosslinked regions was lower
than in the physically crosslinked ones. Patterned UV illumination of
FF127 constructs made with rhodamine-labeled F127-DA pinpointed
the regions of chemical crosslinking in the physically crosslinked con-
structs. Cellularized constructs where similarly patterned to reveal a
difference in cellular morphology between chemically and physically
crosslinked regions. Although equally viable, mesenchymal cells were
less spindled in the stiffer regions. Interestingly, the cells favorably ori-
ented at the interface between stiff and compliant regions. These
results emphasize the importance of mechanical heterogeneity in cellu-
lar morphogenesis, providing validation for cutting-edge tools than can
be used to explore this topic.

61.P19
Biodegradable microparticles for cell aggregation
and proliferation
A Sukmawati, WC Chan, MC Garnett and L Buttery
University of Nottingham, UK

Microparticles (MPs) can be used as matrices to organize three-dimen-
sional (3D) assembly of cells for tissue engineering. Specific interaction
using a ligand was incorporated to support aggregate formation
between microparticles and cells. We have modified poly(glycerol adi-
pate) (PGA) polymer by stearoyl chloride (C18) substitution (40%
C18-PGA)to increase drug-polymer interaction. Furthermore, in order
to tether a functional group for ligand attachment on the surface of mi-
croparticles, a poly(ethylene glycol)-maleimide (PEG-MIHA) linker
was attached to the terminal carboxyl group on PGA. Microparticles
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were fabricated using the emulsification method and collagen attached
as a ligand. Diameter of particles was ranging from 0.3 to 75 lm with
mean diameter of 6 lm. The MPs from 40% C18 -PGA-PEG-MIHA had
a higher zeta potential than 40% C18 -PGA. Aggregate formation was
evaluated with mouse embryonic stem (mES) cells and neonatal calv-
arial osteoblast cells. Microparticles made from 40% C18-PGA and
40% C18-PGA-PEG-MIHA had no effect on aggregate formation in
mES cells but supported osteoblast cell aggregation. After 14 days,
mES and osteoblast cell aggregates with 40% C18 substituted PGA-
PEG-MIHA MPs with collagen had the highest cell metabolic activity
(n = 3, p < 0.05). It suggests that 40% C18 substituted PGA-PEG-
MIHA MPs with a collagen ligand could act as matrices to support cell
proliferation in a 3D structure.

61.P20
Well-ordered calcium phosphate/alginate
biphasic scaffolds containing designed hollow
fibers for bone tissue engineering and
regeneration
Y Luo, A Lode, AR Akkineni, F Sonntag, B Nies and M Gelinsky
Centre for Translational Bone, Joint and Soft Tissue Research, TU
Dresden, Germany; Fraunhofer IWS Dresden, Germany;
InnoTERE GmbH, Germany

In this work, we present novel calcium phosphate (CaP)/alginate scaf-
folds with well-organised structures for bone tissue engineering and
regeneration. These scaffolds were fabricated by 3D bioplotting using a
three channel scaffold printer. The CaP pastes were prepared by mixing
CaP powder with biocompatible oils and additives; alginate pastes
were prepared by dissolving alginate with 6% polyvinyl alcohol solu-
tion. CaP/alginate biphasic scaffolds were fabricated by dosing CaP
and alginate pastes layer by layer alternately utilising computer aided
design (CAD) and computer aided manufacturing (CAM). Further-
more, alginate hollow fibers were introduced in these scaffolds for
mimicking the vasculature. Scaffolds were characterised by light
microscopy, SEM and XRD. The mechanical properties were investi-
gated in dry and wet state. Human mesenchymal stem cells (hMSC)
were seeded and cultured. Bovine serum albumin (BSA) was intro-
duced in the scaffolds and the release behavior was studied. Results
showed that the prepared biphasic scaffolds owned regular structure
and controlled pore size and interconnection. Hollow fibers with com-
pletely open lumen were successfully introduced. The compressive
strength of biphasic scaffolds were significantly increased and tough-
ness were improved. hMSC attached and grew well on the scaffolds.
Proteins can easily be incorporated in the materials due to the physio-
logical preparation conditions and BSA released much faster from algi-
nate than from CaP.

61.P21
Integrated bioprocess composed of cells, porous
PLGA microspheres and a HARV bioreactor to
develop three dimensional tissue engineered
construct
MS Jeong, BC Kim and YS Hwang
School of Dentistry, Kyung Hee University, Korea

To date, extensive researches on the development of 3D bone and carti-
lage-like tissue construct have been done for the clinical purpose of
restoring bone and cartilage defects. In this research, an integrated bio-
process to generate in vitro 3D tissue engineered bone and cartilage
constructs was developed using adipose-derived stem cell (ADSC), pri-
mary chondrocyte, porous microsphere and a HARV bioreactor. First,
porous PLGA microsphere with above 500 lm of diameter was fabri-
cated, which was designed to experience less effect of sheer stress dur-
ing rotation in a horizontally rotating microgravity bioreactor via

previous simulation test. Cells (ADSC or chondrocyte) were seeded uni-
formly on poly (L-ornithine)-coated microspheres, and the cell-micro-
sphere constructs were cultured under osteogenic or chondrogenic
culture condition within a HARV bioreactor, which microspheres and
dynamic culture system support efficient 3D cell and tissue growth by
facilitating nutrient mass-transport into 3D constructs. Finally, 3D
bone- or cartilage- like tissue formation was characterized in molecular
and gene level by immunocytochemical analysis, real time-qPCR analy-
sis, and other analysis.
Acknowledgment: This research was supported by grant No. 2011-
0013333 from the Basic Research Program of the Korea Science & Engi-
neering Foundation

61.P22
Biological evaluation of a successful transferred
double protein coating from 2D PCL coatings to
3D scaffolds.
EM Berneel, T Desmet, H Declercq, P Dubruel and R Cornelissen
Ghent University, Belgium

Introduction: Scaffolds are being produced from biodegradable poly-
mers in order to replace defects in the human body. The poor biological
performance of some of these materials translates into a need for sur-
face modification. In this work we report on the transfer of surface
modification, involving immobilization of gelatin and fibronectin, from
2D PCL films to bioplotted 3D PCL scaffolds and the biological evalua-
tion of both substrates.
Materials and methods: Scanning Electron Microscopy (SEM), X-ray
photoelectron spectroscopy (XPS) and confocal fluorescence micros-
copy (CFM) has been used to evaluate the scaffolds. Cell viability and
adhesion of HFF (human foreskin fibroblast) cells was evaluated on
modified 2D PCL films and 3D PCL scaffolds with an actin cytoskele-
ton-focal adhesion staining, MTTand calcein staining.
Results: SEM, XPS and CFM confirmed a homogeneous protein-coating
on both 2D and 3D substrates. The biological evaluation showed that
the double protein coated PCL substrates were superior compared to
the other surface modifications, independent of the material dimen-
sion.
Conclusion: We have fabricated scaffolds with an interconnected struc-
ture and standardized pores applying the 3D Bioscaffolder�. The scaf-
folds were successfully modified with a double protein coating using a
multistep surface modification protocol. From the biological evaluation,
it could be derived that fibronectin remains biologically active as it pro-
motes initial adhesion and proliferation.

61.P23:
Melt electrospinning writing fibrous scaffolds for
regenerative medicine
PD Dalton, TD Brown and DW Hutmacher
Queensland University of Technology, Australia

Electrospinning is a dynamic process that involves electrostatically
drawing a liquid to create fibrous structures. Increasingly used within
regenerative medicine to fabricate scaffolds, electrospinning faces chal-
lenges in controlling fibre deposition due to excessive electric instabili-
ties, contributed by volatile solvents. However electrified jets of non-
conductive polymer melts are more stable and the deposition path is
very predictable. Combining melt electrospinning with automated
stages, this new approach to direct writing produces tissue engineering
scaffolds with a high level of accuracy and complexity. Melt electrospin-
ning writing in a direct writing mode produced complex microporous
fibrous scaffolds with filaments between 5 and 20 l, with minimum
stage speeds required for different conditions. Reducing the flow rate
decreased the fibre diameter but increased the minimum stage transla-
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tion speed required to generate a straight fibre. Importantly, melt elec-
trospinning allows the accurate stacking of fibres upon each other, even
when using complex shapes such as cursive writing. Melt electrospin-
ning in a direct writing mode produces ordered and intricate biomedi-
cal devices and cell invasive scaffolds for regenerative medicine.
Electrospinning writing benefits from minimal electrostatic instabilities
associated with non-conductive polymer melts and consequently pro-
duces ordered and reproducible structures for regenerative medicine.

61.P25:
Biofunctionalization of rapid prototyping PLA
scaffolds for tissue engineering
T Serra, M Navarro, MA Mateos-Timoneda, JC Rodrı́guez-Cabello
and JA Planell
Institute for Bioengineering of Catalonia, Spain; CIBER en
Bioingenierı́a, Biomateriales y Nanomedicina (CIBER-BBN),
Spain; Technical University of Catalonia (UPC), Spain

Rapid prototyping (RP) allows the development of precise 3D scaffolds
for tissue regeneration. Polylactic acid (PLA) is known for the fabrica-
tion of degradable scaffolds; yet, it lacks bioactivity. Adding elastin-like
polymers (ELPs) could improve this drawback. Thus, this work aims to
develop and characterize ELP-functionalized PLA scaffolds.PLA scaf-
folds fabricated by a robotic nozzle-deposition system were functional-
ized with ELP containing the RGD sequence. Both, physisorbed and
covalently bonded (NaOH + EDC/NHS activation + immersion in
ELP solution) coatings were achieved. Characterization by CBQCA and
Micro BCA assays was done. Adhesion, proliferation and morphology
of rMSCs were evaluated by LDH activity and immunofluorescence. 3D
structures with pores of 165 ± 5 lm, struts of 70 ± 5 lm, 70% of
porosity and a compressive modulus of 30 ± 5 MPa were obtained.
Confocal images showed an homogeneous surface coating. The micro
BCA assay showed a higher ELP density in the covalently functional-
ized surfaces than on the physisorbed ones. Biological studies showed
a positive cell response in the functionalized scaffolds. This work shows
the possibility to successfully bioactivate the surface of biodegradable
3D PLA scaffolds with various biomolecules. Scaffolds were homoge-
neously coated with a covalently bonded ELP showing a positive cell
response. RP and biofunctionalization can be tuned to tailor promising
degradable, mechanically stable, bioactive and biocompatible scaffolds
for TE.

61.P26
Integration of mesenchymal stem cells into
biodegradable nanofibers scaffolds by
electrospinning and electrospraying methods
DI Braghirolli, F Zamboni, P Chagastelles, D Moura, J Saffi,
JAP Henriques, DA Pilger and P Pranke
Hematology and Stem Cell Laboratory, Faculty of Pharmacy,
Federal University of Rio Grande do Sul, Brazil; Health Sciences
Post-graduation Programme, Federal University of Health
Sciences of Porto Alegre; Department of Biophysics; Stem Cell
Research Institute, Brazil

Electrospinning (ES) is an attractive method used in bioengineering to
produce scaffolds. Normally, the scaffolds are produced by ES and sub-
sequently seeded with cells. However, uniform cell colonization
remains an unsolved problem in 3D scaffolds. This work investigated a
direct method to integrate cells into nanofibrous scaffolds by combin-
ing ES of fibers and electrospraying (EP) of cells. Mesenchymal stem
cells (MSCs) from deciduous teeth in culture media were electro-
sprayed into PLGA nanofibrous scaffolds. The impact on cell viability
and proliferation was determined. The cells were evaluated by scan-
ning electron microscopy (SEM) and confocal microscopy (CM). The

assessment with trypan blue revealed no significant loss in viability of
MSCs and the MTTanalysis showed the proliferation of cells remained
into the scaffolds. The cell number increased significantly in culture.
SEM images of cells illustrated high cell densities integrated between
the fibers. CM images showed that cells were adhered to nanofibers. To
assess possible DNA damage, cells were evaluated by comet assay and
no genetic damage to the electrosprayed cells appeared until after a
period of 15 min. Karyotyping of electrosprayed cells is being per-
formed to evaluate chromosomal abnormalities. The results suggest
that ES and EP association is an interesting technique to form 3D cell
integrated scaffolds, making it a viable alternative for use in tissue
engineering.
Financial support: CNPq, FAPERGS and SCRI.

61.P27
Cartilage tissue engineering using a hybrid of
polymeric framework and cartilage-derived
extracellular matrix with mesenchymal stromal
cells from human inferior turbinate tissue
J Jinah, P Falguni, K Min-Joo, K Sung-Won and C Dong-Woo
Division of Integrative Biosciences and Biotechnology, Korea;
Department of Mechanical Engineering, Center for rapid
prototyping based 3D tissue/organ printing; Department of
Otolaryngology-Head and Neck Surgery, College of Medicine, the
Catholic University of Korea; Division of Integrative Biosciences
and Biotechnology, Korea

Cells, biomaterial scaffolds and biological signals are indispensable in
regeneration of diseased or traumatized tissues through tissue engi-
neering. Here, maintaining of structural and biomechanical properties
of target tissue is important for retaining biological activity. Further-
more, conserving the biological signals is very crucial to repair of the
tissue. Herein, we present a hybrid of polycaprolactone framework and
decellularized cartilage extracellular matrix (dECM) for cartilage
regeneration. This structure is fabricated by customized multi-head tis-
sue/organ building system (MtoBS), which is one of the solid freeform
fabrication technologies. The mesenchymal stromal cells from human
inferior turbinate tissue, a new promising cell source, are encapsulated
into the dECM of hybrid structure as ‘cell-laden hybrid structure’. The
potential of cell-laden hybrid structure, serves as a biomimetic struc-
ture, was investigated by culturing mesenchymal stromal cells in vitro.
The structure revealed great cell viability and biological activity.
Mechanical properties were also improved than the widely used sponge
type dECM scaffold. Moreover, the cartilage-derived ECM environment
promoted chondrogenic characteristics of MSCs due to the composition
and structure of the ECM. This study provides an appropriate basis for
fabrication of hybrid type structure that is composed of dECM and syn-
thetic polymer using SFF technology for tissue engineering.

61.P28
Gradients for cell guidance – functionalization by
UV-laser-irradiation
N Seiler, E Bremus-Köbberling, D Leonhäuser and A Gillner
Fraunhofer ILT, Germany

The development of medical devices and implants necessitate cell
growth promoting surfaces. Especially neuronal grafts need surfaces
which provide guiding structures of growth promoting factors or cell
specific binding molecules. Previous studies have shown that UV-laser-
irradiation can be used for functionalization of polymers. Several
experiments have been performed with polymethylmetacrylate. By
irradiation the surface gets locally modified due to oxidation. Hence
carboxylic groups are induced and offer binding sites for amine
functionalization. In state of the art technology the use of masks is

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

61. 3D Scaffold/Cell Printing 373



common to generate functional patterns for cell guidance. For every
guiding structure new mask have to be produced. The current study
shows that by UV-laser-irradiation of poly-�-caprolactone (PCL) func-
tional groups can be achieved on the polymer surface. Due to the high
spatial and temporal resolution of the laser irradiation the induced
energy can be controlled. This offers the possibility to write freeform
structures with controlled functionalization density on the polymer
surface. A special case of this freeform functionalization is the produc-
tion of gradients of anchor groups. These anchor groups can be func-
tionalized with amines and growth factors which can be used as cell
guiding structures.

61.P29
Fluorescent cell-based reference standards for
quality assessment of regenerative medicine
products
S Rahman, MO Baradez and D Marshall
LGC Ltd, UK

Characterisation of cells for identity, purity, biological activity and via-
bility is a regulatory requirement in both Europe and the US. Many of
these characteristics can be measured using fluorescence-based analy-
sis, for example, measurement of biomarker expression using spectros-
copy, flow cytometry or imaging to confirm cell identity or assess
biological activity. Whilst relatively simple methods exist to measure
these parameters during standard cell manufacture, they become
increasingly challenging to measure in the 3D systems often used in
final products. These challenges can be partially addressed using refer-
ence standards, such as fluorescent micro-beads, to assess measure-
ment sensitivity, variability and bias. However, these physical materials
are not representative of the living cells used in regenerative medicine
products, limiting their value in relation to biological samples. We
therefore developed and characterised a prototype cellular fluorescent
reference standard consisting of two cell lines stably transfected with
GFP or RFP. The intercellular fluorescent variability was quantified
using flow cytometry and a novel confocal image analysis system and
shown to be stable over > 5 passages. Using these well characterised
constitutively fluorescent cells we demonstrated how they can be used
to calibrate fluorescence-based measurements in complex 3D environ-
ments providing a tool to facilitate product development, characterisa-
tion and quality assessment prior to release.

61.P30
What you see is what you print: Single Cell
Transfer
DA Riester, A Özmert, M Ungers and MWehner
Fraunhofer Institute for Laser Technology ILT, Germany

Many structures in living organisms show a high complexity. One
example is the stem cell niche, where different cell types interact in a
highly defined manner. The artificial realization of such structures,
need a building technology, which enables a highly defined and repro-
ducible positioning of the cell types of interest. With state of the art
printing technology it is not feasible to transfer one single cell in more
than 50% of the produced droplets. Laser Induced Forward Transfer
(LIFT) however enables us to achieve a 100% single cell transfer rate.
During LIFT a material is transferred from a transfer slide onto a recei-
ver slide. The transfer slide consists of three layers: a support layer, an
absorber layer, which is locally evaporated during laser irradiation and
a transfer layer, which is transferred by the evaporation onto the recei-
ver layer. Cells are contained within this transfer layer and can be selec-
tively transferred via LIFT. Defined cell patterns (3T3, K562) were
generated on a gelatin gel receiver slide using a semiautomatic five-axis
LIFT system. Cell viability was demonstrated by life-dead assays. Differ-

ent process parameters like the distance between transfer slide and
receiver slide or the laser power have a great impact on the printing
result. In future work we will focus on the transfer of different cell
types to show the capability of this technology for in vitro stem cell
niche generation.

61.P31
Micropatterned co-culture of rat hepatocytes with
3T3 cells using microstencil technique
K Nakazawa, Y Shinmura, A Higuchi and Y Sakai
The University of Kitakyushu, Japan

Primary hepatocytes have been used for various applications such as
liver tissue engineering, and pharmacological and fundamental cell
biology studies. For the success of such applications, hepatocytes have
to express liver-specific functions at a high level and maintain these
functions over a long term. In this study, we investigated the morpho-
logical and functional behaviors of the micropatterned co-culture of rat
hepatocytes with 3T3 cells.A micropatterned chip was prepared using
polydimethylsiloxane microstencil such that the chip contained 724
hepatocyte islands, each 500 lm in diameter, in a triangular arrange-
ment with 800 lm pitch, in which hepatocytes were co-cultured with
3T3 cells. The hepatocytes in micropatterned co-culture exhibited
hepatocellular morphology for several weeks of culture by supporting
the heterotypic interface between the hepatocytes and 3T3 cells. The
albumin secretion activity of hepatocytes was highest in the micropat-
terned co-culture but decreased in the random co-culture, micropat-
terned mono-culture (hepatocytes only), and random mono-culture in
that order. Furthermore, earlier formation of co-culture promoted
higher functional activity of hepatocytes as compared to later forma-
tion, and hepatocyte functions were induced with an increasing the
density of inoculated 3T3 cells. These findings will provide information
useful for designing co-culture conditions.

61.P32
Cell, scaffold and growth factor patterning via 3D
printing
M Sawkins, B Brown, L Bonassar, H Cox, F Rose and K Shakesheff
University of Nottingham, UK; University of Pittsburgh, USA;
Cornell University, USA

Traditionally, scaffolds for tissue engineering have homogenous, bulk
properties which do not vary with location. However, for repair of tis-
sues which have vital-to-function architecture, or for simultaneous
repair of multiple tissues, more complex therapies are necessary. The
work undertaken here aims to demonstrate that 3D printing is capable
of producing scaffolds for these more complex therapies, with mechani-
cal and chemical material properties, cell populations and growth fac-
tor signals which are independently patterned in three dimensions.
Results so far show that scaffolds can be produced containing both algi-
nate hydrogel and PLGA-based microparticulate scaffold phases, which
are suitable for cartilage and bone engineering respectively, raising the
prospect of bespoke osteochondral defect repair. Pre-osteoblasts and/or
chondrocytes can be incorporated into scaffold materials prior to print-
ing, and show high post-print viabilities of around 80%. Initial studies
also show that multiple cell types and multiple scaffold materials can
be patterned simultaneously and independently. Ongoing work is
focused on further optimising deposition of the microparticulate scaf-
fold material, to ensure adequate mechanical strength for application
in bone. In addition, an evaluation is underway of the extent to which
patterned growth factor signals are translated into patterned cell
behaviour.
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61.P33
Cell LEGO
HI Iwata and YT Teramura
Kyoto University, Japan

Newmethodology using ssDNA-PEG-lipid as a cell adhesive will be pre-
sented to display cells in certain area on a glass plate and to regenerate
3D tissue using cells as building blocks (cell lego). When a ssDNA-PEG-
lipid solution is added to a cell suspension, the hydrophobic alkyl
chains of the ssDNA-PEG-lipid spontaneously form hydrophobic inter-
actions with the lipid bilayer of the cell membrane. The ssDNA which is
presented on the cell surface can be used as an adhesive to immobilize
cells on various surfaces. Various patterns can be drawn on glass plates
using cells along the patterned aaDNA. Solutions of ssDNA-SHs were
printed by an inkjet printer onto a glass plate covered with a gold thin
layer. ssDNA-SHs were immobilized onto the surface. Cells with
ssDNA’-PEG-lipid, in which ssDNA’ was complementary to the ssDNA
sequence of the ssDNA-SHs on the surface, were applied to the surface
to induce cell attachment through the ssDNA–ssDNA’ hybridization.
The ssDNA-PEG-lipid was also utilized to immobilize cells on a cell
aggregate. ssDNA was introduced onto the surface of HEK293 cells
with an ssDNA-PEG-lipid, and ssDNA’ was introduced onto the surface
of cell aggregates with an ssDNA’-PEG-lipid. Then, the ssDNA’-cell
aggregate were mixed with the ssDNA-HEK293 cells. The HEK293 cells
were immobilized on the cell aggregate surface through DNA hybrid-
ization.

61.P34
Behaviour of human adipose stem cells in
microstructured scaffolds
S Salonen, E Käpylä, DB Aydogan, S Vanhatupa, J Hyttinen,
M Kellomäki and S Miettinen
Adult Stem Cells, BioMediTech, University of Tampere, Finland;
Biomedical Engineering, BioMediTech, Tampere University of
Technology, Finland

In vivo, cells are supported by a 3D extracellular matrix (ECM). How-
ever, cells are currently cultured in vitro on 2D surfaces. To mimic the
ECM and the growth supporting environment of the in vivo -conditions,
well-defined microstructured scaffolds were designed in MATLAB and
fabricated from Ormocomp� by a rapid prototyping method of two-
photon polymerization (2PP). The scaffolds had a repeating layered
structure and a model-based porosity of 96.7%. Human ASCs were
seeded on duplicate samples containing two 240 · 240 · 120 lm scaf-
folds. Cell viability and attachment was evaluated by Live/Dead-stain-
ing, and the growth and morphology by bright field, SEM and confocal
imaging at each time point (4 h, 2 days and 6 days). In addition, the
cell migration into scaffolds was studied using continuous cell imaging.
The majority of ASCs were viable at each time point and they seemed
to proliferate and migrate inside the scaffolds during the 6 days culture
period. At 4 h, the scaffolds were almost empty, at 2 days ASCs grew
upwards mainly along the outer scaffold wall, and at 6 days ASCs grew
in the middle of the scaffolds in many layers. In addition, SEM images
showed that cells formed extensions not only along the scaffold wall
but also through the pores inside the scaffolds. Our results on cell via-
bility, attachment growth and morphology propose that well-defined
3D scaffolds fabricated by 2PP are a favorable environment for cultur-
ing ASCs.

61.P35
Quantifying spatial variations in cell density in
collagen scaffolds: a combined theoretical-
experimental approach
R Shipley, A Ardakani, U Cheema and R Brown
University of Oxford, England; University College London,
England

A key requirement of any scaffold is its ability to promote cell function
– the material must support cells within a 3D environment that mim-
ics the architecture, biomechanical and biochemical environment of in
vivo tissue. One option is to seed cells in a collagen gel – plastic com-
pression increases the collagen density (and hence mechanical integ-
rity) to representative in vivo values. Such an approach has been
developed at UCL, and has been shown to sustain oxygen concentra-
tions at physiological values throughout a scaffold. The current study
investigates cell fate spatially in such a construct, using a combination
of mathematical modelling and experimental data. Models are pre-
sented that track the evolution of the cell population in response to
the oxygen concentration field, and also account for cell-cell and cell-
scaffold interactions. This is achieved using a continuum framework
that explicitly accounts for changes in the volume fraction of cells,
fluid and collagen throughout the scaffold. The models are simplified
by exploiting the geometry of the scaffold to yield analytical expres-
sions for the cell density as a function of position and time. The model
outputs are validated against data on cell viability and proliferation
obtained using Live/Dead and Alamar blue assaying at 3 spatial posi-
tions in a construct. In this way, a quantitative picture of cell fate
(including death and proliferation), and its dependence on the under-
lying source of oxygen, is developed

61.P36
Ischemia is a prime but not the only cause of
hMSC death in tissue engineered constructs in
vivo
D Logeart-Avramoglou, P Becquart, A Cambon-Binder,
M Bourguignon, M Bensidhoum and H Petite
CNRS - Paris Diderot University, France

Local tissue ischemia is a prime cause responsible for the massive cell
death in tissue engineered (TE) constructs observed post-implantation.
In order to assess the impact of ischemia on the death of implanted
hMSCs, which have great potential for repairing damaged tissues, we
hereby investigated the in vivo temporal and spatial fate of human Luc-
GFP-labeled MSCs within fibrin gel/coral scaffolds subcutaneously
implanted in nude mice. In vivo bioluminescence imaging monitoring
and histological analyses of the constructs tested confirmed the irreme-
diable death of hMSCs over 30 days post-implantation. The kinetics of
expression of three hypoxic/ischemic markers (HIF-1?, LDH-A and
BNIP3) was also monitored. Our results provided evidence that hMSC
located within the core of implanted constructs died faster and pre-
dominantly as well as strongly expressed the aforementioned ischemic
markers. In contrast, cells located in the outer regions of TE constructs
were reperfused by neovascularization and were still viable (as evi-
denced by their ex-vivo proliferative potential) at day 15 post-implanta-
tion. These results support the explanation that in the central part of
the constructs tested, death of hMSC cells was due to ischemia,
whereas in the periphery of these constructs, cell death was due to
another mechanism that needs to be elucidated.
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61.P37
Bioprinted amniotic fluid-derived stem cells
accelerate wound healing in skin
A Skardal, D Mack, E Kapetanovic, C Markert,
A Atala, J Jackson, J Yoo and S Soker
Wake Forest Institute for Regenerative Medicine, USA

Amniotic fluid-derived stem (AFS) cells possess similar properties as
mesenchymal stem cells (MSCs), such as multipotency, immunomodu-
lation and lack of immunogenicity. MSCs have shown therapeutic
potential in treatment of acute and chronic wounds. Given that AFS
cells can be obtained less invasively and show greater proliferative
capacity in culture, we investigated whether they could also augment
wound healing. Full thickness skin wounds were surgically created on
the dorsal region of mice and treated by bioprinting a fibrin-collagen
gel containing AFS cells, MSCs, or no cells over the wound. At day 0, 7
and 14, AFS and MSC-driven wound closure and re-epithelialization
was significantly greater than that of gel-only treatments. Histology
revealed increased neovascularization and robust epidermal layers in
the AFS and MSC-treated skin compared to gel-only treatments. GFP-
labeled AFS cells and MSCs showed that cells were transient, and did
not permanently integrate. Staining for von Willebrand factor showed
that printed cells did not co-localize with new vessels, despite the neo-
vascular activity. These observations suggest that increased wound clo-
sure rates and angiogenesis may be due to delivery of trophic factors,
not direct cell-cell interactions. AFS cells perform as well as MSCs in
wound closure, and seem to induce greater neovascularization. There-
fore, bioprinting of AFS cells might address the clinical need for more
effective treatments for large-scale wounds and burns.

61.P38
Bioprinting a hybrid scaffold containing human
placenta derived extracellular matrix
X Guo, DM Gregor, JJ Desai, JO Ngoje, A Kaplunovsky, R Zaka,
RJ Hariri, WT Hofgartner and MB Bhatia
Celgene Cellular Therapeutics, USA

Introduction: Recently, a number of synthetic biomaterials have been
bioprinted to three dimensional (3D) scaffolds for tissue engineering
applications. However, synthetic scaffolds alone lack biological cues to
guide tissue regeneration. Therefore, the objective of this study was to
incorporate a human placenta derived extracellular matrix (ECM)
(Bhatia MB, Wounds 20, 29, 2008) into a bioprinted synthetic scaffold
to create a hybrid scaffold. Methods: To produce the hybrid scaffolds,
polycaprolactone (PCL) was first fabricated as a 3D scaffold with a bio-
printer (EnvisionTEC). Human placental ECM (Press BH, et al. Poster,
TERMIS NA, 2011) was then loaded on PCL scaffolds and dehydrated.
In a separate method, ECM slurries and PCL were alternatively printed
into each layer of scaffolds with custom designed internal patterns.
Results: The results demonstrated that PCL scaffolds of controlled fiber
diameter and pore size could be fabricated using the bioprinter. Both
dehydration and bioprinting methods successfully incorporated placen-
tal ECM on PCL scaffolds. Additionally, the incorporation of ECM
enhanced the ability of scaffolds to support attachment and prolifera-
tion of Placenta Derived Adherent Cells (PDAC�), as examined by Cal-
cein AM staining and MTS assay.
Conclusion: These results suggest bioprinting is a promising approach
to fabricate hybrid scaffolds that incorporate both natural placental
ECM and synthetic components for tissue engineering applications.

61.P39:
3D bioprinting for everybody - application of
low-cost 3D printers in tissue engineering
S Wüst, ME Godla, P Schwilch, S Hofmann and
R Müller
Institute for Biomechanics, ETH Zurich, Switzerland

Introduction: Biological constructs can be manufactured layer-by-layer
through 3D bioprinting, in which a cell-loaded hydrogel is deposited to
form a predefined structure. For this, materials need to be developed
with specific parameters. Especially for viscous hydrogels - which might
be indispensable for scaffold stability - many bioprinters experience
problems such as material clogging in the tip. To solve such a chal-
lenge, open-source printers with modifiable software and hardware are
valuable. The purpose of this project was to adapt a commercially-
available low-cost 3D printer for bioprinting cell-hydrogel constructs.
Methods: The syringe-based Fab@Home printer was modified with a
custom-made temperature-controlled print-head to influence hydrogel
rheology. An alginate-hydroxyapatite hydrogel with encapsulated
hMSCs was printed, cross-linked with CaCl2, and cultured for 3 days.
Results: Stable 3D printed hydrogel constructs were achieved by modi-
fied printer control parameters and usage of the new print-head. Cells
survived the printing process and remained viable after 3 days in cul-
ture.
Conclusions: A commercially-available 3D printer has been successfully
modified for biological usage. Resolution is usually the most limiting
factor of low-cost printers; however, the viscosity of our material is here
more limiting.
Acknowledgments: We acknowledge Marco Hitz for technical support
and funding from the RMS Foundation, Bettlach, Switzerland.

61.P40
A new approach for 3D tissue & organ fabrication
inspired from orthopedic surgery
K Nakayama and S Matsuda
Saga University, Japan

Fabrication of transplantable 3D tissues or organs in vitro is one of the
major goals in regenerative medicine. Several scaffold-free systems
have been developed to avoid potential side effects caused by scaffold
mainly used to build three-dimensional tissue constructs. However,
they seemed to be still unable to produce fine structures without con-
tamination from exogenous biochemical materials. Inspired from bone
fracture treatments in orthopaedic surgery, we have established a sim-
ple method to fabricate 3D scaffold-free cell constructs. This method
uses spheroids and temporal fixators which enable placement of vari-
ous types of three-dimensional cells into desired xyz positions without
need of hydrogels or biochemical reactive materials. We also developed
a robotic system for scaffold-free cell construction. The prototype can
handle two different types of cells and fabricate 10 mm 3 scaffold-free
cell constructs. We consider that the simplicity and scalability of this
unique system will facilitate its clinical introduction. Near future, with
combination of the robotic technology and the bio technology, we may
be able to build living organs for autologous transplantation. And this
multi-cell construct may be a useful research tool for drug develop-
ment.
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61.P41
Optimized 3D design and bioprinting of a blood
vessel based on autophagy analyses
D Gozuacik, S Irmak, E Karakas and B Koc
Sabanci University, Turkey

In tissues/organs, a complex network of vessels of arteries and veins
branching out into capillaries provide nutrients-oxygen and simulta-
neously remove by-products. Pathologies leading to vascularization
abnormalities cause several life threatening diseases. Tissue engineered
vessels using scaffolds is one of recent attempt to reconstruct the dam-
aged or diseased vessels. However, the fabricated scaffolds could cause
immunogenic reactions and complications during their degradation
after implantation. Scaffold-free 3D organ printing is a new and power-

ful approach in tissue engineering. In this research, 3D-functional tis-
sues were printed using cell aggregates as building blocks (bioink).
Here, we developed a novel computer-aided design and 3D printing
technique to optimize bioprinting of scaffold-free vascular constructs.
Computer-generated scripts directly from 3D computer-aided designs
were used to control the bioprinter. Bioink made of fibroblasts and
endothelial cells were printed using bio-inert, thermo-responsive hy-
drogels as support. We optimized 3D path planning and bioprinting
techniques essential for engineered 3D tissues and functional units. Fur-
thermore, the effect of 3D printing with various path planning options
on stress and death responses of the cells in the bioink and in the
printed constructs were analyzed. Consequences of genetic manipula-
tion of these responses were studied to improve post-implantation sur-
vival and adaptation.
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62.01
Framing in-vitro meat as art
I Zurr and O Catts
SymbioticA, University of Western Australia, Australia

Engineered food, and in particular lab grown food, poses a cultural
challenge; the evocative language that is used to tell the story of in vi-
tro meat indicates the need to develop a more nuanced cultural articu-
lation of the subject. Considering that it is 100 years since A. Carrel
started his infamous chicken embryo tissue culture experiment that led
to the first envision of in vitro meat; most people still seem to find the
idea of cells growing outside of a body odd. As part of an ongoing
research project into the use of tissue technologies as a medium for
artistic expression, the authors grew in vitro meat (out of pre-natal
sheep skeletal cells) in the year 2000, as part of their research fellow-
ship at the Tissue Engineering and Organ Fabrication Laboratory, Har-
vard Medical School. Three years later the authors and six other
volunteers consumed in vitro meat (made of xenopus muscle cells) as
part of an art installation/performance titled ‘Disembodied Cuisine’ in
France. The paper will explore new discourses and new ethics/episte-
mologies that surround issues of partial life and the contestable future
scenarios they offer. The authors are now conducting an Interdisciplin-
ary project which concerns with tissue engineered muscle actuators in
custom made bioreactors as cultural expression. Tissue engineered
muscle actuators has the possibility to grow ‘better’ in vitro meat but
can be also used as a case study to examine shifting perceptions of
what is alive and ‘natural’.

62.02
Skeletal myoblast differentiation on starch
microspheres for the development of cultured
meat
P Wallin, K Höglund, KWildt-Persson and J Gold
Applied Physics, Chalmers University of Technology, Sweden;
Magle Life Science AB, Sweden

The cultivation of skeletal muscle cells ex vivo for food purposes has
the potential to provide a cultured meat product having significantly
reduced environmental impact than conventional meat production. We
are exploring the possibility to expand and differentiate muscle progen-
itor cells on starch microspheres in suspension culture. Starch is an
attractive alternative to animal-derived or biopolymer scaffold materi-
als, because it is edible and abundantly available, but needs to be cross-
linked and surface functionalized in order to support cell attachment
and growth. In this study, we have investigated the influence of surface
charge of crosslinked starch microspheres on cell attachment and
growth, as well as differentiation of C2C12 myocytes to muscle fibers
in this system. The results show that positively charged microspheres,
but not negative or neutral microspheres, supported fibroblast and
C2C12 cell attachment and growth. Furthermore, C2C12 cells differen-
tiated to myofibers that stained positive for myosin heavy chain under
static conditions. Total protein content of cultured cell/starch biomass
was within the range measured for hamburger, sausage and steak,
while myoglobin levels were a factor of 10 lower, however detectable.
These promising results encourage us to proceed in developing this cul-
ture system for cultured meat applications further and explore its suit-
ability for up-scaled suspension culture.

62.03
Cultured meat by self-assembly
G Forgacs, K Jakab and F Marga
University of Missouri, USA

Meat production technologies have a number of associated problems,
which with increasing demand for meat might become critical. We
have developed a new approach to edible meat production that is
based on tissue engineering by self-assembly and uses bioprinting. Mul-
ticellular units are delivered into a biocompatible support structure
according to a design template (compatible with the shape of the
desired structure) by a bioprinter. Biological assemblies form post-print-
ing, through morphogenetic processes akin to those in early embryonic
development (e.g., cell sorting, tissue fusion). The resulting construct
is transferred to a bioreactor for maintenance and maturation to make
it suitable for use. We have applied the technology to build three-
dimensional tissue and organ structures for purposes of regenerative
medicine. Here we describe its adaptation to building meat products
for consumption. The technology has several advantages in comparison
with earlier attempts to engineer meat in vitro. The multicellular units
can be reproducibly prepared with mixtures of cells of different type, in
particular endothelial cells for vascularization allowing for control in
composition that enables the engineering of healthy products of great
variety. Printing ensures consistent shape, while post-printing structure
formation and maturation facilitates conditioning. Using this approach
we have fabricated thin sheets of edible meat which can be folded into
aesthetically appealing products.

62.04
Engineering aligned muscle tissue with the
incorporation of a vasculature
D van der Schaft, B Sanders, A van Spreeuwel and F Baaijens
Eindhoven University of Technology, The Netherlands

Skeletal muscle tissue engineering is a focus of our group with different
applications in mind, including cultured meat. During the last years we
optimized the engineering of muscle tissues using a hydrogel based sys-
tem. Importantly, constraining the tissue between two anchoring points
led to alignment of the muscle fibers. We further investigated whether
we could incorporate a vasculature in the tissues by co-culturing the
myoblasts with endothelial cells (ECs). We determined that merely
constraining the tissue caused the muscle cells to align and at the same
time produce vascular endothelial growth factor. This induced the ECs
to organize into vessel like structures in the tissues. We are currently
exploring the application of polymer scaffolds made by low tempera-
ture electrospinning. We compared the stiffer polymer poly(lactic acid)
(PLA) and more elastic co-polymer poly(l-lactide/caprolactone) (PLCL,
70–30 molar ratio). The scaffolds were cut in strips, anchored at both
ends and seeded with myoblasts and ECs. The tissues were cultured for
2 weeks, without additional growth factors. The cells remained viable
and gene expression analysis confirmed differentiation into myofibers.
Strikingly, in contrast to the PLA constructs, in which the myofibers
had a random distribution, the myofibers aligned in the direction of
constraint in the PLCL scaffold. Although there are indications that the
ECs organize into vessel like structures, more studies are needed to
confirm this.
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62.05
Enabling technologies for scalable production of
in vitro meat
V Mironov and NJ Genovese
Renato Archer Center for Information Technology,
Brazil;University of Missouri-Columbia, USA

Advancements in traditional agricultural methods may be insufficient
to address the global challenge of meat production necessitated by
increasing consumer demand and the public health burden associated
with animal meat consumption. The industrial production of in vitro
meat by scalable tissue engineering methods is a proposed solution.
We describe a production model involving five principal bioprocess
components: (i) isolation and propagation of myoblasts from farmed
animals; (ii) serum-free cell culture media formulation; (iii) develop-
ment of porous spheres from temperature-sensitive edible hydrogels
(iv) scalable bioreactor architecture; and (v) mechanical conditioning
cycle optimization for maturation of skeletal muscle myofibers. We dis-
cuss the potential application of this production model toward the
design of neutraceutical foods with preventative or therapeutic benefits
in reducing food-borne illness, transmissible infectious disease and
metabolic disease.

62.06
Tissue engineering of skeletal muscle and fat for
meat production
EAVan Essen, E Evers, S Verbruggen and MJ Post
Department of Physiology, Maastricht University, The
Netherlands

Introduction: Medical developments such as stem cell isolation and tis-
sue engineering might be used to grow meat for consumption. It is the
aim of this study to produce a proof of concept hamburger that is ready
for consumption.
Materials and Methods: Bovine satellite cells (SC, CD56 +) and adi-
pose tissue derived stem cells (ATDCs, pre-plating selection) were
extracted from 1 cc of fresh meat. Proliferation in prescribed media
was followed by prescribed differentiation protocols. SCs were seeded
in a collagen/Matrigel gel and cultured in six wells plates in donut
shaped rings. ATDCs were differentiated in a PGL/fibrin scaffold.
Results: SC of bovine origin were efficiently retrieved from fresh skele-
tal muscle. They could be expanded to ± 30 doublings and sufficient
numbers to populate 100 bioartificial muscles (BAMs) while ± 1000
BAMs are required for a hamburger. The average protein content was
78% (w/w). Differentiation of pre-adipocytes led to 80% of the cells
turning into fat cells by oil-red-O staining. Matured adipocytes
remained captured in the scaffold, forming bioartificial adipose tissue
(BAAT). Through additional food preparation techniques, the BAMs/
BAATs mixture will form the hamburger.
Conclusion: It is feasible to tissue engineer a combination of muscle
and fat from bovine stem cells, thus creating a cultured hamburger.
This proof of concept is the first step in optimization and scaling of the
procedure towards eventual production of cultured meat.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

62. Tissue Engineered Nutrition 379



63. Extracorporeal Shock Wave Therapy - a New Direction in
Regenerative Medicine?

63.01
Keynote: Extracorporeal shockwave therapy
(ESWT) – from bench to bedside
W Schaden and R Mittermayr
AUVA Trauma Center Meidling, Austria; Ludwig Boltzmann
Institute for Experimental and Clinical Traumatology – Research
Center of the AUVA, Austrian Cluster for Tissue Regeneration,
Austria

ESWT is used successfully for more than 30 years to disintegrate con-
crements in the urinary tract. During routine follow-up Gerhard Haupt,
a German urologist, observed iliac bone thickening at sites of shock-
wave passage 6 months after lithotripsy of ureter stones. This was the
first time that an interaction of shockwaves with biological tissue was
described. Already in 1991 Valchanov published his first experiences
treating non-healing fractures by means of ESWT. The first hypothesis
of the working mechanism was very mechanical: due to micro lesions
created in the exposed tissue reparation processes are induced. How-
ever, in 2002 Maier found the most potent osteogenetic effect at energy
levels which did not cause any damage. Meanwhile focus is attracted
on the biological ESWT effects. Back to ’bench’ it could be proven that
shockwaves induce production of multiple growth factors by mechano-
transduction. Additionally, angiogenesis could be demonstrated in dif-
ferent trials in response to ESWT. Even an effect on migration and
differentiation of stem cells was published. Due to the long experience
in urology using higher energy levels without observing significant side
effects ESWT could develop quickly in new medical fields (‘bedside’).
In the last years ESWT is successfully used in the treatment of bone
healing disturbances, chronic tendinopathies, chronic wounds and
burn injuries. Also in the treatment of ischemic heart muscle tissue
ESWTcould show benefits for the patients.

63.02
Extracorporeal shock waves – a novel method of
mechanostimulation in tissue regeneration
D Rünzler, AMWeihs, WG Junger, HH Sitte and W Schaden
University of Applied Sciences Technikum Wien; Department of
Biochemical Engineering, Austria; Beth Israel Deaconess Medical
Center, Department of Surgery, USA; Medical University of
Vienna, Institute of Pharmacology, Center for Biomolecular
Medicine and Pharmacology, Austria; AUVA Trauma Center
Meidling, Austria

Introduction: Despite clinical success rates from 60% to 90% of extra-
corporeal shock wave therapy in treatment of acute and chronic
wounds, biological influences of shock waves on tissues and bones still
remain to be elucidated in detail. Especially in vitro approaches may be
essential to identify underlying mechanisms of shock wave triggered
wound healing.
Materials and Methods: All in vitro experiments were carried out with
cells subjected to shockwaves using an in vitro shockwave trial water
bath and the shockwave device dermagold100 (MTS Germany). Read-
out methods were mainly FACS analysis and ELISA of released cyto-
kines.
Results: Application of the unfocussed shock wave device at medium
energies resulted in transient membrane permeabilisation of treated
cells observable by uptake and release of polar molecules. Moreover,

the mitochondrial membrane potential was restored immediately after
treatment without significant reduction of cellviability. In contrast,
release of ATP and cytokines was clearly dependent on shock wave
energy and the number of pulses applied.
Conclusion: Due to our findings the active process of mechanostimula-
tion rather than transient membrane permeabilisation may be responsi-
ble for favorable effects of extracorporeal shock wave therapy in
treatment of acute and chronic wounds. This may open a new way for
application of shock waves in tissue engineering approaches. Financial
support from FFG (# 818412) and City of Vienna is gratefully
acknowledged.

63.03
Unfocused extracorporeal shock waves induce
anabolic responses in osteoporotic bone
OP van der Jagt, JHWaarsing, N Kops, W Schaden, H Jahr,
AN Verhaar and HWeinans
Erasmus MC, University Medical Center, Rotterdam, The
Netherlands; AUVA Traumacenter Meidling, Austria

It was previously shown that non-osteoporotic rats treated with unfo-
cused extracorporeal shock waves (UESW) had higher cortical and can-
cellous bone volumes and improved mechanical properties. In the
current study we examined the effects of UESW in osteoporotic rats.
Female Wistar rats received an ovariectomy (OVX). Two weeks after
OVX one group received saline (n = 9) and another group received
alendronate (n = 9). At 0 weeks 1000 UESWwere applied to one hind
leg, the other was not treated and served as control. In vivo microCT-
scanning was used to analyze bone changes. In saline treated rats
UESW resulted in higher cancellous bone volume at 2 weeks, but not
at 4 and 10 weeks. UESW resulted in higher cortical volume at 2, 4
and 10 weeks with respectively 3.2%, 5.5%, 5.5% more than the
untreated control side. In rats receiving Alendronate UESW resulted in
higher cancellous bone volume at 2, 4 and 10 weeks. UESW resulted in
higher cortical volume at 2, 4 and 10 weeks with respectively 7%,
10.5%, and 12% more than the untreated control side. Large areas of
direct bone formation were observed at the cortex and around de novo
bone niches in the marrow of UESW treated legs. Intramedullary soft
tissue damage, but no periosteal or bone micro damage were observed.
In conclusion UESW drastically increase cancellous and cortical bone
volume. This study shows promising results for the use of UESW in the
treatment of osteoporosis.
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63.04
Myocardial regeneration by low energy shock
wave treatment
J Holfeld, C Tepeköylü, P Paulus, R Kozaryn,
W Mathes, SK Albrecht-Schgoer, J Dumfarth,
D Zimpfer, W Schaden, R Kirchmair and M Grimm,
Department of Cardiac Surgery, Innsbruck Medical University,
Austria; Clinic of Anaesthesiology, Intensive Care Medicine and
Pain Therapy, Goethe-University Hospital Frankfurt, Germany;
Department of Internal Medicine I, Innsbruck Medical University,
Austria; Department of Cardiac Surgery, Medical University of
Vienna, Austria; AUVA Trauma Center Meidling, Austria

Recently we found that epicardial shock wave treatment improves left
ventricular ejection fraction (LVEF) in rodent myocardial infarction.
The underlying mechanism remains largely unknown. We therefore
aimed to clarify mechanisms on cellular and sub-cellular levels. Efficacy
of epicardial shock wave therapy was tested in different in vitro and in
vivo models. LVEF markedly improved in shock wave treated pig ische-
mic hearts 6 weeks after treatment. Quantitative histology revealed sig-
nificant angiogenesis. Analysis of VEGF1 + 2 receptor phosporylation
in human coronary artery endothelial cells showed evidence for direct
receptor activation after shock wave treatment. Recruitment of circulat-
ing endothelial (progenitor) cells was found in a model of chronic hind
limb ischemia in rats. In a subsequent in vitro experiment we observed
significant migration of endothelial cells after SWT. Inflammation and
enhanced proliferation in endothelial cells was modulated via regula-
tion of cytokines IL-6, IL-10 and cyclophilin A and B by stimulation of
toll-like receptor 3. Epicardial shock wave treatment induces angiogen-
esis and vasculogenesis in ischemic myocardium. VEGF receptors are
stimulated directly, chemoattractants for recruitment of endothelial
cells are released and inflammation is modulated. No adverse effects
were found in a large animal model closely resembling human hearts.
SWT therefore is deemed suitable for clinical application in ischemic
heart disease.

63.05
Extracorporal shock wave therapy (ESWT) in
ischemic challenged tissue
R Mittermayr, J Hartinger, M Layr, D Smolen,
W Schaden and H Redl
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, AUVA Research Center, Austrian Cluster for Tissue
Regeneration, Austria; AUVA Trauma Center Meidling, Austria

Extracorporeal shock wave therapy (ESWT) has been shown to acceler-
ate tissue repair in acute and chronic wounds, but the mechanism
remains incompletely understood. Recently, we showed dose depen-
dent beneficial effects of ESWTon ischemia challenged tissue. Here we
wanted to evaluate the influence of ESWTon angiogenesis at different
treatment times. Shock waves at 0.1 mJ/mm2 and 5 impulses/s (total
300 impulses) were applied to the epigastric flap ischemic region at
various times pre-, immediately and 24 h post-ischemic insult. The an-
giogeneic response was evaluated by immunohistochemical means
(von Willebrand Factor; smooth muscle actin) as well as in vivo vascu-
lar endothelial growth factor receptor 2 (VEGF-R2) expression. Flap
perfusion as an indirect indicator of functional neovessels was assessed
by laser Doppler imaging.Flap perfusion, microvessel number, and sur-
vival (through reduced flap contraction and necrosis) were significantly
enhanced in the treated groups compared to controls, irrespective of
timing of shock wave treatment (pre- versus post-ischemia). VEGF-R2
expression was dynamically up-regulated in response to ESWT. Shock
waves induce strong angiogeneic response in ischemic tissue irrespec-

tive of treatment time and enhance tissue perfusion thus leading to
improved skin flap survival.

63.06
Extracorporeal shockwave treatment induced
extracellular ATP release – a potential
mechanism to activate wound healing
AMWeihs, WG Junger, W Schaden, HH Sitte and D Rünzler
University of Applied Sciences Technikum Wien; Department of
Biochemical Engineering, Austria; Beth Israel Deaconess Medical
Center, Department of Surgery, USA; Trauma Center Meidling,
Medical University of Vienna, Institute of Pharmacology, Center
for Biomolecular Medicine and Pharmacology, Austria

Introduction: Extracorporeal shockwave treatment (ESWT), a mode of
mechanical stress, has been shown to induce release of ATP from Jurkat
T cells in vitro. In high concentrations extracellular ATP activates com-
plex signaling responses, which finally increase cell function. In pri-
mary human monocytes extracellular ATP has been reported to
stimulate VEGF release. Aim of this study was to assess if ESWT trig-
gers ATP release in Jurkat T cells and primary human monocytes lead-
ing to alterations in cell function.
Methods: Human Jurkat T cells and blood-derived monocytes were
subjected to shockwaves using an in vitro shockwave trial waterbath
and the shockwave device Dermagold100 (MTS Germany). Cells were
treated with different energy levels and different numbers of pulses.
Extracellular ATP and VEGF release was measured in the supernatants
of ESWT treated cells.
Results: ATP release after ESWT increases in a pulse- and energy
dependent manner. ATP release significantly increases already at a low
number of pulses/energies compared to untreated controls. Further-
more first results of ATP induced VEGF release in 2D and 3D culture
systems will be presented.
Conclusion: ESWT may promote VEGF release via extracellular ATP,
dependent on energy and number of pulses. ATP release and feedback
through certain purinergic receptors could be one of the underlying
principles of the beneficial effects of ESWT. Financial support from FFG
(#818412) and City of Vienna is gratefully acknowledged.

63.07:
Shockwaves induce stem cell differentiation
through ATP release and P2X7 receptor activation
T Yu, W Junger, C Wang, X Zheng, D Zhu and X Zhang
Department of Surgery, Beth Israel Deaconess Medical Center,
Harvard Medical School, USA and Ludwig Boltzmann Institute
for Experimental and Clinical Traumatology, Austria;
Department of Orthopedics, First Norman Bethune Hospital, Jilin
University, China; Department of Surge, Institute of
Medical Equipment, Military Medical Science, Academy of PLA,
China

Extracellular ATP signaling is as a key regulator of immune cell func-
tion. We reported that shockwave treatment (SWT) modulate T cell
function through ATP. Because SWT is clinically used to improve bone
healing, we investigated if ATP signaling could contribute to bone for-
mation. Human mesenchymal stem cells (hMSCs) were obtained from
healthy volunteers to study whether SWT induces ATP release. SWT
caused a dose-dependent release of ATP, reaching in extracellular ATP
concentrations of ~7,000 nM. SWT or addition of equal ATP concen-
trations induced p38MAPK activation, c-fos and c-jun transcription,
and mineralization of hMSCs as evidenced by increased alkaline
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phosphatase activity, osteocalcin production, and calcium node forma-
tion. SWT and ATP treatment increased the transcription of P2·7-type
ATP receptors. Removal of extracellular ATP by addition of apyrase,
inhibition of P2-type ATP receptors with KN-62 and PPADS, silencing of
P2·7 receptors with siRNA, or blocking p38MAPK signaling with
SB203580 abolished these effects of SWT on hMSCs. This indicates
that SWT induces cellular ATP release at concentrations that cause

autocrine P2·7 receptor activation and downstream signaling
responses leading to osteogenic differentiation of hMSCs in vitro. We
conclude that SWTand other approaches that cause P2·7 receptor acti-
vation may have clinical utility in improving bone healing in patients
with non- or slow-healing fractures. Supported by grants from the NSF
China to TY, XZ, and DZ.
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64. Biofabrication - Platforms for 3D High Throughput Screening
and Cell Culture

64.01
Keynote: Bioprinting 3D in-vitro model for tissue
science and engineering
W Sun
Department of Mechanical Engineering, Drexel University, USA;
Biomanufacturing Engineering Research Institute, Tsinghua
University, China

Bioprinting living cells for constructing 3D in vitro models represents a
new frontier in tissue science and engineering. This presentation will
review the salient advance of bioprinting in vitromodel and its applica-
tion in broad 3D biology, disease study, drug testing and cell/tissue-on-
a-chip. Enabling engineering processes for cell and biologics printing,
patterning and assembling will be reviewed. Examples of applying in
vitro 3D biological models to tissue science and engineering, drug
metabolism testing and tumor model study will be presented, along
with the update report of newly formed Biofabrication Thematic Group
in TERMIS.
Contact Information: Wei Sun, Ph.D.Albert Soffa Chair Profes-
sor,.Department of Mechanical Engineering,.Drexel UniversityPhiladel-
phia, PA 19104, USA sunwei@drexel.edu 1000plan Chair Professor
and Director Biomanufacturing Engineering research Institute Depart-
ment of Mechanical Engineering Tsinghua University Beijing, China
100084weisun@tsinghua.edu.cn

64.02
High throughput stem cell differentiation
L Hook, M Tarunina, J Jeyakumar, D Hernandez, C Johnson,
V Ramathas and Y Choo
Plasticell Limited, United Kingdom

Stem cells are a self-renewing source of differentiated cell types for use
in many biopharmaceutical applications. However, high efficiency, cost
effective directed differentiation is extremely technically challenging.
We describe a high throughput combinatorial technology, CombicultTM,
that allows tens of thousands of differentiation protocols to be tested
simultaneously, greatly accelerating optimal protocol discovery. Combi-
cultTM combines miniaturisation of cell culture on microcarriers, a pool-
ing/splitting protocol and a unique tagging system to allow
multiplexing of experiments. Bespoke software utilises criteria such as
hierarchical clustering and probability analysis to select optimal proto-
cols for further validation. We present the results of several successful
high throughput screens. Novel, serum-free protocols for the genera-
tion of cells types relevant for cell therapy and drug development appli-
cations (e.g., neurons and hepatocytes) have been discovered.
Furthermore, we demonstrate that CombicultTM can be used to dis-
cover protocols that are applicable across many cell lines. This is partic-
ularly relevant to the study of hES and iPS cells which exhibit
significant variability between lines. CombicultTM can greatly acceler-
ate stem cell protocol discovery, efficiently enabling: (i) elimination of
variable and expensive components; (ii) improved cell yields; (iii)
investigation of stem cell biology and differentiation signaling path-
ways and (iv) cell line selection.

64.03
In vivo screening of cells in three dimensions
enables the discovery of a novel cartilage
treatment
GA Higuera, J Hendriks, LWu, R Schotel,
L Moreira-Teixeira, M van den Doel,
JCH Leijten, M Karperien, C van Blitterswijk and L Moroni
University of Twente, The Netherlands

We propose screening in vivo as a new strategy to tackle ethical con-
cerns of animal experiments via the first animal-implantable three-
dimensional (3D) screening device containing wells made of thermo-
plastic polymers. When human mesenchymal stem cells (hMSCs) were
seeded in the wells, 3D aggregates formed, making wells an ideal car-
rier for assessment of cells in vitro and in vivo. We harnessed well vol-
ume and culture time to optimize the culture of cells for screening of
36 cartilage-producing conditions involving different numbers of
hMSCs and primary chondrocytes (PCs), both as one cell type or in co-
culture in one mouse. The results showed positive hits for tissue regen-
eration including a coculture with 80 : 20 (hMSCs : PCs), which
yielded the highest quality of regenerated cartilage according to Bern
scores. Upscaling of high hMSCs to PCs ratios in scaffolds with inter-
connected pores confirmed the higher efficiency of 90 : 10 and 80 : 20
ratios with respect to glucosaminoglycans (GAG/DNA) and GAG/
%PCs. Subsequent introduction of mononuclear cells (MNCs) to scaf-
folds, to replace the hMSCs, provided further preclinical evidence sup-
porting a new cartilage regeneration technology, where 90 : 10
(MNCs : PCs) ratios achieved the regeneration of hyaline cartilage in a
one-step surgery. The in vivo screening of cells and compounds opens
an entirely new range of experimental possibilities to increase the pace
of biomedical discovery while reducing the extensive use of experimen-
tal animals.

64.04
Melt electrospinning in a direct writing mode
TD Brown, PD Dalton and DW Hutmacher
Queensland University of Technology, Australia

Fibrous tissue engineering scaffolds are an increasingly important part
of regenerative medicine, with recent interest generated in the solution
electrospinning of nanofibers. However it is difficult to control the
arrangement of solution electrospun fibres due to the chaotic nature of
the electrospinning jet. The electrified jet of non-conductive polymer
melt, however, is more predictable in its path. Lines of melt electrospun
fibres can therefore be written on a moving stage, and the process con-
sidered a new additive manufacturing technique. Such melt electros-
pinning writing can be performed with translating flat or with rotating
cylindrical collectors. Cell-invasive scaffolds were fabricated from
polycaprolactone and were flat or cylindrical, with filaments between 2
and 25 lm. For any given condition, there was a minimum translation
or rotating speed required to generate a straight fibre. Importantly, the
process allowed controlled spacing between fibres at different orienta-
tions which can be used to control the pore size, geometry and inter-
connectivity throughout the thickness of the scaffolds. Electrospinning
writing can therefore make microporous scaffolds with centimetre
lengths, millilitre volumes and micron level accuracy, operating in an
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automated and continuous manner to reproducibly fabricate scaffolds.
Electrospinning writing is emerging as a distinct technique to produce
ordered and intricate biomedical devices and cell invasive scaffolds for
TE constructs.

64.05
Fabrication and assembling of hydrogel fibers
into 3D bunchy constructs for engineering cardiac
tissue
MF Li, T Zhang, W Sun and Z Xiong
Bio-manufacturing Engineering Research Institute, Department of
Mechanical Engineering, Tsinghua University; Key Laboratory for
Advanced Materials Processing Technology, Ministry of
Education, China

Modular approach which assembling micro-tissues into the desirable
constructs has attracted great attention of researchers. In this study, hy-
drogel fibers as novel modules were fabricated and assembled into
aligned 3D bunchy constructs using in engineering cardiac tissue. In
brief, sodium alginate and fibrin were mixed together as the host mate-
rial. Hydrogel fibers were fabricated through the self-developed ‘extru-
sion-in-winding’ process in which alginate-fibrin mixture with
cardiocytes was continuously extruded in rotating CaCl2 solution and
turned into fibers collected with a receptor. After immersed in endothe-
lial cell suspension till a layer of cells was built on the surface, the
fibers were assembled into aligned bunchy construct. When the param-
eters were optimized, the slender fibers with a diameter of
150~250 lm were successfully built. Cardiomyocytes were encapsu-
lated in the fibers and over 90% were survived during the extrusion
process. And endothelial cells formed a layer on the surface of fibers.
In further study, the special-designed cyclic stretching training will be
performed on the fabricated constructs to improve cell alignment.
Endothelial cells on adjacent fibers were proposed to connect with each
other during culture, generating the micro-channels with an endothe-
lial layer among fibers in the constructs. This study provided a novel
technique for the fabrication of aligned tissue and presented a great pa-
tential for the vascularization of engineered tissue.

64.06
Development of a manufacturing system for cell
sheet production
M Kino-Oka, T Shimizu and T Okano
Osaka University, Tokyo Women’s Medical University, Tokyo
Women’s Medical University, Japan

Autologous transplantation of multilayer myoblast sheet is emerging as
a new technique for curing myocardial infarction. This method canover-
come the disadvantages such as less take ratio of transplanted cells
through the direct injection of myoblast suspension. The sheet of myo-
blasts also has ability to source the cytokines which improves heart
function due to paracrine system including the facilitation of angiogen-
esis and the attraction of progenitors on affected part. Many researches
have been tackled concerning cell source exploring, cell culture, sheet
assembling, and in vivo animal tests. In manufacturing, the comparison
of management between cell processing facility (CPF) and cell aseptic
processing system (CAPS) based on the isolator system revealed that
CAPS leads to reductions of the running cost as well as operational
laboriousness in the small production. Then, we, recently, conducted
the design of manufacturing facility to develop the automation system
for sheet manufacturing with flexible modular platform (fMP). The iso-
lator system for the sheet assembly made automated formation of mul-
tilayered sheets and their incubation. The machinery operations were
successfully performed. And this system can realize some procedures
by having flexible connections with various modules required for the

culture operations under sterile conditions, suggesting the broad versa-
tility for the production in other types of multilayered sheets.

64.P01
Semi high throughput mechanobiological
screening of MSCs and ECs for vascularized bone
tissue engineering
R Sinha, S le Gac, A van den Berg, B Koopman and J Rouwkema
University of Twente, Department of Bio Mechanical Engineering,
The Netherlands; BIOS the - Lab - on - a - Chip – Group,
The Netherlands

Introduction: Vascularization is a bottleneck in tissue engineering. We
have pioneered the inclusion of endothelial cells to form a vascular net-
work before implantation. We hypothesize that mechanical stimuli can
further optimize this strategy. However, limited quantitative data on
the effect of these stimuli on cells is available. Here we show a semi
high throughput screening system to study the effect of surface strains,
fluid shear stress, and a combination of the former two on the cells that
are used in pre-vascularized bone.
Methods: For the application of surface strains to cells, a PDMS mem-
brane stretches over a NOA-81 pillar when negative pressure is applied
to the membrane. In a separate setup, fluid flows over the same mem-
brane at varying velocities. Finally the two setups will be combined to
apply both mechanical stimuli simultaneously.
Results: A working first stage device has been designed. ANSYS model-
ing has shown that by varying pressure or the surface of the membrane
where the pressure is applied, different strain distributions can be
achieved. Fluid dynamics modeling has shown that using a varying
width fluid flow channel, different shear domains can be achieved.
Using these variables, multiple conditions can be tested for on a single
chip.
Conclusion: The design for a device to expose cells to a variety of
mechanical signals in a systematic, quantifiable way has been made. A
working first stage prototype is currently being validated.

64.P02
A bioinformatics approach to assay development:
selection of a cell type to study the interaction
between cells and bone graft substitutes
N Groen, J van de Peppel, Y Huipin, JPT van Leeuwen,
C van Blitterswijk and J Boer
Department of Tissue Regeneration, MIRA Institute for
Biomedical Technology and Technical Medicine, University of
Twente; Department of Internal Medicine, Erasmus MC, The
Netherlands

The biological response, handling and mechanical properties of cur-
rently available bone graft substitute materials and implant coatings
require further optimization. This may be realized via systematic and
high throughput screening (HTS) of biomaterial-induced cellular
responses. However, advances are hampered due to a lack of adequate
in vitro testing models and methods. To this end, we will establish an
in vitro HTS system by correlating biomaterial-induced bone formation
of 24 known materials in vivo with in vitro gene expression profiles of
cells cultured on these materials. Hence, markers predictive for in vivo
osteoinductive biomaterial performance will be identified and used in
a HTS system to evaluate a broad range of materials with inherently
different properties. Initially, two pilot DNA microarray studies were
performed to determine the most appropriate time point and cell type
for this HTS based on gene expression profiles. We compared six differ-
ent human cell lines, which demonstrated that the osteosarcoma
derived cell line MG63 responded most robustly, reflected in its gen-

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

384 64. Biofabrication - Platforms for 3D High Throughput Screening and Cell Culture



ome wide expression profile, to three well characterized ceramic mate-
rials (hydroxyapatite, biphasic calcium phosphate and tricalcium phos-
phate). By defining these variables, the basis is set to identify a set of
markers predictive for in vivo material-induced bone formation, which
is the first step towards the development of a HTS system to screen in
vitro the osteoinductive potential of materials.

64.P03
Effect of the surface density of nanosegments
immobilized on culture dishes on ex vivo
expansion
A Higuchi
National Research Institute for Child Health and Development &
National Central University, Japan

Hematopoietic stem and progenitor cells (HSPCs) are multipotent
cells that have the specific capacity to self-renew and differentiate into
all type of mature blood cells. Intravenous infusion of HSPCs has been
commonly performed to treat patients suffering from hematological
disorders and malignant diseases after radiation and/or chemother-
apy. Umbilical cord blood (UCB) is an attractive source of hematopoi-
etic stem and progenitor cells (HSPCs) for HSPC transplantation.
However, the low number of HSPCs obtainable from a single donor of
UCB limits direct transplantation of UCB to the treatment of pediatric
patients. In this study, we investigated the ex vivo expansion of HSPCs
cultured on biomaterials grafted with several nanosegments, i.e., poly-
amine, fibronectin, RGDS, and CS1 (EILDVPST), at several surface
densities. No direct correlation was found between fold expansion of
HSPCs and physical parameters of the culture dishes, i.e., surface
roughness and water contact angle of the culture dishes. However, a
small amount of grafted amino groups, less than 0.8 residual lmol/
cm2, on the dishes was effective for the ex vivo expansion of HSPCs. A
high amount of grafted amino groups hindered the ex vivo expansion
of HSPCs on the dishes. HSPCs cultured on dishes with a high concen-
tration of CS1 (2.40 residual lmol/cm2) showed greater expansion of
HSPCs and more pluripotent colony-forming units (i.e., colony-form-
ing unit–granulocyte, erythroid, macrophage, and megakaryo-
cyte(CFU-GEMM)

64.P04
Combinatorial Cell Culture (CombicultTM) of
non-adherent cells using encapsulation
P Odenwälder, D Hernandez, M Tarunina,
T Watson, L Hook, C Johnson and Y Choo
Plasticell Ltd, UK; University College London; Plasticell Ltd, UK

CombicultTM is a high throughput technology which allows tens of
thousands of combinations of media compositions to be tested simulta-
neously in small volumes. We have used this technology to discover
effective protocols for the differentiation of stem cells into many termi-
nally differentiated cells including neurons, chondrocytes, hepatic-like
cells and others. Our original bead based version of the technology is
best suited to cells which adhere to a substrate. In order to extend the
use of the technology to non-adherent cells, we have adapted an
encapsulation technique which effectively traps the cells inside spheres
and allows them to be used in the same manner as cells attached to
beads. We will show how we have successfully used this technology in
combinatorial screens to discover new protocols for the differentiation
and maintenance of non-adherent cells, such as those from various
hematopoietic lineages.

64.P05
Gelatin as scaffold for tissue engineering
C Lorandi, C Migliaresi and A Motta
University of Trento, Italy

The term Cell Sheet Engineering refers to the procedure for which
sheet of cells produced on a substrate are used to promote in situ
regenerative processes. This method has been implemented by Okano
et al. who demonstrated that by using a thermoresponsive polymer
substrate, such as poly-N-isopropylacrylamide (PNIPAAm), the formed
cell sheet can be easily detached from the substrate just by decreasing
the temperature of a few degrees. In this work we have investigated
the use of a gelatin hydrogel as substrate for promoting the formation
of a cell sheet for cell sheet engineering. The procedure exploits the fact
that the used gelatin melts at 37 �C, allowing the detachment of the
cells cultured below that temperature when gelatin melts. The solution
of gelatin (1 : 6 in culture medium) was cast into a culture plate and
aged at room temperature, 100% relative humidity for 24 h and then
at 29 �C, 100% RH for 48 h. After aging, cell culture (MRC5) at 31 �C
on the gel surface started. In 24 h cells attached to the surface starting
to spread, forming a uniform web of cells in 48 h and a confluent layer
within one week. This cell sheet was easily transferable, as a print, to
any other surface (materials, tissue or organ) kept at 37 �C. In our
tests, we transferred it to the bottom of a polystyrene Petri dish and
verified that cells were viable and active. We also checked the produc-
tion of Laminin, Fibronectin and Focal Adhesion Kinase with Confocal
Laser Microscopy.

64.P06
Thermo-responsive hydrogel for the generation
of implantable cardiac progenitor cell (CPC)
sheets for scaffold-less tissue engineering
S Pietronave, A Cochis, A Zamperone,
F Oltolina, A Carletta, L Altomare, S Farè,
M Diena, L Rimondini and M Prat
Department of Health Sciences, Università del Piemonte Orientale
‘A. Avogadro’, Italy; Department of Bioengineering, Politecnico di
Milano; Department of Chemistry, Materials and Chemical
Engineering ‘G. Natta; Division of Cardiosurgery, Clinica
S.Gaudenzio, Italy

Introduction: Conventional tissue engineering (TE) strategies based on
biodegradable scaffolds loaded with cells showed drawbacks mainly
related to scaffold degradation. To overcome these limitations, cell
sheets made by cardiac progenitor cells (CPCs) were generated by the
use of a thermo-responsive methylcellulose hydrogel (MC-gel) which
allows to harvest cell layers simply by lowering the temperature.
Methods:
Isolation and characterization of CPCs: CPCs, isolated from human
atrial biopsies by cell migration and then enriched for the expression of
the stemness marker c-kit by means of immuno-magnetic selection,
were characterized for their immunophenotype and multipotency.Gen-
eration of cardiac progenitor cell sheets: hCPCs were seeded on MC-
gel, cultured until confluence and then detached by lowering the tem-
perature to 10 �C for 20 min. The harvested cell sheets were evaluated
for the expression of Connexin 43.
Results and Conclusion: hCPCs expressed stemness/mesenchymal
markers at different levels (c-kit 90%, CD90 80%, CD105 85%, CD44
100%, abcg2 1%), few cells were positive for early cardiac markers
(GATA-4 and MEF2C) and all were negative for cardiac sarcomeric pro-
teins. Intact cell sheets were recovered with functional cell to cell con-
nections (mature Connexin 43 at cell membrane). CPCs-derived cell
sheets could find application in heart TE. Moreover, MC-gel can be
mould with micropatterns of defined topography aimed at direct cell
spatial organization.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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64.P07
Fabrication of micro-tubular tissue structures
using microfluidic gel formation system
YT Matsunaga, O Okubo, M Machida-Sano and N Namiki
The University of Tokyo, Japan; Presto-JST, Japan; Waseda
University, Japan

Bottom-up tissue fabrication methods using microtissue units as build-
ing blocks are powerful tools to reconstruct complex tissues. Here, we
developed a method to construct vascular-like micro-tubular tissue
structures. Biocompatible alginate micro-gels that show sol-gel changes
were used to form microtube structure. Alginate microgel fibers used in
this study were fabricated with a coaxial laminar flow micro-fluidic
device. We used sodium alginate aqueous solution as an inner flow and
FeCl3 aqueous solution as a sheath flow to form Fe-alginate gel fibers.
The continuous flow of sodium alginate solution is cross-linked by the
diffusion of Fe3 + ions from the outer FeCl3 aqueous solution. This
micro-fluidic device allowed to generate Fe-alginate gel fibers with a
uniform diameter from 100–300 lm by varying the flow rate ratio. On
the formed Fe-alginate gel fibers, endothelial cells easily attached,
spread and proliferated around the gel fibers as shown in the cell
behavior on the tissue culture polystyrene dishes. After cells reach con-
fluency on the gel fiber, gels are dissociated by addition of alginate
lyase, resulting in successful formation of micro-scale tubular tissue
structures. We believe that our approach would facilitate vascularized
tissue formation and be useful for fabricating complex tissue structures
by transporting nutrients and metabolic substances through the micro-
tubular structures within the reconstructed 3D tissues.

64.P08
Dictation of cell orientation throughout three
dimensional hydrogels
I Wimpenny, M Ahearne and Y Yang
Keele University, UK

Introduction: In nature, feedback-loops between cells and their ECM
act as a guide to develop diverse tissue types. Cell cytoskeletal mor-
phology is closely related to ECM deposition/organisation. In this
study, we devise a novel technique that applies portable aligned nanofi-
ber meshes to hydrogel via a layer-by-layer method, creating a highly
organized cell population throughout 3D hydrogel, which explores a
feasible technique toward constructing tissues with highly organized
architecture to mimic the native cell niche.
Materials and Methods: 2% Poly-L, D-lactic acid was dissolved in chlo-
roform and dimethylformamide and electrospun. A novel composite
collector produced highly aligned and free standing, thin sheets of
nanofibers. These were combined with collagen type I hydrogels to
produce a 3D layered architecture. Primary bovine nucleus pulposus
(NP) cells were cultured within the construct and their organisation
was monitored by confocal microscopy.
Results and Discussion: Highly aligned nanofiber meshes (Ä 500 nm/
fibre) were produced. 3D constructs were constructed by applying
nanofibre sheets in a layer-by-layer manner, each layer ± 60o. After cell
seeding to aligned nanofibers, the whole construct was stablized by
collagen hydrogel. Cells orientated in response to the local nanofiber
orientation and this has been demonstrated through the thickness of
the construct. The low density of nanofibers enabled cell infiltration
within the hydrogel.

64.P09
Encapsulation of mesenchymal stem cells (MSCs)
with sodium cellulose sulfate (SCS) and poly-
diallyl-dimethyl-ammonium chloride (pDADMAC)
using vibration technology
C Sanz-Nogués, J Horan, G Ryan and T O’Brien
Regenerative Medicine Institute (REMEDI), National University of
Ireland, IrelandZiel Biopharma Limited, Ireland

Peripheral vascular diseases represent a major global health problem.
Stem cell such as mesenchymal stem cells (MSCs) may promote vascu-
lar regeneration. However, current limitations of stem cell therapy
include the poor rate of engraftment, limited cell survival after trans-
plantation, and high cost of cell manufacture. The use of biomaterials
to encapsulate cells, overcomes these problems, and is likely to improve
the therapeutic outcome. Our aim was to develop a microcapsule of
Sodium Cellulose Sulfate and poly-diallyl-dimethyl-ammonium chlo-
ride (pDADMAC) to encapsulate MSCs. This strategy would enhance
the retention of the cells in the transplanted area. In addition, it would
protect cells from the host immune system. Encapsulation of MSCs was
achieved using vibration technology. The control of several parameters
allows the production of microcapsules with desired sizes (200–
1000 lm diameter). Morphology and ultrastructure of microcapsules
was determined by light microscopy and scanning electron microscopy.
The determination of the molecular weight cut-off (MWCO) of the mi-
crocapsules suggests that paracrine factors secreted from the encapsu-
lated MSCs will cross the capsule membrane. Further, encapsulated
MSCs were viable up to 2 months under normoxia and hypoxia in vitro
culture conditions. These results suggest that encapsulation of MSCs
can be achieved, and it might be a potential option for cell transplanta-
tion and delivery of therapeutic products to ischemic tissue.

64.P10
Unification of cell cycle with cytocompatible and
reversible-forming polymer hydrogels
K Ishihara, H Oda, TAikawa and T Konno
The University of Tokyo, Japan

We prepared cytocompatible polymer hydrogels as a matrix with
reversible property for encapsulation of functional cells without reduc-
tion of their activities. A water-soluble phospholipid polymer, poly(2-
methacryloyloxyethyl phosphorylchoine-co-n-butyl methacrylate-co-p-
vinyl phenylboronic acid) (PMBV) can reversibly bind to poly(vinyl
alcohol) (PVA) under a biological condition. The PMBV/PVA hydrogel
can reversibly encapsulate cells. The functions of cells, including ES
cells, in the PMBV/PVA hydrogels were investigated. Storage modulus
of the hydrogel could be changed by the PMBV ratio. Cells in the hy-
drogel were still active after 7 days storage in the room temperature.
The proliferation rate of the cells depended on the storage modulus of
the polymer/cell complex. The cells proliferated and formed spheroids
when the storage modulus of the complex was around 700 Pa. It is
indicated that there is a suitable storage modulus for cell proliferation.
When the cells immobilized in hydrogel, the storage modulus
increased. The cell remodeled its environment in the hydrogel. When
the cells did not proliferate, ca. 80% of the cells became G1/G0 phase
in 12 h, and it became more than 90% after 2 days. Moreover, the
PMBV/PVA hydrogel sphere could be prepared in a microfluidics to
encapsulate a single cell in one hydrogel sphere. We will discuss the
cell function control by encapsulation with the PMBV/PVA hydrogel to
provide good cell resources with uniform cell cycle.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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64.P11
Bone and peripheral nervous system interactions
within bone tissue engineering perspective
EC Neto, CJ Avles, AF Lourenço, R Silva, NL Jeon, HR Ryu,
JO Malva, RD Almeida and M Lamghari
INEB - Instituto de Engenharia Biomédica, Portugal; Institute of
Advanced Machinery and Design; WCUMultiscale Mechanical
Design;CNC - Centro de Neurociência e Biologia Celular, Portugal

The neuro-osteogenic network is a topic of interest and research in skel-
etal biology. To unravel the cross-talk between bone cells and the
peripheral nervous system, namely nerve fibers within the bone micro-
environment, we established a novel coculture system for osteoblasts
(OB) and dorsal root ganglia (DRGs) based on microfluidic devices.
The microfluidic devices are mainly used in neuroscience research since
it allows the segregation of somal from axonal part of the neurons. As
first step, we adapted these devices to allow the coculture of DRGs with
non-neuronal cells, namely OB. To improve the readout of the axonal
outgrowth measurements, we performed an adjustment in the micro-
fluidic chamber to align the DRGs in equal distance relatively to the mi-
crogrooves. Subsequently, to expand the appliance of the system to
studies within the tissue engineering (TE) perspective, we merged the
microfluidic system with 3D culture. The extracellular matrix of the
bone microenvironment was simulated using different materials for the
OB culture compartment and different coatings for the DRGs compart-
ment. In such way, we were able to assess the neurites outgrowth
within different materials used for TE strategies. In the scope of bone
regeneration, this system proved to be an advantageous protocol for
studying the cellular and molecular interactions between peripheral
nervous system and bone cells and emerges as potential new tool to be
explored within TE perspectives.

64.P12
Versatile biomaterial scaffold platform for
critically-sized tissue constructs
J Rnjak-Kovacina, LS Wray, BB Mandal, ES Gil, AS Weiss
and DL Kaplan
Department of Biomedical Engineering, Tufts University, USA;
Department of Biotechnology, Indian Institute of Technology
Guwahati, India; School of Molecular Bioscience, University of
Sydney, Australia

Introduction: We present a versatile silk-based 3D scaffold platform
that incorporates tunable oxygen and nutrient delivery conduits. The
high level of control over the physical and biological properties of this
platform allows for the fabrication of ‘tailor-made’ scaffolds for a range
of tissue engineering purposes, with particular emphasis on scaffold
pre-vascularization, integration, full regeneration and engineering of
tissue interfaces.
Methods: Silk only scaffolds and blends with silk fibers or tropoelastin
were frozen in an isotropic or anisotropic system in the presence of lin-
ear wire arrays. Hollow channels formed by linear wire arrays were
functionalized with collagen and laminin. Cell infiltration, compart-
mentalization and channel endothelialization were investigated.
Results: Scaffolds with randomly distributed or aligned pores of differ-
ent sizes were fabricated. Morphological, mechanical and degradation
properties were controlled through silk processing and blending with
silk fibers and tropoelastin. Hollow channels with diverse morphologies
and cell-interactive properties served as nutrient and oxygen delivery
conduits and allowed scaffold pre-vascularization with endothelial
cells. Scaffold supported infiltration of mesenchymal and myoblast
cells.
Conclusions: We have developed a unique scaffold platform with
highly tunable features for ‘tailor-made’ tissue engineering.

64.P13:
Engineering cell sheets with electrochemical
reactions on membrane culture substrate
NMochizuki, T Kakegawa, H Suzuki and
J Fukuda
Graduate School of Pure and Applied Sciences, University of
Tsukuba, Japan

Introduction: Engineering cellular building blocks such as cell sheets
without scaffold is a promising approach for tissue engineering applica-
tions. Here, we report that cell sheets can be electrochemically
detached and stacked to fabricate a multi-layered thick cell sheet.
Methods: The oligopeptide, CCRRGDWLC, was designed to contain an
arginine-glycine-aspartate (RGD) domain in the center and cysteine at
both ends. Because of a thiol group of cysteine, the oligopeptide was
chemically adsorbed onto a gold layer on a membrane substrate via a
gold-thiolate bond. After cells were grown to form a cell layer. The
gold-thiolate bonds were reductively cleaved by applying a negative
potential, and the cell sheet was detached along with the desorption of
the peptide.
Results: In a quantitative analysis of the electrochemical detachment of
single cells, ~90% of adhering cells were detached from the membrane
substrate within 5 min. In addition, because of the oxygen supply
through the membrane, cells grew and formed a 50 lm-thick cell sheet
at 14 days of culture, which was significantly thicker than that in a con-
ventional culture dish. This approach was further applicable to stack
them to fabricate ~200 lm-thick multilayered sheets.
Conclusion: Thick cell sheets were prepared with an electrochemical
manner. This cell sheet engineering could be a promising approach for
engineering transplantable thick cell sheets.

64.P14
Anisotropic cell sheet for three-dimensional
design of cell orientation
H Takahashi, M Nakayama, T Shimizu, M Yamato and T Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, Japan

Some parts of native tissues have well-organized cell/ECM orienta-
tions, and the anisotropy produces important functional consequences.
Therefore, an appropriate anisotropy needs to be designed for recon-
structing complex tissue. To date, though a variety of microfabricated
surfaces have been developed, cell orientation can be controlled two-
dimensionally on these surfaces. However, in the regenerative medi-
cine field, tissue is required to be constructed three-dimensionally. Tis-
sue-like cellular monolayer ‘cell sheet’ has been developed for
establishing a new class of tissue reconstruction technology. Thermore-
sponsive cell culture substrates allow a cell monolayer to be harvested
as a cell sheet with associated ECM by reducing culture temperature
(e.g., 20 �C). For example, oral mucosal epithelial cell sheets have been
already applied to human clinical studies for corneal reconstruction. In
this study, micropatterned thermoresponsive surfaces achieved to orga-
nize cell orientation and allowed the aligned cells to be manipulated as
an anisotropic cell sheet using a gelatin-coated plunger. Because trans-
ferred cell sheets were able to maintain their cell orientation, the aniso-
tropic cell sheets were successfully layered with maintaining individual
orientations, indicating that cell orientations were designed three-
dimensionally. Based on this new technology, complex tissue that
requires control of its anisotropy is potentially reconstructed for the
future regenerative medicine.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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64.P15
Thermoresponsive block copolymer-coated
surfaces for optimizing cell sheet fabrication
M Nakayama, Y Yamada, Y Kumashiro,
H Kanazawa and T Okano
Tokyo Women’s Medical University, Keio University, Japan

Thermoresponsive surfaces were prepared via a spin coating method
with poly(N-isopropylacrylamide)-b-poly(n-butyl methacrylate) (PIP-
AAm-b-PBMA) with various block lengths on tissue culture polysty-
renes. Grafted PIPAAm amount and thickness of coated polymer layer
were estimated by ATR/FT-IR and ellipsometry, respectively. Amounts
of PIPAAm chains ranged from 0.7 to 1.8 lg/cm2. Thickness of poly-
mer layers were ranged from 7 to 23 nm. For investigating tempera-
ture-dependent cellular behavior, bovine carotid artery endothelial
cells (BAECs) were seeded on the various polymer-coated surfaces, fol-
lowed by incubation at 37 �C. After the 3 days culture of BAECs, the
cell adhering culture surfaces were incubated at 20 �C, and then the
cells were observed microscopically and/or visually for various time
periods. Thermally induced adhesion and detachment profiles of BAE-
Cs were significantly affected by polymer layer thickness, grafted PIP-
AAm amount, and PIPAAm chain length. By adjusting the properties of
polymer coated surfaces using various PIPAAm-b-PBMA block copoly-
mers, BAECs effectively adhered and proliferated on the polymer
coated surfaces at 37 �C, and then adherent cells spontaneously peeled
off from the surfaces by reducing temperature below PIPAAm’s LCST.
In addition, block polymer coated surfaces allowed the confluently cul-
tured cells to be harvested as the cell sheets with their basal extracellu-
lar matrix proteins by low-temperature treatment.

64.P16
Oxygen-permeable honeycomb microwell sheet-
based formation and size-dependent functional
evaluation of 3D pancreatic beta-cell and
hepatocyte aggregates
M Shinohara, H Kimura, K Komori, F Fujii and Y Sakai
University of Tokyo, Japan

Reorganized 3D spherical aggregates are very good tissue models
because they maintain organ-specific functions better than 2D mono-
layer cultures. However, we need to carefully consider the aggregate
size because they are not vascularized and thus various metabolites
should be transported by diffusion as opposed to in vivo situations. To
address this issue, first we proposed size-controlled formation of pan-
creatic beta-cell and primary rat hepatocyte aggregates with direct oxy-
genation using oxygen-permeable polydimethylsiloxane (PDMS)
honeycomb microwell sheet. Oxygen supply from the bottom enabled
rapid aggregate formation even if the inoculum density was eight times
higher than conventional monolayer culture. Second, we investigated
size-dependency of organ-specific functions. Properly-organized but
smaller insulinoma aggregates showed rapid insulin release against
glucose stimulation as well as monolayers did but the released amount
was higher than that in monolayers. Organization of hepatocyte was
also effective for better and higher albumin secretion and cytochrome
P450 activity. However, resorufin (a hepatic metabolite of ethoxyres-
orufin) was accumulated preferentially within hepatocyte aggregates
as opposed to the case in monolayers. As such, efficient and size-con-
trolled formation of organ cell-derived aggregates using PDMS micro-
wells would be a powerful tool in optimizing aggregate sizes for
analyzing the metabolic profiles as well as their rates.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
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65. Biomechanics and Modelling of Engineered Musculoskeletal
Tissues (in coop. ESB-Biomechanics)

65.01
Keynote: Biomechanics of meniscal replacement
L Dürselen
Institut für Unfallchirurgische Forschung und Biomechanik
Zentrum für Muskuloskelettale Forschung Ulm (ZMFU)
Universitätsklinikum Ulm, Germany

Due to the high mechanical demands to tissue engineering products
for musculoskeletal tissues the mechanical properties of biomaterials
play an important role in designing scaffolds used for this purpose. Tak-
ing the example of meniscus tissue engineering it can be shown that
the design of scaffolds for partial or total meniscus replacement is an
extreme challenge. The natural meniscus is a complex and highly
anisotropic structure with a variety of different components like colla-
gen, proteoglycans, water, and different cell types secreting this extra-
cellular matrix. Furthermore, the surface of the meniscus contains
special proteins that help to minimize friction. The collagenous struc-
ture with circumferential fibres in the periphery together with the
meniscotibial attachments make the meniscus a highly effective struc-
ture in reducing articular contact pressure. Hence, when designing a
replacement implant, all these specific characteristics have to be con-
sidered. Current concepts for meniscal replacement e.g. use porous
polymers like polyurethane or silk fibroin, which allow cell ingrowth.
However, it yet has to be shown whether such concepts are highly
effective in preventing articular cartilage from premature degeneration.
Vascularization of the interface between implant and scaffold is
another important topic in the field of meniscus tissue engineering.
Here, some experimental concepts have been previously introduced
but not yet entered clinical practice.

65.02
Keynote: Multiscale mechanics and mechano-
biology for bone and bone tissue engineering
C Hellmich, A Dejaco and S Scheiner
Institute for Mechanics of Materials and Structures (IMWS),
Vienna University of Technology, Austria

Modern computational engineering science allows for reliable design
of the most breathtaking high-rise buildings, but it has hardly entered
the fracture risk assessment of biological structures like bones-tissue
engineering solutions aiming at their regeneration. Is it only an engi-
neering scientists’ dream to decipher mathematically the origins and
the evolution of the astonishingly varying mechanical properties of
hierarchical biological materials? Not quite: In recent years, we have
succeeded, through novel, experimentally validated micromechanical
theories, in predicting tissue-specific elasticity and inelasticity of bone
and scaffold materials, from the ‘‘universal’’ mechanical properties of
the nanoscaled elementary components (hydroxyapatite, collagen,
water), their tissue-specific dosages, and the ‘‘universal’’ organizational
patterns they build up. Moreover, we extend cell population models of
contemporary systems biology, towards biomineralization kinetics, in
order to quantify evolutions of bone mass and composition in living
organisms. When using these evolutions as input for the aforemen-
tioned micromechanics models, the latter will predict the mechanical
implications of biological processes. This will open unprecedented ave-
nues in tissue engineering-supported bone disease therapies, including
patient-specific bone fracture risk assessment relying on micromechan-
ics-based Finite Element analyses.

65.03
Simulation of the effect of mechanics on cell
viability during degeneration of the intervertebral
disc
A Malandrino, J Noailly and D Lacroix
Institute for Bioengineering of Catalonia, Spain

The link between cell death within the intervertebral disc (IVD) and
degeneration needs to be fully understood. Cell viability in a transport
IVD model coupled with IVD mechanics has been implemented to
study how deformation affects both transport of metabolites and cell
death, depending on tissue properties. A finite element model of the
L4-L5 IVD based on poromechanics and diffusion of glucose, oxygen
and lactate metabolically coupled (Malandrino et al. 2011 PLoS Comp
Biol) included an exponential decay of cells over time below a critical
glucose concentration. Degeneration was simulated by decreasing IVD
height, subtissues fluid contents and initial cell densities and by
increasing solid-phase stiffness. Daily compressive loads (standing, rest-
ing) were applied. The boundary supply of metabolites was reduced to
induce critical glucose. Solutions obtained with degenerated and
healthy properties were compared. In the healthy IVD, deformation
couplings increased glucose so that cells stopped dying up to 12 h ear-
lier when mechanics was considered. In the degenerated IVD the
mechanical effect was negligible. Deformability of healthy IVDs seems
thus beneficial for cell viability while an accelerated cell death may
occur with degeneration due to the loss of compliance. This novel me-
chanobiological study highlights the restoration of both cellular and
mechanical factors and has a potential impact for regenerative treat-
ments. DISC-REGENERATION (NMP3-LA-2008-213904) is acknowl-
edged.

65.04
Non-label morphology-based detection of
accumulated irregularity in cultured cells
R Kato, K Mukaiyama, K Kanie, H Sasaki,
Y Kiyota and H Honda
Graduate School of Pharmaceutical Sciences, Nagoya University,
Japanl Graduate School of Engineering, Nagoya UniversityNikon
Corporation, Japan

Change in cellular morphology is still the only non-label practical
method to control and monitor cells during the in vitro expansion cul-
ture for regenerative medicine. To widely distribute the advances in
regenerative medicine, technological development to quantitatively
automate these manually maintained processes is in urgent need. How-
ever, to define the precise ‘quality loss’ or ‘bad quality’ for the process
automation is nearly impossible. This is because there are numerous
markers and various definition theories that cannot be selected to
define ‘the bad quality’. Even with single event, such as tumorigenesis
risk, there are many types of risks. Therefore, in our work, we have
focused to detect the ‘irregularity’ accumulates in the culture process of
cells, such as abnormal growth of morphologically irregular cell popu-
lation. By combining the fully automatic phase contrast imaging sys-
tem, BioStation CT, and the bioinfomatic modeling technique, we
succeeded in detecting artificial irregularity triggered by siRNA to
knockdown p53. Although there are many successful reports on siRNA
screening approaches using fluorescent images, we found that non-
label morphology-based modeling is effective to detect the p53 knock-
down event in early stage of cell culture.
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65.05
Fluid and mass transport modelling to drive the
design of cell-packed hollow fibre bioreactors
RJ Shipley, MJ Ellis and SLWaters
University of Oxford, UKUniversity of Bath, UK

A significant challenge in bioreactor development is tailoring both the
design and operation to the requirements of the cell type under consid-
eration. This requires the provision of operating equations that enable
an end-user to design the bioreactor geometry and set its operating
conditions to obtain the desired cell culture environment. Here we
define these operating equations based on mathematical models of
fluid flow and nutrient delivery to a cell population seeded in a hollow
fibre bioreactor (HFB). HFBs use a controlled fluid flow coupled with
diffusion to augment mass transport. Fluid flow is described by the Na-
vier-Stokes or Darcy equations, whereas mass transport requires advec-
tion-diffusion-reaction equations, where the reaction term captures
uptake of nutrients by the cell population. These equations are reduced
by exploiting the small aspect ratio of a fibre, and small reduced Rey-
nolds number for the flow. Analytical solutions enable operating equa-
tions to be derived that describe the dependence of the minimum
oxygen concentration on the bioreactor dimensions and operation
(flow rates, pressures, seeded cell density).We parameterize the models
using experimental data for two specific cell types (cardiomyocytes and
chondrocytes), and present operating data for each of these examples,
as well as an experimental validation. E.g., opening a port to enable
radial flow through the HFB allows a 333% increase in the depth of the
cellular region for cardiomyoctes.

65.P01
Development of bone scaffolds with controlled
permeability and stiffness
MRDM Dias, PR Fernandes, JM Guedes and SJ Hollister
IDMEC-IST, Technical University of Lisbon, Portugal; Scaffold
Tissue Engineering Group, University of Michigan, USA

In the last years there has been a significant improvement in Bone Tis-
sue Engineering with the development of new bone substitutes. When
designing the scaffold for the substitute, one of the most determinant
factors is its microstructure since it influences not only the mechanical
properties but also the ability for cells to penetrate the scaffold and for
nutrients, oxygen and waste products to diffuse through the scaffold.
Effective permeability has been used as a characterization of scaffold
mass transport properties, as it measures quantitatively the ability of a
porous medium to conduct fluid flow and it depends on the combina-
tion of porosity, interconnectivity, pores size, orientation and tortuosity.
In this work it was developed a computational tool to optimize scaf-
folds’ microstructures with controlled permeability and elasticity, using
homogenization techniques. Using this computational model it was
possible to obtain different geometries depending on the deformation
field applied and the importance given to each property which, in
future applications, can represent different clinical situations. Some of
the designed scaffolds were built using rapid prototyping techniques
and tested in vivo in order to study their performance in terms of bone
regeneration and in order to validate the proposed computational
method. The results show this computational approach may be extre-
mely useful in scaffold design for Bone Tissue Engineering.

65.P02
Toward organ printing: design characteristics,
virtual modeling and physical prototyping
branched segments of kidney arterial vascular
tree
V Kasyanov, R Rezende, Neto P Inforçatti,
FD Pereira, JV Silva and V Mironov
Center for Information Technology Renato Archer (CTI), Brazil;
Riga Stradins University, Latvia

Organ printing is defined as the layer by layer additive biofabrication
of 3D tissue and organ constructs using tissue spheroids as building
blocks. The design of the vascular tree is a critically important step in
practical implementation of organ printing technology. Bioprinting a
vascular tree requires detailed knowledge of the morphometrical, mor-
phological and biomechanical characteristics of the sequentially
branched segments of the natural vascular tree as well as insight on
post-printing tissue compaction and remodeling. We surveyed these
characteristics of the initial segments of the natural kidney arterial vas-
cular tree of the porcine kidney. Computer simulation was used to
model compaction of tissue engineered tubular vascular segments with
different wall thickness virtually biofabricated from closely packed and
fused uniformly sized vascular tissue spheroids. The number of concen-
tric layers of tissue spheroids required to bioprint tubular vascular seg-
ments with desirable wall thickness and diameter was theoretically
estimated. Our results demonstrate that vascular segment compaction
correlates well with reported experimental data. Finally, physical proto-
typing of linear and branched tubular constructs using physical analogs
of tissue spheroids was performed. Thus, virtual and physical prototyp-
ing provides important insights into the design parameters and demon-
strate the principal feasibility of bioprinting a branched vascular tree
using vascular tissue spheroids.

65.P03
3D tissue engineering scaffolds and
computational design
K Pramanik
National Institute of Technology, India

Tissue engineering utilizes porous biomaterial scaffolds to deliver bio-
logical factors that accelerate tissue healing. These two functions
require scaffolds be designed for mechanical loading and mass trans-
port. The purpose of this paper was to apply both ad hoc and topology
optimization homogenization based design approaches to create scaf-
fold architectures, and to determine how these architectures compare
to theoretical bounds on effective stiffness. Open cell scaffold architec-
tures demonstrated a wide range of permeability, but were all below
isotropic effective stiffness bounds. Wavy fiber architectures provide a
means to approach the lower bounds. Using image-based techniques,
designed architectures may be incorporated in anatomic shapes. In this
research paper we will discuss about our newly developed software
that is compatible to use in electrospinning machine to achieve 3D scaf-
folds with any polymers regardless of its shape, size, physical and
chemical properties.

65.P04
Quantitative deconvolution and tracking of
differentiating stem cells
M Ranji
University of Wisconsin, USA

Quantitative image cytometry is possible only if the relative intensity of
deconvolved images is preserved. For this reason, relative intensities
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present in fluorescent images are compared before and after processing
via deconvolution. We have investigated deconvolution algorithms/
softwares performance with respect to retention of relative intensities.
Although deconvolved images show improved contrast quality, in all
but one method, relative intensities before and after deconvolution are
not retained. Following deconvolution, migration and differentiation
behavior of cells are tracked. A potential source for cardiac repair is
induced pluripotent stem cells (iPSCs). Here we study the formation of
cardiac cells from the time-lapse movies of iPSCs by segmentation and
tracking techniques. We used image cytometry tools to track nuclei
expressing H2B-mcherry, and GFP (for cardiac lineage) in differentiat-
ing iPSCs. At first, we performed time lapse microscopy for long-term
imaging of live iPSCs at various stages of differentiation. Following
image acquisition, we deconvolved the images of fluorescently labeled
iPSCs and then applied segmentation and tracking to locate the spatial
and temporal positions of iPSCs nuclei as the cells migrate and differen-
tiate.

65.P05
Why do tendon repairs fail? A computational
approach
SD Rawson, JKF Wong and SH Cartmell
University of Manchester, GB

Severed tendons require close reapproximation to heal, and early active
mobilisation of the digit improves clinical outcome. Tendons are
repaired using suture, however, techniques with sufficient strength to
withstand early active mobilisation present greatest resistance to ten-
don glide. The most appropriate suture method is currently unknown.
A finite element (FE) modelis being developed to simulate active mo-
bilisation of a tendon repaired with four common suture methods; lock-
ing Kessler, Savage, Tsuge and locking Cruciate. This will allow
observations of stress concentrations, compression and the gap
between tendon ends, which would cause re-rupture, ischemia and
poor healing respectively. The model requires full characterisation of
tendon material properties. Literature will be used to describe tendon
in the direction parallel to its long axis. However, tendon is anisotropic
and its tensile behaviour tangential to its long axis is not well docu-
mented. We have performed transverse tensile testing of ex vivo por-
cine cadaver fore-trotter flexor digitorum profundus (FDP) tendon,
which will complete the FE material characterisation. Ex vivo tensile
testingof suture repaired porcine cadaver fore-trotter FDP tendonswill
validate the FE model. The validated model will identify the suture
technique which provides the most favourable conditions for healing.
This FE method can be used in developing novel tendon repairs which
will improve tissue healing and clinical outcome.

65.P06
Deciphering the role of matrix metalloproteinase
and extracellular matrix changes in the
development of in-stent restenosis using a
multiscale mechanobiological model
H Zahedmanesh, C Lally and H Van Oosterwyck
K.U. Leuven, Belgium; Dublin City University, Ireland

Stent induced arterial injury due to surgical interventions initiates a
complex cascade of inflammatory events within arterial wall which
ultimately lead into the development of intimal hyperplasia and arte-
rial stenosis. Computational modelling can be used as a means to
model the biological response of arteries to different stent designs using
mechanobiological models whereby the mechanical environment may
be used to dictate the growth and remodelling of vascular cells.
Changes occurring within the arterial wall due to stent induced
mechanical injury, specifically changes within the extracellular matrix

have been postulated to be a major cause of activation of vascular
smooth muscle cells and the subsequent development of in-stent reste-
nosis. In this study a mechanistic multiscale mechanobiological model
of in-stent restenosis using finite element models and agent based
modelling is developed which allows quantitative evaluation of the col-
lagen matrix turnover following stent induced arterial injury and the
subsequent development of in-stent restenosis. Specifically, the model
is applied to study the influence of stent material properties and geo-
metrical parameters such as the deployment diameter and stent strut
thickness on the level of in-stent restenosis.

65.P07
Morphology-based prediction of differentiation
potential of mesenchymal stem cells
H Sasaki, A Takahashi, I Takeuchi, R Sawada,
F Matsuoka, Y Kiyota, H Honda and R Kato
Graduate School of Engineering, Nagoya University, Japan;
Graduate School of Pharmaceutical Sciences, Nagoya University;
Nagoya Institute of TechnologyDivision of Medical Devices,
National Institute of Health Sciences; Nikon Corporation, Japan

Morphology of cells had long been used as an important indicator of
cell quality. However, such experience-based morphological importance
has not been well quantitatively examined in the aspect of automation
for industrialization. For the cell therapy, such non-invasive technique
to evaluate and assess the quality of cells is strongly required for its
industrialization with the growth of stem cell research and its achieve-
ments. Human bone marrow-derived stem cells (hBMSCs) had been
widely studied and applied to clinical cell therapies with their multipo-
tency. However, it is also known that such stem cells require highly
skilled cell culture to carefully maintain their undifferentiated status,
and to differentiate into the objective type of cells. In our research, we
introduced bioinformatic machine learning strategy to build a predic-
tion model, which links ‘the cell morphology information’ and ‘the
experimentally determined differentiation results’ of hBMSCs.By mod-
eling information from the time-lapse phase contrast images of more
than 2,000 images of the continuously passaged hBMSC (over 8 pas-
sages), the experimentally defined staining results of differentiations
could be predicted successfully. Also from the microarray analysis, we
further investigated the gene expression patterns that relate to the mor-
phological prediction performance.

65.P08
Influence of mechanics on microcarrier cell
expansion: a computational study
B Smeets, T Odenthal, E Tijskens, S Roberts, WLTam, P Van
Liedekerke, H Van Oosterwyck and H Ramon
KU Leuven, Belgium

New tissue engineering strategies try to accurately control cell fate in
the earliest stages of in vitro tissue culture. Expanding cells on porous
microcarriers and combining these carriers to form aggregates allows
for threedimensional cell growth while preventing necrosis due to mass
transport limitations. The influence of the introduction of these mi-
crobeads on the mechanical microenvironment is still poorly under-
stood. However, it has been shown that the mechanical conditions of
cells can have a large influence on cell fate and survival. We developed
a computational software framework for individual cell-based models
of three-dimensional cell cultures. The model simulates the prolifera-
tion of ATDC5 progenitor cells on microcarriers. The mechanics of the
cells are modeled by the Johnson-Kendall-Roberts potential and the
equations of motion of the cells are calculated for a friction-dominated
system. The cell cycle is broken up into two stages: increase of cell vol-
ume and cytokinesis. The computational model is used to study the
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sensitivity of the microenvironmental parameters to process design
variables for a theoretical system with the physical properties of in vitro
microcarrier cell cultures. Simulations reveal that both mean compres-
sive stress and heterogeneity in mechanical stress levels are strongly
dependent on the adhesive properties of the substrate.

65.P09
Consistent quasi-static and ultrasonic elasticity
determination of PLLA-based rapid-prototyped
tissue engineering scaffolds
KW Luczynski, T Brynk, B Ostrowska, W Swieszkowski,
R Reihsner and C Hellmich
Vienna University of Technology, Austria; Warsaw University of
Technology, Poland

This study is concerned with reliable and physically sound elasticity
determination of rapid-prototyped tissue engineering scaffolds made of
poly-l-lactide (PLLA), with and without small portions of tricalcium
phosphate (TCP) inclusions. At the level of overall scaffolds, i.e. that of
several millimeters, multiple uniaxial loading-unloading (quasi-static)
tests were performed, giving access to the scaffolds’ Young’s moduli,
through stress-strain characteristics during unloading. Additionally,
acoustic tests with 0.05 MHz frequency delivered an independent
access to elastic properties, in terms of the normal components of the
scaffolds’ stiffness tensors. The latter strongly correlate, in a linear fash-
ion, with the Young’s moduli from the unloading tests, revealing poros-
ity- independence of Poisson’s ratio. The magnitude of the latter is in
full agreement with literature data on polymers. Both of these facts
underline that both ultrasound tests and quasi-static unloading tests
reliably provide the elastic properties of tissue engineering scaffolds.

65.P10
Level set based design optimization framework
for active scaffolds
G Kiziltas and N Basaran
Sabanci University, Turkey

Introduction: Level-set based approach unlike standard topology opti-
mization can overcome computational cost and local minima problems
in computational scaffold synthesis. An effective and versatile computa-
tional design tool based on the level set method is developed for active
porous scaffolds that can deliver biological agents on demand by apply-
ing external electromagnetic (EM) fields.
Methods: FEA based optimization framework based on the level-set
method is built on commercial software COMSOL to allow for auto-
mated updates of the scaffold material satisfying EM actuated release
and strength requirements. Frechet derivative is used with adjoint sen-
sitivity on the MATLAB scripting tool. A level set function interpolated
into a fixed initial domain of the scaffold material is evolved by using
the Hamilton-Jacobi equation to determine the optimal shape.
Results: Results validate sensitivity calculations of EM and mechanical
analysis models. Despite convergence challenges, by dynamically
adjusting the artificial damping term, well defined active scaffold topol-
ogies for desired strength and release performance resulted in well
defined microstructural porous layouts with interconnectivity.
Conclusions: Numerical results show that level set based topology opti-
mization method is powerful and flexible in handling complex shape
changes for active scaffold performance improvements promoting its
use in applications with various metrics from chemistry, fluid flow, and
nano-optics.

65.P11
Experimental and computational model of a
microfluidic platform for micromass generation
and culture
F Piraino, M Pierro, S Bersini, A Redaelli, M Rasponi and
M Moretti
Cell and Tissue Engineering Lab-I.R.C.C.S. Istituto Ortopedico
Galeazzi, Italy; Bioengineering Department-Politecnico di Milano,
Italy; Cell and Tissue Engineering Lab-Gruppo Ospedaliero San
Donato Foundation, Italy; Laboratory of Biological Structure
Mechanics-Politecnico di Milano, Italy

A number of works have studied microscale systems for 3D cell culture
and tissue modeling in high-throughput regime. In microfluidics, geo-
metrical features and shear stresses have been shown to modulate cell
docking and cellular aggregate formation. We hereby present a device
developed through an integrated computational/experimental
approach for controlling micromass generation by non-geometrical
parameters. A PDMS microfluidic device with a conical chamber was
developed to generate human articular chondrocyte micromasses and
CFD simulations were used to predict flow and velocity profiles. Cells
were seeded under several conditions, by tuning cell concentrations;
flow rates (FR) and seeding times. Micromasses, generated without
the traditional centrifugation step, were cultured at different FR for
14 days and evaluated both biochemically and histologically. Time,
flow and cell concentration were confirmed to control the number of
seeded cells within the chamber. The difference between experimental
and simulated cell docking was less than 10%. The micromass shape
resulted dependent on the applied FR, and spherical shape was only
achieved at the highest FR tested (500 ll/min). Preliminary results in
a 4 · 4 microfluidic array platform showed the feasibility of high-
throughput micromass generation. Non geometrical parameters can
control cell seeding and micromasses geometry, hence adding a power-
ful tool for the investigation of microscale tissue models.

65.P12
Micro CT-based multiscale elasticity of double-
porous (pre-cracked) hydroxyapatite granules
for regenerative medicine
A Dejaco, V Komlev, J Jaroszewicz, W Swieszkowski
and C Hellmich
Vienna University of Technology, Institute for Mechanics of
Materials and Structures, Austria; Russian Academy of Sciences,
A.A. Baikov Institute of Metallurgy and Materials Science, Russia;
InMatrixs Ltd., Lyalin Per, Russia; Warsaw University of
Technology, Department of Materials Science and Engineering,
Poland

Hundred micrometers-sized porous hydroxyapatite globules have
proved as a successful tissue engineering strategy for bone defects in
vivo, as was shown in studies on human mandibles. These granules
need to provide enough porous space for bone ingrowth, while main-
taining sufficient mechanical competence (stiffness and strength) in
this highly load-bearing organ. This double challenge motivates us to
scrutinize more deeply the micro- and nanomechanical characteristics
of such globules, as to identify possible optimization routes. Therefore,
we imaged such a (pre-cracked) granule in a microCT scanner, trans-
formed the attenuation coefficients into voxel-specific nanoporosities,
from which we determined, via polycrystal micromechanics, voxel-spe-
cific (heterogeneous) elastic properties. The importance of the latter
and of the presence of one to several hundred micrometers-sized cracks
for realistically estimating the load-carrying behavior of the globule
under a typical two-point compressive loading (as in a ‘‘splitting’’ test)
is shown through results of large-scale Finite Element analyses, in com-
parison to analytical results for a sphere loaded at its poles: Use of
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homogeneous instead of heterogeneous elastic properties would over-
estimate the structure’s stiffness by 5% (when employing a microme-
chanics-based process as to attain homogeneous properties)—the
cracks, in comparison, weaken the structure by one to two orders of
magnitudes.

65.P13
An advanced cone-and-plate reactor for the in
vitro-application of shear stress on adherent cells
L Deyer, B Krolitzki, R Autschbach, P Vogt, T Welte, A Ngezahayo,
B Glasmacher, L Deyer, B Krolitzki and R Autschbach
Institute for Multiphase Processes, Leibniz University Hannover,
Germany; Institute for Biophysics, Leibniz University Hannover,
Germany; Department of Cardiac and Thorax Surgery; University
Hospital Aachen, Germany; Department of Plastic, Hand and
Reconstructive Surgery, Hannover Medical School, Germany;
Clinic for Pneumology, Hannover Medical School, Germany

Blood contacting engineered tissues need endothelial cell lining. Endo-
thelial cells (ECs) are permanently exposed to the blood flow and the
resulting shear stress, its magnitude varying with the EC site in the

blood stream. Along with other mechanical stimuli like vessel wall
stretching or hydrostatic blood pressure, this shear stress modulates the
endothelial cell function, morphology and gene expression. Here, we
describe our improved cone-and-plate reactor that applies up to
10 dyn/cm2 uniform wall shear stress on a defined, ring-shaped region
on a culture dish on different cell lines. At the same time, a hydrostatic
pressure of up to 195 mmHg can be applied by increasing the atmo-
spheric pressure in the incubator box. Gas composition can be con-
trolled additionally, used for maintaining CO2-homeostasis or inducing
hypoxic conditions. For better comparability, six cone-and-plate systems
can be used at the same time at different rotational velocities. The
effects on cell morphology, cytoskeleton and cell alignment can be
monitored during application using a laser scanning microscope. Flow
conditions have been studied and a sufficient area of uniform wall
shear stress of 1 to 10 dyne/cm2 could be shown. To exceed 10 dyne/
cm2, we suggest an increase in medium viscosity.
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66. Animal Models for Preclinicals and Clinical Translation

66.01
Keynote: Animal models for translational
research
J Yoo
Wake Forest Institute for Regenerative Medicine, Wake Forest
School of Medicine, Winston-Salem, USA

Translational research focuses on the development of scientific and
medical discoveries to applications in the clinic. This development is
usually facilitated by validation in vivo using appropriate animal mod-
els. The use of animal models is the only method to demonstrate proof
of concept, feasibility, applicability, safety and efficacy of the technology
being developed. Although the animal models may not recapitulate all
the responses prompted by the human body, they remain as an essen-
tial medium that provides forecast of possible responses in patients.
Therefore, proper selection and use of animal models that mimic physi-
ologic and pathologic conditions in humans are necessary. In this ses-
sion, an overview of animal models used in translational research will
be discussed. In addition, considerations associated with the selection
of animal models and design of in vivo studies will be discussed.

66.02
A ‘‘sensate’’ surface replacement scaffold can
monitor loading during cartilage regeneration
JA Szivek, GJ Heden, CP Geffre and JT Ruth
Orthopaedic Research Lab, University of Arizona, USA

Introduction: Currently available techniques for cartilage regeneration
were developed for focal injuries. Our aim was to develop a ‘sensate’
medial condyle surface replacement scaffold to anchor autologous
adult stem cells (ASC’s) and facilitate cartilage regeneration while
monitoring in vivo joint loading to investigate healing and rehabilita-
tion strategies.
Methods: Scaffolds were prepared with Quickslice and a Stratsys FDM,
out of polybutylene terephthalate. Strain gauges were attached to bone
interfacing surfaces and wired to a transmitter to measure in vivo joint
forces. Scaffolds were seeded with autologous ASC’s 48 h prior to
implantation and placed into young dogs weighing 25–30 kg. Measure-
ments were collected and activities monitored for 6 months. Joints
were harvested to determine tissue quality and quantity. Tissue growth
was tested using mechanical indentation and mechanical properties
were compared to controls for statistical significance. Condyles were
prepared for histomorphometry and analysis was carried out using
Image J.
Results: Axial loads were up to 2x BW and shear forces up to 20% of
BW. Tissue properties on scaffolds were similar to control cartilage. His-
tology showed extensive bone growth and tissue coverage with 15%
demonstrating joint cartilage structure.
Discussion: The surface replacement accurately measured loads and is a
useful tool to develop rehabilitation techniques. Histology indicated
good tissue formation. SUPPORTED BY NSFCMMI 08.

66.03
Pre-treatment by mesenchymal stromal cells in
rat kidney transplantation induces adverse
immune responses
M Seifert, M Stolk, D Polenz and HD Volk
Berlin-Brandenburg Center for Regenerative Therapies and
Institut of Medical Immunology, Charité-Universitätsmedizin
Berlin, Germany

Mesenchymal stromal cells (MSC) have shown immunomodulatory
potential including partial tolerance induction by pre-treatment of
donor-specific cells in a rat heart transplantation model. Therefore, we
investigated an analogous MSC pre-treatment in a rat kidney transplan-
tation model with a strong MHC mismatch.While transplanting DA to
LEWIS, 2 million responder- or donor-specific MSC were given i.v.
4 days prior to transplantation under mycophenolate mofetil immuno-
suppression for 7 days. Grafted kidneys and responder spleens were
harvested at postoperative day 8–9 and examined by quantitative PCR
and immunohistology. Sera were screened for alloantibodies by flow
cytometry. The application of donor- and responder-specific MSC
resulted in elevated humoral immune responses verified by enhanced
intragraft B cell infiltration and complement (C4d) deposits compared
to PBS treated controls. Moreover, both MSC treated groups displayed
moderate signs of inflammation and rejection with slightly higher intra-
graft mRNA expression levels for TNFa and ICAM. Donor-specific MSC
showed significantly higher levels of IgG alloantibodies relative to the
PBS- or responder-MSC-treated controls. A higher mRNA expression
level for MHC class II and elevated B cell proportions in these spleens
corroborated the results.MSC administration before kidney transplanta-
tion triggers immune responses or even alloantigen pre-sensitization,
thereby worsening the general graft outcome.

66.04
Treatment of congenital birth defects in sheep
using tissue engineering: 10 years single
institute experience
A Eggink, P Geutjes, L Roelofs, J Crevels, A Hanssen,
C van den Broek, T van Kuppevelt, RWijnen, P van de Berg
and W Feitz
Department of Urology, Radboud University Nijmegen Medical
Centre, The Netherlands; Department of Obstetrics and
Gynecology, Erasmus Medical Center, The Netherlands Central
animal laboratory, Radboud University Nijmegen Medical Centre,
The Netherlands; Department of Biochemistry, Radboud
University Nijmegen Medical Centre, The Netherlands;
Department of Pediatric Surgery, Erasmus Medical Center, The
Netherlands; Department of Obstetrics and Gynaecology,
University Medical Centre Groningen, The Netherlands

Introduction: Different sheep models have been used to improve the
treatment of congenital birth defects using tissue engineering
techniques. Several congenital defects were prepared in sheep models
and reconstructed using collagen-based biomaterials in the pre- and
postnatal period. According to the 3R’s (replacement, refinement and
reduction), adaptations to the protocols were made in previous proto-
cols in order to re-use (reduction) and improve the animal welfare
(refinement).
Materials and methods: Pregnant sheep underwent fetal surgery around
79 days’ gestation. A neural tube defect, gastroschisis, bladder
exstrophy or skin defect was created surgically in the fetal lamb and
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reconstructed using different collagen-based materials in both the fetal
and neonatal period.
Results: In total 172 surgical procedures have been performed in 163
pregnant sheep for 12 different study protocols. The average success
rate for these experiments was 65%. During the pregnancy period the
overall fetal survival rate was 74%. There were five maternal deaths
due to complications, which were mainly caused by abdominal wound
dehiscence.
Conclusion: The sheep model is a well suited large animal model to per-
form fetal interventions (e.g. to create congenital defects) and to study
the use of collagenous scaffolds for the treatment of these severe
defects. With the refinements of our protocols, the number of animals
could be reduced and the welfare of the laboratory animals was
enhanced.

66.05
In-vivo osteoinductivity assays for bone grafting
materials
S Hutchens and C Campion
Apatech Ltd, 370 Centennial Avenue, Centennial Park, Elstree,
Herts, WD6 3JT, UK; Department of Materials, School of
Engineering and Materials, Queen Mary, University of London,
UK; Apatech Ltd, UK

This presentation provides a review of in-vivo osteoinductivity models
for experimental as well as commercially available bone grafting prod-
ucts. Dr. Marshall Urist first coined the term ‘osteoinduction’ in 1965
when he discovered that demineralized bone matrix (DBM) generated
bone in the muscle pouches of various animal species. Since that time,
a variety of in-vivo models have been proposed to validate a material’s
osteoinductivity by verifying its ability to grow bone where it would
otherwise not grow (e.g. a heterotopic or ectopic location). In-vivo os-
teoinductivity models published in scientific literature, regulatory data,
and commercial data were surveyed. The majority of in-vivo osteoin-
ductivity data has been obtained from DBM products; but assays have
also been carried out on biologics (e.g. products containing growth fac-
tors and/or cells) as well as synthetic biomaterials. Ectopic implanta-
tion into an athymic rodent model has become widely accepted as a
validation of osteoinductivity, however other animals models have
been proposed to verify this attribute. This presentation will provide an
overview of animal models, implantation sites, time points, and analy-
ses that have been used to assess the osteoinductivity of experimental
and commercially available bone grafting materials.

66.P01
Cell sheet-based fabrication of tumor-bearing
model mice
J Akimoto, S Takagi, M Nakayama, M Yamato and T Okano
Institute of Advanced Biomedical Engineering & Science and
Global COE program;MERCREM, Tokyo Women’s Medical
University, TWIns, Japan

Tumor-bearing mice were prepared by transplanting cancer cell sheets,
compared with the injection of cell suspension. Luciferase gene-coded
mouse lung squamous cancer cells were cultured with thermorespon-
sive culture dishes. By reducing temperature to 20�C, the confluent
cells were harvested as intact cell sheets. Then, cell sheets were trans-
planted on the subcutaneous of BALB/c nu/nu mice. Cell suspension
obtained by trypsin digestion was subcutaneously injected on the back
of mice as the control. Tumor growth was estimated from tumor vol-
ume and luciferin emission measured by in vivo imaging system.
Though the formation of small tumor tissues were observed on the
backs of mice transplanted as the cell suspension, luciferin emissions
were scarcely observed from these tissues except for one mouse. From
histological studies, most tumor tissues were determined as granula-

tion tissues, not cancer. For the cell sheet transplanted mice, tumors
were emerged on their backs from day 5. The tumor volumes and lucif-
erin intensities increased gradually for all the mice transplanted as cell
sheets. Obtained tumor tissues were positively stained by a marker for
squamous cancer cells. Cancer-bearing mice can be fabricated by cell
sheet transplantation, because cell sheets possess their basal extracellu-
lar matrix proteins and thus connect with host tissues effectively. Thus,
cancer cells were supplied with sufficient oxygen and nutrition from
host tissues to develop tumor tissues.

66.P02
Anticoagulation therapy in a sheep model for
vascularized tissue engineering
AWeigand, AM Boos, U Kneser, RE Horch and JP Beier
Department of Plastic and Hand Surgery, University Hospital of
Erlangen, Erlangen, Germany

The sheep is a widely used large animal model in the field of bone and
esp. vascularized tissue engineering as well as in cardiovascular sur-
gery. While sufficient anticoagulation is essential to prevent thrombo-
embolic events in (micro)vascular animal studies, no standardized
scheme for sheep has been developed so far. To establish a reliable anti-
coagulation regime we investigated the effect both of three antiplatelet
drugs through aggregometry and of enoxaparin-natrium through anti-
factor Xa activity over 7 days (n = 5; 1: acetylsalicylic acid [ASS]
500 mg p.o./500 mg i.v.; 2: clopidogrel 75–350 mg p.o.; 3: ticagrelor
90–360 mg p.o., 4: enoxaparin-natrium 1–5 mg/kg; all semidaily).
Besides in vitro testing the antiplatelet effect of ASS, analysis of clopi-
dogrel metabolism was performed.ASS failed to inhibit sheep platelet
aggregation in vivo and in vitro. While clopidogrel was only effective in
2/5 sheep, clopidogrel and one of its metabolite were identified in
every plasma sample. Ticagrelor inhibited platelet aggregation in 1/5
sheep. Therapeutic antifactor Xa levels were achieved with enoxaparin-
natrium, but lamb required higher dosages than adult sheep. Our
results indicate that high dosages of clopidogrel and ticagrelor can inhi-
bit platelet aggregation merely in several sheep despite sufficient
resorption of clopidogrel. Efficient anticoagulation can be ensured
using age-dependent doses of enoxaparin-natrium, thus making the
sheep model more reliable in vascular TE studies.

66.P03
Establishment of a new ischemic excision model
AT Hofmann, J Hartinger, M van Griensven, H Redl and
R Mittermayr
Ludwig Boltzmann Institute for Experimental and Clinical
Traumatology, AUVA Research Center, Austrian Cluster for Tissue
Regeneration, Austria

To test therapeutic schemes improving blood perfusion in a preclinical
setting, we developed a delayed wound healing model caused by insuf-
ficient perfusion of the wound area. To induce ischemia, an abdominal
flap (8 · 8 cm) was harvested. After ligation of an unilateral caudal
epigastric bundle the flap was sutured back and wounds (ø1.5 cm)
were created in the ischemic and non-ischemic side of the flap. Wounds
were analysed by a planimetric software (Lucia G1) and expressed as a
percentage of the total postoperative wound surface area. Laser Dopp-
ler imaging was performed to confirm ischemia in the corresponding
area. Histological and immunohistochemical staining were performed
to follow new vessel formation. Animals were divided into three groups
(n = 6–8) according to the treatment of the excisions: Group VEGF
(100 ng human VEGF-165 in 1 ml fibrin sealant), group fibrin (1 ml
fibrin sealant) and group sham (controls). Laser Doppler imaging
revealed enhanced perfusion over 7 days in all groups, with an insuffi-
cient perfusion in the ischemic area. After 7 days all wound areas
decreased compared to day 0. Wound healing in vital areas occurred
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faster than in ischemic areas, with up to 50% smaller wounds (sham
group). VEGF treated wound closure was slower than in fibrin or sham
group. Histology and immunohistochemistry need to be analyzed to
follow new vessel formation and reveal differences in wound contrac-
tion and reepithelialization.Supported by EC-1011014483 Angioscaff
(FP7).

66.P04
Reproducible animal model for the study of anal
sphincter dysfunction for regenerative medicine
I Yamaguchi, F Fujita, K Yamanouchi, D Kawahara, Y Sakai, S Ito,
K Kanetaka, M Takatsuki, T Kuroki and S Eguchi
Department of Surgery, Nagasaki University Graduate School of
Biomedical Sciences, Japan

Purpose: Although internal sphincter resection (ISR) can avoid perma-
nent colostomy in patients with lower rectal cancer, it causes anal
sphincter dysfunction, resulting in a life-long, debilitating disorder due
to incontinence of stool. Regenerative medicine should be able to
improve this condition, however, no good animal experimental model
has yet been established that accurately shows the low internal anal
sphincter pressure. This study tried to establish and evaluate the novel
animal model with anal sphincter dysfunction.
Methods: Twenty male Sprague-Dawley rats were allocated into sham
operation, and ISR groups. The ISR group underwent removal of a left
semicircle of both internal and external anal sphincter. Both groups
were evaluated for their resting pressure at before surgery and on post-
operative days (POD) 1, 7, 14, and 28. Anal pressures were recorded
and statistically analyzed.
Results: The sham operation group recovered baseline anal pressure on
POD7. The ISR group showed a significant decrease in anal pressure
on POD1 (P < .005), and low pressure continued until POD28
(P < .001). The defect of the anal sphincter muscle was confirmed his-
tologically in the ISR group.
Conclusion: The immediate recovery of anal pressure is one of the prob-
lems in conventional sphincter dysfunction animal models. However,
the novel model has continuous anal sphincter dysfunction for one
month and may contribute to further study of the efficacy of therapies
involving regenerative medicine.

66.P05
The biology of the ovine functional spinal unit
CS Gough, EA Mitchell, VN Wijayathunga, JL Tipper, RKWilcox,
RM Hall and E Ingham
Institute of Medical and Biological Engineering, University of
Leeds, UK

There is a need for the development of in vitro models that incorporate
natural tissue for the pre-clinical testing of novel therapies within the
functional spinal unit (FSU). The sheep spine is a close biomechanical
match to human spine and was selected for model development. The
aim of this study was to characterise intervertebral discs (IVDs) and
facet joints from the cervical, thoracic and lumbar regions of sheep
spines aged 1, 3–4, 5–6 and 8–10 years in order to determine the age
of the animal that would provide healthy and degenerate tissues.
Whole FSUs were scanned using micro computed tomography. The
morphology of the IVDs and facet tissue was recorded using photogra-
phy and histology. Grading systems were used to determine the extent
of gross morphological degeneration in the facets and histological
degeneration in the IVD and facets. Differences were found between all
age groups. Cartilage defects on the surface of the facets increased with
age which was supported by cartilage thinning, trabeculae thickening
and calcification. The IVDs became thinner and fibrous with age and
displayed features of lamellar splitting, clefting and cell necrosis. The
IVD and facets only began to show signs of degeneration at 3–4 years

of age. Therefore, FSUs from sheep up to 3–4 years of age could be
used in healthy models and FSUs from sheep 6–10 years of age in
degenerated models for the in vitro assessment of early interventions
in the spine.

66.P06
In vivo evaluation of muscular regeneration
treated with human mesenchymal stem cells
(HMSCs) from the umbilical cord matrix and
thrombin in a rat anterior tibial myectomy model
T Pereira, A Gärtner, I Amorim, J Ribeiro, M França,
PArmada-da-Silva, AL Luis and AC Maurı́cio
ICBAS-UP/ICETA, Portugal; FMH-UTL, Portugal

Introduction: Stem cells may prove to be a new source of cells for cell
therapy in functional and morphologic regeneration of muscle, by
replacing the degenerated cells, by producing growth factors or by
modulating the inflammatory response. We tested in vivo the applica-
tion of HMSCs isolated from the Wharton’s jelly associated to a biocom-
patible vehicle derived from human thrombin to induce muscle
regeneration in a rat anterior tibial myectomy model.
Methods: HMSC from Wharton’s jelly umbilical cord matrix were cul-
tured and the karyotype of these cells was evaluated at metaphase
before in vivo application. Sasco Sprague rats were used and after a
standardized 5 mm diameter myectomy lesion of the tibial anterior
muscle, the defect was filled with different preparations: a cellular sus-
pension containing 1 · 106 HMSCs and thrombin (MSCTb Group);
conditioned media combined with thrombin (ConditionedTb Group); a
ControlTb and a Control Group with and without the addition of
thrombin to the lesion. At day 15 the muscles were collected and
immunohistochemistry markers were used as well as myotube count-
ing for evaluation of the inflammatory and regeneration status.
Results and conclusion: HMSCs associated to thrombin presented prom-
ising results in terms of morphologic and functional recovery of the rat
anterior tibial muscle after myectomy. Further testing will be per-
formed with different times, in order to assess detailed information
about distinct stages of muscular regeneration.

66.P07
Multimodal adhesion prevention in a rabbit
adhesiolysis reformation adhesion model
K Lewis, M Simunek, JP Lawo and H Redl
Baxter Healthcare Corporation, Austria; Baxter Innovations
GmbH, Austria; Ludwig Boltzmann Institute for Experimental
and Clinical Traumatology, Austria

This study compares effectiveness of a liquid instillate (4% icodextrin,
ICO) and a polyethylene glycol polymer barrier (PEG), alone and com-
bined, to prevent adhesions in a rabbit adhesiolysis reformation model
using adhesion area, prevalence, and severity. On day 0, 30 cm2 of the
cecum was abraded and a 15 cm2 partial myectomy of the transverses
abdominis was performed. On day 14, adhesions were lysed, and trea-
ted based on random group assignments. On day 28, adhesion contact
area was measured and severity was scored by a single observer
blinded to the treatment group. Adhesions were totaled and analyzed
as surgical site and nonsurgical site adhesions. ICO was used as a dif-
fuse adhesion barrier administered initially as an intraoperative irrigant
then as a postoperative instillate, 50 ml. PEG was used as a localized
adhesion barrier and sprayed onto tissues, 0.1 ml/cm2. ICO combined
with PEG statistically reduced adhesion area significantly at surgical
and nonsurgical sites relative to controls, and reduced prevalence and
severity of adhesions the most. PEG alone statistically reduced adhe-
sion area significantly at nonsurgical sites relative to controls, and
reduced prevalence and severity of adhesions the greatest at the surgi-
cal site. The synergistic effect of a diffuse liquid, 4% icodextrin, and
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solid adherent barrier, PEG, is an innovative combination that warrants
further clinical investigation for multimodal adhesion prevention.

66.P08
Surgical porcine myocardial infarction model
through permanent left circumflex artery
occlusion
KM Lewis, SL Smith and JS McKee
Baxter Healthcare Corporation, USA

Purpose: To develop and validate a surgical porcine myocardial infarc-
tion model.
Methods: All pigs underwent a thoracotomy and the left circumflex
artery (LCx) was ligated ~3 cm from its origin from the left coronary
artery. Model Development: Pigs were euthanized on day 2 (n = 7),
14 (n = 3) and 28 (n = 3). Troponin I was measured on days 2 and 7,
and histology on days 14 and 28. Model Validation: rhVGEF (n = 5)
or buffer (n = 5) was injected into the myocardium in the area sup-
plied by the LCx 10 min post-occlusion. Echocardiography and histol-
ogy were performed on day 28.
Results: Model Development: Troponin I increased to 4.8 ng/ml on day
2 returning to baseline by day 7. Infarct size was 10%, 7% and 8% of
the total left ventricle area on days 2, 14 and 28. Model Validation:
Although infarct size was similar in buffer and rhVEGF groups (8.7% vs
8.9%), absolute fractional shortening decreased 9.3% (23.5%D) in the
buffer group whereas rhVGEF only decreased 3.0% (10.4%D) com-
pared to baseline. Absolute ejection fraction decreased 15.5%
(22.8%D) in the buffer group whereas rhVGEF only decreased 9.0%
(17.5%D) compared to baseline. These functional changes correlated
with a greater total number of blood vessels in the affected area in the
rhVGEF group (9.6 MM) vs. buffer (6.3 MM).
Conclusion: The surgical porcine myocardial infarction model described
herein detected functional and histological improvements associated
with rhVGEF treatment and may have utility in evaluating other thera-
peutics.

66.P09
Tissue engineering approach for vertebral arch
regeneration in a fetal sheep myelomeningocele
model. Preliminary results
M Codinach, CG Fontecha, C Romagosa, T Moliné, M Esteves,
C Ribeiro da Fonseca and L Rodriguez
Advanced Therapies Division, Blood and Tissues Bank, Spain;
Vall d’Hebron Researh Institute, Spain; Anatomical Pathology
Unit, Vall d’Hebron Hospital, Spain; Animal Faclilty, Vall
d’Hebron Researh Institute, Spain; Tissues Division, Blood and
Tissues Bank, Spain

Introduction: Myelomeningocele (MMC) is a congenital malformation
characterized by a neural tube closure defect and secondary traumatic
and chemical injury of the exposed elements. Amniotic fluid (AF) has
emerged as a valuable source of fetal stem cells. These cells have
shown potential applicability in fetal tissue engineering strategies, a
promising alternative to surgical reconstruction during the gestational
period.
Materials and methods: Ovine fetuses (n = 9) underwent two surgery
procedures: Creation of MMC lesion at day 75 of gestation and, at day
95, spinal defect coverage. During surgical creation of MMC, AF was
collected to isolate and ex vivo expand ovine AF mesenchymal stromal
cells (AF-oMSCs). The animals were assigned to three different groups
according to the treatment tested: (1) AF-oMSCs imbibed in a platelet-
poor plama (PPP) gel, (2) AF-oMSCs assembled with Demineralized
Bone Matrix (DBM) and PPP and (3) PPP scaffold mixed with DBM. At

full term of gestation (day 150), the lambs were delivered by cesarean
section, euthanized and histologically examined.
Results: The application of AF-oMSCs in a PPP scaffold did not appear
to stimulate bone regeneration. When DBM was added within the mix-
ture, de novo bone formation was observed at the covered area. The
application of DBM with no presence of AF-oMSC resulted in re-absorp-
tion of the DBM pieces.
Conclusion: Combination of AF-oMSCs and DBM-based scaffold could
be a promising approach for prenatal MMC repair.

66.P10
Comparative studies on esophageal glands in
animal models for regenerative medicine
applications
G Klimbacher and AK Saxena
Medical University of Graz, Austria

Background: This study aimed to investigate different animal models
with regard to EG and to identify tissues appropriate for esophagus tis-
sue engineering.
Methods: Esophagus was obtained from ovine, avian, bovine, murine
and porcine sources and investigated with regards to the presence of
EG. Histological specimens were stained using HE to locate EG in the
upper, middle and lower portions of each esophagus. If EG were identi-
fied, the tissue was further investigated using PAS and AB to determine
the presence of neutral or acidic glands. AB in 3 pH levels (0.2, 1.0 and
2.5) was then used to detect the presence of sulphated mucous.
Results: The esophagus sourced from murine, bovine and ovine sources
was devoid of EG. In avian esophagus, acidic and sulphated mucous
producing EG were identified throughout the esophagus with larger
EG located cranially. On the other hand, in porcine esophagus predomi-
nantly neutral and sulphated mucous producing EG with isolated pock-
ets of acidic and sulphated mucous producing EG were identified in the
cranial and middle areas of the esophagus. Distance of EG to lumen
ranged from 127–340 lm (avian) to 916–983 lm (porcine). EG con-
sisted of 35% (avian) to 45% (porcine) area of the submucosa. EG had
an area of 125 000 qlm (avian) to 580 000qlm (porcine).
Conclusion: The results of these investigations demonstrate that porcine
esophagus is optimal for EG investigation in terms of scaffold develop-
ment for tissue engineering.

66.P11
Autologous and heterologous adipose derived
stem cells seeded on oligo(polyethylene glycol)
fumarate hydrogel scaffold are effective in the
regeneration of critical osteochondral defects in
minipig model
L De Girolamo, S Niada, E Arrigoni, A Di Giancamillo,
C Domeneghini, M Dadasetan, M Yaszemski, VSansone ,
GM Peretti and AT Brini
Orthoraedic Biotechnologies Lab - Galeazzi Orthopaedic Institute,
Italy; Department of Medical Pharmacology - Università Degli
Studi di Milano; Department of Veterinary Sciences and
Technology for Food Safety - Università Degli Studi di Milano;
Department of Orthopedic Surgery - Mayo Clinic College of
Medicine, USA; Orthopaedic Department of The Università Degli
Studi di Milano - Galeazzi Orthopaedic Institute; Department of
Orthopaedics and Traumatology - San Raffaele Scientific
Institute, Italy

Adipose-derived stem cells (ASCs), with their wide availability and
multidiffferentiative potential, may represent an efficient tool for bone
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and cartilage regeneration. In this study ASCs were isolated from seven
adult minipigs, expanded in culture and used in association with a oli-
go(polyethylene glycol) fumarate hydrogel scaffold (OPF) for the
regeneration of critical osteochondral defects. Four defects (diameter
9 mm; depth 8 mm) were made on the peripheral part of the trochlea
in each animal and treated with OPF scaffold which was pre-seeded
with autologous or heterologous ASCs or used as cell-free. Empty
defects were considered as negative control. Each isolated ASCs popu-
lation was also tested in vitro. Six months after implantation, all sam-
ples showed quite satisfactory filling of the lesions, with the exception
of one animal, whose joint appeared to be infected at the moment of
harvesting. Good osteointegration was also observed by MRI evalua-
tion. As revealed by histological and immunohistological analyses,
OPF+ASCs constructs were able to promote a complete regeneration
of the subchondral bone and a cartilage-like tissue. No differences were
observed between autologous and heterologous constructs, thus sup-
porting the possibility of an allogeneic use of this cell source. These
results demonstrated that ASCs-OPF constructs has the potential for
being considered a treatment option for the regeneration of osteochon-
dral defects.

66.P12
Recellularization of a natural intestinal matrix
using chicken chorioallantoic membrane as an in
vivo bioreactor
G Totonelli, P Maghsoudlou, M Garriboli, F Georgiades,
JM Delalande, N Thapar, A Pierro, S Eaton, AJ Burns and
P De Coppi
UCL Institute of Child Health, UK

Aim: The chicken embryo chorioallantoic membrane (CAM) has been
widely used as an in vivo model to investigate its proangiogenic action
on acellular matrix. In this study we evaluated cellular migration into
an acellular intestinal scaffold.
Methods: After ethical approval, fertilized GFP+ chick eggs (n = 39)
were incubated at 37�C at constant humidity. After 8 days of incuba-
tion, 1 mm diameter acellular matrices from rat small intestine were
placed on the CAM between branches of the blood vessels. Grafts were
examined daily and until 10 days following placement. Immuno- and
histochemical analyses using DAPI, GFP, Cytokeratin-8 (Cyt8), smooth
muscle actin (SMA) and haematoxylin and eosin (H&E) were per-
formed. Slides were then visualized using confocal microscopy.
Results: H&E analysis demonstrated cellular migration from the CAM
into the graft, beginning at day 5 reaching its maximum at day 10, with
cells moving from the periphery of the scaffold adjacent to the CAM
towards the centre. Immunopositivity for DAPI and GFP confirmed via-
ble cells originating from the CAM. However, no cellular differentiation
was evident, since Cyt8 and SMAwere negative.
Conclusion: The present study is, to our knowledge, the first demon-
stration that the CAM system can be used for testing cellular migration
and proliferation in a rat intestinal matrix. Also, GFP+ CAM represents
an efficient model for studying chemotaxis and could be the first step
for an in vivo bioreactor.

66.P13
Clinical modeling for lateral mandibular body
reconstruction: initial results from a pig mandible
model
BPR Brown Baer, W Lien and R Hale
United States Army Institute of Surgical Research, USA

In combat casualties, the majority of the facial fractures are to the man-
dible (36%). The frequency and complexity of these injuries requires
novel approaches to improve the outcome for mandibular battle

wounds. The objective of this study is to validate a large animal critical
size defect (CSD) model for assessing biomaterials prior to clinical tri-
als. Bilateral non-healing size defects were created in each of the man-
dibular bodies of five mature mini pigs. All defects were plated, and
each animal had one defect treated with autograft, and the other left
untreated (negative control). Evaluation with computed tomography
(CT) imaging will be completed at 8 and 16 weeks; with post harvest
l-CT and histological assessment at 16 weeks. This design allows eval-
uation of post operative complications, jaw stability, and the surgical
site’s healing potential with and without the clinical ‘gold standard’,
autologous bone graft. Initial results indicate that the plated defects are
stable, and that animals tolerate the surgery well. Untreated defects at
8 weeks do not show significant signs of healing suggesting that this
may be a CSD. The lack of a validated CSD model in large animals has
hampered progress in pre-clinical studies of biomaterials. Further
assessment using standard histology and uCT will be performed and
reported to quantify healing prior to assessment of candidate biomate-
rials.

66.P14
Transplantation of human fibroblast cell sheets
for colorectal endoscopic submucosal dissection
in a xenogeneic model; an animal feasibility
study
M Susa, T Ohki, R Takagi, S Yamashita, M Yamato, T Okano and
M Yamamoto
The Department of Surgery, Institute of Gastroenterology, Tokyo
Women’s Medical University, Japan; Institute of Advanced
Biomedical Engineering and Science, Japan

Background: Colorectal endoscopic submucosal dissection (ESD) is a
novel technique for en-bloc mucosal resection of colorectal carcinomas.
However colorectal ESD is sometimes complicated by colon perfora-
tions. In this study, we tried to perform transplantation of human fibro-
blast cell sheetsina xenogeneic model to prevent perforation.
Method: Human fibroblastcells were isolated from the skin of volunteer
donors and were amplified for 2 weeks by explant culture on tempera-
ture-responsive culture dish. A few weeks before transplantation,
swinesunderwent sigmoid-stomy for bowel preparation. ESD was per-
formed at the swine rectum. Immediately after ESD, cultured human fi-
broblastcell sheets were transplanted. Then, the swine was sacrificed
one hour after transplantation for histological analysis.
Results: Rectal ESD and cell sheet transplantation were safety per-
formed on three swines. Fibroblast cell sheets were histologically con-
formed on the ulcerated area after ESD. Fibroblast cell sheets can be
attached to the ulcerated site in short-term.
Conclusion: Transplantation of the fibroblast cell sheets isfeasible in a
xenogeneic model. In the near future, we plan to conduct experiments
for engraftments of fibroblast cell sheets in a swine autologous model.

66.P15
Studying bone colonisation by breast cancer cells
using a novel in vivo model
LC Thibaudeau, AV Taubenberger, VC Reichert, JA Clements and
DW Hutmacher
Institute of Health and Biomedical Innovation - Queensland
University of Technology, Australia

The skeleton is a preferred site of breast cancer (BC) metastasis. To
date, treatment options for patients with bone metastasic disease are at
best palliative and the disease is still incurable. To identify key mecha-
nisms of BC osteotropism and allow the development of new therapeu-
tics, more suitable animal models that allow to study human BC-bone
interactions are needed. Ectopic bone models based on tissue engineer-
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ing have previously been shown to serve as homing sites for BC cells.
In the presented study we set out to establish a novel humanised ecto-
pic bone model for BC bone colonisation. To that aim electrospun
polycaprolactone scaffolds were seeded with primary human osteo-
blasts and implanted together with bone morphogenic protein-7 subcu-
taneously into immunodeficient mice. X-ray imaging revealed
significant bone formation over the next 12 weeks. Then, luciferase
expressing human BC cell lines of different bone-metastatic potential,
MDA-MB-231 and MDA-MB-231BO cells, were implanted in proximity

to the scaffold. Non-tumorigenic MCF10A cells served as controls.
Tumour growth was monitored by bioluminescent imaging. After
5 weeks, specimens were analysed by micro-computed tomography,
histology and immunohistochemistry. We conclude that the presented
in vivo model is highly suitable to study BC-bone interactions, and
expect to gain in our future work new insights into the mechanisms of
human BC bone colonisation in vivo.
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67.01
Keynote: From imaging technologies to smart
biomaterials and tissue engineering: novel
concepts for bone regeneration
JT Schantz
Department for Plastic and Hand Surgery, Klinikum rechts der
Isar, Technische Universität München, Germany

In recent years numerous strides have been made in bone reconstruc-
tion. Especially in the craniofacial skeleton where complex anatomical
structures and functional characteristics represent a challenging situa-
tion for the reconstructive surgeon a paragdigm shift has occurred.
Efforts are no longer limited to non-biodegradable prosthesis merely
acting as space fillers in osseos defects. Instead integrative implants are
developed, which actively regenerate bone tissue leading to improved
functional and aesthetic postoperative results. This lecture will give
and overview about the state of the art in biomaterials for bone regen-
eration from a clinical and biomaterials perspective followed by the
authors own experience with a concept to tissue engineer patient spe-
cific bone grafts. The author has developed an integrative concept com-
bining medical imaging, design and fabrication of bioactive
biomaterials, cell transplantation and reconstructive surgery. This tech-
nology successfully was applied to regenerated complex shaped skele-
tal defects. In this lecture long term results of several animal studies in
rabbits, pigs and dogs are presented as well as international clinical
studies.

67.02
Keynote: Convergence of delayed allogenic cell
injection in a scaffold-based bone engineering
therapy concept
DW Hutmacher
Institute of Health and Biomedical Innovation, Queensland
University of Technology, Australia

In orthopaedic and trauma surgery, extensive bone loss is associated
with major technical and biological problems. Bone grafts as the gold
standard treatment possess osteoconductive and osteoinductive proper-
ties, however, they face significant disadvantages. These include lim-
ited access and availability, donor site morbidity and haemorrhage,
increased risk of infection, and insufficient transplant integration with
following graft devitalisation, subsequent resorption and decreased
mechanical stability. As a result, recent research focuses on the develop-
ment of alternative therapeutic concepts. The concept of tissue engi-
neering has emerged as a promising new approach to facilitate bone
regeneration. However, despite initial success, traditional cell-based
strategies are still infrequently translated into routine clinical practice
although the basic and preclinical research literature clearly indicates
the feasibility of osteogenic cell application for the reconstruction and
repair of bone. Areas that need to be addressed include consensus as to
the most suitable cell type, cell amount and state of differentiation,
suitable carriers for cell and growth factor delivery, and cell survival
upon transplantation. The aim of this present study was to assess the
regenerative potential of biodegradable composite scaffolds in conjunc-
tion with delayed allogenic cell sheet injection compared to autologous
cancellous bone graft (ABG), which is the current clinical gold standard
for humans.

67.03
Reamer Irrigator Aspirate (RIA) putty for
engineering craniofacial bone grafts
B Hung, E Salter, J Temple, G Mundinger, E Brown, A Dorafshar,
E Rodriguez and W Grayson
Johns Hopkins University, USA; University of Maryland, USA

The low incidence of mesenchymal stem cells (MSCs) in bone marrow
aspirates has inspired searches for alternative cell sources. Recently, a
method for reaming the bone marrow to obtain solid reamer-irrigator-
aspirator (RIA) putty has been developed to provide significantly
higher levels of MSCs. In this study, we investigated the characteristics
of RIA from the femurs of adult pigs histologically and found that vari-
ous tissue fragments are evident, creating highly complex microenvi-
ronments within the putty. A heterogenous cell population was
extracted by digesting the putty. They exhibited different morphologies
but gradually adopted a more fibroblastic morphology with sub-cul-
ture. The cells demonstrated the potential to form colony forming
units-fibroblasts and differentiated along osteogenic, chondrogenic,
adipogenic, and vasculogenic lineages. We prepared cylindrical scaf-
folds using decellularized bovine trabecular bone. A central channel
was created and the walls of the trabecular region were coated with
collagen. We implanted the putty into channels and cultured in osteo-
genic medium up to 4 weeks. Cells within the channel remained viable
and proliferated. Cells in collagen-coated scaffolds also migrated into
the trabecular region to form more uniform tissues. Micro-CT analysis
and immunohistochemistry were used to assess de novo bone forma-
tion. Our results demonstrate that RIA is a clinically-relevant, rich
source of MSCs that can be used to generate bone grafts.

67.04
Cell therapy without exogenous stem cells:
insights from human experiments using
serum-augmented bone grafts
Z Lacza, G Vácz, DB Horváthy, B Major, G Skaliczki, T Klára,
M Weszl, K Schandl, L Csönge and T Lakatos
Semmelweis University, Hungary

Platelet-rich-plasma (PRP) is used in many areas of orthopedic surgery
with the promise of stimulating the anabolic processes. We used PRP
mixed with autologous bone grafts in the therapy of bone ischemia.
Patients with femoral head necrosis were either treated with decom-
pression drilling as a control (n = 13) or with autologous PRP mixed
with bone chips (n = 19). After 6 years the PRP group had signifi-
cantly lower failure rate (21% vs 67%) indicated by prosthesis implan-
tation. The general opinion is that PRP is a source of growth factors,
however, it contains high levels of human serum albumin, which is
known to have an anabolic effect in ex vivo stem cell culture. We
hypothesized that using only serum albumin can have a significant
effect on stem cells in bone grafting. First we showed in preclinical
studies that allografts can be augmented with albumin which results in
better remodeling. In a first-in-human study we implanted albumin-
coated allografts in revision arthroplasty surgery (n = 10). At 1 year
follow-up histology and SPECT-CTanalysis showed intense remodeling
at the graft-host interface. We conclude that PRP supplementation or
even just serum albumin may be enough to support BMSCs and
improve the success of bone grafts, allowing a simplified and effective
way of cell therapy. Supported by TÉT-SIN-CELLTHER, TÁMOP-4.2.1/
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B09/1/KMR-2010-0001. We thank Lacerta Technologies Inc. for
providing the albumin coating technology.

67.05
Functionalized biphasic silk scaffold for anterior
cruciate ligament regeneration and bone tunnel
healing in the porcine model
TKH Teh, PJ Shi, XF Ren, JHP Hui, SLToh and JCH Goh
National University of Singapore, Singapore

The use of tendon autografts is the current gold standard for ACL
reconstruction. However, problems such as donor site morbidity and
integration site or enthesis dysfunction persist. We propose the use of a
functionalized biphasic silk scaffold for complete ligament and bone
regeneration. In a preclinical porcine trial, Bombyx mori silk knitted/
sponge hybrid scaffolds were fabricated with functionalized ends for
in-situ osteogeneic differentiation of loaded MSCs within the bone tun-
nels. The scaffold ends were functionalized by incorporating nano-
hydroxyapatite, with (Exp) and without (Ctrl) BMP-2 loaded. These
two groups were each seeded with porcine MSCs prior to implantation
in 14 Yorkshire pigs. After 24 weeks, the knee joints were collected and
scanned using micro-CT prior to histological preparations and mechani-
cal tests. Gross observation of excised knee joints showed no signs of
osteoarthritis and that the ligament portion was regenerated. Bone tun-
nel narrowing with presence of new mineralized tissues was observed
in Exp. Histological observation further substantiated new bone and
enthesis formation in Exp, with dense collagen I rich fibers developed
in the ligament region. Better integration was also observed mechani-
cally in Exp compared to Ctrl. From this in vivo study in a large animal
model, it was conclusive that the BMP-2 eluting biphasic silk scaffold
can serve as an advanced TE treatment modality for ACL reconstruction
that avoids current treatment limitations.

67.P01
The prevention of orthopaedic related bacterial
infection by novel surface design
WK Li, WK Yeung, YT Kao, Y Dan and MC Cheung
Department of Orthopaedics and Traumatology, China;
Department of Microbiology; Department of Chemistry;
Department of Orthopaedics and Traumatology, The University of
Hong Kong, China

Osteomyelitis from bacterial attachment and proliferation on surfaces
of biomedical devices and implants are significant issue in implant sur-
gery. Prevention of biofilm formation by preventing the initial bacterial
attachment can be a promising strategy to reduce osteomyelitis. Differ-
ent kinds of approaches are suggested such as grafting of antibacterial
polymer and peptides, coating of inorganic or metal ions and loading
of antibiotics. However, there are disadvantages such as weak coating
surfaces, cytotoxicity effect, complicated fabrication methods and possi-
ble development of antibiotic resistance. Therefore, we proposed to
covalently coat small molecule X which provides excellent antibacterial
effect while maintains biocompatibility. Our results show that the tita-
nium surface coated with small molecule X (Ti-X sample) has at least
80% reduction against S. aureus on both short and long term culturing
and is biocompatible with the osteoblast. As this novel surface coating
can be easily fabricated, cheap and permanent, could be a potential
solution for preventing osteomyelitis in orthopaedic surgery.

67.P02
Effect of IL-1b on the proteome of chondrocytes
derived from human osteoarthritic cartilage - a
pharmacoproteomics approach for drug screening
H Zwickl, C Bauer, M Berger, F Halbwirth, D Kern,
E Niculescu-Morzsa and S Nehrer
Center for Regenerative Medicine and Orthopaedics,
Danube-University Krems, Austria

Inflammation plays a pivotal role in cartilage destruction in osteoarthri-
tis. IL-1b affects the balance of biosynthesis and degradation of extra-
cellular matrix (ECM) constituents by chondrocytes which hallmarks
osteoarthritis and induces the production of the pain mediator prosta-
glandin E2 via cyclooxygenase. Today’s treatment options are restricted
to symptome-modifying drugs. However, analgesics or anti-inflamma-
tory drugs partially show just limited efficacy with respect to pain relief
or cause undesirable side effects. Hence, the identification of disease-
modifying and efficient symptome-modifying drugs is a main challenge
in osteoarthritis research. Pharmacoproteomics is a promising approach
for drug screening. In order to establish a reference system for monitor-
ing substance effects, we performed proteome profiling of human
osteoarthritic chondrocytes. Alterations of the secretion performance
and the metabolism of chondrocytes due to IL-1 b treatment were
assessed by 2D-PAGE and shotgun proteomics. We focussed on the
determination of interindividual differences as well as those arising
due to stimulation by IL-1b. The resulting database was used to assess
the effect of different derivatives of hyaluronic acid in order to evaluate
the applicability of this approach. Our approach enabled insights into
molecular alterations due to cytokine and substance effects at a com-
prehensive systemic level.

67.P03
Bone ingrowth and biological fixation of selective
laser melted porous scaffolds for the
reconstruction of severe bone defects
J Demol, B Lenaerts, S Leuridan, S De Boodt and HP Delport
Mobelife, Belgium; Biomechanics Section, K.U.Leuven;
Materialise, Belgium

Custom-made scaffolds are applied clinically nowadays to reconstruct
massive bone defects encountered at the time of revision acetabular
surgery. CT-based preoperative planning combined with additive manu-
facturing provides the flexibility to produce orthopaedic implants with
a personalized external shape and a controllable internal network of
pores. This study quantified the in vivo bone ingrowth and fixation of
clinically used titanium scaffolds with different porous networks, sur-
face treatments or calcium phosphate coatings. Six adult goats were
implanted with cylindrical Ti6Al4V scaffolds (Ø8 mm · 14 mm, poros-
ity 75%) fabricated by selective laser melting (SLM). Scaffolds were
press-fitted into 12 holes drilled in the subchondral bone of both
femurs and tibias of each goat. Fluorochrome labels were injected at 3,
6 and 9 weeks. In vivo CT scans and X-rays were taken. Resonance fre-
quency analysis, micro-CT, histology, and pull-out tests were performed
postmortem at 6 and 12 weeks. Micro-CTanalysis and histomorphome-
try showed bone infiltration into the scaffold’s pores from the bottom
and sides. The amount of new bone formation increased slightly
between week 6 and 12. Higher pull-out forces were measured for scaf-
folds with regular internal structures. Shifts in the resonance frequency
spectrum indicated that implant stability increased with time. SLM
manufactured titanium implants allow bone ingrowth and obtain
strong biological fixation in a 3 months goat model.
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67.P04
A 3D artificial meniscus design for meniscus
tissue engineering
A Halili Ndreu, N Hasirci and V Hasirci
Middle East Technical University, Turkey

Introduction: Meniscus tissue serves in joint lubrication and stability,
and shock absorption. The main meniscal problem is the tears and cur-
rently there is no perfect treatment. Tissue engineering appears to be a
promising solution. In this study, a multilayered 3D meniscus based on
collagen type I was prepared and evaluated.
Materials and methods: Three different foams and electrospun nano/
microfibrous mats were used to produce a multilayered 3D construct.
The top layer consisted of collagen-chondroitin sulfate-hyaluronic acid
(Coll-CS-HA) prepared by freezing at )20�C and lyophilization. The
middle and bottom layers were made of insoluble collagen type I from
bovine Achilles’ tendon by lyophilization after freezing at )20�C and
)80�C, respectively. All the foams were dehydrothermally (150�C,
48 h) and then chemically (EDC/NHS) crosslinked.
Results and Discussion: Coll-CS-HA presented the lowest mechanical
properties, followed by )80�C and )20�C Coll foams. 3D construct had
the highest mechanical properties. The compressive modulus of the 3D
construct (445 kPa) was twice as high as that of )80�C Coll foam (ca.
240 kPa). Young’s modulus (2.97 ± 0.33 MPa) of the 3D construct
was significantly higher than )80�C foams. In dry state the 3D con-
struct showed higher compressive and shear properties than the natu-
ral tissue but the tensile properties were much lower.
Conclusion: The 3D meniscus substitutes have mechanical properties
suitable for partial meniscus replacements.

67.P05
In vitro and in vivo evaluation of bioactive hybrid
materials coating for infection resistant implants
NLTran, PATran, C Baker, JD Jarrell, RA Hayda and CT Born
Rhode Island Hospital, USA; Brown University, USA; BioIntraface
Inc, USA

A biocompatible coating that resists bacterial biofilm formation on
medical devices has recently been developed in our laboratory. The
novel coating consisting of titanium oxide/polymer doped with silver
was created by metal-organic method. This was tested in vitro against
Staphylococcus aureus and osteoblasts (bone forming cells) using rapid
screening techniques. A range of compositions were identified which
inhibited S. aureus growth, while facilitating osteoblast viability and
proliferation. The coating was then applied to intramedullary (IM)
nails and evaluated in vivo in a caprine model. In this pilot study, a
fracture was created in the tibia of the goat and S. aureus were inocu-
lated directly into the bone canal. The fractures were fixed by either

coated (treated) or non-coated conventional IM nails (control) for
5 weeks. Clinical observations as well as microbiology, mechanical,
radiology, and histology testing were used to compare the animals. The
release of silver and accumulated silver in blood and organs were deter-
mined by surface and element analysis. The data showed that the trea-
ted goat lost less weight and needed less pain reliever compared to the
control. Moreover, the treated goat was able to walk using all four
limbs after 5 weeks, while the control was unwilling to bear weight on
the fixed leg. In summary, the hybrids are potential antibacterial mate-
rials which are being investigated in our on-going full scale animal
study.

67.P06
Array-based identification of potential
osteoarthritis key genes using mesenchymal
stromal cells from osteoarthritic versus healthy
donors
T Schildberg, J Rauh, L Royer, M Schroeder, R Overall,
KP Guenther and M Stiehler
Department of Orthopedics and Centre for Translational Bone,
Joint and Soft Tissue Research, University Hospital Carl Gustav
Carus, Germany; Biotechnology Center of the Technische
Universität Dresden, Germany; Center for Regenerative Therapies
Dresden, Germany

Osteoarthritis (OA) is one of the most frequent degenerative joint disor-
ders. However, the exact aetiology of OA remains unknown. The aim
of this study was the identification of pivotal OA relevant genes and
pathways in mesenchymal stromal cells (MSCs) using a gene expres-
sion array-based approach. Based on RNA microarray data from bone
marrow derived MSCs of n = 13 patients with idiopathic hip OA and
n = 15 age-matched healthy donors gene lists were filtered according
to significance, fold change, literature search, STRING 9.0, and Pareto
analysis. A total of n = 89 candidate genes were analyzed using PCR
Arrays. Pathway analysis was performed using NetAffx�. Statistics
were calculated by Student’s t-test, P < 0.05. A total of n = 35 signifi-
cantly regulated genes were detected. These include candidate genes,
e.g. secreted frizzled-related protein 1 (SFRP1), pleiotrophin (PTN),
and growth hormone receptor (GHR) closely linked to bone and carti-
lage development. Furthermore, extracellular matrix associated genes
were significantly regulated. Moreover, pathways of Wnt and Jak-Stat
signaling were identified as regulated signal transduction cascades in
OA-MSCs. Using an array-based approach we identified potential key
genes and signal transduction pathways involved in OA. Furthermore,
these data support the hypothesis that MSCs play a central role in the
aetiology of OA and will help to facilitate the application of autologous
cell-based strategies for musculoskeletal tissue regeneration.
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68.01
Keynote: Challenges and hurdles of stem-cell
based clinical trials under the European law
U Nöth
Julius-Maximilians-University Würzburg, Germany

Since 2008 cell-based therapies are considered as ATMPS (Advanced
Therapy Medicinal Products) in Europe and are equivalent to drugs.
Thus, the process of applying cells as a therapeutic product has not
only become extremely complex but also time and money consuming.
Major hurdles have to be taken. First, the regulatory barriers for stem
cell based-therapy are obviously considerable, and both public and pri-
vate funding seems to be difficult. Second, large animal studies to show
the proof of principle and biodistribution of the cells can present chal-
lenges of their own. Third, identifying accurate cell test systems, e.g.
for genetic stability is challenging and has to be discussed with the
authorities in detail. Fourth, not very much appreciated are issues
related to research psychology, career development and the enormous
problems in creating a truly translational environment, where clini-
cians, scientists and regulatory affairs experts come together in a pro-
ductive fashion. Consequently, comparing MSC-based products with
that of other emerging technologies during their histories reveals simi-
lar delays in clinical application. In this presentation the author tells his
experience gained from the EU FP-7 large scale project ADIPOA, were
fat-derived autologous MSCs are injected into the osteoarthritic knee.
The hurdles from planning the clinical trial to finally inject the cells
into the first patient are discussed. Overcoming these hurdles requires
money, persistence, focus and power of endurance.

68.02
Lab to OR - the evolution of fibrin sealants in
regenerative medicine and reconstructive surgery
SZ Abrams and E Hantak
Baxter HealthCare, USA; Baxter Innovations, Austria

Reconstructive surgery of diseased or injured organs is a major medical
challenge that will keep growing with the expansion and aging of the
population. The promise of bioengineered materials to replace or cover
defective anatomical areas depends on the ability to position and fixate
transplants in a secure and compatible way and to allow it to template
and regenerate with the local tissue. Fibrin Sealants (FS) have been uti-
lized in plastic surgery with skin and tissue-engineered substitutes for
reconstructive & aesthetic procedures. Particular benefit has been
reported in burns and in procedures requiring flaps or grafts in complex
grafting sites. FS can improve graft take, provide local haemostasis,
reduce infections and stimulate wound healing. These effects are
achieved by providing a supportive matrix enhancing cellular motility
and consequently allowing an improved migration of keratinocytes, fi-
broblasts and other repair cells into the wound area. FS were also
shown to be a good vehicle to deliver agents like stem cells or growth
factors thus further contribute to wound healing acceleration. Here we
review the development of a new fibrin sealant - ARTISS from the lab
to the OR. The review will cover the in-vitro assessments, the preclini-
cal activities, dose finding studies and the outcomes of the prospective
randomized clinical trials performed to achieve the regulatory approv-
als for plastic & reconstructive indications.

68.03
Versatility of the Dermal Regeneration Template
(Integra�) engineered tissue in the
reconstruction of different districts of the body
F Lembo, D Parisi, L Annacontini, A Maiorella and A Portincasa
Plastic and reconstructive surgery department, University of
Foggia, Italy

Introduction: INTEGRA� is a temporary bilaminate membrane system
made of a superficial silicone sheet and a deep 3D porous layer of
cross-linked bovine tendon collagen and glycosaminoglycan used to
formation of a permanent and very well neo-vascularised dermal layer.
Materials: January 2004–2011 84 patients (46F and 38M, 3–82 years,
mean age 54) were treated: 38 post-surgical cases (31 post oncological
demolition, seven post traumatic), five vascular ulcers, four burns, six
retracting scars and one Proteus Syndrome. The INTEGRA� was accu-
rately shaped on the lesion, fixed with the Appose�, dressed with Vase-
line and sterile gauzes (T0). New medications occurred at T7, T14,
T21. After 4 weeks a split-thickness autograft (0.16 mm) was per-
formed. 11 pz after oncological reconstruction underwent cutaneous
biopsy at T30, T90 and T360; every time we evaluated also width/
thickness (W/T), elasticity/softness (E/S), aesthetic aspect (A.A) by
means of subjective graduated scale from 0 (unsatisfactory) to 3 (opti-
mal).
Results: Histological findings showed neoderma formation with colla-
gen fibers deposition, autologous fibroblast migration, fairly good neo-
angiogenesis, without nerve terminations and annexial structures. W/T
parameter was a grade 3 in 70% of cases, E/S grade 3 in 60%, A/A
grade 3 in 50%. No observed retracting scar.
Conclusions: 2/3 of pts obtained satisfactory morfo-functional results.
In selected patients INTEGRA� can be considered a valid, optimal
cost/benefits ratio and safe technique.

68.04
Adipose stem cells and biomaterials for
reconstruction of human bone defects
S Miettinen, B Mannerström and R Suuronen
BioMediTech, University of Tampere, Finland

The most reliable method of reconstructing large bony defects involves
painful harvest of bone. In the future, tissue engineered products will
replace harvested flaps. Adipose stem cells combined with osteostimu-
lative biomaterials provide an attractive alternative for bone tissue
engineering.Here we describe our patient cases with cranio-maxillofa-
cial bone defects that have been treated with the combination of autol-
ogous adipose stem cells and biomaterials, b-tricalcium phosphate and
bioactive glass. So far we have treated more than 20 patients. In addi-
tion, approximately half of the patients have received biomaterial incu-
bated with BMP-2 to induce osteogenic differentiation. First clinical
cases were performed in November 2006 and treatments have suc-
ceeded well. Treatments have been done according to good manufac-
turing guidelines. Sterility, endotoxins and mycoplasma have been
routinely tested. In addition, cell surface markers, biocompatibility of
biomaterials and osteogenic differentiation in vitro have been analysed.
Our surface marker expression data is in accordance with the results
reported earlier. Furthermore, our data shows that adipose stem cells
have the capacity to undergo osteogenic differentiation. These cases
show that the use of autologous adipose stem cells combined with oste-
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ostimulative biomaterial results in generation of new viable bone and
can be utilized in fabrication of custom-made bone flaps.

68.05
Small molecule enhancer of BMP activities and
inhibitor of osteoclast activity
F Weber and C Ghayor
University Hospital, Switzerland

Bone morphogenetic proteins (BMPs) are the key cytokines in bone for-
mation and repair. In humans, however, huge amounts of BMP are
needed to show effect or to measure up to results normally achieved by
the use of autologous bone. Since high BMP dosages could induce side
effects and increase the cost of the treatment, several strategies have
been employed to reduce the amount of BMP needed for clinical appli-
cations: optimization of the BMP release by the delivery system, inhibi-
tion of BMP antagonists, enhancing BMP activity by small chemicals or
other means. To that end we screened small chemicals for their capac-
ity to enhance BMP activity in pluripotent cells and identified NMP (N-
methyl-pyrrolidone) as a novel enhancer for BMP activity. Since NMP is
an FDA-approved excipient, a guided bone regeneration (GBR) mem-
brane loaded with NMP was developed as a 3rd generation membrane,
where biocompatibility, biodegradability and bioactivity are combined.
Beside in vitro and preclinical trials on NMP and other BMP enhancers,
we will also report on the outcome of two clinical trials on bone regen-
eration and bone augmentation using the NMP releasing membrane in
the dental field. Lately we also discovered that NMP has a second activ-
ity, namely to inhibit osteoclast maturation and osteoclast activity.
Therefore, NMP could be a versatile tool in osteoporotic patients as
well.

68.06
Stimulation of hair growth in humans by
cell-secreted proteins
J Mansbridge, M Zimber, C Ziering, D Perez-Meza, M Hubka,
D Ehrlich and G Naughton
Histogen, Inc, USA; Ziering Medical, Permanent Hair Solutions
Consulting, LLC, USA

We have evaluated a bioengineered human cell-derived formulation,
termed Hair Stimulating Complex (HSC), generated by cells grown in
hypoxic bioreactor cultures on beads and containing KGF, VEGF, follista-
tin and noggin on hair growth in male pattern baldness. Follistatin and
noggin antagonize activin and BMPs, which maintain the quiescence of
hair follicle stem cells. We hypothesized that HSC might increase pro-
genitor and transit amplifying keratinocytes, leading to an increase in
the thickness of the hairs and a reversal of the miniaturization process.
The initial pilot study was a single site, double-blind, randomized, pla-
cebo-controlled trial involving 26 male subjects with androgenetic alo-
pecia. At baseline the treatment site received four intradermal
injections of 0.1 cc of HSC and the control site a placebo comprising
non-conditioned medium. Parameters of hair growth were determined
using the Trichoscan image acquisition and analysis system. HSC was
safe and showed a statistically significant increase in hair thickness
density at 3 months (P < 0.03), primarily attributable to a change in
hair thickness. We also saw an increase in hair thickness density at
1 year (P < 0.03), attributable to an increased number of hairs. The
results support the hypothesis. A Phase I/II 55 patient trial with 8 injec-
tions of HSC and control at baseline and a repeat dose at week 6 has
completed enrollment. The efficacy results represent a novel regenera-
tive medicine approach in hair restoration.

68.P01
Periodontal regeneration with autologous
periodontal ligament-derived cell sheets in
clinical settings
T Iwata, KWashio, T Yoshida, Y Tsumanuma, A Yamada, R Takagi,
TAndo, I Ishikawa, M Yamato and T Okano
Institute of Advanced Biomedical Engineering and Science
(TWIns), Tokyo Women’s Medical University, Japan

Periodontal regeneration has been challenged with chemical reagents
and/or biological approaches, however, there is still no sufficient tech-
nique that can regenerate complete periodontium, including alveolar
bone, cementum, and well-oriented collagen fibers. We previously
showed that autologous transplantation of PDL cell sheets combined
with beta-tricalcium phosphate regenerated true periodontal tissue in
canine models. Translating to a clinical setting, we have optimized the
methods for extraction and cultivation of human PDL cells, and vali-
dated both the safeness and efficacy of human PDL cell sheets. Finally,
we have started the clinical trial named ‘Autologous transplantation of
periodontal ligament cell sheets for periodontal reconstruction’, after
the approval of the Ministry of Health, Labor and Welfare in Japan.
Patient’s PDL cells are cultured with autologous serum, and cell sheets
are fabricated in temperature-responsive dishes with osteoinductive
supplements. Three-layered PDL cell sheets are transplanted to the
denuded root surface, and beta-tricalcium phosphate granules are filled
in the intrabony defects. In this presentation, current status of this clini-
cal trial will be reported.

68.P02
Development of tissue engineered 3D fiber-
deposited scaffolds for ossicular chain repair
C Mota, S Danti, D Dinucci, D D’Alessandro, L Trombi, A Rocca,
C van Blitterswijk, F Chiellini, S Berrettini and L Moroni
Dept. of Chemistry & Industrial Chemistry, University of Pisa,
Italy; OTOLab, Dept. of Neurosciences, University of Pisa, Italy;
BIOLab, Dept. of Oncology & Transplants, University of Pisa,
Italy; Tissue Regeneration Dept., University of Twente, The
Netherlands

Conductive hearing loss is a major problem that impairs the normal
function of the middle ear due to ossicular chain (OC) damage. To
date, the OC reconstruction is performed using biological grafts or allo-
plastic biomaterials; however, in about 20% of cases graft resorption or
prosthesis extrusion can occur. In this study, we propose new partial
ossicular replacement prosthesis (PORP) scaffolds for OC repair. Three-
dimensional fiber deposition technique was used to produce PORP-like
scaffolds with different sizes and porosity based on poly(ethylene oxide
terephtalate)/poly(butylene terephtalate) (PEOT/PBT) copolymers.
Gas plasma treatment was subsequently employed to modify surface
topography in order to enhance cell adhesion. The produced scaffolds
were characterized by means of Scanning Electron Microscopy and
Atomic Force Microscopy. PORP scaffolds were cultured in vitro with
human mesenchymal stem cells (hMSCs) from three patients. Cell via-
bility was investigated with Resazurin assay and confocal laser scan-
ning microscopy and resulted stable up to 3 weeks. Cellularity, alkaline
phosphatase activity and osteocalcin, together with gene expression
and histological data along the culture period were performed to assess
the osteo-differentiation of hMSCs in PORP scaffolds, indicating that a
tissue engineering approach can be a promising alternative to the cur-
rently used ossicular prostheses.
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68.P03
Phase I study of double loaded dendritic cells in
ovarian cancer: from bench to bedside
M Imhof, B Binder, A Burger, A Eger, W Ertl, I Gomez, B Haiderer,
A Hrdina, I Karas, E Krupa, M Lipovac, M Macek, K Pieta,
S Tamegger, I Waschl and M Imhof
Life Research Technologies, Austria; IMC FH Krems, Austria; Life
Research Technologies, Austria; Cell Pro Danube, Austria; Depart.
Of Gynecology, General Hospital Korneuburg, Austria

The crucial role of dendritic cell (DC) in inducing immunity has
boosted translational research to understand and exploit their unique
immune-modulatory capacity for cancer. Immunotherapy targeted
against cancer aims at activating the immune system to destroy tumor
cells. A major advantage of immunotherapy when compared to radio-
and chemo-therapy is its low toxicity. However, considerable challenges

remain for improving the efficacy of therapeutic immunizations against
cancer. Here we want to present approaches developed to successfully
transfer preclinical data and results from healthy donors to the clinic
and ovarian cancer patients. Ovarian cancer represents one of the most
aggressive gynecologic cancers with unmet medical need. Ovarian can-
cer patients in remission typically have little tumor mass and a func-
tional immune system, making them good candidates for proof of
efficacy for autologous DC therapies. Therefore ovarian cancer after
completion of first line therapy was chosen for our clinical trial. Each
patient will be vaccinated intradermally with 6*106 double loaded
autologous mature dendritic cells loaded with two universal tumor
antigens. Treatments of blocks 1 and 2 have been completed without
any major side effects. Enrollment of block 3 began in November 2011.
Challenges specific to this advanced therapy approach experienced dur-
ing the phase I study will be reported and possible solutions discussed.
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69. Clinical Aspects of Tissue Engineering

69.01
Keynote: New materials-based strategies for
regenerative medicine
MM Stevens
Department of Materials, Department of Bioengineering, Institute
for Biomedical Engineering, Imperial College London, UK

This talk will provide an overview of our recent developments in bio-
inspired materials for tissue regeneration and strategies to translate
these to the clinic. Engineering of large-volumes of bone in vivo will be
presented using relatively simple yet effective biomaterials approaches
based on hydrogels or strontium containing bioceramics. Strontium ra-
nelate has found great success as an oral anti-osteoporosis drug with
effects on both osteoblasts and osteoclasts. We demonstrate that the
incorporation of strontium within biomaterials results in the rapid high
quality production of new bone as assessed in terms of bone histology,
mechanics and nanoscale size and arrangement of hydroxyapatite crys-
tals. In other applications, we have developed modified poly-ÿ-glutamic
acid based materials that can be processed to generate materials with a
range of mechanical properties appropriate for ligament and other tis-
sue repair. The remarkable influence of the materials on stem cell
behaviour will be presented. This work is funded from several sources
including the EPSRC, the ERC, the Wellcome Trust, the Rosetrees Trust
and the Technology Strategy Board.

69.02
Retrospective analysis of patients with ulcers of
(arterio-)venous, traumatic or decubitus origin
treated with an autologous skin substitute
CMA Reijnders, L Vink, CS Blok, RJ Scheper, C van Montfrans,
EM de Boer and S Gibbs
VU University Medical Center, The Netherlands; A-Skin BV, The
Netherlands

Introduction: We have developed an autologous full-thickness living
skin substitute consisting of reconstructed epidermis on fibroblast-pop-
ulated human dermis (SS). The aim of this study was to evaluate the
safety, efficacy and applicability of the SS together with the transfer-
ability of the protocol between different centres for treating chronic,
hard-to-heal ulcers in an outpatient (OP) and hospitalized (H) setting.
Ulcers of (arterio-)venous, post-traumatic or decubitus origin were trea-
ted in multiple studies between 2004–2009.
Methods: Sixty-six ulcers (size: 0.75–150 cm2; duration: 0.25–
32 years) with a minimum follow-up time of 24 week after one SS
application were assessed. Wound-bed preparation consisted of VAC-
therapy (H) or application of acellular dermis (OP). Ulcers were evalu-
ated weekly. Time to heal, adverse events and recurrence rate one year
after complete healing were recorded.
Results: Complete ulcer healing occurred in 41/66 ulcers (62%). Ulcer
size was significantly reduced at week 12 compared to week 0 and at
week 24 compared to week 12. At 12 weeks, ulcer size was signifi-
cantly reduced in the H group compared to the OP group. However
after 24 weeks this difference was no longer observed. One year after
complete closure 81% of the ulcers were still closed. Only one minor
adverse event was recorded.
Conclusion: This retrospective analysis shows that SS provides a safe
and successful treatment for particularly hard-to-heal chronic ulcers of
various origin.

69.03
A global assessment of stem cell engineering
R Nerem
Georgia Institute of Technology, USA

Stem cells have become increasingly important to the various cell ther-
apy approaches being developed as part of regenerative medicine. This
includes both embryonic and the various adult stem cells. Because of
the importance of engineering and various engineering approaches to
the stem cell field, the U.S. government has funded a study where the
purpose is to do a global assessment of stem cell engineering, i.e. the
interface of engineering with the stem cell field. This study spans from
basic research to the translation of benchtop stem cell research to the
patient bedside. In this preliminary report, activities in stem cell engi-
neering in Asia, Europe, and North America will be highlighted. From
the gaps will be identified where engineering in the future can make a
major contribution.

69.P01
xCELLigence real time cell analyzer single plate
system as quality control for human platelet
lysate
K Plöderl, M Zauner, K Höller, F Hildner, A Peterbauer-Scherb,
S Hennerbichler-Lugscheider and C Gabriel
Red Cross Blood Transfusion Service for Upper Austria, Austria

As fetal calf serum (FCS) causes the incorporation of xenogenic sub-
stances and fears about disease transmission, the experts in the fields
of regenerative medicine und cellular therapy are looking for alterna-
tives. Another aspect is the fact, that the content of FCS is not exactly
known and also no real quality control parameters regarding the com-
position are implemented leading to a high batch to batch variability.
Human platelet lysate (hPL) is already known to be a potential substi-
tute to FCS in cell culture. In order to have a well defined product with
defined criteria, a quality control system needs to be established. The
xCELLigence real time cell analyzer single plate system (RTCA SP;
Roche, Germany) is usually used for toxicity studies. Our aim was to
evaluate, whether the device can be installed as quality control in the
production of platelet lysate as well. Several cell lines (HeLa and fibro-
blasts) and primary as well as immortalized adipose derived stem cells
were cultivated to determine the most suitable cell line. Additionally,
coating of the wells with fibronectin and serum albumin was per-
formed to look for further optimization. The results obtained from the
xCELLigence RTCA SP system were compared to classical methods like
trypan blue staining and colorimetric proliferation assays (WST-1
assay) and will be presented.

69.P02
Application of proteomic techniques for the
development of human platelet lysate
J Kemptner, K Plöderl, A Zopf, S Hennerbichler-Lugscheider
and C Gabriel
Red Cross Blood Transfusion Service of Upper Austria, Austria

Over the last years the Blood Transfusion Centre Linz worked on sev-
eral projects concerning the field of human cell therapy and tissue engi-
neering. In the course of these studies it became obvious that
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supplementation of cell culture media with foetal calf serum (FCS) will
not lead to safe cell products. FCS may contain xenobiotic molecules,
viruses and prions, which are suspected to be assimilated from the cul-
tivated cells. A suitable alternative easily available at the Blood Trans-
fusion Centre Linz is human platelet lysate (hPL). It is produced either
from expired thrombocyte concentrates or buffy coats and subjected to
strict regulatory requirements and guidelines. Therefore hPL is free of
infectious contaminants and viruses. In order to provide a high grade
media supplement a thoroughly product optimization was carried out.
Two different starting materials as well as differing production proce-
dures were evaluated. Beside the analysis of default parameters, e.g.
platelet number, total protein concentration and concentration of
growth factors, Proteomic tools, e.g. gel electrophoresis and mass spec-
trometry supported the optimization process. The protein alterations in
hPL based on differing materials and procedures were tracked by 2D
DIGE and changing protein spots were identified by MALDI TOF MS.
Due to clearly visible differences of the achieved 2D gels it was possible
to eliminate or further optimize production steps not leading to the
desired outcome.

69.P03
Posterior iliac crest outperforms anterior when
obtaining fibroblast-colony forming unit from
bone marrow
E Lucarelli, M Pierini, B Dozza, E Martella, S Giannini
and D Donati
Istituto Ortopedico Rizzoli, Italy

The number of Mesenchymal stem cells (MSC) isolated is commonly
estimated by counting -Colony Forming Unit- Fibroblast (CFU-F). MSC
represent a small fraction of the cells contained in the bone marrow
(BM), thus MSC are frequently expanded ex vivo to reach clinically rel-
evant numbers. Unfortunately, MSC expansive capacity is limited and
after several duplications MSC undergo replicative aging that is associ-
ated with a decreased proliferation and progressive loss of differentia-
tion capacity. Therefore, there is need to optimize MSC collection to
obtain an high number of cells at harvest to minimize the number of
duplications needed to reach clinically relevant numbers. No data exist
about the influence of the anatomical site of harvest on the number of
MSC collected in a BM. Our goal was to compare the anterior iliac crest
(AIC) and the posterior iliac crest (PIC), analyzing bone marrow cellu-
larity, CFU-F, MSC kinetics, and differentiation potential. We collected
the same volume of BM from both the AIC and PIC of 22 donors and
compared the samples. In the PIC the number of MSC progenitors was
1.6 times higher compared to the AIC as evaluated by CFU-F assay. No
differences were found in terms of phenotypic characterization, kinet-
ics, and differentiation potential of MSC derived from the AIC or PIC
site. We conclude that the PIC is preferable for harvesting BM because
it contains a greater number of MSC precursors that would be relevant
for one step clinical applications.

69.P04
Short-term serum-free culture of amniotic fluid-
derived stem cells
Y Shon, MY Sohn, JM Seo, HJ Cho, SH Lee, JS Suh and J Yoo
Kyungpook National University Hospital, South Korea;Wake
Forest Institute for Regenerative Medicine, Wake Forest University
School of Medicine, USA

The expansion of stem cells depends on the culture conditions and
requires medium supplemented with fetal calf serum (FCS) to generate
relevant numbers of cells. However, the presence of FCS is a major
obstacle for their clinical use. Therefore, we have evaluated the capac-
ity of expansion of amniotic fluid-derived stem cells (AFSCs) in a com-

mercial serum free medium in comparison with a classical medium -
MEM containing 15% FBS. AFSCs were expanded in two different cul-
ture media. Proliferation rate of the cells was higher in serum free med-
ium than in -MEM containing 15% FBS. Stem cells isolated in the both
media were morphologically similar, and they were expressed identical
surface antigens and mRNA of stem cell markers. AFSCs in the both
media were also able to differentiate into the myogenic cells. These
results suggest that serum free medium is an optimal medium for
expansion of stem cells. It allows a better cell expansion, preserves cell
characteristics, and reduces the culture period. This medium seems
suitable for clinical scale expansion of stem cells. [Supported by the
grants of the Korea Healthcare technology R&D Project, Ministry for
Health, Welfare & Family Affairs, Republic of Korea (A091224) and
Regenerative Medicine R&D Project from Daegu Metropolitan City.]

69.P05
Development of novel serum preparation device
S Hirai, N Takeda, K Ogata, Y Okamoto, M Oomori, S Tanaka,
N Yamamoto, K Suzuki, M Sato and K Izumi
JMS CO., LTD., Australia

Introduction: The use of autologous serum in medical treatment has
been increasing. The serum for clinical use should be prepared under
aseptic condition to avoid infection. Recentry, we have developed a
completely closed system for about 10 ml serum preparation that is
suitable for the centrifuge widely used in clinics and laboratories. In
this study, the ability of the device in terms of serum preparation and
the quality of the serum were examined.
Methods: Twenty millilitre of whole blood samples from 13 healthy
donors were taken into the device. Fibrinogen concentration and num-
ber of platelets in the blood samples were measured during 30 min of
agitation. After separation of the serum by centrifugation, the concen-
tration of three kinds of growth factors(GFs) in the serum before and
after freezing under )80�C for 1 year were quantified.
Results: It was judged that coagulation of blood was completed after
30 min of agitation process since fibrinogen and platelets were
decreased dramatically during the process. The amount of prepared
serum was about 40% of collected blood. The concentration of GFs in
the serum were the same level of normal human serum. And there was
no significant decrease of GFs after one year freezing.
Conclusion: The newly developed device named ‘CELLAID-tube type’
could be the fast and safety device for preparing serum and has already
CE marked. We believe ‘CELLAID-tube type’ will be useful in therapies
using autologous serum.

69.P06
Japanese guidelines on ensuring quality and
safety of products derived from engineered
human stem cells—after public consultation—
T Hayakawa, TAoi, A Umezawa, K Ozawa, Y Sato, Y Sawa,
A Matsuyama, S Yamanaka and M Yamato
National Institute of Health Sciences, Japan; Kinki University;
Kyoto University; National Research Institute for Child Health
and Development; Jichi Med. University; Osaka University;
Foundation for Biomedical Research and Innovation; Tokyo
Women’s Med. University, Japan

Research and development on the application of human somatic stem
cells, embryonic stem cells (ESCs) and induced pluripotent stem cells
(iPSCs) is being conducted around the world. Identifying technical
requirements for utilization of the various types of stem cells is critical
for their timely and relevant application in patients. For adopting
regenerative medicine through manufacturing and marketing authori-
zation of cell/tissue-based products under the Japanese Pharmaceutical

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

69. Clinical Aspects of Tissue Engineering 407



Affairs Law, the general considerations and technical concerns of the
Japanese government are outlined in the Notification No. 1314 of Sec-
retary-General of Pharmaceutical and Food Safety Bureau (PFSB), Min-
istry of Health, Labour and Welfare (MHLW), dated December 26,
2000. PFSB also published ‘Guideline on Ensuring Quality and Safety
of Products Derived from Autologous Engineered Human Cells/Tissue’
(PFSB/MHLW Notification 0208003), as well as ‘Guideline on Ensuring
Quality and Safety of Products Derived from Allogenic Engineered

Human Cells/Tissue’ (PFSB/MHLW Notification 0912006) in 2008. In
addition, an MHLW’s study group has been developing five guidelines
concerning the technical requirements for ensuring the quality and
safety of products derived from engineered human autologous/allogen-
ic somatic stem cells, autologous/allogenic iPSCs (and iPSC-like cells),
and ESCs. In this presentation, we introduce these new guidelines and
points to consider after the public consultation.
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70. Translation in Tissue Engineering and Stem Cell Therapy
(in coop. Korea TERMS)

70.01
Keynote: Changing perspectives on translational
research
J Yoo
Wake Forest Institute for Regenerative Medicine, Wake Forest
School of Medicine, Winston-Salem, NC USA

Recent advances in tissue engineering and regenerative medicine have
provided new therapeutic opportunities for repairing damaged tissues
and organs. While therapeutic paradigms that utilize the principles of
regenerative medicine have shown to be effective, only a limited num-
ber of technologies have been successfully translated to patients. This
is largely due to various scientific challenges encountered in the tissue
building process, and delayed translation by the limited understanding
of regulatory processes involved in the development of clinical thera-
pies. To effectively develop and translate regenerative medicine thera-
pies in a timely manner, a new strategy has to be designed and
implemented. This session will focus on the approaches that would
lead to rapid translation in the academic setting.

70.02
Keynote: Human articular cartilage repair using
umbilical cord blood derived allogenic
mesenchymal stem cells
CW Ha
Dept. of Orthopedic Surgery Samsung Medical Center, Korea

Repair of articular cartilage defect is still a challenging problem. We
developed a novel method to repair the articular cartilage defect of
human knee joint using the composite of hyaluronate and mesenchy-
mal stem cells isolated from human umbilical cord blood in neonates.
We evaluated the safety and efficacy of the composite for the repair of
articular cartilage defects of human knee joint. Arthroscopically proven
ICRS grade 4 lesions were included in the phase I-II clinical trial. MSC
concentration of 0.5 · 107 cells/ml were implanted to the lesion as
0.5 ml/ÿ. There was no significant adverse event of more than grade 3
according to the WHO toxicity criteria. The overall Repair assessment
was improved in 67%. The biopsy result showed highly hyaline-like
regenerative tissue according to the H&E, Saf-O staining and Col II im-
munostaining. The promising result of this study warranted further
investigation in this strategy of articular cartilage repair. Phase III clini-
cal trial was performed as a multicenter study with a randomized con-
trol group of Microfracture. One hundred and eight patients with ICRS
grade IV chondral lesions mostly from osteoarthritis were included in
this study. The evaluation included clinical scoring, arthroscopic grad-
ing of the repair tissue, and histological assessetment. The result of the
phase III clinical trial will be presented in this lecture.

70.03
An efficient 3D microfibrous system for human
pluripotent stem cell self-renewal and direct
differentiation
HF Lu, K Narayanan, SX Lim, S Gao, MF Leong and ACAWan
Institute of Bioengineering and Nanotechnology, Singapore

Realizing the potential of stem cell-based therapy requires defined cul-
ture systems with efficient expansion, differentiation and isolation pro-
tocols to generate clinical-grade cells. Current 2D cultures for hPSCs
lack scalability, imposing a major limitation on their biomedical appli-
cations. We report a 3D microfiber system that efficiently supports
hPSC self-renewal and controlled differentiation. The unique feature of
this system is the 3D ECM-like environment where cells are embedded,
that affords: (1) uniform high cell loading density in cell-laden con-
structs; (2) quick recovery of encapsulated cells with excellent cell via-
bility; (3) long-term hPSC self-renewal under chemically defined
conditions; (4) direct differentiation of the expanded hPSCs into tissue-
specific lineage. Four hPSC lines propagated in the scaffold for 10 pas-
sages were capable of maintaining self-renewal as shown by the expres-
sion of stem cell markers and stable karyotype in vitro and the ability
to form derivatives of three germ layers both in vitro and in vivo. The
combination of 3D stem cell expansion with direct differentiation led to
the development of >90% mature neurons in differentiated hPSCs.
When transplanted into kidney capsule in SCID mice, these derived
neurons incorporated into kidney surface without tumorigenesis in the
transplant recipients. These results bring us one step closer towards
realizing large-scale production of stem cell derivatives for clinical and
translational applications.

70.04
Electromagnetic fields (EMFs) can promote
neuronal differentiation of human bone marrow-
derived mesenchymal stem cells
JK Park, JE Park and S Jeon
Dongguk University Research Institute of
Biotechnology;Department of Medical Biotechnology, Dongguk
University, South Korea

Introduction: The neuronal differentiation of bone marrow mesenchy-
mal stem cells (BM-MSCs) has great potential for cellular therapies and
might be useful in the treatment of diseases such as stroke or spinal
cord injury.
Materials and methods: Here, we analyzed the combined effects of EL-
FEMF (extremely low frequency electromagnetic fields) and differenti-
ation medium (contatin hydrocortisone, insulin, forskolin, valproic
acid, and KCl) on neural induction in human BM-MSCs. To induce neu-
ronal differentication, BM-MSCs were incubated in differentiation med-
ium for 1 day and treated for 7 days with 50 Hz, 100 Hz, and 200 Hz
electromagnetic fields subsequently.
Results: The results showed that exposure to neural differentiation
medium and EMF decreased the cellular proliferation and enhanced
the cellular differentiation. We detected a significant increase of neuro-
nal markers such as NF-L, Map2, and NeuroD1 by western blotting.
Cells which were treated with 100 Hz EMF showed higher expression
of NeuroD1, NF-L, and Map2 than 50 and 200 Hz. It confirmed by
immunocytochemical analysis. And then, we confirmed that mean cal-
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cium current density increased after ELFEMF stimulation at 12 day of
differentiation. We also found that ELFEMF increase the CREB phos-
phorylation at 24 h of differentiation.
Conclusion: Taken together, treatment of ELFEMF can be a good tool
for neuronal differentiation and clinical implications.

70.P01
Costa Rican experience in the establishment of
tissue engineering, a technological university
approach
C Centeno-Cerdas, L Calvo-Castro, M Guerrero, S Alvarenga,
N Chaves and M Rojas
Instituto Tecnologico de Costa Rica, Costa Rica

Life expectancy is reaching 80 years with an increase in diseases, disor-
ders and accidents.Aware of the importance of Tissue Engineering, the
Costa Rica Institute of Technology (ITCR) aimed to develop and facili-
tate the implementation of bioengineering technologies to improve the
life quality of Costa Ricans. We strengthened relationships with the
International Atomic Energy Agency -our main financial and technical
contributor-, with education and research institutions. We established
collaborations with the national health security system and private
health care providers. Research of the ITCR initiative included-Produc-
tion of human skin cells for therapeutic use-Evaluation of matrices
made from aquatic animal wastes for cell culture-Technical support to
create the first Tissue Bank in Central America in the Children’s
National Hospital-Viability and proliferation evaluation of cell lines and
primary tumor cell cultures under different insults detecting oxidative
stress, apoptosis or necrosis. We trained professionals, lead activities to
promote peaceful uses of atomic energy and helped design the
National Plan for Science, Technology and Innovation 2011–2014 of
the Ministry of Science and Technology. We found Tissue engineering
can be significantly improved by interdisciplinary groups. Nevertheless,
regulations concerning research involving human beings in Costa Rica
need to be reviewed in order to guarantee the development of ethical,
pertinent, relevant investigations.

70.P02
In search of finding a suitable business model for
regenerative medicine – Reasons why cell-based
therapies are still not commercially successful
M Goeldner, C Herstatt and J Trzewik
Hamburg University of Technology, Institute for Innovation and
Technology Management, Germany; Hamm-Lippstadt University
of Applied Sciences, Medical Engineering Laboratory, Germany

Regenerative therapies promise to be a cure for many so far incurable
diseases. However, despite extensive investments in the last two dec-
ades, most cell-based therapies have failed to deliver clinical and finan-
cial success. In this paper, we report on our conduct on an economic
analysis of cell-based therapies. Investigating a number of develop-
ments in the field, we identified different business models: Firstly, an
autologous, service-based business model requiring a cell-biopsy, exter-
nal cell cultivation and a re-implantation of the final product. Secondly,
an allogenic, ‘off-the-shelf’ product that is – similar to a drug – directly
brought to the clinic without any customizing. Thirdly, an autologous,
point-of-care business model is described where cells are processed
within the operating room and directly re-implanted. Benefits and
drawbacks of the different business models are highlighted. The finan-
cial impact on the healthcare system is shown by comparing costs for
conventional and regenerative treatment of exemplary chosen diseases.
These insights might help to derive an appropriate commercialization
strategy for cell-based products or services. Our top-level view gives
insights to the development of the cell-therapy industry and sugges-

tions for successful business model design. We conclude that not only
great science is necessary for successful commercialization of cell-based
products, but also a suitable business model.

70.P03
Encapsulated ovarian endocrine cells produced
sustained levels of steroid hormones in vivo
S Sivanandane, J Saul, S Joo, R Pareta, J Arenas, N Marshall,
J Yoo, A Atala and E Opara
Wake Forest Institute for Regenerative Medicine, Wake Forest
University School of Medicine, USA;Department of Chemical and
Paper Engineering, Miami University, USA

Although hormone replacement therapy is able to compensate for the
loss of hormone production due to ovarian failure, delivery through
pharmacological means results in consistently high serum hormone lev-
els and clinical complications including heart disease and cancer. Con-
trolled release through cell-based therapy is considered an innovative
approach to overcome these complications because it provides a more
physiologically-relevant system of delivery. Therefore, the purpose of
our study was to design a tissue construct of the endocrine ovary using
encapsulation techniques and to test the function of the construct in
vivo. Granulosa and theca cells were isolated from the ovaries of Fisher
344 rats. Tissue constructs of ovarian endocrine unit resembling the
native follicles were fabricated and implanted in omentum pouches cre-
ated in each of five ovariectomized (ovx) Fisher 344 rats. A control
group of five ovx rats were implanted with blank microcapsules.
Plasma levels of 17 b-estradiol (E2) and progesterone (P4) were mea-
sured in all animals for 4 weeks. The ovarian tissue construct produced
sustained levels of E2 and P4, which were significantly higher than the
baseline levels measured in the control group during follow up. In sum-
mary, using the encapsulation techniques, we have demonstrated for
the first time that the endocrine unit of the ovary could be recapitu-
lated ex vivo and the tissue-engineered construct produced sustained
levels of E2 and P4 in vivo.

70.P04
Restoration of hair-inducing capacity of cultured
human dermal papilla cells by three dimensional
spheroid culture
YK Sung, BM Kang, MK Kim and JC Kim
Department of Immunology, School of Medicine, Kyungpook
National University, Korea

The neogenesis of the hair follicle through follicular cell implantation
for the treatment of hair loss is believed to greatly depend on the ability
to reproducibly expand hair-inductive dermal cells in vitro. Two-dimen-
sional (2D) cultured dermal papilla (DP) cells are known to gradually
lose hair-inductive capacity during subculture. Recent studies showed
that sphere formation enhances hair-inductive activity of cultured mur-
ine vibrissal DP cells. These results strongly suggest that hair-inducing
capacity of human DP cells can also be restored by three-dimensional
(3D) spheroid cultures. This suggestion prompted us to evaluate the
hair-inducing capacity of cultured human DP spheres. We observed hair
follicle formation when DP spheres from various passages (p3, p4, p6
and p10) of culture are mixed with newborn mouse epidermal cells. In
contrast, hair follicles were never observed when 2D cultures from the
same population are employed. To demonstrate that the origin of the
DP cells in reconstituted hair follicles was of human origin, DP cells
were labeled prior to sphere formation with the fluorescent dye, DiI.
We observed that 25/32 (78%) of DP were completely labeled. In con-
clusion, using a hair reconstitution assay, we show that sphere forma-
tion increases the ability of cultured human DP cells to induce hair
follicles from mouse epidermal cells.
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70.P05
Short term pre-clinical safety of human bone
marrow derived mesenchymal stem cells
following intramuscular delivery
M Creane, S Kumar Alagesan, R Flavin, S Hynes, D Griffin,
D Thomas, E Vaughan, A Liew, A Duffy and T O’Brien
Regenerative Medicine Institute, National University of Ireland,
Ireland; Department of Pathology, University College Hospital,
Ireland; Department of Clinical Biochemistry, University College
Hospital, Ireland; Medtronic, Ireland

Stem cell therapy offers an exciting approach for the treatment of dis-
eases such as critical limb ischaemia (CLI). Although, human bone mar-
row derived mesenchymal stem cells (hMSCs) have been proposed as
a treatment for CLI, pre-clinical safety data is required prior to use in
humans. This study was designed to evaluate the short-term safety of
intramuscular injections of good manufacturing practice (GMP) grade
hMSCs in immunodeficient mice. hMSCs were cultured according to
GMP protocol and met the release criteria prior to use in this study.
Mice were assigned to receive intramuscular injections of hMSCs or sal-
ine and safety assessment was undertaken 7-days later. Our dose
extrapolation calculation from humans to mice was 30 000 cells. To
illustrate safety we increased this figure of 30 000 to 300 000 as this
represents 10 times the maximum dose that we propose to administer
in our human study. Animals were monitored for abnormal clinical
signs post injection. Blood for biochemistry was collected and macro-
scopic and microscopic examinations were carried out on all hMSC
treated and control mice. No mortality in reaction to the treatment
occurred in any of the mice prior to the scheduled termination. There
were no treatment related side effects on the biochemical parameters
measured. No macroscopic or histopathological findings were evident
in any of the saline or hMSC treated hindlimbs or organs after 7-days.
The intramuscular administration of GMP grade hMSCs cells was safe.

70.P06
Stimulation of sub-sonic vibration promotes the
differentiation of adipose tissue-derived
mesenchymal stem cells into neural cells
YK Choi, H Cho, YK Seo and JK Park
Department of Medical Biotechnology, Dongguk University,
Republic of Korea; Dongguk University Research Institute of
Biotechnology, Republic of Korea; Department of Medical
Biotechnology, Dongguk University, Republic of Korea

Introduction: Adipose tissue-derived stem cells (AT-MSCs) have been
proposed as a new source for nervous tissue damage due to their capac-
ity of neural differentiation. Nowadays, Many studies have demon-
strated that sub-sonic vibration (SSV) is an effective cell differentiation
method. But there have been no studies on the effect of SSV about AT-
MSC differentiation into neural-like cells in vitro. Therefore, we exam-
ined the effect of SSV on AT-MSCs to investigate the differentiation
potential of neural-like cells.
Materials and methods: Human AT-MSCs were stimulated continuously
by SSV (1.0 volts) at frequencies of 10, 20, 30, and 40 Hz for 4 days.
After stimulation, we performed cell proliferation assay and measured
RT-PCR, Western blot and Immunohistological analysis using neural
cell type-specific genes and antibodies.
Results: After exposure, we observed morphological changes of AT-
MSCs. Cell bodies adopted a neural-like structure, becoming elongated
and spindle-shaped to spherical with several branches. Further, SSV
induced gene and protein levels of neural markers and they were
mainly up-regulated at 30 Hz.
Conclusions: These results demonstrated that SSV affects AT-MSCs dif-
ferentiation potential and 30 Hz SSV affected neural differentiation on
AT-MSCs.

70.P07
Multi-layered hybrid biomaterial for the
engineering of colon tissue
R Inglin, L Brügger, S Nötzli, D Candinas and D Eberli
Labor of Tissue Engineering and Regenerative Medicine,
Department of Urology, University Hospital of Zurich,
Switzerland; Department of Visceral Surgery and Medicine,
Switzerland

Objective: Surgical augmentation or patching of colon tissue still repre-
sents a major medical problem. We have developed a novel biomaterial
designed for the bioengineering of large intestine, and evaluated its
biocompatibility, tissue formation and integration in a mouse model.
Methods: Hybrid biomaterials consisting of a decellularized basal mem-
brane (BAM) and a wet-bond layer of PLGA fibers directly elcetrospun
onto the abluminal side of the BAM were produced. Elliptical patches
were populated in vitro with primary smooth muscle cells (SMC) on
the PLGA side and/or oral mucosal cells (OMC) on the BAM side. We
then implanted these constructs into the native colon of normally colo-
nized black six mice. Unseeded biomaterials served as control. The
grafts were retrieved at postoperative day 14 or 28, and tissue forma-
tion, integration and biocompatibility were assessed.
Results: Primary SMC survived and proliferated well on the hybrid bio-
material in vitro. Surgical implantation of the biomaterial was success-
ful and served as barrier for colon bacteria. No animal died due to
infection. The hybrid biomaterial, whether previously seeded with cells
or not, gave support to the regeneration of new colon wall in vivo. Cell
seeding of the biomaterial prior to implantation resulted in a reduction
of graft shrinkage of 20% (SMC) and 25% (SMC and OMC), respec-
tively, compared to controls.
Conclusion: This novel hybrid scaffold might be useful for colon engi-
neering in the near future.

70.P08
Neural differentiation of human umbilical cord
derived mesenchymal stem cells by sub-sonic
vibration
H Cho, YK Seo, YK Choi and JK Park
Dongguk University Research Institute of Biotechnology, Korea;
Department of Chemical and Biochemical Engineering, Dongguk
University, Korea

Introduction: Adult stem cells such as umbilical cord-derived mesenchy-
mal stem cells (UC-MSCs) have the potential to differentiate into vari-
ous types of cells, including neurons. Mechanical signals have great
potential to regulate biochemical signal transduction pathways induced
by soluble factors for the control of stem cell differentiation. This study
attempted to account for the effects of SSV by describing the prolifera-
tion and differentiation properties of MSCs.
Materials and methods: hUC-MSCs were isolated from Wharton’s jelly,
including the smoothmuscle layer of the umbilical cord. SSVwas applied
to these cells continuously for 5 days. We analyzed using RT-PCR, real
time-PCR, andwesternblotting and immunohistochemical staining.
Results: Growth of cells was inhibited by 30 and 40 Hz SSV. Morpho-
logical changes were induced by SSV, and cell shape was very neuron-
like. In normal expansion media, downregulation of nestin expression
was followed by tissue-specific intermediate filament protein expres-
sion. SSV significantly increased gene expression of MAP2, NeuroD1,
Neurofilament, GFAP, and O4.
Conclusion: In this study, the morphology of hUC-MSCs was altered to
resemble neurons by SSV. The mRNA and protein levels of neuron-spe-
cific markers, including MAP2, NF-L, and NeuroD1, increased. And the
other neural cell markers like GFAP and O4 were increased. These
results suggest that hUC-MSCs differentiated into neural cells upon
SSV nonselectively.
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70.P09
Comparative study of chitosan/fibroin-
hydroxyapatite membrane and collagen
membrane for guided bone regeneration on rat
calvarial defects: micro CT analysis
S Jae-Min and S Sang-Hun
Dept. of Oral & Maxillofacial Surgery, School of Dentistry, Pusan
National University, Korea

Bone healing and regeneration is one of the most important processes
in oral and maxillofacial surgery. Guided bone regeneration (GBR) is
well-established therapy that promotes the neobone using a barrier
membrane. Required properties of the GBR membrane are bioactivity,
bioresorption, and cell viability as well as space-maintaining ability.
Much attention has been paid to chitosan-based biomedical materials
because of their unique properties such as biodegradability, nontoxicity,
and biocompatibility. Silk fibroin acts as an enzyme immobilization
matrix with good mechanical properties, and has blood compatibility
and good dissolved oxygen permeability in the wet state. Hydroxyapa-
tite, a major inorganic component of natural bone, has been used
extensively for biomedical implant applications and boneregeneration
due to its bioactive and osteoconductive properties. We have made
Chitosan/Fibroin-Hydroxyapatite composite membrane (CFB-HAP) to
act as a suitable membrane for bone regeneration. The purpose of this
study is to compare the new bone formation and healing in rat skull
defect using the new CFB-HAP membrane to collagen membrane (Bio-
Gide?) which widely used at dental office as a barrier membrane of
guided bone regeneration by means of microscopic computerized
tomography analysis. The results showed no significant differences
between CFB-HAP membrane and collagen membrane in bone volume
and bone density, so we concluded that it could be used as a GBR
membrane.

70.P10
Novel xeno- and serumfree culture conditions of
adipose stem cells for clinical applications
M Patrikainen, M Juntunen, B Mannnerström and S Miettinen
Adult Stem Cells, BioMediTech, University of Tampere, Finland

Human adipose tissue is an abundant source of multipotent stem cells.
Human adipose stem cells (ASCs) have shown to have therapeutic rele-
vancy in diverse clinical applications. However, expansion of ASCs is
often necessary prior to clinical use. Standard in vitro cell expansion
techniques utilize animal-derived reagents which are not recom-
mended in clinical cell therapies due to safety issues. By replacing ani-
mal-derived components with xeno- and serumfree (XF/SF) reagents,
safety and quality of transplanted ASCs can be enhanced. In the study,
an animal component free workflow for isolation and expansion of
ASCs was developed. Stem cell characteristics such as immunopheno-
type, self-renewal capacity and differentiation potential were assessed.
These cell characteristics were studied in XF/SF conditions and com-
pared with studies performed in human serum or traditionally used
fetal bovine serum supplemented medium. The results showed, that
XF/SF conditions maintained the features of ASCs by retaining self-
renewal capacity, immunophenotype and differentiation potential into
bone-, fat- and cartilage-like cells. Furthermore, chondrogenic differen-
tiation was exceptionally strong in XF/SF conditions. The results sug-
gest that ASCs expanded using an animal-free workflow has great
potential in clinical cell therapies, especially for cartilage applications.
Since clinical cell therapies using ASCs are under way, a strong focus
on safety and quality of stem cells is needed.

70.P11
Restored skeletal muscle function from hydrogel
and cell injection
LHJ Lim, YJJ Yoo, JI Jo and LJO Lim
Biomedical Research Institute, Joint Institute for Regenerative
Medicine, Kyungpook National University, Republic of Korea;
Wake Forest Institute for Regenerative Medicine, USA;
Department of Molecular Medicine, Ewha Womans University
Medical School, Republic of Korea

Introduction: For restored skeletal muscle function of urethral sphincter,
we investigated cell-based matrix using hybrid hydrogel (gel) and c-kit
(+) human amniotic fluid stem cells (hAFSCs).
Materials and Methods: The hAFSCs was isolated amniotic fluid from
women who underwent a routine amniocentesis at a gestational age
from 15 to 19 weeks. Using 4-weeks-old female ICR mice, the puden-
dal nerves on both sides were transected and injected with gel plus hA-
FSCs into urethral sphincter region. The urine leak point (LPP), closing
pressure (CP), real time PCR, and histologic studies were measured 1,
2, and 4 weeks post injection.
Results: The LPP and CP of gel/hAFSC were significantly higher than
those of the hAFSCS and gel. The early and middle expressed genes
had a high initial expression, and then gradually decreased, while, the
late expressed gene had a low initial expression, and then increased for
gel and gel/cell group. At 1 and 2 weeks, the injected hAFSC were visi-
ble around the urethral sphincter in hAFSCs by human nuclei staining.
MyoD and a-SM. MyoD was low in the gel and gel/cell. However, a-
SM was strongly detected in gel and gel/cell at 1 week, and main-
tained expression in gel/cell as time passed.
Conclusion: Hydrogel enhanced cell localization and protected against
cell loss, and played very significant role in urethral sphincter regenera-
tion.

70.P12
Technologies for live stem cell transportation
T Gould, AO Saeed, R Thomas, F Rose and K Shakesheff
University of Nottingham, UK; University of Loughborough, UK

Described is the utility of a device for the transport of living cellular
products for both therapeutic and research markets. Current methodol-
ogy involves cryopreservation of cells, shipping and distributing cold-
chain. Post transport manipulation to resuscitate and passage to over-
come the lag phase and remove toxic cryo-protectant is a requirement.
These interventions could render a potentially valuable therapeutic
product unable to reach the intended market due to added facility and
operator costs. This product platform utilizes controlled nutrient
release and metabolic waste capture maintaining acceptable conditions
in an enclosed, low volume culture and delivery vessel. It is an enabling
device facilitating the worldwide shipping of live cell products at ambi-
ent conditions utilizing novel technologies allowing attachment depen-
dant cells to be minimally manipulated when using this platform for
transport. Ion exchange and controlled release of media components
are interfaced with enclosed static cultures of bone marrow derived
human mesenchymal stem cells (hMSCs) sealed in the proprietary
units over a period of days. The metabolic substrates and products,
population number, viability and onset of apoptosis are all interrogated
as are the capacity for differentiation and the presence of required sur-
face markers. All of which show a window at which live cell transport
is a viable and advantageous alternative to the incumbent cryopreser-
vation system.
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70.P13
In vivo evaluation of O2 releasing suture material
for improved wound healing in hypoxic
environments
R Inglin, B Harrison, L Brügger, T Sulser, D Candinas and D Eberli
Lab of Tissue Engineering and Regenerative Medicine,
Department of Urology, University Hospital of Zurich,
Switzerland; Department of Visceral Surgery and Medicine,
University Hospital, Switzerland; Wake Forest Institute of
Regenerative Medicine, USA

Introduction: O2 plays a pivotal role in wound healing. We therefore
have developed an O2-releasing suture material and evaluated its influ-
ence on healing of hypoxic colon tissue.
Materials and Methods: A PGA suture material was coated with PLGA
containing oxygen-producing calcium peroxide (CPO) nanoparticles.
To evaluate the limitations of our approach Lewis rats underwent an
ischemia induction of a bowel segment that consequently was transect-
ed and reunified using O2-producing (group A), untreated (B) or

PLGA-coated (C) sutures. Mechanical, physiological and histomorpho-
logical measurements were performed, at postoperative day (pod) 1, 3,
or 7, respectively.
Results: Perianastomotic in vivo tissue oxygen saturation was main-
tained above baseline level in group A at all assessed pod’s, and was
significantly higher (P = 0.020) compared to B at pod 3. Thickness of
colonic mucosa, a surrogate parameter for healing, demonstrated to be
significantly more pronounced using O2-producing sutures compared
to untreated or PLGA-sutures. Mechanical stability of the anastomosis
was also improved in group A compared to B and C at pod 7.
Conclusion: Oxygen-producing sutures promote anastomotic healing
even in challenging environments, and may be clinically used under
critical wound conditions in near future.
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71. TE for In Vitro Tests - Part II

71.01
In vivo like tissue fabrication to support efficient
and cost-effective drug development
M Thurner
regenHU Limited., Villaz-St.-Pierre, Switzerland

The tissue engineering market is poised for exceptional growth in the
next decade. The global market potential for tissue engineering and
regenerative medicine products will exceed $118 billion by 2013. Mar-
ket opportunities for tissue engineered products based on biological
factors such as biomimetic scaffolds, cells (e.g., stem cells) and growth
factors range from offering new treatments for neurodegenerative dis-
orders, cancer therapy and cardiovascular diseases up to organ trans-
plantation. Further targets will be providing new solutions for any kind
of tissue repair and regeneration. Three dimensional tissues are not
only used for regenerative medicine but also as models for drug screen-
ing, development and testing in the pharma, medtech and cosmetic
industries. Establishing new EU legislations like prohibiting testing cos-
metics on animals (testing ban) and a marketing ban of cosmetics
tested on animals create an urgent demand for new standardized artifi-
cial organomimetic skin models for substance testing. Furthermore,
concerns regarding potential health risks of nano-materials released
into the environment, and the innovation gap in the pharmaceutical
industry strongly drives the development of biological relevant (in vivo
like) in vitro tissue models.

A powerful TISSUE fabrication technology based on a novel bio-
manufacturing technique responds to these challenging industrial
requirements: Manufacture on demand skin, lung and bone tissue
equivalents in a high throughput format (HTS). The presentation
focuses on bio-printing, an innovative technology producing cell-con-
taining scaffolds in a layer by layer deposition process creating 3D tis-

sue specific models. This approach allows manufacturing of composite
structures out of matrices, cells and bioactive molecules (e.g., growth
factors) that more closely mimic living tissue.

71.02
Keynote: Monitoring type I allergic responses
within a microfluidic 3D-co-culture system
P Ertl
AIT Austrian Institute of Technology GmbH, Austria

Type I allergies affect more than 25% of the world’s population and
include a wide range of IgE-mediated disorders such as hay fever,
asthma, food allergies, anaphylactic shock and atopic dermatitis. The
development of new tools for improved allergy diagnosis and for safer,
more efficient allergen-specific immunotherapy, are vital to the preven-
tion and treatment of allergy related diseases. Standard in vitro meth-
ods that employ 2D cell monocultures that are grown under static
conditions in plastic substrates have shown to exhibit low reliability,
reproducibility and accuracy. To increase the accuracy of cell-based
assays, it is important to consider that in vivo cells cohabitate in three
dimensional cell communities that form tissue. Here, microchip tech-
nology is likely to provide the next generation of cell analysis tools cap-
able of testing small cell populations in environments of increased
physiological relevance. In the presented work, biochips containing
embedded contactless dielectric microsensors are combined with
microfluidics to create a 3D human artery wall model capable of con-
tinuously and non-invasively monitoring dynamic cell population
responses.
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72. Cooperative Research - European Projects and Networks

72.01
Keynote: ANGIOSCAFF
J Hubbell
Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

No abstract available.

72.02
Four approaches to improve neuro implants-
Nano4Neuro
B Schlosshauer, H Hartmann, M Doser, A Pêgo, E Fattal, M Wiberg
and J Kjems
NMI Reutlingen, Germany; ITV, Germany; INEB, Portugal; CNRS,
France; IMB, Sweden; iNano, Denmark

Neuronal regeneration depends partly on the continuity of the nerve
tissue. In the human peripheral nervous system nerve gaps are bridged
by autologous nerve transplants or simple nerve guide tubes. For the
spinal cord no implants have yet been approved. To improve implant
performances, we employ four tissue engineering strategies. (A) Phar-
macological intervention with siRNA is used in order to desensitize
regrowing axons with respect to repulsive components of fibrotic and
glial scars. (B) The induction of neovascularization is enhanced to fos-
ter rapid nutritional support. (C) Biological micro-guidance cues are
provided by recruiting Schwann cells as bands of Bungner as evident in
vivo. (D) Novel biomaterials are developed either as nerve guide tubes
or as injectable hydrogels, providing guidance and substrates for neuro-
nal regeneration.The siRNA silences a central messenger pathway
(GTPase RhoA) onto which various repulsive signals converged. Neo-
vascularization is achieved in sponges synthesized from selected colla-
gen fragments. Micro guidance of axons via glia cells was realized by
hundreds of polymer filaments inserted into nerve guide tubes or
directly into lesioned sciatic nerves. Biomaterials are based on in situ
enzymatically crosslinked hydrogels or on resorbable polymers. Grant
support: BMBF 01KQ0902R, EuroNanoMedicine 13N11036.

72.03
EuroSTEC, Soft Tissue Engineering for Children
W Feitz, P Geutjes, E Oosterwijk, W Daamen and T Kuppevelt
RUNMC, The Netherlands

EuroSTEC; Soft tissue engineering for children. A review of progress of
5 years of collaborative work of 15 European partners. Through mod-
ern tissue engineering approaches we have developed new insights so
that they can be used to treat children with structural disorders present
at birth in the future, such as spina bifida, urogenital defects, gastro-
schisis, diaphragmatic hernia and oesophageal atresia. A translational
route through in vitro and animal experiments have lead to early clini-
cal trials. Ethical and regulatory issues have been addressed. A variety
of cells, including amniotic stem cells, fibroblasts, muscle cells and uro-

thelial/epithelial cells have been cultured in vitro and when possible
seeded into biomatrices. Biomatrices prepared with and without cells,
have been implanted using different novel animal models for major
congenital birth defects, and evaluated for their capacity to regenerate
the correct tissues. The project combined European leaders in the field
of biomatrices, cell culture, animal models, surgery, and ethical and
regulatory issues. Overall developments and management aspects as
well as scientific outcome will be presented.

72.04
Keynote: Gene activated matrices for bone and
cartilage regeneration in arthritis - GAMBA – a
EU-funded project
C Plank, M Alini, M Murphy, O Zelphati, P Borget, G van Osch,
C Gentili, G Daculsi, K Zöller and M Anton
Institute of Experimental Oncology and Therapy Research,
Technische Universität München, Germany; AO Research Institute
Davos, Switzerland;Regenerative Medicine Institute, National
University of Ireland Galway, University Road, Ireland;OZ
Biosciences, France;Biomatlante SA, Vigneux de Bretagne, France;
Department of Orthopaedics and Otorhinolaryngology, Erasmus
MC, University Medical Centre Rotterdam, The Netherlands;
Department of Oncology, Biology and Genetics, University of
Genova, Istituto Nazionale per la Ricerca sul Cancro, Italy;
INSERM Université de Nantes Faculté de Chirurgie Dentaire,
France; ScienceDialogue Dr. Karin Zöller, Maren Schüpphaus and
Sven Siebert GbR, Germany

The GAMBA consortium develops a gene-activated matrix platform
for bone and cartilage repair with a focus on osteoarthritis-related
tissue damage. The scientific and technological objectives of this
project are complemented with an innovative program of public
outreach, actively linking patients and society to the evolvement of
this project. The GAMBA consortium aims at implementing a con-
cept of spatiotemporal control of regenerative bioactivity on com-
mand and demand. This is achieved with gene vectors comprising
growth factor genes under the control of promoters which are indi-
vidually inducible with endogenous biological and exogenous physi-
cal or pharmacological stimuli. The gene vectors are co-embedded
with mesenchymal stem cells in different modular compartments of
a composite biomaterial matrix consisting of an embedding hyaluro-
nan polymer matrix with engineered thermal properties and Micro
Macroporous Biphasic Calcium Phosphate (MBCP�) providing
mechanical support. Spatiotemporal control of bioactivity and
responsiveness to physiological conditions is represented, firstly, in
the spatial distribution and release profiles of gene vectors within
the composite matrix and, secondly, by controlled differential induc-
tion of growth factor gene expression. We report on the concepts,
objectives and some preliminary results of the GAMBA project
which is funded in 7th Framework Programme of the EU, grant
number NMP3-SL-2010-245993.
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73. Education in TERM (in coop. Expertissues)

73.01
Keynote: The European perspective: short
courses in the EC FP7 ‘‘EXPERTISSUES’’ Network
of Excellence
P Hatton
University of Sheffield, UK

Education is one of the most important subjects in the field of tissue
engineering and regenerative medicine. It is important in that the
field is rapidly evolving, and sound educational programmes are
therefore essential in both developing young talent and providing
research groups with the skills and knowledge necessary to make pro-
gress. It is all the more important in that it education and training
affect the whole community including clinicians, academics, and
industry-based scientists and engineers. Given this key place, the EC
funded FP6 Network of Excellence ‘‘EXPERTISSUES’’ (now the Euro-
pean Institute of Excellence for Tissue Engineering and Regenerative
Medicine) included education and training as a key activity. As a key
part of this activity, the Network developed a number of short training
courses to explore the opportunities for European and International
training, and from our experiences we have identified a number of
best practices. This presentation will review these education and train-
ing activities, many of which have continued to evolve and are still
available as a service to the global TERM community. The author
wishes to acknowledge all the EXPERTISSUES partners and the EC
for funding under the 6th Framework Programme (NMP3-CT-2004-
500283-2).

73.02
Keynote: Industry perspectives on education &
training needs
H Hasibeder
CellSeed Inc. & CellSeed Europe, Japan

The tissue engineering and regenerative medicine industry is relatively
young compared to the medical device or pharmacetical equivalents,
but it is already clear that a specific set of skills and attributes are
required for workers in this emering sector. This presentation will pro-
vide an industrial perspective on the educational needs, the value of
current programmes, and the future trends in the tissue engineering
industry from a global perspective.

73.03
Keynote: Challenges in tissue engineering
education: South-East Asian perspective
J Goh, E Yim and M Raghunath
National University of Singapore

Tissue Engineering is an inter-disciplinary topic and as such present a
number of challenges in the formulation of an educational curriculum.
The course teachers must be practitioners and research-active with
good clinical connections to provide relevant mentorship. We have
found that problem based learning with a healthy emphasis on hands-
on practical and student presentations are extremely valuable. In terms
of the types of tissues to focus on in the educational curriculum, partic-
ularly in the South East Asia region is bone regeneration for reconstruc-
tion and skin tissue engineering for burn treatment. These are the
unmet needs important to countries where there are high incident of

traffic accidents and recovery from ‘recent’ war. An interesting point is
the religious consideration needed when using certain animal tissues
and cells as teaching materials in the South East Asia region.

73.04
Keynote: Undergraduate research experiences
and career trajectories
E Brey, ME Faurot, AA Meyer and NG Lederman
Illinois Institute of Technology, USA

Government and academic institutions support undergraduate research
with an expected outcome of broadening participation in science and
engineering careers. The Illinois Institute of Technology is highly sup-
portive of undergraduate research with many projects focused on tissue
engineering. The goals are to immerse undergraduates in cutting-edge
research in an effort to influence their long-term interests in science
and engineering. The programs are also intended to inform undergrad-
uate students’ understandings about research design and practice. The
program’s influence was explored using pre- and post-Likert tests and
open-ended survey items coupled with a content test and semi-struc-
tured interviews. Data analysis of survey items focused on career and
research topics were on average above 4 on a 5-point Likert scale sug-
gesting that the students had high expectations of the program initially
and that these expectations were met upon program completion. Addi-
tional findings fell into three main categories: understandings about
the process of research development and practice, career and graduate
school decisions, and role of laboratory personnel. Implications of these
findings include a framework that might directly inform the improve-
ment of undergraduate research programs. In addition, undergraduate
research programs have the potential to engender undergraduate stu-
dents’ informed conceptions of engineering research design and prac-
tice early on in their career trajectories.

73.05
Keynote: Experiences of leading a taught MSc in
cell & tissue engineering
N Forsyth
Keele University, UK

The MSc programme is designed to deliver a combination of both
didactic and experiential learning. This is achieved through the combi-
nation of lecture-based teaching, laboratory-practical and associated
reporting and the research dissertation. The development and mainte-
nance of these activities is essential to maximize student learning. The
research areas associated with Cell and Tissue Engineering are fast
changing with significant changes occurring between academic years
and even in some instances academic semesters. The application of
didactic learning approaches can present a unique challenge where
established theory becomes research-driven postulation at the MSc
level. This presentation will discuss these challenges and provide exam-
ples which demonstrate the rate of change in a fast-flowing field. In
addition we will provide an overview of research project design which
enables both student and supervisor to retain engagement and motiva-
tion.
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73.06
Keynote: A practical approach for developing an
undergraduate tissue engineering laboratory
class
MMicou and D Kilkenny
University of California, USA; University of Toronto, Canada

Over the past decade, there has been a tremendous increase in the
number of biomedical engineering and bioengineering programs offer-
ing lecture courses in tissue engineering, yet very few offer a comple-
mentary lab course. The small number of existing lab courses may be
attributed, in part, to a lack of widely available instructional materials.
To help meet this need, fifteen tissue engineering experiments that are

suitable for use in an instructional setting were developed and will be
published by CRC Press/Taylor Francis in new textbook entitled A Lab-
oratory Course in Tissue Engineering. The lab exercises are based on
both classic tissue engineering experiments and modern techniques
and emphasize the importance of engineering analysis, mathematical
modeling, and statistical design of experiments. Furthermore, experi-
ments were developed to conform to a schedule commonly used for
undergraduate lab courses and most use a shared set of equipment that
is commonly found in labs equipped for tissue culture. This presenta-
tion will provide an overview of these experiments and suggestions to
facilitate the development of a hands-on tissue engineering undergrad-
uate course.
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74. EuroStec

74.P01
Regenerative urology clinical trials: an ethical
assessment of road blocks and solutions
A Oerlemans, W Feitz, E van Leeuwen and W Dekkers
Radboud University Nijmegen Medical Centre, The Netherlands

Two clinical applications of tissue engineering have been described
within experimental studies for bladder and urethra reconstructions,
but extension of the described techniques to the broader urological
patient population has not happened so far. In this paper we aim to
identify the ethical road blocks in the clinical evaluation of tissue engi-
neered products under the new EMA ATMP regulations for pediatric
urological conditions and, ultimately, to recommend strategies to over-
come them. The use of human tissue engineered products (HTEPs) to
treat children with congenital urogenital defects poses challenges in
the clinical testing phase, connected to three features of the applica-
tion of this treatment in this patient group: (1) those associated with
the product, namely the multifaceted complexity of the HTEP; (2)
those connected to the procedure, namely the lack of an RCT-tested
gold standard to compare the new treatment to and difficulties sur-
rounding standardization of the treatment protocol; and (3) the
patient’s young age and associated problems concerning possible long
term effects and the informed consent process. Due to these problems,
a conventional RCT is not the methodology of choice to evaluate this
treatment in this patient group. The unpredictability of HTEPs necessi-
tates stringent and long term surveillance and registry to ensure the
safety of patients treated with these products.(This paper is part of
the EuroSTEC project.)

74.P02
Patterns of moral argumentation in the
discussion of tissue engineering
A Oerlemans, M van Hoek, S van der Burg, W Dekkers
and W Feitz
Radboud University Nijmegen Medical Centre, The Netherlands

In a debate of any new technology, there are certain arguments and
patterns of argumentation that occur repeatedly. In their 2007 paper,
Swierstra and Rip identify characteristic tropes and patterns of moral
argumentation in the debate of ethics of new and emerging science
and technology (or ‘NEST-ethics’).If Swierstra and Rip are correct, we
should be able to identify these patterns in the discourse around
around tissue engineering (TE). Taking their NEST-ethics structure as a
starting point, we will consider whether all relevant issues are present
in the discussion, and argue what aspects we think ought to be a part
of a rich and high-quality debate of TE.This paper will attempt to
answer the following questions: (1) Can we distinguish the characteris-
tic recurrent tropes and argumentative patterns of NEST-ethics as
described by Swierstra and Rip in the discourse surrounding TE? (2)
What aspects of argumentation are missing from the discussion of TE?
Why do we think these aspects deserve attention? (3) Based on the
analysis of the TE debate, what do we feel is lacking from the structure
of NEST-ethics as put forth by Swierstra and Rip? (This paper is part of
the EuroSTEC project.)

74.P03
Urethra repair using smooth muscle cell seeded
collagen-based scaffolds
LFArenas, L Micol, D Tiemessen, W Daamen, T Kuppevelt,
E Oostenwijk, P Frey, P Geutjes and W Feitz
Radboud University Medical Centre, Nijmegen, Urology, The
Netherlands; École Federale Polytechnique, Switzerland; Radboud
University Medical Centre, Biochemstry, The Netherlands

Introduction: Some clinical conditions involving the urethra may be a
challenge for surgical repair due to a limited source of available tissues.
Investigators tested variable kind of biomaterials. The objective is to
investigate the role of the smooth muscle cell (SMC) for urethra regen-
eration.
Material and methods: One centimetre Tubular 0.5 wt% collagen-based
scaffolds were constructed using subsequent freezing, freeze drying
and carbodiimide crosslinking techniques. 32 New Zealand rabbits
underwent an open bladder biopsy for SMC harvesting. SMC were iso-
lated, cultured and labelled with EdU. For cellular group, 1.5 106 SMC
were seeded. The tubes underwent o/n rotation, subsequent static cul-
ture prior to in vivo implantation for correction a circumferential ure-
thral defect. Urethrograms were performed after 1 and 3 months
follow up. The penises were sended to histology. (H&E, IHC and EdU).
Results: The group of seeded scaffolds presented 1 stricture after 1-
month (25%) and 1 fistula after 3 months (25%). For the acellular
group, 3 strictures were found after 1 month (75%) and 1 after
3 months (25%). Histological analysis revealed more muscle cells, ves-
sels and less inflammatory cells compared to the acellular group. All
scaffolds showed luminal urothelial revetment. In the 3 month seeded
group hair follicles were observed. EdU positive SMC were detected
after 3 months.
Conclusion: The SMC was related to improved results in rabbit model.
EdU-SMC is detectable after 3 months in vivo.

74.P04
Pilot study on early versus late ovine fetal
interventions in esophagus tissue engineering
AK Saxena, H Ainoedhofer, H Hader and ME Höllwarth
Medical University of Graz, Austria

Background: The aim of this pilot study was to compare early versus
late ovine fetal interventions with regards to outcomes.
Methods: Fetus from Austrian Mountain Sheep were selected for inter-
ventions between the 70–80-day (Group-1, n = 3) versus 120–130-
day (Group-2, n = 3) of gestation. The fetuses were exteriorized and
the fetal neck was exposed to obtain full thickness biopsies of 1–3 cm
from the esophagus after which an end-end anastomosis was per-
formed. A laparotomy was performed and the omentum was exposed.
The esophageal biopsies obtained were processed under sterile condi-
tions to obtain organoid units (OU) which were seeded on collagen
scaffolds, tubularized and implanted into the omentum.
Results: Outcomes of the surgical procedures were evaluated on the fol-
lowing criteria: (1) Biopsy size: Cervical esophageal biopsies of 1–3 cm
were obtained in both groups, however in Group-1 reanastomosis was
not possible in 3 cm and a collagen conduit was used for replacement.
(2) In-situ tissue engineering: Marked differences in omental size and
consistency were observed, however construct implantations of 4 cm
were successful in both groups.(3) Fetal mortality: In Group-1, there
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was cardiac arrest for unknown reason in one ewe after the procedure,
with normal term deliveries in rest of the lambs. (4) Quality of engi-
neered esophagus was comparable in both groups.
Conclusions: Fetal interventions are feasible in ovine esophageal tissue
engineering.

74.P05
Coverage of an experimental spina bifida defect
by gluing a growth factor loaded collagen
scaffold improves the neurological outcome
P Geutjes, A Eggink, L Roelofs, J Crevels, I Heschel,
L Olde-Damink, D Tiemessen, E Oosterwijk, T van Kuppevelt and
W Feitz
Department of Urology, Radboud University Nijmegen Medical
Centre, The Netherlands; Department of Obstetrics and
Gynecology, Erasmus Medical Center, The Netherlands; Matricel
GmbH, Germany; Department of Biochemistry, Radboud
University Nijmegen Medical Centre, The Netherlands

Introduction: Intra-uterine coverage of spina bifida may protect the
neural tissue and improve neonatal outcome. The aim of the study is to
investigate whether neurological damage can be prevented by covering
an experimental spina bifida lesion with a growth factor loaded scaf-
fold.
Materials and methods: In 32 fetal lambs a spina bifida lesion was cre-
ated surgically at 77–79 days’ gestation. In the control group the defect
was left uncovered (group 1). In the treated groups, the defects were
covered with membrane scaffolds (Matricel GmbH) (group 2), or with
growth factor loaded membrane scaffolds (VEGF and FGF-2) (group
3). The scaffolds were fixed using running sutures. In an additional
group the growth factor loaded scaffolds were glued using fibrin glue
(group 4). Neurological and histological evaluation was performed
1 day or 3 months after delivery.
Results: The survival rate was 53%. Gluing the scaffold on the experi-
mental spina bifida defect showed a significant improved neurological
outcome (group 4). Four out of six lambs could walk, drink and cen-
sored pain in the legs. In the uncovered group (group 1) all lambs had
loss spinal function. In both sutured groups (group 2 and 3) about 50%
showed improved neurological outcome.
Conclusion: Covering the experimental spina bifida by gluing the
growth factor loaded membrane scaffold improved the neurological

outcome. Although to confirm, the scaffolds with VEGF and FGF-2 had
a beneficial effect on wound healing.

74.P06
Biodegradable, net-like scaffolds significantly
improve the mechanical properties of tissue
engineered skin grafts
F Hartmann-Fritsch, T Biedermann, E Braziulis, J Luginbühl,
L Pontiggia, S Boettcher-Haberzeth, T Van Kuppevelt,
KA Faraj, C Schiestl, M Meuli and E Reichmann
Tissue Biology Research Unit, Department of Surgery, University
Children’s Hospital Zurich, Switzerland; Department of Surgery,
Pediatric Burn Center, Plastic and Reconstructive Surgery,
University Children’s Hospital Zurich, Switzerland; Department
of Matrix Biochemistry, Nijmegen Centre for Molecular Life
Sciences, Radboud University Nijmegen Medical Centre, The
Netherlands

Extensive skin loss, such as skin defects associated with deep burns or
other trauma, represents a significant clinical problem. A promising
approach to treat large skin defects is the use of tissue engineered full
thickness skin analogues with near normal anatomy and function. In
addition to their excellent biological properties, such skin substitutes
should exhibit optimal structural and mechanical features. This study
aimed to test novel dermo-epidermal skin substitutes based on collagen
type I hydrogels, physically strengthened by two types of polymeric
net-like meshes. One mesh is already in clinical trials, the second one
consists of a clinically established material. Both meshes were inte-
grated into collagen type I hydrogels and dermo-epidermal skin substi-
tutes were generated. Skin substitutes were transplanted onto
immuno-incompetent rats and analysed three weeks thereafter,
employing histology, immunofluorescence and scanning electron
microscopy.The substitutes exhibited a well stratified epidermis that
had homogeneously developed over the entire surface of the grafts.
The epidermis had deposited a functional basement membrane and
dermo-epidermal junction, displayed a well defined basal cell layer,
several suprabasal strata and a stratum corneum. Additionally, the
grafts were well vascularised.These novel dermo-epidermal skin substi-
tutes are very promising skin analogues for treatment of full thickness
skin defects.

� 2012 The Authors J Tissue Eng Regen Med 2012; 6 (Suppl. 1): 1–429.
Journal of Tissue Engineering and Regenerative Medicine � 2012 John Wiley & Sons, Ltd. DOI: 10.1002/term.1586

74. EuroStec 419



75.1. Commercialization of Regenerative Products: The Academe/
Industry Partnership

75.1.01
Commercialization of regenerative medicine
products: the academia-industry partnership
AVertès
London Business School, Sloan Fellowship, UK

Partnering trends reveal stem cell technology deployment by big
Pharma is fast occurring, but these large firms focus on adopting stem
cell-based research and development tools for preclinical and toxicol-
ogy studies of conventional compounds. Therapeutic stem cell technol-
ogy adoption is still lagging, with the notable exceptions of the Osiris-
Genzyme-Sanofi, Athersys-Pfizer, and Mesoblast-Cephalon-Teva part-
nerships. Technology and market risks are chief hurdles to large corpo-
rations, and big Pharma remain conservative in their adoption of
radical innovation requiring clear-cut confidence-in-safety, confidence-
in-efficacy, and demonstration through commercialization of the first
cell-based therapies. Breakthroughs needed include a clearregulatory
path, a higher degree of consolidation between biotechs in this field,
and a proven business model that mid-size Pharma might deliver first
in their race to compete. Big Pharma-Academia incubators might also
play a key role here. Considering their lower technologicalhurdles,
deals on mesenchymal stem cells or haematological stem cells are
likely to occur first, with a focus on allogeneic stem cell technologies
since autologous ones better fit entities with large service components
such as hospitals. Clinical demonstration of benefit and understanding
mechanisms of action in vivo are the obvious key enablers of the nas-
cent industry, with the first successes, or additional failures, being of
critical importance to maintain momentum.

75.1.02
Commercializing regenerative medicine
therapeutics and sustaining a successful
business
A Arshad
Scientia Advisors, Cambride, USA

Commercializing therapeutics and sustaining a successful business
requires a compelling value proposition. To ensure a therapy is avail-
able to whomever needs it on a global basis, there are some keyconsid-
erations when developing a value proposition:- Address unmet needs-
Build awareness among early adopters and followers,- Develop a sound
business and economic case to key stakeholders including payers,- Pro-
actively cross all the regulatory barriers,- Develop a channel and net-
work of alliances and manufacturing capabilities. Post launch success
involves additional approaches in life cycle management, proactive
competitive messaging, continued innovation, and customer relation-
ship management. While this is true for anytherapy, the field of regen-
erative medicine, in particular presents a much greater challenge due
to the relative immaturity of the industry and complex regulations. Ah-
med will provide an overview of how companies have thus far per-
formed in addressing these challenges. Particular focus will be on the
need for organizations to be ‘market focused’ while building the frame-
work for their overall business approach to develop and successfully
commercialize regenerative therapies. Ahmed will also discuss the need
for close coordination between academia, industry, and investors to
address the shortage of capital that has limited the advancements of
potential breakthrough products.

75.1.03
Translating academic concepts to commercial
medical products: A complex academic/industrial
partnership
A Coury
Genzyme, USA

Many concepts for medical products that significantly improve patient
care come from academic faculty. Their ideas can be tested with limited
funding often procured from public or private non-profit sources with
much freedom for discovery research. Beyond this stage, costs ramp up
rapidly and require successive funding. Dozens of requirements for suc-
cess should be considered before initiating product development. They
include: market projections, legal, regulatory and clinical requirements,
human and physical resources, exit strategy and other factors. These
imperatives generally impose constraints on a full-time academic’s
leadership capabilities beyond exploratory stages and technology trans-
fer to a start-up or established company is warranted. During product
development, several regulation-mandated stages with escalating costs
occur. Applying start-up company ‘survivalist’ principles of lean, urgent
operation with leadership by a ‘champion’ is usually effective at every
stage. Adequate funding must be secured through relationship build-
ing, advanced pre-clinical, sometimes clinical progress and strategic
publications. The academic institution must buy into a development
plan that is not excessively onerous to the ultimate investor. Ideally,
academic-industrial transitions proceed in consideration of the mutual
benefit of all of the stakeholders.

75.1.04
Commercializing T cell immunotherapies
R Knaus
Cell Media, UK

Cell Media’s business model is based on the commercialization of Tcell
immunotherapies for which clear evidence of safety and efficacy has
been provided by academic studies.

Over the last 20 years, hundreds of patients have been treated with
antigen-specific T cells in numerous investigator sponsored clinical
studies for infections and cancer. Despite compelling evidence of safety
and efficacy from these trials, most products have not achieved wide-
spread clinical adoption and reimbursement. Cell Medica’s lead com-
mercial products include Cytovir CMV for the treatment of
cytomegalovirus (CMV) infections in bone marrow transplant recipi-
ents and Cytorex EBV for the treatment of Epstein Barr Virus (EBV)
associated lymphomas. Both products were clinically developed by aca-
demic groups for more than 15 years, without achieving widespread
clinical adoption. Academic efforts to establish the clinical adoption of
cell therapies have suffered from a variety of factors including: the lack
of data from randomized controlled trials proving a hard clinical end-
point and pharmaco-economic data, the complex logistics for procure-
ment of donor material and the timely delivery of the product to the
patient, evolving and untested regulatory challenges, inefficient and
non GMP-compliant manufacturing processes that are not scalable for
commercial manufacturing, the lack of a solid patent protection in light
of published results and the lack of financial resources to take cellular
therapies from academic trials to widespread commercial application.
Cell Medica will present examples how these challenges can be over-
come and how a profitable business can be built to make these prod-
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ucts commercially available to address important unmet medical
needs.

75.1.05
Successful translation of academic research
using combinations of mesenchymal stromal
cells with pharmaceutical agents for clinical
applications in regenerative medicine
P Ghosh
Mesoblast Ltd, Australia

Mesenchymal stromal cells (MSC) are a source of self-renewing, multi-
potent undifferentiated cells that may be isolated from bone marrow,
adipose tissue, muscle, synovium etc which possess the capacity to dif-
ferentiate into cells of the mesenchymal lineage such as bone, cartilage,
and tendon. This property offers the potential of repairing or regenerat-
ing injured or degenerate tissues of the musculoskeletal system. Apart
from engraftment at sites of injury followed by differentiation into the

required cellular phenotype, MSC also exert paracrine effects on the
injured cells thereby supporting their recovery. Over the last several
decades a plethora of research publications have reported that transfor-
mation of MSC into differentiate mesenchymal cells requires a variety
of cues, including a suitable extracellular matrix or inductive scaffold,
mechanical stimuli, and exposure to growth factors (GFs) particularly
members of the FGF, IGF, PDGF, and TGF-beta super-families. Unfortu-
nately, co-administration of MSC with GFs to achieve localized tissue
repair in patients can present significant problems. Notwithstanding
the high cost of most recombinant GF, they generally have short half-
lives in vivo and may provoke adverse local reactions such as fibrosis or
ectopic bone formation. An alternative strategy is to formulate MSC
with a pharmaceutical agent that possess the capacity to act on the
MSC to promote their differentiation along a specific pathway while
concomitantly enhancing their viability and replication. Examples of
the success of such an approach are provided by the combination of
MSC with Hyaluronan, embryonic Heparan Sulfate or Pentosan Poly-
sulfate, which from their origins in academic laboratories are now
under commercial development as novel therapeutics for a variety of
applications in regenerative medicine.
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75.2. The Regulatory Imperative International Perspective

75.2.01
Lecture on the US regulatory environment of
regenerative medicine
C Witten
FDA’s Center for Biologics Evaluation and Research [CBER], USA

Research in the field broadly defined as tissue engineering/regenera-
tive medicine (TE/RM) includes a variety of areas such as cell biology,
genetic engineering, biomaterials, and development of animal models
of disease. Collaborations across institutions are common, including sci-
entific collaborations across borders. It is a promising time for the
regenerative medicine field, and hopefully will lead to development of
products for important clinical needs. In the United States, regenerative
medicine products, like other medical products, meet the definition of
device, drug, biologic, human tissue, or a combination of these defini-
tions. With the exception of a subset of human tissue all medical prod-
ucts are subject to some level of premarket review. The characteristics
of the regulatory pathway, premarket review, and other requirements
follows as a consequence of the regulatory definition a specific product
meets. The United States began to actively work toward a regulatory
scheme for the current emerging area (TE/RM) in the late 1980’s and
early 1990’s. Early efforts were primarily focused on developing a prod-
uct review paradigm for specific products under development. For
example, development of novel interactive wound dressings during this
time period led FDA to leverage its experience to adapt a regulatory
approach to the products. The approvals of Apligraf in 1998, and Der-
magraft, in 2001, were the first approvals of cell-scaffold combination
products. Although comprehensive regulations for cellular and tissue-
based products were not formalized until 2005, the review of these
products as devices incorporated consideration of the principles needed
to ensure safety from communicable disease transmission from the
donor to the recipient of the product as well as appropriate control of
product manufacture to insure the consistent production of safe and
effective cellular constructs. The approval process for a combination of
bone morphogenetic protein (BMP) on a collagen sponge, in a spinal
cage for spinal fusion, led to an increasing recognition of the need for
cross-disciplinary scientific review teams for TE/RM products, mirror-
ing the multidisciplinary development teams in the scientific/develop-
ment community. Concurrently, early development in the areas of
cellular therapy and gene therapy led to initiation of dialogue between
FDA and researchers/product developers in these areas. A critical step
in FDA’s development of a comprehensive scheme for human cell and
tissue based products was the announcement in 1997 of the ‘‘Proposed
Approach to Regulation of Cellular and Tissue-Based Products’’. This
proposal was an attempt to address the fragmentation of the regulatory
approach towards these products (both traditional tissue-based prod-
ucts and innovative cell or tissue-based products. This proposal was
implemented with the development of a set of risk-based rules govern-
ing registration and listing, donor eligibility, and good tissue practices,
finalized in 2005 in FDA regulations collectively referred to as ‘‘the tis-
sue rules’’ (21 CFR Part 1271). Along with the development of the tis-
sue rules, as noted above, the need to integrate reviews and share
knowledge across the centers has led to an increase in consultation and
dialogue in these areas across the FDA’s three medical product centers,
the Center of Device and Radiologic Health (CDRH), the Center for Bi-
ologics Evaluation and Research (CBER), and the Center for Drug Eval-
uation and Research (CDER). In addition to an increase in cross-center
reviews for specific products these efforts have also resulted in other
beneficial outcomes including several cross-center guidance docu-
ments, for sponsors in this area. Documents for development of wound
healing products,, cellular therapy for cardiac disease, and cartilage

repair products are examples. Similarly, planning for FDA Advisory
Committee Meetings and other activities involving the TE/RM field
commonly draws on expertise from CBER, CDER, and CDRH. For
example, FDA held an Advisory Committee meeting in June 2011 on
cell and gene therapy product development for retinal diseases.
Because of its cross-cutting nature of the topic, the planning committee
included staff from across FDA. Similarly CBER and CDRH have estab-
lished several cross-center training efforts in the TE/RM area. These
include several ongoing seminar series for staff scientific training in
both general TE/RM topics, as well as in more specific niche areas. In
addition the CDRH and CBER have established, under the auspices of
the FDA Commissioner’s Fellowship Program, a Regenerative Medicine
Fellows Training Program. This program allows non-FDA engineers,
physicians, and scientists to participate in an intensive two-year fellow-
ship training in the regulatory science and review of regenerative medi-
cine products. The long-term aim is to help develop a cadre of
professionals both inside and outside the FDA who are knowledgeable
about the developmental and the regulatory process for products in the
TE/RM field. Although development by FDA of a scientifically
informed, comprehensive and increasingly integrated regulatory frame-
work for TE/RM products is beneficial, FDA is not the only US govern-
ment agency with the potential to influence the direction of this
emerging field. In fact, more than a decade ago recognition of this fact
led to the creation of the Multi-Agency Tissue Engineering Science in-
teragency working group (MATES) to provide a platform with which
member agencies can interact and exchange information on their activ-
ities in the TE field. MATES includes representation across the govern-
ment from regulatory, research, and funding agencies (for example
FDA, National Institutes of Health (NIH), National Institute of Stan-
dards and Technology (NIST), National Science Foundation (NSF), and
Department of Defense (DOD)). MATES interactions have lead to mul-
tiple joint projects over the years such as workshops, targeted funding
announcements, and website (www.tissueengineering.gov) The FDA
also has engaged in significant outreach to stakeholders in TE/RM. In
addition to FDA presentations at scientific meetings. FDA has co-spon-
sored (or helped organize) a number of symposia and freestanding
workshops with various partners. Examples include the 2007 FDA-
NIST In Vitro Characterization Workshop, the 2009 NIH-JDRF-FDA
Workshop on Next Generation Beta Cell Transplantation: How Good
Does a Beta-Cell Have to Be?, and the 2011 FDA-NIH Workshop on
Pluripotent Stem Cells in Translation: Early Decisions. The FDA has
produced a series of webcasts with basic information regarding the reg-
ulatory process (OCTGT WebLearn and CDRH WebLearn). The agency
has published guidance documents that provide the agency’s official
thinking on a number of regenerative medicine related product devel-
opment topics. The Cellular, Tissue, and Gene Therapies Advisory
Committee (CTGTAC) meetings serve to provide FDA with outside
expert advice on specific issues in a public setting. Liaison meetings
with various broad-based stakeholder groups provide another opportu-
nity for information exchange. Although science is international, medi-
cal product regulations in each country differ based on differences in
political systems or philosophy. In order to allow progress in emerging
fields to progress safely, regulatory agencies are challenged with inter-
preting their current regulations in such a way as to maintain the bal-
ance between safety and innovation. The most important factor in
international convergence is a mutual understanding of the underlying
scientific questions that are raised in application of the regulations, par-
ticularly in novel emerging technology areas. FDA is actively involved
in activities to advance international convergence of regulatory efforts.
Our principal partner in these efforts since 2007 has been the European
Medicine Agency (EMA). FDA/CBER/Office of Cellular, Tissue, and
Gene Therapies (OCTGT) and EMA/Advanced Therapy Medicinal
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Products (ATMP) have regular bilateral discussion under FDA-EMA
Bilateral Agreement. FDA and EMA have also participated in other
international forums such as ICH and the Asia Pacific Economic Coop-
eration Life Sciences Innovation Forum (APEC/LSIF). There is an
increasing international understanding of the various regulatory mod-
els which has the potential for reduction of duplicative product devel-
opment. There also are international efforts of importance in other
related areas, such as biovigilance initiatives, efforts to improve clini-
cian recognition of, and global communication about, serious adverse
events and reactions related to clinical use of human organs, tissues,
and cells (including assisted reproductive therapies), efforts in the
areas of xenotransplantation, validation of alternative methods to ani-
mal testing, and membership in scientific standards organizations such
as ASTM International and ISO. In summary the regulatory environ-
ment for (TE/RM) in the United States in 2012 is a rapidly maturing,
increasingly coordinated framework of risk-based regulations that
reflect the scientific characteristics of the varied types of products that
fall under the rubric of TE/RM so that there is a pathway that allows
for any specific product to succeed based on its scientific/clinical
merits.

75.2.02
Characterisation of cells for ATMPs
AWilson
CellData Services, UK

Characterisation is a key aspect of development of ATMPs. Understand-
ing of the identity, purity and functionality of the cell population and
finished ATMP is critical for several reasons. It is essential to under-
stand how the chosen population of cells behaves throughout the man-
ufacturing process. The use of biological reagents to induce
differentiation, processing to remove impurities, and the basic cell
expansion process itself will have measurable effects on the cells.
Whether a process is intended to maintain a specific phenotype or to
induce differentiation, this will need to be demonstrated by data con-
firming that the desired population is maintained or produced by the
process. Combination with scaffold materials, medical devices etc can
also induce changes in phenotype or behavior and this, too, needs to
be quantified. It is important to assess functionality of the cells at key
points in the process, whether by protein expression or demonstration
of a particular required function. Specifications for the cells and for the
finished product are generally derived from a subset of the characteri-
sation tests applied during development. The characterisation process
allows for identification of key tests that can reliably indicate that the
process is under control and that the product is acceptable from the
quality perspective, and also supports the setting of data-driven limits
for the specifications. Regulatory authorities will require characterisa-
tion data to assess comparability between different product iterations,
for example in respect of changes to the process between different
stages of clinical development, and following post-authorisation
changes, perhaps scale-up or transfer to a new manufacturing site.

75.2.03
Regulatory clarity to maximize the success of
advanced therapies
MPMartinez
TiGenix, Spain & Belgium

Characterisation is a key aspect of development of ATMPs. Understand-
ing of the identity, purity and functionality of the cell population and
finished ATMP is critical for several reasons. It is essential to under-
stand how the chosen population of cells behaves throughout the man-
ufacturing process. The use of biological reagents to induce
differentiation, processing to remove impurities, and the basic cell

expansion process itself will have measurable effects on the cells.
Whether a process is intended to maintain a specific phenotype or to
induce differentiation, this will need to be demonstrated by data con-
firming that the desired population is maintained or produced by the
process. Combination with scaffold materials, medical devices etc can
also induce changes in phenotype or behavior and this, too, needs to
be quantified. It is important to assess functionality of the cells at key
points in the process, whether by protein expression or demonstration
of a particular required function. Specifications for the cells and for the
finished product are generally derived from a subset of the characteri-
sation tests applied during development. The characterisation process
allows for identification of key tests that can reliably indicate that the
process is under control and that the product is acceptable from the
quality perspective, and also supports the setting of data-driven limits
for the specifications. Regulatory authorities will require characterisa-
tion data to assess comparability between different product iterations,
for example in respect of changes to the process between different
stages of clinical development, and following post-authorisation
changes, perhaps scale-up or transfer to a new manufacturing site.

75.2.04
Regulatory experiences learned in the clinical
development of MultiStem
RWMays
Athersys, Inc., USA

Athersys, Inc. is a clinical stage biopharmaceutical company engaged in
the discovery and development of therapeutics designed to extend and
enhance the quality of human life. The driving technology platform at
Athersys is MultiStem�, a patented and proprietary cellular product
consisting of a clinical grade preparation of adult (non-embryonic)
stem cells obtained from bone marrow. MultiStem appears to provide
benefit through several mechanisms, primarily, via the production of
therapeutic proteins and other molecules produced in response to
inflammation and tissue damage. Athersys believes that MultiStem rep-
resents a unique ‘off-the-shelf’ stem cell product based on its apparent
ability to be used without tissue matching or immunosuppression and
its capacity for large-scale production. MultiStem has received regula-
tory allowance from the FDA and multiple countries in the EU for test-
ing in man and is currently in Phase I/II or Phase II clinical trials for
treatment of ischemic stroke, inflammatory bowel disease, myocardial
infarction and bone marrow transplantation and oncology treatment
support. The regulatory experiences working with FDA and EMEA offi-
cials during the clinical development of MultiStem will be dis-
cussed.applications in regenerative medicine.
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75.3. Making Collaborations Work

75.3.01
‘‘Establishing a multibillion-dollar cell therapy
industry requires a simple ABC approach -
Academics, Businesspeople & Clinicians working
together to integrate basic discovery, clinical
translation and commercialization into a
seamless process’
C Mason
University College London, UK

Deploying living cell as therapies is a disruptive technology - a step-
change in patient care, clinical practice and business models by provid-
ing life-changing and even potential cures for a broad spectrum of med-
ical needs. The cell therapy industry (CTI) had global sales of $400M
in 2008, and is predicted to grow to $5B in 2014 with even greater
growth expected to follow1. However, these revenue forecasts are
dependent on the industry overcoming major and distinctive hurdles
that are presently causing significant market failure. The emerging CTI,
with its living cell-based products and services, has its own unique set
of requirements and challenges that are totally different to those of
pharma, biotech and the medical device industry. This will require the
collaboration of academics, businesspeople, and clinicians plus the
robust and patient support of states and governments. However, once
resolved, the CTI will become a sustainable multibillion-dollar global
industry establishing cell therapy as the fourth and final therapeutic
pillar of healthcare2.
References:
1. Mason C., Brindley D.A., Culme-Seymour E.J. and Davie N.L. Cell
Therapy Industry: billion dollar global business with unlimited poten-
tial. Regenerative Medicine, May 2011, Vol. 6(3), 265–272.
2. Brindley, D.A., Reeve, B.C., Sahlman, W.A., Bonfiglio, G.A., Davie
N.L., Culme-Seymour E.J. and Mason C., The impact of market volatil-
ity on the Cell Therapy Industry. Cell Stem Cell, Nov. 2011, Vol. 9(5),
397–401.

75.3.02
Translational research in spinal cord injury: from
molecule to man
MG Fehlings
University of Toronto, Canada

My clinical experience as a neurosurgeon and clinician-scientist has
strengthened my understanding of human pathologies and has led me
to develop a laboratory with significant expertise in models of spinal
cord injury (SCI). This knowledge base has led to numerous research
collaborations with industry partners who are looking to access estab-
lished clinically relevant animal models of SCI and to translate these
discoveries into clinical practice. Our laboratory has successfully part-
nered with industry to investigate a number of bioengineered strate-
gies. Transcription factor mediated strategies to increase VEGF
expression and protein therapies to block Fas activation following SCI
have both successfully improved neurobehavioural outcomes. Current
studies using self-assembling peptides that provide a growth supportive
environment in injured tissue have also shown considerable promise.
Our laboratory has also used a bioengineered hydrogel containing hyal-
uronan to reduce inflammation and scarring in addition to deliver
drugs following SCI. In addition to pre-clinical research, we recently
completed a Phase I/IIa clinical trial in 48 patients with severe cervical

and thoracic SCI with Cethrin, a recombinant protein Rho inhibitor -
with encouraging results. In summary, a collaborative environment
between academia and industry can be hugely beneficial, particularly
in SCI where combinatorial approaches are needed. Bioengineered
strategies offer attractive solutions to meet this need and will likely be
the key to facilitating clinical translation. It is important for universities
to leverage these relationships in the pursuit of cures for diseases.

75.3.03
Utilising economies of scope to use the NHS as a
cell therapy development and delivery partner
S Ellison and J Smythe
Stem Cell Immunotherapies, NHS Blood and Transplant, UK

There are numerous challenges holding back the provision of cell thera-
pies at the manufacturing scale across the UK. Without production
space within GMP regulated facilities the research and development
protocols cannot be translated into viable new treatments. However
there is a solution in the UK that utilises the infrastructure of the NHS to
deliver these treatments to the bedside. The difficulties apply to all cell
therapies but are most evident at the autologous end of the manufactur-
ing continuum. There are a number of reasons for this with the top two
being; (a) single/small batch production limits the economies of scale
and (b) the requirement to manufacture close to the patient leads to the
costly and challenging validation of multiple sites. This pushes the costs,
in many cases, out of economic range for use within a ‘‘free-at-point-of-
care’’ health care system. However health services around the world reg-
ularly mange the delivery of existing cell based therapies (e.g. blood,
tissues, organs and stem cells,), all of which require processing to high
regulatory standards in temperature controlled environments and
within strict timeframes. Therefore the provision of new cell therapies
needs to utilise an organisation that regularly provides cell based treat-
ments under a single quality system and is able tomanufacture in multi-
ple locations both safely, ethically and economically. This economies of
scale model is evident within the UK this presentation looks at NHS
Blood and Transplant as a case study. Here we show that within the
NHS there is the infrastructure, skills, capability and capacity to partner
national and international companies and academic institutions in the
development and provision of new cellular therapies.

75.3.04
Microstructure and chemistry affects the in vitro
bioactivity of calcium phosphate bone graft
substitutes
C Campion, S Ball, D Clarke and K Hing
Department of Materials, School of Engineering and Materials,
Queen Mary, University of London, UK; Apatech Ltd, UK

Despite some controversy as to the methods reliability, its relevance to
the understanding of mechanisms behind osteointegration, and the
actual nature of the calcium-rich precipitate formed on materials Kok-
ubo’s Simulated Body Fluid has been used to evaluate the Bioactivity of
numerous types of materials ranging from calcium phosphate (CaP)
ceramics and Bioglasses through to Chitosan and natural Pearl. The
objective of our study was to compare the Bioactivity of CaP of varying
chemistry and strut-porosity through determining the rate of formation
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of hydroxycarbonate apatite (HCA) crystals on the material surface
and the extent to which these crystals formed after the material was
soaked in simulated body fluid for between 3 and 30 days. The propen-
sity for the formation of either HCA or Octacalcium Phosphate (OCP)
as a continuous, un-broken layer over the implant surface immediately
after implantation into bone is in theory likely to be significant to the
processes of osteointegration; the greater the surface area covered by
this layer the better the opportunity for interdigitation with host bone.
In practice this assumption is still under debate as the in vivo studies in
support of the outcomes of the bioactivity test are often contradictory.
In our study formation of HCA varied among different materials. Under
the conditions of our test the rate of HCA growth was related to the
strut-porosity and the absolute amount formed was dependent upon
the chemistry of the substrate.

75.3.05
Technological advances in graft manipulation
and cellular therapies – removing the bottlenecks
J Campell
Miltenyi Biotec Ltd., UK

Miltenyi Biotec is a world-leading company in magnetic cell selection
and cellular therapy, with particular expertise in the selection of stem
cells and cells of the immune system for novel clinical applications.
While the science underlying regeneration of tissues and the immune
system is advancing at great speed, translation of this knowledge into
truly realisable treatments, and delivery within cost and regulatory con-
straints, is increasingly difficult. In this presentation I will focus on the
latest status of cellular therapies in both tissue repair and graft manipu-
lation; examine the bottlenecks in current cell processing procedures;
and highlight the new technological solutions that can bring cell ther-
apy nearer the bedside, including the new CliniMACS� Prodigy auto-
matic cell selection system.

75.3.06
ApaTech as an example of how ‘academia/
industry partnerships’ can overcome barriers to
commercialization of regenerative medicine
products
C Campion
Department of Materials, School of Engineering and Materials,
Queen Mary, University of London, UK; Apatech Ltd, UK

The chances of new med-tech enterprises thriving in the present eco-
nomic and regulatory climate are slim. The current estimated failure
rate for such venture is in the region of 75% so it is worthwhile for aca-
demics and entrepreneurs to reflect back on the stories of the fortunate
few so that they can learn how to give themselves the best chance of
beating the odds in bringing new ideas to market. The success with
which ApaTech were able to drive the commercialisation of intellectual
property emerging from Queen Mary College, University of London,
can be attributed to three critical success factors: (1) Effectively identi-
fying an unmet need for the emerging technology and developing it to
fit the requirements of the end-user; (2) Reducing time-to-market to a
minimum through lean product development, rapid manufacturing
scale-up, and strategic commercial distribution; (3) Building confi-
dence with the commercial partners by protecting the IP portfolio,
delivering regular new product introductions, avoiding stock-outs, and
exceeding sales targets. None of these, however, would have made any
difference without having the right collection of technical and commer-
cial experts in the team from day one. In my presentation I will provide
real-life examples of how the ApaTech team demonstrated these critical
success factors and will provide my own view as to where the most sig-
nificant challenges lie ahead for anyone wanting to follow in ApaTech’s
footsteps.
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75.4. Translation Research of Advanced Therapies
- Next Academia-Industry Partnership

75.4.01
Production of cell therapies from clinical trial to
commercial distribution
LWolfe
Technology Development Cellular Therapy and Regenerative
Medicine Genzyme – A Sanofi Company, USA

Genzyme has extensive experience with the production of cellular ther-
apies and manufactures three for commercial distribution world-wide;
Carticel, MACI and Epicel. Carticel (autologous chondrocyte implanta-
tion) and MACI (Matrix-induced autologous chondrocyte implanta-
tion) are used to treat focal defects of the knee. Epicel is autologous
cultured keratinocytes grafts for burn patients. In the past years, we
have also been involved in numerous clinical trials using cellular treat-
ments for a wide range of disease states, i.e. cardiac repair, Parkinson’s,
etc. There are significant challenges to consistent, quality production of
cell therapies on a clinical and commercial scale. The operations to
allow GMP production for these programs must be well established
and require that manufacturers establish quality systems for the design,
manufacture, packaging, labeling and storage of products distributed
for human use. One of the biggest challenges is the development and
validation of quality assays that characterize the cellular product for
release. For the chondrocyte products manufactured for cartilage repair,
release assays must ensure quality of the cultured chondrocytes. An
Identity assay must have the ability to distinguish chondrocytes from
other related cell types. Cultures derived from fibrous tissue dissected
from the cartilage junction can not be confidently classified as either
chondrocytic or synovial, and may contain a mixture of cell types.
Therefore, an acceptable lot release identity assay for cultured chondro-
cytes must not only detect chondrocytes, but must also discriminate
against synovial and heterogeneous cell cultures. A Potency assay for
chondrocytes must correctly identify cells that have the potential to
form hyaline-like cartilage. All of these assays must be rapid to accom-
modate production and shipping schedules for cell therapies, which
typically have a shelf life of a few days.

75.4.02
An infection control solution for catheter exit
sites: Translation from mice to device
AJ Marshall, A Nieponice, M Alvarez and MGMaginness
Healionics, USA; Universidad Favaloro & McGowan Institute for
Regenerative Medicine, USA

Patients requiring long-term catheterization are at high risk to acquire
blood stream infections, with many of these infections proceeding ex-
traluminally. We are commercializing STARcuff – a porous exit site
sleeve that provides a natural antimicrobial barrier by attracting macro-
phages, promoting vascularized dermal ingrowth, and forming a stable
epidermal seal. Our translation effort stems from extensive in vitro and
small animal model university research. We have shortened our com-
mercialization path by shifting to a large-animal-first, full-size-device
approach and focusing on scaffold compositions of only established
medical grade polymers with no added biological agents. Percutaneous
implants comprising 10-cm segments of either silicone or Carbothane
hemodialysis catheters were inserted into the dorsum of pigs. Half were
modified with STARcuff on the extraluminal surface. The exit sites

were bandaged with Tegaderm and disinfected with chlorhexidene
scrub during weekly bandage changes. In the first 28 days post-implan-
tation, 39% (11 / 28) of the unmodified control implants required
removal due to purulent infection of the exit site, compared to only 4%
(1 / 26) of the STARcuff implants. The STARcuff significantly reduced
the rate of catheter exit site infection in a porcine model. This technol-
ogy has promise as an infection-prevention feature for any percutane-
ous implanted device. The use of unrestricted silicone with no added
agents ensures a faster regulatory pathway.

75.4.03
Financing regenerative medicine: Azellon Ltd, an
asset centric business model working in public:
private partnership
B Horsburgh
Azellon, UK

Azellon is a spin-out company from the University of Bristol founded
on the work of Professor Anthony Hollander. The company is develop-
ing a stem cell bandage for the treatment of mensical tears for which
no effective first-line therapy exits. Azellon is a virtual company that
has been financed by private investors and substantial grants from the
Wellcome Trust and the UK Technology Strategy Board (TSB). This
approach has enabled the company to reach clinical trials and a signifi-
cant value inflection for a modest equity investment.

75.4.04
Challenges in translational research: what role
for SMEs?
RA Sousa and RL Reis
Stemmatters, Portugal; 3B’s Research Group/ICVS, Portugal

During the last decade, health biotechnology industry has rapidly
expanded, accounting for approximately 3,500 companies and for over-
all sales of more than $170bn in 2009. Contribution of regenerative
medicine products is still reduced due to the lack of successful product
launches, which has contributed to limit investment. Still, this area is
gradually attracting more funding due to hybridization of health sec-
tors, with an increase of small players and the growing interest of large
pharmaceutical and medical device companies that are starting to
invest. However, challenges ahead remain. In a regulatory perspective,
new products must necessarily demonstrate safety and efficacy, which
has large operational implications in terms of resources involved. In a
financial perspective, it is critical to assure adequate financing at all
stages of development. While these requirements can be surmountable
for large companies, for small ones, they are especially challenging.
Small companies have to demonstrate solid intellectual property base
and successful proof of concept, which combined with previous
demands, makes the global challenge highly risky. Nevertheless, the
role of small companies is crucial, as they bring innovation to this sec-
tor and provide a de-risking opportunity for new entrants. This presen-
tation presents a strategic and operational framework that sets up the
fundamental requirements for competiveness of small companies in the
field of regenerative medicine.
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75.4.05
Cardiac derived cells for treatment of heart
diseases - efforts to translate research into a
marketable therapy
M Sittinger and R Seubert
Charité-Universitätsmedizin Berlin, Germany

Technology: A unique cardiac derived cell type (CAPcells) was recently
identified and fulfills major criteria for cell therapy. Properties include:
e.g. improve muscle function in cardiac stress models, engraft in the
heart after i.v. injection, anti-inflammatory properties, inhibit apoptosis
and fibrotic cell differentiation (Haag et al., 2010, Linthout et al. 2011,
Haag et al. 2012). Current work is focused to clinical and commercial
translation. Translational Strategy The technology uses tissue-specific
cells from the heart with expected advantages in integration, safety
and efficacy. It also includes key advantages for manufacturing. The
national situation for reimbursement in Germany in frame of the DRG
system was analyzed. The product will be developed due to European
ATMP regulation. In 1st generation, as autologous, 2nd as allogenic
therapy. To support the commercial translation, CellServe GmbH was
founded as a spin-off.
Conclusion: CAPcells are unique to treat cardiac diseases. Preclinical
R&D continuously considered regulatory and commercial feasibility. A
clinical study to treat cardiomyopathy is in preparation. Patent: CELLS
FOR HEART TREATMENT; DE102007008650A, EP000002129774A1,
US020100040587A1, Haag, M., Ringe, J., Tschöpe, C., Sittinger, M

75.4.06
Translation from research to GMP-compliant
manufacturing: constructing a business model for
a new stem cell source
M Goeldner, S Danner, DH Rapoport, AE Petschnik and C Kruse
Fraunhofer Research Institution for Marine Biotechnology (EMB),
Germany

Cell based therapies promise to be a cure for many incurable diseases.
However, despite extensive investments in the last two decades, most
cell-based therapies have failed to deliver clinical and financial success.
Particularly, autologous products are still too expensive compared to
conventional therapies. We want to report on a newly developed and
easily accessible stem cell source: Sweat Gland-derived Stem Cells
(SGSC). Based on a patented cell isolation process, stem cells are effec-
tively derived out of a small axillary skin biopsy that can be obtained in
an ambulant procedure within few minutes. The cells are already well
characterized and tested: we could show the potential for multilineage
differentiation and conducted several preclinical tests using SGSCs in
wound healing models. Highly proliferating stem cells were even
derived from elderly patients, indicating that the cell source is suitable
for autologous treatments of patients of all ages. Currently, we are
developing a roadmap for transition into clinical practice: GMP-compli-
ant process steps are being implemented and corresponding regulatory
agencies are approached. Furthermore, we derived a business model
combining an autologous stem cell treatment with stem cell banking
for adult high risk patients, delivering an autologous ‘‘off-the-shelf’’
product. This business model might be particularly promising for treat-
ment of chronic diseases from both, a clinical and economic perspec-
tive. In this talk, we present our experiences with this newly developed
stem cell source and the strategies that a state-funded research organi-
zation like Fraunhofer pursues to commercialize regenerative thera-
pies.

75.4.07
Early stage translational research of advanced
therapies (part I)
TERMIS-EU INDUSTRY COMMITTEE, S Ellison and Y Bayon
Covidien - Sofradim Production; TERMIS-EU Industry
Committee; NHS Blood & Transplant, UK

Ideas often start on pieces of paper and a test tube on the basis of basic
science research, in academic and institutional laboratories, with the
support of public and philanthropic research grants. Talented scientists
drive these ideas and projects through various stages of early develop-
ment that mostly result in significant scientific achievements, with the
early proof concept of innovative and clinically promising advanced
therapies, as illustrated by publications in peer-reviewed journals and,
less often, by patent filings. Some regenerative medicine discoveries,
when carefully evaluated, may have obvious and huge benefit for
patients and the public, by satisfying massive unmet clinical needs, for
a still large range of indications where no therapeutic approaches are
really effective, today, in restoring an enjoyable level of quality of life
(neurological: stroke, spinal cord injury; orthopaedic: large cartilage
lesions; cardiovascular: critical limb ischemia, myocardial infarction;
endocrine: diabetes; gastrointestinal: Crohn’s disease, ulcerative coli-
tis).But, the decision to move forward regenerative medicine discover-
ies into the clinic and to the market is certainly not an easy one. The
path leading to commercialization – from promise to real delivery, from
prototype to useful product. – is indeed challenging, with a number of
obvious hurdles to overcome: eg. financing, intellectual property, regu-
latory requirements, GMP manufacturing.

75.4.08
Early stage translational research of advanced
therapies (part II)
TERMIS-EU INDUSTRY COMMITTEE, S Ellison and Y Bayon
Covidien - Sofradim Production, TERMIS-EU Industry
Committee; NHS Blood & Transplant, UK

Meeting and learning from key players of the commercial translation of
advanced therapies and sharing own translation project and experi-
ence, may certainly guarantee higher chances of success.Actively partic-
ipating to this session ‘Early Stage Translational Research of Advanced
Therapies’ of the Industry Symposium may also give a chance to meet
future partners. With most funding sources pressuring and the com-
plexity of the commercialization process of advanced therapies, there is
an obvious need to increase the speed to the market, but without
increasing risk. This may be achieved by a partnership approach. This
session, a part of the full day Industry symposium, aims to highlight
the translational research efforts or projects of in-house developed
advanced therapies, managed by academic and/or academic spin-off
companies and to discuss key technical/scientific, legal/IP, financing,
regulatory and clinical advancements and current hurdles paving the
road of the early stage commercialization process. Submitted abstracts
should put more emphasis on the commercial translation management
(see above) and less on detailed descriptions of scientific achievements.
Speakers of the selected abstracts for oral communications will be
invited, after their presentation, to join a round table with experienced
players of commercial translation of advanced therapies, for Q&A.
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76.01
Engineering hydrophobin DewA to generate
surface coatings that enhance adhesion of
human but not bacterial cells
WRichter, S Boeuf, T Throm, B Gutt, T Strunk, M Hoffmann,
E Seebach, L Mühlberg, J Brocher and T Gotterbarm
Research Centre for Experimental Orthopaedics, Orthopaedic
University Hospital, Germany; Department of Microbiology,
Institute for Applied Biosciences, Karlsruhe Institute of
Technology; Institute of Nanotechnology, Germany

Hydrophobins are fungal proteins with the ability to form immunologi-
cally inert membranes of high stability, properties that makes them
attractive candidates for orthopaedic implant coatings. Cell adhesion
on the surface of such implants is necessary for better integration with
the neighbouring tissue; however, hydrophobin surfaces do not medi-
ate cell adhesion. The aim of this project was, therefore, to investigate
whether the Class I hydrophobin DewA from Aspergillus nidulans can
be functionalised for use on orthopaedic implant surfaces. DewA vari-
ants bearing either one RGD sequence or the laminin globular domain
LG3 binding motif were engineered. Surfaces of both variants showed
significantly increased adhesion of mesenchymal stem cells (MSCs), os-
teoblasts, fibroblasts and chondrocytes; in contrast, the insertion of
binding motifs RGD and LG3 in DewA did not increase Staphylococcus
aureus adhesion to the hydrophobin surfaces. Proliferation of MSCs
and their osteogenic, chondrogenic and adipogenic differentiation
potential were not affected on these surfaces. The engineered surfaces,
therefore, enhanced MSC adhesion without interfering with their func-
tionality or leading to increased risk of bacterial infection.

76.02
Porous titanium as a high-strength scaffold for
bone tissue engineering
HP Jennissen, S Lüers, M Chatzinikolaidou, U Obertacke and
M Laub
Institut für Physiolgische Chemie, Universität Duisburg-Essen,
Universitätsklinikum Essen, Germany; Morphoplant GmbH,
Germany; Institute of Molecular Biology & Biotechnology IMBB
and University of Crete, Department of Biology, Vasilika Voutes,
Greece; Orthopädisch-Unfallchirurgisches Zentrum,
Universitätsmedizin Mannheim, Germany

Over 70% of implant devices are made of metals. Of these titanium is
widely implemented in dental and orthopaedic devices. Titanium
plasma sprayed (TPS) surfaces on a Ti–6Al–4V core class as porous tita-
nium with a surface roughness of Ra 20–30 lm and a porosity of ~
28%. It will be shown, that they can be modified either for an
enhanced osteoconduction (bone ongrowth) or osteoinduction (de
novo bone volume). Crucial for osteoconduction is the wettability of
the surface. There are two forms of high wettability on titanium sur-
faces: ultrahydrophilicity [1] defined by contact angles <10� and su-
perhydrophilicity defined by novel imaginary contact angles ~ 1i�–20i�
[2]. Enhanced bone ongrowth in vivo can be demonstrated for ultrahy-
drophilic as well as seminally for superhydrophilic surfaces [3]. Crucial
for osteoinduction are morphogens such as BMP-2, which can be
immobilized on the TPS surface, while retaining biological activity and
inducing bone volume in vivo [3]. A good performance in vivo is proof
of principle that the scaffold is appropriate for supporting bone tissue
engineering in vitro.

References:
1. Jennissen, H.P. (2001) Bionanomaterials (formerly: Biomaterialien),
2, 45–53.
2. Jennissen, H.P. (2011) Materialwiss. Werkstofftech., 42, 1111-1117.
3. Lüers, S., Lehmann, L., Laub, M., Schwarz, M., Obertacke, U., & Jen-
nissen, H.P. (2011) Bionanomaterials, 12, 34.
4. Chatzinikolaidou, M., Lichtinger, T.K., Müller, R.T., & Jennissen, H.P.
(2010) Acta Biomater. 6, 4405-4421.

76.03
Performance characterization and initial clinical
experience using a filter-based, single-use,
disposable system for procuring progenitor cells
from peripheral blood
L Rehak and I Mercuriali
ICT Bio Med Consultant Agency, Italy

Background: Peripheral blood (PB) mononuclear cells (MNC) contain
progenitor cells that can stimulate angiogenesis and bone formation.
They have been studied for their role in the treatment of critical limb
ischemia (CLI), and bone repair following spinal degeneration. PBMNC
are prepared by centrifugation limiting its application in some settings.
We explore the performance, and clinical utility, of a single use dispos-
able filter system that obviates the need for capital equipment and its
associated space requirements.
Methods: One hundred millilitre of citrated WB was filtered and recov-
ered with 12 or 20 ml of harvest solution using the CelerisTM WB Sys-
tem (Pall Corp. NY, USA). The cell types were measured and compared
with influent whole blood (WB). Patients with CLI were sedated and
treated four times at quarterly intervals by intramuscular injection of
PBMNC.
Results: MNC recovery was (mean ± SD; n = 12) 54.9 ± 9.3% with a
12 ml harvest volume and 62.2 ± 7.1 with a 24 ml harvest volume.
The fold-increase of MNC in the cell concentrate was 5.6 ± 0.9 and
2.9 ± 0.3 for the 12 ml and 24 ml volumes, respectively. Cell viability
within the cell concentrate was greater than 99% using either harvest
volume. Patients tolerated the injections without untoward effects.
Conclusion: Our experience confirms the procedure is effective for con-
centrating MNC and rapid, safe, and therefore conducive for clinical
bed-side use. We will report clinical observations at this presentation.

76.04
Lipogems�: new device, method and human fat
tissue product highly enriched in mesenchymal
stem cells ready for autologous cell therapy and
regenerative medicine
C Ventura, C Tremolada and C Ricordi
University of Bologna, Italy; Istituto Image, Italy; DRI, University
of Miami, USA

Adipose tissue contains multipotent elements with phenotypic and
gene expression profiles similar to Human mesenchymal stem cells
(ADhMSCs). The multilineage potential of ADhMSCs, involves adipo-
cyte, chondrocyte, osteoblast, neuronal, pancreatic, and myocardial-
like pathways. Nevertheless, the chance of clinical translation is
delayed by the poor/negligible cell survival within cryopreserved lip-
oaspirates, the difficulty of ex vivo expansion, and the need for GMP
compliance of expanded cells. Hence, availability of a minimally
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manipulated, autologous, hMSC-enriched fat derivative would have
obvious biomedical and clinical relevance. To this end, one of the
Authors (CT) developed Lipogems, an innovative system providing a
non-expanded, highly hMSC-enriched, ready-to-use fat product, start-
ing from minimal amounts of lipoaspirates. Lipogems uses mild
mechanical forces in a completely closed system, avoiding enzymes,
additives and other manipulations. We present methodological details
of the Lipogems system, and the phenotypic composition of the Lipo-
gems product, both fresh and cryopreserved. Such product can also be
easily expanded in culture for many passages. Lipogems-derived
hMSCs shown remarkable multilineage potential in vitro and in vivo.
Noteworthy, the Lipogems product harvested from human cadavers
was found to encompass a viable stem cell population retaining pheno-
typic, yield, viability, and committal potential characteristic of the
freshly isolated product.

76.05
Virusinactivation capacity of CTBA cleaning
process
M Pichler
botiss dental GmbH, Austria

Introduction: Prevention of virus transmission by allografts is an essen-
tial issue for safety of human allogenic bone transplants. Since donor
testing alone may lack in serological diagnostics and therefore then
leads to false negative results, an efficient virus cleaning process is cru-
cial. On basis of ICH/Q5A (R1) and CPMP/BWP/268/95 guidelines
regarding virus clearance studies, a virus clearance validation study
was designed for the human bone allografts CTBA (Cells and Tissue
Bank Austria) process. The aim of the study was a virus inactivation of
>log 104 – according to German recommendations by A. Pruss.
Materials and methods: Besides common model viruses as BVDV (envel-
oped RNA virus), HSV (enveloped DNA virus), Adenovirus, PPV (not
enveloped DNA virus) and Polio Typ 1 virus also HAV virus as a very
high resistant virus type (not enveloped RNA virus) were tested. To
ensure in depth efficacy of this process testing was conducted on large
cancellous human bone blocks.
Results: The inactivation capacity was in a minimum log 6 and up to
log 10 for all the tested viruses in large cancellous human bone blocks.
Conclusion: This long proofed technique has shown its capability of
virus inactivation leaving the human allograft properties itself the
same.
Keywords: virus; inactivation; human bone.

76.06
Human placental extracellular matrix as a
platform technology for novel tissue engineered
products
R Hariri
Celgene Cellular Therapeutics, USA

Celgene Cellular Therapeutics (CCT), a wholly-owned subsidiary of
Celgene Corporation, discovers and develops therapeutics from cells
and biomaterials derived from the human placenta. CCT is a state-of-
the-art research and development organization with in-house GMP
cell manufacturing and GTP compliant tissue production, dedicated to
developing cutting-edge products and therapies. CCT’s cell therapy
product candidate PDA-001, a novel culture expanded mesenchymal-
like cell population that has broad therapeutic potential in areas such
as immunology and inflammation, is currently evaluated in Phase II
clinical studies. CCT has developed cost-efficient technology to extract

placental extracellular matrix (ECM), which is a versatile material
that can be molded into a variety of shapes and sizes. The availability
of culture expanded cells from its GMP manufacturing facility allows
the creation of combination products by growing placental cells on
ECM matrix. CCT has produced a number of representative combina-
tion product prototypes using placental ECM and believes that such
combination products will be effective in enhancement of wound
repair and the control of scar formation after injury. In addition, CCT
employs the placental ECM paste alone or as a composite for 3-
dimensional bioprinting of tissue with cells. Placental ECM is a highly
versatile pharmaceutical grade human matrix platform suitable for tis-
sue products, tissue engineering products, and as a matrix for bio-
printing.

76.07
Synergetic Cell Population – a powerful tool for
autologous therapies
V Fulga
Hemostemix, Canada

Some tissue regeneration therapies are in clinical trials and expected to
revolutionize medical practice. The healing process following tissue
damage is a complex sequence of events involving synchronized activ-
ity of numerous factors and processes. It is achieved by cooperation
between damaged tissue cells and circulating cells that are recruited
and further activated in situ. Stem cells were shown to be capable to
differentiate into a variety of tissues in addition to other potentially
beneficial healing effects. Based on the concept that various cells need
to be interacting with each other in order to induce an effective healing
process, we hypothesized that peripheral blood leukocytes can serve as
a source of various cell types if cultured under appropriate conditions.
A blood-derived cell population named synergetic cell population
(SCP) was detected. It is rich in cells expressing progenitor markers
such as CD34 and CD31, in addition to other supportive cells and is
capable of differentiation into a variety of cell lineages. Following dif-
ferentiation in culture, these cells exhibit morphological, cyotchemical,
and functional characteristics of angiogenic, neural and cardiomyocyte
lineages. We took advantage of SCP’s robust plasticity and its availabil-
ity from peripheral blood and utilized it as a therapy for cardiovascular
disorders in preliminary clinical studies. Encouraging safety and effi-
cacy were observed.

76.08
Avoid pitfalls in your adoption of 3D cell culture
A Sim
AMS Biotechnology, UK

As the number of publications employing 3D cell culture increases mas-
sively, many researchers are still confused about which 3D system is
right for their needs. As the leading 3D cell culture technology pro-
vider, AMSBIO can help you to define what factors are most important
to consider. A variety of options including natural extracellular matrix
proteins, recombinant mimetics, recombinant proteins, polystyrene
scaffolds, biodegradable scaffolds and hydrogels are available. The talk
will review the reasons why researchers should take care to consider
long-term objectives early in the 3D cell culture adoption process. The
whirlwind tour will include real examples where AMSBIO’s offerings
are used in many applications from angiogenesis to xenografts via
spheroids, stem cells and regenerative medicine. The trip includes a
view on adopting and translating research materials to GMP compliant
device and therapy applications.
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