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Abstract

Colorectal cancer (CRC) is one of the most
common malignancies worldwide and is caused
by accumulation of genetic and epigenetic
changes. With the discovery of CpG island
methylator phenotype (CIMP), more and
more studies have focused on epigenetic
modifications in CRC. CIMP is found in a subset
of CRC with an exceptionally high frequency
of methylated genes. Current research shows
that CIMP has several molecular characteristics
and is significantly associated with multiple
clinicopathological features, but the mechanim of
CIMP is still unclear. The prognosis and treatment
response in CRC with CIMP are largely different
form those of other CRCs, however, the absence of
widely accepted CIMP biomarkers has prevented
the clinical applications of CIMP to guide the
personalized therapy of CRC.

© 2016 Baishideng Publishing Group Inc. All rights
reserved.

Key Words: Colorectal cancer; DNA methylation;
CpG island methylator phenotype; Biomarker

Yi JH, Liu J, Wang KH. CpG island methylator
phenotype in colorectal cancer. Shijie Huaren Xiaohua
Zazhi 2016; 24(4): 558-565 URL: http:/ /www.wjgnet.
com/1009-3079/24/558.asp DOI: http://dx.doi.
org/10.11569/wcjd.v24.i4.558

Fih
45 # B % (colorectal cancer, CRC):Z % WL#9 &

2016-02-08 | Volume 24 | Issue 4 |



PERE i 2 —, & Wi A R LA PR
BHARR FH. ALK A “CpGH
W H AL & A (CpG island methylator phenotype,
CIMP)” #JCRCHZ I, F ALK AL 546 A
CRCAmTHVERMRZH TH RS M E
M. CIMPR — (AR F A Zrksl ey LA
BT XA A TDNAZ Y AAAWCRC. B A
R 2 TCIMPEA % A5 F K-F oy 4F 4L,
 HCIMPE % A6 R4 /e 2 F A0 5%, 422
&R CIMP#) AR 3055 R B A= K R HLh).
CIMPA %77 Lo TRE AR w5 L CRCH
AR Z 57, 122 B AT A AR ZIAT g%
Z CIMP® £ 4738, A [k T CIMPA T
3516 R ECRCHIAMERILIE IT.

© 2016FMINDBEEERETSRATAE.

R HEE; DNAREL; CpGEBEENE
B o Fhnid

BOIRR: A4 A M (colorectal cancer,
CRC)CpG & ¥ 4L & A (CpG island methylator
phenotype, CIMP)# X 3. 52 7k, 4 T4
B B IRALE] . TG AT RGRAT T Rk, KA
CIMPEA EZM B R F . ARG TR
BCIMPA Bh TR MCRCH B mALdl, S LA
B T 381k R 5% .

REte, XL EBHE. SERRECCBPENRIIATEH
. BRENBHZRE 2016; 24(4): 558-565 URL: http://
www.wjgnet.com/1009-3079/24/558.asp DOI: http://
dx.doi.org/10.11569/wcjd.v24.i4.558

Wi, 5. SEDRCP CRBPEIRIBARERE

H AT FiA3 5 2, 2 B A i Rs SR i A%
4G, WL, DNAF AL 2 $5 PAS- IR
T R R H A, @I DNA H L il
(DNA Methyltransferase, DNMT), # F 3L 5555
I i v S5 WEE S A% R (Cp G) R M s g 26
SOLBR IR T I, FE RS- F L Mg e, CpG =%
F R (cytosine-phosphor-guanine) 541 &5 A&
FEHRHRI10%, 1EH AFICpGIFF£170%-80%
(A2 AT H AR AS, BN H AL CpG P 4,
1E5 DN A FF AL T 4E R AL (1) D g o2 2
IR, QPR BN IZE . X Gt R V5 RN 40 i 43 Ak
2 HA I £920%-30% A 3E FEOR S, T %
RAEKEEHECpGHI X CpGEy; CpG &y 1a
CG&EE>50%, K JE>250-550 bp, HFrCpGll
55 A 75 0.6 1) X 357

CRCH LRIV 2 7 (1 B R H B4k, I
ECRCKR WML Tl FIALIT R B 55 A % 1)
JRHK, H 3 ERIZ ARG 37 XIS A DNAK
PR L0 A0 35 TR 231 X35 sy PR AR, A
F AL 5 3 B A AR G, 3 80 Bk R Rk 3
25 DR B R 2 R e oA AN B T 3G ;1
e P LA AR P ) 25 R 3 0 70 BR A0 TR 4H A
Fasg, fa 08 5L K ATDN AME 5 3k PR 638 D,
S T . DN A SR & B 1 1
IEH TR A RIE E RS MDN A F B4k it
B2 5| T 2238 02 IE B AL 1007, B3 53K
JE DR 2H 52 1) 2R . — B4 e e X
TPRZEA AN A0 IE 5 40 A R 4
FtI R BT S 1 CpG iy H Ak

0 RIS

1 CoCREPEALRENAIN

45 B W (colorectal cancer, CRC)/& ™ 5 {1
{e e R0, BFELIH 120073 K, JET-4)
603, P77 KIEE K CRCIR I FALIK T il
ST 1 1 e 98 R B 260, A BRE A [108 R  191)
10071, Fh [ Bt 2 K An A= 06 I = 1A 48 o,
NATVR AT ST AR e R A TR R AR Ak,
R Hb DX AN T AR RN U 45 W e R e DR
P87 R IE E P

CRC2 HH 2 77 [ PR 3= i 45 i i M i A gt
fEZE AR EAE 2 0%, B R RBUET
S R A PR A, R TR AR
JE. DNAEE R LI K 5CRCKEAEE
I 2 TR, R 35t A D028 Al 3 K]
RBE—F, #25 TEENSRERE, H 35
FEREAE 7 T /KF B 1. DNA R EEAL 2

Beishideng®  WCJD | www.wjgnet.com

19994, Toyota5!" 1 Je 2 7 CpG & H #:4k
FH(CpG island methylator phenotype, CIMP)
XK=&, WX —RBCRCEF A A E L
) B R % 4B T DNA R AL, HAA MR ) 4+
HowidLl. Toyota¥:f# FIMCA(methylated CpG
island amplification) 5 V2R 1 3343 K41
DNAWRE F B, RIE 7T EDbric RAE M
AN R AR S DNA B AL, 73 AT i e L A
AL ATt 0L, 7T WLCRCHE 73 M2 —K 2
KTFRICRA T & He ] A P 3 A
AAHSIMRICRAE R I, 5—FKRXT M5
IR A R CP Y B EARF 0.3 M5l
RAEHEAL), DLt HCIMPIX —#E 8. XAk
SR UG, 23] TR Z FsE, H2 A SR
AR e R, B ArX M

W47 B %
CIMP & #F 7 I
HFTEHSRT,
FRET 4 A0
2 F o B AR
4 F e, B AT
CIMP & & 5 M
R Z Gh— %
B Ik, B EeH
El A&, THE
R Tk, W
L LN TFHR
TR AT
1A W B AT R,
4 CIMPAF
133 ] 2N T,

559 2016-02-08 | Volume 24 | Issue 4 |



Rxte, 5. SEPRCP CRBPEIKRIBARERE

W £RE

& H MR EE
Maspin 9 4% & i&
IR N
BEa. Ky
. MIEERE
€ (microsatellite
instability,
MSI)-HAe 5 £
%, Kim% it K
2166 MSI-H%
ENE gl
CIMP 5 Maspin
MEREKRS, &
ILA TACIMP .
% ARiL(MLHI
NEUROGI1.
CACNAI1G.
CRABPI. pl6.
IGF242RUNX3)
5 Maspin#z &
BAAR A, S
HCIMP-H5
Maspin#z & iA R
PEA AR K

J3aishideng®

SABH T Z AR BARXTCIMPAICRC
IR FU IR 1R 2 R 4T 7 B4k SR R, B2
Hurth &8 TR KSR, Br TCRC, 7£5
FElO L At LR B O R PO A
I35 2 Gk B P 4 & A CIMP.

2 CIMPEYDS454IE
H M CIMPHEE 2t Bk, ¥F 2 25 B0 5T
RILCIMPEICRCE Y £ 4> T HREEZ UIAH K,
ALFE L TR AFEE (microsatellite instability,
MSI). HFEEE FERMLHI R W B AL 01
B, TP53. BRAFFIKARSH:FHFAEER, [5]
I CIMPIL 5 — L& PR3 BREARFAEAH OC, g
W e B k. BRI
RSP, CRCEM B AL 2 BUR B & H
W E R 3R CIMP. MSIAIj A A Fa e
(chromosomal instability, CIN), £ Iifff 7742
ARCIMPEMSIF KA ZH YRR, MCIMPY
CINTGAH KM, 7] ELAACIMPAICINGE 2F 4k
AINESCrTiINER

A2 S PR EYI(CACNALG. IGF2.
NEUROGI. RUNX3FISOCSI1)KCRC%>
JNCIMP-H. CIMP-LFICIMP-0=2%, &I
CIMP-LBCRCE5 B E#E . KARSEAZL I
YR, INACIMP-L] fig & — 28 B AT B ik
S THRERICRC. B CTM PR S 1) ZEfi,
CRCHE M EE K H 20t 58 CL 48 K DL AR 4 2 W0 4
PRI A] BAIX 23t R 2 I CRC IS A, X S 3R W
R G ZMRABGNTPS3. BRAFFIKRAS
BRI 98 ) DA S g i 356 DR A AN A M (WM S T
AICIN) B A B AH G, DU CRC AR
325 CIMP1E . CIMP2fJ8 AICIMP3 i
Jéi. CIMP1JM98 5MS1(80%) FIBRA FH: R A7
(53%)F PIAHIS; CIMP2IR 1, KARSHE R %
A(92%) % K, (HRARD K EMST. BRAFEE
TPS3FKZRAF; CIMP3 IR, TPs33E R 547
R (T1%) . Jil A 5 14 TR AEAS T 1
WEFLEE R, dnse uh [ 45 e B3 R M S T
CIMPIRZ, RILCIMP-HE LR N17.9%, 5[
BRAKCF A A, 1H 2 SAAMST-HA 4 AN 9%,
TECIMP-HHFMSI-H&R AW H 7%, #En
MSTURAEZ N GeANE T 75 77 B K, Aidixfhz
IR 7 BRI ORI ER,

CRCHEFH Maspin(FLIRE 22 2 1R 5 1 B 1)
7, SERPINBS) MR IA 5L v gl . &R

WCJD | www.wjgnet.com 560

M. &b MSI-HATHS Z M55 Kim
2B 21665 MSI-H CRCEF KM CIMP
EMaspintZ BERE, KIATNHCIMPE
FEFRC(MLH]. NEUROGI. CACNAIG.

CRABPI. pl6. IGF2fIRUNX3)5Maspint%
FKix A MK, I HCIMP-HEMaspintZ £k
FAPEA A . DNMT3BYECPG 5 5 H 3t
L P AR, SR i R ILCRC &
HDNMT3B# KL AL EMSI-H. BRAFR
A, B-EMEARIE. LINE-1H I L, P53E
ik T R R MERIAE G, 165 CIMP-HZ V)
HH2%, $ERDNMT3BH] G4t CpG & 537 H 361k
75 FCRCEUH It T B 2L . WF 7 R IR
K2 (115 T HFAE 5 CIMPAH S, S id ik W
TixMFEMECRCEE. KRR TE
HURF 4> B, IN5EXTCRC CIMPIR N 7T,
A BT A HE T AECRCI R IFHLE], N
CRCE#H I W2 W AA A A vR T 3R Rl
A

3 CIMPEYEETETTE

CIMP:2 HETHF i £ IICRCIr 170 8, {H
JEIXFICRCHr 140 B %5 78 A 1R K il
CIMP MR JLA b A KA I, ey ) 5€ M
CIMPRHMEZRE A TE 2 B FEIH. 19994,
ToyotaZ PR e R 7N HRIC(MINTI .
MINT2. MINTI2. MINTI7. MINT25.
MINT27. MINT31)H 76 BRI 40 A R A5 5
PEDNAF 364k, H H 50402 B AR T4 e AH
FAEREDH F AL, EAME R IMCDKN2A (p16)-
THBS1MhMLH1 R AECIM PR fifJe 48 g v
AW R AR R S, DA AR Rk AR R AL
BB FCIMPEICRCHY, fr LU 4 FH Sk
YENCIMPY & W Fe e bric™. B s s
WL 458 TIvEA 2P, 5 —FPJ7 7 (CIMP-1)
KA HRiE NCACNAIG. CDKN2A.
CRABP1. MLHIFINEUROGIP; & — 75k
(CIMP-2)FJAEDF51E NCACNALG. 1GF2.
NEUROGI. RUNX3FISOCSI™. Ogino%5"™
XA FiMethyLight77¥2, 7ECRCH) IE Al
PR REA AT I 1954N 22 [ I DN A FRAER A,
ik H 3N AR IC(CACNAIG CRABPI -
NEUROGT), I 24 H A0S0 & 1 b
e (3 N CDK N2A FIDN A i A &2 3 (X
MLHNENY%ECIMPI 2 F4rC(CIMP-1),

2016-02-08 | Volume 24 | Issue 4 |



ZITE SN AL 4 B 4 DL R
FRid R AE T DNAH B4 AE K % 52 %5 52 CIMPFH
PERbRE. 1% 071546460 CRCHIEAT BRI,
g5 R IRCIMPRHM: % 2)°817%. Weisenberger
BN S AE S bR/ I R A G I 195 A
ICHIDNA H AR, M H i 3% HE 934N i g
Fi PRI AR L, SR IE SUAE48 /N IR AR A
HHORE I X 934N b i ) Y BE AR AS, a3
I HT IR O AR ICIMPARIE, 3 40 Sk
TS R R S M B0 2 R 1 4 I AR e 4
&, B e 1E 1874 g 1247 B R IX 144N b ic 1)
HEAERAS, @ St 2 it KILCACNA LG
IGF2. NEUROGI. RUNX3HISOCS1iX54 %k
[A DN A H B A B3 1 D 48 € CIMPI 43
FRIC(CIMP-2), BFFEN 52 LASAN 7 Fhrid i A
3AEE 3N P bR R A T DNA AL/
% e % B CIMPRH M (AR HE. FliZ k% e
H I CIMPFH 2 N 18%. 124 A1k, CIMP-1A1
CIMP-23X P Ff 7 iAW Rl B 4 B IR B Ay
EHEI8 DN AR AR L, WE LA bR IE 5y
FRRCE L, LKA E CTMP B A b v #5895
BE—ME®. Ak, B %5 KL LS
MR EYI(CACNAIG. CDKN2A. CRABPI.
MLHI. IGF2. NEUROGI1. RUNX3 A
SOCS D ACIMPHI5E Frid, #ECRCH HCIMP-
High(CIMP-H, =6/8), CIMP-Low(CIMP-L, <
5/8), CIMP-0(0/8) =R AP AR IR A 4
SE M AR, (K 2 B0 el 20 S R
CIMPPH 1 K29 15 CRC A H1112%-29%.

Wi, 5. SEDRCP GRPEIRIBARERE

N T HE 5 S ECIMPA 5% 44 4H )i 3 K]
RAF, Tahara®: "] —AQFH AR 547 7 CRC
g i A R 74 JE IS CUAICRCIR SE R 5848
BT R G LB AT 243803 HH CIM PR 7 1) 3
DR AR . 4 57 5 45 e 6 AR DG I L R 2
CIMP1 CRCHURE T i35 15848, Horp 5848 4
F i K ECHD7MCHDS, X AN 3 K 4
HE P 2 1 i T % € U A e Tl R AT P58 1) G £
i B 5. RS UE SR, CHD7MCHDS
B R ) JE AR AR AECIMP MR (43%) 22
FAECIMP1 R (6%). K, 4fich e € i 5 %
Ml P 2 TR R AR RS S BT ML 2 E K
A, IX W] e R R R AR I BUR g —.

WRIEAT W (fusobacterium, FB) e N2 i
EEI I — 3B 5y, M ATTERIR 2 i 2 6E (R
A ORI R S R BE — /- CRC AL
glif, FBRIBCEA W BN, Tahara%5"
SN 5 € B PCRECARLE 149 CRCHEA i
MY FBHIXE S5CRCH THFIEMI R R, 4531
RINAEI% (14N ICRCREA Fh R L L FB I i
B H(FB-high), MiX9%(14M)FCRCFEA
4% J&® T CIMP. FB-highffICRC5CIMP1 &
FAHR, ARt 5TPS3E AL, hMLHIH %
fEFAtE . MSIMICHD7/85748 FHPEAR 5. 44h
I K BLFB-high I CRC 2 B H &
(1 4 201 i 5 A AT I 2 LU I F B IV 4
ECIMPRICRCHI R I 2 M 1, X AT RefR
X Fh i TE B A T g CIM PRI CR CHI B

4 CIMPAZJRHLH|

5 CIMPHYFRIG/93 R

CIMP & KLU 1AW, (HA PSR,
AN CRCKR AR, IE5CRC CIMP. MSI
FIBRAFRAR 2 FH L, $27R T 0 T B2 R0
AL 2 DU 3 BUE R AR 1 B R R
ks . BEABMAVItB6E N 5 CIMP MR & %
T, I EREE N 5 CIMP-L/OMR & A2 4 5%,
{H5 CIMP-H 8 JEAH G DT, o 545 51
(body mass index, BMI)& I, $5 75 & H o
PERC R, HECTMPRH 1 B3 B e 170 JR
oG, A5 Bk B CIMP IR 1 4
BB G4k, A A s CIMP R 8 2
B A PE R A ECE B URIR B R R TR, X AT RE
UWICIMP 5 B IR B8 & R R I CR CTE S
TR B A A5 AN R

Beishideng®  WCJD | www.wjgnet.com

CIMP & — B A MR 43 A ARG AL 1)
CRC, kb % M FL R BHCIMP S B35 Tl )5
YA, AR FPAE R AR E R K41
4. TNMA . MSIZEn B fils R AR K
. AR, CIMPS#ESL . TNM.

Sy AR G VEAS TR, 360 T X CIMP TS /97 3%
Ml THAERE . Ogino S5 i 58 K I, HEBRBRAF
RAFMMSIEZ, CIMP-H(=6/8)CRC MR 4
FEIET R, IRCIMPH] fE 2 CRC &
F W FRC. AR RYIE CIMP-HE I
W T2 F4%E (microsatellite stability, MSS)HI
CRCEF WG Z, MRS HTCIMPIRE,
W CIMP-L#&7m B % WE 5 %, LiZ i ik
W, APCJE 3T HHAL AT §8 5 B AR A7 5 AR

Wi AEE
CIMP Rl 5
KARS/BRAF %
% . MSIF 442
Ftak, @
5 & FT R
B IRJG W A8 R,
HBAEH EHA
AL & 7 8 iF
M A AR. A LA
CIMPE T & A
@, FHHTE R
% B AhEm
A% T CIMP £
EHmREFHE
SUVA BRI 5 Y 3K
ERGP S

561 2016-02-08 | Volume 24 | Issue 4 |



Rxte, 5. SEPRCP CRBPEIKRIBARERE

WA wMH
mIEERABE
(MSI): A1 fE#
KA LE I A
A AR R
2 B P K,
WEBEUP 5 A
AREGMEE
255, 5
[ R EE 3]
HE. b, ES
G AR &N
A MSL

J3aishideng®

A%, CIMP-HTG EECIMP-022, JAUK: 2 384 in
T3.06f%. ZHCIMP 5 s # <0 7t B,
CIMP-H5 i) % B AL, H2tha 52 M
SEE R, BIRES KRB REAH ECIMPAI
BRAF[H 2, CIMP-H 51184 55 VS8 T 2 AH
K A, WA TR CIMP-S TS ToAH G .
SR A CIM PHIF 72 B2 135 A 3R AN ] (1 25 1R,
FREA LA R JLANER R (1)CIMP AR AL 1 A
WEFIEHE; ()8 G — MCIMPY & 77V Fl s
e, )KL T2 %2 B4k, MethyLight. MSP.
PMR. HRMZ%; (4)32i0 \HF, FEEA/KSF 1T BE
AR, R BESEREML Bk, 55
I 0 e 22 55 22 1 9y DA 3 e i)

ANFICIMPY%E € J7 VARSI NBE, nIRE <
G AN 7 975 BRARSAE 45 SR, A5 LR 784708 CIMP
RCRCYH R/ B kB R A e, G4
W T R e A S 1, 3% T BE S B CIMPXT
BH G 9T ROF PP AE 2 . CIMPXY5-Fu
BT R BIRF T, WA T2 G B
B FFCIMPAICRC & 3 %F 5-Fudd it 4l
Bk 7 NS, B A 5 A & IR AT
ZE . Tacopettae POt &5 i i 5 A 78 R
BLCIM P RH 4 i 8 B M 5-FuZt fii 4k 7 o 38 26
MinZEP R 58 Kk BT -TIICRC B % 5-Fudt
lAIT A 2%

6 &1L

EAR FR [ CIMP I8 FIAS [|] ) CR C38 WL 2k
PR R 4745 0 S AR R CRC I A [R] 2878, (H K
[ NTZ B M CIMP R [ & 1%
SECTMPERWLIE R AL (1 2E P brac, AT RELIE T
CRCFE W H K AL SRR LRI, 548,
AR Z CIMP/ 8 [F B R I HMST. BRAF
KA XIHME IR AN T HCIMP I
PRS2 AH S5 & I MEE . CIMP CRCH I R
FRREAE A 2 FRRAEBIE FC 38 K K F i, HA2
CIMP 5 i J& /97 280 8L (¥ A 56 PR A7 7R AR K 4
W, T 2 I OR R IR e 4. A H
R FCRE, CIMPXTCRCAH HEEM L E XL,
{ELA2 24 7 B 70 SR B AN A2 LA { CTM P
FHE FIRALE. HTCIMPRCRCHHATT b
905 A1 S 5 FoAth CR CAEAEAR K 2 19,
CIMPZYCRCH 5 LI G o o i 2 2L R 9228 (i
CHD7/8) VL R FB-high ) &R BUE AT R )5
CIMPZYCRCH; M B e B G 2. 1K

WCJD | www.wjgnet.com 562

HNCIMPEICRCHIEYT $2 4L T —Fh 8B, 1
Rl S e TSt e € 5 EE VB R A RIEBIAR T 3R
B, XFCIMPHAYCRCAR UL e & A R, Sof i
RAEIMCIMPRICRC H Maspin. DNMT3B%%:
[RIR0A S8, s bl % - DNA H B:4L [ CRC
TAX — B S it 7 S 2 S RFIEYE. CIMPH)
KRB Z et T AR 3 T BATTRTCRC A F 50
BURIIAR, H BT TS HUE 75 2 MCIM P4
ETENTF, BB IRNI TR EE X — 5 F o
R, I A T48 SIG RS .

7 SEXE

1 Torre LA, Bray F, Siegel RL, Ferlay ], Lortet-
Tieulent ], Jemal A. Global cancer statistics, 2012.
CA Cancer | Clin 2015; 65: 87-108 [PMID: 25651787
DOI: 10.3322/ caac.21262]

2 VD, BIRGR, BB, B, (RO, ok, TR,

FHIE. HHE e 2010; 19: 111-113

3 Harrison S, Benziger H. The molecular biology of
colorectal carcinoma and its implications: a review.
Surgeon 2011; 9: 200-210 [PMID: 21672660 DOI:
10.1016/j.surge.2011.01.011]

4 Jeltsch A, Jurkowska RZ. New concepts in DNA
methylation. Trends Biochem Sci 2014; 39: 310-318
[PMID: 24947342 DOI: 10.1016/j.tibs.2014.05.002]

5 Weber M, Hellmann I, Stadler MB, Ramos L, Pididbo
S, Rebhan M, Schiibeler D. Distribution, silencing
potential and evolutionary impact of promoter
DNA methylation in the human genome. Nat Genet
2007; 39: 457-466 [PMID: 17334365 DOI: 10.1038/
ng1990]

6 Gardiner-Garden M, Frommer M. CpG islands in
vertebrate genomes. | Mol Biol 1987; 196: 261-282
[PMID: 3656447 DOI: 10.1016,/0022-2836(87)90689-9]

7 Costello JF, Frithwald MC, Smiraglia DJ, Rush
LJ, Robertson GP, Gao X, Wright FA, Feramisco
JD, Peltoméki P, Lang JC, Schuller DE, Yu L,
Bloomfield CD, Caligiuri MA, Yates A, Nishikawa
R, Su Huang H, Petrelli NJ, Zhang X, O'Dorisio MS,
Held WA, Cavenee WK, Plass C. Aberrant CpG-
island methylation has non-random and tumour-
type-specific patterns. Nat Genet 2000; 24: 132-138
[PMID: 10655057 DOI: 10.1038/72785]

8 Hinoue T, Weisenberger D], Lange CP, Shen
H, Byun HM, Van Den Berg D, Malik S, Pan F,
Noushmehr H, van Dijk CM, Tollenaar RA, Laird
PW. Genome-scale analysis of aberrant DNA
methylation in colorectal cancer. Genome Res
2012; 22: 271-282 [PMID: 21659424 DOI: 10.1101/
gr.117523.110]

9 Esteller M, Herman JG. Cancer as an epigenetic
disease: DNA methylation and chromatin
alterations in human tumours. | Pathol 2002; 196:
1-7 [PMID: 11748635 DOI: 10.1002/ path.1024]

10  Wu C, Bekaii-Saab T. CpG Island Methylation,
Microsatellite Instability, and BRAF Mutations and
Their Clinical Application in the Treatment of Colon
Cancer. Chemother Res Pract 2012; 2012: 359041
[PMID: 22792460 DOI: 10.1155/2012/359041]

2016-02-08 | Volume 24 | Issue 4 |



11

12

13

14

15

16

17

18

19

20

21

J3aishideng®

Li E, Beard C, Jaenisch R. Role for DNA methylation
in genomic imprinting. Nature 1993; 366: 362-365
[PMID: 8247133 DOI: 10.1038/366362a0]

Bergman Y, Cedar H. DNA methylation dynamics
in health and disease. Nat Struct Mol Biol 2013; 20:
274-281 [PMID: 23463312 DOI: 10.1038/nsmb.2518]
Wang YH, Griffith J. Methylation of expanded
CCG triplet repeat DNA from fragile X syndrome
patients enhances nucleosome exclusion. | Biol
Chem 1996; 271: 22937-22940 [PMID: 8798475 DOI:
10.1074/jbc.271.38.22937]

Issa JP, Ottaviano YL, Celano P, Hamilton SR,
Davidson NE, Baylin SB. Methylation of the
oestrogen receptor CpG island links ageing and
neoplasia in human colon. Nat Genet 1994; 7:
536-540 [PMID: 7951326 DOI: 10.1038/ng0894-536]
Toyota M, Ahuja N, Ohe-Toyota M, Herman
JG, Baylin SB, Issa JP. CpG island methylator
phenotype in colorectal cancer. Proc Natl Acad Sci
USA 1999; 96: 8681-8686 [PMID: 10411935 DOI:
10.1073/pnas.96.15.8681]

Toyota M, Ahuja N, Suzuki H, Itoh F, Ohe-
Toyota M, Imai K, Baylin SB, Issa JP. Aberrant
methylation in gastric cancer associated with the
CpG island methylator phenotype. Cancer Res
1999; 59: 5438-5442 [PMID: 10554013 DOI: 10.1016/
j.canlet.2014.05.009]

Witt H, Jones DTW, Zapatka M, Cin H, Ryzhova
M, Remke M, Kulozik AE, Witt O, Lichter
P, Korshunov A, Pfister SM. Identification
of a CpG Island Methylator Phenotype (PA-
CIMP) in a Subgroup of Pilocytic.Astrocytoma.
Klinische Padiatrie 2011; 223: 400 [DOI: 10.1055/
s-0031-1292597]

Li Q, Jedlicka A, Ahuja N, Gibbons MC, Baylin SB,
Burger PC, Issa JP. Concordant methylation of the
ER and N33 genes in glioblastoma multiforme.
Oncogene 1998; 16: 3197-3202 [PMID: 9671399 DOI:
10.1038/sj.0nc.1201831]

Roessler J, Ammerpohl O, Gutwein J, Steinemann
D, Schlegelberger B, Weyer V, Sariyar M, Geffers R,
Arnold N, Schmutzler R, Bartram CR, Heinrich T,
Abbas M, Antonopoulos W, Schipper E, Hasemeier
B, Kreipe H, Lehmann U. The CpG island
methylator phenotype in breast cancer is associated
with the lobular subtype. Epigenomics 2015; 7:
187-199 [PMID: 25347269 DOI: 10.2217/ epi.14.74]
Marsit CJ, Houseman EA, Christensen BC, Eddy K,
Bueno R, Sugarbaker DJ, Nelson HH, Karagas MR,
Kelsey KT. Examination of a CpG island methylator
phenotype and implications of methylation profiles
in solid tumors. Cancer Res 2006; 66: 10621-10629
[PMID: 17079487 DOI: 10.1158/0008-5472.
CAN-06-1687]

Andrew D. Kelly, Heike Kroeger, Jumpei
Yamazaki, Rodolphe Taby, Frank Neumann,
Justin T. Lee, Rong He, Shoudan Liang, Yue
Lu, Matteo Cesaroni, Sherry A. Pierce, Steven
M. Kornblau, Carlos E. Bueso-Ramos, Farhad
Ravandi, Hagop M. Kantarjian, Jean-Pierre J.
Issa, Jaroslav Jelinek. Abstract B22: Genome-wide
methylation analysis reveals an independently
validated CpG island methylator phenotype
associated with favorable prognosis in acute
myeloid leukemia. Clinical Cancer Research 2015;
21 [DOI: 10.1158/1557-3265]

WCJD | www.wjgnet.com

22

23

24

25

26

27

28

29

30

31

Wi, 5. SEDRCP CRBPEIRIBIARERE

Shen L, Toyota M, Kondo Y, Lin E, Zhang L, Guo
Y, Hernandez NS, Chen X, Ahmed S, Konishi
K, Hamilton SR, Issa JP. Integrated genetic and
epigenetic analysis identifies three different
subclasses of colon cancer. Proc Natl Acad Sci USA
2007; 104: 18654-18659 [PMID: 18003927 DOI:
10.1073/pnas.0704652104]

Samowitz WS. The CpG island methylator
phenotype in colorectal cancer. Journal of Molecular
Diagnostics 2007; 9: 281-283 [DOI: 10.2353/
jmoldx.2007.070031]

Cheng YW, Pincas H, Bacolod MD, Schemmann G,
Giardina SF, Huang J, Barral S, Idrees K, Khan SA,
Zeng Z, Rosenberg S, Notterman DA, Ott J, Paty
P, Barany F. CpG island methylator phenotype
associates with low-degree chromosomal
abnormalities in colorectal cancer. Clin Cancer
Res 2008; 14: 6005-6013 [PMID: 18829479 DOI:
10.1158/1078-0432.CCR-08-0216]

Ogino S, Kawasaki T, Kirkner GJ, Loda M, Fuchs
CS. CpG island methylator phenotype-low (CIMP-
low) in colorectal cancer: possible associations
with male sex and KRAS mutations. | Mol Diagn
2006; 8: 582-588 [PMID: 17065427 DOI: 10.2353/
jmoldx.2006.060082]

Kang KJ, Min BH, Ryu KJ, Kim KM, Chang DK,
Kim JJ, Rhee JC, Kim YH. The role of the CpG
island methylator phenotype on survival outcome
in colon cancer. Gut Liver 2015; 9: 202-207 [PMID:
25167802 DOI: 10.5009/ gnl13352]

Bettstetter M, Woenckhaus M, Wild PJ, Riimmele
P, Blaszyk H, Hartmann A, Hofstddter F,
Dietmaier W. Elevated nuclear maspin expression
is associated with microsatellite instability and
high tumour grade in colorectal cancer. | Pathol
2005; 205: 606-614 [PMID: 15714592 DOI: 10.1002/
path.1732]

Fung CL, Chan C, Jankova L, Dent OF, Robertson
G, Molloy M, Bokey L, Chapuis PH, Lin BP,
Clarke SJ. Clinicopathological correlates and
prognostic significance of maspin expression in
450 patients after potentially curative resection
of node-positive colonic cancer. Histopathology
2010; 56: 319-330 [PMID: 20459532 DOI: 10.1111/
j.1365-2559.2010.03479.x]

Snoeren N, Emmink BL, Koerkamp M]J, van Hooff
SR, Goos JA, van Houdt W], de Wit M, Prins AM,
Piersma SR, Pham TV, Belt EJ, Bril H, Stockmann
HB, Meijer GA, van Hillegersberg R, Holstege
FC, Jimenez CR, Fijneman R], Kranenburg OW,
Rinkes TH. Maspin is a marker for early recurrence
in primary stage III and IV colorectal cancer. Br |
Cancer 2013; 109: 1636-1647 [PMID: 24002600 DOIL:
10.1038/bjc.2013.489]

Kim JH, Cho NY, Bae JM, Kim KJ, Rhee YY, Lee HS,
Kang GH. Nuclear maspin expression correlates
with the CpG island methylator phenotype and
tumor aggressiveness in colorectal cancer. Int | Clin
Exp Pathol 2015; 8: 1920-1928 [PMID: 25973084]
Nosho K, Shima K, Irahara N, Kure S, Baba
Y, Kirkner GJ, Chen L, Gokhale S, Hazra A,
Spiegelman D, Giovannucci EL, Jaenisch R, Fuchs
CS, Ogino S. DNMT3B expression might contribute
to CpG island methylator phenotype in colorectal
cancer. Clin Cancer Res 2009; 15: 3663-3671 [PMID:
19470733 DOI: 10.1158/1078-0432.CCR-08-2383]

W@ 53R
CIMPE 4 AW
S P WY B S IR,
N dm, LA
MM, H— %
#9167 L

563 2016-02-08 | Volume 24 | Issue 4 |



Rxte, 5. SEPRCP CRBPEIKRIBARERE

J3aishideng®

32

33

34

35

36

37

38

39

40

Ogino S, Cantor M, Kawasaki T, Brahmandam M,
Kirkner GJ, Weisenberger D], Campan M, Laird
PW, Loda M, Fuchs CS. CpG island methylator
phenotype (CIMP) of colorectal cancer is best
characterised by quantitative DNA methylation
analysis and prospective cohort studies. Gut 2006;
55:1000-1006 [PMID: 16407376 DOI: 10.1136/
gut.2005.082933]

Weisenberger DJ, Siegmund KD, Campan
M, Young J, Long TI, Faasse MA, Kang GH,
Widschwendter M, Weener D, Buchanan D, Koh
H, Simms L, Barker M, Leggett B, Levine J, Kim
M, French AJ, Thibodeau SN, Jass J, Haile R, Laird
PW. CpG island methylator phenotype underlies
sporadic microsatellite instability and is tightly
associated with BRAF mutation in colorectal
cancer. Nat Genet 2006; 38: 787-793 [PMID: 16804544
DOI: 10.1038/ng1834]

Samowitz WS, Sweeney C, Herrick ], Albertsen H,
Levin TR, Murtaugh MA, Wolff RK, Slattery ML.
Poor survival associated with the BRAF V600E
mutation in microsatellite-stable colon cancers.
Cancer Res 2005; 65: 6063-6069 [PMID: 16024606
DOI: 10.1158/0008-5472.CAN-05-0404]

van Rijnsoever M, Grieu F, Elsaleh H, Joseph D,
Iacopetta B. Characterisation of colorectal cancers
showing hypermethylation at multiple CpG
islands. Gut 2002; 51: 797-802 [PMID: 12427779
DOI: 10.1136/ gut.51.6.797]

Limsui D, Vierkant RA, Tillmans LS, Wang AH,
Weisenberger DJ, Laird PW, Lynch CF, Anderson
KE, French AJ, Haile RW, Harnack L], Potter JD,
Slager SL, Smyrk TC, Thibodeau SN, Cerhan JR,
Limburg PJ. Cigarette smoking and colorectal
cancer risk by molecularly defined subtypes. ] Natl
Cancer Inst 2010; 102: 1012-1022 [PMID: 20587792
DO 10.1093/jnci/ djq201]

Schernhammer ES, Giovannucci E, Baba Y, Fuchs
CS, Ogino S. B vitamins, methionine and alcohol
intake and risk of colon cancer in relation to BRAF
mutation and CpG island methylator phenotype
(CIMP). PLoS One 2011; 6: 21102 [PMID: 21738611
DOQI: 10.1371/journal.pone.0021102]

Hughes LA, Simons CC, van den Brandt PA,
Goldbohm RA, de Goeij AF, de Bruine AP, van
Engeland M, Weijenberg MP. Body size, physical
activity and risk of colorectal cancer with or
without the CpG island methylator phenotype
(CIMP). PLoS One 2011; 6: €18571 [PMID: 21483668
DOQI: 10.1371/journal.pone.0018571]

Dhir M, Yachida S, Van Neste L, Gloéckner SC,
Jeschke ], Pappou EP, Montgomery EA, Herman
JG, Baylin SB, lacobuzio-Donahue C, Ahuja N.
Sessile serrated adenomas and classical adenomas:
an epigenetic perspective on premalignant
neoplastic lesions of the gastrointestinal tract. Int |
Cancer 2011; 129: 1889-1898 [PMID: 21154739 DOI:
10.1002/1jc.25847]

Tahara T, Yamamoto E, Madireddi P, Suzuki
H, Maruyama R, Chung W, Garriga J, Jelinek J,
Yamano HO, Sugai T, Kondo Y, Toyota M, Issa
JP, Estécio MR. Colorectal carcinomas with CpG
island methylator phenotype 1 frequently contain
mutations in chromatin regulators. Gastroenterology
2014; 146: 530-538.e5 [PMID: 24211491 DOI:
10.1053/j.gastro.2013.10.060]

WCJD | www.wjgnet.com 564

41

42

43

44

45

46

47

48

49

50

Swidsinski A, Dorffel Y, Loening-Baucke V,
Theissig F, Riickert JC, Ismail M, Rau WA,
Gaschler D, Weizenegger M, Kiihn S, Schilling J,
Dorffel WV. Acute appendicitis is characterised
by local invasion with Fusobacterium nucleatum/
necrophorum. Gut 2011; 60: 34-40 [PMID: 19926616
DOI: 10.1136/ gut.2009.191320]

Strauss J, Kaplan GG, Beck PL, Rioux K, Panaccione
R, Devinney R, Lynch T, Allen-Vercoe E. Invasive
potential of gut mucosa-derived Fusobacterium
nucleatum positively correlates with IBD status
of the host. Inflamm Bowel Dis 2011; 17: 1971-1978
[PMID: 21830275 DOI: 10.1002/ibd.21606]

Kostic AD, Gevers D, Pedamallu CS, Michaud
M, Duke F, Earl AM, Ojesina Al, Jung ], Bass AJ,
Tabernero J, Baselga J, Liu C, Shivdasani RA,
Ogino S, Birren BW, Huttenhower C, Garrett
WS, Meyerson M. Genomic analysis identifies
association of Fusobacterium with colorectal
carcinoma. Genome Res 2012; 22: 292-298 [PMID:
22009990 DOI: 10.1101/ gr.126573.111]

Tahara T, Yamamoto E, Suzuki H, Maruyama R,
Chung W, Garriga ], Jelinek J, Yamano HO, Sugai
T, An B, Shureiqi I, Toyota M, Kondo Y, Estécio
MR, Issa JP. Fusobacterium in colonic flora and
molecular features of colorectal carcinoma. Cancer
Res 2014; 74: 1311-1318 [PMID: 24385213 DOI:
10.1158/0008]

Ogino S, Nosho K, Kirkner GJ, Kawasaki T,
Meyerhardt JA, Loda M, Giovannucci EL, Fuchs CS.
CpG island methylator phenotype, microsatellite
instability, BRAF mutation and clinical outcome in
colon cancer. Gut 2009; 58: 90-96 [PMID: 18832519
DOI: 10.1136/ gut.2008.155473]

Dahlin AM, Palmqvist R, Henriksson ML,
Jacobsson M, Eklof V, Rutegard ], Oberg A, Van
Guelpen BR. The role of the CpG island methylator
phenotype in colorectal cancer prognosis depends
on microsatellite instability screening status. Clin
Cancer Res 2010; 16: 1845-1855 [PMID: 20197478
DOI: 10.1158/1078-0432.CCR-09-2594]

Li X, Hu F, Wang Y, Yao X, Zhang Z, Wang F, Sun
G, Cui BB, Dong X, Zhao Y. CpG island methylator
phenotype and prognosis of colorectal cancer in
Northeast China. Biomed Res Int 2014; 2014: 236361
[PMID: 25243122 DOI: 10.1155/2014 /236361]

Kakar S, Deng G, Sahai V, Matsuzaki K, Tanaka H,
Miura S, Kim YS. Clinicopathologic characteristics,
CpG island methylator phenotype, and BRAF
mutations in microsatellite-stable colorectal cancers
without chromosomal instability. Arch Pathol Lab
Med 2008; 132: 958-964 [PMID: 18517279]

Jover R, Nguyen TP, Pérez-Carbonell L, Zapater P,
Paya A, Alenda C, Rojas E, Cubiella ], Balaguer F,
Morillas JD, Clofent J, Bujanda L, Refié JM, Bessa X,
Xicola RM, Nicolas-Pérez D, Castells A, Andreu M,
Llor X, Boland CR, Goel A. 5-Fluorouracil adjuvant
chemotherapy does not increase survival in patients
with CpG island methylator phenotype colorectal
cancer. Gastroenterology 2011; 140: 1174-1181 [PMID:
21185836 DOI: 10.1053 /j.gastro.2010.12.035]
lacopetta B, Kawakami K, Watanabe T. Predicting
clinical outcome of 5-fluorouracil-based
chemotherapy for colon cancer patients: is the CpG
island methylator phenotype the 5-fluorouracil-
responsive subgroup? Int | Clin Oncol 2008;

2016-02-08 | Volume 24 | Issue 4 |



Wi, 5. SEDRCP CRBPEIRIBIARERE

13: 498-503 [PMID: 19093176 DOI: 10.1007/ a survival benefit in patients with stage II or III
510147-008-0854-3] colorectal carcinomas receiving fluoropyrimidine-

51 Min BH, Bae JM, Lee EJ, Yu HS, Kim YH, Chang based adjuvant chemotherapy. BMC Cancer 2011;
DK, Kim HC, Park CK, Lee SH, Kim KM, Kang GH. 11: 344 [PMID: 21827707 DOI: 10.1186/1471-2407-1
The CpG island methylator phenotype may confer 1-344]

i TEH® w4 1554

ISSN 1009-3079 (print) ISSN 2219-2859 (online) DOI: 10.11569  20164F fFLJA E 8 Hi il
LA RAFH

(ERFATWEE) 2011 AU ALARRTHE |

AFIR T AR KA, RAERS R AT AIERARE, (HEFENHAE) R e, I
20 1VAETF UGS i A SRAR AN F IS HCe A 2l o A e 300 S A R AN AR, ( (SR NV AR ) G ET)

Baishideng® WCJD | www.wjgnet.com 565 2016-02-08 | Volume 24 | Issue 4 |



Jnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton,
CA 94588, USA
Fax: +1-925-223-8242
Telephone: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

ISSN 1009-3079

‘ | ” K

97771009°307056 ‘”"H

© 2016 Baishideng Publishing Group Inc. All rights reserved.




