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Abstract

This thesis focuses on the development of methodologies enabling the reconstruction of autologous,
functional, and long-term-stable cartilage-like tissue using 3D bioprinting technology and animal
experiments. The stability, resilience, and in vivo viability of the printed cells and tissue vascularization,
as well as the observed immunogenicity and safety, represent the main issues evaluated and discussed
in this thesis. Furthermore, the mechanical properties of the applied biomaterials are evaluated in
detail.

Study 1

Background: This study quantitatively assessed the proliferative capacity of chondrocytes in the
presence and absence of stem cells in the 3D bioprinting setting.

Results: We observed significant increases in the number of chondrocytes and cluster formations
during the study period. Compared with pure human nasal chondrocyte (hNC) group, we identified a
significant additional proliferative effect in the group containing both hNCs and stem cells, and
histologic analysis confirmed the expected production of collagen type Il in the extracellular matrix,
as well as the distribution of glycosaminoglycans in the cartilage-like tissue. Additionally, fluorescence
in situ hybridization analysis confirmed that the chondrocytes were of human origin, and their male
phenotype verified the male chondrocyte-donor source.

Study 11

Background: In this study, we evaluated the results of subcutaneous implantation of 3D-bioprinted
constructs mixed with human chondrocytes and stem cells over the course of 10 months.

Results: We observed no signs of necrosis, tumors, ossification, or other adverse effects. Moreover,
the constructs remained well-preserved, and histologic analyses showed thriving, proliferating
chondrocytes in cartilage-like formations.

Study 111

Background: This study mapped the vascularization of gridded 3D-bioprinted constructs.

Results: Perfusion data from magnetic resonance imaging revealed progressive vascularization inside
of grid holes that were confirmed as being filled with blood vessels connected to host circulation
according to histologic analysis. Additionally, immunohistochemical analysis of endothelial cells
confirmed the vascular arrangement, with collagen Il production further indicating chondrocyte
proliferation and cartilage formation.

Study 1V

Background: In this study, we evaluated the biocompatibility (according to ISO standards) and
mechanical properties of tunicate-derived nanocellulose (TNC) as a novel biomaterial.

Results: We determined TNC biocompatibility as equivalent to that of expanded
polytetrafluoroethylene while also exhibiting excellent mechanical properties.
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