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Abstract

and poor prognosis. It is generally considered that the pathophysiology of colorectal cancer is a complex multi-

Colorectal cancer is one of the most common gastrointestinal cancers with high incidence

step process involving the accumulation of genetic and epigenetic changes. The main epigenetic aberrations
include DNA methylation, histone modification, chromatin remodeling, and non-coding RNAs regulation such
as microRNAs and long noncoding RNAs (IncRNAs). Epigenetic study at molecular level would help to prevent,
diagnose, and therapy of colorectal cancer, and finally to reduce mortality. In this review, we will talk about
discovered epigenetic changes of colorectal cancer and their clinical significance, aiming to explore the possibility
of the early diagnosis and early treatment for colorectal cancer with epigenetic characters.

Key words colorectal cancer; epigenetic; DNA methylation; histone modification; non-coding RNA
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ACERVRAE S REHLE 3K sty H2 W AG
SR E, BAAREEENE .

K IV A — 22 51 R DR R 9 B L5 AR B B A i 1
S, o3t R iR (R 1 5 PAD) R ST A e R (e i o
B e R AERUR R Rt — R YISk 2 R Is £
P RBSUR A R a8HE 2% (genetics) T % NDNA %)
FACPHFTEIE R S5k, 5848 RIEMPEE. 5l
FEL TR (19 3 A 2 L) 3 A, 41 3R] 380 o A
(oA G ECE A Dy RE B R . R R TASE. 1990
4, FearonfllVogelstein® i Hi K 17 9 16 & g & — A~
2P WP R g B DRI 5% AR i AU B DRI
W R R 0 2L R(4PC. SMAD2.4. TP53

8 BUm L (K-rasS5) I 584, LA KR kL )03 2218
¥ AR L ) S SR P R B (R IR N R
BTN, K B h75% 2 BRI, & F25%0
FGAE A 1, 2 B A R 200 K i i ke A2 B A7
EHEEMEM. Hil, 48R —LHEEILF 1
KA FHEON I ) A WBRAF . TP53V\ JHE L&
HILRMLHI. MSH2. MSHG6. PMS2)[{ 545 b i
KIGTE™; K-rast) 5878 55 K Wi (65 7% RIS AH DG,
WA, 0 3 6 K M o 1 A S PR 21 S IBRAIE 9 R B 144
F [X] [¥)SNP(single-nucleotide polymorphism)fi/. £ 55
K 000 5 A RS AT R 5 1 1R K 2R [1g41. 3q26.2.
8q23.1(EIF3H). 8q24.21. 10pl4. 11q23. 12ql13.13.

F1 B RRRWIEE LN KA LE RS-

Table 1 Common epigenetic changes in colorectal cancer"!

H=A HRE DK T RE RN K T v B0 LB 27 A2 Ak

Genes Gene function and epigenetic changes in colorectal cancer

APC Tumor suppressor gene, antagonist of Wnt signaling pathway; high methylation leads to gene silencing

MGMT Involved in DNA damage repairing; high methylation leads to gene silencing

CDKN2A/P14 Tumor suppressor gene, involved in cell cycle regulation; high methylation leads to gene silencing

HLTF Encoding chromatin remodeling factors; high methylation leads to gene silencing

hMLHI, h(MLH2 DNA repair gene; gene silencing by hypermethylation related with MSI

CDKN2A/P16 Tumor suppressor gene, involved in cell cycle regulation; high methylation leads to gene silencing

CDHI13 Regulating cell adhesion-debonding process; inactivation by hypermethylation leads to cancer metastasis

UNC5C Tumor suppressor gene; loss of expression by hypermethylation is associated with CRC

DCC Tumor suppressor gene controling programmed cell death; loss of expression in 70% of CRC

cox2? Involved in inflammation, mitosis, tumor angiogenesis and metastasis; hypermethylation leads to gene silencing

HACE 1 Tumor suppressor gene; loss of expression by hypermethylation is associated with CRC

RASSF14 Apoptosis inhibitory protein participated in death receptor-dependent; high methylation leads to gene silencing

RUNX3 Tumor suppressor gene; loss of expression by high methylation is associated with CRC

SOCS1 Negatively regulateing JAK/STAT3 pathway; loss of expression by high methylation is associated with CRC

CHFR Checkpoint in early Go/M phase; often methylated in early CRC

ADAM?23 Involved in cell-cell and cell-matrix interactions; loss of expression by high methylation is associated with CRC

DLECI Tumor suppressor gene; silencing by high methylation is associated with CRC

SERP1 SFRP gene silencing by hypermethylation leads to abnormal activation of the Wnt signaling pathway

MYOD Stopping the cell cycle; silencing by hypermethylation is associated with CRC

P15 Cyclin-dependent kinase inhibitor; silencing may influence the risk of CRC

P73 Tumor suppressor gene; silencing by hypermethylation is associated with CRC

WT1 Tumor suppressor gene; silencing by hypermethylation is associated with CRC

Cyclin A1 Binding with transcription factors such as E2F-1, P21, Rb family; silencing by hypermethylation is associated with CRC

MINT Inhibiting transcription; MINT methylation can be used to detect the level of local recurrence

RAR-b Inhibition of retinoic acid-mediated growth, tumor suppressor genes; hypermethylation promotes the development of CRC

RGC-32 Regulating genes involved in chromatin assembly; its silence and chromatin remodeling are associated with cell cycle acti-
vation

miRNAI24a May affecting the expression of oncogenic protein

miR-34b/c, miR-9-1,
miR-129-2 and R-137

They were observed methylation level higher in colorectal mucosal epithelium than normal mucosa

Observed downregulation in colon cancer; negatively correlated with DNMT3A mRNA expression in CRC

miR-21 Hypermethylation promotes invasion and metastasis of CRC

miR-143

miR135 Negatively correlated with APC mRNA expression in CRC and colorectal adenomas
miR-34a

Blocking SIRT1, enhancing activity of P53, silencing by hypermethylation is associated with CRC
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14q22.2(BMP4). 15q13.3(GREMI). 16q22.1(CDHI).
18921.1(SMAD7). 19q13.1(RHPN2). 20p12.3 fil
20q13.33(LAMAS)].

5 DR G AR 06 K s 1R i A A TS () R i, T R
WIS 27 1 R AR 1 DA 3 DR SRR TR 48 1) A= LA, 1]
FEXT K e (1) AR D R A A6 AN nl 2 T E o
SE b, R R AEFUR & — N 2 PRI W Mast
AL TN AL AR A AR S A R0, K 1) R
A AAAN 5 35 A% IR AR A K, 38 5 R A 25 D) 1
2R, R R AR K AR R L BORR i 2E I . 3R
WAL 27 F LR FE DR e AN K AR O, T PR 3Rk
HURAE T AL A b . st A% = L% 40 e 4=
K, R MBS H0 IO R 2 A B o0 BT
S, RMBAEFR L H AT 2 S Fhd s 5
THL B AN T > PR IO BRA A, T 3 UM ) & AR
H A i oAy, FEAL bR S e Ko N2
Wk B B RO SRS SR R AR

TER g h, 48 A — 26 B A DA 1 W a5t

(A)
Gene Transcription
promoter factor

Cannot binding

(B)

LA AR R Y, X IX LS E R BEAT G A B &5, KL
K 88 P 2 UL 38 A% 2 DA 3 B 5 6 D A DNA
Al AR B Gt TR B DL AR Y
RNAsI . 1 15X Ly DG K i 1R 2R 0
A AT UL FEHEAT IR

1 EELHEDNAREL

DNA F LAk 2 FEDNA R HR & il L 7 7 | —A
FILR AR . H 5L HHDNA F L35 i (DN A meth-
yltransferase, DNMT) Ms- i  F A% & R (SAM)#5 7%
fEALT K . AZRIIDNA F AL AR K A AECpGAT AT,
FEIEAES-CpG-3/ [ Mg B I | 1R Z 55 ) 3))
FIXAFAE E & CpGAL s IICPG i, B 5 56% 11 N5k
DR 20 2w i 5k DR A %, TR IR CpG & 1) R IR AR A&
I,

JE Bl FDNA [ S Ak i) DA ) 35 IR ) 4 5%
I LU =R L

()T 3 8% % K1 ST DNA TG A 1 510 45 A

Binds

region . I

Not methylated
gene active

Methylated
gene blocked

2 GCs> o o

Promoter

Gene

Promoter

Gene

A: FEH R B 1 X AL TP s R S DNA TR S5 &5 B: H AL DNASESHDAC T B sl & &, TP R e 5%

A: DNA methylation interfered with transcription factors recognition and binding of transcription factors to DNA elements; B: sequence-specific

methylated DNA binding protein combined with methylation CpG islands in promoter region, raised histone deacetylase(HDAC), prevented the

combination of transcription factors and promoter region target sequence, and finally affected the transcription of genes.
E1 EFEHEDNARE NI RAIFM
Fig.1 Genomic DNA methylation affects transcription
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s K1 5DNA FFf I o 45 & . DNAR AL
5 DR 2 T A, ATE49 4 sk DR Je ik R0, 6
5 DNAGE A, T BH I8 R S (1A .

Q)JF B 7 M 1 AL EDNAZ A& A 5 8
)1 X HIECpG iy & £, SEAE AL 1 2 SR L I
(HDACQ), JE % 540 HI 52 &4, BRIE# 5 K1 5 )7
Bl FIXBE B 45 £, AT 52 M S DT 19 e 5 (6T 1B) o

(3)DNA F I b 3 ank oA e £ )it 45 4y, 0 il %
DRI R R o GO0 TR 284 () AR AN A it o 4 B 1 1) ST
A2 Ak, DA BE DR A S (1 TF R 7

Ji )T X CpG ity AL AT DL i S R R0k, —
HOF LAY S vl o 22 My o5 i R R I o b 3R
ik, AN S BT IR R, B EE R

K s T, — 5 T, A G JE R (16 34k ]
R ASE 00 e R P A S T P 49 5 R 3 R DR G P-4
Rt 1(CDH3). HI E B2, ik nf DALY
ATt % H L4k 10 Th e v 25 R FE M
B SRR SE DR (0 e 5%, N TR AN SR, XY
PRTE ERICER O, SO e A R0 2 4K 1) A
JEPEY I, L NG 2R s AR A0 R g 2
P, A4 T 2H RN G 10 R S 0 0%, e AR D B AR
(MSS) IR e sy LU, ] WL, SR 2 () 24
A n] AR A TG 2 Wi K i A bsic .

577 T, — LS T FE R S Bl T DNA)
1, W UL B SRR B, TS I K s 1 A 2D,
EUan, 4 B J 399 90 458 AR 5% 3k IRl CDKIN2 A1 40% 1) K
[ TR A ORI AR, I FLAE K s A R
AL P16 BRI K i v e A= FR A, I BLAE A
48 e v R AR IR B e, O B R A A ) £
[T, UNCSCRIDCCHE IRl 1) 5y FRE Ak Fi 4 ik 43
T TE68% 56% 1 Ji 1 K M s v A Ay I &), I HL
UNC5C{r-Dukes CHH (1) F BE AL A0 2% L i g 550 Y 302
Bt U A, HibiSEUSIE S8 J5UR M K i B v
Ky ) 3| — 6 5 FE L [K(P16. P14 HLFT. SOCSI.
CDHI13. RUNX3. CHFR)IJDNAK 4= 34k, I H.
5K e 5 B IR 2 1 W2 AH DG . T AL, DNAFY
LRI R s 1) 0 A DTG

HABERM, 485 37 X 38 ECpG &y IDNA
FREA RAEENE L. A8 7mRIEAN
MASPINFERI 3 2 F X A A CpG iy, HRIAH
7 FIDNA AL (140, [/ FE, CpG By AL T
BT IR Oct-4 5 K (IDN A FHJEAL,, -t 5 i 25 2 ]

[ AA 7K 3K 1 B AECp G & FE R4 1 B 24 H,
b — 2 45 7RDNA LA T 5 DR 4 11 52 2458 00
B

M4, K 98 (FIDNA F JE AL i R 0 2 30 4
kBt A I P AR TR A JE, 1R Y SRDINA R SRS I 1)
TRER AR H T, 55 FH IR VAR 2R
W P (bisulfite sequencing). 3+ U 115 44 1) 5 %
P2 £ I ¥ (reduced representation bisulfite sequencing,
RRBS). H 3 ALDNA % 9% 4Ly U Wl 7 (methylated
DNA immunoprecipitation sequencing, MeDIP-seq)-
FHBL AL DNAZ5 45 45 14 38000 [ (methylated DNA bind-
ing domain sequencing , MBD-seq)®'!. DNA F1 & {f,
DR TR RS W B o B f A . R, O K s DNA
BEARAT JE P 42 Fi e 300 4 dpke W 1) A . B, A
25 EEE TV K g 2 SR 534N X6 . 1) 9 55 4 218
HEAT A SRR DRV 2H Y [ (1) F SR AL 0 A, R I THBD-MA
C0rf50-MPIA™HE DR ] LAAE 2 37 (1) K g A2 ) b s
W, Ak, FE0E N T A UDNA T EE AR 2 — B
YRR IR A BOR, R ok, RBUZ S, B 5
Bz, 2Bz A, K EERE 2y SR B i o
ot 25 15 He K i o8 07 25 4w b W) A b S T DNAKS:
DUAE Ay HE 72 R 075 2 g R34, G el Sy B A A il
2 AL T A

DNA H JE Ak 7 58 BT 428 0 23 7 T 473 0 A
FRAE . K R At FE S SR el s 5 A
(A PG A By R G, O 2 MR Y
I o KR e PR A U v ] LU - RS2
TRRAS RIS AT BB DL SO I R R 7
307, BT R, — S LA R AR R A 2 F A
25 AR R REAE A TE D fie, LRI RIS Hh Uk
B b 7Y fth Vi€ F1 Zebularine 3 2%, FF H AT 1 K EIE
MW BRI T Tk T A R & A
PRIFEAHL, (HAE AT TR T ATIRAEAEAR 22 I i
R

2 HERKREEM

KW oy — /> B (0 RO EE A 2 5 ot e (1
FUEE, A& A e, NSRRI A
AN SEAZ/NE, 11146 bpt DNAIR R e A1 ] 1 2%
(6 K% 0a 21 2 1 )\ 28 AR (H2A/H2B - 28 K FITH3/H4 Y
TRV . 41EE 11 AT DACKCR 6 25 A T IR DN AT P,
S HE 1 B S S A ) DA R RN G TR 2 1) S e A
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5 7% B BSOS () 5 G 0T, [ TAR 6

XA B, L S IR, BRI
iz Fdk, S R AR AR OV R N R S AN C A i i )
W N . AR A B LR AS [ 2 RE 1A B A 1T
K, WA E A LW E(HATs). 4 E LBL
g (HDACs)FIZH £ 1 A e g 452 AR 11K
PRI IATAT 5 e sk M 8 3 ST Ikl 96 Ak,
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ANTR R Th e oA el

H AT, CZ8 0 W] 41 8 FITH3 28 1047 22 2 1R 1¥)
1 A%, 55 7 7L 30 400 A e v 5 ORI PR s A G L)
2 RS A 2 R I HB3 SR A4 A A R 1) —
F I A Bk = H 3 K (H3K4me2/H3K4me3), H3%59
7 6 2 R R 55 27 67 8 2 R 1) — PP kb (H3K9me3
H3K27me3). H3K4me2/H3K4me3 15 L [A] (1) 5% 5% 3
WA %, MTH3K9me3 FIH3K27me3 I 411 il £ 22 v 2k
FEDR Rk (E12)P7,

DRk, 21 B (s o mT DLJE o A B . S
A T A5 22 T g S B A 6 R ) 8 S, R A
H3K27me3 X} — L& 8 T L R 1) JU R, S 30T
REIRAEFIR . 12 Klgs b, S i 5UF H ChIP-
chipal # ChIP-seq ¥ A £ £ T K & TH3K27me3 1%
WAL piPY. Pelaez 5P WL W], 4l (LB %2
B9 B PRIR A SR 478 5% Wi DA 11 U4 77 9 35 [R] (1) 35, 4

Cylin D1EYE-cadherin, [FR]WF 2% 2 85 A5 10 (14 1 2 1
1 20 L R P OB

FII, X 2H 8 LA 2 IO RIE S v AN A DNA
HEAL AT F0EY . AR Z LR 2 IRA Tk — 20
K&K

3 DNARES5EERBIRMMEREXR

DNA F 246 5 41 8 (B B T AT e % A
MO EE, EATELE Z A KPR B, DLye 3k
DR IRARAS . Gt RS A AN 0 i P (R TR0, 2
A AR, ©245G9a. SUV39HIMIPRMTS, nf
DUIE of P 4 58 S DNA F L6 B B (DNMTs) (45 57 111
FUJE RIDNA KR A H 5S4k, 5 SO SE R (1 DU BREY . R
T A S EDNMTS, 418 [ LR AN 25 AL g
[F) A T 38 ok 1 TTDNMTs 8 [ 1 B8 75 5K % IDNA
HH SRR K782, DNA FE3EA AR m] DL Rl RN 8
WIMeCP2{fi 21 7 FIH3KO K A FH LAk, AT 7= 26 4
RSN N7

A, TR R, A7 e SR IR [R] I 2 A=
PL B E sk AL A2 4k, tnAPC. SFRPI. SOXI7UE
TN A 11 K G (polycomb groub, PeG)IFJ#EFE A, [F] ) H:
B FIX I8 b R AEDNAFFIEAIY, BFFYEE B, PeG
() B B PRC240, A EZH2. SUZ12HMIEEDWE %, J& H Hi
RLEIME— 1] DL & AEH3K27me3 M 1 1) 5 4 4B,

Normal

Gene active

N

O Histones

. Transcription factors
Methylated CpG
Unmethylated CpG
H3K9/K27 methylation
H3K4 methylation
H3K9 acetylation

* kOO

H3K4 LAY, 5 e s 0% A ¢, H3K9. H3K27 FFEAL D4l 35k Rl s 5

7o) Cancer
Gene blocked

H3K4me2/H3K4me3 actives gene promoters, whereas H3K9me3 and H3K27me3 are transcriptionally repressed.
E2 HEBHEFRREIHE RN

Fig.2 Post-translational modification of histone affects transcription
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Normal

\/.

O Histones

@ Transcription factors
Methylated CpG
Unmethylated CpG
H3K9/K27 methylation
H3K4 methylation

*E*0O

y H3K9 acetylation

7o\
Gene blocked

Cancer

AR I Y € ST BT ATP 3 it o 98 JSRA T G 0, AL s Al 5 R DA 2 5
Dense chromatin remodels into a loose chromatin with ATP decomposed thus the transcription factor binding gene.
B3 fERELMERIH

Fig.3 Chromatin remodeling affects transcription

S X 409 A AT 83 0 A 1 1 K M A

BRI,

4 FERELE

Ye a5t # ¥ (chromatin remodeling) 5 4 (4, 5 fi7
BRI AR AL, B8 R AR ) G 8 ST AL MR
A A R S A% TR B, AT 2 5 R TR B s JE B 1
DX R A FH e, A S AR R (O sk DR 7))
AL 2 B 45400 XA AT KL B A1k
SR, (H 12 BE R (ATPES) M B, e 4
H I FIDNAZ ] R R PO (E3)

Hj, FEHMRGS N SR O ER: —
28 & ATPAC A R A /N B 98 2 5 A, e T8 sk /K A 4
SRR MERI Y, — R A B 61k, ©
F BN %0021 HE AN B 2 A T S B

et J I R D AR EEEH, —H
A, R SR MR R BRI . S IR,
BRG1HISNF5/INI1 44 {4 57 5 38 55 5 W) 1 N 2K 45 W
I 20 0 2 TP A IR A S R e Ah, ARIDIASE
AR sl i 2R 5 RS 1) G 000 5 B 9 S H I AE 22 o 1
Jrh, e . Kigs. B, arvl e s, H
H R g 1R L A9 5t i, R 40 10% 11 K o Hh A D 3]
ARID1A 1) 4t Ji 5 508,

5 JEZRAIRNAsHYIBIZ
5.1 microRNA

miRNAs/E — K AL/ T-22 ntf)9E 2 iGRNAs,
"B Tt R R R A s S T BR R A T SR DR R R A
miRNAs[1) K5 BA AL ek, W5 A2 1Ay
T, CLFRANMOIGTE . SR T . BT, O&EAN
IR AL R B BT 1 A miRNAs BA & AT
(RIREEEIA, 22 I miRNASTE 7 43 DR 21 (1) Rk 1 F
HO A OCBEAE ID, an )R PR —FF, miRNAsHIZRIA
— 5 T B2 RIS AL OB IR s 55— T, s
P AL (1) 22 FRoHLEI, WimiRNAs AT LS i DNA
H AL BEDNMT3A. DNMT3BHI4H 4 4 15 1i(EZH2)
[PIZRIE PO,

AR, S KM LR ANE 7 2R 2 [AlmiRNAs
FIETE I LA TR IR, K7 miRNAsIR R IA 7K
Jir s R A AE T2 (R B AR . miRNAs & IR I8 &
Fom A, B e AT TR E R Y D RE

miRNAsH W K 17 9 (1) 1 57 4 b (miRNA-141
FMmiRNA-200c)*, WNTA5 % i& 42(miRNA-145,
miRNA-135aF1miRNA-135b)* 0. 4 # fig
(miRNA-373 HImiRNA-520c)*,  #F 5 & PR, 1 5 40
i JE 39 A miRNA-124a 5 CpG & 1) v TR L AL A R s 4
P TR G €8 5 45 R A Rt 8 K e v RS 1) 9



MR OGS Kl iR e AT Tk g

1055

TP53{% 5 i& 42 (ImiRNA-34b. miRNA-34cff] J3 5
T X CpG I £ 75 5 i S5 1) ok B2 F R AT, A 2
# K I, miRNA-148a. miRNA-34b, miRNA-34c
miRNA-9¥ Jii 3l 7 X CpG &y H 54k 15 B A M K i
AR,
5.2 IncRNAs

IncRNAs(long noncoding RNAs) & — 2K K & K
F200 nt/f) KAEAEHGRNAs, 7] #7875, 1l H#Fpoly-A,
WA IIEE,  H T IncRNAs 5 mRNAsZE AL, LLAE X}
IncRNA 1IN IRAT B, A K8 A T e 1 3 4w 5
RNAs, ¥ — B 200 160 e BB, S8 JLAF, B
H AW F R K RE, 5% T IneRNAST AJF 57 1
bk, H B P/E B EORER I B, caf 2
IncRNASsF) I AE#E % 242, K 1, IncRNAs T
B A g A R DN, SR B e R S TR (1 3Rk K
TV, ZHARZ W EY IR, WIER s, XYLk
W M. B RN, AERRE . NI &
Jin g e A A3

IR ZHWFFTAEN], —2EIncRNAsHE i 5 PRC2I1
AR FDO RS R AT I 1505, IX 2 IncRNAs HJ fE
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BUEPRCOM HAEHE E AW, T —ilL 4 & 25
FE IR B 7 DX G i Ak b, A 7 I R ) 41 B
KA, WH3K9me3 FTH3K27me3 5%, S EHEIE A
(2852 B 5 . FERREH, —IncRNAsH T H
JA B DR R A Bl LA R R R B Rk, A
0 A1 51 3 5 AT G 5 Ay 4109 5 R R 2 38 /K-, i
FEIE R

JEHE R T IneRNASIIAEF0E 14 2, H A6 K
J i P IneRNA ) e A 5T i A 2, A 80 S0 .
L, Tian%5ECF 50 R B, 62 K, BT IncRNA
HI9H FAL 2L, T BH19/1g2 Bk X 3k (1) 1 2K
FAWILE Y, IncRNA HOTAIRTE K [ v i 223k,
I H TR 2 5 T Kl b 200 16t A% 45 1 1R 1 15,
{H & IncRNA HOTAIRX )3 1) I 355 R i A4S W HH 71
XuZEPR HncRNA MALAT-1 13" %F K g 9 1) 48
WOMEE . R R AR A EEERIVER

B2, 4 LR, K — B2 2 )8 i,
AN BE SIS BT R MRS Tz IR B 7%, K2
HEEIGRZE . RIS Woe K i va 2
A AR EEIVE R, 1072 B A 2% AR A6 K W (1)
WIS W A7 B DAL A0S PR S B A

B hbh, RMBUE A REE nE ), i %R
RI25 ) A8, S b RGBS AL
PERE )10 K 2 — MERHRR R K
MR AL R 2 BRI W St AL it
LA BB AR AL, 1My H A R i A% 2 oA
LRI R A T AR AN AT . A5 2
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