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From a viewpoint of manufacturing process for tissue-engineered cartilage, the understanding of mechanism
for cell aggregation in a scaffold is one of the important steps to evaluate the tissue quality. Rabbit chondrocyte
cells exhibited different behaviors when cultured at low and high seeding densities, and thereby led to different
architectures of cell aggregates in the collagen gels. In this study, chondrocyte behaviors affecting architecture
of cultured cartilage were characterized by using the tools developed to construct strategies for the quality
control of tissue-engineered cartilage.

In Part I, the profiles of cell distribution and size of aggregates in collagen gel-embedded cultures with varied
seeding densities were investigated by the stereoscopic image analysis as well as the observation of cultured
cartilage. Seeding density was found to be an important factor that caused different mechanisms of cell
distribution with the formation of aggregates and collagen type II. The detailed examination of chondrocyte
behaviors in an early culture phase revealed that the division-driven and gathering-driven mechanisms led to
different fates of cell aggregation, that is, the formation of dense and loose cell clusters.

In Part I, an alternative strategy based on 2-D collagen surface (CL surface) was developed to analyze the cell
behaviors in 3-D mimicking environment for applying it to 3-D collagen gel culture. The aggregation behaviors
of chondrocytes on the CL surface fairly coincided with the observations in the collagen gel-embedded cultures.
Indeed, the CL surface enabled the quantitative evaluation of morphological behaviors for the cell aggregates in
an early phase culture. The soluble factor(s) released from high seed chondrocytes were recognized to modulate
the cell aggregation and the state of chondrogenic differentiation through encouraging cell-cell communication
on the surface. The administration of chondrogenic growth factor, TGFB1, also promoted the migration of
individual chondrocytes and branching of cell aggregates in the culture seeded at a low density on the CL
surface in an early culture phase.

In Part I1I, the effect of TGFB1 on the migration and morphology of cells and the resultant architecture of cell
aggregates in culture seeded at a low seeding density in collagen gels was examined as an extended study of the
strategy described in Part II. TGFB1 had a culture-time dependent effect on the morphological characteristics
relating to the migration and differentiation of chondrocytes. The growth factor promoted the cell migration

with deteriorated proliferation in an early culture phase, and accelerates the transformation of spindle-shaped

cells to spherical-shaped ones in the prolonged culture, as evidenced by the quantitative analysis of cell
morphology and gene expression as well as the observation of cultured cartilage.

The present work demonstrated that the behaviors of cell division, migration, gathering and differentiation
caused spatial heterogeneity in the fate of cell aggregates in terms of distribution, size, morphology as well as
collagen type II formation. The obtained results can be also applicable for the deeper understanding of cell
behaviors through communications among cells with respect to regulating the architecture of cell aggregates

and manufacturing cultured tissue with specific functions.
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