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I, in cooperation with my colleagues, Dr. Kenichiro Matsuzaki (Research Assistant of Institute
for Protein Research, Osaka University) and Dr. Masahito Terasawa (Specially Appointed
Assistant Professor of Institute for Protein Research, Osaka University), elucidated that genome

editing is carried out with larger deletions or insertions in human cells which are defective in
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non-homologous end joining (NHEJ), under inactivation of DNA damage response pathway, or in
mitotic phase.

For this fiscal year project, we analyzed the efficiency and quality of genome editing at
objective gene loci by using a unique assay system in human cells under various mutation
backgrounds or several conditions, which are known to influence DNA damage repair systems.
First, we decided to carry out this analysis in the uniformed cell background, HCT116 and its
derivatives. We prepared null mutant cells which have a defect in each DNA double-strand
break repair pathway; non-homologous end joining (NHEJ) or homologous recombination (HR).
Then, in the mutant cell line defective in the NHEJ pathway, we observed high frequency of
genome rearrangements associated with larger deletions or insertions at targeted junctions in
the recovered cells after gene editing compared to that in the parental cell line. This suggests
that a defect in the accurate NHEJ pathway causes accumulation of processed DSB ends at the
target site which would be produced through nuclease activity, and then contribute to induce
larger genome rearrangements. On the other hand, in the mutant cells with a defect in the HR
pathway, there were no distinguishable differences in the efficiency or quality of genome editing
compared to that in the parental cell line. This indicates that the accumulation of
single-stranded DSB ends caused by defective HR reaction would not be useful for a gene editing
reaction. In addition, our previous studies (Terasawa, M., PLoS Genetics, 2014) revealed that
accurate NHEJ reaction is suppressed during mitosis in human cells, and the molecular
mechanism of suppression is already known. Then, we analyzed gene editing in mitosis by
expressing CRISPR/Cas9 specifically in the mitotic cells, and we observed genomic
rearrangements associated with larger deletions at the objective gene loci. From these, it would
be possible to promote genome editing by repression of accurate NHEJ and/or enhancement of
imprecise NHEJ through external factors.

Moreover, from our previous studies in yeast (Iwasaki, D. et al, PLoS Genetics, 2016,
Seeber, A. et al., Mol Cell, 2016), it is shown that inhibition of DNA damage response pathway
also can promote genome editing through the increase of imprecise repair of DSBs. Next, we
analyzed gene editing in the cell under partial inactivation of DNA damage response pathway by
the addition of inhibitors in human cells. We observed that gene rearrangements which are
associated with various insertions of unspecified DNA sequences, but the frequency of gene
editing was slightly reduced than that in non-treated control in dose-dependent manner.

Overall, our result indicates that we can characterize genome arrangements through the
CRISPR/Cas9 system through the inner-cellular environments that are made artificially by
some external factors. We need to look for the concrete way to control the environment as the

next step.
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