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Development of a Chemical Technology for Gene Regulation
by Synthetic Chemistry and Genome Biology

Takashi KANAMORI™ and Yoshitaka KAWASOE ™

Recent advances in oligonucleotide and mRNA therapeutics have accelerated the development of gene-
targeted therapies. Genome editing technologies such as CRISPR/Cas9 enable direct modification of
disease-causing genes. However, safety concerns remain, including immunogenicity of foreign proteins,
delivery difficulties, and unpredictable mutations caused by DNA double-strand breaks (DSBs). Therefore,
safer and more controllable gene editing strategies are needed. In this study, we focused on peptide nucleic
acid (PNA), an artificial nucleic acid capable of invading double-stranded DNA and binding sequence-
specifically. We designed a photo-induced gene editing approach by introducing a photosensitizer into
PNA. Upon light irradiation, the photosensitizer generates reactive oxygen species that induce oxidative
DNA damage near the PNA binding site, thereby triggering DNA repair reactions. Our results demonstrate
that photosensitizer-modified PNA can effectively induce DNA damage, leading to subsequent repair
reactions. Since this method does not rely on DSB formation and can be controlled spatiotemporally by
light, it is expected to provide a promising strategy for safer and more precise gene editing.
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