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Human embryonic stem cells (HUESCs) are derived as their mouse

counterpart from early embryos (i.e. blastocyst stage). Recent

studies using stem cells derived from mouse epiblast suggest that

HUESC represent a slightly later stage of development than mouse

ESC, questioning the molecular mechanisms underlying both their

self-renewal and their specification towards various cell fates.

Herein, we provide evidence that the main genetic and epige-

netic mechanisms that we recently uncovered in mouse ESC and

which drive ESCs toward a cardiac lineage are fully conserved in

HUESCs.

Indeed, the BMP2-dependent canonical cardiogenic pathway is

functional in HUESCs. As one of the earliest element of the genetic

and epigenetic event of this pathway, Oct-4 level of expression is

critical to maintain selfrenewal of ESC or to drive them toward a

mesendodermal fate trough a Sox17 mediated event in both mouse

ESCs and HUESCs. BMP2 switches on a similar pattern of gene

expression in both mouse and HUESCs. A change in the methyl-

ation state of mesodermal and cardiac gene promoters, already

poised to activation, precedes this genetic program. Thus, we re-

port that most of the basic genetic and epigenetic transcriptional

events are fully conserved in HUESCs. BMP2 ensures a tune

regulation of these events to drive HUESCs toward a cardiogenic

fate. Furthermore, activation of the BMP2 pathway allows for

expression of a membrane marker, which turned out to be suitable

to sort out cardiac progenitors, a key step toward the genreration of

a cell product for a secure cell therapy of heart failure.
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In the field of cardiovascular tissue engineering, the need for

functional bioartificial constructs at the time of implantation re-

mains a driving factor for further development. This is due to the

active role of a functional endothelial cell layer in mediating blood

compatibility and preventing adverse reactions. Thus designing a

scaffold to present the correct mechanical and biochemical clues to

cells and mechanically stimulating the construct after seeding are

vital factors to support physiological tissue formation and cell

activity.

Electrospinning offers a unique opportunity to process both

synthetic and biological materials, either in pure form or as a

combination, to generate nanofibrous mats as tissue engineering

scaffolds. The generated fibrous microstructure closely resembles

structures in the native extracellular matrix and can be oriented to

provide tactile clues to influence cell migration and behaviour.

Furthermore, processing different materials in parallel to finetune

the internal microstructure allows a wide range in which to mod-

ulate mechanical and biochemical properties.

To support and guide neotissue formation, mechanical stimu-

lation of the seeded construct up to the point of implantation is

required. This has been recognized by the advent of specialized

bioreactors to reproduce the mechanical stimuli in the cardiovas-

cular environment. However, the effects of individual factors (e.g.

shear rate and oxygenation level) are still not fully understood

especially with regard to their temporal kinetics. Real time mi-

croscopic imaging of cells and their response to changes in their

micromechanical stimulation may help to better define parameters

for stimulation of tissue engineering constructs.

(OP 43) Cartilage Repair with Chondrocytes and a Novel

PLGA-Based Scaffold in a Full Thickness Goat Model

C. Clausen1, M. Lind2, H. Everland3, K. Osther1

1Interface Biotech A/S, Hørsholm, Denmark
2University Hospital of Aarhus, Sportstrauma Clinica Aarhus,

Denmark
3Coloplast A/S, Humlebaek, Denmark

Introduction: Porous scaffolds in combination with cultured chon-

drocytes have demonstrated the best ability to regenerate hyaline

cartilage both experimentally and clinically. This study aims to in-

vestigate the cartilage repair response of a novel methoxypoly-

ethyleneglycol-block-co-poly(lactide-co-glycolide (MPEG-PLGA)

porous scaffold and a fibrin scaffold combined with chondrocytes in

a goat model.

Methods: MPEG-PLGA scaffold was tested in vitro with re-

spect to adhesion and gene expression. 20 adult goats were used

for the in vivo study. Defects were created in both femoral con-

dyles. Cartilage tissue was harvested for chondrocyte culturing.

At secondary open surgery, defects were randomized to four treat-

ment groups; 1. Empty defect 2. Microfracture 3. Fibrin scaffold

with chondrocytes and 4. Fibrin/chondrocyte solution in a MPEG-

PLGA scaffold. Evaluation of the cartilage regeneration in the

four groups was done after 4 months by ICRS macroscopic scor-

ing and histological analyses, using the O,Driscoll and Pinada

scores.

Results: Chondrocytes adhered within the MPEG-PLGA scaf-

fold in vitro and expressed collagen type II and aggrecan. A mi-

gration assay demonstrated the ability of chondrocytes to migrate

within the scaffold.

In vivo scores demonstrated significant difference between

groups. The cartilage regeneration in group 4 demonstrated high

defect fill and tissue characteristic close to hyaline cartilage

whereas no regeneration tissue was observed in empty defects.

Fibrin/chondrocyte and microfracture group demonstrated limited

tissue formation.

Conclusion: MPEG-PLGA scaffold containing chondrocytes

demonstrates extensive cartilage regenerative response. Fibrin

scaffold with chondrocytes and microfracture stimulated only

limited cartilage repair. MPEG-PLGA scaffold in combination

with chondrocytes seems to be a good technique for cartilage tissue

engineering.
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Joint diseases include several conditions that have great impact on

society, such as rheumatoid arthritis or osteoarthritis. Tissue en-

gineering is one of the most promising alternatives to overcome the

low capacity of cartilage self-repair in those debilitating diseases

context.

Chitosan-polybutylene succinate (C-PBS) scaffolds have been

studied for their suitability for cartilage tissue engineering. Pre-

vious works have shown that these scaffolds support chondrocytes

primary cultures, its growth and ECM production. C-PBS fiber

meshes were produced by fiber extrusion, followed by hot com-

pression, producing a 3D non-woven mesh of variable pore size.

These fiber meshes were used for supporting human mesenchymal

stem cells (hMSCs) chondrogenic differentiation.

hMSCs isolated from human bone marrow were expanded until

passage 2. Afterwards, 1 million cells were statically seeded in

each C-PBS fiber mesh, in a total of 20. Then, constructs were

transferred to a flow perfusion bioreactor. Perfusion rate was

0,1mL/h per scaffold. Constructs were cultured for 28 days, with

chondrogenic differentiation medium. Differentiation was evalu-

ated by SEM, histology and immunolocalisation of collagens.

Preliminary results indicate that cells are able to proliferate and to

differentiate into chondrocytes, at 14 days of culture. Results in-

dicate that C-PBS fiber meshes are able to support hMSCs chon-

drogenic differentiation and extracellular matrix production.
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Aims: Modern tissue engineering solutions use scaffolds, cells and

growth factors. We present an innovative oriented scaffold con-

cept. For three dimensional characterization we used a new method

and compared the data with histomorphological techniques.

Methods: Scaffold design: Scaffolds were synthesized using a

freeze structuring procedure. Gelatine from porcine skin was dis-

solved and partly amended by previously synthesized PLGA mi-

crospheres for release of signalling molecules. The solutions were

directionally frozen, freeze-dried and chemically cross-linked in

aldehyde-saturated atmosphere followed by detoxification. Cell

culture: Bovine chondrocytes were cultivated on different scaffold

modifications. After 8 days histology and histochemistry were

performed.

Three-dimensional characterization: The three dimensional

structure as well as the cell and microsphere distribution were

analyzed by synchrotron-generated X-rays (SR-mCT) without any
metal labelling using the Berlin synchrotron facility BESSY.

Results: After 8 days the chondrocytes maintained a chon-

drocytic phenotype, with synthesis of extracellular matrix as

shown by alcian blue staining. The three dimensional character-

ization of the scaffold by SR-mCT revealed the orientation of the

scaffold fibres and the homogeneous distribution of PLGA mi-

crospheres in the scaffolds. Furthermore, the detection of single

cells and their distribution in the scaffold could be demonstrated

and was in correspondence with the histological data.

Conclusions: Our scaffold concept offers innovative opportu-

nities for chondrocyte culture in an oriented structure, imitating the

fibre arrangement in articular cartilage. SR-mCT represents a high

resolution three-dimensional imaging method showing cells, scaf-

folds and microspheres, without disturbing the structural integ-

rity of the cell-scaffold construct, and in correspondence with the

histological data.
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The repair of articular cartilage is still a challenging medical

problem and there is a need for the development of a clinically

useful cartilage tissue engineering strategies. A variety of materials

have been suggested for cartilage engineered repair, and injectable

hydrogels are among the most promising alternatives.

This work aimed the exploration of the suitability of chitosan/

glycerol-phosphate/hydroxyethyl cellulose (CGP) hydrogel as

scaffold for cell encapsulation, using ATDC5 cells (murine chon-

drogenic cell line) to produce cartilage-like tissue trough tissue

engineering approach.

A high cell density was encapsulated within the CGP hydrogel

and cultured for up 28 days. The MTS and DNA assays suggest

that CGP hydrogel neither altered cell viability nor proliferation

in three-dimensional culture. The constructs were histologicaly

characterized by H&E staining which revealed that the cells were

uniformly distributed within the hydrogel, they adopted a rounded

morphology, and formed characteristic lacunae around each cell

in the hydrogel. Toluidine Blue and Safranin O stainings also sug-

gest an abundant accumulation of GAG in the extracellular matrix

surrounding the ATDC5 cells cultured in 3D into CGP hydro-

gels, after 4 weeks of culture. The results also evidence an increase

in the synthesis of GAG observed by the DMB quantification assay.

The results confirm the potential of the CGP hydrogel as carrier

and support for chondrocyte-like cells. CGP hydrogel induces and
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