[ Downloaded from bloodjournal.ir on 2026-07-02 ]

<&

(Y\V-YYF) 45 50L ¥ o,les V¥ )55 oy Al

Sy 5 9 Musashi2-Numb swwo (Sl 59531 3 MSi2 o5 9l ylao I 9
030 Sigheo (0T of S Johw 1aR T g ST 30 5 48

TosljFslo dzmo Solibl Golo g3l 0 Oljis

Odubid

S g 4l
g 5 2leeS P slad s A, Sal o she Sl g 0 AS uead O Ol e 4 NUmb 05 0Ly
s 5l GBa 35 (0 e ShShs oS Sad gl 5o NUMD 05 0Ly 5lge 4 i Msi2 03 YL
33 553 605 s Musashi2-Numb | gz Ol » Msi2 jlgs &l 51 s RNAIT g5 sl law 55 MSi2 05l

boyisy 99150
)" e;\.&."_.d \—3 ‘-u.ﬁ‘f‘ )‘H’ &JJ—G ‘) MS|2 C}j 45 hS.:;J.LJ SlRNA -\é%ﬁﬁ‘ u&ﬁd’ AJJLE.G Cﬁ‘ ).)

CNUMD « Msi2 sLads Ol ks Ad CSindl 5 LS5 5L 53 Oy g0 4 K562 (glad ghaw 4y oSS 5
Ogma3l 51 ded olo )yl Real-time PCR hiw 5« pdiKinail 5 31 oy <ol YA 5 Y¥ (Bel-2 5 P21
plosif trtest 03T b gyl 50T .as oslizul 55 00T W1 b5, g Annexin V-P1 (s fe s gl
Y

by

5 ORIl il 53 5 Sl an Colw FA 31 e K562 J gk 03, 53 NUmb 05 Ol « Msi2 05 ,lge b
03 Ol g 4 Bel-2 03 0l 5 Sl (Jghe 43 2 (5S oS a5 Ol e 4 P21 05 Ol O b Cilase
Sedgh 53 550l G I 51 Sl (s e slu s Osa5T s (P 2/00)C3l SialS s gl
g Sl 5 5 e el YA 5 YE O 5 4 TF 50T 5 e 4« K562

) o axd

G 3Ol e s oo pleS P slad e oS Ds (l olaitl (gliy B MSI2 05 du e B 4
S 4 S o Lol (s 45 23 0 plaS P S g 53 Sl GWI 4 e RNAT (351 2l
Rl led 4 (oS ol Ol

5581 (ke L5 (i Sk 05 ) tslS Hals

NIV sl &l
W L ad Al

Ol = 01,85 = ke S oK1 g5 sk 0SS5 = J 5050 S5 )l ol [8 (5 skl =)
VEVIVIYING £ ey 05— 01l = O o ke o 5 ol 3 p ke outSCils S 05,8 skl = J 58050 G55 POD 2 gie i3 =Y
Ol = O = e S5 oSN 5 o she 0aSLiils o (55 05 8 slal

YyvY


https://bloodjournal.ir/article-1-1108-fa.html

[ Downloaded from bloodjournal.ir on 2026-07-02 ]

O‘)Kﬂjéﬂf Ql)‘b,e

CML ke o5, 53 Msi2 05 0l les

059 ysb 4 S Musashi2-Numb oL ;e ;3 Msi2
25 S pbeS S sladshe 5 sl s Glagtecs 53
Sl molan] las ;S MSI2 05 ey o a0 Ll
b 30T Sles 5 0350 olaS Y sl o San
05 Sle @ s il bl as o RNAT 51 2wl
el 3l d(J gk Sl g oliS s O Ol g 4) Numb
05 0l il 5 (Jshe e > 03) P21 05 Sl X
Ladshe ol 53 ssual Wl s Gl 21 035 Bel-2
S 4= S o L;al_f Ll 5 o 0l L5 (3551 2l 255

AL S sk sla oS S el Ll Ol

Ry, § alee
il o, CiS

Olo3Lee 51 K562 J e 03, ¢ oo 2 aalllas G o
CoiS b ;3 K562 glad v s 4 O Jlasl
s> (Roswell Park Memorial Institute 1640) RPMI
«(Fetal Bovine Serum « FBS) dl S oo p e /)¢

Voo (Penicillin G) b o d e o dslg Ve
2 5 (Streptomycin) o gzl 2 L 0 S5 S
a3 TV gl 5 o S AuSles 10 L b s 5L ST

L (6,154 sl S ol

RNA Il s 5l il GIMSI2 O Olo 65 o
S Samw lad; 53 SIRNA lads 2408 5 S|
L b,S o b 1 Msi2 05 el gis, 5l gslize 15
59 bl oS, 5 5l (5c-75834)S J 5LS ojlais
aldad (Sl 5 plail (gl Al (ol 2 (S35 5T 5
2l as (sl Jla Av 5u =) Wad sl Sl b
b 3, Sn O ol an Il VY oy Sl
S O 51 ey K e3ls i3S (K5 g 1T BB 5 iS
CiS bee (Ul 100 el ST 5w ad sk
O Ol Ldd yiaeci PBS L ladjhu 5 adss Wad e
Y+ Pmol/pL . Lale L SiRNA O il s 51 2l 5 S
s (035 4 53)) OPt-MEM o mes 51 1) 5 Soo YO 3

YA

Aoy

O 4k 9o plalr 0 a8 LS £ 55058
S s s 05l 0 3l VY 54 slapgis0 S
Chronic myeloid <« CML) e 5—s (sd—d sk oS5
05 S I plrals ol el .ol (leukemia
JLs aien 5LS 555 50 a5 ool BCR-ABLL | sl
S5 A4S ae (pl i3S .l e S |, BCR-ABLL
CML 1585l 55 Sy ik BCR-ABLL _slesl
Slag sl 53 ds= 5 JolS o se bl 0 L
Culods S 5L ol ol jles Gaa b Sles
3 2t 4SS S el s 4 (0T
Sbwds ol glad g 3 b d b o5 e
S e J =S (Hematopoietic stem cells, HSCs)
3 S (DAl axils [AE eS ) b 5o Ll e
Musashi2- Sl el oo 4 by e b ais dy ()
05 aS Coslesls olis A3 slaasllas .ol Numb
— 0> MSi2/HOXA9 15l 03 51 Msi2 o3 CML
Lo, 0wl el LT 7p15 55 4t cnSls
MRNA 3Ly 5 Msi2 05 0ly e 45 diteas OF 51 S
53 Msi2 Ols (B=A)s s 55> bL_5,| BCR-ABLL
o ad o Ly a5 CML by Ol oy a5
L Sl ad e 5o Ol SRl onl 5 b oo 2l
05 ks S Msi2 0 o)l esiies LLIICML 350 ot
So Sl e Ol Gl LI OML 2y b
Fl 5l 5 0 s i Solen ns KL
4y ey ade e SICML i, 2y U 4 S coul Coaal
s 38 I s dilige Rl S5 sl b e
(A Q)35 e xS 5l

SIS Sl GLaS e glaediS lge 4 S
Gl 4 536 5 63 4e5 Llgs |y BCR-ABLL _alesl s,
i3l e OMIL s 0L oy ST 3 e (835040
35 Lol g8l Ol muly pde e olS
o PRt et 4 Solen 358 o LIS e 45 550
Sloeln s et b (V) Obys
@l sladsbe ez o S 8 > Musashi2-Numb
05 ol asdllas p3 (F)ocul sds 5158 laS )


https://bloodjournal.ir/article-1-1108-fa.html

[ Downloaded from bloodjournal.ir on 2026-07-02 ]

LYd J:._l_Ll Al n)l.a..i NY 092

<

Vo glos 55 aids Vo e 5515 le ax s FY (gles
ol 4l CONA (slad sai . 45Tl 5 S sl ax o
SIS 5,8 Sl a5 =Y+ 3 PCR el Ola3 b

R TR

i3 e w0 s 5 Realtime PCR s,
MSi2 (Lol ) (s 1S 5,5 (sloa Sl
Sl 5 L5 GAPDH ;Bcl-2 . P21 « Numb
—S55.() Jsd-)L__s I L GeneRunner
L oldl 3 53 b S5l JIg 03 U 5 (Specificity)
http: //blast. ncbi. nlm. nih. )L Slle 5l eslind
= 2 =Sy byl as L35l (gov/ Blast. cgi
SYBR Green | =)y Se Vo Jols 25 S Yo olg
5 (J 555 0 Jslas) 2 5 e +/0 (1, 55) Master Mix
4L CDNA (o S 560 Jslan) s Seo V S56T
&l Q-RT-PCR _aS1s . ad ag ol juds Ko A 5ol
3 A elamil Ol on o 4 5 (S 53 05 A
05 s Gl ediel s as out] & >) Ct Sl
ABI StepOne sequence o Kics ;3 (iiSly s dowloes
sl bl s ((..:_M.:wﬁ) Detection System
a3, Sl a5 40 ul s sl rlq;,lﬂ)' sl
A s adsl (Sl ads e Ol 4 4i3s 0 S
M IS e B s g ales sl e B 4B S
Sl a3l S sl 455 A0 gles 5o gsi:‘ij’“b > e
3,8 Slwar s 0 ys amn g /Ll e 5 ol Vs
4SSYBR Green | &Gy «5 ol Of 51l Sl o
g 2 s 3 PCR Jpamms oLl gl
Jgams Gasls SUlgS 5ol hate glaxi, 93 DNA
Sl s W ol 1y polatl o ) olans
8 e b Galy oal2)ls S5UBT (S 05
Simy 655 S 53 el 8 e 3 ol

OV 5 e
S 0babl 5 ods ;2 aalad Como b gt 4,
33 ol i 5l olattl o Jams 35y s
oSS al 0 a9y ol 5l eslasl (Melting curve)
J—L3 (Dissociation) S_S& ad> 10 G b 55 ¢ JslS

yia

S Sty sl s S # Ol A 03558 Salx a5l
Opti- Lo 51 1dy Ko YFO ;3 RNAIMAX - sliSG 5.
L B Jadoes g5 i o358 Salx a I3l & MEM
S e Y Oliae s S a0 SO GBI (los 5o aids Yo
3 SG a1 BB 5w (sl S e
il 5 gl eslsl slad e sl slacSals
W}Me)}ﬂ‘%éu&hl&)luﬂﬂby
jsugii..xﬁiubolfd.b)lﬁw&ﬁoiwcﬁ@z%
OJBMMLDJPMMLMJJ)
eale ol ey Lgl.mu.!kb Ls\f’ Lhd}l.w)\}.l.&u@.};u

A S

(ODNA sl s Syl sURNA = sif
56 RNA sl 3550 sl 05 Ol oo g
(0552 5=Ddspl 5 S Sy 5l eslaul Ly J
DNA Ly Jleol (So 0T Bl 5 late s 5 2l 5
RNA & iS ad jles (Gl 3) DNase 5l Lo oo i3
54l ST U5 ) 5o 50 L s ) sl
Dl L ey Sl Ja g O bl 5 ol
A odam e gl YAY 5 Y2 lag 5o Jsb 0 (655
s iyl LS Jis, el 5 CDNA csle st o
Vo Jels iSly bl lasl Takara &S 5 baw i
Sl s S ) ezl sl o6 RNA 6 S5 S
b g aSANTP bylse o)y S ) 5 iolas el 8
S V0 e e RNaSE S sols o5y O
2 A3 0 Sde s byl s 8 gl el
F= S &.f\_.!‘)b‘-s_{j“._g‘}g.;\ 5,8 Sl a3 PO les
¥ el s STy by b s A onls JUS
Sles 15 e +/0 5 PrimerSeript™ sl 2y S
Sae ls p gy wl il S ) RNASE suis
5l ole o505 o Jaw s S PrimeScript™ RTase
s S A A el 1) See Yo 2 4 RNase
Jsl 281y bydoe any o)l o3 L2815 b s
S akds P Dl s ol STy bl 5 el


http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
https://bloodjournal.ir/article-1-1108-fa.html

[ Downloaded from bloodjournal.ir on 2026-07-02 ]

O‘)Kﬂjéﬂf Ql)‘b,e

CML ke o5, 53 Msi2 05 0l les

Real-time PCR ioww 53 435, LS 4 (s g8 5 5K sla S5LT 0N Jpu

(bp)askas J sb <l g Sl GC 4o, Tm sbes 03
Y 5'- ACACCCACTCCTCCACCTTTG -3' ol 5l OV/V¥ £1/4¥ Sapch
5'- TCCACCACCCTGTTGCTGTAG-3' e OV/V¥ £1/44
VAS 5'- AGCTCAGCCGAAAGAAGTCA-3' ok sl Ov/v RVAR Visi2
5'- AAGCCTGGGAACTGATAGCC-3' ey OO/ 04/¥0
rr 5'- GCTGTCAAGGACACAGGTGA-3' ol sl 00/« 04/A4 Nur
5- CAGCTTTCTTGGCATCTTGCAT-3' gepsey YO/70 IAVER
- 5'- ACCTGTCACTGTCTTGTACCCTTG-3' PRV O /v £Y/YS o1
5'- GCGTTTGGAGTGGTAGAAATCTG-3' e ey YV/AY O4/AV
\5v 5'- CCCGCGACTCCTGATTCATT-3' ok, sl 00/ IAVATA Bel.2
5'- CAGTCTACTTCCTCTGTGATGTTGT-3' S £/ TTATN

03 5 B Gl 5o ad3s VO Sl a5 o8l Jahs
A eSOl SL6 Ll
Juasl 3L 53 Joho sy dzme g2l Sl
0353 (Sl 4 Pl dslose 51 125,800 0 Ol 5 Jsloms
(Becton Dickinson) ;s szew old ol&aws oS L lad shee 5
Flowing l5-3le 5 Lo 5 Laesls 5 JUT i JUST
Sy ds oy slad dw s rl_?u.‘ Software 2
S5l e 3 slad sl o e PI /s Annexin V)
slad s (2w Pl /oie Annexin V)& ) 5o 4 4
Pl /i ANNEXIN V) &y g0 0 olg S5l d o s
Annexin V) & 5o a4l 55 8 slad sho 5 (Gt

L esls Juled (Cie P/ 2o

aosls g ylol LJUT
LA S Sl Gl sl Sl &y g 4 aesls
GraphPad )l ;3lp 5 Lo 5 Laesls ol i (gLl 5
3l dd plouil test 0531 5l eslizul Ly 5 Prism 6
s sl (oLl s 5l e/00 5l 5 S p-value

Al an S

Rl
o@oMUa&&L@bﬁ)@dg—jl{\ Jgﬂi)b

Y.

J\J_fd';}l_..u s fe il N0 gl :\Jf&:jl..« =340
as a0 gl ol 8 sl e ;590 5 b Y gl
L3 aslsl gl e Lol g 4 sl
A et oy Sl sl bl s 2SS el
o 4cslsl 43 s s (Cycle of threshold, CT) «lwed
05CT ke 5 e O5CT oSle ol dnles
oA il 5 S asel 53 sl R s
o e el s 4 3T 5 US4 53 55 ACT
tloes AACT Olge Gl 2 ls ACT 53 Lol
5 ombasl Gsed 53w Slo Sk Cad walsl 53
sl s s 278 U e 5 sl eslin ol Ly J xS
GAPDH 05 Ols b auclis 5 Gua o) slacisis,
S s (Housekeeping) jlsails 05 Olye o

Lot (5500l Sy (slad sl (5 20 sr sl o 0
:Pl s Annexin V-FITC
sols CS L gl Ky bu s snpl W Ol
ol s las (LK) Annexin-V FITC Fyep|
A 5 YY Lad o s ol 55 i sdaiw oli5la
Jlasl 3L 55 5 g2l S PBS L iSauil 55l e cela
Vo e A 0355153 O gl o s o 4
Vef a gl as Annexin V-FITC S, 5l 25 S



https://bloodjournal.ir/article-1-1108-fa.html

[ Downloaded from bloodjournal.ir on 2026-07-02 ]

45 5l ol O F oy

<

okd b Sy sl

Ol Silw sl (o o NUMb laclgis,y ~ sl
sls oLz Real-time PCR ol 45 ) » Msi2
Sl SIMSI2 U sis oSl 5 laS ) slad sl
s3Numb slac 5y, 5l (s i ol o s e

O s ym)p< 211005 IS S 055 L ayle

_
s+ R OS
Y¥h
v B fAp
\ - -
= * kK
Msi-2 Numb

63, y3 Numb 5 Msi2 slacbgis, Ol (oo th”‘ Nl ges
oS 45 Olen . SIMSI2 b okd CKindl 5 K562 5leS 8 J gh
Ol rpmms SRRl 4 o SIMSI2 5 Shas 554 0 ali>She
o Olo) 4 Aimaly oged 49 KB62 Jghus 03; 3 Msi2 Cigis,

T 53 el Bl ol SIMSI2 5 Shes (i oa Ll
Ol sl 0k ol A 1w Numb Cb g, Oby oo
< 2/ O)AsL  lsliae (55T 5 51 05 55 4 Ol

sladslw oBel-2 5p21 (slagj cuisls, Obo 2L/
iile ol 2t SIRNA L ol oSl i beS s
:Msi2
(MSI2 05 Oy S o 53,8 Sl s 5k 4
53 Bel2 5p21 Lol iy, Sl sk Ol
aglio 53 SIMSI2 U ol Sl 5 obaS o slad shas
sl> oLz Real-time PCR o s obs,l Jx8 055 L
L sl Sl 5 K562 sk o3, 53 P21 05 Ol
ol oed 4 2S5 0 8 slad e 4 o siMsi2
05 0l sl (Y Ll sa)(P< 1003l i3l oles
035 53 05 o=l Ol sl 0L 5 Bel2 el s
sladso o cud siMsi2 L e Sl 5 slad sha
(P< /2 D)l [EalS Oloj a4y atemsls o g 44 J 28 05 8

i3 503)

YY)

ol (s gt 4 i Cogd (sled 53 0 gl
o=l a8 e s Realtime PCR J yame 03 5
(ol o IS O so)lse 3 g Sl el
Oliabl S5l 5 Gaol jel)ls S5l Suscis

GAPDH Msi2
| Numb P21
Bdl-2

S G L sy tandlan 5,0 DS b sl g ) IS
05 eolasl okasOli OF oy wigd sl 43 05 ,» lp
.;ﬁﬁiﬁ'd‘,@

sladsle ,sNUMb s MSi2 (slacii codais, Oy b))
e o ola/SIRNA L ol Sl 7 olaS s/
:Msi2
S 2 SIRNA SaeS 5 gals Sl 3 o) 5 she @
SIRNA L aS K562 _J b o3, « MSI2 05 & g5, Olo
s 2S5 S L (siMsi2) Msi2 ale —olazt
D g el CKaudl 5 (SICHr) 5w 3sel s J S
L JUTMRNA oLy Ol Uil @le 5 Sosls
SalS Cel siMsi2 sls ol Real-time PCR LT s
slads o ;5 Msi2 g3 mRNA Ol ;3 v s—e
(P< 4/ 0)3 53 o0 Olos 4 atacl s 030 0 0 Sl 5
05 55 ol Sae BLS S s 2 ok 0. () la5e0)
(J gl Gl as O Ol e 4) Numb 5 Msi2


https://bloodjournal.ir/article-1-1108-fa.html

[ Downloaded from bloodjournal.ir on 2026-07-02 ]

O‘)K@)é)‘f Qb)ﬁ

CML ke o5, 53 Msi2 05 0l les

Sl S e Ole 5 (65015, Annexin V L siMsi2
J:JL—JJ‘_“;'bJ“.MLSJu):iL_w}br”)JJL”};
sls OLES (6 e sl 4ls Annexin V/ Pl LgLAr\ij:_M:A
L aslie 53 o goes ssb a1y 590 00 ¢ SIMSI2 L ol
Annexin slael S sen LT sls iuly 31 J 28 o5 S
Y e sls 0L (KBB2 Jghu osy gl Cskin v
ad sho 70Y ﬁélftsiMsiZlfL}.MlJ: 3o el
Ssal Ol oo o (Y SOl 0l 55 sl Sl

Bl sl e ) s cell FA 1

s o sl FA

Propidium iodide (P1)

Annexin-V

il 5 K562 glad v Annexin VH/PI+ o, ¥ IS
b oo saddu it ove L5 SIMSI2 L sdd el
Sl b (e P/ ke Annexin V)SSy,56 &) g0
25 (Caie PI /Coie Annexin V4w PI /i Annexin V)
(Y s 5 Annexin-V-FITC « X jgoun .Ligd o a5
b= 4S5 4555 Olea a3 o 0L |, (PI) Propidium iodide
CRandlp eSS sd g 53 Msi2 05 Oy @ 5S po 355 00
055 b amlie 55 wsme sb 4 1) S5l sMsi2 b ods

el o3ls el J S e

G
MIS2 05 dry o 0 0 (oo o) e oled

sl sladsle ¢80 ¢l olan glay S
Ll e (RNAT 351l 3B 51 0T Jlge 5 025
S sk oS 225 o keSS S 5o S
Olesss oyt ;IS0 (e (255 (CML) n s
33,8 oo sloml 5l s o3k Jhe 51 a8 sl (g5 ks
Sap Jele A3l e el Dl 5 o5 S0 g1
S Jeol pslie (LS s Cullad (D
035l oo oes s (el BCR-ABLL 00355501 0y

Yy

*kkk
P T —
4
v
E
I v
6 Y
|
A
N
o

Jobw 03, 53 P21 05 gy, Ok (omd gshe Y Llog
M 45 4558 Olea . SIMSI2 b ok Kl 5 K562 bS5
Cbgigs Ol rsmme GRIP 4 e SIMSI2 3 Ko 353 0
ool 0k Slo) 4 Axyly ogd 4 K562 Jokw o3, ;3 p21

AP< /0 0)AEL e lslims g bl I 31 05 Oly Sl i

V/& 7 * %k
O RR—'
‘_i *k
—_
v
:El;
Y
T
3 e
i s
[3) .g.'x'.'
o ] ==
Jas Y¥h YAn

Jhw 03, 53 BOI-2 05 Cligy) Ol (oms pohiw ¥ laged
bimMe 45 48 Olaa . SIMSI2 b odd CKdl 5 K562 LS o)
by Ok g SR 4 e SIMSIZS Sles 35 0
sl 0kE Olo) 4 ATwaly oged 4 K562 Jghw o5, 43 Bel-2

AP< /0 0) AL o lsbms g bl a5 31 05 Oly Ol ks

‘Msi2 wle o olaz=/SIRNA Lol
S 3 S5 g Jeil S
Lo g;.{é_w.?‘}? &l_“ws)j slad e Msi2 o5 ol


https://bloodjournal.ir/article-1-1108-fa.html

[ Downloaded from bloodjournal.ir on 2026-07-02 ]

LYd J:._l_Ll Al n)l.a..i NY 092

<

(Y )Xo g5 5158 (CML Saodls Ol ooy > 10

K562 Jgw oy 5o Numb o5 Ol ol aalles s
CSedl 5 5l ey {CML & by e (s 5k s 03))
rsSae LI 5 A S s 5 Msi2 03 ade SIRNA
Syge 30 HsSde Jskeesy 3 Numb 5 Msi2 O
Ol B4 e MSI2 05 Hlee @l anlllae ol 55
23 Pl iz A 05 Ol 4 P21 05 Oy
5 S5l =l L Gl 35,8 o K562 (slad L
iS5 ialS 4 e MSI2 lge 45 Wsls OLES Ol es
o by sk Jsbw 00)) KG-la Jslwosy 5o
5 ool (Y25, 8 o (AML L s> sid ke oS
slres, 53 (Msi2 [lgs JLis w0 1) 25 2alS O,
S sk oS5 5l 5 Ze) THP-1 3 Nomo-1 J Lo
A ks oS5 5l iie) AR230 5 LAMA-84 5 (51>
5 =l ST— kil alie b 4 Lsgad 3158 (oo
4 Msi2 ;Lge a5 sls OLLS O 5 g 5 0L
L i e sles ol glad gl St b
(TV-T¥)das o 2alS S-G2/M b s

Msi2 jLgs S 22 odalis O s adlas ol 5o
el 531 K562 sladshee 53 1y ol 5 adsl 55 gl Aoy
S S Oan 5 el il L baanl ol das s
4y B Wl o ShRNA Lo 5 Msi2 [lge L5 500
5 THP-1 3 Nomo-1 oSsd Jolow slsos; 53 jym sl
(Yol J8 5w« eu_3 AR230 5 LAMA-84
Bel-2 ciigig, dd asie axdlas ol 53 OT osdle
53 Msi2 5lge 31 dm Sl (S350 1 A or s 5Sb S
ElE Sl Sl (o Sk psb 4 KE62 s e,
L ssm sl Wl S 0K 5 Kl andllas glaasl L e
0L 055, s MRNA =l 53 Bel-2 0Ly jtals L
YY) el 58 5 isls

S ok i
c,._@e-):d_a.@,aéuﬁ_f =l sladls s 4 S|
LSJJS.:‘})‘\_?‘)“C*«‘GMM‘)JJL;QS}SQQ%QL&JJ

O S50 Olays fdudl 6 Ll 0 5 olaS )

yyy

Shosli ol el b o lia T (la0leys
o=l s el el S L SLS s 5 slaediS e
S s e el ge e tan SLays s,
Ceglie 5 5l Lagyls 5l s ol Cmnd Olles
Ghls Lasls ol L 0lays ammgs 55 das o OL23
S350 Olass la fgy D il o olacys s
OY=VP)e il as S35 L a s L
Musashi2- e 45 Jlesls OLis azsdS slaaallas
ol 5 5,0 sdge 5 3550850 55 wlul L5 Numb
oS P Gladsho Gl 5 anu s iS0 & e O
Sl s ST e SOl Msi2 L(V0-YV)s5d e
sl oS3 Slass Gl e 55 aS ol sl
5 o dealy cpl 53 LOA )35l (6ol pasels
L;LAL;:}_lS 6):§J§—: 53 Msi2 oLy Wsls olis oK
Al Ll 5 s AL sl s L Sl
Sladsb 7S o O 15 55 5 Ak e 215
SdaelS S 5w e glad sl 5 (HSCs) 5l 3= (ool
e 53 MsSi2 Wis sl 55058 3oL 51 (Y0)ss S
<AL T 53 (Cdly Ol ey al>,0) CML a0y
335 Ol (e al> 50) CML a5l ol ap
Do b s B 53 M2 il - slaer (2130 o)
Ol 5 sl YoV Jlw 53 il e Numb 05 Ol
slad b 2als s Numb Oy hlssl ol LS|
o0l s 305 AlS |y dige sladde 3 oS
bty Sle L5 e UMb Ly = sl o Wsls 0L
05 0l Jlgs 2058 28 0T 5 esdle 58 (ola
£ 3 oS5 sdsle 1z ShRNA 5l eslizul | Msi2
Oy a0 3 Gosa 4 s JB sk 4 L &
Msi2 ;Lge « Numb Wl L alie das o a8 cdl
548 o Wl aS 4 sldsle s 1y L3 SRNA Lo g
YOy s Jlo 3 a8 e slee 1 0T Jlaml 5 a5 LUl
Sl s 3ladlad o O 5 LTS LS
bl plaeS s glad b Jhals sl ,— Numb
JLis 4 0LKan 5 el Yode Jlu 55 (VY)Ls S
63, 53 Iy Numb i 55, Oy fulsdl cMsi2 O Hlge
Ollags Sl el Gie ol o3,) LAMA-84 L


https://bloodjournal.ir/article-1-1108-fa.html

[ Downloaded from bloodjournal.ir on 2026-07-02 ]

O‘)Kﬂjéﬂf Ql)‘b,e

CML ke o5, 53 Msi2 05 0l les

) 3558 o g e CML lad sl 355 0 31 sl
53 Sloply s b BLI 53 Yiazm! Lol

Ole)s (S 4 Jsa dolf Ll g5 oo b alyl (3551 2l

LTl 4 g ddshe WS Ll

@ila yied § e
Ayl ol )8 4 lOLL 3l as S sl sl

il Jle Slanin U cnl JsS050 S and
Sladshe laggsbd 5 pshe anu s sl 5 Goyde oS
bl 30) (S sgarr Tl Ul 5 ede islee (ool
e OB by 5 sl o Lol (VWYY sl
JSKisls e p e Coslre o e 1y 555 Sls 08
Sosld 5 ode e Siglas i oa 5 oo S S

Al e ool () s Sl

References:

1- Deininger MW, Goldman JM, Melo JV. The
molecular biology of chronic myeloid leukemia.
Blood 2000; 96(10): 3343-56.

2- Sawyers CL. Even better kinase inhibitors for chronic
myeloid leukemia. N Engl J Med 2010; 362(24):
2314-5.

3- Campiotti L ,Suter MB, Guasti L, Piazza R,
Gambacorti-Passerini C, Grandi AM, et al. Imatinib
discontinuation in chronic myeloid leukaemia patients
with undetectable BCR-ABL transcript level: A
systematic review and a meta-analysis. Eur J Cancer
2017; 77: 48-56.

4- Kharas MG, Lengner CJ. Stem Cells, Cancer, and
MUSASHI in Blood and Guts. Trends Cancer 2017;
3(5): 347-56.

5- Barbouti A, Hoglund M, Johansson B, Lassen C,
Nilsson P-G, Hagemeijer A, et al. A novel gene,
MSI2, encoding a putative RNA-binding protein is
recurrently rearranged at disease progression of
chronic myeloid leukemia and forms a fusion gene
with HOXAQ9 as a result of the cryptic t (7; 17)(p15;
g23). Cancer Res 2003; 63(6): 1202-6.

6- Kaeda J, Ringel F, Oberender C, Mills K, Quintarelli
C, Pane F, et al. Up-regulated MSI2 is associated with
more aggressive chronic myeloid leukemia. Leuk
Lymphoma 2015; 56(7): 2105-13.

7- Kaeda J, Ringel F, Oberender C, Gresse M, Amini L,
Schwarz M, et al. Longitudinal Study to Assess the

YyYY

SAS SLals (s, S da o b 4 (YF-YP) AL

O3 = o= S Gl b s re Sless @ Fl il Al o
ol aalllee js ey alSll e SlaS Y slad e
Musashi2- Sl el e Cdlad o8 5L Loz
Lodd s p oS ) sladsle 550 0T @I s Numb
3Ll G b SIMSI2 e sl G 4 S @ ax
o=l 4 > (RNA interference, RNAI) RNA =5
od S ad 05 Ol g a) Numb o sl ija_.ﬂ
05 Sl 6N GRIA Gl G (ke cdisi e
51 05 Bel-2 0 ralS 5 ((Jdw 4 > 03) P21
e any aml s SKE62 lad e s (3520
=l Al ke Wl e ey (pl D3 et S
sladshe o Msi2 Ol S 1w ler 5T 4 o
Sele aS Numb ooy ol ST L ol Shs LS )
|5 Al Jas e el b b i 3 oS s
S Numb gL lea_.d sl bl e MSi2 Ol i8S

Clinical Significance of MSI2 Expression in Chronic
Myeloid Leukemia Patients. Acta Haematol 2016;
136(1): 62-4.

8- Ito T, Kwon HY, Zimdahl B, Congdon KL, Blum J,
Lento WE, et al. Regulation of myeloid leukaemia by
the cell-fate determinant Musashi. Nature 2010;
466(7307): 765-8.

9- Nishimoto Y, Okano H. New insight into cancer

therapeutics: induction of differentiation by regulating

the Musashi/Numb/Notch pathway. Cell Res 2010;

20(10): 1083-5.

Essers MA, Trumpp A. Targeting leukemic stem cells

by breaking their dormancy. Mol Oncol 2010; 4(5):

443-50.

Wong ML, Medrano JF. Real-time PCR for mRNA

quantitation. Biotechniques 2005; 39(1): 75-85.

Garcia-Alegria E, Lafita-Navarro MC, Aguado R,

Garcia-Gutiérrez L, Sarnataro K, Ruiz-Herguido C, et

al. NUMB inactivation confers resistance to imatinib

in chronic myeloid leukemia cells. Cancer Lett 2016;

375(1): 92-9.

Rousselot P, Huguet F, Rea D, Legros L, Cayuela JM,

Maarek O, et al. Imatinib mesylate discontinuation in

patients with chronic myelogenous leukemia in

complete molecular remission for more than 2

years.

Blood 2007; 109(1): 58-60.

14- Mauro MJ, Druker BJ, Maziarz RT. Divergent clinical

10

11

12

13


https://bloodjournal.ir/article-1-1108-fa.html

[ Downloaded from bloodjournal.ir on 2026-07-02 ]

47 ﬁ'.'.Ll Al QJLQ.»:;I NY 092

<

15-

16-

17-

18-

19-

20-

outcome in two CML patients who discontinued
imatinib  therapy after achieving a molecular
remission. Leuk Res 2004; 28 Suppl 1: S71-3.

Griner LN, Reuther GW. Aggressive myeloid
leukemia formation is directed by the Musashi
2/Numb pathway. Cancer Biol Ther 2010; 10(10):
979-82.

Park SM, Gonen M, Vu L, Minuesa G, Tivnan P,
Barlowe TS, et al. Musashi2 sustains the mixed-
lineage leukemia-driven stem cell regulatory program.
J Clin Invest 2015; 125(3): 1286-98.

Kudinov AE, Karanicolas J, Golemis EA, Boumber
Y. Musashi RNA-binding proteins as cancer drivers
and novel therapeutic targets. Clin Cancer Res 2017;
23(9): 2143-53.

Akasaka Y, Saikawa Y, Fujita K, Kubota T, Ishikawa
Y, Fujimoto A, et al. Expression of a candidate
marker for progenitor cells, Musashi-1, in the
proliferative regions of human antrum and its
decreased expression in intestinal metaplasia.
Histopathology 2005; 47(4): 348-56.

Byers RJ, Currie T, Tholouli E, Rodig SJ, Kutok JL.
MSI2 protein expression predicts unfavorable
outcome in acute myeloid leukemia. Blood 2011;
118(10): 2857-67.

Kharas MG, Lengner CJ, Al-Shahrour F, Bullinger L,
Ball B, Zaidi S, et al. Musashi-2 regulates normal
hematopoiesis and promotes aggressive myeloid

YYo

leukemia. Nat Med 2010; 16(8): 903-8.

21- de Andrés-Aguayo L, Varas F, Kallin EM, Infante JF,

22

23

24

25

26

Wurst W, Floss T, et al. Musashi 2 is a regulator of
the HSC compartment identified by a retroviral
insertion screen and knockout mice. Blood 2011;
118(3): 554-64.

Zhang H, Tan S, Wang J, Chen S, Quan J, Xian J, et
al. Musashi2 modulates K562 leukemic cell
proliferation and apoptosis involving the MAPK
pathway. Exp Cell Res 2014; 320(1): 119-27.

Hope KJ, Cellot S, Ting SB, MacRae T, Mayotte N,
Iscove NN, et al. An RNAI screen identifies Msi2 and
Prox1 as having opposite roles in the regulation of
hematopoietic stem cell activity. Cell Stem Cell 2010;
7(1): 101-13.

Chavez-Gonzalez A, Bakhshinejad B, Pakravan K,
Guzman ML, Babashah S. Novel strategies for
targeting leukemia stem cells: sounding the death
knell for blood cancer. Cell Oncol (Dordr) 2017;
40(1): 1-20.

Babashah S. Cancer stem cells: emerging concepts
and future perspectives in translational oncology.
Switzerland: Springer International Publishing; 2015.
p. 140-5.

Babashah S, Rezaei-Tavirani M, Zamanian-Azodi M,
Saki N. Chronic myeloid leukemia as a stem cell-
derived malignancy. Journal of Paramedical Sciences
2012; 3(2): 43-55.


https://www.ncbi.nlm.nih.gov/pubmed/27678246
https://bloodjournal.ir/article-1-1108-fa.html

Sci J Iran Blood Transfus Organ 2017; 14(3): 217-226

[ Downloaded from bloodjournal.ir on 2026-07-02 ]

Original Article

The Effects of Msi2 Knock down on Expression Levels
of Musashi2-Numb Pathway and Genes Involved in the
Proliferation and Apoptosis of Chronic Myeloid
Leukemia Cells

Moradi F.}, Babashah S.%, Sadeghizadeh M.}

lFaculty of Biological Sciences, Tarbiat Modares University, Tehran, Iran

Abstract

Background and Objectives

The expression of Numb as a cell-fate determinant gene leads to inhibition of leukemic cell
growth. The high levels of Musashi2 (Msi2) results in down-regulation of Numb in chronic
myeloid leukemia cells. In this study we knocked down Msi2 using RNA interference (RNAI)
strategy and investigated the effects of this knock down on the expression of Musashi2-Numb
axis and genes involved in proliferation and apoptosis.

Materials and Methods

In this experimental study, synthetic double stranded siRNAs designed to target human Msi2
were transfected to K562 cells using Lipofectamine in duplicate. Changes in the expression
levels of Msi-2, Numb, P21, and Bcl-2 genes 48h after transfection were evaluated by real-
time PCR. Induction of apoptosis in transfected leukemic cells was determined using Annexin-
PI staining and flowcytometry analysis. Data were analyzed by t-test.

Results

We found that upon Msi2 suppression, the expression levels of the cell-fate determinant Numb
showed two-fold increase in K562 cells (p < 0/05). Msi2 down-regulation and subsequent
increase in Numb expression levels caused the elevated expression of p21, as a cell cycle
regulator (p < 0/05). In addition, Msi2 down-regulation promoted cell apoptosis via the down-
regulation of Bcl-2 expression (p < 0/05). We observed that the rates of apoptosis in leukemic
increased to 52% and 60%, 24h and 48h after transfection.

Conclusions

It seems that Msi2 could be an option for targeting leukemic cells and its down-regulation
through RNAI strategy may lead to induction of apoptosis in leukemic cells. This approach
may open up new opportunities for leukemia therapy.
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