[ Downloaded from bloodjournal.ir on 2026-02-14 ]

<

D92,
(& 5 el

(V88-Y V) AA 50l ¥ ojled £ 055 py s

FLT3 ITD g NPM1 sy yug> ol 38 (o g 9 9 o
S suhigho (sowigd 41 Hiro (3l slow 59

’f;,‘,:;/’w,yffm‘,u Ol 355 515 5l 5 255 L A5l s

Odubid

S g 4l

Ollas sl 3G Jl 55 ad ghs 55 YU Ols Ol b i 5 1 snd G« B23/ pranadh 930S o5 /NPMIL
S1ol Ol gy oS ol Bda Al o FLT3ITD (sla g gyl uls IS5 4 NPM1L AML
S AML laoy 8 3Ll iga opl bliyl 5 Gl sl AML Ol,lew 45 FLT3 ITD s NPM1 sla g
59 FAB uuaib

by 59180

4_.;AML Jl_o.:.i A u_h,?u Q}i \9‘ Q‘}?t.:.w‘ Jua ‘_g\.&-b}oﬁ ey w.h:u u.é.rp"}' t‘,.a J| [ fl:u‘ asdllas
Gla ST L NPML 03 51 0 5 90 dnkad yumes A5 ) ! Lol DNA ‘_;,}I@.T Selai i,
Ju__-:u 6‘}3 oS Jb,ﬁ 6\.&4\5}«; S JJ_,&}jﬁ‘ CSGE uﬁ.})l.gPCR Q\JJM} & PCR d@\-ﬂ-’—‘»‘
Slp i 0Ly (o8 p 85 93 (St Oljs gy (1 Aidd 15 et NAPML (gl g )
A oslil b 333 Oge3l 51« FLT3ITD 5 NPM1

bast

O i Kb 4Ll NPML iga (slols (C1 /A0 = +/V oV — +/YFF 7AV/00) jlaws V¥ 31 5,50 YV
e pp S o ys (LAY ) MS 5 UXAV/V) M3 (X /F) MA (sl Sl 53 Wi ol ¢ 585 Ol
4 gas A osluas ol 31 4S s FLT3 ITD _ig syl (C1 780 = +/+4Y — +/YYA (/N8/4¥) 05 ¥
K39 NPML igr L6 K5 440 \¥ 5 NPM1 ig> sl,ls

L

ﬁ) BL) \Auﬁ.e." Ui‘ )_95‘3 .u\J)‘A (M4 MS)J'-,&_,JA 6\.&0‘9; Ji) PL d_‘ﬁb J‘J‘)’ NPM1 bj 6\.&&
g355 55 YU (s Ol5 55 5 ey S p5 aen 53 D 4l Jigr T VL Glsl b iz o8 M3 oy S
(p= /ALl pl 4z 5 D S 51 FLT3ITD 9 NPML (sle jiger Obo o0

J'Jjé;j&‘l JSLPCR ol ‘5-&;33-\;:4 w}-‘ :g.g.lfolalf

AVIVIYE 25l sl
MMV : e sl

Ol Sy psle ol ils 2 0 UL 5 (65 5ken L551 ulid IS )

VOVOO-FVAY ey Gsio = (39551 S 0 5 IS0 sk Dlidios S 0 5 Olnl (S psbe o020 L2313 = (65 5ken PRD i 5 3e il 3o Y
et Qlslo Ol il e L 5 S5 500 O Dl S e 5Lils - SIS 5 O paas B T

Olpl Sy ke ollls 2 0 ST 5 (550 silen A3 ulis 8 ¥

Ve


https://bloodjournal.ir/article-1-348-en.html

[ Downloaded from bloodjournal.ir on 2026-02-14 ]

O e 5 SI3 sla 3 Ss

s S she o sd Olslews 53 FLT3ITD 5 NPML sla i

S el o) opl 68 IS w4 e (and LT Jlis
av\_.i.,\.g: DL 4_:!)‘ ;l_)\_;'.) &—.’. J_)‘j;d_ﬁ NPM1 DL u:..@;-
O g S 93 PN (S 5 glanul 4 Jlasl el
W) ledd g_.a.:,,a};" J\»})’}ﬁ) Jj.il—mﬁj':.;j rj)}fw
3 P53 Juld 55 pdkir 4 NPML (ol o dle (VY
Ol 5 axdls JSIyps3 L aS placnSsy ooy oa
[HDM; 5 P19™ (Lo bl 25 5) R 2] S o oolis
Loy SLol S35 Ol i S 4 2w NPML
.(\‘\).L'.:Jf AML Koo o slad 5o

S ol G3US s s oL ,S & FLT3 S
Sz ol sladshe 55 5 Sl 5o age 10
ce.,\_}; U_’\ eJ\MSJLx.& LsLAQJMNU}A B QL\.: J,..ib.e\ .J)lb
Sl sbadd Sl 0 o S Sl
DS FLT3 05 53 Jlsme J=ls glacielas i jls Sbss
Sy s slag,s s | 10 s AML 55l 0 /X 550>
S S Ol s iy laaadlas (YY) 55 0 o ss
au g el AML Ohlag 5o La g (1 OA Slsl 3
(YY)l M3 o)ﬁﬂj u.p)..&

05 Sla b £555 Ol (s oo ol Sl
sla g Ales Ol « Sl AML Ol Ly 53 NPM1
o=l LS, INPML 0 sls g L FLT3 ITD 0}
7= 5 FAB uuaib ;3 AML (slaes S 55 L s i

A2l s NPML 05 4l g sl T Iy oo

k2 g, 9 lge
o a3 g e o 5 g 5 el pll sl
5 e 035 Sl g5 NPML 05 (sl gz L3
L (AML) sl i sl o Dla) T Ol it 2
S L olal O g 4 s il slaes S 5
Ol 05 JLaml Olesle 6 gl sls S 50 51 ank
S5 Ol 5 aslh o5 (658 g sl oKyl

Aoy
(I3 sn gl lT oS o sladln s
AML oz 55 gl il 5 oo s sl et s
Internal : ITD) J=ls Jisze slacielas los sl wal 3
fms—like tyrosine ) FLT3 o3 ,» (tandem duplication
05 s (Parital tandem duplication) PTD «(kinase-3
asl, 553l Ol 5o 5 (Mixed Lineage Leukemia) MLL
«(Ectopic virus integration sitel) g ,ls sase s, sSLS
e 3 (1-0) ks hins ST Sl Ses
CEBPA ¢ l> S )5S 23 & &

< sk @Lﬁ L (CCAAT/enhancer banding protein o)

(B V)il o3 g ol o Ologys 4

I s (S5 lS Jslme slosis, Lo
sdalie B AML Olylag 51 7F+ =700 53 assas S
23 St 8 5 il sla 0y S 5 o pled 5 o
Sl glas Sy am ar s L oblan ey, S ol
(A Q) BESTE u_ll}.ﬂ L Caearl vj)ﬁﬁ‘
i WHO (sia il s 3550 ol ST 5l Jls
—>3, AML not otherwise characterized |, s
ONLs S -

O3V 05551 sl g s o asdlas s
(5035 _as5 3,5 Cndye ;3 NPML (55 0 oSS
IS 53 0528 55,5 L Primary AML 55050 517 YO/Y s
22 sl A AML S5 5855 slres S 5
@bw gad sl gls S5l Ol (St oo Sla gos o)
5 b U 5,5 (CD133 ;CD34 |ta 5Lip=
ot (Vo)oul el sdss Jloys e @:Cﬂb
(NPML La_iogr a5 aslesls OLis Slidss aslllas
Ohlas 53 it s ST 0 Sole SO by
sl dpd o5 4 S0l
OIS 5 s

Olsen b opSs i o« B23/ pmend 5318 5 /NPML
o3l Sl 5l gt 5 2SS b s glad b 5o VL 0Ly
el S 53 48 el (NPM) e S 55 555 2
YL S3 . (0Y OF)s i e o3I ) S s Bues
5 b cbsS LAML 55040 53 NPML (gla g


https://bloodjournal.ir/article-1-348-en.html

[ Downloaded from bloodjournal.ir on 2026-02-14 ]

M}gLa,‘V oslas ¢ % oy

<

J5 s el g NPML 05 sl,ls AML sba & sai ) JSSS
J“SL.’,J’}J—:‘ A L_”Ja 6\.&.&3% A’ K 7 ¥ ‘SLA 43_,& )b)CSGE
(:_,.’Jus odalie

ooy 3 edd Jl 8 glad 503 PCR &N 5 oo
AccuPrep® ) s lkwl i, an Lacdss 5l . CSGE
sla S5el ol en 4 (5,5 « 5 L « PCR Purification Kit
et s 4 (reverse) L. Sas 5 (forward)e s 5 sl
e SRy s Jlwyladdl b sV oS s a JIg
ab 5 0 o8> Je 5 dideoxy chain termination Il 55
.34 730XL DNA analyzer
o S5LT 51 el U Lads yas olad cpir o
FLT3 ITD- F (5- GCA ATT TAG GTA TGA AAG
FLT3ITD-R (5-CTT TCAGCATTT ,CCA GC-3)

PCR FLT3 03 =L ,5 c TGA CGG CAA CC-3)
LSL‘”J:'-G" JL'J“ )j.E.'.A “ UBQTPCR Q‘Yj_...a:uj I .

M12345678910N

Ll .3 Lol

>329 bP
329 bP

58T 35 ;3 FLT3 ITD g sl AML (slas god 1Y 2
AT

53 S5 4L 5 (wild type 1) 329bp axksd 4 by e ezl L
Ao 45 Sl 3200 5l 5 S5 andad 4 bg e ¥ 58V Gladgel
05 s (internal tandem duplications) =ls Jlsze 1, SC Ol &
el yrza A5 IS 5 Ao b s SIFLT3

B

258 5l eslizal 5550 n
slass 3 5 (BM)O gl sae Gibes [ Sde (slads g5
4S 35 e ke (PB) aee 055 5150 31 (6355

A @JTC‘* Osle 31 slosz o LT 51 2y
(Sissoam s L AML )l e i3
b Sl ssml e 5 s
il slaoy S 05 bl s plasil (6 e sl sl
oI DNA sl sl 4 a3l S FAB o5 S

oS eslizal o 5y AS - 5 s B, 5l Ol
e S5l sl esla el LNPML 0551\Y (5581

NPM1-F (5- TTA ACT CTC TGG TGG TAG AAT
NPM1-R (5'- CAA GAC TAT TTG CCA ;(GAA -3

sl Oly L3 laaddlas ;5 axsils « TTC CTA AC -3)
0+ (PCR 2SIy IS o s (14)A_5PCR 35
355 V¢ (DNA ¢S50 Ve e s ol 5 2l S
VO Jgmes Seo t/Y plaS 2 dNTPs  S5LLT s 5
s Prime Taq polymerase =I5 Y/0 ¢ MgCl, J 50 L
Ad yead ddH0 5 (6 S - 5L o5 )) Reaction buffer
Fr A0 °C aids 0 LAi PCR 5 asl ullae L ol
(VY °C aiss ) 00 °C aids ) Q¥ °C il o) S
3550 anlad 0 2SS 1 Oliebl (51« PCR ool 1 ey
ol ad 1Y 58T U5 (555 = POR &Y pamme i
ATF)LBAs 5558550 ol S5Le

Sl gy L oS S 5b Olen s 355 anlad
il 080 bp Jslae Job (b e sl Sl SOL
01z 3 513 55 [5G 4 CSGE aal 2 53 bk sald s
(Sl #0°C aids Yo ¢ (oo 5 03) 40 °C aids
bl ol slaaspod glals s 4 iz s
53 o 4 e 5ad (CSGE L3 &y gen Sher
el o 53 a1 3 CSGE asl 53 5 blses 35 53
¥Or 3Ly 45 CSGE 7+ J5 65y oY sams 4an Ay
03 (YO s 5,505 S Celw Jlgr Sde w0 s
o35 5 5 Sl S5y Lles el L CSGE U5 wules
o3> Sy e LSS S e sbls gladi s UV
JL o b als plane S50 S d b e 5 5

O JS3) L


https://bloodjournal.ir/article-1-348-en.html

[ Downloaded from bloodjournal.ir on 2026-02-14 ]

O e 5 SI3 sla 3 Ss

s S she o sd Olslews 53 FLT3ITD 5 NPML sla i

oogm NPML 05 (ghyls 4 003 VY 31 .Us g0 o 55058
S35 FLT3 ITD igr slls (ITF/VA)s, 50 A casily
Les NPML 03 55 i O ged V0A 5l aS =5
A5 FLT3 ITD i g lyls (Y0¥, s VY

(Ydsua=>)

| |1 ® o~ "

| \'u { \

'l 1‘ ‘ |I /\
\

|
|

1‘ \ I\,
JNARANA!

\\ ‘ “\

@hls ods Ju 2 AML Olylas )3 JIo5 et s ¥ JSS
NPM1 ig>

A sl S JTLglen JIs A

B sl jier ML s,k JIs:B

D wbl g JTb sslew JIs5 D

as ot Ve 5Ly s Y0 5,81 J5 s, FLT3 ITD
L J5 el 5o (YLl 5,50, Sl cole & s
STSVUV s s 5 s5maal Sy dles !
(Y Sa)as gl p oSo
Dol ot pads 0> (Simred Ol ) 2 81—
ol O3l 51 «FLT3 ITD s NPM1 sla i ¢~

. eslaiw! Fisher’s Exact Test

R wdl

NV = s YREAVO0) e Y I3y 50 YT sldas
s 5 atliis NPML 05 5 igr lls (C1740 =
G ol gl s Aob I e il s bt
FAB (slreos, S =5 51 ;5 NPML (sla g 535
Ollag o3 ol Cdl yigar 5550 TV 55l ol
(LXNOM2 5,5 50 S (LEFFMO 3, 50 S AML
cia (L¥NEIM3V 5,550 So (LA\V/IMS 5,50 Sl
3y 0 S (Y9 IMB 3, e acs (/¥ /ME 3,50
sdal s 4 SOl @ Ly a3, 50 2 5 (LYTFIME
slaes S 5 55 . Las 5,18 (YV/V) Non M3 AMLs
Y& Ol 53 (Ydpdom) Aot Sl g or M7 ML
AT el 5,50 VY il jig NPML 05 (gl Sles
D al igx P slls 55 g FIMA Bl e
(VB asl g T gl Slew Ll 5 (AYVY)
(O s 5 Y K8 s s

IRAAAVVATZE SRR S PR POCR L B REEE
51 aS Wsn FLT3 ITD ig (slls (CI 780 = +/+4Y
$ (JA/OYIM2 5,50 ¥ (LENVFIML 5,50 ) sliss oyl
M4 5,400 (LE/VFIMIV 3,50\ (LYAOVIMS 5,4 »
C/LYY/ANON M3 5,50 O 5 (L¥/NEIMB 5,50 V (/YT/A)

NPML 03 1Y 03381 sla g 3 ln 5o 8l i sladd S35 5 1) Ui

o 1>

I®

G A C C G T b W

G A C C G T |As ey
T A C C G T |Bal el
G A C C G T |Dw e

Y.



https://bloodjournal.ir/article-1-348-en.html

[ Downloaded from bloodjournal.ir on 2026-02-14 ]

/\/\ﬁkim e)L».J L?a)}b

<

Lol ;3 FLT3ITD 5 NPM1 (sla i Gl 5 5 FAB saipaid oulal 3 AML Olley o555 1Y Jgor

NPML+/FLT3+ITD  FLT3ITD _ig> b sladises  NPML jigr b slad gl B gos sldas

) ) ) o) FAB v

: : (£/FF)) (Y0¥ MO

. (V) \ ($IAV)A M1

: (4/0Y)Y (£/FF)) (V/AY)YF M2
YO)Y (YA/OV)$ V)Y (YY/Q)Y M3

. (f/VE)N CF/YE)N (v IVEN M3v
(VO (YA (¥ /EV (YY/\¥)Ta M4
(\Y/0)) . (Y F)F S1)A M5

. (V) (F/FF)) g M6

. . . (IVEN M7
YO)Y (YY/A)O YAV AV/0O)YY Non M3

A Y Yy 'Y Total

2035 NPML 55 iem sl 3550 F dbe i ubig)lS ]

G am b opl s 58 6 508 b adl . (YOUNYY)
NK- 53 /VEX CAML 35050 S 53 /YF/A Slae) diloke
Bl LIS b 4y oS (NK-AML s 70V/4 | 5 AML
) 0 IDL ol Jb i sl 8 LAML
13,50 YW s NPML 05 s Jigr ol anllas s
Jslas 48 Lui ods (ialasl 5550 AML 4 gai VY
pls ez L adl ol Oley JSTAV/O0 5 50
B ‘5J_;§4Jr.;:4 adbl_a.;.r %Uﬁ)ls CJLPW\ “ Lf“’j:"‘"'}
d@@;&uéue);ﬁjjb L;:\}\)ﬁjlmﬂ
e e e ol 0K 5 26 addles > FAB
(\').,\.:J»._J: ol M7 jM4EO s M3 Bt Lhoj; J")
u.:jl.af)(//\\/) M5b e);ﬁ)' LY .lafja L;:\}\)_e UJJ:.\:,..:J
5 Slayy asdlbe j3 .l o5 (NY/F) MO & by 10
c.th_.lAjMGst c)jjﬁjjb‘yl_! t}:ﬁ:fcdblg.a.h
G?_h LAJ oS .,\_:S‘LT M3 A_La.>-u,a Lsﬁa_gjfﬂ)' J.“:L.»)J
V_A (\f)CA—v‘J\ PR gf:’)‘)j MO aj‘}j j’.'.) DL 6))).&

Yoy

Olas 3 a8 YL Sl 3 s 4 NPMLgla feor
sl B, 0SS e Gl s (s Hls AML
05 i on 5 SRS Glp s s il
5 LS s glagslo o1 3l esliul adex 31 NPML
Denaturing ) DHPLC 55, L el st 5 ol 23
—&_» 5 (High — Performance Choromatography
250 e e s b ol G 53 (V0 (V) Aledd
Conformation — Sensitive ) CSGE %5, 035 (i
7 5 PSS Cowles o o < (Gel Electrophoresis
05 slaigr LS 1 e G218 g S
G ol S e 3 se s ol B 5 NPML
A eslizad g S 2

AML slaasgoi |5 51 0LKen 5 oJb anlllas s
S opl 148 ddls dle 5 ooy S IFA candllas 5 50
Siol3S cie NPML 0 slos igr ks 5l aol 78V Y
DSAML 3l 5e |5 s La g cpl IS Slsl 3 00l
V)l 0350 TXO/Y axdllas -l

2 Laier ol Sl 50 OLKen 5 ol anlllas 5o
53 (YAl s (5515 S 7Y/ CAML 5505 S
L primary AML e YA 51 0L Kas 5 S5 Soliiss



https://bloodjournal.ir/article-1-348-en.html

[ Downloaded from bloodjournal.ir on 2026-02-14 ]

O e 5 SI3 sla 3 Ss

s S she o sd Olslews 53 FLT3ITD 5 NPML sla i

33 NPMIGHAML Oljles 53 FLT3 ITD (sla g
S 48 L o3 NPMIC-AML O)Las: 51 i
e NPM1 5 FLT3 sla g oy somlSe Bl

23 S e 3L Dl alen Sl axdlas s
4S spb 4 A A3 FLT3 ITD 5 NPML clalss
55 L el,an AML 3,050 )3 FLT3 ITD sla e
AN Llesls 0N YATYNPML s g 050 AML
(p=

& ook i

VL Sl 5l (S andllas opl sl asd b«
AML OlLes ;3 FLT3 ITD s NPM1 slalj 55 g
o3y Al e b el ob 5 sl 8l e 5 S
YL (Sl s on (M3 oy S 5 50 bl
Olyes 5o 5 Laes, S 5 aen ;5D aml i
< FLT3 ITD s NPML (sla i 5585 55 Vb  Simen
Alallas ol ax 5 Ll SIS 5 0l a0

¢CSGE v s 53 5 0130 el P e A
4l i NPML 03 ol AML 3505 JU ¢ gl »
}):_.iﬁLsLM_xJUaafL?L}\ (UJ.J ey o b ol
SAML Ol o La g pl oty LIS o)

el SlS Sl e s La0T U Ll 3
.JJ;JG
ild yidi 9 i

05,5 OLLSen 5l atlas O8Ny 5 Al gl
oSl J5STse Jolw Sliios S e 5 5 5les
S e e Ol (S ke oS5 (Sl
o 5 O i Olsle (5501 5 O
OS5 0l ) 05 JLasl Oloslw (g e gulu 4l
Sl s S passlh s 65l Kbl
Aoles o

vof

53 Sl i OLLSen 5 s anllas s iy
(TPl sl 5,158 M5 s Mésla 655 5

M5a, Olley 55 Bdas 1 la i ol OLSes 5 0
3 M7 5 M6, M4ED, MO ;s 2S5 ,ldis 4 5 MBb 5 M2
(YA Lles ST ui)lj_f M3 o5, S 5 55 3,50 &=
a5 OUas 5 S glaasdlas 3 &S ol Ll
sl 3L M3 oy, S 5 s NPML i g 555
Tl

=l SRl e s e SIS
ST s aS Gl (LAVIF)MB o5, 15 55 La e
Wl ol IS Ao bl sl ety laeddllas
Slres S 25 5o bt ol Gl et 85 s
s L S (Sales 53 (M4, M5 = 7¥Y/F) o sio
enlaos S sl glaaadlas 5l odel v 4

wholbd b ol 3 Jb 4 b aS ol g den
(Insertion/Deletion) oo Lol 5 i & 31 Kl
e U ober 00 sk e Lals s
e iy S g e 4l ol g IS
o5 5 ,— Jlowe 5—C s (Frame  shift) gl B
Obss 53 3l S5 PBlas Laddl- plas o LS
(WQWRKSL) Y4+ 5 YAA lasl Sl 5 (W)OU 520 5
4 Al 9 2 NPML glaa O ul 5 S 6l o oS
SLa T (VAL S oo Jids Kos ol yol (slaily
IS 5o Ol SV/NY 5 UVA C5 5w B s A aly g
el sy as yedd ol Il 4 U sla g
05 @hls el J o Jlaw 3550 YV 8 (YY) lesls
ey SLaaallas s dile casil i NPML
53D T VL g 5l (Sl mls s 8055 5
=l AML Olay 55 (AVVY) asl i g NPML
sl

FLT3 la i Lol jun el NPM1 sla e
(YOO 5 U glaaallae js as o & ITD


https://bloodjournal.ir/article-1-348-en.html

[ Downloaded from bloodjournal.ir on 2026-02-14 ]

/\/\ﬁ\i‘v e)L».J L?a)}b

<

10-

11

12-

13-

References :

Gilliland DG, Griffin JD. The roles of FLT3 in
hematopoiesis and leukemia. Blood 2002; 100(5):
1532-42.

Levis M, Small D. FLT3: ITDoes matter in leukemia.
Leukemia 2003; 17(9): 1738-52.

Shiah HS, Kuo YY, Tang JL, Huang SY, Yao M, Tsay
W, et al. Clinical and biological implications of partial
tandem duplication of the MLL gene in acute myeloid
leukemia without chromosomal abnormalities at
11923. Leukemia 2002; 16(2): 196-202.

Déhner K, Tobis K, Ulrich R, Frohling S, Benner A,
Schlenk RF, et al. Prognostic significance of partial
tandem duplications of the MLL gene in adult patients
16 to 60 years old with acute myeloid leukemia and
normal cytogenetics: a study of the Acute Myeloid
Leukemia Study Group Ulm. J Clin Oncol 2002;
20(15): 3254-61.

Barjesteh van Waalwijk van Doorn-Khosrovani S,
Erpelinck C, van Putten WL, Valk PJ, van der Poel-van
de Luytgaarde S, Hack R, et al. High EVI1 expression
predicts poor survival in acute myeloid leukemia: a
study of 319 de novo AML patients. Blood 2003;
101(3): 837-45.

Preudhomme C, Sagot C, Boissel N, Cayuela JM,
Tigaud |, Botton S, et al. Favorable prognostic
significance of CEBPA mutations in patients with de
novo acute myeloid leukemia: a study from the Acute
Leukemia French Association (ALFA). Blood 2002;
100(8): 2717-23.

Barjesteh van Waalwijk van Doorn-Khosrovani S,
Erpelinck C, Meijer J, van Oosterhoud S, van Putten
WL, Valk PJ, et al. Biallelic mutations in the CEBPA
gene and low CEBPA expression levels as prognostic
markers in intermediate-risk AML. Hematol J 2003;
4(1): 31-40.

Frohling S, Schlenk RF, Breitruck J, Benner A,
Kreitmeier S, Tobis K, et al. Prognostic significance of
activating FLT3 mutations in younger adults (16 to 60
years) with acute myeloid leukemia and normal
cytogenetics: a study of the AML Study Group Ulm.
Blood 2002; 100(13): 4372-80.

Frohling S, Schlenk RF, Stolze I, Bihlmayr J, Benner
A, Kreitmeier S, et al. CEBPA mutations in younger
adults with acute myeloid leukemia and normal
cytogenetics: prognostic relevance and analysis of
cooperating mutations. J Clin Oncol 2004; 22(4): 624-
33.

Falini B, Mecucci C, Tiacci E, Alcalay M, Rosati R,
Pasqualucci L, et al. Cytoplasmic nucleophosmin in
acute myelogenous leukemia with a normal karyotype.
N Engl J Med 2005; 352(3): 254-66.

Schnittger S, Schoch C, Kern W, Mecucci C, Tschulik
C, Martelli MF, et al. Nucleophosmin gene mutations
are predictors of favorable prognosis in acute
myelogenous leukemia with a normal karyotype. Blood
2005; 106(12): 3733-9.

Chang JH, Dumbar TS, Olson MO. cDNA and deduced
primary structure of rat protein B23, a nucleolar protein
containing highly conserved sequences. J Biol Chem
1988; 263(26): 12824-7.

Mamrack MD, Olson MO, Busch H. Amino acid
sequence and sites of phosphorylation in a highly

15

16

17

18

19

20

21

22

23

24

25

26

acidic region of nucleolar nonhistone protein C23
Biochemistry 1979; 18(15): 3381-6.

Verhaak RG, Goudswaard CS, van Putten W, Bijl MA,
Sanders MA, Hugens W, et al. Mutations in
nucleophosmin (NPM1) in acute myeloid leukemia
(AML): association with other gene abnormalities and
previously established gene expression signatures and
their favorable prognostic significance. Blood 2005;
106(12): 3747-54.

Dumbar TS, Gentry GA, Olson MO. Interaction of
nucleolar phosphoprotein B23 with nucleic acids.
Biochemistry 1989; 28(24): 9495-501.

Tarapore P, Okuda M, Fukasawa K. A mammalian in
vitro centriole duplication system: evidence for
involvement of CDK2/cyclin E and nucleophosmin/
B23 in centrosome duplication. Cell Cycle 2002; 1(1):
75-81.

Sipos K, Olson MO. Nucleolin promotes secondary
structure in ribosomal RNA. Biochem Biophys Res
Commun 1991; 177(2): 673-8.

Takemura M, Ohoka F, Perpelescu M, Ogawa M,
Matsushita H, Takaba T, et al. Phosphorylation-
dependent migration of retinoblastoma protein into the
nucleolus triggered by binding to nucleophosmin/B23.
Exp Cell Res 2002; 276(2): 233-41.

Wu MH, Yung BY. UV stimulation of nucleophosmin/
B23 expression is an immediate-early gene response
induced by damaged DNA. J Biol Chem 2002;
277(50): 48234-40.

Kurki S, Peltonen K, Latonen L, Kiviharju T, Ojala P,
Meek D, et al. Nucleolar protein NPM interacts with
HDM2 and protects tumor suppressor protein p53 from
HDM2-mediated degradation. Cancer Cell 2004; 5(5):
465-75.

Grisendi S, Pandolfi PP. NPM mutations in acute
myelogenous leukemia. N Engl J Med 2005; 352(3):
291-2.

Kiyoi H, Towatari M, Yokota S, Hamaguchi M, Ohno
R, Saito H, et al. Internal tandem duplication of the
FLT3 gene is a novel modality of elongation mutation
which cause constitutive activation of the product.
Leukemia 1998; 12(9): 1333-7.

Zaker F, Mohammadi M, Kazemi A. Incidence of FLT-
3 mutations in lranian adult patients with different
subtypes of acute myeloid leukemia. Proceedings of the
12th Congress of the European Hematology
Association; 2007 June 7-10; Vienna, Austria.
Haematologica 2007;92(2): 443.

Dohner K, Schlenk RF, Habdank M, Scholl C, Riicker
FG, Corbacioglu A, et al. Mutant nucleophosmin
(NPM1) predicts favorable prognosis in younger adults
with acute myeloid leukemia and normal cytogenetics:
interaction with other gene mutations. Blood 2005;
106(12): 3740-6.

Theophilus BD, Rapley R. PCR mutation detection
protocols. Totowa: Humana Press Inc; 2002. p. 137-50.
Kiyoi H, Naoe T, Nakano Y, Yokota S, Minami S,
Miyawaki S, et al. Prognostic Implication of FLT3 and
N-RAS Gene Mutations in Acute Myeloid Leukemia.
Blood 1999; 93(9): 3074-80.

27- Roti G, Rosati R, Bonasso R, Gorello P, Diverio D,

Y0

Martelli M, et al. Denaturing High-Performance Liquid


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Barjesteh%20van%20Waalwijk%20van%20Doorn-Khosrovani%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Erpelinck%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Meijer%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20Oosterhoud%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20Putten%20WL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20Putten%20WL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Valk%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22D%C3%B6hner%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schlenk%20RF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Habdank%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Scholl%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22R%C3%BCcker%20FG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22R%C3%BCcker%20FG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Corbacioglu%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
https://bloodjournal.ir/article-1-348-en.html

[ Downloaded from bloodjournal.ir on 2026-02-14 ]

O e 5 SI3 sla 3 Ss

s S she o sd Olslews 53 FLT3ITD 5 NPML sla i

Chromatography A Valid Approach for Identifying
NPM1 Mutations in Acute Myeloid Leukemia. J Mol
Diagn 2006; 8(2): 254-9.

28- Thiede C, Koch S, Creutzig E, Steudel C, lllmer T,

Schaich M, et al. Prevalence and prognostic impact of
NPM1 mutations in 1485 adult patients with acute
myeloid leukemia (AML). Leuk Res 2007; 31(1): 109-
11.

29- Zhang Y, Zhang M, Yang L, Xiao Z. NPM1 mutations

in myelodysplastic syndromes and acute myeloid
leukemia with normal karyotype. Leukemia Research
2007; 31(1): 109-11.

30- Suzuki T, Kiyoi H, Ozeki K, Tomita A, Yamaji S,

Suzuki R, et al. Clinical characteristics and prognostic

Y5

implications of NPM1 mutations in acute myeloid
leukemia. Blood 2005; 106(8): 2854-61.

31- Alcalay M, Tiacci E, Bergomas R, Bigerna B,

Venturini E, Minardi SP, et al. Acute myeloid
leukemia  bearing  cytoplasmic  nucleophosmin
(NPMc_AML) shows a distinct gene expression profile
characterized by up-regulation of genes involved in
stem cell maintenance. Blood 2005; 106(3): 899-902.

32- Scholl S, Miigge L, Landt O, Loncarevic I, Kunert C,

Clement J, et al. Rapid screening and sensitive
detection of NPM1(nucleophosmin) exon 12 mutations
in acute myeloid leukaemia. Leuk Res 2007; 31(9):
1205-11.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Suzuki%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kiyoi%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ozeki%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tomita%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yamaji%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Suzuki%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bigerna%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Venturini%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Minardi%20SP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
https://bloodjournal.ir/article-1-348-en.html

<

*
M sl Y olad ¢ F oy ‘)9%5%

[ Downloaded from bloodjournal.ir on 2026-02-14 ]

Original Article

Detection and assessment of the frequency of NPM1 and FLT3
ITD mutations in acute myeloid leukemia patients

Pazhakh V.}(MS), Zaker F.}(PhD), Ali Moghaddam K.(MD), Atashrazm F.}(MS)

Cellular and Molecular Research Center, Iran University of Medical Sciences, Tehran, Iran
’Hematology,Oncology and BMT Research Center, Shariati Hospital, Tehran, Iran

Abstract

Background and Objectives

NPM1/Nucleophismin/B23 is a phosphoprotein with high expression in the proliferating cells.
NPM1+AMLs are also frequently associated with FLT3 ITD mutations. The purposes of this
study were to assess the frequency of NPM1 and FLT3 ITD mutations among Iranian AML
patients and their correlation with FAB subtypes of AML.

Materials and Methods

Bone marrow and peripheral blood samples of 131 AML patients were randomly collected,
and their DNA was then extracted. Afterwards, PCR was applied to the fragment of NPM1
gene with specific primers. PCR products were electrophoresed using CSGE method. In the
end, the positive samples were sequenced to confirm the presence of NPM1 mutations.
Furthermore, FLT3 ITD positive cases were screened using PCR and 2.5% agarose gel
electrophoresis.

Results

Out of 131 patients, 23 (17.55%) (CI 95% = 0.107-0.244) were known to have NPM1 gene
mutations. The highest frequency was among the subtypes of M4 (30.4%), M3 (21.7%), and
M5 (13%). Also, 21 samples (16.03%) (Cl 95% = 0.092-0.229) had FLT3 ITD mutations with
8 cases being NPM1 positive and other 13 NPM1 negative.

Conclusions

NPM1 mutations are more frequent in monocytic subtypes (M4, M5). High frequency rates of
NPM1 in M3 subtypes and allele D mutations in all subtypes together with the high degree of
association between occurrence of NPM1 and FLT3 ITD mutations could be considered as
interesting findings of the study (p=0.012).
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