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— Abstract

anism of epigenetic.

UNDERSTANDING OF EPIGENETICS AND DNA METHYLATION

Jung-Hwan Oh, Young-Dae Kwon, Byung-Wook Yoon, Byung-Jun Choi
Dept. of Oral & Maxillofacial Surgery, Kyung-Hee University Dental School

Epigenetic is usually referring to heritable traits that do not involve changes to the underlying DNA
sequence. DNA methylation is known to serve as cellular memory, and is one of the most important mech-

DNA methylation is a covalent modification in which the target molecules for methylation in mammalian
DNA are cytosine bases in CpG dinucleotides. The 5 position of cytosine is methylated in a reaction cat-
alyzed by DNA methyltransferases: DNMT1, DNMT3a, and DNMT3b.

There are two different regions in the context of DNA methylation: CpG poor regions and CpG islands.
The intergenic and the intronic region is considered to be CpG poor, and CpG islands are discrete CpG-rich
regions which are often found in promoter regions. Normally, CpG poor regions are usually methylated
whereas CpG islands are generally hypomethylated.

DNA methylation is involved in various biological processes such as tissue-specific gene expression,
genomic imprinting, and X chromosome inactivation. In general, cancer cells are characterized by global
genomic hypomethylation and focal hypermethylation of CpG islands, which are generally unmethylated in
normal cells. Gene silencing by CpG hypermethylation at the promotors of tumor suppressor genes is prob-
ably the most common mechanism of tumor suppressor inactivation in cancer.
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dojut FA7} 7|5 HetE A+dt= ghelt,
o3t TAFAL AT 3l X-FAA e EFAS]
FA2F 29 (gene imprinting)ol 83 a5 3t} &
AR DNA €3}k histone modification(methy-
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1. DNA HIE&HDNA Methylation)2+?

7131l A wigste CHs 150] A7kde 923 3
7 (alkylation process)olth. dl& E¢], carboxylater
methyl esterg AAstn A4 FYoA WEsls
alkoxide salt RO-+ ether, ROCH3Z W€3lH 1, =
ketone< M Z& ketones FA31 eARY oA vEl s}
A (Fig. 1).

7t DNA+ 7|22 22 Adenine(A), Guanine(Q),
Cytosine(C), Thymine(T) F 4718 @712 F4= )
=t 19489 AHZo2 oA HA €719 5-methylcyto-
sine(m°C)o] TAHJATY . P EX DNA W)=
DNA 34 %ol 4oy guanine 99 cytosine pyrim-
idine ring®| 5 2ol S-adenosyl-methionine| 2J3}
o AFHE WEIE (methyl group)d 77 DNA
methyltransferases(DMNTs) ol 98lod Zujx] = vh-g-o]
o (Fig. 2). AzeAe 2 1%9 DNA 12]3 DNA®]
EAge BE CpGse 60-70% H =7t viE3} Hof g}
CG dinucleotide CG basepairs} +&3t7] 93t CpG
E #7|8HH, o] F7t pE phosphodiester bondE 2|7
gt JEE( lntron) d<=(exon), satellite DNAs,
transposon, 212 3L H]F-ZHAF DNAY] Y38 CpGEL A
ol =% WEdstEof it A AMZd M= CpG dinu-
cleotided] XAB3}t1, embryonic stem celllA & non-
CpG HIE&7} $AIG Aoz A Yot A& A
cytosine?] WEsl= WA A (CpGY CpNp(G) E+= vt
A (CpNpNp) L& EAE 4 v, N= o 47|% 715
stk A& 9n)gin

7| E cytosine Hol AQde TARE cytosine 5-

X3} (Epigenetics)Z} DNA methylation2] of&f

methyltransferase = DNA methyltransferases
(DNMTs)7} ¢34 Ao, ZHF9I94 = Dnmtl,
Dnmt3a, Dnmt3b Al 7S DNMTs7} A A",
Dnmtl1< E57¢ F8 DNMTsEA A3 st A2 ot
Ay EA413t S DNA replication fociol] 2o 12
F2 DNA 7I=o 2Ry Es) JEE K=o "g’ﬂﬂ ©
FEAQ DNAZFEY At BAte 7155 shetl, o
Z 24 v¥ 3 maintenance methylation)skal 3},
22 A S Dnmt]l @822 in vitrogolA HE sz A
g 9= DNARUE & 719 5 8 7t vessd
hemimethylated DNAE ¢ Z w&3A|7itt. QiH
Dnmt3a®t Dnmt3bt F2 o]l WEr]|7} ¢ld CpGE
N 2o] dedste 752 st ol & A4 HEs (de
novo methylation) kil 3}, o] & Hljo} S7|M|E, 27|
o] o}, 18]z Wedte XA T 1R HH A
RF 8318 AN TN e e dHEY”, R o
FE 24 Dnmt3a® Dnmt3b7}F sjol&7 A v 22 &
ool Al dojup= A vt Aol Hgk AAA|
ioﬂ/ﬂ 7rol f-AAHimprinting gene) 2| A1 W23} d&

= fA8keE 715 % AT,
2. CpG islands®t CpG islands HIES}

o17ke] FAA oA CpG dinucleotide®] WlE+s vf-$- ¥
on o] & CpG suppression®| 2t st=H], &% F-H A
= CpGe W=7t 71 A4 R By 11 o] '
th. 0|32 DNAY #H¢ 100 kb EAstaL th7f 2ol7}
0.5-5 kb A =0]H, ©]= CpG islands (CpGls)eha g}
Takai®} Johns 92 CpGIsE 500 bp o] Zojo]HA]
55% ©]A+e] GC contentE 7FA 3L 0.659) CpG/expect-
ed CpGE YE = FHeka Fosstt. CGlse T2 &
AApe] 5 FHejol A WA QA FAAke] o 50-T0%<
Z2TH (promoter)ol| EATE AEZ A& FLHQ
A S ol sleta d= 90% o142l house keeping
genes$t EAZA AT HdHEHE A S I=sE
40%9] tissue-specific genes® ZZHEH A CGls7t %

Fig. 1. Methylation is the alkylating process used to describe the delivery of a CH3 group.
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Fig. 2. Cytosine methylation, demethylation, and mutagenesis of cytosine and 5 -mc (by Singal and Ginder)?.
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Fig. 3. Inheritance of the DNA methylation pattern. The DNA methyltransferase can methy-
late only the CG sequence with methylated CG. The CG sequence not paired with methylat-
ed CG will not be methylated. Hence original patter can be maintained after DNA replication.

ARG ol CpG islands7} A7k AxL2Aol #
dEo S 7hed e AR, WEslel 23 fAAe]
AN A = AEA| 2ol AgE FAREE S S8 A9
SAENAME FLE 1A CGIs7) e stdH(Fig.
3).

CpGlse 572 HE€37} glvke A(unmethylated),
CG content’} =t A, 7IWd Z 2018 (chromatin) T
ZE e A Foltt. o] #9+ 60-70%9 CG contentE
Holx, AZnlEl& A3k ofdE8te} histone 18] Z23E,

304

nucleosome—free regiong VERATH,

CpGls7t obd t& FdllM e GpGe HHE vEsts
o] 91om methylcytosineS A@H oz Eolwlg
(deamination)®] 93] thyminel 2 W] CpGr}
TpGE Agdtt, A¥d TpG mismatch7} DNA EA)7}
doju}r] Aol DNA repair system®] &3l w3 ¥A] &
oW A=A R HEE 4 vy 2 A CpGa7t 44aE
T U AR EAHold] gt AEE CpGrt A
7] Wl 2 RlErt 42 4 AT,



GC contentv ¢4 4ol U9 & 7| FolA gua-
nine?} thymine 9] o] x| st ME-gold], Q17| A
CpG islands7} obd F9oX = 41%, CpG islandsH-9
AN 67%= CpGlselA+e GC content’} =t CpGrt
LHE SEo| Eriu o 4 gt

CpGls#$¢] ZZrHL histone H39 H49| FholA el
3} (hyperacethylated), histone H19] A%, positioned
nucleosome, nucleosome-free region 522 &|¥-2xE
of HZ37] A% 725 7HA 3 k. el CpGls ¥-417}
HEstEE 220 FAQ P2 v fE L
ol A€},

CpGls W9 w€ste Aed oz 44 2+l (genomic
imprinting) % X-aA4# 2 E&43 (X-chromosome
inactivation), 22|z HelH o2 W&A Ag oddkl 7
i E71M 29 AT B8le) #o] e Ao deA
At BR KA A CpGlse] dl" gl A4A 29 AAL
AA et AAHA T, promoter CGIsEtHE intragenic
CpGlsoll A LAgch H Al 719) Q17 A (A4 6,
20, 22)2] DNA WE3lE A3k =R 93P 2He ¢y
o) ZERY 99 CpGlse] thaket Bz oA wE gy
o AT 10%°18Fel CpG densityE yYepdthn 3op,

CpGlse] w37} fAake] Hd-E A ste 71AL of
2l a&kslA B R)2] ektAwt WE cytosined] MeCP2
ot 22 v"d DNA 23 @lzo] B3 of7] histone
deacethylase v WES gl Balx 71 U= histone

& Yot A | AzrE S WA HHATZ (closed
chromatin structure) 2 ¥H3A|ZIT HPAQA F25 7t
A" ZEZRECE A B8 F gl 2He
T2 EEHE AAE o (Fig. 4). Silenced promotore] ™)
23t cytosine histone deacetylases(HDACS)E X%
Stet= 59¥ 22 methyl-CpG-binding-domain pro-
teins(MBDs)olgh= ¢ @A (repressive protein) @
54 253 2¥3itt, HDACs+ histone® N-terminal
end(tail) oA ofm|=2to ZHE ol 3EL A AT &
AT}, o]# 3 A= heterochromatin® #HAE Ao}
Bl TZ(closed chromatin structure)”7} o gt w2
M e 3= 2] %2 cytosineS 7F AA} 823 promotor
+ histone acetyltransferase(HATs)ol| &l&te] ol e 3}
531, o]AL transcription factor$} co-activator pro-

teins® ©]F01%l transcription activator complex® &
A arhe

3. X-GAMx E&Ms}
ivation, XCl)2} i|El5}

X-2Y 8T A THEE ZAete T o] X 94

SMFXS} (Epigenetics) 2 DNA methylation@] ofY

A5 fﬂur } E2A3tE & ot A AZXX) =
XY)dl &) sht o B2 X GAAE 714 12
o 5 7H94 X oﬂ—‘ixﬂ of og Tt AP EE ATtE
ool ot X G444 EZA e FAYE Loy %
SA S A = Jﬂ"g AT, B3 EtE G =
AE heterochromatin(repressive heterochromatin) 63
Bz &80, AH A EoE two—cell B+ four—cell
stage embryos ™ 4 @ X @A Al B84
(imprinted inactivation) ¥4 < AZItH>

X inactivation center(XIC)7} X A% E&AI st =
83 98 3=, o| XA FE 22437 AlFEH X
AAA HAZ HRT AFAA (autosome) ol XICE
AAA7IE AEAAE B2 Al 4+ 9lem, XIC7H
FE3 X dAA = E843) "R g0

XICe X 94 B3+ Xiste} Tsix, F 712 non-
translated RNA #2427} gt} Xist RNAS X £
At 2 #Aste b Eﬂ” ﬁ}ﬂ X FAA = Xist
RNA] 93] HEES gl BHA, &43ld X g4A =
T8R4t} Xist genes BEASE X @A ZEEH #
& Qt Fdat FHAelH | Xist AR HE53F X @A A|
g4std 7t gtk dHAeE thE GAA Lol
XlSt FHAE o4 1 GAAE 2843 AlE U
o X-E8A4 3 Ad F 9 X Oﬂ@lﬂ]-‘r} Xist A= 5
B Xist RNAZ} oFslA| 28 =1, 52843 33 5o £
A3HE X g8 = =2t el Xist RNAS] AAdo] 271
AT B8 X GAA = Xist &0 Sehdn®,

Tsix RNAE Xist® negative regulator24 Tsix &
of gk X GABA| (Xist AA} =)= F4 A v
ate] v alA B1EA 3 "t Xisto "RRIA 2 B84 3
Aol F 72l GAA = Tsix FFAAZEE Tsix RNAZL 11
dHEth, X-E2A37E AlFET @4d3d X JAAE
U B AEH R Tsixs AT, 2843 Oéé‘%ﬂl
= Xist F&o| F7FFHA Tsix RNA £d-2 SdEtH?,

X-5843} B4 A histone €3} Qi%“ﬁﬂ o 3
FollAq H3-K49 vesle 5238 7]5S ot Az ¢
AT Xist RNAZF X @AAE 248t ¢
histone ho-K99| WE37} dojued o] mEste
Aol A8 FAAEE HARRTo] Uity He
W}, Xist RNA7ZF histone H3-K9 W2 42849 his-
tone deacetylase® AHE-3t4 heterochromating %733t

3L ol Zo] X FAA AA = A Yt

f’%)‘éﬁ}% X @A wls)] v 23td X FMA = gene
silencing} Oﬂtlr% 4 Yeldt & =& £59
DNA WEg} e 9] histone o E3}, W 50
histone H3 lysine-4 W¥E3t, & &Y histone H3

lysine-9 W€ s} Ve
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Fig. 4 Chromatin structures of active and inactive promors. A) Transcriptionally active chro-
matin is characterized by unmethylated cytosines and acetylated histone tails. Lysine 4 on
histone H3 is trimethylated. B} When cytosines become methylated they bind MBDs that
attract HDACs, which then remove acetyl groups from the histone tails. The DNA becomes
coiled into a closed chromatin structure carrying the silencing mark histone H3 lysine 9

trimethylation (by Gronbaek and Jones)™.

E843te X&= & <o "Barr body &k 28] 9= £
9 bodyE 4oty F= 8o TR YAt 2
Adstd GAA| | heterochromatin modifications 12 1
Xist RNAE X333 3

X-FAA 2 copy T 044 A% o Z Klinefelter s
syndrome, Triple X syndrome, Turner syndrome %©|
3t} Klinefelter s syndromes 3 A Fol|Aq EAJA S
2 XXYY g2 7 B I oo o F9 X GMAE
7FA 3L Qlo] 18] 7|sold, HIAEAHEY At F
Ao 2A A& o] YeRdT. Triple X syndrome
& IR ME AR X AAAZ A E BBoZ XXX
T trisomy X FHE A3t A5A6, £ g A
= Bolxn A A EHAAE ¥+t Turner syn-
drome< GA A Z7F HAAH 02 3hte] X A E 714
I sloy ThE dhue] AGQAA 7L A AV HE o
monosomy X& Zet),

4. FHA| Ztel(Genomic Imprinting) 2+ HIEl5}

TR A Zrolo| gametogenesis WA Fo) A L BA
TAA 2 A7l Aoz AN 4 dEHA 5
g & Y A ek e s e 24 Ko e
Aeolt}, ol A 717 F B FA 719 U 4314
36: 0111_. 6]. _72?_‘.‘121]— Hﬂﬂ.ﬂ o8 HT-%;;]QI:E 14-;(].94_ @R}Oﬂﬂ
DNA € 3ldl| ot &4 F44 7|Hd o= AR1Ar
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1980t S EH-FollA FHA 249 EA7F d A
=, F33Q A4S ddAe 24, 74 wEA 250t
o3 Aoz dEidy. £4E ¢ ¢ AT P
pronucleiZ A AHAAAE B3l F A9 2A /2A
£ 7}72 bi-maternal (gynogenetic Hjols AR A5}
placenta®t yolk sac & extraembryonic tissue® %
& Ben F /e B4 FHAE 7HZl bi-paternal
(androgenetic) Hlo}s Z7]d ¥ A o] HA|E 1
extraembryonic tissued FHAAFTE HE AT,
Uniparental disomies(UPDs)E ZY=E wHjAIZ] AF =
23A0] DNAY %S ZEA 9 H|H4EQ 283 & vehd
o}, o33 H]AAAQ FHEFE L UPDsE e F3AY
A Fdof wt AR FFWT o A
ol L} A4 7‘]@% EZagipy,

SAA ztole] 71H oz DNA Weshrh 33t DNA
e d= SRS AT 4+ 93 epigenetic markerEA]
AEA| T AEo] 7158, maintenance methyltrans-
ferase’} Y& 48 £ &F4 demethylase®] EA4 3}l
A DNA 331]7} o|Fod A% 2AE = ot B2 7
ol FAANEE allele-specific DNA HE3sE Yl
maintenance methyltransferasee| $1AY methyl—
transferase inhibitors7} 248t A% 22 FAA9 &
Qo] 24E = Ut

2l FAAES 80% A=E T2 49 FRAES A
F 2H (cluster) & ©|F1 ETF R AdZHY Tt &

-



g 2H = 749 AlE (imprinting center) Tv 2+l 24
79 (imprinting control region)©] YAHEH, 291 A
= 9% 79 WY 2R fAAEY 291 A9 Zeld i
& 2Aster 283 Aoz A4dn 7l fARE]
M 8 Al @2Ee 93 g de CpG islandsE
-6-] % 2~ o]‘—- ] ]azﬂ. H]—.‘i )\]iq}\‘* 0124?5]. CpG
islands®t S ZHQ) g fdake] ApEA vldslE e
71‘-Jr A O}Lﬁﬂ o] Jdob?. 74 fAze] B2 o

T4 Ay fdxdes WeEs gy zols Bl
Differentially methylated regions(DMRs)-& A2 4| ¢}
AA EA A THE W3 S EO ok 21 A Y
B A2 dolH2] %= untranslated RNA,
antisense RNAE F=3l+ 0242}7} AAL A= 2ol
‘:“’54 Z27A 404%} Aow AL U,

TolA 24 FaAls gt e daE ¥33) b)

o]-_,] )\3 72]‘ -"]r 1 3= SRS -=—]._‘:. 7o Ag Z}QU{ Sucklingjq_
ARHARS - e A5 dddo)] Fod g

A7 g AA o= 224 6719 4l =w|9l (imprinting
domain)o| EAlsta, 7+ Ll g2 WEs 19& 2t
© imprinting center®] 28 Wt o] 67) E=r<le
B33 #dE $570] 3=, transient neonatal
diabetes(TND:6q*, Beckwith-Wiedemann syn-
drome(BWS), 12l Siver-Russell syndrome
(11p15.5:2 imprinted domains), maternal 181
paternal uniparental disomy syndromes(14q32),
Angelman and Prader-Willi syndromes(15q11-13), =
2131 pseudohypoparathyroidism type 1b (20g12-13)
ol €A Jt*. TND= paternally imprinted chro-
mosomal region 6q24% A<3 KCNJ11 E+ ABCCS
o] Hold) ofato] WA gt BWSE A glole] Ip=A4
2718, 9482 % 55 5HoR 3, o] FAEY]
50% A=+ B4 KCNQLOT-DMR] histone H3 Lys9
9] F4E &gt DNA methylation®] 34 Yehta,
A= 71 42 CDKN1CY &S A1z, d44
11p15.59 &A= CDKN1C/KCNQ1OTE imprint-
ing centerdl] 9|ty AT+ 9709 imprinted genes
7FA 3 k. CDKN1CE cyclin-dependent kinase
inhibitorg ZE3el B4 FHx Hd 3 dFH
imprinted gene®|™”. Prader-Willi syndrome (PWS)
= @A 15q11-139) 1.5-Mb9] paternally expressed
genes _,] 7] _..z}oH =1 uug h= BT 7:4 /\]733352}0]] Aglo
2 BA7IY0E o Zﬂﬁ]r(dlsomy)ﬂcﬁ 911, Angelman %
T2 571902 oA ghe o] glh®,

1991 Haig¥ Graham %< 524 Z491& H33le
71822 ‘intergenomic conflict theory & A&t
Igf29} Igfor 5 709 prototypical imprinted genes&

l"{ol' R utol l"l

SMRAE (Epigenetics) DNA methylation2] o/l

knockoutAlZl AFHE o] &3 &AM insulin-like
growth factor-11E 433ete Igf2e 4 e E 2ol &
dH3 BA dHF o] JAEHEE ALY v W,
circulation Igf2 peptideZ $13} clearance receptor% ot
Sk IglorridAde 24 g o] 335 4 UY
FHo] AAH =% 291H] e AS Ldsin

kil

rulo

5. tldnt oikzl DNA tigste] aig

dubA o 2 I EE AAAQ F4A4 AUEE (global
genomic hypomethylation) ¢t 374 AlZAX = HEsr}
=] o2 CpGlse €3t (hypermethylation)g &%
g ]"l_E;'_q:IE‘I_VlBOBl)
Global DNA #] uﬂ%}-‘: A ZAN E3] EAE = F
S

=3 A dHol e FE U LA
LINE-1 repetitive sequences®] %2l 7‘4 Pﬂ Uﬂ%ﬂt A4
P METL o]Fg, A ] dHo] Sl Aew &

B2 JTP?. o] B TS O‘ﬂd 24% Aok, Wt
o, A, HY, AR, 4, Y 3 AulEste] #d
gol HuE et

23] promotor AWE3= AAAQ AwEste}t
SI=Hl, promotor CpG Xﬂ Hesls FAA ddS 57 }
1L proto-oncogenes= EA AL T T}, A& £9, A
Q] 7143 Al 2] B3 (degradation)ol] =839t gL 3}
£ heparanases dAFUdANA &8 F7Hupregulated)
"ot vigehe) ARG | F7HE heparanase® 8-
early growth response gene-1(EGR-1)¢| promotor CpG
AW Es} w ot Trefoil factor 3(TFF3)+ hepato-
cellular carcinogenesis g lA Z718t+=H|, promotor
CpG -2602] e 3}7} hepatocellular carcinoma$}t U4
gt Aol JlE Ao gAY, AAAQ AvEslel
p-16, p-15 F4Ak] promotor hypomethylation< 7%
A Fo] e, gE FHLAdTE A} H et
7t o, oy & Fro AvEsle Hd A
_L]_)ao‘l O]L- 7).1_(_)_ ]:]]-oq;(ﬂq,3536

T & FIAEY SHL CpGlsy T E ol
CpGlse FeEslol] olsle] AEF7124, DNA A+, Al
FAE ok§x1 gl =Ag B3l A Ao Ho]] %
o3t FAAEY epigenetic silencing®] dEe] ¥l
o] & ¢ itk &Y E57 W} teFota tE fAEo]
uﬂ%ﬂﬂfﬂl, 91¢H(hMLH1, MGMT, GSTP1)™, H]2A
¥4 Y (E-cadherin, RASSF1A, FHIT, RARbeta,
BLU, APC)*#®  HH(RASSF1A, ER)*, ZHHHIC-
1, p16, RASSF1A, p53)*”, 1AL (APC, HLTF,
MGMT, hMLH1, ATM, E-cadherin, DAPK)** 18|31

i—a*_.(‘-\“a
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A £ (p14 ARF, hMLH1, MGMT, E-cad-
herin, p-16, p-15)**, FAF 449 £ (hMLHa,
MGMT, RARbeta, p-16)“* Fo] &&A 9},

I.2 o

DNA W€ 3} histone modification® 34 DNA9] 4
7IMgo] FAEHA FH7]50] MetE 1 27k Ad
2 T U 3 Y T8 T FEo|th DNA viEst
= ARue e I2E WA= A& Bt A}
repetitive sequence®] TS JAAIZ 4 vk DNA o
gile X-5g8As, A 491, #AA FE A 4R
ol Ta3 H& 5 ohe AR Y4, DNA W43t &
A1AF (DNA methylation marker) &2 $99] g} 3]
gol| 3t Hhg-3 o538l A EE E85H 1 o
A7 B2 AT A= Bt DNA HEs} o
stol]l 93 gene silencing, DNA WEale] F2 K9]
gk &3k 7% 0] oA WE AR ¥ glo] T E
< 7123 A7 22 Aot
<= $A 714 Wgles 7t Aelr] W g T¢Y
TS dstete FA 13 H3E AASdTH O F
FAARFARE A SAFAE T JokeE Adel A5
A A8Y d+=2 DNA WeEst AdA A9 histone
deacetyaltion®] #she HDACY AAA S0 dtA =2
A s ARSEH T gl 3T o B oA sEa o

7 77} A golo & Holo,

O, OII'T
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