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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 a
group led by Dr. Hiroki Nagase in Chiba Cancer Center will stratify colorectal cancer (CRC) into different types
focusing on genomic and epigenomic aberrations, elucidate key molecular aberrations in each subtype, and develop
small molecules that target the key molecules by sequence-specific manner.

For the first series of genome-wide analysis, we collected 195 specimens of early colorectal lesions and
performed comprehensive DNA methylation analysis using 167 specimens. In addition to these early lesions,
advanced CRC specimens underwent targeted exon sequencing to search for mutations in cancer driver genes.
Sessile serrated adenoma/polyp was found to be precursor of high-methylation BRAF-mutation(+) CRC.
MLH1 methylation and silencing was critical alteration to develop from SSA/P to malignant cancer acquiring
hypermutation phenotype. Mutations of genes in PI3K, WNT, TGF-B, and BMP signaling, but not in TP53
signaling, were significantly involved in cancer development. LST is classified into intermediate-methylation
tumors with KRAS mutation and low-methylation tumors with no oncogene mutation. TP53 mutation was
considered to contribute to tumorigenesis of LST at early stage, especially in low-methylation LST without
KRAS-mutation. For the second genome-wide analysis, we stratify familial adenomatous polyposis (FAP) as a
hereditary CRC using 127 samples, and also investigated 61 NRAS-mutation(+) CRC with 145
NRAS-mutation(-) CRC. We found at least two molecular subtypes in FAP tumors. These subtypes were
independent from APC germline mutation status, and the both subtypes could develop malignant tumors.
Similar to sporadic CRC, KRAS mutation significantly correlates with intermediate-methylation epigenotype.
NRAS-mutation(+) CRC constitutes a different subgroup from KRAS-mutation(+) CRC, showing significant
correlation with low-methylation epigenotype, older age, distal colon, and relatively better prognosis.

Taking advantage by utilizing small molecules that bind to DNA by sequence-specific manner, so-called
pyrrole-imidazole polyamide (PIP), we developed small molecules targeting the critical molecular alteration
observed in CRC subtypes. We found that PIP could inhibit DNA methylation induction by region-specific
manner, and PIP targeting a specific gene promoter was developed to inhibit methylation of the promoter and
silencing of the gene. KR12 was developed as an alkylating agent conjugated with PIP that recognizes
mutated KRAS sequence. In xenograft models, KR12 infusions induced significant tumor growth suppression,
in KRAS-mutated but not wild-type tumors. We showed low host toxicity, and high accumulation and retention
of the drug in tumor tissue. The molecular mechanism for growth suppression effect of KR12 was investigated
further, and we found that KR12 bound not only to mutated KRAS allele but also to other critical cancer
related genes and repress these off-target genes. We are now developing other alkylating agents conjugated
with PIP targeting other driver genes observed in KRAS-mutation(-) CRC subtypes, and also epigenetic
inhibitors conjugated with PIP to modify epigenomic status by region-specific manner.

For the application to diagnosis, we utilized aberrant DNA hypermethylation that was commonly
observed in all the CRC subtypes but not in non-cancerous tissues. We developed two methylation markers to
detect aberrant methylation in cell-free DNA in plasma, thus predict existence of CRC, with high sensitivity
and high specificity.
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