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Abstract of Thesis

Human mesenchymal stem cells (hMSCs) have become a promising cell source for regenerative therapies and
tissue engineering. Culture surfaces with immobilized polyamidoamine dendrimers have been developed to
regulate cellular behavior and, as a result, provide the ability to induce cellular functions such as differentiation
potential in hMSCs. This study aims to understand the mechanism underlying cardiomyogenic lineage
differentiation commitment of hMSCs related to cellular mechanotransduction and epigenetic modification
through migratory behavior driven by dendrimer-immobilized surface. Moreover, through understanding the
epigenetic regulation driven by cellular migratory behavior, this study also examined the suitable culture
process to enhance the differentiation efficiency of hMSCs towards cardiomyogenic lineage on the dendrimer-
immobilized surface.

In the first chapter of this study, the migratory behavior of hMSCs on various generations of the dendrimer-
immobilized surface was investigated in a time-dependent manner. The mechanotransduction process caused
by substrate modification occurred and promoted intracellular signaling pathways within cells. In addition, the
increase of nuclear deformation in hMSCs culture through mechanotransduction derived from the migratory
behavior was also evaluated. The fifth generation of dendrimer (G5) surface was affected by decreased nuclear
lamin expression and regulated global histone modification through suppression of H3K9me3 and up-regulation
of H3K27me3 and H3K9ac. Thus phenomena of the cytoskeleton and nuclear skeleton reorganizations related
to migratory changes on the dendrimer-immobilized surface are responsible for the integrated regulation of
epigenetic formations through histone modification, which leads to switching differentiation commitment of
hMSCs to smooth, skeletal, and cardiac muscle lineages.

In the second chapter of this study, the further investigation of epigenetic formations driven by migratory-
behavior changing during culture on the dendrimer-immobilized surface was developed, focusing on the G5
surface as a potential provider for cardiomyogenic differentiation commitment. The epigenetic regulation
remarked by global histone modification markers of repressive (H3K9me and H3K27me3) and activating
modifications (H3K9ac) shows the maintenance of epigenetic memory regulation on the cell aggregate passage
culture. The maintenance of epigenetic memory through the serial passage of the cell aggregates was achieved
and promotes the enhancement of differentiation commitment into the cardiomyogenic lineage.
Comprehensively, this study provides an understanding of the role of epigenetic modification through
migratory-cell behavior related to cellular mechanotransduction provided by dendrimer-immobilized surface to
induce differentiation of hMSCs towards cardiomyogenic lineage. As for the prospects for this study, the
synergistic effect between the most suitable culture methods on the dendrimer-immobilized surface and the
addition of cardiomyogenic differentiation factors, such as TGF-B1, potential to be explored for the
establishment of the most efficient methods in directed differentiation of hMSCs towards cardiomyogenic

lineage.
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