[ Downloaded from bloodjournal.ir on 2025-12-25 ]

<&

PV F9) AF lsl ¥ oyl V) 650 ey i
> Wi gheo (somigf 41 Mo 31 slowd 38 T Yl 9 P15 oy (s guudlio uilS 3
*obage L, Lf,v_;gj;r /.Eb’ara.:/j‘;},o//.ab' f‘;éé.s A sl Lo damo 4"5:4;7&;.: A5 Coonae

Oaniay
Sd g ddrly

Slaslis; 5l (K Olge a1 058 S o W05 Fsasn 55 Osedhie Il (S5 S e s
Ol e ale iyl aadliae cpl 51 Bua ABb e CE5L LG S ol 02 5518 KBS0l e 53 mld
5335 Ogedito BLSSI (g 2 9 3 A ghos o g @ s Olylecs 53 P15 05 5509 1 O gewdhite ol
g 0l 0l L P15 03

booyigy 99050

Sl o35l 93 53 (Ol le (5451 5 055 S 0 4 e diS anarl o Ol by (prhais aalllas S o
08 ;3 P15 03 fgmssp O smwduin Lk andllas 5,05 sl (ks koo oom s} (S skom U 51 dny canle Sl
05 ol Oly Olgen 5 38 515 anlllas 590 b (fowie gy s b 2l G shoe (sam ) 4 s ey
G35 5 936LS LD g3l law 5 Laal a3 pLonil AACT (jlulows iy, 4 o Real Time PCR s, b
s o 5 4 2 SPSS VA Ll5dle 5 5 b

bt

a5 Oy sls OLES 1) P15 05 Sgeg O geedhate il odd andllas 3,05 Ol ke (O3 31 YF) ¥V
Sholem 178 /A Lals BLES 1) 05 ol Oly SR8 O jlew Comazr S 51 7AY/Q (0 sdhie g oK o33 5
P15 035 55 O sewdhie a5 Slyles 5 (FO 51¥Y) TAMO 5 (YF 51 YY) uzils 355 P15 03 5 O gewdhiio 45
Aals 0L 15 P15 05 55 Oly Shals sl

S 4l

5 48ls SR P15 05 Ol el )3 Oly oS WI sb05 L 4 ,fr_,m L3 53 esls f ) K5 gl O s
Al SIS 55 Ol el 53 (G gt DS Ml S5 ) il K5 0T 5 05dle

Oarde « (AML) 3> a5 ghos oo o) (K335 0 sl Sl

AVETY 2 il
ANV il Al

:J;ﬁgjm_;;\ﬁn_u,@;_gu?bgMipJ}Udm,\;nja@u_g}gf}g;,pﬂn;pwuwjda@a@,ﬁ;dﬁxuu}}#d}a—\
A\RARRE
Ol = Ol = im0 S5 Ol sl — (ool sladshu sy 5 (6550501 (s lidos S 50 Slslial = (65450 sl s (gl S5 =Y
gl/_;\_QlJ.@;_;«f‘Ju;l\_..bJ.La:j;,;}Jjjﬂfvguw}a_gjsduxlnga;fjpul_ 3 SOL s 659 s les PAD -Y
Ol = 05 = Sl p ke dmly Dl ST oKy sbial = o S5 5 Jobor ity a5 ¥
Ol = 0l = Ol saely gmdl (55550 50 Dliios S e slalinl - (5455550 pmassd 5152 -0

\YY


https://bloodjournal.ir/article-1-762-fa.html

[ Downloaded from bloodjournal.ir on 2025-12-25 ]

O 5 gslicdgs SbS Cnas

3l A ke g 3 0T Ol 5 P15 0

2 o5 S e 05 Ulsie 4z (PI5)OS ol 5 Sas
SSLOY=YO) el 53, s ege Sl P16 05 ols
ol g e S PS5 05 S n Opdlie ax
Jles & — L;l_a:r_w.g&.a 5SS el (g ols pases
Sl s Al e sl Wi sk e 5 05 0l
23 5 55 S 0 gl ge Sl b 5 5505 pen
A £ [ P S O S TN PPV P W A VPN
(YY
55 P15 CDKN2B 5 5 a5 s 0 sohize oalllan ol 3
FS e am edSaarl e sl dd e (e d Olles
@l glad s dosm 5 53551 5 0 lidss
wanle 0 Sl esl SO o 0l s S5 Ol sles
0 e 3 05 =) 02 Ogehite Aale gy 5 slate
I3 o 2050 05 o=l Ole Ol 5 8 et bl

b S

Ry, § 390

s s e 055 4 el i adlllas S o
Sl gk o s Dl Hlay 08 Ol il 5ns
L 5 SIS O Dl S e 4 sdiSanrl e
53 O gt e S5 Ohasler 3l slad sl
S 8 s S sl aale 0 Ly o3l S
S s Ol 0l b il webiuls) (5S4 s
K3 LCBC ilajl dis a8 oliles Sl Oliis
Ol 30 5 Jaoes 035 oY ) 5 5 Sysmex K502
3 Hb (HCT PLT (WBC (¢ —Se3lusl | shte 5 Ol lawy
5ol plasll SB[ b @ Ol Sl Ao s s
= 055 Ol g5 Jleml ol Sl day s S oS
05> oY (Sasiles, Sl LFAB (sduail bl
o b il Ol Olpanlire SV L 5 oo
A Aol s By 4 el gl Sl

ool 03,5 5l sn o s DNA #/ 52z
e Ly 05 4 sl 3 laas SO slad s
ol | (bio West)J 5SS L 5l eslanal b Ollews Of g5l
4CA) DNA C\j:z-.?.\»\ C,.:'SL;.:A )\ oalail b DNA B i)

YA

Aoy

S «(Acute myeloid lukemia)sl> o5 ko comw
slad w3l cal (Sas a5 035 3l s JU IS DL
S< 3l s (hematopoietic stem cell) 5L s (ool
(lineage-specific progenitor cell) oL o3, L Jshu
Aoile alal b asiges S Glasslmal asd rie
Sk i o 5 el 5 Sl B
S sl 0F s 03 et Siepl Osk S35
U Glshs e Solon 555U 53 age
il 31 Al La03 O gtz (65801 ois (V=YD
SRS L s e KS e SOS s 53 Osedlite
SlapeddlSe S emgn 5105 i 53 O e
3 5 S St 4z S1(FA L o (S5
S aS aalllas 4 035 S50 K slapeilSe
Lol Osedlite wdly 52 ()cslazs § o) 50 ol s
Goo s S0sS w SWOS Sses, 0" 4L > (aberrant)
oS S ege Ol e Ll v 51 gk 2
CHJRN U W (R |  ICO I U AN W e S
GO PRV N P W Py G Vi W 1 OF PR S W
O CiS50 LB S5 )

CPG S oddly (15— 5o (st O st
S5l s 03 L e B LBOS Sy n
xwy b ,3CDKN2 5 ESRL ¢ IGSF4 aile ,la0)
oS (T ATVILS o 3L e ) 358 5 S0
OB s SsS w S Olsie 4 45 CDKN4B
ol sa s alis (multi tumor suppressor 2 (MTS2))
SLS 55 05 ol 58 e 60138 50, CDKN2B 03 Lo s
38 555 S G55 2 CDKNZA g5 5058 e 05
L 05 ol 03 Osalige Aol Ol5n 5 42 S
wal s 3LS ediS lgs CDKN2B 03 .(VA=YY) il e
5CDK4 L 45 65 S (5,138 50, |, P15INK4B ASs &
D v Sl ook 5l 5 esls oSS | S35 CDKG
IS 4ty glasls O Jl Sl 6 S sl
sk 538 Slee Gasb 5115 5 5 Shes Calg 3 50
GoSamior b 4 05 ol Oly as oo el GL 5L S
5,8 psw 3l 50l LA LL TGF 05 v s


https://bloodjournal.ir/article-1-762-fa.html

[ Downloaded from bloodjournal.ir on 2025-12-25 ]

A Ol oF osled VY oy

>

A el 1S Sl a5 OV ST (sl

it e ey 3 48 U 4 sladiS

Jold b e 03 ) LS 4 glad S
Vooodd Sl s o DNA 5 (03L)0 seedlite J 28 oS
2 S Gl Ol J xS oS s b ps B
IS adza Ve J,m8 Ol e a)edd ol s alie
DNA 5 (ke 702+ 28 Ol s ol Codd o ahie
SO CON-CyV S ST N W CIW P W]
bobos 2 b o il oo (e 5ad 05,8 andl s
adie b slad, s Jl i d s Ve s gla e
Sholes s S alis (gl e glad 28 5 g,
ol a5 ails s 4 Ol il OUT b e oS
adie 2 5 ol e lad 25 sl Gla s
a8 s el g Olye 4 285 e B )l
Jla i slad =8 Cosd e 45 ol S3 LG LA
el (ol alze b slad 1S b v G

Real Time PCR 29, L Ol om0
"CDNA =l sRNA ~/ 5zl
. 4
J sl e V3 Dle o 5l Je Y x N
310kl (gl ol s2is oled y 0TJG 5 RNA 5 ol
esls Jlasl A+ & RNA (RNA S 5l Oliabl J s>
3 #K1621 « #K1622) 5Lz b oS 5l eslial Ly 0
Verr LEDNA (S Jondly s 4 a5 L 5 (Gl
HPRT sla S5l L cDNA s «x=L. RNA oSt
Primer ,l53le 5 53 L 03 Ol sla Skl s S
exon-exon junction &4 _» 4 AllelelD s Express
P vy g_.Jj.b RN c;)l_fj A{yU)l:o-Lw A f\}a
s Oligocalculate « Generunner Lgu)\).élrﬁ' Lol —93
5l dse .as S DNA melting simulation software
g ST s s ST~k Sl Oliabsl J sea
. dj.\e—).li)ﬁ Jll olJT MWG CS b cla
P15 05 0l oy g (R SOl S An
ABI StepOnePlus o\Sws 5 CDNA 4 4o3 L Real Time

AR

oslewl L DNA eSS . le';ml (05 5 Valencia
a5l dmy 5 &3 8 1,58 s 3500 S350 S
Ao ,ot3 3l S sl am 3 =Ye s O CudS Sl Oluabl
S 3l sl b sl » s DNA 510 S 561
a5 L EpiTect Bisulfite Kit (03LS)adw ool yos o
Cole 03 ol a0l SIS el s 4
A e S S B Sl s, Se Ye 3 DNA
rL?L}l (SRR WA Ve ;l)fd:jb a0 =Y s lad gl
3edd e 4y oS e 8 Sla sl e )
oo (Bl o3y Fitews alte glagn ) st

e S Sl S ST SSGET ] b
st e
(Molecular Biology Insights),l)_;lrj_; Slesleal U
&l » S5l 0ligo V/+ software (Cascade 5 CO (S !
L G s o b 05 s Gk s s
U3 (o 2550 GeneRunner 5 MethBlast sls 53l 5
GeneRunner i3l 5 L SiLel ag sl jlsle o3 8
5 ,S5LET (Melt temprature) o 53 (sles 5 5 sl S
DNA melting simulation | ;3le 5 s 55 e
NGRS s~ >, Oligocalculate 5 software
Sl Jss s S56T 1 b 51 olaebsl Jya>
Jsd)des Jiw,l SLWITMWG ¢S i 4 cotle Cgr

()
L 55T Jig o) dous
F:GGTTGGTTTTTT ATTTTG TTA
GAG P15 primers
R: CCT AAATTACTT CTA AAA (MCA)
AAA AAC
F: TGG CCG GAG GTC ATG ATG P15 primers
R: GGG CAG CAT CAT GCA CCG (real-time)
F: GAA GGT GAA GGT CGG AGTC GAPDH
R: GAA GAT GGT GAT GGG ATT TC primers

L b 5,50 adeie 5IPCR (PCR (g3l ;| da

SYBR 1,5 b sl LLSU oSan jne 5 eslinud
3¢5 550+ L Premix EX Tag TM II(Cat.# RR820L)
53 ABI StepOnePlus oLiws 53 sdd Ced) sy DNA



https://bloodjournal.ir/article-1-762-fa.html

[ Downloaded from bloodjournal.ir on 2025-12-25 ]

O 5 gslicdgs SbS Cnas

sl sk e ) 53 0T Ol 5 P15 03

350 /5Y ke L o/0 N Y-Y/AY

Ol sleny K5 g 5 (gl 35 Sluasecn ¥ Jgur

Sl sasls
()N o 31 ¢ s
(A¥/)) £4 JL 0% 5
(\5/8) ) Jl o8 VL
()0l sl ¢ s
(YAA) AV 393
V\/Y) tY 5,0

()0l slaxs « FAB ool gaanas

(CRVADR M1
(Y4 /0) YA M2
(WA Y M3
(o) 4 M4
(V)Y M4E
O\Y/8) A M5
oY M6
MRV A3 35l
(D0les sliad (S5 5l
(BVIA) ¥+ b
\A7ARE! b
(DO lagy slias «S55 50l (s huatls
ooma Aol
(BYIV) ¥+ L s
OY/8) A Aol
ey il
(A=A$) Y5 g R
VYAV St gl ikl Kl

OV /Y=Y¥0/8) (x \+YL)

O©=V+2) sV QIWIJ-AACMNWM)AQ:Q{:‘

(F-YV1) ¥ (VL) S et ke

(F2\V/N) AD QL) e oS yor Sle

\F-

PEPSI N WY rL?:.;‘ ;lJ_fL;:SL_M ax s £ LT les s
05 51 A3 S acsls AACT 25, 4 05 Ols Ol 2l
s eslizal il 3, 03 Ol sis 4 GAPDH

solol slo_iloT
5SPSS A 5 ble 5 3l el L Gk ol
pearson chi sqaure s Fishers Exact Test sla_iLajl
A4 S 5 p< /00 .23 8 plowil (bl Dlwlons

L wili

e sl 08 53 OF Oy 5 P15 05 5 gm0 O gedlte
DB s 25 a6 5 sl sl Wi she e s 4
L e B
jsauﬁbbj\jd‘)uﬁw;_?}wdb-.&j%
)\/V\/Y caxdloe 380 0‘5;)3 RGP WA aJJjTY d).,b-
u.:LA) e)\_: BL) CJLL:bJ jjf g o.\_.\.sw\f Q\)L«f
a o.a\_L.'SA_a.?\J.n Q‘)La.:g INYA NEELPY S0 ol u.m
[nYd )l j‘-"j—" 8 Y u*‘-"‘:”" Lﬁ"u) ong BE QU._Jx? JSJA
3 b OLl—a G4 I Y ) TPV (S s
Ol (8 3V IYV/Y (a5 pLSs 3 Ay
3 S Gl s g Ol el jae 4 sad o anllles 5 g0
100 51 s ol Ol (04 1Y) TEVIA 5700
ils

3515 Osles 53 P15 05 S50 p O gendlite g 5 5o
Q) ﬁ‘ &Js"_ﬁjﬁ 4_::-\.’ )J Q‘)L«y /\‘~/V S wl.b
o 3 gy sl 0T O gedlte Ol e s 035 alne
35 adize J 28 & pas b Gollas LIS S Sl 55 s
o La0T Cod omie 4S5 Sllaw 53 5 dhse Olgie &
o bl 5 a5 15 alse b alte p3 gla s
(-0 LgLAL}.(J),\J«

=L 3 Osedlite 5 Slos ladaly v o5k o
4 Real Time 3l eslewl b 05 0Ly « P15 05 (55909
)545&;,‘_.9;)\]_3 WPl J‘)}«GAACTL;LMW L)ij)
axdlas 5550 05,5 55 P15 05 0l «Jbo 5 sl 31 L aiolis


https://bloodjournal.ir/article-1-762-fa.html

[ Downloaded from bloodjournal.ir on 2025-12-25 ]

A Ol oF osled VY oy

>

Melt Curve
N\,

=

i L
10 _ﬂ_ﬂ-—'—ﬁ'ﬂ- i LY

5.0 0o 0 800 250
Tm: 84.26
Temperature (°C)

Derivative Reporter (—Fi

Loedd asein Cuwly G o) jlen b gow (F IS
Sy G oeia) dle J):S‘_é;wd,Jﬁg,h;aizzj; (Vs
5 er S 3 A g Jloj GBS Asb e (O 55

ilacs £ )5 b 555 2 &

Melt Curve

e e e res

850 0.0 T80 a0.0 85.0
T 20038
Tempersture (")

Derivative Reporter (-Fi
I
o B
|
|
‘\/

95 O o) AYA O3 gl b sl b e 0 S
anslio 5 Wigad cpl 53 gl e (o g Cnl) G o
2 2 Gl s 93) Al pb J S 5 Jle g J RS slajlase b

*'\?z‘;;}?w)ﬁﬁjﬂﬂwwbwq(%w

Dy a5 F

05 0 Osedlte pds 5 0 5eedlite 33,5 3 55 05y
P15 0} Olo el ol axdlas 5,05 Olslen 74Y/4 (P15
oS oolan YE SIYY (/oY =0 /AVY )l OLis |
CLANOID 31X 5 (140 /8)3 5 alize LaOT 0 5505
ol plulid O sdlas LOTPIS 05 53 45 (glew
Hsls QLA T OF cpl s Ol el

Laol 53 P15 05 0l &5 Shlew (bl Slawlos o
s /O geits o (Solobms LUl e 55 4Bl JalS
oS Ol 5o el Cos 4 05 Ol a8 5 O seeDhita
O o 350 akze i U 5 adae LagI P15 0
Aeld s 4 (g ,lsbae LLI LI 0L Ol 5 O sedlie

iy
03,5 Jlsd b 53 S slaemsilSa 51 S
 CDKN2A (P15 ARF Uile 55055 S S 1o Lol

'VFY

03 53 Osedlite pds 5 O geedlze (3,8 a5 55 05
P15 05 Oly ialS e andllas 3,05 Ol s 74Y/4 ¢ P15
S Golaan YE SIYY L(4/0NY =0 /AVY ) asls 0L |
CJANOID 31X 5 (/A0 /)35 adaze LaOT 0F 505
B ek plulid O sdlae LOT P15 o5 53 45 (glew

Hsls OLES 1 OF cpl 5o Ol el

® Melt Curve

o

£

2 .

2 20 \

i

o 10 = ===

" \L

ES

8 5.0 70.0 7.0 80.0 850
Tm: 78.454

Temperature ()

2 s a5 JUji JRS oy e b RS gowie ) IS
IS Gl pova TM sl a8 B 515 alie i J 25 sovin (5,
A5l o VAOYOC alzs b J 28 5 Jbo

Melt Curve

85.0 70.0 75.0 a0.0 85.0
Tm: 8426

Derivative Reporter (—Fi
I
= =
| 1
1l
0

Temperature ("2

Lol 5 (Gl Cow gov)dan o8 pown (Y IS
(“1"? Ceaw 3 aald! V.AJ.: @pﬁjé)dhﬁj@ﬁ&hdi&f
AL o AF/YP °C (Cnl ) o) dbin J 28 Tm

T Melt Curve

Z R 3

2 5

D: 1

o 10 _,_,-'—'—'_'_ﬂ"‘“—— = 4

2z e e = !

F Nt

z

L 5.0 0.0 750 B0.0 ]
Tm: 78,35

Temperature (“C)

e Glagmin b oamlie 5o Sley pd glas e XS
G0 2 o 93l J S 5 s b (sl G gme)
S gown)slom b powe TM (G S 3 03l -
U5 5 JUj U8 e alie (UK b sdkd Lasis oo

) e 2


https://bloodjournal.ir/article-1-762-fa.html

[ Downloaded from bloodjournal.ir on 2025-12-25 ]

O 5 gslicdgs SbS Cnas

3l A ke g 3 0T Ol 5 P15 0

ot ol ime s allas ol s ) ol il
Ap= /0o V)sls OLES O seedlie 5 oDl Ao s

3,50 05,5 53 P15 05 0ly oJlo 33l b alis s
25t /PPF Sl L /A Y=Y/ (g S s andllas
Ol oalS el alllas 5,15 Olleg 747/4 (04 1 OF)
Jold 05,8 ool .(+/0 ) Y=+ /AVY ) isls OLES |, P15 05
STV 5 adkse LOT 03 Syes oS Sobe VY 51 5l VY
A3 gt 3 gy ahte 12 WOTPLS 03 g0 45 (e TO
DLl s cidls 0Ly [2alS 45 1Y/ Comer
05 0l 8l 5 Oseedhits pde /0 geadlite (o (5ololins
o= Sl LLS o gdle 4 (p= +/0FY) el s
Il 5 05Dt 0 5Dt Ol 5 05 Ol Ol
OLLSKen 5 s 0 (p= 2 /20 V)L 3 g2 5 (O godlite
52 P15 05 0L 5 Osdlie 555 = &S plaardllas o
ezl sy sl pLal AML 4o Sise Ol lay
FB s LS ) Sl W Wl p= 2/ A) L
05 0l 5 Opedhite s Slaline alaly cdzadls o J5d
(FH)as S 3,058 1, P15

355 P15 05 3 45 ey 4o L& oS asl oyl
Al eSS ol dzdls Ol [2alS sl 0L O gredhita
3 S Olse 4 DS Ssms 5 53 Oseedhite oS AS
laasl b alie &5 Al e 05 Ol a8 slapnilse
YE Y0 XV FO) il 4 idS slaasllas I fols
il 0L P15 05 0ly SRalS law YO 518 WY (VY
ol Sl Ll ga oS disls OLES 15 03 ol 53 & gedhite
Sl Al S5 ol s L;LAV_M.GKA aS b
wils (25 P15 05 Oly 45 ediSUS L2 RNA 5 s
Gla0) 5 el Lals plw 2 0k Kos (o Sl 5
P15 o35 ols s ;V,_Jz; sy 5k TGF wsle saesWl
DS @ gl Camle (P00 )08 5 5 55 55,
35500 09,5 i S 5 05 Osedlite el 3 4,
(O) OVl SIS 26 Laanly 43l 55 50 aslllas

53 Ogmdlite D edd 5925 b sle TY 51 oley ¥ 00
Ol 5,ala s odus 05l Ol il 3l P15 005
S s p gl 0 e Olslas (S5 2 oS Slandllas 5o
oLl P15 s DAPK (P73 (P16 05 (535 = (S she

VFY

CDKN2B(P15) (YA)Lil o laiss ol soes sla I8
oo S Sl edd b jpe 5 S8 e 05 S
3 ok 53 0T 04 Jlsd e 5 4B S 134 p55as S
—VY)W‘ ol UL)\JS/ s~ .a\.;jl.:n dw}jj Lﬁ)jﬂjj
5L Olpee 5 CDKN2B 03 O seodhits anlllas oyl s (F
A shee o ) 40 Dle Ooles (6,85 08 05,8 53 05 (!
B Q}J_: d\)k_&:d )‘/\"/V C,ﬁ; )b.a Or S0 es
05 S5 4l 52 DDt Ol e 5,8, LS
o=l e sls OLES Jle sl 3l 4y od O 5edlite 20581
5 poled glaaadlle 3l odel Cos 4 =L mk
(YA/04) g SIS 5 70Y (VO/Y4) 15,5 70 (FV/#))
Ol e (IY=YO) s s (s35 0> L5 /¥4
ua“‘ (\ N ‘Y‘\ LT’?—\G\ )C,\_M‘ Y8 W JZJ‘JJ/ QE_L:N
)\J—; Wt s J)_}-A le_a.;d .)‘J-*j BL C).\J ‘H) ] C_,...«:‘
oo o3 e, LS s sla iy, conl L s a8 S
3,15 Ol 53 P15 05 G5 s, 4l s 2 03

« M6 )\J_:.Q 4_:FAB L5u°ﬁj§j’) (an..'; BL) ol axdllas
oS b o i A el Ot (61 Ol s
03 3 IYNOMS 55 Osdle ilS 348 Jb= 50
gl el G ol ) sl gl 3 LYY/Y M4
C)LE.:.S}J @L“u L djj S 6;[5@ 4&“.14&): ool Cewd
3 el Cs 4 @Lﬁ 03 Sgl& s g o slite JQSJ.Q;
jFAB ojj_f)_ijj_h)b d\)k_afvjbb._zj J_:JJA_:
(Y‘Y ;Y’/\ cf' LY’\).\.&[J Lh‘bJLb L 4.'(3) )\5 a LSLQJ"'})
3 e 03 P15 05 e 03 Oadhite 65 i
i oS sl i she e s) (ol 4 Shie 5131 700
Ll an S po gl ) p 03 G (b e
sl asdllas 5505 Ollew ZEV/A L(FV) il 0l 5158

9035 35 Ol il sre 53 V00 5 s el lyls


https://bloodjournal.ir/article-1-762-fa.html

[ Downloaded from bloodjournal.ir on 2025-12-25 ]

A Ol oF osled VY oy

>

33 &S I 3wl sl a bl (H3/ K9/K14) o
Oyt Ly aU ol ol A she o) 4 Ss Oy
odle 014 pid s abaud OTVF 54 o jled o 45 H3
ol abll Al oo 50 alies 5 5 akess 025 akaal
BY R ST SYCH RV ST I TP | NGO
b S sl e s o S Olley
S5y 50 05 o=l adie 2 s P15 O ale (6 5 gas
Osedie (Gl g 5 Ol a5 Ao o OLES Dlids 5505
o=l S3lwdlad 53 YW Osia ¥ sd 5 TV o led

Ol RalS i poa canidls G5 0T Ol S L 5 05
ol od ¥ O & o5 Oamdlites 55 63 L 05 )
GLa0) Sl eel i ple 28 s g 51OV
S5 Ol ;ﬁm slaos o TGF asle ol sies W
A5 L1505l Oly SIS 6 plaad s 5e

b S

oild yiud § el
S e (e Sl Wlis OB N 5 s s

‘J}JJL—? rb_@.: ‘d“"i"\_; A ‘d“l*‘“) }JBJ.@.Z ‘(.S"L’))l
20058 5 S g Ln (25l 53T e et s

References:

1-  Vardiman JW. The World Health Organization (WHO)
classification of tumors of the hematopoietic and
lymphoid tissues: an overview with emphasis on the
myeloid neoplasms. Chem Biol Interact 2010; 184(1-
2): 16-20.

2- Grimwade D, Walker H, Oliver F, Wheatley K,
Harrison C, Harrison G, et al. The importance of
diagnostic cytogenetics on outcome in AML: analysis
of 1,612 patients entered into the MRC AML 10 trial.
The Medical Research Council Adult and Children's
Leukaemia Working Parties .Blood 1998; 92(7): 2322-
33.

3- Jaenisch R, Bird A. Epigenetic regulation of gene
expression: how the genome integrates intrinsic and
environmental signals. Nat Genet 2003; 33 Suppl:
245-54.

4- Ehrlich M, Woods CB, Yu MC, Dubeau L, Yang F,
Campan M, et al. Quantitative analysis of associations
between DNA hypermethylation, hypomethylation, and
DNMT RNA levels in ovarian tumors. Oncogene 2006;
25(18): 2636-45.

VFY

S5 0% Osedie 35 b Obleny Sl (galdad 55 sl
il Vs a0 el sdalie 1) Ol 21531 P16 O
U VRN S OER N PR SRS R
il lad gl 53 05 Sss s 03 Ot Lo
adze glas San LOTPL6 &8 slad ghoe 5 il Kaal
o=l s el wslane LI glad g o STL a5 el
S5 L O gt s =Y LBl 4zl 3 Ol ey

O Ol J 58 sla i,

S ol i

Ll 55 a8l 2alS U ol 31 b alie 5 o axllias
ede L Osdlite L Oblany () 53 05 0Le Ol
Ao D ol dis Sl gyl e BLINOS ) O sede
s O GEALS U 0l & ool el ool SO0
L;Law&ﬁsje;ﬁj Ole Sals s les Jy o
03 Ol i 53 5 gyt i A5l K5
alasles b e il 8 ol S P15

S, 4l ;VJLM 1,8l s oS sl Olis sl sl
Al OTVE 54 o5l o S H3 Ot 0F ol

5- Fraga MF, Ballestar E, Villar-Garea A, Boix-Chornet
M, Espada J, Schotta G, et al. Loss of acetylation at
Lys16 and trimethylation at Lys20 of histone H4 is a
common hallmark of human cancer. Nat Genet 2005;
37(4): 391-400.

6- Gama-Sosa MA, Slagel VA, Trewyn RW, Oxenhandler
R, Kuo KC, Gehrke CW, et al. The 5-methylcytosine
content of DNA from human tumors. Nucleic Acids
Res 1983; 11(19): 6883-94.

7- Jost JP, Oakeley EJ, Zhu B, Benjamin D, Thiry S,
Siegmann M, et al. 5-Methylcytosine DNA glycosylase
participates in the genome-wide loss of DNA
methylation occurring during mouse myoblast
differentiation. Nucleic Acids Res 2001; 29(21): 4452-
61.

8- Seedhouse CH, Das-Gupta EP, Russell NH.
Methylation of the hMLH1 promoter and its
association with microsatellite instability in acute
myeloid leukemia. Leukemia 2003; 17(1): 83-8.

9- Oki Y, Issa JP. Epigenetic mechanisms in AML - a
target for therapy. Cancer Treat Res 2010; 145: 19-40.


https://bloodjournal.ir/article-1-762-fa.html

O 5 gslicdgs SbS Cnas

3l A ke g 3 0T Ol 5 P15 0

10- Galm O, Wilop S, Luders C, Jost E, Gehbauer G,

Herman JG, et al. Clinical implications of aberrant
DNA methylation patterns in acute myelogenous
leukemia. Ann Hematol 2005; 84 Suppl 1: 39-46.

Jiang Y, Dunbar A, Gondek LP, Mohan S, Rataul M,
O'Keefe C, et al. Aberrant DNA methylation is a
dominant mechanism in MDS progression to AML.
Blood 2009; 113(6): 1315-25.

Ekmekci CG1, Gutiérrez MI, Siraj AK, Ozbek U,
Bhatia K. Aberrant methylation of multiple tumor
suppressor genes in acute myeloid leukemia. Am J
Hematol 2004; 77(3): 233-40.

Herman JG, Baylin SB. Gene silencing in cancer in
association with promoter hypermethylation. N Engl J
Med 2003; 349(21): 2042-54.

Alvarez S, Suela J, Valencia A, Fernandez A,
Wunderlich M, Agirre X, et al. DNA methylation
profiles and their relationship with cytogenetic status in
adult acute myeloid leukemia. PloS One 2010; 5(8):
€12197.

Esteller M, Corn PG, Baylin SB, Herman JG. A gene
hypermethylation profile of human cancer. Cancer Res
2001; 61(8): 3225-9.

Kuipers JE, Coenen EA ,Balgobind BV, Stary J,
Baruchel A, de Haas V, et al. High IGSF4 expression

of TGF-beta-induced cell cycle arrest. Nature 1994;
371(6494): 257-61.

Krimpenfort P, Ijpenberg A, Song JY, van der Valk M,
Nawijn M, Zevenhoven J, et al. P15Ink4b is a critical
tumour suppressor in the absence of pl6Ink4a. Nature
2007; 448(7156): 943-6.

Latres E, Malumbres M, Sotillo R, Martin J, Ortega S,
Martin-Caballero J, et al. Limited overlapping roles of
P15(INK4b) and P18(INK¢c) cell cycle inhibitors in
proliferation and tumorigenesis. EMBO J 2000; 19(13):
3496-506.

Drexler HG. Review of alterations of the cyclin-
dependent Kkinase inhibitor INK4 family genes P15,
p16, p18 and p19 in human leukemia-lymphoma cells.
Leukemia 1998; 12(6): 845-59.

R Remakova M1, Skoda M, Faustova M, Vencovsky J,
Novota P. Validation of RNA extraction procedures
focused on micro RNA expression analysis. Folia Biol
(Praha) 2013; 59(1): 47-50.

Eikmans M, Rekers NV, Anholts JD, Heidt S, Claas
FH. Blood cell mRNAs and microRNAs: optimized
protocols for extraction and preservation. Blood 2013;
121(11): e81-9.

Baylin SB, Herman JG, Graff JR, Vertino PM, Issa JP.
Alterations in DNA methylation: a fundamental aspect

in pediatric M5 acute myeloid  leukemia  with of neoplasia. Adv Cancer Res 1998; 72: 141-96.
t(9;11)(p22;g23). Blood 2011; 117(3): 928-35. 30- Blum W, Marcucci G. Targeting epigenetic changes in
Rodrigues EF, Santos-Reboucas CB, Goncalves acute myeloid leukemia. Clin Adv Hematol Oncol
Pimentel MM, Mencalha AL, Dobbin J ,Da Costa ES, 2005; 3(11): 855-65, 882.

et al. Epigenetic alterations of P15(INK4B) and 31- Ruas M, Peters G. The pl6INK4a/CDKN2A tumor
p16(INK4A) genes in pediatric primary suppressor and its relatives. Biochim Biophys Acta
myelodysplastic syndrome. Leuk Lymphoma 2010; 1998; 1378(2): F115-77.

51(10): 1887-94. 32- Wong IH, Ng MH, Huang DP, Lee JC. Aberrant P15

17

[ Downloaded from bloodjournal.ir on 2025-12-25 ]

18- Cao J, Zhou J, Gao Y, Gu L, Meng H, Liu H, et al.

Methylation of pl6 CpG island associated with
malignant progression of oral epithelial dysplasia: a
prospective cohort study. Clin Cancer Res 2009;
15(16): 5178-83.

Kawaguchi K, Oda Y, Saito T, Yamamoto H, Tamiya
S, Takahira T, et al. Mechanisms of inactivation of the
pl6INK4a gene in leiomyosarcoma of soft tissue:
decreased pl6 expression correlates with promoter
methylation and poor prognosis. J Pathol 2003; 201(3):
487-95.

Oda Y, Yamamoto H, Takahira T, Kobayashi C,
Kawaguchi K, Tateishi N, et al. Frequent alteration of
p1l6(INK4a)/p14(ARF) and p53 pathways in the round
cell component of myxoid/round cell liposarcoma: p53
gene alterations and reduced pl4(ARF) expression
both correlate with poor prognosis. J Pathol 2005;
207(4): 410-21.

Perrone F, Tamborini E, Dagrada GP, Colombo F,
Bonadiman L, Albertini V, et al. 9p21 locus analysis
in  high-risk  gastrointestinal ~ stromal  tumors
characterized for c-kit and platelet-derived growth
factor receptor alpha gene alterations. Cancer 2005;
104(1): 159-69.

Fares J, Koller R, Humeniuk R, Wolff L, Bies J. The
tumor  suppressor  P15Ink4b  regulates  the
differentiation and maturation of conventional dendritic
cells. Blood 2012; 119(21): 5005-15.

23- Hannon GJ, Beach D. P15INK4B is a potential effector

promoter methylation in adult and childhood acute
leukemias of nearly all morphologic subtypes: potential
prognostic implications. Blood 2000; 95(6): 1942-9.
El-Shakankiry NH, Mossallam GI. P15 (INK4B) and
E-cadherin CpG island methylation is frequent in
Egyptian acute myeloid leukemia. J Egypt Natl Canc
Inst 2006; 18(3): 227-32.

Guo SX, Taki T, Ohnishi H, Piao HY, Tabuchi K,
Bessho F, et al. Hypermethylation of pl6 and P15
genes and RB protein expression in acute leukemia.
Leuk Res2000; 24(1): 39-46.

Shimamoto T, Ohyashiki JH, Ohyashiki K.
Methylation of P15(INK4b) and E-cadherin genes is
independently correlated with poor prognosis in acute
myeloid leukemia. Leuk Res 2005; 29(6): 653-9.

36- Aggerholm A, Guldberg P, Hokland M, Hokland P.

Extensive intra- and interindividual heterogeneity of
P15INK4B methylation in acute myeloid leukemia.
Cancer Res 1999; 59(2): 436-41.

Chen H, Wu S. Hypermethylation of the P15(INK4B)
gene in acute leukemia and myelodysplastic
syndromes. Chin Med J (Engl) 2002; 115(7): 987-90.
Chim CS, Liang R, Tam CY, Kwong YL. Methylation
of P15 and p16 genes in acute promyelocytic leukemia:
potential diagnostic and prognostic significance. J Clin
Oncol 2001; 19(7): 2033-40.

Chim CS, Wong AS, Kwong YL. Epigenetic
inactivation of INK4/CDK/RB cell cycle pathway in
acute leukemias. Ann Hematol 2003; 82(12): 738-42.


http://www.ncbi.nlm.nih.gov/pubmed?term=Ekmekci%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=15495254
http://www.ncbi.nlm.nih.gov/pubmed?term=Guti%C3%A9rrez%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=15495254
http://www.ncbi.nlm.nih.gov/pubmed?term=Siraj%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=15495254
http://www.ncbi.nlm.nih.gov/pubmed?term=Ozbek%20U%5BAuthor%5D&cauthor=true&cauthor_uid=15495254
http://www.ncbi.nlm.nih.gov/pubmed?term=Bhatia%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15495254
http://www.ncbi.nlm.nih.gov/pubmed?term=Rem%C3%A1kov%C3%A1%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23537528
http://www.ncbi.nlm.nih.gov/pubmed?term=%C5%A0koda%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23537528
http://www.ncbi.nlm.nih.gov/pubmed?term=Faustov%C3%A1%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23537528
http://www.ncbi.nlm.nih.gov/pubmed?term=Vencovsk%C3%BD%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23537528
http://www.ncbi.nlm.nih.gov/pubmed?term=Novota%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23537528
https://bloodjournal.ir/article-1-762-fa.html

[ Downloaded from bloodjournal.ir on 2025-12-25 ]

A Ol oF osled VY oy

>

40- Christiansen DH, Andersen MK, Pedersen-Bjergaard J.

41

42

43

44

45

Methylation of P15INK4B is common, is associated
with deletion of genes on chromosome arm 7q and
predicts a poor prognosis in therapy-related
myelodysplasia and acute myeloid leukemia. Leukemia
2003; 17(9): 1813-9.

Das-Gupta EP, Russell NH. Anticorresponding P15
promoter methylation and microsatellite instability in
acute myeloblastic leukemia. Blood. 2000; 96(5): 2002.
Toyota M, Ahuja N, Suzuki H, Itoh F, Ohe-Toyota M,
Imai K, et al. Aberrant methylation in gastric cancer
associated with the CpG island methylator phenotype.
Cancer Res 1999; 59(21): 5438-42.

Kim M, Oh B, Kim SY, Park HK, Hwang SM, Kim
TY, et al. P15INK4b methylation correlates with
thrombocytopenia, blast percentage, and survival in
myelodysplastic syndromes in a dose dependent
manner: quantitation using pyrosequencing study. Leuk
Res 2010; 34(6): 718-22.

Preisler HD, Li B, Chen H, Fisher L, Nayini J, Raza A,
et al. P15INK4B gene methylation and expression in
normal, myelodysplastic, and acute myelogenous
leukemia cells and in the marrow cells of cured
lymphoma patients. Leukemia 2001; 15(10): 1589-95.
Sakashita K, Koike K, Kinoshita T, Shiohara M,
Kamijo T, Taniguchi S, et al. Dynamic DNA
methylation change in the CpG island region of P15
during human myeloid development. J Clin Invest
2001; 108(8): 1195-204.

46- Burd CE, Jeck WR, Liu Y, Sanoff HK, Wang Z,

VFO

47

48

49

50

51

52

53

Sharpless NE. Expression of linear and novel circular
forms of an INK4/ARF-associated non-coding RNA
correlates with atherosclerosis risk .PLoS Genet 2010;
6(12): €1001233.

Popov N, Gil J. Epigenetic regulation of the INK4b-
ARF-INK4a locus: in sickness and in health.
Epigenetics 2010; 5(8): 685-90.

Yu W, Gius D, Onyango P ,Muldoon-Jacobs K, Karp J,
Feinberg AP, et al. Epigenetic silencing of tumour
suppressor gene P15 by its antisense RNA. Nature
2008; 451(7175): 202-6.

Basu S, Liu Q, Qiu Y, Dong F. Gfi-1 represses
CDKN2B encoding P15INK4B through interaction
with Miz-1. Proc Natl Acad Sci U S A 2009; 106(5):
1433-8.

Seoane J, Pouponnot C, Staller P, Schader M, Eilers M,
Massague J. TGFbeta influences Myc, Miz-1 and Smad
to control the CDK inhibitor P15INK4b. Nat Cell Biol
2001; 3(4): 400-8.

Kristensen LS, Hansen LL. PCR-based methods for
detecting single-locus DNA methylation biomarkers in
cancer diagnostics, prognostics, and response to
treatment. Clin Chem 2009; 55(8): 1471-83.

Li Y, Tollefsbol TO. Combined chromatin
immunoprecipitation and  bisulfite  methylation
sequencing analysis. Methods Mol Biol 2011; 791:
239-51.

Geyer CR. Strategies to re-express epigenetically
silenced P15(INK4b) and p21(WAF1) genes in acute
myeloid leukemia. Epigenetics 2010; 5(8): 696-703.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Gfi-1+represses+CDKN2B+encoding+P15INK4B+through+interaction+with+Miz-1
https://bloodjournal.ir/article-1-762-fa.html

Sci J Iran Blood Transfus Organ 2014; 11(2): 137-146

[ Downloaded from bloodjournal.ir on 2025-12-25 ]

Original Article

Frequency of P15 /INK4B CpG island methylation
in AML patients

Kamali Dolatabadi E.", Ostadali Dehaghi M.R.%, Amirizadeh N.%, Parivar K.},
Mahdian R.*

!Science and Research Branch Tehran Islamic Azad University, Tehran, Iran

2Shariati Hospital, Hematology Oncology and Stem cell Transplantation Research Center, Tehran, Iran

3Blood Transfusion Research Center, High Institute for Education and Research in Transfusion Medicine, Tehran,
Iran

4Biotechnology Research Center, Pasteur Institute of Iran, Tehran, Iran

Abstract

Background and Obijectives

One of the common epigenetic pathways in all types of human haematopoeitic neoplasms is
the hypermethylation promoter of tumor suppressor genes. It is usually associated with
inactivation of the involved genes, and can be reversed using demethylating agents. The aim of
this study was to evaluate the frequency of P15 promoter methylation in Iranian acute myeloid
leukemia (AML) patients. Furthermore, this study examined the correlation between P15
promoter methylation and P15 expression.

Materials and Methods

P15 promoter methylation has been investigated in 59 acute myeloid leukemia (AML) patients
by melting curve analysis. P15 mRNA expression has been analyzed using real-time PCR
technique (AACT computational) to investigate the correlation between P15 expression and
P15 promoter methylation.

Results

The aberrant methylation of the P15 promoter was detected in 40.7% of all patients.
Regardless of the methylation pattern, 92.9% of all patients showed a decrease in expression of
P15. Out of the total number of patients, 90.9% who showed methylation of P15 gene (22 of
24) and 88.5% (31 of 35) who did not, both illustrated reduction in P15 expression level.

Conclusions
Despite the methylation of P15 at a low expression level in most of the patients, no significant
difference between methylated and unmethylated groups was observed.
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