[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

S 855 9 S5 (ol g DNA ¢ g i

0‘5}3‘)’5 r.:&‘ﬁ‘ gidééy"j 41:.«-:! urQL}_ij 'CJAL; L")ﬁ:‘;l; M L‘;EE;)} J}&? J.;.w

ke s 5 el G5 0aSL83 5L 5 bl el sl g T 5 Y
Ol ol &iils
oSl (g5l ls oSl (it sl 5 wlida 05 S sl 5 jlsbiad 5 S0 -0 5 8
U S pske
Zargar@khayam.ut.ac.ir : g 5SI Cs (LK J giens oo 55 3

LS
1P Ol € 0 slod (il 09
YA dxéo

cuuS>

ol bl &5 Slml 50 35 330 SO3 (ol by B e Ol i3 0395 oSS b
Ol O § Olo) o (ST g (Jokw 00l 3350 4856 i b 0599 (9l Cuodl LT vy
B3 o0ols (Sidid I Foomm b cuxog (Jb opl b .l Sl by & 095 b o3

"l Pogie PN 9 S 3990 (i EgF T 4 OB JlT 4 ST S ol
O gadlite (K55 | (AL oy Fond Ahd .l o9y (9l Ol § oyl (Sl 3 (i
-CG-1")CpG wigils 356 33 35250 0 95 (595 3 DNA Ogawdhito Oluil 53 .casf DNA
s Fll Fle E did (Solere 9 LU cWld S5 50 DNA Gamdlie .oad o &5 (0
W (455 colais! Ogmdliio yud § (0995 (mid Ogewdliiogud) Lul DNA (gusdlitn .o los
e (59 y 3 g DRSS 059 ol .39 0 0Bl (Slisg0g5 WiaT B 93 0394 9 S 58
9 O g i (5 5909w O (SB35 0330 33 39590 Dlolgs! § oyl 553 i1 9
WlgF o (SIAE (Sl 4 odls Ol Wil 31 Job> gl .l sdd 3 i Sy
9 walod cIBd S0 g 9 S g M2 T 53 30 B sb oyl 31 9 03905 uutaid 1) DNA O gawdhsio
Skml G0 m3) 9 S Ol o 1) (a0 § & o bLiLH e DNA Ogadlin cg)0n!

5 0

doddio
I (Ol 055 JI5 5l st o LD (@3 Yor) JLo B 1880 JL
().}jaj_gﬁ QMMQ6>§)\¢AY"VJL~)>.(\>ML’M’;§J&5=A0JJ)'J?JM YA (;f)“
el 0 axils , Post-genetic o33 Caans 40 Genetic o33 31 S5 b (akf&i‘u_stﬂ_}l
Sl ey LS5 slasl J’;i\j G2l g, ol S el (S 690 o
= DNA Jig osls 13 35U cou S8 S Post-genetic o535 3 I 35 DNA

AY) el w;)‘}‘\;-j; J)yahjo\bﬁydjjjﬁdu;%)udjbﬂ»& S

S sloly


https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

O 5 555 s

S0 5596w O yw IDNA Ogawdliin

f S Syl ales"sped iy s 1 S5
mor O i sl e 3 pe SO 5 Lol e
SIS S gel ek sy d i ol S5 e S
ol Sole ol 11 K 5 ey kg &S K55
Gk 3l s el Ol s plcliS Ol adlee)
oo pl s Sis BB s A L 5 e Gt Slend
- b Sl Sl ()55 i DNA JIs 55 s
V58 Sl edd =) ped Guadl odas sdily 4w 3 Ol
DNA 0 pedhie =Y 5 ol 530S 6 SLRNA =Y (la sica
AY 5 V)

(Covalent modification of histones) La(y st OV S ol s
S| it G g Sl s laillnd I xS
ol bix Cud 4 SO e 53 5beg S sl le 55 5 g e
A lsde Sl s 05SUS et @ dbcnl Lol
en Sl 3 s Saeer SlSsn 3 S
w el YA BV (5l el slenl S sl (o35S 5
- on 45 313 sl Oy 4 038 5 558 Sl ) oS
Slan 3T s davl g 5 Snsol slanlp 3 b 5l Ll
(HDACS) b 35esl30 st «(HATS) W 31 i) 5 Ll sss
ol asd i h s (HMTS) Wl ins! 5 el stesd 5
Sty 4 by e S 5 €l (slaos 8 0,35 g i
OF) a8 e alzals czad 1 R) uoiul 5 K) oo
sl o Oluer 0 gun g5y » Bl Ol
Jli ol o |y 05 68 3538 oo polianst] S5 ol 65!
S @B b eose mise s 5N s
5 HDACs HATs lan 31 .08) Ll o s e Ssline
53 555 il Ol KI5 ol w53 1y ege i HMTS
(oles S 5) dedipiles S hdd bl o ela) S15 Ol
e Sl el (Sl Som) Wb ol S
Sl sl s HMTs HDACs HATs o L0 sics sdins
ol SWI/SNFE 3 51 ATP & sy oplag S sdias i
3 K4 K9 (glaaloesl sladsly & sedlize o Jie )y

slajble b Coje Hy Ogemd sy 2 29750 K27

Post-genetic .2 & s laasy 31 S S
-l iy JB LS SO DNA & 5dlite 1558 0 0 gues
Sl Slaszse Sl ey edsdome 3 S AL e S
() ol stalie LB g, 5 Lo S,
ms sl s s Axly 0 Caadse Ol
JUst slage 5T 51 (25,8 (8) 25500 e CPG s 518 5
oLzl L (DNMTy) L3l aesl 5 dse DNA U Lzeos S oins
a3l 03 St Jgme o 315 Olgioar oate o5 538
Ogemdhite 8 55 il i 550 53 (0) Mted (5t
Vgons 45 o35 s Osrdhiio s S 13503 3525 DNA
UL s 55 o 5 0315 513 Ga |y o 530S 18 o 5
Ogedlto s (6 555 5 358 U5 bl Ol 5 95505 S
sy oS lee DS S s n (Al 03 35750 CPG Ll
S S A S5 ey ST s Jets S5
2 5S Sliisd (1) 355 o La0S ol O3l b Cor e
O3p00 Slad 4 OLlkey 3 DNA- 05l g5
s S AL sl (Sl (K sm slael
adlae ol s (V) el odd Gishes B0 e 5
o Sl eSS S s SRl S
5 b gl 5o OF el (25 5 DNA Osmdlse
Ob o 25 e slaan] 3 of it 5 S ol s
A3l o DNA 050dte 5 S50 (JlE21se 5 5
(Epigenetic Concept) o5 ! £ 3ete

L DNA bl o 5 5l oy L 00 S35 oo o5
A s S e Sl p U SSE s (S S- 050
Sl e Slalid w53 page S 20 Gy el sLis 5o
5 0pasle Ll Sl lagolen Sl S 4 e ok
Wl i Sl i ol e sl et S b S
Ly sl bk gbcws Ol s s Ll
s el Jasids Gl 05 5 e asniS bl
B (g 5 513 a4 <) s Bpl) K55 40 ol
W) sils Sagy ole  lalamdle LB 23U o el g
- C)kb*al 0 5asly (6% VALY Ul 5 b s (gl



https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

S0 339 G Ol g IDNA Hgmdliio

Oes 5 555 I

S saanlp B s 5 ey slad, G miRNA
S oosly Ol Soboysailse laesls s 28 g
g5 nl 5 Laea Ola 0 Lo J xS 4 ;56 LsmiRNA
S5 Sl 53 IS (pl sl B el )
L Opelige 5 das o OLES ds daled (Y4) 3l ol
ol b3 e o gme sl sba0ls L (miRNA oLzl Ol
GlaodiS Lo Ol s 4 L35 LmiRNA S s o Ol ol
S osls Ol ldlas auled Jes 05501 5 10 Jelse
03503 55y 1y Ol o b Lo o e (5105 0Ly (LsmiRNA
Lol o gl Oliss 5 a3 1 Lol Ul Vet
HQADIEY WORP - F'5)

(DNA Methylation) DNA () s

sy go 4 Ghate DNA &S il Lasiis |3 a3 cptix
Jee —N® e slasl sl e lilnd 5L E pesdle (08U S
AV JS2) ol st i AN 5 s e =€ o]
il el dhie sl ) & spes oyl S ol 4 b
ol b3l Slard Sk b os 030 DNA e sdas |02
Aiea Sslize DNA - ilaeS| glacaw] 5 0 geudSJT
5 ol Slasl S8 =05l sla S s 53 DNA 0 sedlins
s 2 Jete 055 S(sosk S pd sl I 5t
Gty ahwsn L 5 w85 15 DNA S5
ol Slulid LB DNA L oS jiSan

o

QDY
)LT" 0 Iil

0

No-methyladenine ~ N*-methylcytosine  5-methylcylosine
DNA s s sialize Ll sleons Sl 5l Y IS0
Olgeas ) alze bl Ol5 e 5 0ddd SN &S (e 5w
aolpce S ks ) gl R e Py
4 55,05 DNA gileaslea b So53 bL3 I DNA ¢ sdle

Facultative) s ;L -5l 5 S 5 zac(Euchromatin) -.5le s S o
Constitutive ) NS5 sl S a5 (heterochromatin
05,5 HMTs L;LAV.U-;T (V0) 5,15 ik (heterochromatin
Glol Hy Osten 4 Glate K9 (glavalinl a1y & 1) Lz
L HPL) Y (les Sy 5 5 5 iday odor o 55 5 03 50
d-ly b HPL iSany osdley 0 IKE) L3d e o
sins S5 eliarl 5 Hy Ot 40 Glae K9 (glanselal
Sl okl s ISES Gl sy eSS

N cta M S, il
o e A
o G [ n:m
c c C <
i’ Scoo- A/ “coo W’ Ncoo-  miY oo
K monomethyl K dimethyl K trimethyl K

| facultative heterochromatin ‘ ‘ euchromatin |

‘ H3K4 diftri

H3K8 di H3K$ monoldi
H3K27 tri H3K27 mono/diftri
PAs@RAAKTALQKRPAKGGTRATC@TRA-N
H3K9 tri
H3K27 mono

t

{constitutive heterochromatinl

K27 5 K4 K9 glelial sladsly 0gpodlte mam hles - IS0

ol les S5 oeles S laslrle b o5 e S H3 O s
2l Sdlae SASES 5ley S5 e s

(Non-coding RNAs) o 555 & slaRNA

05 okisadS e GWRNA & (S ol slaas; 51 S
i jatie mpby 4 (1Y) Caladl Oly 0Ad Sl
055303, ORI b > L s3dS 6 SLRNA & o
GBS 5 (TsixRNA) O e 5l 5 (XisRNA)X
- il SIS 1 IGFIR sl ol i ol S
-RNA I &yl SIS (miRNAs) LRNA 5 Soo .(VA) dules
53 e AT B S e Bk ) S s 05808 5 le
Dgedze 45 ol S3 LB S e sl DDl a0 Oy
ws ol Oly 3B 50 a0 s Slard &5 5 DNA

sbdsSp 08) wls o5 | RNA gbd S


https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

O 5 555 s

S0 5596w O yw IDNA Ogawdliin

L, 51,3 DNA (6,1 S s s w55 53 250 sLCPG
s el e die =0 IS 1 (Son Cans 0l s
o a0 s e =0 4Bl k5 5L (YD) s e olian]
5 o3y plisier oIS Vo Cumise ol 655 (55luLL
s b Sl 5 @ s Ogrelinls Jaste Ll e
JEDNA o5 s Lo 55 Opmlige cpl 4 Ll 5130
35S0 e CT g5 5 O ppalisn mand & o SLold
LSy gl 0 s Cle Llg o &S sdalie ol
ON 1) Sl o) Gl b aglie 53 1 (A 4)) CpG
355 o 04l (CpG-Suppression) CpGo S o cbiled a5
(YA 5YV)

(CpG Islands) CpG |5

s SBLS daSsen JIS s serse g8 08 e
S5 w8 b Gle LT 5e Ly RNA L g izl
Sl s sed Ayt 055 35 4 0l$ o (5'-CG-3") CpG
Vor a5 el o83 ke b Olees Jg) S 3 CpG
Lol Ol 4 ol Sla03 Jold Wle IS cpl (a5 ,808 5o
sl llie 53 355 0 5 gde Lo gl C\f‘ Sl e 3l
S S LB el b o5 S 4 Glaie sla0ss O
33 CpG Slsl oS s ablst (Gl i 0000 L 00 0) (5L
3 Ve SN el el S0k Ve Sl e L0
Ao Ve B Ol CHG g sis opl 2 osdle 5 (U558 5
s ol el A Blu= ol s CpG/GPC s
33 CHG o3 Lyl o odisl CpG ilir ¢ polans T
doss e 5 W LB e (s s 0Ll 055 CPG i
e55 53 CHG Ao oSl S el - s ol s Aib e
BB ol bl Aoys £Y 5 8) S e s Ol
e 0 SL OpG Ll 53 CpG A A4S Sis « ol S5
~05LOPG il dons Ve sl e (BL adite o8 OL3 S5l 5
S5 s 07 slgml 5s ol 51 as S i 5 Lzes o jen b
Sy 5 g5 S 55 LT Jlazml cdbs ol 5 Al
Lled o slgdy s 5o WOS GLOL s ) Lol 508

Y le s s S 0 i Jsene o2 OPG ol Do

o el Olojen &) sy Al 53 opl oy ansy gl
3>~ 53 DNA O5dlae dacs 85, 00 (YY) L ud
A Sladul B 3 rmmen (as e s sl 5 s s
ahe pls 5 Jsle 250 Jm8 DNA e 5 05 Oly ol
g S g 3 8 el Jmys cpl 5 syls (B o= DNA
53 oSl Dl b b Kalen sty O seudhize (la
53 (1) il o el 28 ey S bl 5 05 Ol ke
Sz O S S DNA Osedle Ol
Ot gla g 55 Soty 5 CpG g sdlS sigs )3 4 Sl 3
5 bl si e bl (CpNPG 5 CpT CpA CC(@/)GG)
> Neurospora crassa sl glad; slag B 5 OblS
Pu-m’C-C-Pu Pu-Pu-m’C-Pu) oLl 5 o lize sla JIs5
Rl b e s &5 (CpNPG Pu-m’C-Pu an’C-m’C-Pu
st o plml LS g aen 53 pSse Osedhite Jb-
Saccharomyces ) a s w yeessSle 53 S gl S
L) bule i OB e o 5l goles 5 (cerevisiae
538 e edalie DNA (5502 (Caenorhabditis elegans
s (Drosophila melanogaste) 45 o Ko dile &l i 53
5TE) 305 55w DNA §pedlite 51 il o < Joos 555
CPG 43 548 5icss YAYYTAL L5 0ladl aishils o535 53 (Y0
i Gla 1S @ wan) dos Ve aS 5l s
Vb W e e Jbo S glad sl 53 Lol (Moys 40 6
el 4 Wl S 13 CpG Ll s CpG S 5l Ao
ol os bl 51z A b Jbo i glad g s Lol
o Gl el flS Bos Jle i Osedlie w Ols 0 )50
Jué e X psi505S 53 3550 CPG il 51 (o8 sl
I 2 X L;LAN)'}A)JS S SS elar O Bsels)
~So gl desle Oy 53 Jbe S Sl g lad sk
Lo b Glae cpme b3 Ol pe b 0L edd (1S
S5l DNA (ol osdle 5 il olazs] 5 (ol
s O L;uwybs sl loslgale s JI g
5 Sines Alu dLines) (,I,58 b s 5 55 e

3o 80 &Ly 53 s ged oLl (55 Jo1s a5 55



https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

S0 339 G Ol g IDNA Hgmdliio

Oes 5 555 I

- ke DNA (U @ L 5T 51 (glosl sl Lo 5 DNA 0 5oudlie
s Jisesl =S Sl eslizal Loy (DNMTs) el el 5
ol 53 3 pdi e plmil s S Olgie 4 DNA 5 (SAM)
e sl B e 058 sdasOlgie 4 Loges SAM (il
e slaes S bl plasd B 51 S 5l S 1 bl
(oas 5l a0 s RNA DNA 05l gl conlos
sdaze S sS G SNse 5 oSy (S glad i

(FY) (8 JSC2) Asl e

N 5-C of Cytosine
N| J \
F x s
— — G —
s’—c +
— —C —
)
JH DNA substrate DNMTase

OH OH
“NH; COO’

S-Adenosyl methionine
(SAM)

Adenosine

!
s

H;N+ ==C Hee= COO"

— C — G —

— G — —

Methylated DNA DNMTase S-Adenosyl homocysteine (SAH)

DNA & gdlize oo 5T 2515 Salad =t I
e 51l 5 et e Sl a5 ot plosl lallias
(DOnmt2) LA 55, S 5 (Dnmtl Dnmt3a Dnmt3b)
Sl g syl Al Sl ol 3
cbli= 5 (De novo) Ly s 5l tanws g3 4 (E.CYVANNLY)
-k DNMTI.& 42 o (sduail (Maintenance) oS
(Hemimethylated DNA) alisass DNA oS conl (531,205l 5
Glas 0551 58t L aSea s Loyl s
Jee slaos S (silwaslen (‘KA 4 56l S 56,5 (PCNA)
S5 5 DNMTL &S bl 51 .l 4ilsl DNA w1
oS ez 5 site a0 s OF ol (ol a8 S2JBS
- e le sl M5 G2 sla3l b« sles S5 Ly
Jse slaos S DNMT3 5 DMNT2 auiS bi (slajl il 5
1) (6 JS) Jal 51 DNA IS0 4 i 055 b 1
Methyl-CpG binding ) alze CpGs 4 Jlail sla 55
Ogehis 53 Jts sla,sst 51 s a5 (proteins

0551 b s O seedte 4 Ao 45 o 55 o otalie 03
LB (olal g pl e (Sl B dle Yol e
2 Fron e Sl s b Gl el sl
e 03 les S e i o geime O 055
dyome Gl S5s (lp ol & dase 0L 5 S
Opodhie Joli Slogat ol s 1y Jb oles S
S I 4l s Hp O 0108 Hy 5 Hy slag s
35510 5 eldlae S 5l edal oy sl g3 IS 5
£ 03 S CpG o pyr YVere 5 8000 sliad o &
gl sl laa s ST osyls CulSs i 5 oLl
Fr 5 YQ) Cel esls 2alS Vorer 5 YAuer & | sl
g - I DU IS W] (- LN S I W D i PSR E
House-) Lals slads Ol ol &5 s CpG ol 5 sl
il elastl glags sl

) (7 ) ;:J,?Ja Jels 1, (Tissue-specific genes)

o 294> s 5 (keeping genes

Haploid genome (100%) .
v v o
— - 1 —

Hfgbﬁ 000 ~55%
(genes, ~80,000) {non-coding
sequences)

~22,000 ~58,000
(house-keeping genes) (tissue-specific genes)

~B0% genes
(~35,000) have no
CpG-islands

~40% genes
(~23,000) have
c

Ol dshle o33 0Ll p 35 L3 CPG nlir Jlidl hles Y IS
s L s sk Tt Sl S
oh ) (e s s S Ll a0 (05 YT L)
s b s s s g Glete a0 STl olantl > Sles (05
Skt Ol adis JI5 S

235 53 CpG ol ghils pss anws glad

Lol 5l gemd .l 0 A

s sl 05 e s Il Coysea CpGooyse Yaer g0l
Xlodlls ML':J&L&?""

DNA methyltransferas ) I 4.5l 5 Lz DNA LSL“;':’ }JT

(Enzymes


https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

O 5 555 s

S0 5596w O yw IDNA Ogawdliin

S osSde >l 55 MBD4 oSG sl (CpG 5 SmCpG
MutL Homologue ) MLHI as 5 5,556 L 2 5 5,k

() ks o SETDNA e 5 (1
DNA Methylation and ) 05 Ols <« 5 s s DNA O sudlie

(Repression of Gene Expression
05 sy 2SS e 3 DNA §pedlte s L bLS ST 5o
Ot Sl Cnsr il ol slgliny MKA 9> ola
sy sbysst o dlasl 5l s ke DNA
c- AP2) O « ool (Transcription Factors)
(E2F 5 cMyb SP1 ATF/CREB ETS NFKB Myc/Myn
35l oo 4 Clen 03 sms 0 3 OLEJlasl o5
Sl 0553 CpG slads 1S g b il s
2303 513 O pedhite 4 olom o g5y Sy 55U ol Jlas]
s hls la, sSt Jlasl &S el pl s LN bl
S350 W05 sy Jles o eddale DNA « MBD

(S

TRAMNSCRIFPTION

CpG s dlSsiss Osdlie davlysy wwsisy oS e -V JSS
5 4 ST sk 4 iy slaysSG 5 I Lard RNA(A)
Jlail sleolllr 0555 CpGs Osedite B) (sl o Jate o5
St s ps oS Ol it lgs caw Ggesn 03 4B SIS
5 MBD) m5-CpG « Jlasil pes dnly cslo, S JLasl(C) .05
Conilos 05 Ssnsn 5 & sy st Jlasl 51 (MeCPs

50 o

DNA Methylation and ) 130U ;e 41,2 s DNA O seudlze
(Tumorigenesis

S 3ssm ek Sl g sl sl Slals

S .,\MIILL;O il.:’l.a CpGS “ JLAS‘ L;uugjjﬂ ebb:l;— DNA
4 36 (MBD) sdialie CpG a4 Jlasl e ozils s &
Aizes M*-CpG w0 Jlasl 5 Slulis

_ -~ & o
\
- - \ DNMT1 o

T — Hyl

METHYLATION DE NOVO ™

LKA 46X

DNMT3A
DNMT2B

By 5 5l 5 (AedsShaim slajlindl 5 e ol [l -0 K3
e dlzeans DNA 5 Jze slaos S 4 cs3ludlen = s DNMTI
DNA 41, e slaes S il o 55 DNMT3b 5 DNMT3a.5 5% e

e 6l alze o

MBD3 MBD4) :3)ls sae iy plsn el ol
3 Shes pogde la,ySB opl (MeCP2 5 MBDI MBD2
S Gl Shas dr o 3B Ol ol
MeCP1 .2 45 sdialie DNA Coamw & a0 gien 5 opilos S
Wkl LS eSS (m*-CpG binding protein 1)
Looks bl o Glae Gy, 4 & Sl Al 5
ol Ol 5 el Juate an’-CpG o3 Bl 5 oS1 20 O geedhite
3 i M-CPGs & ol 536 MeCP2 . les oo Jlgs 15 Lol
2y Jeate DNA w53 51 S 53 Ojle Opdlae b
o, St Jlasl 31 5 6550 Jes MeCP2 aSles MBDI
ol ol szl LS s Cenilee W05 S05 0 4 s
Col 536 s alze DNA & Jlasl egdle MBD2 oS
el In vitro In vivo Ll & 55 55 1) DNA § seadlses
Jes DNA (5dlie ;3 MBD2 L ol s 55 MBD3 .as
S e oSS Sl SE Sl (S ety 5 S
3,8 DNA wﬂ el > MBD4 ol 5l S
ol asls oS ,lie DNA o oesle ;3 (DNA Glycosylase)
S S Slbs ) ez CpG sla JIs 0555
SmCpG-UpG 5 SmCpG-TpG sla JIs5 | s 5 A kled

Sladi IS 553 G2 355 Sppbials dpuame 30



https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

S0 339 G Ol g IDNA Hgmdliio

Oes 5 555 I

Ho St 55 SG50T 0prmlige (pisd 28 51y L

Sy Slsl gl gla, g0 5 j3Tas

s Heras mutation ps3
mutation duplication mutation

Fusocellulzr carcinoma

Nomal skin Fapilloma

Epidermaid cercinoma

Clonal Malignant
eansion pogression

CoGiskand methylatian

Atered histone modification patiem

Ol e iy Al 353 S5 ) i Jiled -V S

Sl Ogeeite o 28 o) Jem (ode 1448 L U
WLl gy Ol 550 5 05 Ol il s CpG
b s T s ekl Sldes SS L, s Lie s
sl Ot pen oS A eals OLAS Slo 2 cpl 53 s S
S0 e 53 PLI6™ oS jlee 05 s dles 12 e CpG
L Ll glads Con g ags e Of 31 5 ol Sl gla
5 s Sl LT CpG ulim 53 bul Saedlas 55
5o OPG gl b lad s 5 oddip ) sl 5 lad sl
b S Kpd e e n (ol e e diS e sla0) )
Loy Yol (S5 Gl0swbise JWSU b OMs
35 .(PA) (A JSS) el a5 T 5 G DNA O sendle
el 23 B el L8 Sl Ot 53 g 058
Sl 5l Ol sl 4 s DNA G 5edlie 4] o
S d CpG o e sl 53 JbS Osedlie
A SusS e e (Aln JIg b 620 50k
SLds S 56s Ogthin b &S sl Ogedhite 5 25
Ol & 1y Osedlizs 31 S5k Oz Ja cswne 3,20 CPG
A ST e 0 gDt s plndl B T3 cnl il go Ul U

(F) (4 IS2) 55l ke sl

- WWe (ylinn F 0o | 0390 | 159 S

Sia) Slals 35 S Cands opden
Osedhite 28 S5 51 Jle YO ClBdS sz boajls e
ol Ol Sl OBLS O bl aulp s DNA
Loamlie 5ol s 51 (Golms x5 3)50 sl
amlo 5l ol g5 55 o5 gladshe (b slad sl
DNA - 0 gdlte gd ns o 0L Ot 51 00
CpG i DNA Oedlitasen 5 5515 s s Yons
(5 ¥0) das e 513 s I

(DNA Hypomethylation) DNA§ oM 58

Sl b awslie 3 bayse 5 55 DNA O gadlis (3l <o
05 ek aly K gl ol s s 5 S anb
e« Boes DNA §pedlze 01 el LSl a0 o
38U 5 O mthites 5 (180 sla JI 5 O pedlte s
55 n o 1 05 1 bl e 555, 45 ol DNA 005 24
Genomic 5y, 31 eslael L DNA  Osedhis Oladlks
Cors sbdshe ch'j Js ki > Microarray
LOj sy 5l s (8 03 L ey O dlite g
@ Ogeedhiogen Ol Ol o sbl cpm 53 das o 0L
Ko b e et 5SS el S amle K ose
ML{.& aw s e OLES Rl dad she ) =le
L;Ladjl.w sl ;5 DNA QW‘D)\:Z»}?:A s GJ..:.S sl
Sl as35m5,S GOILL bl il sl sl S
P55 GBS sy OB 5 e 65 e uolie Sdes
(FV) (v 5

(DNA Hypermethylation) DNA § 5ood\e on

sl 53 0 gedlgte lstlis s g DNA 0 podlite son ol
P 03 CpGs i Osedlte s 5 L3l Ol
((Tumor-suppressor genes) s 55 oS )lga SAOS 509 5
- e B0 Sl (Gl i s Lol anly
2l Ot ma S8 51 L So3 0L s Gl 252
oS 5lgs 05 Ogmdlta o 218 4 Ol sl 5 CpG
S Sy ol 5358 e 635 VAM Ul 5 RB se s


https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

O 5 555 s

S0 5596w O yw IDNA Ogawdliin

Oseite b ses8 odiS)lee OF OAAdlad 8 555 ol on
IS ok S Jes oS e 0 OPG Ll Jle 2
- S £32 Prosss alze 05 5 Pl oS gl axb s oS
Jsare b Oplise am (Y 50 0 OB 45 S| 558
Jlei 12 DNA &gt b 53 5,030 551 53 50 e
S 85 «(Inherited Cancers) 31,5 glaolb w53 . Lsd
S el sladshe 53 s eliS)lee 05 S5
S ol b s se 8 5 W e OB 58 O el se
B R N N e TR T
03 4y o> okiSlge Yoz Ssasm 3 2490 CpG
oskr Ogelige BB Pl 5,50 cpl s ol Sy gl
(60 35 b 453, 05y I 5 ottt o o

(DNA Methylation and Aging) (s, s DNA e
(SOPn sl Ol 4wy Jiss o5 G
daitis (S5 gm Sk nl oo 5 (s Dl
Dl Gifes O Sl SIS S ladinl 5 i)
W3 5 05 pr 4 At 5 Sl DNA O 5dlie ((S955) 5
BB 2 Dt Gan) A8 on 5 () S
U 5 s old s DNA 0 pedhite (655 ol stalie
ol S e ol o il ) A e e el
23 IS SR L o Ky S S 4 ok S
sl (7l o3 les So e Ol a8 5 by S5 28
22 S esd bl ge E 350 53 Sl ol en 535
g odd plil Olalllas 51ep 833 ol (S35 2 S 4 anls SIS
(Monozygotic (MZ) twins) _Sesv S slagsss s,
G S Gl S 4wl sl ey Glar g LG =k
53 3130l o3 ad gha plsil e 55 5al s 53 DNA O seadlize
Obss 3 oS epls o a4 (6ob 5 sl Sl Gl Ol 50
-l S1 s mS-C IS jebay A4S o oS Sl Sl
0% Ogedhies oyl LAl 4 bl (gom b Ollse ge sla
Sl s 0Ll 5 ST el IS (s e e e
ekl s sdalie Jnb 5 Ll 1S e asle il

AL e Sl 6 LT lacawsad mS-C (g

% methylation

o i Sl Gl w3 CpG il Ogedhize s Ll -A IS

asgn 0L 5 Ol 53 15 05 o O gedlte ren G155 Y

a LTS, o2 o
o TT TTTTTT = -
- TP TTER =, .
«a TR TR,
- TT TR TR o
« TT ?lm } m - O

Core region
2 CpG ol 481505 0y 2 OF A 5 0pedlite w55 Sulad -4 IS0
Of a5 035 ahta b (Il 5 Ol 531 Sl sl oty Jla b slazily
Sl J g glaails iz Lo ST ediasolis b WSL el 05 Ol
s 0L ) e CpG sl 5 sladil> 5 e 2 CpG sl
3355730 CGL 15 G (6 5505 8 CGL 55 O 5edlin (b s52)aas
2 50) apd e e s sles 4 s lates 4l
Fron wen 53 s COL (5 53 O5edlie sbml &8 -
@ 42U 4 el sdos O putlite (S5 (F 5 €) S o Sler ) o5
Gl (@) 0 4 bt o B 4355 e sdalie Do s

(8) A2l Sl 0S5 O sedlite sl

ol 10l Il s jse 55 ediSyles 05 a &S bl )
The Classic Two-hit ) O suld KNS Gla o 35 Joe
SoS IS 3l i W s e sl (model of Knudson

O 3 e cpl gl o pd Jb e ey

oy oS Hlee 0 cdled Oluis (Sporadic cancer) )5 &

(476 (233) 05 53 oS Sl psms S 5l omd A



https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

S0 339 G Ol g IDNA Hgmdliio

Oes 5 555 I

L;Lﬁajjf QL;\.LPJ“}A “-{:'\ Cnde 1wl ol :% DNA
Ogedlite SLadul 3 Slosd s o 42 3 5 357 50 oo
‘v.i);) DL CJY}S k):uﬁls LJLIA LS\J" c.l;.ﬁb‘-sa )‘]; ),“JE o b
Ghaze HIISUS 4> DNA 0 udlze 6 Sl ks o ShiS
Sldlas 358 o0 AS Ol &0 e Sulg 53 5 P53 0) @
2 AL Ol ST 5 A slus o5 Lz e 0l Kos
o ol 1 DNA Ol ¢ fute slaes 8 e plie (655

Ao led

Methyl-
transferases

— w— Homocysteine

4

Methyl Methyl group acceptors:
4group -~ ) DNA, RNA, histones,
-'w neurotransmitters.

r

Folate
B12

.J:liﬂajjf&cjﬁba LSLA)::"“" JL”L,J—MJK.:

Corge o Slde NSPRSE (Arsenic) Syl 3555 oD
dolle (Sos ilSe 358 0 A4S 53 DNA O pudlie s
okl Sl 5 e sla 3T s Shes s e sl
Lol 35S oS ol OlaS S jae K (Selenium)
53 DNA 05dlite s o DNMTI o 5T 20530 5 5
L DNMTI [lge otiasolis cpl 5 555 0 0058 5 AS
SlaekiS e 5 Ses S (Cadmium) g goeslS ool gl
oo OF pslde salial 4 ol 3Laudl 5 e slag 5T Jlas
s (Nickel) JS5 58 355 o Soasis DNA O sdlite s
SRR e 53 8 Sl e SO 5lS Jile S
CASISE 5 LS eSilee O Osdhie O
oslinl oS odd Lasiia |t bl o i3 |y ley Sy e
DNA §sdlie 581 uis sl (Alcohol) [SUI 51 azne
s Gl e 5 e 5 OS5 (s m S B Slacdl s
s OF Bl 5 51adl 3 dse 5 4 by e MRNA o
oAV ssh e el 53 ol ) IESS S
25 LS Sl (6505 g 5 pSU QI (e p 0 sDle Sy
Sge 5 o ol an Lagslan bl 5 0S5 b DNA (5 Sl

(Al JI5 5 0555l 5 555) GO1SS s s O gl
e ey By eses S el s (g L, b
il eyt Sl Lodaly s e
Seasls sy SLAIS (om 4 4l DNA O 5udlie sn
0535 Ogmdhite mhaw JtalS a1 s s s (gla, S
- DNA Glag sl cled 5 05 Oly o & Ol
-0 oo 5 sad oylal LaDlaes s DNMTI o355 4 5l el 5
il B e SLS S O dagls Sl Ol
Sl b el cnl s ol Julss Olssa i
Al Osedlit s DNA Opedlize 5801 Koo Sl dd
P osr Sl DS Faesn HP  2sm s OPG
SlosSb p Sege SIS DNA O pdlite o ol (6
SR 53 048 5 e Ol B Sla ey 25 5
Syl o5l elSe ol Jle Ve VL Jlsgs
Sy S s WS 5y b CPG Ll O pedhte
Ogedhizo gon alasl sy DNMTL 51 Jltde 550 2l 53l
DlBl s egs LB LIS e S 5 lagls 5l it
(Y 5 8Y ) dled clil DNA O 5dlite s 50

DNA Methylation and ) L;\.Lbﬁ 55 5 DNA (aadlie
(Nutrients

it 3 b Cou 1) DNA O peadlite daze S1e Jalse
S eSS e plie Gl sl SIS gla,sSU s
5 S sl iSen sy 5 L Slebl S e s S
Sles S (LS5 onl Ly Lolegs ool s DNA sk
Ogrdhize adul b Slacd g (SUa e (12 5L 3550 e
ool Bs by Jold JE Sl nl bl el
o955 5 (Methionine) s (Folat) N By
LS 5 e pilis 5o Y Ole ol 5 il s (Choline)
SV Olge SRS oS |z S o Wil 55 0 B 4 S S
5 Ll (Homocysteing) s san JalS o 0355 50
ler 5 e san L5551 =8 1 O Cdlaze 5 L
(8) (10 JS2) spde Sl e @lampl 3 Sles
Osedhin S5 SME Blpe Gl S 5o Bl


https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

O 5 555 s

S0 5596w O yw IDNA Ogawdliin

DNA l=le s)ly dgho 35 e 55 (OS5 opl S
Lodoled o Cmilas Jsho S35 5 A, 51 5 s 5 0l
4 SB35l Glensle » adis H1 S 5L b J-
Sl skias poas Gla pShaS 5 el s O gedlits o5
SIS e VS K55l edle el sdmes opiles S
b ly Sle st bl oo a3 b 6l ) s
OsSh .l Jslo iy b 5 S e s s p o Shuds ol w
b S 4 b sl B s S sl S
4 G5 0 2l 0T b 0S5 5 b ke
4 DNA 05dlin o35 a0 Syl sbapmslSe adaly
DNA Osedlis IS OB Col odd jaids »55
St Sl LS S5 Ol 5 Sy Al 55 8 53 Seasi
53 hiled a5 O bl 6l H5SB g Seee Dl 4 )
S OB L s | 68 o 25 JolS by ol Ul
oo sz ge 51 (ol e gL s O pedlis
Ogehite OlA@s aS 5505 359 Jll ol J= ol Lo
SOl ledle 5 Sl olbl 50 DNA
! L;uv,.ﬁ;&,, REW ) .::Jf Ol sl s s
Skl 5 Vo g pdiolenl b el i S35
Fr sl 553 CHlE b e a4 i s o S
by Sk 4 (M By 0T 36 5 LT3 ool
S )

oy BRGNS

Sl sa 8 ke 8 DNA O pdline ol ¢ 5
alte $03 5L B 3 el Ll Sleks e
Slaarls Lk dadl it glpl s el
sk SLSolen (pl amdd 5 Lo Gln L Ol
SOl 53 Ol & (sledal 53 la s cpl 51 das e iy
Olys 5 mome b @l DNA Opdlias (o) SKeiSl
oslital (5l b g sboar Ol a5 Jlacs sl w30 4
Sl b oS ol aes slay 58U o fage 5 085 5500
sl Oliiss 5 Sldllas .ol 4 S 15 andlas 5550 SN

slge Sl o el Sew "wdn-03" aSCle s,

ot G5 Oy 5 (5 sladnl 3 iS55 DNAY soudlze

O 5 (8 m DNA O pdlize Ol J2iSen 51 IS glas =) G2
s 0T St 5 o Ly SIS (il iley S
S e Ll pladl 6 DNA s J 58 50 page
SnS gl sty ¢l Loy s bl e slal il slals
O 5 pdeaiS oy S5l 35S o 13 Ll cs
Aol Ll ool DNA lasl JIs 55 s €5
Olpea) DNA Opudlie 5 g Obe 25250 laslss
Vi s dybllanil o6 pdyendS (S5 ) sl (2 St
odidy ka8 Shs il O adadls cokl
RS Sy s ol S S ol (S5 ol sl
Lol S Oluns  Slieslye Ol 31 Slidss glades
L LB I slpe bl & Slm sk 55l 63500
e S Ol s 2 Al s S5 e adanl
o digd bl el 5 (S5 sladnl s e ek
5o el S dis b 3l il 3 nl s oS gl S
Jo nlbas 5 e B e 5 03500 Jlee 15 Lol
sl Sl Sl Se A s G e G ) S
b ol 5 S5 sladnl s b OT byl 5 3
P LOS L e edle G e 15 ol st sl
5> SSigl sladul b s (S 5l pusSl
53 Hpden oulal DR B pled 5 S db
=0 5 cpdalil 0k eaS alzes el Sd sbadsle

= 3 eslimal 5y ey sbar pdaee Sl Y-



https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

S0 339 G Ol g IDNA Hgmdliio

Oes 5 555 I

&b

1. oberts L et al. (2001) A history of the Human
Genome Project. Science, 291: 1195.

2. Collins F et al. (2003) A vision for the future of
genomics research. Nature, 422: 835-47.

3. Zilberman D (2007) The human promoter
methylome. Nature Genetics, 39: 442-443.

4. Lichtenstein A, Kisseljova N (2001) Methylation
and Carcinogenesis. Biochemistry (Moscow), 66(3):
235-255.

5. Klose R, Bird A (2006) Genomic DNA
methylation: the mark and its mediators. Trends in
Biochemical Sciences, 31(2): 89-97.

6. Shames D, Minna J, Gazdar A (2007) DNA
Methylation in Health, Disease and Cancer. Current
Molecular Medicine, 7: 85-102.

7. Jaenisch R, Bird A (2003) Epigenetic regulation
of gene expression: how the genome integrates
intrinsic and environmental signals. Nature Genetics,
33:245-254.

8. Rodenhiser D, Mann M (2006) Epigenetics and
human disease: translating basic biology into clinical
applications. CMAJ, 174(3): 341-348.

9. Novik K, Nimmrich I L, Genc B, Maier S,
Piepenbrock C, Olek A, Beck S (2002) Epigenomics:
Genome-Wide Study of Methylation Phenomena.
Curr. Issues Mol. Biol., 4: 111-128.

10. Zargar S J, Rabbani A (2002) Interaction of
daunomycin antibiotic with histone H1: ultraviolet
spectroscopy and equilibrium dialysis studies. Int. J.
Biol. Macromol., 30: 113-117.

11. Zargar S J, Rabbani A (2000) The effect of
daunomycin antibiotic on histone HI: thermal
denaturation and fluorescence spectroscopy studies.
Int. J. Biol. Macromol., 28:75-79.

12. Herceg Z (2007) Epigenetics and cancer:
towards an evaluation of the impact of environmental
and dietary factors. Mutagenesis, 22(2): 91-103.

13. Zhang Y, Reinberg D (2001) Transcription
regulation by histone methylation: interplay between
different covalent modifications of the core histone
tails. Genes Dev, 15, 2343-2360.

14. Moggs J, Goodman J, Trosko J E, Roberts R A
(2004) Epigenetics and cancer: implications for drug
discovery and safety assessment. Toxicol. Appl.
Pharmacol., 196, 422-430.

15. Bannister A, Zegerman P, Partridge J, Miska E,
Thomas J, Allshire R, Kouzarides T (2001) Selective
recognition of methylated lysine 9 on histone H3 by
the HP1 chromo domain. Nature, 410, 120-124.

16. Gibbons R J (2005) Histone modifying and
chromatin remodeling enzymes in cancer and
dysplastic syndromes. Hum. Mol. Genet., 14, 85-92.
17. Clark S J (2007) Action at a distance: epigenetic
silencing of large chromosomal regions in

bl e 5l G50 K Slels e Sl

.)JJ§ J>e...a ‘-;E.?e.a
carcinogenesis. Human Molecular Genetics, 16, 88—
9s.
18. Vu T H, Jirtle R L, Hoffman A R (2006) Cross-
species clues of an epigenetic imprinting regulatory
code for the IGF2R gene. Cytogenet. Genome Res.,
113,202 —208.
19. Choi S W, Friso S (2010) Epigenetics: A New
Bridge between Nutrition and Health. American
Society for Nutrition. Adv. Nutr., 1, 8-16.
20. Stolc V et al. (2005) Identification of transcribed
sequences in Arabidopsis thaliana by using high-
resolution genome tiling arrays. Proc. Natl. Acad. Sci.
USA, 102, 4453 — 4458.
21. Esquela-Kerscher A, Slack F J (2006) Oncomirs-
microRNAs with a role in cancer. Nature Reviews
Cancer, 6, 259-269.
22. Jeltsch A (2002) Beyond Watson and Crick:
DNA Methylation and Molecular Enzymology of
DNA Methyltransferases. Chem. Bio. Chem., 3: 274-
293.
23. Jeltsch A, Jurkowska R Z, Jurkowski T P,
Liebert K, Rathert P, Schlickenrieder M (2007)
Application of DNA methyltransferases in targeted
DNA methylation. Appl. Microbiol. Biotechnol.,
75:1233—1240.
24. Weber M, Schubeler D (2007) Genomic patterns
of DNA methylation: targets and function of an
epigenetic mark. Current Opinion in Cell Biology, 19:
273-280.
25. Vanyushin B F (2006) DNA Methylation and
Epigenetics. Russian Journal of Genetics, 42(9): 985—
997.
26. Brena R M, Costello J F (2007) Genome—
epigenome interactions in cancer. Human Molecular
Genetics, 16(1): 96-105.
27. Gal-Yam E N, Saito Y, Egger G, Jones P A
(2008) Cancer Epigenetics: Modifications, Screening
and Therapy. Annu. Rev. Med., 59: 267-280.
28. Arabi S, Minaee B, Ghahremani M H, Djamali-
Zavari M, Ostad S N, Fouladdel Sh, Azizi E (2005)
Expression of Thymidylate synthase (TS) and
Thymidine phosphorylase (TP) as prognostic markers
in advanced esophageal squamous cell carcinoma.
International Journal of Pharmacology, 1(2): 104-111.
29. Antequera F (2003) Structure, function and
evolution of CpG island promoters. Cell. Mol. Life
Sci., 60: 1647-1658.
30. Esteller M (2007) Epigenetic gene silencing in
cancer: the DNA hypermethylome. Human Molecular
Genetics, 16(1): 50-59.
31. Brero A, Leonhardt H, Cardoso M C (2006)
Replication and Translation of Epigenetic Information.
CTML, 301: 21-44.
32. Lopez-Serra L, Esteller M (2008) Proteins that
bind methylated DNA and human cancer: reading the


https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html

[ Downloaded from mg.genetics.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20084439.1390.6.4.1.5 ]

O 5 555 s

S0 5596w O yw IDNA Ogawdliin

wrong words. British Journal of Cancer, 98: 1881-
1885.

33. Luczak M W, Jagodzinski P P (2006) The role of
DNA methylation in cancer development. Folia
Histochemica Et Cytobiologica, 44(3): 143-154.

34. Partha M D, Rakesh S (2004) DNA Methylation
and Cancer. Journal of Clinical Oncology, 22(22):
4632-4642.

35. Kaabinejadian S, Fouladdel Sh, Ramezani M,
Azizi E (2008) P53 expression in MCF7, T47D and
MDA-MB-468 breast cancer cell lines treated with
Adriamycin using RT-PCR and
Immunocytochemistry. Journal of Biol. Sci., 8(2):
380-385.

36. Esteller M (2008) Epigenetics in Cancer. N.
Engl. J. Med., 358: 1148-1159.

37. Feinberg A P, Tycko B (2004) The history of
cancer epigenetics. Nature Reviews Cancer, 4: 143-
153.

38. Esteller M (2002) CpG island hypermethylation
and tumor suppressor genes: a booming present, a
brighter future. Oncogene, (21): 5427-5440.

39. Baylin S B, Futscher W B, Gore S D (2004)
Understanding DNA Methylation and Epigenetic gene
silencing in Cancer. Current Therapeutics Inc., 1-25.

40. Sedivy J M, Banumathy G A, Dam P D (2008)
Aging by epigenetics-A consequence of chromatin
damage?. Experimental Cell Research, (314): 1909-
1917.

41. Richardson B (2003) Impact of aging on DNA
methylation. Ageing Research Reviews, (2): 245-261.
42. Johnson I T, Belshaw N J (2008) Environment,
diet and CpG island methylation: Epigenetic signals in
gastrointestinal neoplasia. Food and Chemical
Toxicology, (46): 1346-1359.

43. Davis C D, Uthus E O (2004) DNA Methylation,
Cancer Susceptibility and Nutrient Interactions. The
Society for Experimental Biology and Medicine, 998-
995.

44. Azizi E et al. (2003) The Inhibitory effects
Ascorbic acid, a-Tocopherol, and Sodium Selenite on
Proliferation of Breast cancer cell lines. Iranian
Journal of Pharmaceutical Research, 2: 173-177.

45. Liu L et al. (2003) Aging, cancer and nutrition:
the DNA methylation connection. Mechanisms of
Ageing and Development, (124): 989-998.



https://dor.isc.ac/dor/20.1001.1.20084439.1390.6.4.1.5
https://mg.genetics.ir/article-1-1081-fa.html
http://www.tcpdf.org

