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Characterization of the chondrocyte fate and nutrition property during cartilage culture is important
towards generating cultured construct with a desired quality for clinical uses. In Chapter 1, the relationship
between the morphology of young chondrocytes (population doubling, PD= 0) and the structure of high density
collagen type I coated substrate (CL substrate) was clarified. It was found that the decay of collagen fibril
formation due to preservation caused the spreading of cells, indicating that the non-preserved CL substrate
is most suitable for evaluation purpose. Chapter 2 emphasizes comprehension of the influence of PD levels
on chondrocyte fate with age in the cultured cartilage. At the middle age of cell population (PP =5.1 and
6.6), the high frequency of cells with ALP activity and single hypertrophic cells with collagen type IT formation
was recognized on the CL substrate and in CL gel, respectively, supporting the consideration that the elevated
gene expression of collagen type II was attributed to terminal differentiation rather than redifferentiation.

In Chapter 3, a direct measurement system was constructed to estimate the dissolved oxygen (DO) concentration

in the CL gel culture with seeding density of 2.0 X 10° cells/cm®. In the static culture of CL gel, chondrocytes
grew predominantly at the peripheral of the gel and formed barrier to the diffusion of oxygen, subsequently
causing the gradient of DO concentration. The insufficient supply of nutrient caused low proliferation in
the deeper region of the construct, which leads to the heterogeneity of cell distribution. The improvement
of oxygen supply to the culture by shaking condition and with a gas—permeable bottom did not significantly
enhance the cell growth at the bottom region, suggesting the limitation of alternative nutrient such as protein.
Chapter 4 deals with the diffusion of oxygen and protein at the periphery of cultured cartilage. Using a system
mimicking the periphery of CL gel, it was revealed that the transport of large-molecular-weight nutrient was
highly influenced by the formation of the extracellular matrix (ECM) in cell aggregates, probably arising
from the changes in cell-cell distances and matrix structure. In the last chapter, Chapter 5, a low seeding
density culture of 2.0 X 10° cells/cm® was used to limit the cell growth and ECM production at the periphery
of the cultured cartilage. The addition of insulin-like growth factor-1 (IGF-1) to this low seeding density
culture enabled the regulation of cell behavior and the formation of desired chondrocyte aggregates.

The results of this research can be applicable for controlling the quality of cultured cartilage as

well as generating cultured tissues with specific functions.
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