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<English>

Cancer arises through accumulation of epigenetic and genetic alterations, and therefore is stratified into several
molecular subtypes using comprehensive epigenomic and genomic information. Elucidation of tumorigenic
mechanism for each subtype and establishment of specific target therapy are pressing issues for personalized/stratified
medicine against cancer, the leading cause of death in our country. In this project, we and groups led by Prof. Hisahiro
Matsubara in Chiba University and by Prof. Masashi Fukayama in Tokyo University, will stratify clinical gastric
cancer cases into different molecular subtypes focusing on epigenomic and genomic aberrations and elucidate key
molecular aberrations in each subtype. We and groups led by Dr. Hiroki Nagase in Chiba Cancer Center, by Prof.
Tetsuhiro Nemoto in Chiba University, and by Prof. Takayoshi Suzuki, will develop small molecules that target the
key epigenomic aberrations by sequence-specific manner.

Comprehensive DNA methylation analysis and exon sequencing analysis were conducted using clinical
gastric cancer specimens. Gastric cancer was classified into molecular subgroups based on DNA methylation
alteration. While low-methylation gastric cancer showed mutation of a common gene, that with more frequent
methylation lacked the mutation, but showed distinct, specific gene alterations. We performed comprehensive
knockdown screening analysis and revealed synergistic effect of these specific alterations with DNA
hypermethylation of genes commonly observed in high methylation subgroups. They were considered to be
driver methylation genes in the subgroups.

Molecular mechanisms to cause aberrant DNA methylation in gastric epithelial cells were investigated
using Epstein-Barr virus (EBV) infection model. Extensive DNA hypermethylation could be induced, as
actually observed in clinical EBV+ gastric cancer subgroup. DNA methylation was first induced in viral genome
after infection, followed by methylation induction in the genome of host gastric epithelial cells. Dynamic
alterations of DNA methylation occurred from lower-CpG peripheral regions and extending to higher-CpG core
regions in promoter CpG islands. Histone modification alteration occurred dynamically, in a manner coordinated
with DNA methylation alteration. Whereas 7,000-8,000 genes acquired de novo DNA methylation in promoter
regions, nearly half of those acquired complete methylation of promoter regions with gene silencing and with
loss of active histone marks. The other half acquired DNA methylation in the surrounding of promoter regions
with gene expression retained and with active histone marks retained or gained. These suggested that
epigenomic modifiers to induce de novo DNA methylation might be activated during EBV infection, and there
might be resistant factors against the modifiers to protect unmethylated status of critical genomic regions. TET2
was found to function as a resistance factor against DNA methylation in gastric epithelial cells. TET2 was
repressed by viral transcripts, or due to upregulated human miRNAs targeting TETZ2, and repression of TET2
contributes to DNA methylation acquisition.

Taking advantage by utilizing small molecules that bind to DNA by sequence-specific manner, so-called
pyrrole-imidazole polyamide (PIP), we develop small molecules that can rewrite the accumulated epigenomic
aberrations or prevent their accumulations in targeted genomic regions. PIP targeting a specific gene promoter
was developed, and could inhibit DNA methylation induction by region-specific manner in an in vitro system
of DNA methylation induction. When PIP was given to living cells, it could inhibit methylation of the targeted
promoter region and silencing of the gene. Small molecules to modify histone modifications are also developed.
We also established a novel method of PIP synthesis by based on chemistry of catalysis, to overcome the
difficulty to synthesize large volume of PIP molecules.
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