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Abstract

The laboratory for Tissue Engineering, Institute for Surgical Research and Hospital Management, University Hospital Basel (Switzerland) is targeting the regeneration of cartilage and bone tissues starting from a variety of cell types (stem, progenitor or mature cells) harvested from adult individuals. Functional cartilage tissues of predefined size and shape, engineered in vitro starting from autologous cells, harvested from a small biopsy from the joint of the patient, represent a possible solution for the repair of osteochondral defects. Recently, we and others have used chondrocytes from animals in combination with biodegradable scaffolds and tissue culture bioreactors to generate cartilage tissues of predefined size and shape, with biomechanical properties approaching those of native cartilage. 

In this work we investigated whether the cartilage tissue formation capacity of human chondrocytes can be regulated by controlled modifications of predefined sized porous biodegradable polymer scaffold composition and architecture. Poly(ethylene glycol terephthalate)-poly(butylene terephthalate) block copolymer scaffolds have been used from different compositions (low or high PEG content, resulting in different wettability) and two architectures (generated by compression molding or 3D fiber deposition) with similar porosity and mechanical properties, but different interconnecting pore architectures. Scaffolds were seeded with expanded human chondrocytes and the resulting constructs assessed immunohistochemically, biochemically and at the mRNA expression level. For a given 3D architecture, the more hydrophilic scaffold enhanced cell redifferentiation and cartilaginous tissue formation after 4 weeks culture, as assessed by higher mRNA expression of collagen type II, increased deposition of glycosaminoglycan (GAG) and predominance of type II collagen over type I. The fiber deposited scaffolds, with more accessible pore volume and larger interconnecting pores, supported increased GAG deposition, only if the more hydrophilic composition was used. It was observed that both scaffold composition and architecture are instructive for expanded human chondrocytes in the generation of 3D cartilaginous tissues. In general, preferential deposition of extracellular matrix at the construct periphery was observed, while the central region of the developed tissues was poor of cells and matrix, which was possibly due to non-uniform cell seeding throughout the scaffold pores and/or to diffusional limitations to the cells in the inner construct region. To solve this problem, we developed a novel bioreactor for automated cell seeding of 3D scaffolds by continuous perfusion of a cell suspension through the scaffold pores in alternate directions. The system allowed to generate constructs with remarkably uniform cell distributions at high efficiencies, and was effective for a variety of scaffolds with different pore architectures.
