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Analysis of molecular mechanism underlying de novo colorectal tumorigenesis
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Recent advances in the cancer genome study revealed molecular alterations in

colorectal cancer (CRC). However, mechanisms underlying the colorectal tumorigenesis in pathways
other than the conventional adenoma-carcinoma sequence are not fully understood. To address this
issue, we focused on early colorectal lesions with superficial or laterally spreading morphologies
and those in the serrated neoplastic pathway. Through performing genetic and epigenetic analysis in
a large number of primary colorectal tumors, we identified NTSR1, DKGK, SMOC1 and ZNF582-AS1 as
novel CRC-related genes. We found that methylation of NTSR1 is associated with lateral and
noninvasive growth of colorectal tumors while methylation of SMOC1 is associated with the
development of traditional serrated adenomas. Surface microstructures of early colorectal tumors are
associated with genetic and epigenetic alterations, and are associated with the malignant
potential.

DNA



APC KRAS p53

CpG island methylator phenotype (CIMP)

The
Cancer Genome Atlas (TCGA)
(Nature 2012)
adenoma-carcinoma sequence
denovo
de novo

@

@
KRAS BRAF TP53

lon AmpliSeq Cancer Hotspot Panel v2
(Thermo Fisher Scientific)

©)

DNA Infinium Human
Methylation 450 BeadChip (Illumina)
DNA

Sure Print G3 Human GE array v2
(Agilent)
RT-PCR

(4)

MTT
Boyden wound healing
Matrigel
invivo
xenograft

@

DNA
DNA
1000

B3GALNT1
CADPS CCDC180 DGKG FAM92A1 FEZ1
FRMD4B GABRA4 OGFRL1 PRDM16
SMOC1 ZNF345
DGKG sSMOC1
(Mol
Carcinog, 2017; Oncotarget, 2017)

@)
SMOC1
(traditional serrated
adenoma, TSA)
SMOC1 TSA
sessile serrated
adenoma/polyp (SSA/P)

SMOC1
TSA SSA/P
SMOC1
KRAS CIMP-low
KRAS CIMP-low
(Oncotarget, 2017)
(©)
2cm sm

DNA



NTSR1 (neurotensin receptor 1)

NTSR1
NTSR1
NTSR1
(Oncotarget, 2015)
4
non-coding RNA
non-coding RNA DNA
DNMT1 DNMT3B
H3K4 (H3K4me3)
DNA INcCRNA
ZNF582-AS1 ZNF582-AS1
DNA
ZNF582-AS1
INcRNA
(Sci Rep, 2016)
©)
Type 11-O
SSA/P

(Am J Gastroenterol, 2012)
Typell-O 1INV

(GIE, 2017)

heterogeneity APC KRAS TP53
heterogeneity

Sugai T, Takahashi Y, Eizuka M, Sugimoto
R, Fujita'Y, Habano W, Otsuka K, Sasaki A,
Yamamoto E, Matsumoto T, Suzuki H.
Molecular profiling and genome-wide
analysis based on somatic copy number
alterations in advanced colorectal cancers.
Mol Carcinog. 57:451-461, 2018.

Aoki H, Yamamoto E, Takasawa A,
Niinuma T, Yamano HO, Harada T,
Matsushita HO, Yoshikawa K, Takagi R,

Harada E, Tanaka Y, Yoshida Y, Aoyama T,
Eizuka M, Yorozu A, Kitgjima H, Kai M,
Sawada N, Sugai T, Nakase H, Suzuki H.
Epigenetic silencing of SMOC1 in
traditional serrated adenoma and colorectal
cancer. Oncotar get. 9:4707-4721, 2017.

Niinuma T, Kai M, Kitgjima H, Yamamoto
E, Harada T, Maruyama R, Nobuoka T,
Nishida T, Kanda T, Hasegawa T, Tokino T,
Sugai T, Shinomura Y, Nakase H, Suzuki H.
Downregulation of miR-186 is associated
with metastatic recurrence of
gastrointestinal stromal tumors. Oncol Lett.
14:5703-5710, 2017.

Koyama R, Tamura M, Nakagaki T, Ohashi
T, Idogawa M, Suzuki H, Tokino T, Sasaki .
Identification and characterization of a
metastatic suppressor BRMSIL as a target
gene of p53. Cancer Sci. 108:2413-2421,
2017.

Suga T, Yoshida M, Eizuka M, Uesugii N,
Habano W, Otsuka K, Sasaki A, Yamamoto
E, Matsumoto T, Suzuki H. Analysis of the
DNA methylation level of cancer-related
genes in colorectal cancer and the
surrounding  normal mucosa.  Clin
Epigenetics 9:55, 2017.

Tanaka Y, Yamano HO, Yamamoto E,
Matushita HO, Aoki H, Yoshikawa K,
Takagi R, Harada E, Nakaoka M, Yoshida Y,
Eizuka M, Suga T, Suzuki H, Nakase H.
Endoscopic and molecular characterization
of colorectal sessile serrated
adenoma/polyps with cytologic dysplasia
Gadrointest Endosc.  86:1131-1138.e4,
2017.

Ka M, Yamamoto E, Sato A, Yamano HO,
Niinuma T, Kitgjima H, Harada T, Aoki H,
Maruyama R, Toyota M, Hatahira T, Nakase
H, Sugai T, Yamashita T, Toyota M, Suzuki
H. Epigenetic silencing of diacylglycerol
kinase gamma in colorecta cancer. Mol
Carcinog. 56:1743-1752, 2017.

Eizuka M, Suga T, Habano W, Uesugi N,
Takahashi Y, Kawasaki K, Yamamoto E,
Suzuki H, Matsumoto T. Molecular
alterations in colorectal adenomas and
intramucosal adenocarcinomas defined by
high-density single-nucleotide
polymorphism arrays. J Gastroenterol.
52:1158-1168, 2017.

Sugai T, Eizuka M, Takahashi Y, Fukagawa
T, Habano W, Yamamoto E, Akasaka R,
Otuska K, Matsumoto T, Suzuki H.
Molecular subtypes of colorectal cancers
determined by PCR-based analysis. Cancer
Sci. 108:427-434, 2017.

Arakawa N, Sugai T, Habano W, Eizuka M,
Sugimoto R, Akasaka R, Toya Y, Yamamoto




E, Koeda K, Sasaki A, Matsumoto T, Suzuki
H. Genome-wide analysis of DNA copy
number alterations in early and advanced
gastric cancers. Mol Carcinog. 56:527-537,
2017.

Suga T, Habano W, Takagi R, Yamano H,
Eizuka M, Arakawa N, Takahashi Y,
Yamamoto E, Kawasaki K, Yanai S, Ishida
K, Suzuki H, Matsumoto T. Analysis of
molecular alterations in laterally spreading
tumors of the colorectum. J Gastroenterol.
52:715-723, 2017.

Ka M, Niinuma T, Kitagima H, Yamamoto
E, Harada T, Aoki H, Maruyama R, Toyota
M, Sasaki Y, Sugai T, Tokino T, Nakase H,
Suzuki  H. TET1 Depletion Induces
Aberrant CpG Methylation in Colorectal
Cancer Cells. PLoS One 11:e0168281,
2016.

Takahashi Y, Sugal T, Habano W, Ishida K,
Eizuka M, Otsuka K, Sasaki A, Matsumoto
T, Morikawa T, Unno M, Suzuki H.
Molecular differences in the microsatellite
stable phenotype between left-sided and
right-sided colorectal cancer. Int J Cancer.
139:2493-2501, 2016.

Kumegawa K, Maruyama R, Yamamoto E,
Ashida M, KitgjimaH, Tsuyada A, Niinuma
T, Kai M, Yamano HO, Suga T, Tokino T,
Shinomura Y, Imai K, Suzuki H. A genomic
screen for long noncoding RNA genes
epigenetically silenced by aberrant DNA
methylation in colorectal cancer. Sci Rep.
6:26699, 2016.

Sawada T, Yamamoto E, Yamano HO,
Nojima M, Harada T, Maruyama R, Ashida
M, Aoki H, Matsushita HO, Yoshikawa K,
Harada E, Tanaka Y, Wekita S, Niinuma T,
Ka M, Eizuka M, Sugai T, Suzuki H.
Assessment of epigenetic alterations in
early colorectal lesions containing BRAF
mutations. Oncotarget. 7:35106-35118,
2016.

Sugimoto R, Sugai T, Habano W, Endoh M,
Eizuka M, Yamamoto E, Uesugi N, IshidaK,
Kawasaki T, Matsumoto T, Suzuki H.
Clinicopathological and molecular
alterations in early gastric cancers with the
microsatellite instability-high phenotype.
Int J Cancer. 138:1689-1697, 2016.

Kamimae S, Yamamoto E, Kai M, Niinuma
T, Yamano HO, Nojima M, Yoshikawa K,
Kimura T, Tekagi R, Harada E, Harada T,
Maruyama R, Saseki Y, Tokino T,
Shinomura Y, Sugai T, Imai K, Suzuki H.
Epigenetic silencing of NTSR1 is associated
with lateral and noninvasive growth of
colorectal tumors. Oncotar get.
6:29975-29990, 2015.

Isosaka M, Niinuma T, Nojima M, Ka M,
Yamamoto E, Maruyama R, Nobuoka T,
Nishida T, Kanda T, Taguchi T, HasegawaT,
Tokino T, Hirata K, Suzuki H, ShinomuraY.
A screen for epigenetically silenced
microRNA genes in gastrointestina stromal
tumors. PLoS One. 10:e0133754, 2015.

Ichimura N, Shinjo K, An B, Shimizu Y,
Yamao K, Ohka F, Katsushima K, Hatanaka
A, Tojo M, Yamamoto E, Suzuki H, Ueda
M, Kondo Y. Aberrant TET1 Methylation
Closely Associated with CpG Idand
Methylator Phenotype in Colorectal Cancer.
Cancer Prev Res 8:702-711, 2015.

Ito M, Kanno S, Nosho K, Sukawa Y,
Mitsuhashi K, Kurihara H, lgarashi H,
Takahashi T, Tachibana M, Takahashi H,
Yoshii S, Takenouchi T, Hasegawa T, Okita
K, Hirata K, Maruyama R, Suzuki H, Imai
K, Yamamoto H, Shinomura Y. Association
of Fusobacterium nucleatum with clinical
and molecular features in colorectal serrated
pathway. Int J Cancer. 137:1258-1268,
2015.

Diacylglycerol kinase
y 76
2017 9 28

30

76
2017 9 28 30

76
2017 9 28 30

SMOC1

76
2017 9 28 30



76 2017 9
28 30

non-coding RNA 76
2017 9 28 30
_ CpG
75
2016 10 6 8
DNA

75
2016 10 6 8

diacylglycerol kinase zeta

75 2016 10
6 8

75
2016 10 6 8

DNA
UHRF1
74 2015
10 8 10
H3K27 CIMP
74

2015 10 8 10

BRAF

74 2015
10 8 10

2015 10
10

@
SUZUKI, Hiromu
@
YAMAMOTO, Eiichiro
KAl, Masahiro
MARUYAMA, Reo
©)

*



