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1. Viral safety for xenogenic cell-based therapeutic products

In 2016, Japan’s Ministry of Health, Labor and Welfare revised its guideline for xenotransplantation in Japan,
allowing the transplantation of non-human animal cells, tissues, and organs into humans, which hadn’t been allowed.
Along with this, the clinical use of animal cell-processed therapeutic products has been possible. At present, a porcine
islet product for the treatment of type I diabetes is currently under development in Japan. As porcine cells possess
endogenous retrovirus (PERV), which can replicate in human cells in vitro, the potential transmission of PERV has
raised concerns in the case of products that use living pig cells as raw materials. Although several PERV sequences
exist in the porcine genome, not all have the ability to infect human cells. Therefore, polymerase chain reaction
analysis, which amplifies a portion of the target gene, may not accurately assess the infection risk. Here, we
determined porcine genome sequences and evaluated the infectivity of PERVs using high-throughput sequencing
technologies. RNA sequencing was performed on both PERV-infected human cells and porcine cells, and reads
mapped to PERV sequences were examined. The normalized number of the reads mapped to PERV regions was able
to predict the infectivity of PERVs, indicating that it would be useful for evaluation of the PERV infection risk prior

to transplantation of porcine products.

2. Development of characterization analysis for human mesenchymal stem cells as raw materials for regenerative
medicine products

Owing to human mesenchymal stem cells (MSCs) immunosuppressive, angiogenic, and tissue regeneration abilities
and multilineage differentiation potential, MSCs are being used in cell therapy and regenerative medicine. The
purpose of this study was to search for test items and test methods that should be noted when developing a
characterization analysis for MSCs as raw materials for regenerative medicine products.

Using bone marrow-, adipose-, and amniotic membrane-derived MSCs, we revealed the effects of scaffold (collagen
gel) and in vitro culture period on cell migration ability, cytokine production ability, and ischemia responsiveness,
which are related to the performance and characteristics of MSCs. When determining the characterization analysis
method for MSCs as raw materials, it is important to select the expected MSCs performance from the target
regenerative medicine products (final products) and to select the origin of the MSCs and culture conditions (culture

period, scaffold environment, etc.) for performance evaluation that suits the purpose.

3. Application development to detect small amounts of residual transformed cells contained in human cell therapy
products
Contamination with transformed cells of human cell therapy products during manufacturing is concerned in terms
of safety. The soft agar colony forming assay is widely known as a test for detecting transformed cells in vitro by
utilizing the scaffold-independent proliferative ability of transformed cells. We investigated a new three-dimensional
cell culture method using a liquid medium to which a new polymer was added instead of the conventional soft agar
medium. Frequent colony formation was observed during co-culture of transformed HelLa cells and normal cells
MRC-5 in a new medium, which strongly suggests the usefulness of the novel three-dimensional culture method.
Furthermore, we compared its colony forming ability with that of the conventional soft agar gel method using various
transformed cells and clarified points to consider when applying. Preparation of standard protocols and validation of

the new test method is expected in the future.

4. Establishment of novel test method for quantitatively evaluating genomic instability as potential hazard of
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tumorigenicity

Currently, the human iPS cell-based products is being actively developed in Japan and overseas. However, safety
and quality assessment methods for human iPS cell-based products are not well established. Especially, there are no
standard test methods for assessing the risk of genomic instability in human iPS cells. In this study, we investigated
whether the genomic instability of the cell-based therapy products could be evaluated using a next-generation
sequencer (NGS). Firstly, in order to establish an evaluation test method for genomic instability in the cultured cells,
we analyzed DNA mutations in the genomically unstable iPS cells by whole exome sequencing (WES) using NGS.
As aresult, it was observed that the numerical variation of DNA mutations in the genomically unstable iPS cell lines
was significantly higher than that in the normal human iPS cell line. On the other hand, the difference between the
number of DNA mutations that arisen or disappeared during the culture period was not observed in both the
genomically unstable iPS cell lines and the normal iPS cell lines. Next, we also analyzed the effect of culture
conditions on the maintenance of genomic homeostasis in the culture cells. As a result, the number of DNA mutations
was significantly different among iPS cells cultured under various culture conditions, suggesting that the genomic
homeostasis in the culture cells is disturbed by the difference of culture conditions. Therefore, when comparing DNA
mutations evaluated by NGS in each experiment, researchers should consider the differences of a series NGS analysis

pipeline including cell culture conditions.

. A selective cytotoxic adenovirus vector for concentration of pluripotent stem cells in human pluripotent stem cell-
derived neural progenitor cells

Highly sensitive detection of residual undifferentiated pluripotent stem cells is essential for the quality and safety
of cell-processed therapeutic products derived from human induced pluripotent stem cells (hiPSCs). We previously
reported the generation of an adenovirus (Ad) vector and adeno-associated virus vectors that possess a suicide gene,
inducible Caspase 9 (iCasp9), which makes it possible to sensitively detect undifferentiated hiPSCs in cultures of
hiPSC-derived cardiomyocytes. In this study, we investigated whether these vectors also allow for detection of
undifferentiated hiPSCs in preparations of hiPSC-derived neural progenitor cells (hiPSC-NPCs), which have been
expected to treat neurological disorders. To detect undifferentiated hiPSCs, the expression of pluripotent stem cell
markers was determined by immunostaining and flow cytometry. Using immortalized NPCs as a model, the Ad vector
was identified to be the most efficient among the vectors tested in detecting undifferentiated hiPSCs. Moreover, we
found that the Ad vector killed most hiPSC-NPCs in an iCasp9-dependent manner, enabling flow cytometry to detect
undifferentiated hiPSCs intermingled at a lower concentration (0.002%) than reported previously (0.1%). These data
indicate that the Ad vector selectively eliminates hiPSC-NPCs, thus allowing for sensitive detection of hiPSCs. This

cytotoxic viral vector could contribute to ensuring the quality and safety of hiPSCs-NPCs for therapeutic use.



