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Pluripotent stem (PS) cells are unique cell types capable of self-renewal and differentiation into any
other cell types. Thus, embryonic stem (ES) cells and induced-pluripotent stem (iPS) cells are expected
as new cell sources for regenerative medicine. As iPS cells are generated by reprogramming somatic
cells in culture with low efficiency and the risk of oncogenesis, it is necessary to clarify the details of
reprogramming process to iPS cells. In the former part of the present study, I focused on the regulation
of gene expression by microRNA (miRNA) during reprogramming to iPS cells. Thus, I investigated
whether the miR-17-92 clusters, which are highly expressed in ES cells, affect the efficiency of iPS cell
reprogramming. Overexpression of the miR-17-92 cluster promoted iPS cell formation, while knock-out
of this cluster decreased the reprogramming efficiency. The combination of in silico analysis and
microarray analysis identified Pten and p21, tumor suppressor genes, as targets of miR-17 and miR-20a,
comprising the miR-17-92 clusters. Moreover, we found that both PTEN mRNA and p21 mRNA act as
competing endogenous RNAs against miRNA-17-92 cluster. Taken together, miR-17-92 cluster
contributes to iPS cell formation through the phase-dependent downregulation of PTEN and p21
expressions. With respect to application of PS cells for regenerative medicine, the effective and
economical differentiation methods need to be developed. It has been reported that the activation of
canonical Wnt signaling at an early stage of differentiation promotes cardiomyocyte production from PS
cells. However, it costs to purify recombinant Wnt proteins because of their hydrophobicity. To solve
this issue, in the latter part of this study, we developed the chimeric Wnt3a receptor which respond to a
surrogate ligand via a single chain variable fragment in the extracellular region, and tested whether this
chimeric receptor promoted the differentiation of cardiomyocytes from ES cells. Stimulation by
surrogate ligands increased the incidence of spontaneously beating clusters with cardiac specific marker
gene expressions and the oscillation of intercellular calcium ion levels. These results indicate that the

chimeric Wnt3a receptor enables PS cells to differentiate into cardiomyocyte efficiently with low costs.



