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It is necessary to develop the suitable culture strategy in the regenerative medicine using the
scalable culture apparatus and we have already developed 5 mL, 100 mL and 500 mL culture
vessels for 3D suspension culture of human 1PS cells. This year we evaluated the cardiac
differentiation efficacy of Ff-iPS cells using such vessels. We observed high cardiac
differentiation efficacy in each vessel and in the case of 500 mL vessel experiment, we obtained
around 8X108 cells at the day 14 of cardiac differentiation and over 90 % of cells were positive for
cardiac troponin T, but Tra-1 60 positive cells were not observed in FACS analysis, suggesting
that the culture vessels that we developed in this project is suitable for producing the enough
amount of cardiac cells from human Ff- iPS cells.

As the risk of tumorigenesis associated with the relatively remaining undifferentiated iPS
cells remains high in regenerative medicine which requires a large number of transplanted cells,
development of a method to eliminate undifferentiated iPS cells from the differentiated cell
population more efficiently is indispensable. This year, we have identified that Dinaciclib, a
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multi cyclin dependent kinase (CDK) inhibitor, induces the apoptosis of human iPS cells without
affecting the viability of iPS cell-derived cardiac tissues. The treatment with low dose (6 nM)
Dinaciclib induced the apoptosis of human iPS cells within 24 hours through CDK-1
inhibition-mediated p53 dependent MCL-1 degradation. On the other hand, the treatment with
middle (8 nM) and high dose (20-50 nM) Dinaciclib induced the apoptosis of human iPS cells
through CDK9 inhibition-mediated p53 independent suppression of MCL-1 transcription. These
findings suggest that Dinaciclib might promote iPS elimination through multidisciplinary
mechanisms. When human 1PS cells were cultured with human cardiac fibroblasts, one of the
essential components of bioengineered cardiac tissues, and cultivated with several doses of
Dinaciclib for 6 hours, the significant reduction of remaining iPS cells was observed, suggesting
that Dinaciclib might be effective to eliminate iPS cells even in the co-culture environment with
other cell types. Finally we elucidated the influence of Dinaciclib for human iPS cell-derived
cardiomyocytes. Even after the treatment with high dose Dinaciclib (50 nM), most of
cardiomyocytes were still kept in viable. Furthermore when iPS cell-derived cardiomyocytes
were cultured on temperature responsive culture dishes with Dinaciclib, cell sheets were
fabricated after lowering the culture temperature and the transplanted cardiac cell sheets onto
the subcutaneous tissues of nude rats showed the spontaneous beating at 7 weeks after the
transplantation. Although Dinaciclib induced the expression of p53 in cardiomyocytes, MCL-1
transcription and protein were maintained, indicating that Dinaciclib might not be toxic for
human iPS cell-derived cardiomyocytes. These findings suggest that the difference of MCL-1
expression regulatory machinery through Dinaciclib treatment between iPS cells and iPS
cell-derived cardiac cells could be exploited to eliminate remaining iPS cells in bioengineered cell
sheet tissues, which will further reduce the risk of tumour formation.

We have already developed the culture strategy to induce endothelial cells from human iPS
cells in 3D suspension culture. However the limited growth capacity of i1PS cell-derived
endothelial cells in the monoculture condition is one of the unresolved issues for the application
of that cell for regenerative medicine. Therefore understanding of molecular mechanisms of their
limited growth capacity might enable us to develop more suitable strategy to produce iPS
cell-derived endothelial cells. This year we analyzed the gene expression of human iPS
cell-derived endothelial cells compared with that in HUVEC and HUAEC with microarray
method and identified several candidate genes that were upregulated in iPS cell-derived
endothelial cells and might be responsible for their growth suppression.

The strategy to monitor the culture environment is also imperative for stable cell production.
On the basis of our previous development of disposable pH sensor for 3D suspension 100 mL
culture vessel, we have developed the disposable pH sensor for 3D suspension 500 mL culture

vessel.
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