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Abstract

Background: The evolution of resistance to imatinib and disease progression are multifactorial events in
CML patients. These events are not only determined by BCR-ABL1 dependent pathway but also are involved
a number of other genetic and epigenetic aberrations including DNA methylation. We aimed to investigate
the role of DDIT3 (DNA-damage-inducible transcript 3) gene methylation in relation to respose to imatinib,
CML progression, and also investigate the impact of the smoking on methylation level.

Materials and methods: 50 CML patients at different clinical stages of the disease (including 20 good
response and 30 non-mutated imatinib resistant patients) and 15 health control were recruited for methylation
levels evaluation of promoter DDIT3 gene by MS-HRM (Methylation Sensitive High Resolution Melt)
analysis.

Results: There was significant difference in the mean (zstandard deviation) of DDIT3 methylation
percentage between two response groups (63.8+17.79 vs 47.75+14.18, P=0.002). DDIT3 promoter
hypermethylation in 51-100% level indicated a higher risk for progression to advance phase (OR=5.75; 95%
Cl: 1.40-23.49; P= 0.01) and imatinib resistance (OR= 8.5; 95% CI: 1.96-36.79; P= 0.004). Importantly,
smokers were associated with a higher percentage of DDIT3 methylation (OR= 11.8; 95% ClI, 2.67-52.67;
P=0.001).

Conclusion: Our findings indicated that hypermethylation of DDIT3 gene is associated with imatinib
resistance, CML progression and smoking. Further investigations on a more number is needed to confirm of
these results that could be suggest as potential biomarker of disease progression and resistance to imatinib.
Keywords: Chronic myeloid leukemia, DDIT3, Hypermethylation, Imatinib resistance, Smoke.

Cited as: Foroutanjazi M, Hamid M, Salehi M, Hashemi M. Epigenetic silencing of DDIT3 gene and its relationship with imatinib
resistance, disease progression and smoking status among patients with chronic myeloid leukemia. Medical Science Journal of
Islamic Azad University, Tehran Medical Branch 2025; 35(1): 14-23.

Correspondence to: Mohammad Hamid

Tel: +98 9122858058

E-mail: hamid143@yahoo.com

ORCID ID: 0000-0002-4625-0713

Received: 5 Jan 2024; Accepted: 22 Apr 2024


http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-06-27 ]

[ DOR: 20.1001.1.10235922.1404.35.1.2.8 ]

[ DOI: 10.61186/iau.35.1.14 ]

VO [ )00 5 552 (9,5 o 0 VEeF s ® Yoyl © YA 090

ol 33T olEiils S iy pole alxo Original
VY BV Slio DFF o ) ojleds ¥ 0,90 Article

Ed iy calog] 4 Cengliio b (4T bL3 )l g DDIT3 (45 Soi§ ) (oogols
Co 30 Gowighao (ool & Mo oyl sloay (p 50 ) Cardg 9 (5 low

P8 ool 310 0 T (o | inn T dan> dazo (632 (598 2y

Ol el el Gl 9y (oSl SI3T olSils (53dsm 09,5 (5555 sezmiils

Ol Ol Olnl gty g (539 9aSS g Dlinios 3 pe o JoSUge (S 09,5 ¢ Losils T

Olrl ol el o)l axly (oodlaol Sl5T oKl «(539)gm pole 0uSitsls (s3glgm 09,5 ¢ bobiwl T

Ol ol coodualaliT olSsls (ol g5 (S ke atd pin (5,9l g pole 0aSiasly (i3 09,5 ol |

Ol el oMl olSils (ol 5 Sy psle ¢l ISR B s Lo (i 8 (S gl Sam psle Dligio 5,00
ol

o 4 45w CML @ Mo lag j0 lole wix Gl (o )las Chping 5 coidlos] (69,10 4 Cuoglio :Bod g alslu

4 zewl b abk/, ,o (DNA-Damage-Inducible Transcript 3) DDIT3 5 scwdliio il ooy Lo Sdo . igS o ;7 DNA
32 ot el o 5ens 3B ) 2 rimon 5 OML 8ty el

10 5 (48L Ligz jué coiilog] b pglio jloo 1o 9 95 gl jlaw T0) (s ylow cilizo ol folro )0 CML Ll &0 s gmyy (w9
3,30 (Methylation Sensitive High Resolution Melt ) MS-HRM /] alewgs DDIT3 5 yacwdlio plaws (s o (sl pllos ) iS”
AL8,5 5 aelllao

0 oy FITA) Cusls 0929 9,10 4 pylio g 0diod gewsls 09,5 90 5w DDIT3  gedliio uo,0 5 Sleo j0  p2ai Jl8 glar :das8ly
b4 ety oo b s aoy0 D)) mhw 0 DDIT3 () sy (gewdliio smle (P=2/- o1 sao,0 FYVD flie
A3y ol a DDIT3 5 acwdlio j/ g ¥ a0l (¢, 8w 0,8 .0l lis coiilog] 4 Ceoglio g (sl dibpins

Lol oot aeiS JKw g CML iy cociilas] Ceoglio L DDIT3 (5 acwdlio et a5 0l flis bo (glo 48l ;g yuS dorasis
5 Sl g 03l ;S Slyie 4 Wil o 45 Sl L 30 gl Gl b (1l (St Slaai (53 iy Slii

ciilas] LV, Y) Cl polae (3LuS e, cudled gllo o ) .
’ FISe S oo <o gadg sl Glbyw £95 (CML) (roje sshio (somg)

|l =5 ls Glivec L (IM; Imatinib mesylate) .
s Js < : Y YV 58 lepgigny,S Jolite (olomler aomis )0 g cul
3)|\> Q_g.‘ «wl CML le_o.:.g OLA)J Lg‘)g G{)Ua J)L\JL';..»‘

OeiS g, (Tyrosin Kinase Domain) (s5LuS o5 s yued S e S5 085 55 g i 55 5l DU (05 1 s ki 5 o]

(email: hamid143@yahoo.com)
ORCID ID: 0000-0002-4625-0713
yob a4 caislal b oo (Y) S oo )l |, JUSew Jlil VRN NS e S 55 )6

VYT s Gl gy

5 5LinS ot Jled pizmen s )8 Bawa 1) ber-abll


http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-06-27 ]

[ DOR: 20.1001.1.10235922.1404.35.1.2.8 ]

[ DOI: 10.61186/iau.35.1.14 ]

CML 3 casailog] 4 coglito 9 DDIT3 Sty (o (Aogols

oI5 olEails (Kb pale alxo /18

() 4l Siilen clelslo las 5 Jolow i3
5 Jslw i, welas oDDIT3 i sousie lalllae
50 DDIT3 igis, ol halydl S a1, les
2o Lo sl oo 5 sasisleo (slo Jsko 355551 31 (sla)
Glasdlas 13 (VF) 595 0 S 56 4y GL 56 5l iy al> e
g a5 cl ool ooy Hlas (il LSas ¢ Qian Lawgs
O8) 85,1 e (22l asshes sledsls ;o DDIT3 cgig,
&9y » slasllas )3 DDIT3 (5 Ggeadlite el (o) 0 5
AML; Acute ) sl> sadsbos comws) am Mo Lo
Lol «(VY) aid snalie ggawdliin g (Myloied leulemia
Py 4 Wi e (59, = 6500 aalllas jo
5 DDIT3 (55 gobee = fgedlto «SiDlomdghes
2l 5 OA) 0l sasline sos 50T ol les 51 auo oY V/A
DDIT3 5 oygewdhiio zdaw b3l gl (o085 Slallae a5
15 aa ol i wied 48,5 &g CML oLy o

@3l 2 Ho Mo A g Cundg (b)) pol> aslllas
oyt g iler] Gl LLS,T )0 DDIT3 ()5 5055,
) s 090 (len )L (dsl sl eizren Lo gy (55lan
L) CML lles ;o DDIT3 (45 ouwdhiio xbaws b

w5

Leigy g olgo
L

L oo sk (co—wgl Sl O 5l (Jasome (193 diged
Slass 5l -5 Y+ Lelis) Ph* Ly coie BCR-ABLL Ly CML
L (Gt 099 5 Oloeys 4 pglie ;05 ¥ g (oo a4y S5y
AoV dols wlle J,uS 10 5 Jlo FONY s Sl
FEITY s 5oSho b (0,0 o y0 OYIY 5 ()5 auoyo TFIV) 050
Sl 655 o ot 52 b ol 40 i s 90 o
(Methylation Sensitive- High Resolution Melting) MS-
¢4 ds]llas u_:‘ 4 u‘)L_M 39,9 6’15 )L_:.!A A ul?u)‘
S0 s BCR-ABL (oS5 1)) 5 Pt LASDLS pgj9095
opdle 09 59) 30 o5 (shee Tr v 590 o b cotsleal ()l
L Cuoglie (3992 7m0 0loys @ pglie (lilen 9959 by el 2
@l adz i b g CunjdoSil -Canjdglon Sy asuis
3l S5y ol o (S 5 JsSUge Slitales]
s ySalilne yuiie i jelite 4 axllas oyl 4 0 ELN
(S e 0 Lo g m g5l0 an Cnglie ol o

Gl 03l 2al381 LT pgs 95 55 1, o lan sliy gz s b
ay Cmglio copiilog] Ly yloe,d Capibyn n ,de (FLY)
S Ly g ol azgs BB (ol St S il
(F) 0,95 aunlys S 1L Hloys 4o coles yo o))k
Ol 5o ele oz slag; SO ciilal 4 Ceglis
31 ilog] 4y Canglie il sl gl 5 ol CML
JEe Gl yae § BCR-ABLL 4 atly 5l yone alox
slakais Lo gz (BF) oo ools zedss BCR-ABLL
BCR-ABLL as atsly muilSe (i 40 55LS (o9 50
5 G V) aes IM 4y Cosslie LYo 5 S IS b 4
BCR-ABL ()5 (5LiaS (rjgrsd med 50 iz (485 <
e Sl e oheys cailay] 4y Cosslie slmlys
sbmgl Jole s g 45 0 el ()l 5wl 5,15 CML
O3 5 Himnne (555 (=] S (A) e Cenglite
SoS cilosl Cnglas 4y a5 0)l0 54>9 BCR-ABL1
Ohlbes 5o 098l Jolse (lgie an Cl (5 Stoe 5 wiSee
3,18 0529 (soSome Y8 () aiil & jla g a5 seglie
CML (5,lns (il gl 5 (sl ol w2 (oo ol 85
Jold aSly 098005 (i BCR-ABLL (5 bawg ol &
5o a8 Conl S5 gl g Sy Dbl 5l e selass
ool GRS sl Sl 6 eRiy 5 535 VL (e i
Lol glsl sloml s s ol Conl (1 0) Wl
ALl Coomy 4o p5l a0 )0 do cowg) 09 4y ¢ Sl
Oge—dhis Jawgd SC55 gl shgels (VN Y) Cnl 0nls
05 ey st lag) Sgesn CPG (>l ;5 DNA
() 35800 g p Ol Rl 4 poie a5 WS (oo Yl
259 g e S0 ez 5l 5 (paiz Geeedlie la
Lo Jolos ol 0y 2 3l 5oyl 51 a5 ol oty lulis
O Mie ool odle als i 2ol )3
s p3lie Sag) (sLo 515 LS5 L DNA aibod
Sl ploie dan g 0o Ladpe LS (595 sl oaiS e
H e OV cwloa i a8 5, Ly 0 CML o, iy
O (35 (i ygmadiiio e 45 ilosls ylid Slallas
39 cewislos] a Cnglas sloul g (g ke S iy jo Cul
DNA- :DDIT3) ;5 .(\Y-10) wsb aals i CML
C/EBPC pb 4 yen «(Damage-Inducible Transcript 3
o5 S— (CCAAT/enhancer binding Protein zeta)
bgi ailg oo g 00l Glo b e )0 Sl j50g8 SsS
Lall sk oyl 5 @inis (comslS gm0 « DNA & o]
3 s G o (g 0dlgils (nl K00 gae B 0gd


http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-06-27 ]

[ DOR: 20.1001.1.10235922.1404.35.1.2.8 ]

[ DOI: 10.61186/iau.35.1.14 ]

W1 ohKes 9 652 (98 o

VEoF Sl @ Vol ® YO o)

DNA) o oolail ouds Codlgs o 9 Jlo 909 () alite
S (S o8 5 alite i 5 aliso J 5 EpiTect J 5
TV ol sl (grdlite glite 28, 51
DNA J,=5 oo lastiw! leie 4 g ags (L VO o O+ YO
Ol S 18 eslinl 3550 (ygradliie ol polan b
e szl gl ym5 ialej] ,a 0 DNA (slas sk
iy Gl b gioe cpl 1o enilwS Lol 3 o lastl sl
Bk 0l ooliiul Loy (gladiged 5 (lilons Ggmdliie w0 )
Jolds S il anlp codly s o s eijle JSS9n
Jod an pomie a S coul gleend slo j1STy 5l glacgazs
aS o 0w oo Jumulygl as oois alite gl oy g
s S b ol S S g S el sl (g
DDITS ¢p5edlie Cpnd5 855 (oo 2353l POR (b o
A Judos g 4526 MS-HRM Lassgs

MS-HRM SosS

MS-HRM £wssi DDIT3 jig0g 0 oy gdcio ko g dy i

Sl ccie SO 5 ooliiul b cudlgm o b o Loy DNA
Foagy adie ot g adie slo T 135 gl oad ()b
L MS-HRM (sl sl 23 |3 MS- HRM STy cos
V2.0(5555 —oalp o ST 4ol 5l ool
(www.urogene.org, chinese academyof Medical Science)
ol slas bl bl 5 jeulyy b ol b
oo >hb slayaly Jlg (YY) 0g o Kan g Wojdacz
w9V Jyoxr b aslllas 10 DDIT3 (5 igeg» sl

DDIT3 (5 b sl JlgsV Jgo

o3 pb 5—3 youly Jy
DDIT3  Forward GTGTAGATATCGGTTGTTAAATATTG
Reverse GAACCCGAAAATAACTTTAAATC

Bisearch |5l sleolai ol Lo o w5l 8L oy
MS- [l g 40525 .35 cwdls (http://bisearch.enzim.hu)
Step one olKws Lawgi oo Cudows DNA L2355 g HRM
plus real time PCR system (Applied Biosystem, USA)

High Resolution |58l o ,5 laugi HRM (gl oals ol loxil
S e 285 )18 g g 4 jes 5,90 Melt Analysis

5X HOT by lsee Jaliis aS 09 il See Vo ol 25T,
FIREPOL EvaGreen HRM (noROX) (Solis Biodyne Co,
= DNA 555U Y- (5Ll , o 5l Voogils Y+ « (Estonia

95 L &8 ) RNase g DNase a3ls O g ool Cudlgan

Ssmslise 501 el (o 0 M5 5 oloyo & pslie oy
Eg—ozre ;3 . Nad dalllas o)lg (aidg ool ALl i w8l
4 4 \Y (CP; Chronic phase) yej— 318 ;o ol lews 51,8 YO
al> e 0,23 Y 5 (AP; Accelerate phase) x i al> .
as S oLyl 05,5 slxe 2504 (BP; Blastic phase) <o
SN oy Syl y 2 b (lb s 4 Ml Al poe dlllae
Al Gl el gl DIl aieS lawgs aalllas ol 0gs
Gt ez  (IRPILREC.1397.56 ol D o8) o
30 ES 0 gz ol S Al Culs,y (658 aiged
59 ciilagl L oo VA JBlas gl oy o s 48,5 aslllas
by Gheys s sl lye Gsy o 05 (oo FroAe
gy ols FA cailog] ey 5 i ) loss (6 mSas ooke N5k
4 g3 0l el g cotilasl 4 pglie 09 3 g0 4 e
L e Ll JySga s (St ey ol 0
Ol &j90 4 polie (less (b)) Sl nl @ 428 L.OY)
VY ol (Setiisi ol b s ole VA G il J5SUso sl
5l polie (il (VA) Walds cpond loys £955 5l a oo
Sogb am wBW ABLL (5 (53l (meed )3 (Sgelize o
(ol ooz ool iales 5IUT ledbol) o 5J6T W3 oS
5, s SO UK izl as g0l (Smoker)
S8 =Y 109 R 395 (oyme 3 b 5 23S o0 Bymae g,
S 5,2 a5 (gol, dl:(Non smoker) ¢,K—w , &
3,89 5 6, 0,87 (s J,uS 0,810 5lais S5 B yan
9 S VPO Jolts (o 85k 5l 5 2ingy (61
23y (6,8 s YO

bdiges (49,5 aidlgmw (2 9 DNA gl 5!

Ohbes 3l = (e F Glie @ (e (95 5l (50935 DNA
Salting out s, 5l eolaiwl L @l of,81 g CML o Mo
5heslawl L oo gzl 5wl DNA coaS (Y+) ol gl Sl
LiDNA CiiS 5 CaS 5 0 (om0 55T 5 559892501
oS 15) Dogils Lasgs 260/280 i b o g 5] ol
P eSelsdee w83 18 ol )ls e (BioTek Epoch
= L lis e sz 4y ond ] 5 DNA 51 s See
Zymo ) EZ DNA y5eidhiie oS 5l oolitil b s Cepilgus
0ijls &5 1 STy (bl s (15 50l sazie YL Reaserch
e LS g (1) +) adte SLLS DNA S 51 s ool


http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-06-27 ]

[ DOR: 20.1001.1.10235922.1404.35.1.2.8 ]

[ DOI: 10.61186/iau.35.1.14 ]

CML 3 eduilos| 43 Cuoglio 9 DDIT3 S o) (oiogols

oblsl3T oldils (S pale alzxo 1A

PP b gl e s g 0 sl (Corporation
RGPS

Aligned Melt Curves
108
100
o
o
5
8,
7
RN
g e
&
g ™ N 100
g = \
] - \7
£ @
Bl 50
L \
\ NS
= \
& \
15 e
\
10 \o
5; Rt ==
: =
IEEEEEEEE IR EEEE LR AR EE ]
Temperaiure("C)
Amplification Plot
oo
10
1
0.
- 0o
o.00
0.0001
0.00001
0.000001

18 20 22 24 28 2a 30 a2 3¢ 38 3 40 42 4e
Cvele

b JrS s ohlem ;9 DDIT3 (05 jigagn iS5 jloges ) JSC
(0 5 st (gle 8 oo 5ulle s s _sieie ()

oblew (b kg »

Lo Yo g Uiz 36 aglia jlew Y¥+) CML lew O
g 2Ll slp plle S8 9800 5 (5l 4§ty
dlie ud (o) p DDIT3 (5 Jgegn ogewdliie
U5 s ohlem B Conly g oz g (S Sk
5 o Bl )l e Doldl s oS sls plis plle slo
S s ohlem om B Camdg Jl 51y e
sl 00 Lol T mr (3 lones 130 5 bl 392
5 ohlem sly FOYVEY) e Gl Silo)
b 5 g o P31+ oS oLl sl FENVEFVIVE
Voa A Jpss o35 9 YV 4 VY hlew 0 0
9 &y VPO B S5 51 )y ley SGS5 P>/ 0
s F1N0 Il S, ol 3l s g 6y Kams i YO
(P> 1+ cidg: 6, S ut AND

Do e S Ve A STy 2l e il sl (O
05 e 5 &y50 4 PCR Lyl

Wooae 4 ol 5 ale a0 0 sl o adsl ygunl,gilis
-l a2 0 A0 sl o Heawlygilis Jols S TO s s
sl a0 7 bl Jlasl sles sl VO Soe 4 ol S
o 5 sl az o VY (gloo o 55 g adds ) S a ol S
lod ;o WShgog e LSis b PCR LSS .aib Fr Sow
FooGlod 0 s g 4l Ve Dae @ ol 5 Sl 4z 0 0
@l o ol il e ol JLos 4z sV Dae 4y ol § il ax o
@ b g ol plail o 5 il ax o /Y 2ol L HRM 5 JUI
az 0 el les Lialidl s Jaas polidl e b asl VO Sue
5 oo dl (sl ad alsl o 5 le 4,0 A0 b ol 5l
Ol 2 0 b el CaSehigs Ojgpar STy 52 (6 0,18
oo Sa S 5 (T tiges o) o JAS ials]
TR RS P13 P ATRIIVA YA R/ CEIVA A RVA VD
led i eolaiw] MS-HRM slaools 5l cugles Sloges sl
oeias 100 clale @Slas 06l Cawd 4 (5l 1 jeuly Jlas]
o e b alio 55l o 4y (6,05 g 365 o (S b 0l
5 L (Aligned melt curve) ous 3l gd Sovie w098 Sl
ool b gz po (g Sk yold wxly plgie 4 e (285 LS
Foegy ;iSS loged ol olx| Step one plus HRM 1380 5 5
ok plad glp o lubiv] gd slo g g aigas o )
PRI VA RIIVA TAIENCIIVA S RVA VD BUTVN: IVONRy Lo g
oobwl 5 MS-HRM Ldos g a5 . (o g @l ) SC8) o
DNA 5l Gsd slo ligy b baiges w93 slo by, amslie
slo S5 lp ot aislids (gdlte wop3 b (ole diges
2 el gDt

Sl Jgel ole,

M A S g VoYY o led 0S5 g oS L asdlas ol
Sl sl gii il ool 4y IRPILREC.1397.56
LIV I VOV

obel ks

Lo sie 6l Sl S o—es sl Sy (Sl gijs anlie
Exact Fisher test «go sLS am o 5l ool wl Ly oS g 25
Gl Sz (g S ) e 0 plodil Co5 5 ast-test

Sy § DDIT3 Jigsgy gemdliito obaws (e BLII (215
by CML il 50 (5lonm S8yt ccaiilogl 4 Canglio
S 00, )G Hliedsl alsld 740 5 (Odds ratio) OR awloxe
IBM ) V4 i SPSS 531 a5 31 colizaal L o o


http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-06-27 ]

[ DOR: 20.1001.1.10235922.1404.35.1.2.8 ]

[ DOI: 10.61186/iau.35.1.14 ]

14/ o) Sen g 535 (55958 oo po

VEoF Sl @ Vol ® YO o)

O‘)L"'.?-.’ gs‘-‘-ll-' LSLD‘;'},@ 'YJS"\?

P-value oteilon] & sSly cilol &y pslie sl sl S
-1 Ye(F) Y@ Nt
OV /G- CFYIXYNYIOPIZYNY (O30 50) i
BAa FYIF £ V515 VAR IRAAR R (JLo) oo
Solow 516
e Yo (Voo VOOB-) Chronic
Y . \Y(E.) Accelerate
Y () ) Blastic crisis
S Cundy
A F(Y) Y. (FPIFY) &)
D) IRNAYARD) &K e
+/f4 FOXVYIY FA£VPIVSE ey Ole)y Dk
ofe Y FYIVOEY VA PYIAEVYIVA DDIT3 5 ygegy Oygumdhiie &l5ue

e Bl ot Slee § (0o ,0) olaws ¥ szl <100 5l a8 (g1 gine o

coiilesl a0 655l g palie e g Jlow 9 @Il (sloeg S ;0 DDIT3 ()5 gmadliin s ys Slgl 8 annlia ¥ Jouar

P-value

P-value Sy ceiilas] & polie e b J s 05 Osedlte s
(n=Y-) (n=Y-) (n=0-) (n=10) DDIT3 (%)
\ . . ofe s Y+ ¥ -y
[+A \ Y AR ) A Yo-f4
\Y \ q IAY V4 7 O--Y¥
RS ¥ YA ey '3 . Yo-Y .-

Gk ogeedeto ST waoe ol i 4 S ey
30 DDIT3 (5 omedlie gaw aS ols lis ¥ Jgo
09,5 1 3 o> YO-Vr o edgaoe lilem 09,8
PIRE R CORC K PPRR VSRS A SOURIN e ra vty
chw  Slelyd o gyl b Dglas wsys V-V
pllo sl yS 5 olle o DDIT3 (5 (sendlite
09,5 99 Oy dwwldo ;o Bk 5l (P +/00) cubls s92
22 opete Gl b sl sl i 5 sy
4 clbls 0g2g (5yl0 gme Dgldl wsys VA=Y e At
YL pgedlie mhaw b polie olilony slawi &5 555k
a2 (P=2/v2Y) 05 655l oljle 5l yin oo jo VF
Oezred g 2o)d VY erdlite wo s Gl ilegs 5l plas
Soy VOV v sedlite ol sla S Sl plaS e

(Y Joaz) wolas plas |

Sl [0 5l S (5l gixe o w

5 eon Oboy Do (i (e Jol (b sl S
ghe 5 K Cordy (il B ollen 6Ny
daglie Sl 8 g 5SSl pllew o Goeedlie
5 oz e el Sjse 5 Sl Dol el
P>/ 0) Clas 929 b 09,5 99 o 5 0L
che 5 B Comdy (ol U Gl a5 J
P=ele0¥) 090 lo cme Solas 09,5 90 Gy gedhine
(¥ Jsaz) (P=cf+ 8 P= -/

DDIT3 o5 gole yé ogmmdlio g (Slgl 8

s g Vb ol b MS-HRM 5JUT asllas ol o
Al pll Al 8 by aliie 698 oo 4y (65T 9 g
@y oad pVloy 09 (omie ¥ SS9 o ) S8 0
IS el lp paie 5 pleite SlS slaSy & )50
Qoo Ve g YO B YO N eooslastin) Jb e sl
Bged 9 55500 (Jbrw oS Glp oeiz oo g ke


http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-06-27 ]

[ DOR: 20.1001.1.10235922.1404.35.1.2.8 ]

[ DOI: 10.61186/iau.35.1.14 ]

CML 3 uionilog| 45 Ceoglio 9 DDIT3 i 3 (oogols

oMl 3T olitils (S polke alxo /Yo

CML Lo b 5o (o)lowm &880 9 coiilasl 4wl 9 DDIT3 (5 guadliste (ylime o bl )| P Jgur

05 Oy
Aols 00080 ld i hee e $Sly ol eilegl & plis DDITS (%)
Slabs! &b (n=20) (n=30)
Reference )/ AB(\Y (F) )\ Vo 8--v0
YEIVA-1 /a8 MO - ¥ )/NB( Y )1+ (VA Vo0
oe5e 8 Sl 5wl 56 05 Oyl
Wo(m= )\ o(n= DDIT3 (%)
Reference )/ A+ (YA )/ VSISV (E 0¥
YY/F-\/f- BIvo oo VAR ) YYIFY( ) Vo0
(0o,0) olaad il (g0 + /10 51 S (510 (Sxe rlans®
DDIT3 & ogedite Oliee b o e LS ,1 B g0
Olsebl alols 720 old S &, (sre ha G 2 S, 05 Oy
)Y¥(N= )YF(N= )/DDIT3 (
)OVIEV-Y /Y (WA ofe ) AYIB(Y GAITY) VAT OV-Y -
)% AVIB( Y )Y IYY(A Yo-0-

DY=N v &lsd 0D e doys BNV g YOO+ aiss
ol a8 S L o DDIT3 hypermethylated g 4 ao o
laaws o oK1 (Cut Off point L b alas lgims oo po O+)
30 Gl gre Dglas aS ol Glid T Jeas il alnlis
4 f5l g pslie 09,5 93 G O)-)r e eeadlie wo o
Foean Ol pmle o0 &jle 4. EBl 8929 il
NBY YL Segy Sy 9uops OV-V o+ mlans 15 DDIT3 5
alols 0o,330 AB=OR) sls oyles pslie ollars sl (ol
(F Joaz) P=+/+ - F \AFYFIV olipals]

9 DDIT3 (45 Fgogp gmwdlio o (s (B0
sk DDIT3 Jgegn Gomadliiomle aalllas cnl o
3851 i olem 4y 5B L (e )0 )l (e
P=elv ) oy Voo blae o YVIYY) 0e Sdg,S
mh 5o e sl a5 ans e plis F Jsan
5 SeS Ohlem Gmoweys O)-Ve e eedlte
Oediopmle (il a0l ez (g Lo and iy
oYL St aoys OV e mlas Lo DDIT3 jses,s
Sl 5 s lol Syl sl (ln OIYO)
SFANY loebl alold as 090 L/YO=0OR) was o olid
(F Joaz) (P=+/++\ V¥

(a0, Slass ™ ol so0 /00 5l yieS (5)ls Se lans®

Aligned Melt Curves

Aligned Fluorescence (3}

% 6 6 O 8 80 NAAHKEETRRENHN DD KEEDE DY ED NS

Temperature('C)

. DDIT3 L)) O 9w M OM)JyLo); ;.)5& ] Y ‘&M}
5o, Ve g YO B0 Ve Y0 am o lasbnl st puS oo
oue) Lo, B00-Y0 Heedlin s U S jley dlged SO

(%9, uﬁi

9 DDIT3 (45 g9y ogmmdlcio g oy (B jod

o bog | 4 Fwly
ao,d AD g 09 Joyd YOV v o odgame CML Lo
YO-0+ gmdhie mhaw glils coucilo] & Sl )l jlew
R g N g O R
90 & Ogdliie a0 by Olilewy polie oylos


http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-06-27 ]

[ DOR: 20.1001.1.10235922.1404.35.1.2.8 ]

[ DOI: 10.61186/iau.35.1.14 ]

YV o) Sen g 535 (59958 mo po

VEoF Sl @ Vol ® YO o)

OF Omdie oy Sl 6N addlle 0wl )
pyiw ohlewm 9, owlSen g Lin lawg DDIT3
52 OA) 0l )55 S 5o Semdlite e 9 (len
5 Oblem )2 )9S (f Fsegn Ogedlite pol> adlllas
DDIT3 (35 gsemditopmle Jlgl 3 Lol sl (3135 o 15
oy Ty ey aeys Ae 0 (aoy0 00 ma)
ool ool snalive (gl pme Dglls g wl L b puS
Solost Sy b DDIT3 55 pedlitole (o alllns
4 bl 052y gyl s 5 598 bLi) BC g AP 5L 4
L ooblem Ol 5o 5558 (5 gl pmla &5 59k
8L ohlew 5l sies ply QY 090> ;0 BCy AP (slajlé
olpinn Lo andllas aidly cpl &y azgi b 09 (g)low (poje
$00 50 Al ol aly 3l gl JolSS it slajle
s Wang aslllas ;o laid o ceol ooid (5158 olallas
05 Osediesmle SlE e ol e e
Sldllas .(VF) s cdl 5l alise slojls 4 DDITS
G @S sl Ohlem Gl e ol gy, i
55 9550 CML (slary 65y (55, DDIT3 55 cp5esdlets
@ pglie Ohlem G K Consy pol adlhe o
m e gl g ol dnlie g ol b (hlew 5 oSl
b bL3,l quzmes Lo .Clls 5925 09,5 90 G 5,10
o oddsl slp e L1, DDITS (5 g9 Ggmmdlie
5 e O b Bl me s ok
Sy Bl Sezy S0 ) Ogeedlitela
AL Golosne jsb 4 b o le 5o Gamdliiopmle
iy S 23l e slo Sl 0gr g K o ]
0y99 b Mg 5l J8 )90 Mo (28,5 )18 5 me jo oy &
16506 SO Glaie 4 K 050 ol el 4 asil ails
=6 ) 050 0 Az Lis jo Cwdle (gux o g o
0l il G lyie 4 iz 0y90 50 4z 9 IS sl
5 S5 sl om sl (SS Lil, DNA
9 K 090 (oyxe ;0 SO G Geizmen g Gy
) Sl (V) el JLS )5 50 cpoie sl Lo JolSS
o Jldye b boee JKw 090 by ol S0
Sl S o pudats 1) Sy Ol pl a5 slae 3]

9 DDIT3 (5 ygogy oygumducio by oy o2 o
S

a polie 09,5 90 G K Coxdy addllae (pl o
Sl g cbls (g 1o g gl 55enly 09,5 5 il
FSely 09,5 51 ke 5)l0 4 polie 09,5 53 (5, o1 3
O S sae pled 250 Jgoz 3k (Y Jgux) op
VIV sl s job ar o K ls 5o (gudliie ol
M)o"(& a\\/A=OR) Sgs d)l.i.....u )...C 05; )‘ )_.YL» ).u‘)_v
(B Jgaz) P=+/++\ YIFV-OY/FY QLJ.:.O.JQ‘ alold

Glem o adsl 5B 0 (S Sl 51 CML (g ley
58 4 CP 5L 5l ygale 9l 5 pacilSa Lol sl ogisgnsn
S5 ol (V) Sl ugie e pleys 4l 9 BC
S5 2 5 S5 Sl wile JoSlge ol 4
395 GWCPG (ygrdiie ABLL ()5 sloygamsline wiile
aoled (YY) 058 o0 008 Cod Sogtwed Ol 5 s
aile (S5 ol Dless a5 5)ls 052y (godxin g oS
2 e Sl IS ol 4 Gsediie DNA
bgre CML hle 5o gloys Cueglie @ oy Ol S5
3 STy pie sloolS LT & e & Sy
wolyan Loyl dalllas 1o (1Y) 058 o o jlows <y
9 coisloal 4 Suglio b 1) DDIT3 ()5 Sigegpn (ygedlite
393 Blrea cnl poedle 5 muoly Gl glen w8 yany
adly Sy plgre 4 1) DDIT3 (0F gediiopmle b K
aS oy lis Lo gla asly euols lis \b del 6l was
OV-Vee w3 DDIT3 0 Fgegn Ogeedlie pula
ol yad caiilos] @ Canglio (olyy AD) Vb S, b sy
T sl g,y S 48l ol a4 o
2 ok @ el 2l @l ABLL (5 slagysenbige
oon e LS o S welp CML (o les
s Wang g a5 CML liles 53, 5953 (35 Gaamdlie
2SI ge Dolis a5 ad (B)IF 85 Ojge e
o 3 A 29,5 33 o BOR-ABLL o Sl 5 e
Ol 4 gl gl [l Sgli (S)le 4 (bl 92
Sl Julllens 3 Wang  asdllas o cuilas 09>
15t 28l Ll 5l aoys 5,0 DDIT 55 oysmadliie
i 3 OVF) s sszg ol JyuS s ,0 a5 >


http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-06-27 ]

[ DOR: 20.1001.1.10235922.1404.35.1.2.8 ]

[ DOI: 10.61186/iau.35.1.14 ]

CML 13 uilos| 43 Cuoglio 9 DDIT3 (S o) (siogols

oolsl3T olails Sy pale almo [YY

ol.er.,........ ) axJlas Q.il @L... ol 6|).3 Jeian Sldlas
Sobse K lge DDIT3 5 Sgegpn (gemdliio mla
390 Silew i g Gloy A Cueglie ogall  SUS

lej B .,\Jj-wgs" LS'Lér—H OF Gp= ul_._, >ge g “\’5'““5“
Gl 30, K 090 gy oo Wl Sleadl slpasTy
o Lol 3)e (slapm 5T ipd Gpedlie (598! i g
Ngiee adye gilidsn sldobe ;> a5 DNMTL wile

s Jsb ;5 DNA fgeadlite yonll plole Lii> st
olid aslllas pl mls ads b 4y (VF) s Jolo
4 Cwglie L DDIT3 (45 Saegn gamdiio mle a5 ols

PRRUIRT WWIPRP (V- S WA PR VEL U S0 J POPIP W L]

L 295 ol oS (o0 (10508 5 Si asdllae () ploxl
Al bl (VoYY 6,8 o lels) ol el gl cules

L ol g oegdle cwnl ladpe gilom Cdpin 9 cuislal
sLal o DDIT3 55 cgmdhie yuls 45 ouis)F aos

=

EURK RPN > B VR VIRT- ) SRR U I RO WURpP 1 L 0w

REFERENCES

1. Mughal TI, Radich JP, Deininger MW, Apperley JF, Hughes TP, Harrison CJ, et al. Chronic myeloid leukemia:
reminiscences and dreams. Haematologica 2016;101:541-58.

2. Benchikh S, Bousfiha A, EI Hamouchi A, Soro SGC, Malki A, Nassereddine S. Chronic myeloid leukemia:
cytogenetics and molecular biology’s part in the comprehension and management of the pathology and treatment
evolution. Egypt J Med Hum Genet 2022;23:1-13.

3. Rostami G, Assad D, Ghadyani F, Hamid M, Karami A, Jalaeikhoo H, et al. Influence of glutathione S-transferases
(GSTML1, GSTTL, and GSTP1) genetic polymorphisms and smoking on susceptibility risk of chronic myeloid leukemia
and treatment response. Mol Genet Genomic Med 2019;7:e00717.

4. Adnan Awad S, Kankainen M, Ojala T, Koskenvesa P, Eldfors S, Ghimire B, et al. Mutation accumulation in cancer
genes relates to nonoptimal outcome in chronic myeloid leukemia. Blood Adv 2020;4:546-59.

5. Mohammadi F, Shafiei M, Assad D, Rostami G, Hamid M, Foroughmand AM. Impact of ABCB1 Gene
Polymorphisms and Smoking on the Susceptibility Risk of Chronic Myeloid Leukemia and Cytogenetic Response. Iran
Biomed J 2021;25:54-61.

6. Wu W, Xu N, Zhou X, Liu L, Tan Y, Luo J, et al. Integrative genomic analysis reveals cancer-associated gene
mutations in chronic myeloid leukemia patients with resistance or intolerance to tyrosine kinase inhibitor. Onco Targets
Ther 2020;13:8581-8591.

7. Ernst T, La Rosée P, Miiller MC, Hochhaus A. BCR-ABL mutations in chronic myeloid leukemia. Hematol Oncol
Clin North Am 2011; 25: 997-1008.

8. Rostami G, Hamid M, Yaran M, Khani M , Karimipoor M. Incidence and clinical importance of BCR-ABL1
mutations in Iranian patients with chronic myeloid leukemia on imatinib. J Hum Genet 2015; 60: 253-258.

9. Elias MH, Baba AA, Husin A, Sulong S, Hassan R, Sim GA, et al. HOXA4 gene promoter hypermethylation as an
epigenetic mechanism mediating resistance to imatinib mesylate in chronic myeloid leukemia patients. Biomed Res Int
2013;2013.

10. Guru SA, Sumi MP, Mir AR, Beg MMA, Saxena A. Aberrant hydroxymethylation in promoter CpG regions of
genes related to the cell cycle and apoptosis characterizes advanced chronic myeloid leukemia disease, poor imatinib
respondents and poor survival. BMC Cancer 2022; 22:1-15.

11. Yang X, Wong MPM, Ng RK. Aberrant DNA methylation in acute myeloid leukemia and its clinical implications.
Int J Mol Sci 2019;20:4576.

12. Amabile G, Di Ruscio A, Muller F, Welner RS, Yang H, Ebralidze AK, et al. Dissecting the role of aberrant DNA
methylation in human leukaemia. Nat Commun 2015;6:1-10.

13. Jelinek J, Gharibyan V, Estecio MR, Kondo K, He R, Chung W, et al. Aberrant DNA methylation is associated with
disease progression, resistance to imatinib and shortened survival in chronic myelogenous leukemia. PLoS One
2011;6:€22110.

14. Wang Y-l, Qian J, Lin J, Yao D-m, Qian Z, Zhu Z-h, et al. Methylation status of DDIT3 gene in chronic myeloid
leukemia. J Exp Clin Cancer Res 2010;29:54.

15. Radin D, Hamid M, Kargar M, Jafarinia M. Hypermethylation of HOXA4 Gene Promoter and Its Potential
Association with Disease Progression, Imatinib Resistance, High Sokal Score Risk, and Smoking among Chronic
Myeloid Leukemia Patients. Russ J Genet 2023;59:5199-207.


https://pubmed.ncbi.nlm.nih.gov/?term=Hughes+TP&cauthor_id=27132280
https://pubmed.ncbi.nlm.nih.gov/?term=Harrison+CJ&cauthor_id=27132280
https://pubmed.ncbi.nlm.nih.gov/?term=Hochhaus+A&cauthor_id=22054731
https://pubmed.ncbi.nlm.nih.gov/?term=Khani+M&cauthor_id=25740611
http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-06-27 ]

[ DOR: 20.1001.1.10235922.1404.35.1.2.8 ]

[ DOI: 10.61186/iau.35.1.14 ]

VY olhSed 9 552 (559 m sy VEeF s ® Yoyl © YA 090

16. Qian J, Chen Z, Lin J, Wang W, Cen J. Decreased expression of CCAAT/enhancer binding protein ¢ (C/EBPC) in
patients with different myeloid diseases. Leuk Res 2005;29:1435-41.

17. Musialik E, Bujko M, Kober P, Grygorowicz MA, Libura M, Przestrzelska M, et al. Comparison of promoter DNA
methylation and expression levels of genes encoding CCAAT/enhancer binding proteins in AML patients. Leuk Res
2014;38:850-6.

18. Lin J, Wang Y-I, Qian J, Yao D-m, Zhu Z-h, Qian Z, et al. Aberrant methylation of DNA-damage-inducible
transcript 3 promoter is a common event in patients with myelodysplastic syndrome. Leuk Res 2010;34:991-4.

19. Baccarani M, Deininger MW, Rosti G, Hochhaus A, Soverini S, Apperley JF, et al. European Leukemia Net
recommendations for the Management of chronic myeloid leukemia. Blood 2013;122:872-884.

20. Miller S, Dykes D, Polesky H. A simple salting out procedure for extracting DNA from human nucleated cells.
Nucleic Acids Res 1988;16:1215.

21. Wojdacz TK, Borgbo T, Hansen LL. Primer design versus PCR bias in methylation independent PCR
amplifications. Epigenetics 2009; 4: 231-4.

22. Mir R, Ahmad 1, Javid J, Farooq S, Yadav P, Zuberi M, et al. Epigenetic silencing of DAPK1 gene is associated
with faster disease progression in India populations with Chronic Myeloid Leukemia. J Cancer Sci Ther 2013;5:144-
149,

23. Lee KWK, Pauzova Z. Cigarette smoking and DNA methylation. Front Genet 2013;4:132.

24. Zong D, Liu X, Li J, Ouyang R, Chen P.The role of cigarette smoke-induced epigenetic alterations in inflammation.
Epigenetics Chromatin 2019;12:65


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.frontiersin.org/articles/10.3389/fgene.2013.00132/full
http://dx.doi.org/10.61186/iau.35.1.14
https://dor.isc.ac/dor/20.1001.1.10235922.1404.35.1.2.8
https://tmuj.iautmu.ac.ir/article-1-2181-fa.html
http://www.tcpdf.org

