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In this research project, we aim to prepare measures to understand qualitative tumorigenicity risks,
particularly regarding incidence, difference in and mechanism by pathological attribute, and testing
associated with tumorigenicity of various human iPS cells GPSCs) and ES cells (ESCs) as raw
materials. In this year, we worked on the following subjects.

1. Studies on incidence, difference in and mechanism by pathological attribute, and testing

associated with tumorigenicity of human iPSC/ESC lines



1.1 Effects of difference in types and origins of human iPSCs/ESCs on tumorigenicity
NOG mice were subcutaneously injected with ten iPSC lines passaged and cultured under the same

condition, and their tumor formation was observed. i) Pathological evaluation did not exhibited
malignancy in specimens prepared from all of the isolated tumor. ii) We extracted 22 genes
statistically related to tumorigenicity of iPSC lines using data of the tumorigenicity testing and the
comprehensive gene expression analysis. iii) Mutations in the 614 cancer-associated genes was
investigated in ten human iPSC lines used for tumorigenicity testing with whole exome sequencing

data analysis.

1.2 Effects of difference in culture conditions of human iPSCs/ESCs on tumorigenicity

Difference in culture medium used for single-cell passages of human iPSCs markedly influenced on
morphology and proliferation of cells but not levels of pluripotency markers. Human iPSCs cultured
under these conditions were subcutaneously injected into NOG mice, and the tumor formation was
examined. However, we observed no difference in the incidence of tumor formation between iPSCs
cultured in the different medium. Pathological evaluation also identified no difference in germ layer

differentiation and degrees of maturation between iPSCs cultured under the indicated conditions.

1.3 Establishment and application of human iPSCs/ESCs having mutations in cancer-associated

genes generated with a genome editing technology

We prepared human iPSC lines having mutations in the cancer-associated genes using
CRISPR/Cas9 genome editing system. These iPSC mutants were expanded, and the sequence inserted
into target genes was reconfirmed by resequencing. Nine iPSC mutant lines were selected and used
for tumorigenicity testing with NOG mice. We also obtained comprehensive gene expression data of

the nine iIPSC mutant lines using GeneChip.

2. Establishment of pathological attribute testing of tumor derived from human iPSCs/ESCs and
studies on preventive measures

As the results of our research to aim at reporting pathological attribute testing of tumor derived
from human 1PSCs/ESCs and the preventive measures, pathological evaluation did not show
malignancy of formed tumor derived from iPSCs even though the difference in types, origins, and

culture conditions of iPSCs. We are preparing to report these results.

3. Preparation of a draft guidance document on tumorigenicity of regenerative medical products
derived from human iPSCs/ESCs

Totally considering the obtained results, we will coordinate with other AMED projects and aim to
summarize a draft guideline document by the end of this research project. At present, we repeatedly

consider from multiple points of view to prepare a draft.
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In this research project, we aim to prepare measures to understand qualitative tumorigenicity risks,
particularly regarding incidence, difference in and mechanism by pathological attribute, and testing
associated with tumorigenicity of various human iPS cells (PSCs) and ES cells (ESCs) as raw

materials. In this year, we worked on the following subjects.

1. Studies on incidence, difference in and mechanism by pathological attribute, and testing

associated with tumorigenicity of human iPSC/ESC lines

1.1 Effects of difference in types and origins of human iPSCs/ESCs on tumorigenicity
NOG mice were subcutaneously injected with ten iPSC lines passaged and cultured under the same

condition, and their tumor formation was observed. i) Pathological evaluation did not exhibited
malignancy in specimens prepared from all of the isolated tumor. ii) We extracted 22 genes
statistically related to tumorigenicity of iPSC lines using data of the tumorigenicity testing and the
comprehensive gene expression analysis. iii) Mutations in the 614 cancer-associated genes was
investigated in ten human iPSC lines used for tumorigenicity testing with whole exome sequencing

data analysis.

1.2 Effects of difference in culture conditions of human iPSCs/ESCs on tumorigenicity

Difference in culture medium used for single-cell passages of human iPSCs markedly influenced on
morphology and proliferation of cells but not levels of pluripotency markers. Human iPSCs cultured
under these conditions were subcutaneously injected into NOG mice, and the tumor formation was
examined. However, we observed no difference in the incidence of tumor formation between iPSCs
cultured in the different medium. Pathological evaluation also identified no difference in germ layer

differentiation and degrees of maturation between iPSCs cultured under the indicated conditions.

1.3 Establishment and application of human iPSCs/ESCs having mutations in cancer-associated

genes generated with a genome editing technology

We prepared human iPSC lines having mutations in the cancer-associated genes using
CRISPR/Cas9 genome editing system. These iPSC mutants were expanded, and the sequence inserted
into target genes was reconfirmed by resequencing. Nine iPSC mutant lines were selected and used
for tumorigenicity testing with NOG mice. We also obtained comprehensive gene expression data of

the nine iIPSC mutant lines using GeneChip.

2. Establishment of pathological attribute testing of tumor derived from human iPSCs/ESCs and
studies on preventive measures

As the results of our research to aim at reporting pathological attribute testing of tumor derived
from human iPSCs/ESCs and the preventive measures, pathological evaluation did not show
malignancy of formed tumor derived from iPSCs even though the difference in types, origins, and

culture conditions of iPSCs. We are preparing to report these results.



3. Preparation of a draft guidance document on tumorigenicity of regenerative medical products
derived from human iPSCs/ESCs

Totally considering the obtained results, we will coordinate with other AMED projects and aim to

summarize a draft guideline document by the end of this research project. At present, we repeatedly

consider from multiple points of view to prepare a draft.
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In this research project, we aim to prepare measures to understand qualitative tumorigenicity risks,
particularly regarding incidence, difference in and mechanism by pathological attribute, and testing
associated with tumorigenicity of various human iPS cells (PSCs) and ES cells (ESCs) as raw

materials. In this year, we worked on the following subjects.

1. Studies on incidence, difference in and mechanism by pathological attribute, and testing

associated with tumorigenicity of human iPSC/ESC lines

1.1 Effects of difference in types and origins of human iPSCs/ESCs on tumorigenicity
NOG mice were subcutaneously injected with ten iPSC lines passaged and cultured under the same

condition, and their tumor formation was observed. i) Pathological evaluation did not exhibited
malignancy in specimens prepared from all of the isolated tumor. ii) We extracted 22 genes
statistically related to tumorigenicity of iPSC lines using data of the tumorigenicity testing and the
comprehensive gene expression analysis. iii) Mutations in the 614 cancer-associated genes was
investigated in ten human iPSC lines used for tumorigenicity testing with whole exome sequencing

data analysis.

1.2 Effects of difference in culture conditions of human iPSCs/ESCs on tumorigenicity

Difference in culture medium used for single-cell passages of human iPSCs markedly influenced on
morphology and proliferation of cells but not levels of pluripotency markers. Human iPSCs cultured
under these conditions were subcutaneously injected into NOG mice, and the tumor formation was
examined. However, we observed no difference in the incidence of tumor formation between iPSCs
cultured in the different medium. Pathological evaluation also identified no difference in germ layer

differentiation and degrees of maturation between iPSCs cultured under the indicated conditions.

1.3 Establishment and application of human iPSCs/ESCs having mutations in cancer-associated

genes generated with a genome editing technology

We prepared human iPSC lines having mutations in the cancer-associated genes using
CRISPR/Cas9 genome editing system. These iPSC mutants were expanded, and the sequence inserted
into target genes was reconfirmed by resequencing. Nine iPSC mutant lines were selected and used
for tumorigenicity testing with NOG mice. We also obtained comprehensive gene expression data of

the nine iIPSC mutant lines using GeneChip.

2. Establishment of pathological attribute testing of tumor derived from human iPSCs/ESCs and
studies on preventive measures

As the results of our research to aim at reporting pathological attribute testing of tumor derived
from human iPSCs/ESCs and the preventive measures, pathological evaluation did not show
malignancy of formed tumor derived from iPSCs even though the difference in types, origins, and

culture conditions of iPSCs. We are preparing to report these results.



3. Preparation of a draft guidance document on tumorigenicity of regenerative medical products
derived from human iPSCs/ESCs

Totally considering the obtained results, we will coordinate with other AMED projects and aim to

summarize a draft guideline document by the end of this research project. At present, we repeatedly

consider from multiple points of view to prepare a draft.
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