
dissolving silk fibres. We have used the alternate top down approach
of milling to prepare micron and sub-micron silk particles. These
particles are far more stable than those prepared by bottom up ap-
proaches as the natural crystalline structure is retained during the
fabrication process. Moreover, the process is environment friendly
and scalable. This study investigated the potential use of milled silk
particles as a biocompatible carrier for drug delivery applications.
Loading of model drugs Orange G, Azophloxine, Rhodamine B, and
Crystal Violet on particles shows that equilibrium loading can be
achieved in less than 10 min at room temperature compared to 2–3
days needed for fibres. There is no evidence of burst release and
release rate is reduced as particles become finer. Silk particles can be
coated with a barrier layer during their fabrication which can be
potentially used to provide additional control over drug release be-
haviour. Particles prepared from different silk varieties are able to
support the adhesion and migration of mouse fibroblasts. The parti-
cles of silk from the semi-domestic silkworm Antharea Assamensis
supported the highest cell growth of all varieties tested, significantly
higher than silk particles from Bombyx mori. These studies indicate
the potential of milled silk particles as a stable, biocompatible plat-
form for drug delivery and other biomedical applications.

Selective Control of Cell Adhesiveness on Elastin Like
Recombinamers-Biofunctionalized Gold Surfaces

T. Flora, I. Gonzalez de Torre, F. Arias Vallejo, J.
Rodriguez Cabello;

G.I.R. Bioforge, Ciber-BBN, Bioforge, valladolid, SPAIN.

The aim of this work is to obtain selective cell adhesiveness on gold
surfaces functionalized with two different Elastin Like Recombinamers
(ELRs). The ELRs are sythetized through genetic recombination
techniques allowing us to introduce into the polymers new function-
alities such as bioactive domains thus conferring a smart behaviour and
a high potential for several application including biomedical devices.
Those contain cysteines at the amino-terminal region in order to graft
on the gold substrate through a redox reaction. Two different ELRs,
showing different bioactivity, were designed and produced. One of the
ELR contains a cell adhesive RGD sequence, that allows biospecific
adhesion of mammalian cells and, the other one, is synthesized as a
control polymer without any bioactive sequence and showing anti-
fouling character. This method avoid the need of an intermediate linker
before the immobilization of the protein. The reaction between the gold
surface and the SH groups were assessed by contact angle, X-ray
photoelectron spectroscopy (XPS), atomic force microscope (AFM),
scanning electron microscope (SEM) and Fourier-transform infrared
spectroscopy (FTIR). Certain areas of the surfaces having a width of
200mm have been therefore cleaned by Maldi-Tof Ultraflextrem laser
ablation in order to functionalize these areas with the ELR that contain
cell adhesive RGD sequence. Subsequently we cultured human fore-
skin fibroblast (HFF1) cells on surfaces to investigate the bioactivity in
terms of cell adhesion on regions which are functionalized with the
ELR containing RGD sequence.

Aligned Nanofibers Direct and Enhance Axonal Regeneration
after Spinal Cord Injury

S. Chew1, L. Nguyen1, U. Milbreta1, H. Diao1, W. Wu2, C. Sun3,
J. Wang3;

1Nanyang Technological University, Singapore, SINGAPORE, 2The
University of Hong Kong, Hong Kong, HONG KONG, 3University
of Science and Technology of China, Anhui, CHINA.

Spinal cord injuries (SCI) result in the extensive loss of nerve
functions, and thus lead to life-long disabilities. Unfortunately, SCI
treatment is challenging due to the complex cascades of biological
events at the injured sites that is followed by the secondary phase of
tissue damage. The inhibitory microenvironment at the injured sites also
inhibits the regeneration of damaged axons. Therefore, an emerging
therapy focus is the development of biomaterials combined with neu-
rotrophic factors to induce nerve regeneration in situ. In our study, we
report for the first time the use of aligned nanofibers to provide contact

guidance cues for in vivo regrowth of axons. The scaffold design con-
sists of aligned poly (e-caprolactone-co-ethyl ethylene phosphate) na-
nofibers that are supported within a collagen hydrogel that is further
endowed with neurotrophin-3. A hemi-incision model at C5 level in the
rat spinal cord was chosen to evaluate the efficacy of this scaffold
design. At three months post-injury, this scaffold elicited the longest
attainable neurite length of 1039.53 – 264.99mm, which was signifi-
cantly longer as compared to the untreated group (371.78 – 194.83mm,
p £ 0.01) and the isotropic hydrogel-treated group (287.42 – 100.11mm,
p £ 0.001). Importantly, the regenerated axons and blood vessels fol-
lowed the direction of the aligned nanofibers, regardless of their ori-
entation. Cavity formation, which was reported in the untreated group,
was not observed in the presence of this scaffold. Taken together, we
envision that our aligned nanofiber scaffold could serve as a promising
platform for SCI treatment.

Bioreactor-Based Manufacturing of Engineered Cartilage
Grafts: Paradigm Validation in a Large Animal Study

M. A. Asnaghi1, P. Kostesic2, C. Cozzolino3, R. Duhr1,
A. Vukasovic4, M. Mumme1, G. Pellegrini3, A. Ivkovic5, I. Martin1,
D. Wendt1;

1Department of Biomedicine, University Hospital Basel, Basel,
SWITZERLAND, 2University of Zagreb, Faculty of Veterinary
Medicine, Clinic for Surgery, Orthopedics and Ophthalmology,
Zagreb, CROATIA, 3Holostem Terapie Avanzate, Modena, ITALY,
4University of Zagreb, School of Medicine, Department of Histology
and Embryology, Zagreb, CROATIA, 5University Hospital Sveti
Duh, Department of Orthopaedics, Zagreb, CROATIA.

Manufacturing-related limitations associated with conventional
techniques are central challenges for the successful translation of
tissue-engineered products into widespread clinical use. The auto-
mated bioreactor-based manufacturing of autologous grafts in a
standardized process, from cell harvest to therapeutic application,
was successfully implemented here for the first time with the gen-
eration of functional large-scale cartilage grafts tested in a chal-
lenging orthotopic animal model.

Chondrocytes isolated from small nasal or articular biopsies by an
automated digestion unit were seeded onto a bilayer collagen/
hydroxyapatite scaffold in a disposable perfusion bioreactor. In a
streamlined process, cells were expanded and re-differentiated onto
the scaffold under perfusion. Non-invasive monitoring of pH and
dissolved oxygen using chemical-optical sensors were used as in-
process controls, while extracellular matrix proteins were measured
in spent medium to define appropriate release criteria. The en-
gineered cartilage grafts were implanted in chronic femoral condyle
defects in adult sheep, with cell-free scaffolds and empty defects as
controls. Biochemical and histological analysis confirmed extensive
cell proliferation and abundant deposition of glycosaminoglycans
and collagen type-II during production. Constructs generated in
bioreactor from nasal chondrocytes had significantly higher ICRS II
scores than other groups at 3 months after implantation, and had
completely filled the defects with hyaline repair tissue and integrated
into the surrounding cartilage after 12 months.

The large animal study demonstrated feasibility of the manufacturing
paradigm, and safety and effectiveness of the bioreactor-produced
grafts. The findings establish a solid foundation for the automated,
regulatory compliant and cost-effective production of human nasal
cartilage grafts for broad clinical use.

Acellular Gellan-gum based Bilayered Structures for the
Regeneration of Osteochondral Defects: A Preclinical Study

D. R. Pereira1,2, R. F. Canadas1,2, J. Silva-Correia1,2,
A. P. Marques1,2, R. L. Reis1,2, J. M. Oliveira1,2;

1Department of Polymers, 3B’s Research Group, Guimaraes,
PORTUGAL, 2ICVS/3B’s, Braga/Guimaraes, PORTUGAL.

In orthopaedics, treatment of osteochondral (OC) defects remains a
clinical challenge. Autologous osteochondral mosaicplasty has been
used for OC treatments although with donor site morbidity
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present. Engineering a structure capable of mimicking different tissues
(cartilage-subchondral bone) could be an approach to regenerate OC
defects. We have been proposing bilayered structures to regenerate
osteochondral defects [1]. This study investigates the pre-clinical per-
formance of bilayered hydrogels and spongy-like hydrogels in in vivo
models, in subcutaneous and orthotopic models. Bilayered structures
were produced from Low Acyl Gellan-Gum (LAGG) from Sigma-
Aldrich, USA. Cartilage-like layers made of 2 wt%LAGG. Bone-like
layers made of 2 wt%LAGG with hydroxyapatite incorporation (20%
and 30%) (w/v). Hydrogels and spongy-like were subcutaneouly im-
planted in mice to evaluate the inflammatory response and OC defects
were induced in rabbit knee to create a critical size defect:4 mm diameter
and 5 mm depth), then hydrogels and sponges were implanted. Hydro-
gels were injected allowing in situ crosslinking and spongy-like were
pre-formed by freeze-drying. Subcutaneous implantation (2 weeks) and
critical size OC defect (4 weeks) studies were performed. Cellular be-
havior and inflammatory responses were assessed by histology staining
and biochemical function and matrix deposition by immunohisto-
chemistry. Both OC structures stability and new cartilage and bone
formation were evaluated by vivo-computed-tomography (Scanco 80).
No acute inflammatory response was showed. New tissue formation and
integration in adjacent tissues were observed. A novel strategy for re-
generation of OC defects can be designed encompassing both, hydrogels
and spongy-like structures and cellular approaches.

1. Oliveira JM. et al. Novel hydroxyapatite/chitosan bilayered
scaffold for osteochondral tissue-engineering applica-
tions:Scaffold design and its performance when seeded with goat
bone marrow stromal cells. Biomaterials 27, 6123, 2006.

Vascularized Bone Engineering using Rapid Vascular
Fabrication Technique

T. Kageyama1, T. Osaki1, J. Enomoto1, T. Anada2, O. Suzuki2,
J. Fukuda1;

1Faculty of engineering, YOKOHAMA National University,
Yokohama, JAPAN, 2Graduate School of Dentistry, Tohoku
University, Sendai, JAPAN.

Fabrication of three-dimensional vascularized bone graft is a major
challenge in bone tissue engineering. Here, we propose a fabrication
strategy of osteon-like tissues in which a microvascular was located at
the center and surrounded with calcium phosphate layers. Consider-
ing that cells consume oxygen and nutrients during fabrication pro-
cesses, a rapid micromolding technique of perfusable vascular
structure was established using electrochemical cell transfer. To this
end, we designed a zwitterionic oligopeptide which forms a self-
assembled molecular layer on a gold surface and is detachable from a
gold surface by applying a negative electrical potential. Human um-
bilical vein endothelial cells (HUVECs) adhering on a gold needle via
the oligopeptide layer were transferred to the hydrogel within 5 min,
along with electrochemical desorption of the oligopeptides. Re-
producible fabrication of the perfusable endothelialized microchannels
can be achieved using needles of any diameter (f200–700mm). To
apply this approach to the fabrication of osteon-like structures, bone
marrow derived mesenchymal stem cells (MSCs), HUVECs, and
osteoblast-laden microgels containing octacalcium phosphate pow-
der were encapsulated into the hydrogel. During perfusion culture,
encapsulated HUVECs formed microvascular, MSCs and osteoblasts
produced calcium substrate in the hydrogel. This can be a fundamental
technique for engineering osteon-like tissues.

Endometrial-engineered Cell Sheets for Resumption
of Fertility

C. Tai1, W. Cheng2, H. Tseng2;

1Graduate Institute of Medical Sciences, Taipei Medical University,
Taipei, TAIWAN, 2Department of Biochemistry and Molecular Cell
Biology, Taipei Medical University, Taipei, TAIWAN.

Women with endometriosis or experience of abortion surgery may
suffer from endometrial stromal injury, and this injury can sometimes

cause female infertility. In view of this situation, we studied the use of
autologous endometrial cells as a source of cells for the reconstruction
of endometrium. We proposed a method to engineer cell sheets as an
alternative therapy of endometrial reconstruction. Briefly, we harvested
endometrial cell sheets on a transparent polyvinylidene fluoride
(PVDF) membrane grafted disulfide bond-containing amino acid and
biopolymer in order, and the disulfide bond can be cleaved by adding
amino acidic reductant so that the cell sheet can be detached from the
surface of the membrane1. In this study, the endometrium from the
mouse carrying a luminescence gene was used as a cell source. After
tissue separation, DMEM/F12 medium with 10% charcoal-stripped
serum were used to culture endometrial cell on the disulfide-bonding
containing membrane as mention above. After cultivation, the reduc-
tant were added, and the multi-layered cell sheets were detached and
were transferred onto electrospun poly L-lactide (PLLA) carrier. After
that, vital assay, haematoxylin staining and immune-histochemical
staining assay were used to evaluate engineered cell sheet.

In summary, engineered mouse endometrial cell sheet were suc-
cessfully fabricated by a cultured cell sheet system that we proposed.
The PLLA carrier was applied to hold the cell sheet for operation-
ready, and the cell sheets were at survival state confirmed by the vital
assay. Based on these results, follow-up experiments and assess-
ments in clinical practice are needed to evaluate this method.

Influence of Longitudinal In Vivo Micro-Computed Tomography
on Fracture Healing in a Femoral Defect Model

E. Wehrle, G. A. Kuhn, D. C. Betts, A. Scheuren, R. Müller;

Institute for Biomechanics, ETH Zurich, Zurich, SWITZERLAND.

Characterization of the healing process is crucial in preclinical
fracture healing studies. One recent approach to non-invasively
capture the entire healing process of each animal is the repeated
application of in vivo micro-computed tomography. However, as
adverse effects of longitudinal imaging on the development of bone
properties have been reported in the literature in some cases, there is a
need to also assess radiation-associated impact on fracture healing.
Female 20-week-old C57BL/6J mice (control group: n = 6; scan
group n = 7) received a femur osteotomy. The scan group received
weekly scans of the osteotomy area (weeks 1–5), whereas controls
were only scanned at week 5 (ScancoMedical, Brüttisellen, Swit-
zerland; isotropic-voxel-resolution: 10.5 mm; 2 stacks of 211 slices;
radiation dose: 1.3 Gy/stack). Weekly micro-CT measurements
during the fracture healing period did not significantly alter structural
callus properties as assessed by standard parameters for control (TV:
8 mm3, BV/TV: 35%, Ix: 1.8 mm4) and scan groups (TV: 8 mm3, BV/
TV: 37%, Ix: 1.7 mm4). Cortical bridging occurred in 86% of the
control and 83% of the scan group (mCT evaluation program V6.5-1).
In conclusion, longitudinal in vivo micro-CT imaging up to five times
can be considered suitable for monitoring fracture healing in adult
C57BL/6 mice. However, further safety evaluation should be con-
sidered when applying the scanning protocol to other mouse models,
e.g. different strains, age and osteoporotic animals.

Acknowledgments: The authors acknowledge financial support
from the EU (BIODESIGN FP7-NMP-2012-262948).

Comparing PLGA and PLGA/Chitosan Nanofibers Seeded
by Msc: A Cell-scaffold Interaction Study

F. Ajalloueian1, M. Fransson2, H. Tavanai1, J. Hilborn3,
P. Magnusson2, A. Arpanaei4;
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ISLAMIC REPUBLIC OF, 2Dept of Immunology, Genetics and
Pathology (IGP), Uppsala University, Uppsala, SWEDEN,
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Industrial and Environmental Biotechnology, National Institute of
Genetic Engineering and Biotechnology,, Tehran, IRAN, ISLAMIC
REPUBLIC OF.

Recently a great deal of attention has been paid to scaffolds
made from mixtures of synthetic and natural polymers. Such
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