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(English version)

1. Development of novel technique for detection of microbes in cells used for regenerative therapy

A detection kit for 13 viruses including herpes species was developed in TMDU and Shimazu and was
commercialized. Dr. Norio Shimizu, a member of this project, has analyzed the detection limit, reliability, and other
measures using each virus strain and clinical samples, and found the equal detection potential of the multiplex PCR
system in comparison to the PCR system for each virus. We continued to examine cell products from various institutes
and are to generate a list of viruses that can be detected and should be tested. Mycoplasma detection kit was already
available; and we have finished comparative test using clinical samples and with currently available Mycoplasma
detection systems. We are in a process of developing a realtime PCR system for rapid detection of live bacteria and
fungi that quantitate pre-mRNA for rRNA. At present, in comparison with a surface plate method, the detection
limit is 100CFU in the PCR system. We continued to perform various tests for species used in the validation of
sterility test described in the Japanese pharmacopoeia. The system is to be developed as a commercialized kit; and
we had several occasions of discussion with a company interested in this system.

2. Development of system to evaluate genetic stability of iPS cell derived product

Our team at TMDU introduced the barcode-based quantification system of rare mutation developed by Dr. Ohara at
Kazusa DNA Research Institute (KDRI) and have analyzed the NGS data with our error-free mutation detection
pipeline. In 2016, we re-designed the capture panel for about 600 genes listed in COSMIC Cancer Gene Census +
PMDA Shibata list, and evaluated 12 samples provided by Dr. Koseki at RIKEN. The samples are NKT cells, NKT-
cell derived iPS cells, and NKT cells differentiated from the NKT-iPS cells from two different donors. Each cells
were amplified: and the original as well as expanded cells were subjected to barcode based NGS. The NGS was
run at KDRI and the subsequent analysis was done at TMDU. Amplification of cells with two different potentially
acquired mutations was detected at expanded NKT-iPS cells. One was in RAD51 I1VS and the other was in a coding
region of EP300. The former mutation was undetectable in NKT-iPS derived NKT cells; while the latter remained
detectable at the iPS-derived NKT cells though in less frequency. The capture system itself harbors several issues
to be solved. One is the wrong alignment due to the presence of pseudogene or similar sequences in other genes.
One example is EP300; and BLAST search identifies more than five similar regions in other genes. At any event,
re-evaluation of the frequency in the original pool (before the capture) is mandatory for precise estimation of the
mutation frequency; and long-read sequencing would be required for elimination of mal-alignment issue. We also
evaluated the MSCs derived from bone marrow mononuclear cells that were provided from Dr. Takami at Yamaguchi
University. We did not detect any additional mutation in genes listed at the COSMIC/Shibata list in two different
samples (total of four samples)

In this project, we have already established a digital PCR system to detect methylated CDKNZ2. We developed, this
year, digital PCR system to quantitate the loss of TP53. At present, with serial dilution system, the detection limit
is approaching to 1%, requiring more droplet counts to increase to ensure <1% detection limit. ~Accumulation of
gene mutation in one cell leads to cancer development; and thus detection of multiple mutation in single cell
population is important. iPS cell with known GOF KRAS mutation were expanded; and the gene mutation was
evaluated at PO, P40, and P70. We detected more than 100,000 variants at each passage, and >10,000 additional
new mutations at P40 or P70 stages. Mathematical model showed the presence of cells with growth potential as

well as the cells that disappeared or stopped proliferation upon gene mutation accumulation.
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English Version
In this fiscal year, we designed and prepared a new biotinylated capture probe pool for enrichment of protein-

coding exon sequences of genes listed in COSMIC cancer genes census panel (http://cancer.sanger.ac.uk/census/)

and suggested by a group of the Pharmaceuticals and Medical Devices Agency in Japan. Using this new gene panel
and an Illumina HiSeq1500, we first examined the performance of this new gene enrichment system including a new
bioinformatics pipeline for detection of low-frequency somatic mutation by dual “molecular-barcoding” technology,
also known as “duplex sequencing” (Proc.Natl.Acad.Sci.USA 2012, 109(3):14508). In these preliminary experiments,
we successfully confirmed the dual “molecular-barcoding” system enabled us to detect a low-frequency somatic
mutation without interference of sequencing artifacts. However, because we came to notice some additional sources
of artificial errors of somatic variant calling mainly because of mapping errors, we tried to develop a new pipeline to
solve this problem. To accumulate more sequencing data of iPS cells/somatic stem cells before/after differentiation,

and/or after increasing the passage number of cell culture, we run economical single “molecular-barcoding”
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sequencing and analyzed the data in a collaboration framework with Dr. Morio’s group at Tokyo Medical and Dental
University (TMDU).

The second aim of our project is to develop an affordable experimental pipeline for social implementation of the
quality control platform of cell products used for regenerative medicine which were derived from iPS cells and/or
somatic stem cells. Toward this end, we made effort to seamlessly combine the following modules; library
construction for next-generation sequencing (NGS) library with molecular barcode, virtual karyotyping by NGS, a
“collective wisdom”-type bioinformatics module for detection of somatic mutation, an experimental variant detection
module based on the molecular-barcoding technology, and an experimental validation module for candidates of ultra-
low-rate somatic mutation. In these efforts, we also evaluated the performance of mutation detection based on the
molecular-barcoding technology on a NextSeq500 sequencer, a short-read next-generation sequencer smaller than an
Illumina HiSeq1500 and developed validation protocols of detected candidate of somatic mutation by using a single
gene-specific primer and the original NGS library.

As the last step of evaluation of impact of detected somatic mutation(s), we accumulated the data of MRNA profiles
of 14 iPS cells before and after differentiation, which were provided through TMDU and also examined by somatic

mutation in this project, by RNA sequencing.
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