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Regenerative medicine requires techniques for efficient and stable control of cell differentiation to prepare a
large number of cells with the intended functions. A growing number of researchers are focusing attention on

the physical properties, such as micro-/nano-structures and stiffness, of the cell culture substrates as key
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factors to increase the efficiency and stability in controlling cell differentiation. However, the concept of
optimal design of the cell culture substrate has not been established because the mechanism how these
physical factors affect cell differentiation remains to be clarified. To achieve a breakthrough, this research tries
to understand the mechanism how micro-/nano structures in the extracellular environment affect cell
differentiation from a mechanobiological point of view, and utilize the findings of the basic research to
external control of stem cell differentiation. To gain the object, | built a hypothesis about the signaling in a cell
to sense the micro-/nano-structure and to change differentiation state. The hypothesis consisted of three parts:
the first one was about the mechanism to form and then mature the cell adhesion complexes in response to the
extracellular micro-/nano-structures, the next one was about the mechanism to coordinate the spatial
distribution of the chromatin by mechanical forces transmitted from actin filaments to intranuclear structures,
and the last one was about the mechanism to regulate transcriptional activities via the change in the
localization of genes. The results achieved in fiscal year 2016 are following.

First, to test the hypothesis about the formation and maturation of the cell adhesion complexes in response
to the extracellular micro-/nano-structures, | did a comparative analysis about the responsiveness of several
kinds of cells. The result demonstrated that vinculin, which is a component of the cell adhesion complex,
accumulated at the edge of the microgroove. Furthermore, actomyosin force generations both in the cell body
and in the lamella are required to accumulate the vinculin molecules at the edge of the groove. The result
supports the hypothesis that focal adhesions are preferentially formed at the edges of the
micro-/nano-structures because of the diffusion barrier effect at the edges of the micro-/nano-structure on
the integrin molecules as well as the maturation of the focal adhesions due to the force in the actin
filaments.

Second, to test the hypothesis about the mechanism to coordinate the spatial distribution of the chromatin
by mechanical forces, the features of the intracellular distribution of the actin cytoskeleton and the intranuclear
distribution of DNA during osteogenic differentiation process in human mesenchymal stem cells were
extracted. Before the induction, the actin filaments enclosed a nucleus, whereas disappeared from the top of
the nucleus 7 days after the osteogenesis induction. Furthermore, DNA density had a tendency to decrease
during the osteogenesis. In the following year, the hypothesis will be further verified by investigating the
cause and effect relationship between the change in the spatial distribution of the actin filaments and that in the
DNA density.

Third, to refine the hypothesis about the mechanical regulation of transcriptional activities via the change in
the localization of genes, osteogenesis was induced in the mesenchymal stem cells on a flat glass substrate,
and the relationship between gene expressions and nuclear locations of the genes was evaluated. In the cells
cultured on the flat glass substrate, the X gene was expressed in 30% of the cells just before the osteogenic
induction, and a little less than 60% and about 65% of the cells 3 days and 7 days after the induction,
respectively. A quantitative analysis of the localization of the X gene demonstrated that the X gene localized in
a restricted region of the cell nucleus in the cells both before and 7 days after the osteogenesis induction. The
restricted region seemed not to change before and 7 days after the induction. In the following year, the same
analysis will be performed for the other genes to screen the genes of which localization changes with the
progress of osteogenesis. Once the genes are screened, this study is planning to establish an experimental

system to observe the localization and expression of the gene in a living cell.
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