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DNA Methylation Patterns and Their Roles in Cancers
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Abstract

more concern about its effects on the occurrence and development of cancers. DNA methylation, an important

With the deepening of the research on cancers, epigenetic regulation is now gaining more and

mechanism in epigenetic modifications, plays a significant role in the regulation of gene expression. In this review,
DNA methylation patterns and their roles in cancers were reviewed. Additionally, DNA methylation as the bio-

marker in the early diagnosis of cancers and the new strategy in the epigenetic therapy of cancers were summarized

and their futures were prospected.
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DNA TV JE 4t 72 48 /EDNA R AL % 7% i (DNA
methyltransferases, DNMTs)[J1E FH T, AS-IE 1 F i
ZAMR(SAM) N FH R4, 4 HI L4688 30K 5 1) Bk 5k
B RS- E}HEEH@W‘F'E(S mO) . 7RI FLBh Pk
W, 5-mCill # & 4 1£5"-CpG-3'(cytosine-phosphate-
guanine, CpG) AL H IR M. BRItz A, W5 A
1E5"-CpNpG-3'Fl15'-CpCpWpGpG-3"254ECGHT S th &
LT HHEAER,

CpG - IAZ T R A NJE R4 g o0 Ay S —
ST R, KA 80%MICpGAL T HHIEAIR A, Jf e
P T LB AT e B R G (A (1) 3 22 Fn B 5 DX It T
AR F120% U A0 TR FBEHOIR A, X LECp Gt o 1k
PRI, FE A TR 1S 31 X DL S 15 A0 41
e WH, ATE —BKEA D> T200 bp, (GHO)H
K T50%, FF HOUL AR/ A5 1) EE A AS 7N T-60%
(e B FR 2 CpG &y (CpG island)®s A 2 HE P 4 %%
Ko ATl B oR, NFRIER 4L A K330 000NCpG
By, “FIIBREMbEL & A 101 CpG &, B K 2 (1) 1 52
B R ILCpG & 5 5 FE D % B 2 (A4 8
FRIR DR R 1

SR A 81 X IR CpG & 1 A 5 I R R 1A
R, — MK iit, DNA LAY 8 8 400 i) 22 D] 7 e
(Bl e oAbt R vy, 5 DRI 1) AN e A% Ry

PR O S LB SL DY, AT R A B ) s . BRI
Ah, LR T 40 M, 20 B e i R R 2 08 R A
52 B LA IR o AHE, 78 SR SERF RIS LR,
DNA T EE Ak 1 56 08 05 25 TR IR 2 T8 (i H 1 9/1gf2
Rasgrfl)'>13],

19834F, B2EZATTE R ILDNA H 4L 5 i
2 AFAEA %V K R0, RiggsFlJones! 1k H,
FEOGS - 18 40 PRI 55, 96 40 P S DR 40 52 B R R
o S IR AIBE A 50 5 90 (AN ) R e o B
FHVINRR . s, Bt 3004 3% KR IE K74
FE A5 AR g v ke A T 3 W30k A AR, i I
Lo A T IR AL R E R B0,
HERR 12 28 BB AR T S — IR R,
AR AN ML, DNA S F 5640 2 f 5 L) R g4
fry kAR, BRI« 35 R 20 3 B oY O R S0 RN
Bl X IRCpG By 5 8 17 3 1 AR o200,
2.1 DNAKEEMLSEE

3 X ZH DNA I IC T 2 4K (hypomethylation) f&: Ji
2 i 3R W 35 A% 1) K s 2 — B BRI, e Al
JL AR AR AR 7K P 2 22 2 T DNA T 2 )7 41 1A%
FF A L 5 R 4 i DX N b ik 7 1) 2 PR A T B
— L WL E R A, WILINE. Al%s, 762 FliE
HOAE AR R4 I I 220, DALINE-1 24 ], HLAI
FH 30 ] LS BI040 32 IR [ 3R 0K 5 7%, DNAIK
R BEAL AR RRRE 1A R A R e it o LN A £
(F1), — 7 THI AT g 38 ik 5 m e (oA (10 B e 1, 1 Rk
i 40 L P AL T S £ R S i 2, ) — T T e
J5UE R (W Ras~ Myc. HOX1IZ§)) ik, Ml
R R ) R AR
2.2 DNARBHE 5EIE

JE )1 DX CpG By R 5 A7 257 (1388 FF Ak (hy per-
methylation) ¥ 40 Jil (1) 5 — A F S Wb AL 2Ug
— NS OL R, ARICPG B K 2 A TR IR ZS

Transcription activated

S o N S &)

W B AR T

Exon 1 L Exon 2

Repetitive region

e AT

T Unmethylated CpG

+> Transcription inactivated

e

A S

Exon 2 Repetitive region

T Methylated CpG

Bl EFAaFEAAE H DNARE U IEARESE Tk 14118 25)

Fig.1 DNA methylation patterns alteration observed in normal and cancer cells (modified from reference [14])
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HIF 5 B, 70 58 40 M v B 2 0 s 8 R ) S 3l 1 X
(1ICpG iy 8 &5 A A2 FHEAL, 5 S 4 S DR 1) R 3T
B, 1000 S0 f R R s 2L, 2 R ) AR
RIEPS ., 324 1k, A KR IR DR A i T 7 s
A A7 A F R G, X e R 2 B S DN AT
Bile . AR REMIEYE . e, Bk 4
WP 5SS AWM. WES AR IR
O R e A% 25 (2 2) . BFU R BN, HELETE R U RASSF 14
ERTSE . FUBRE . BRELE. B AUSI AR . S
JE PR B R ALY, 28R, AT LE LAY
TEARE 8 [ i 20 23 b 3R I 1R i R AL, InGSTP I
DRI TE 17 510 e e v 2R I A s R A, R TR Sk
HE M 195 T AR B Ak, [RIREAE Sk
L9 Y, RBEE DR A o 2 L HE R FR AP0, B AR o
0 i b S DR RS S SRR HLAD B AT AN 28, EL
oF RSO hR G B2 W, Y87 KPS AT ARE B
BRI IR R

3 DNAFEAL: =R B2 a9 4FRic
X2 IR, 5O gl A B, g g i
DNA AR KA T oA . BELe L PR(UnGSTPI)
EATAE PR e b R B AR . IE S PR
Rk, (73 DNAF LRI A b A A e ¥ 1 2
Wiy 997 LLACTUS IAR G A A ml g«
XTTVF 2 ek o, 2 oo T s iR T
T EE, REEENSWTTE, AR AR
HLURRIARI . SIS A LU L I R A as
+ o0 L, AEJE 4 Fh A T CAE— 2 s iR 1) 3
B, LA RS X 43 AN R SR AL g, 1 HLik
A8 X A — Mg AN R Y, EE e — e FE R 1
ST 9T M TG A — 2 ok R HIEA
(1) A% — RS T B S R P s A, DR XS T o 11
B2 W AT o B A S 3, 1 BN R A
(g il M b, 3L FR SRR A 5. N, CDHI3.
MYODI. MGMT. pl6™“L) J RASSF1A%% 3 [N it

F1 RREMAERRHEMBEXEERES % X# [26-27]11220)
Table 1 Hypomethylated genes and their related cancers (modified from reference [26-27])

He[A FEAERAY RUDIRES

Gene Cancer type(s) Method(s)

Maspin Colorectal carcinoma, thyroid cancer Methylation-specific PCR, RT-PCR
BRCA2 Sporadic ovarian cancer Bisulfite-PCR, bisulfite sequencing
P-Cadherin Invasive breast cancer Methylation-specific PCR, RT-PCR
p53 Lung cancer COBRA assay

Protease uPA Breast cancer
SNCG

BAGE Colon cancer

MS-PCR, methylation-sensitive digest

Breast cancer, ovarian cancer, bladder cancer  Bisulfite sequencing, nested methylation-specific PCR

Bisulfite restriction assay

w2 RERAEPIRE F R E UK EEREGRES % 3111220

Table 2 Genes commonly inactived by hypermethylation in cancers (modified from reference [31])

SEIA AKef 3 T

Gene Interrelated pathway Cancer type(s)

pl5 Cell cycle Lung, gliomas, breast, bladder, melanoma, prostate
pl6 Cell cycle Colon, liver

Rb Cell cycle Oligodendroglioma, retinoblastoma

APC Nuclear export Breast, lung, colon, stomach, liver

MGMT DNA repair(p53-releated) Lung, brain

RASSFIA Cell proliferation Lung, breast, ovarian, kidney, nasopharyngeal
ER Hormone receptor Breast, prostate

E-cadherin Proliferation, invasion, and/or metastasis ~ Breast, thyroid, stomach

GSTP1 Carcinogen detoxification Prostate, breast, kidney

RUNX3 Transcription factor Lung, liver, colon, bladder

DAPK Cell apoptosis Lung, prostate, glioma
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FH AR R AR (P03 7 A () 288 28 ) 40 B rh A7 7 B
) 25 5, T G 3000 5 P L 90 B R R T DA SR A I
FOULIE e AR R AR DG, I A 33— 20 ()2 W J
BT RS

AT, — S8 R F AT I )2 T
it B RIS W LS (6™, RARBY. i
FE(pl6. DAPK. APC)™. JHHE (159, Fi 51 [l
(GSTPHP), BN ELysi(TUSC3)PV%E, F4H 2 LA AD )
Rr I B, T 1 — B2 Wi LRI 7
FMERRA T RMIGA R L. thAh, RADNATE
7 H W SINEs FILINEsZE Ji5 41 Ji Hh 18 5 Ak +1I% H
AL TR, AR LN 211 PR 12 W1 H A7 7
—E [P NET,

4 DNAREAL: EIERTr I S

H T, IR ST 9697 T ki 2t BLFR
YIRS o7 Ay o 3, EE A EA SR BEAR, 6
LR BT X N B R i s mAE . 34K,
DNA AV AT Ay i i 2 W V6 T7 (1) A i ke bk 52
BT OGBS,

FIERAERER N2 ENZ 5T, &
A 4 25 DR 21 (1) 1 RS R X3 e 1) P A S
FRIEME R 7R 1 e 5 R Mgt A% 2 A f7 A 45 %5
AT R o H A, 5l AL S i AN [\ 1R 2,
FEUL a5t A% 1 AR At — N Al i, DNA T A4k
b — P L SR B AR B, n] LUK JLAE A g hi
RMIRTT B — B . AR R, i —us
L HIEN AP ARG SRR A M2 )5, Bets BT
WO A BEAG A A e BRI BRSO H R, R L
DNA FEEA FH T 0 v o7 = 282 LIDNA L 4 75
fiff(DNA methyltransferase, DNMT) & # 55, i i 47
THIDNA LB RS i3 1 SEIUDNA % H 34k, o,
Ipe R LI 24 ) 3 O M s g SR ALY, N S-SRk MY
W IWE 4% (5-azacytidine, 5-Aza-CR)FI5- I 46 & 4
1¥(5-aza-2-deoxycitidine, 5-Aza-CdR). 1X P i 24 )
Wt N 4R K% A ¥ J2 25 111 (human concentrative
nucleoside transporter 1, hCNT1)IEA 4 )5, ZEANH
T (B A AT TR 20 8 1 5-Aza-CTP AT 5-Aza-
dCTP. )5, fEr% HIRIL R B /E R, 5-Aza-CRfig
i SRNAFIDNAZS &5 1M1 5-Aza-CARZE i IR AL T 1
5-Aza-dCTPJ5 i (&6 HIDNALE &, 456 2 Ja I5-4
AR T ek 2B ek Ry e 2R ST F ) AU A DNA

EDNAF S RSB 2 (8] (P AH ELAEH, LB IEDNA#E
FH L AL (B12A). Ghoshal 240 9% & BIL, 5-Aza-CdR
TR T I R AR AR D A 3 B o A
DNMTI, iX— B fift ok #2 & AL AR 40 A% N, O B 22
e S MKENAE 2 55 . 45 G2 % T IDNA
SR G AT FIEOIRE, fegid
JUR B2 5, {58418 2] 2 AL (E2B). B
T I HIDNA T BL 3 7 I, 5-Aza-CRIE BE % 55 RNA
Bt Tk T RN R o) Al T IR I 1 A Bk AR I
fig % BH1E B0 & R R, (H g, 5-Aza-CRFI
5-Aza-CARTE KR Al & /K A, 5 HLAE M It =0l
IVEF T R R AE I s AR, i TR R AP AR
SE PR, AN R TR G b Ay I R IV FH A ok T8 Sk BRI Bk
AR R TEAR SN EE IR A0 A I R e ) A e
JEA A AR AR T BT, (R LK
AL LR A0 Ml S 10 7 e o 0o 3 W 3 A
2, TR ST e 0 R I 40 i e 38 i O R
PARAS, & DNART A8 4N i B 14 25 2 w4
. O CHRIRIE, BT siRNAKF 7 DT ERDNMT
BDNMT3b, Jf H5-Aza-dCAb PE 5 i 41 i & B0, 5
5-Aza-dCAL FEA LE, siRNAS S DNMT 1#E i1 3171 5
REAS AR AT 2 B0 DUBR Y 36 I, I RE 9% A 15 CpG &)
FH AR Pk IR 25 FREARST, T4 FEEL ) ), DNMT1
sIRNARE % 761 I I8 40 i i) B4 3, (H) LA 2 F 81
DNA# ;. DRI, B8 A A7 2k L FF A A B 5 i 3
VAT WA R R e R RN R R DL &
B AR E

B T b3 Tl g S DL () i e g 2R A ) 2
Ah, —SCAER T R i T AT 2 S DNAKE A,
PEROLH BN g i e . TS oR, MR mE R
(hydralazine)fig %1 i Ui F1Lys-162 L) f Arg-240
FHEAE FH R DN A FH JE 5 B8 WG P21, i 7 45
JtZ(procainamide) Wl BA 5 4+ M 41 1) 771 1) JE =X, AT A
e 45 5 DNMT1M™, 55 — R AR AT KUY /N5y 1
I FIRG 1087 /i 41 s vh [\ Al R I o 1 e 4
PIPUIIRE Y, BRIz A6, — i i o ) kAT
A WISGI-10274F 45 17 JERK O L AN X BE 0 [ fift
DNMTI, ifif HIEGEMS 51 L CDKN2AFE R )3 5l 1 1) 2%
FH AL I FOB S DUBR (0 BE 1641, m) )WL, ADNA
FHIEACAE A s i E R UG TT I 73 FRE R el 77—
SE BT 9 R, ARAS B 9T I AR A, 5 DNA
AU AH DS R N2 7 25 vE 55 T A oK i A Je i
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\- .
, Ubiquitin-like, containing PHD and RING finger domains 1 (UHRF1) ‘ DNMT3

A: 5-Aza-CRAI5-Aza-CARIB IThCNT 1LEE N AN, 26 BERR AL TE BGis AL X = BERR IR 17 TE e 5-Aza-dCR{EW SDNAZE 7, 1M75-Aza-CRIU 5 RNAL
éo —H5-Aza-CR¥ AL 4y 5-Aza-dCDPIN T 30U, MERERS RIDNAZE & o (HIL, S-RAAMZ T IANRE, 1l 2 AR B I U AR Ocis PRI bR 1 - B
BAMZAT I EDNAS HE FEh, UHRF1RES U T AALDNA, [F] 1 i S DNMT 1AL & DNASE 1% J e, i 71 52 i
%ﬂﬂé’ﬁ%i‘éﬂiﬂ@* [IDNA FFSEARRER . S-S A% 1 e 45 A DNA I IR BIDNMTS, AEA% 8 A7 A5 5 RIKENAE (¥ b3 R, 38 ok 25 11 B P 42 B AR
DNMTs. A &AM IIDNAL LS — 4 =2 J5 i T2 FEEAUIRE, PP LR 2 5, [ REhs e 4 AL
A: 5-Aza-CR and 5-Aza-CdR entry into cells in the assistance of human concentrated nucleoside transporter 1 (hCNT1), then they finally phosphory-
lated into their active triphosphate forms, respectively. 5-Aza-dCR can be incorporated into DNA, whereas 5-Aza-CR can be incorporated into RNA.
But when 5-Aza-CR changed into 5-Aza-dCDP form, it can also be incorporated into DNA. 5-Azanucleosides are also very unstable and can be deami-
nated to inactive uridine. B: working model of 5-Azanucleosides. During DNA replication, ubiquitin-like, containing PHD and RING finger domains
1 (UHRF1) recognizes hemi-methylated DNA and directs DNMT1 to methylate the appropriate cytosine in newly synthesized DNA strands during the
successive replications to maintain the patterns of DNA methylation in daughter cells. 5-Azanucleosides could be incorporated into DNA and trap DN-
MTs, then targeted for proteosomal degradation in cooperation with nuclear localization signal (NLS) and KEN box. DNA-containing azanucleosides
are hemi-methylated after the first round of DNA replication then become fully demethylated after several rounds of replication.
E2 s-BALEMIEREX(RES % #4212 25)

Fig.2 Schematic model of 5-Azanucleosides (modified from reference [42])
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