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DNA Methylation changes in Human Cancers
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Epigenetic changes represented by promoter CpG island hypermethylation and histone modification are
an important carcinogenetic mechanism, which is found in virtually all histologic types of human cancer.
About 60—70% of human genes harbor CpG islands in their promoters and 5 exonal sequences, and

some of them undergo aberrant promoter CpG island hypermethylation and subsequent down—
regulation of gene expression. The loss of expression in tumor suppressor or tumor—related genes
results in acceleration of tumorigenic processes. In addition to regional CpG island hypermethylation,
diffuse genomic hypomethylation represents an important aspect of DNA methylation changes
occurring in human cancer cells and contributes to chromosomal instability. These apparently con-
trasting methylation changes occur not only in human cancer cells, but also in premalignant cells. CpG
island hypermethylation has gained attention for not only the tumorigenic mechanistic process, but also
its potential utilization as a tumor biomarker. DNA methylation markers are actively investigated for
their potential uses as tumor biomarkers for diagnosis of tumors in body fluids, prognostication of
cancer patients, or prediction of chemotherapeutic drug response. In this review, these aspects will

be discussed in detail.
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SMQM™ HE0| Ho|(Definition of epigenetic
change)

AA ] PAZ A Lojrk= RS M sh= T
o] &Adstel FAFAA A v EAstR okt T4
2] A 3olli= A4} 5= (gene amplification), I=
AAwlo] (point mutation), 4] =} (chromatin translo-
cation) 5©] #oIstH, FFAA TR B2 slell= 73
2} Wo), A A4 (gene deletion), 18] 1 ZEXEH CpG
island ZHE s}7} ol st o 714 RT3, AEArol,
AAA A, FAAEA 52 DNA A4 HEs S48}
= 44 W3} (genetic change) ¢! WHA, CpG island #HE
3h= DNA Al 20 |- glo] #34ke] 2S5 ohe o 3l
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methylation changes occurring in cancer cells)

otdld, Frobd, o] EAl Molvlz} B o] wE Mo EAl
& oW 71 E Bid EZE A F34 DNAS 1%E 2
Aepe], AO)EAIL] 4% 7hFE AFAEE WY Ao] AL
CpG thol 728 L.Efo| Zol| A qh k] v Q1A Q5| 2ol A
zE]= DNA #€ste] wiskat o] ejst ve CpGet vlE
CpGe] Augoletar & 4= qlr}. 1zF A1) CpG &
HeEfo) =0 B3I 2 B CpG island lociE A28k 1 A
2] Al 2o A= CpGe) W7F dA3] w2 CpG %t
(CpG suppression) 2] d7-& KHol= ¥Hd, CpG island el A
T O 3ol vj3)] €53] 2 CpG UEE BRIt} upebA,
JUZHFHAL CpG HFEd LEfol s =R X3 #32

(uneven distribution) & st Ac}h F HA ] EA& 2}
=

= Aot MM AR ZE2RE] 9 5 o 913
3t CpG island locie= DNA HE3IE A A== W 5o}
ool A W”k s 7h 3l Wb, QIZE -39 4 DNAS] vE 7k
& AA 8= HHE Al (e, LINE—-1, ALU) °f] $12]8+ CpG
=9 it g stE of Qlok 22 uk bAl 27 HH o]
Helst ke gye], WEstz Ry Ry Ig R
CpG island= I 3}E &= H ko] Ql= b, vd3lE o] Q)
A HHEA| A2 0] CpG F-91 52 g sl = o] 4734 Hnky
315 sl &, AIE 2] DNA vEl 3}l Wsle st
Qokslthd F A T2 HE CpG island?] €l
A AREA QL AvE syt S o|oh(Fig. 1). 218y
o] 5 7 e s Mgk} 22 ohA| el A TEE T she et
, ol 7 HlEst sk S A AR O = o] Z1tell= of

1
717 AA A = A B E A et

DNA HE!E}E tetsl= A (Enzymes mediating
cytosine methylation)

SEArell4 DNA #93te] eplle] 5= rad Qe =
Aol EAleol™, CpG U728 LEfo] 9] Mpo] 41 jho] DNA
HE st ebllo] Hrt. =, CpG H372 9| 2. EFo| = Hho] DNA
HE sl epllo] Hrk= Zlo|t} DNA WeshE vi7lists &
4+ Dnmtl, Dnmt3a, Dnmt3be|t}. ©] 5 Dnmt3a$} 3b+=
AW E 3} (de novo methylation) & ©&8l= &Ao]H,
Dnmt1-& ®EA v e 3} (maintenance methylation) S 9w
= @0t HEr| e Fo A= S—adenosylmethionine
(SAM) o], SAMO. 2 5E WEY]|E who} #o]EA4le] 51
g A o HE st doA 5-wd MolEAlS vh=th 4l
A el skt WE s} 9li= CpG =912 o] B4l of] AjZ o] H|
E3tE oA HE Mo EALS WE= 21 u]$ith DNA
B A Af o] FAE A4 DNA 7FeE Wi 2] CpG site 52 v
gstulo] 1A k=, 71572 CpG HF-loll HEstrt 9
v, o]ef] A-gdhs A7 CpG F-eloll WEstE o

7= A BE vgskeba e
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DNA Methylation Changes in Cancer Cells

Focal hypermethylation and generalized hypomethylation
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Fig. 1. DNA methylation changes occurring in cancer cells are characterized as focal CpG island
hypermethylation and generalized genomic hypomethylation. In normal cells, CpG sites on promoter
CpG island loci are protected from aberrant methylation and those on repetitive DNA elements are
usually hypermethylated. However, in association with cancerization, CpG sites on promoter CpG
island loci tend to be hypermethylated and those on repetitive DNA elements tend to be demethylated.

Z2F| CpG island ZtHESIR} S8 XM S|
7|s& 9|o|(Functional implications of promoter
CpG island hypermethylation and diffuse geno-
mic hypomethylation)

CpG island® CpG Y FEHUEES UErl =2 A)|EA
o)7@= 7197 Gardiner—Garden® Frommer®” 7} AJA]
& Qoo W=, 37]= H 438 200 bpE.UtF 7 of &l Lo}
Hi} spo] Ealo] WA 73 QEF| =9 50% K.t Ho, 7]
st CpG tl 28l 2Efe] Eof vl A A w2 CpG tw&
g2 el =9 £7F 60% o4 wl, CpG island®tx A ojgk
Sl B} v 7hag A o= 200bp Uiell 770 ©]7de] CpG
U] 9 Elo] =7} %%}E‘ W CpG island2tal & = 9}
e o] gh A o= W Al A Y19 CpG Hir e i’ﬂiE}O]
T g2 B8 sl CpG island= 174 ¢13o] 3lo], Takai
s} Jones” = F71E 500 bp o]0 &, Fobd 3} Rpo] EAl ]
T80] 55% o]7do]al, oS5 CpG HyrE e LE =2 o
1|3l 2 A 2 CpG o-wE e LE] =9] 271 65% o]/dd
= g eJetdint. o] M= H o= Al B, A7F A}
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Sotad sl gaxol ol Wl'ste CpG islandE 72
=59 slaE S ae)7) gopAle st ]
a7t 24w, AdA o g 72d%7 DNA 7}
spehA] Agheo] el A Amvid o] 727t H Al &
WA dt, whebA T o] R EE o] FAARIARTE 214
e T T TERE W] vt ke AAE dold
Z A 9. 47149 Awe 22 RE CpG island9
DNA HE 37} ¢4 0 7 2o}l o]oj A 3| AEL] 7o)
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o} 8| ~E 0] B84 MAS it DAY o] Zlo] ek
Wsteta wed = gl o] 29 wAle A AR BAlE ] B
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A, XA 22793 A4 7 in vitro AE 2H Fol
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A} (proto—oncogene) & &g stolH| E4= GAMA E7gA
o] zefo)a, A= ERNAEES] B3}l o3 7Y FdA)
Aol b o] M3} so)a, whAuho 2 74l f-xxfe] e %
A 9] F 03k 71441 CpG island ZwE3}o] e}, kel f-A 4 A
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717 Bk, ZhelE fAA7E ok Gl Lo
I~

StMZOA =22 E| CpG island THH|ELSt0f| 2|t
SR} Weio| Axet |X} Ho| 5 o= ZHo| o
St H30I7F? (Which one is more frequent
between CpG island hypermethylation—induced
suppression of gene expression and gene
mutations?)

A e F-HA7F 26,00070 2k 7Hg gHehd, Q1A f- &1L
70% 7¥eo] L2 RE o) CpG islandE 2kl Q= A o7 53
star 9lemz? k18,0007 F:AF L2 2E o CpG
island& 7143l Q1o o]5o] DNA e slol] &gt 2h¢]
A= s A 7hsA ol alth 2eiv A A DNA #E s}
7} gl f-AAt= I At T2 RE CpG island loci =
2 HAEZ} QA A4 = FFA A4 DNA HE st A
A AA7EA] S X vzt glok B2k QUA| ] Tl A Hat
2 7] TERE CpG island loci7} DNA WE3}E AE=X]
AgrstA wE 2 vl ok ey 2ol Baylin A3 Ao
A b ZpEe] whEd, QUA thgeke] ¢, T2 RE CpG
island ZHe|Es}el] ofsf Wdo] ofgtE o] Q= FHAb= oF
40071 A o7 F7d3kar Qlom, o] sexb= tagekell A ®o)
o] = FAA] S=(FH o 907)) ol i 4u) 7hE o Wt
1010 = ol A A= o)kl F-84 Mol nrh=
A2 71 el Qg A A A 7] o] B &8 ARo]

= Ae gu)gitt. 347387 714 ell= CpG island #H1E

73, AZnpel 2] M3} 18] 3 microRNA
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A

2

A

CHetAl stabSollA DNA HIE St Hste| AlH
(Chronological order of DNA methylation
changes in multistep carcinogenesis)
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Qo] FddAllA ol st 54 AAke] 2 RE CpG
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i T2 ol A Feke] e ghell CpG island v
°] & 7ksAdol =

th QA =279 Iy 1 A4 v 9l = g
pG island loci®ll

B, gzl nisl oF 22

>
I
i
b
ki)
O

g3}= Ho]&= CpGisland loci) 8] 24 d-5-#-0]

(&, & 5ol v i
A B Gl A | EHE BRlvk v]= K9 el
]

%] o} 3
8] g syt dojut oF DAl A 2 T A

5 9tk kA, M @AlelA = AL Y
Al ARt e g7} dojit
P QU ¢ 5ol vdstE RHold fdabEe] A
SE T AN A7 A
733%12)’ 1{_}‘.5\_13), Z_]'M), %}E, Zﬂ%}’dw), EH;g_w) %—O]E]-. s
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AL glek @A, AR 7] defd

2H CpGisland?] Hd3}E o
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FE Uro] o gt Aol A 22 RE CpG island 7} #lE 3}
e A e B At s To] 2alE s sl A
DNA w937} 273 th= Zlo] &4 A vt A pylori 2
19 AIDS Hlolel A 744170 BkA 154 gAY njole
2 241 B3} e Aglel A G382 T2 RE CpG island
loci9] #HEsE & 4 Qledl, old 5 Adlel=
Dnmtl2] #p#ao] FytE o] glth EBV 7ol Sl A9
EBV 7h<de] §li= St vls) 2 2 E CpG island loci®] 2}

g sl7 AsHA @o] Yo} Q= AL AEE 5= gy,
E5E oMY FIFOAME SV404] o] e g, ZERE
CpG island loci®] € sl7} A3 o] dofjifi= A EH
Hawo] P, Az o7 DnmtlS FLFAI|E, A%
o] A Mute| A CpG island loci2] €3S &2 4= 9l
o A g2 0% Dnmtlo] 23 e Adadel A = vid g7} H ]
94+ CpG island lociZ} Q= whd ZHujEslr) A o=
CpG island loci7} At} ©]&= CpG island loci2] o1 WA %]
=4 ] o] s ]‘34 APEA 2 EEH@‘:}I’_ A4 = Q= =
% DNA Al 2~ RE]Z S 7H 49 DNA spe e ste] 2 47

= 0&?@?4%01 3 vk 9l D%, oj™ 57 DNA Ald X
TEZE DNA Haslel] Adshs 2o e Qo
3h 3] A% H39| glo]al 279H (H3K27) ol AFrle 317} 9=
A L2 2 H CpGisland®] %, $li= CpG island®l] 1] 3
DNA Hgsle] & o]gheich vhd, H3K4 <] wWE st QoW
A, EetA] AARE AL Q= Ak 91218 CpG island=
DNA W€3}s 2 74 =P, &, 8192 715 47
vl 3l 22 So] fxxtel] $1X] ¢ CpG island loci7F DNA ]
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ZARX|XIZA2] DNA HE!SHDNA methylation
marker as a tumor biomarker)
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(Methods of DNA methylation

DNA H[&s}E &
<7 o] vd %E} Bisulfite
37} Sl AR EALS b 2 WA 7] = v, wiE sk A

O A4S o] B B E A3k W olth, vo]d vto]
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Table 1. Methods of DNA Methylation Analysis

Candidate gene approach Genome—wide methylation analysis

Extensive candidate gene approach

Pyrosequencing Infinium methylation solution

MethyLight MeDIP on chip
MSP MIRA on chip
MeDIP—Solexa
MIRA—Solexa
MCA
MS—RDA
DMH

Goldengate methylation solution
MethylProfiler

Abbreviations : MeDIP, methyl-DNA immunoprecipitation; MIRA, methylated—CpG island recovery assay; MSP, methylation specific PCR; MCA,
methylated CpG island amplification; MS—RDA, methylation—senstitive representational difference analysis; DMH, differential methylation

hybridization

o] A9 (genomewide approach) §o] Qla, TR {2}
o)A BA s AR sk 2 Fol 9%
AUtk o] FApe] &Hdk= WS Hluminad|Abb 7
Goldengate methylation solution, Infinum methylation
assay W], 2+ 80771 FHAF 9 14k f-14ke] wld s}
£ A gtk (Table 1).
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