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Review Article
The role of Musashi protein in spermatogenesis and male infertility

Talebi-Yazdabadi Z*, Dormiani K2, Forouzanfar M?, Lachinani L3, Tavalaece M*, Nasr-Esfahani MH*

1- Department of Reproductive Biotechnology, Reproductive Biomedicine Research Center, Royan Institute
for Biotechnology, ACECR, Isfahan, I.R. Iran.
2- Department of Molecular Biotechnology, Cell Science Research Center, Royan Institute for Biotechnology,
ACECR, Isfahan, I.R. Iran.
3- Department of Molecular Biotechnology, Cell Science Research Center, Royan Institute for Biotechnology,
ACECR, Isfahan, I.R. Iran.
4- Department of Reproductive Biotechnology, Reproductive Biomedicine Research Center, Royan Institute
for Biotechnology, ACECR, Isfahan, I.R. Iran.

Received: 2018/12/16 | Accepted: 2019/05/7

Abstract:

Background: Inactivation of transcription occurs during two phases of spermatogenesis.
First, in spermatocytes entering the primary meiosis and the second in round and elongating
spermatids. These stages of inactivated transcription demand extensive regulation of
translation. Therefore, presence of the control on gene expression during spermatogenesis
seems essential. In the cases that post-transcription controlling mechanisms show an
abnormal function, spermatogenesis will be impaired. RNA-binding proteins have an
important effect in this phenomenon. One group of these proteins is Musashi family that
plays a critical role during spermatogenesis and this study aimed to examine the role of this
protein family during spermatogenesis.

Materials and Methods: This study was a review article and the selection of the papers was
done using Google scholar, PubMed and Scopus databases and special key words. Then, all
related English-language papers between 1994 and 2018 were considered.

Results: Several studies showed that Musashi 1 had an important role in the early stage of
spermatogenesis in which spermatogonia and gonocytes proliferate, while Musashi 2 had a
central role during the late stage of spermatogenesis for differentiation of spermatocytes and
spermatids.

Conclusion: Musashi proteins have a critical role during spermatogenesis. Severe
pathological defects were detected in transgenic models with knockdown or knockout
Musashi, including sperm abnormal morphology, DNA fragmentation and low fertilization
potential.

Keywords: Spermatogenesis, Sperm parameters, RNA binding proteins, Musashi, Male
Infertility

*Corresponding Author:

Email: mh.nasr-esfahani@royaninstitute.org

Tel: 0098 319 501 5680

Fax: 0098 319 501 5687 Conflict of Interests: No

Feyz, Journal of Kashan University of Medical Sciences, August, 2019; Vol. 23, No 3, Pages 308-317

Please cite this article as: Talebi-Yazdabadi Z, Dormiani K, Forouzanfar M, Lachinani L, Tavalaee M, Nasr-Esfahani MH. The role of
Musashi protein in spermatogenesis and male infertility. Feyz 2019; 23(3): 308-17.

oA



http://feyz.kaums.ac.ir/article-1-3769-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2025-11-15]

Laa po (559,00 9 335 99 yaual yo Musashi (s gy (il

e fﬁf 4 o sogu.-ﬂ L f,&w; g f@l«us SIS ‘U\@leh;a. oAb o)
oM

3300 319 4 2o 5 sl 53 L Sy 1l g BT 355 5 e el izl 5 51 Al s 53 (b 53 g 55, B 5 1B 9 Al
02 S Dot W3l g g5 DASB o Jol o nl SAS i b Il 53 55 sl gl 5o 6K 5 g e 4T
JAS GlapmilSe & (52,050 53 s 0 Biay 550 05 Ol BT Sl (e gias 3 day IS 2 s alaly Aies ae g
2 e 8 RNA & o p Juaie oSy 3550 Jiee 5550 pral gl oAl il a5 Shas g 5395 51
Sun 5 Lyl 555 el 53 e i 4 diies Musashi eal gl 4 Glase by s opl 5 0s 8 S Liyls b Se !
Al 355k el AT 3 (b 55 S p sl Bl cpl Caedl s 2 (S50 sele n

PubMed Google scholar oMbl sl G b 51 @Ylie Sl 5 cl (5550 andllae K andllae ol 1 595 § Slgo
g 3550 VARFY A cladle o Lo e O el YL plos W23 S Sy se sadS 083l elul » Scopus
a5

@l bislu s 5 b o sS sle sl 25 )3 sage S5 5550 el gldnl 55 Musashi 1 a5 dlesls OLES (gaumis olalllae 1gm b
Al gr ol Sl 28 sl sl 5 o 5 ol 32l 55 45 ol MUsashi 2 cpl 5555k sl sl 55 45 > s
Musashi by 2 Ol & ol 5 sladde 53 L)l Sl 28 55 5l sl AT 5 5> Musashi glagns g 5 15 w8 doud

5 DNA ol p ol (5955550 031k b dhor 51 hdd (5950 Sl ool o Bgin b 4Bl 2alS LOT o

.-Lfta.uu.aéj‘g)h. o).»:'ﬂls

L3 e 559,86 Musashi RNA & o5 g5 Juas 56555 1 0 el Lo 005k 555 5o el 1G0T O™ 319

YAV Slrio QA g b g 305 0 Fo,led PIw 9 S 09 (o g — ede wlisbe s

sy SBGIaLE S el 53 &S Wiles S 5,18 Olaks
Do O 51 do s ¥ oS spdip e dils e e, sSG
Bk Y] ol rs) o S ke s sbay OF dosa Yo 5 Ols e
33,8 0 Sy (G5l T b 5 ey Lol
Eo 8N $588m 53 S Sl bl @iy ek 5 (S
b 53 glepml duT 3 5505 03 Oly @ulis J 28 4 5L 5 e e
GLdsbe & oS Sl Slaiy i sbdse pll
sabie ST adm Slege gbadd 058 G5 sk sl
Wy sl ¥ @by bdshe 51 omer (oS8 bl
sbdale das o LS5 1) 53 Su; dob 5o ‘aﬁul €‘3|J.A
Ay G gl Mg b S gl sl ol
53 plwl b o 5l sl s s g0 ool (5 5200 Slorm
Aas o 1) Adhle 59,5 Gkl pul S (G5 g
F o AL TSl & 655 bl gl ol Rl
s oSS line [F] ssdip bl (55sm b Al b
4oy edd by Slegie sl 51 AL sl55 5l (s
4 aly F5Flml Ml s Sl ksl e
4 Ol Jolo olad 53 5 ol (3355,81) 4ils 0 Gla0 40, 90
2% e $ad g G (S5 B 4l 5 ales s
Aol go ¥] el 5L Jge gbdsde L S -

Sk 52 SIEU 1, Gabl (Sl llag Olesle
U’:}) j‘ aalau! NEE" d’l’}j rk'-ﬂ bééj ol VY )'| e
2 Mjag, SIS S goull S e i K0

[V] el Ol sl s 3 aBhdnnn 55 (glay 25

WOleinol Oliwl (LI sz e Ghigel dumbe aiyl wlid IS (gyomiils .)
Oll wlgiual

(BN Sle=> (59U o j 22SuiR gy 0L 9 8RBy byl wlids IS (s9omiils P
Oyl Oleiuol (Jhodadgi (59Ld Cunmnyj 29,5 cJho 3adgi (Sl jy Oligiions S o

Ol 55 p0 o dISE1 Slez ()9l Canmj 035hmg 3y Wby sty 3y bsbiuwl W
Ol lginal o J9SUgo (§)9Lid s j 2955 «(Jokw psle

35 0 (DB Sle ()9l Canyj 23S Sy (0L AR S (555> (Sgmiils F
Olnl leuel ¢ JsSU50 (529Ld Canmj 9,55 o Jokus pole Olinions

3S 0 o B Slex (Go9ld oy 03Sdag S by ddag Ry iyl pulid)lS .0
Ol Oleiuol ( J9SU90 (5)9Ud s 29 )5 Ik pole Oliniies

Oligdiog 35 po o DL oz (S9US Cammn ) 238id Sy 0Ly iy Sy b sl .7
Ol leduol (Jio 3udgi (529U s 09 )5 cJlodalgs (b iy

Ol S po (DL Slez )9ld Camn) 238pg S WObgy sy obiwl .Y
Ol leduol (o 3udgi (59U Camnyj 09 )5 cJhodalgs (S iy

sghuns axiunggd ¢k *

S9Ld Cannyj 23SUiadg 34 Obg) OLLS Olokw OLLS (W Bwl)s5 Wlpiuol

SF190- 10FAY 1gunagi)es P10 105A- 1043
mh.nasr-esfahani@royaninstitute.org «Saig)3SH Cuny

1FAA/P/IY 3aled gbyssy AnG 1¢AV/9/F0 scablyys A6

¥4


http://feyz.kaums.ac.ir/article-1-3769-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2025-11-15]

S el b ls 4 Jlail b &S s LSy 5 S5
SopilSs s 5 oslinul b 1, Of 0L e GRNA
MKlr S hls Sl by cnl S oS IS
S8 ol Cad g pluld Jghs oS aza RNA il
895 3 m Sl ;3 RBPS g .ol Gaa RNA
05 Ols RS lp iy Bl S Ol 4 5 Sl G502
LT3 55 5550l 53 OT (55900 5 S 0 Jos Jhus )
ol W] clodds Sl e 4 ade 00 LWl S
P sadshe ple g S5 55 &S Cledd 7 ke slgty
g gleyss (b )3 pma$a) ) day Dol Jg s RBPS
Msi) o3l gl & (glasdlan s 1,80 [VF] dimen iy,
23 ksl a8 cwleas o )lal RBPS aws 31 Musashi
9wl gbl5 slad e sed ool oS s Ol g 4 M50
Jsh ga3 g 45 Gl 0l 155 cpizman 5 odd Ll ) e
Jlsl s ]l Sl A8 B 6000k Jeily B 5 p el
03 «S5Pamass aate Ukl I s F N8 ws
Cd g s 53 05 ) 53 e &S K S IS g
53 35 ol G ds Wb a8 (o pll Sl i glad b
g 95 Mdasass (2ol Lo pll S s (eole -
b oS e JSb (Ma) as b 5 (Ib) e Slein Jobe
4 pra oS ool Sz & (s b J g 5305 pl 93 Dglige
ol cald s 4 plply g 3l (Lo slasbl) slow]
o3 e Ol bws hed g b oojle S 4 U
Ol 31 V0] Ll "Musashi™ 1, &5 cpl (Slugs 55 90le)
i 5 golas ys Msi s, LS Sl O ais
Colodd plulid OLl 5 e sl talexr 51 S8
Y4 JsSse 055 5 dweldnd ¥PY lols Msi 55, VY]
95 Glls atign ol opl slasl V8] sl 04l ghS
RNA recognition ) RNA (geiis glubid o ety Jis
KU 5l ol S S G hwy &S azes (motifs; RRMs
&5 o¥sp 5= N gab 53 I 3 ol [IV] il o
e () o)led JKE) Az s S Blix jles &S Ole 53 ol
3 PIA] R 4 e SlS DLl 5 oge ki f s S 500
Sl 31 o3 VE-VE L& s ol g diile pladi S o
2 V4] wlh cals Sl RRM JIg b b s cpl el
4 5 gk sbas RRMI ¢ glad g 5 5505l Sldlas ol
" e Sas GRNA s s, 00 Jg 4 polasl )0
Sl sl 5ol b i3 iy RRM2 a5 Jl 53 a9

S Ils ol [IV] sgdie plp Vv spde b Jlasl cpl ol,lS

¥\

Ol 6":’13}1 b

Slems oSy 5 G Ss B gl (lay S 53550 gl
05 b plaptan bl 5o ssie cpl 4 [O] 2sd e oS5
O gt Sl (I Gy ) Olgecos oS JS e
0920 e Ksdis G55 bt 5o SSligw gla
SLoSs g el Loy, (s s sb b= 3 gladsle
12,5 N0 sl il GDNA & (g5 5bay Kipd o JUS
b § O gp 3Rl 2980 iy A0 )3 AD 5 8 st
5 ok ppl Jg 53 DNA VL (S15 o bapmlis
bt 5 S Sa0AE o, 5s §lSl plp 5o 1 OF pmes
Oles S 0MaeST e b Ly, (nl S ol (ks NS o L
ol 03 pAB S A g Cxmal Pl ey Lo s gl
2 el G015 DNA (g lul 2als o (500
9 M5 5 ol @ Calgss g edd b mul gl alp
YU (515 oyl P10 ] 5138 e G e ) g
i RNA g ly OF 258 ojms 52 5 o5lasS
2525 QM b b gl ol db 53 (g,
00 LSS b edalie 555kl dal 5 Al e g )
=S 55 pnl s sha 1) 55 GDNA sk &8 b)) 55
S e gy 5 WS s S s SHse
Fl S 4y A OAS b s 558 sl !
"y glitens Lol 0Ly cnl 53 45 Ligy0n iy 195 55k ol
Lpdor LOsrd R ol o sl s s S
P ol B e HlS g 555 Sl 52 SV VY]
Gelal i ity DS G A9 S Gmm Oly 4 S
Sheslimal Go b 5 d e ool ool Sl i Slad b 55
bl s s glyls GRNA & okigd foate slacnsy
o Ll ol U G e S I hex 5 1) iy a3
4 Jghs D930 BB ol S o ade sk 355 odalasrs
ol 31 ookl b Kisdie Ol oy gk b s sk s
Oy b 1) ediiaen 5 GLMRNA ol ;56 Jobu oy
SRS Sy Sl 43S 0 pFD () S S
9 ol w58 A Sk b el gy, ol S Jas (RNPs)
wlp g bl Y] aslee b sl LOT gaex 5
05 Oly (oS (air p Fp om0y 3 g S 555kl
3 s 895 5y IS GlapilSe &S (535000 3 9
Ll amd jo edd e 555l LSl 4l b 2
3 om IS Bdes 5550l 5> 1] 5580 M5 a
RNA) RNA & okips fuats glacySyn gabmss (o5
055 RBPs [t] 5,8 » ¢lil (binding proteins; RBPs

Ay A)L«Jl“ﬂ AJ}Al\VQ/\I)ﬁ}qJ}:‘:fluéé MUALBJ)


http://feyz.kaums.ac.ir/article-1-3769-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2025-11-15]

P55kl 53 Musashi (55, &

Ciman Kles S 5,155 wlie p Oldkess ) O PS (ol S
CML g sadlb e glsl s binag il Ol Gl
BE Msi ;’7‘5‘5}‘ d‘y C)‘}:.a | 0 dfa)}f J.:; ALL }AML
o3 o3 JIL ek lad e b aslis 55 55505 slad P
25 G sde w Sl il erlg S b Olpe ad
oy glad s sla S5l Oy 131 (romed 9 e L)y g0 58
Clas! e 53 35 ke & Msi-1 Y] caslodd sdaliv
@bt (Sig B 55 5 04800 Ok VLS5 5 s 55
sedd eals 0L V] 5,00 ghdS & H e g8 sbml g pled dad gl
S 5 golddl Jawy ol Msi-1 834 b b0 ol
LAUJJ"» 23 8 Msi-2 :3:.«5 ;[Y\c] L g o0 .\.‘_,}' 3 e c\g}k.ﬁ}j
ol S Gl ks i Ol 55 LOT 31 doys 00 S e sl
LT 3 oob L2l (lad el il Kas b b g
55 Ol 3l Jeel laesls Jow g 4 [Y0] AS sdalis
le E) r.:z."....a Q)‘,..é L) MSI 6\.&&5‘9# aS Cuwlesls Ol
gl el ply g aS 0 J xS 1, OGS sl O (..:8;...»):.9
3 sy KaS b s Y] K)ls 05 Ol oS 53 e
MSi-2 55 gk Bt (51803 31 5 2 RIP-PCR dla
3 ek ";\..;‘,5_’) dhmRNA S ol ok jﬂ}f K] uﬁl...l:..i
s ‘5e.u:5rj.\-;: S 3 G cp) Baa O ol
TGF-B U"L")flfi P ,; 9 ‘5:\?:..1 ‘S\AJ"LA .:JQL«.Q RNA
S 2 o.Lf:r\:.t.ﬂ Sldlas ‘.J"L"“ B ] [\'V] Llen ;JJ
Msi- Gaa 3,4 r:‘;:“"“JJLAi aS UJ.LAQJ ctliseo le..u dhuJ
(Foh sz s eSS L B s S s i ]
S 2 Y LE Sldlas [\'\] Lo DNA r.:_.c; 3 J}:'.’,J'li
B1RD) Msi-1 JJS.L«.F [RH IR "4 ‘al:u| (SosF 5 ol 6LAJ3L.«
0 s S yasis Jehwlyys Sljely e G b
5 el Msi-1 Gan b5 op joddabs 51 SNUMB
L Msi-1 D g D ges Notch u‘L"‘)flﬁ et (G0 4S g0
gl 5 15 of 0 NUMB 03 3-UTR (et & Jlas!
Notch juws cdled 2153 s Go b opl 5l osls 2ol ae 5
SIS YNl Ko sladlas ) eonen [YA] 548 e
9 o Oly Wil dol Sus aSepl w am g b [YR] 54
4 aalsl o epl ply (sl 55 Gl gl s Msi sy s Ses
6332k 5> LOT 315 5550 sl 53 WopSisp ool Coatl 5 25
SS9 » 6‘4.'.“&» c\:u‘ L3 Yeoop JL.n BL "5-9“:@ 4.'.'5‘.:}3‘ J.S U"""
é‘ﬁ th;?ﬂjbr‘ B dMSl aS A U’a‘)‘jf )\é}j})é ‘54'4&-:3

2l 5L RS e 5 5 S SLpaSsrs S e Dl

Y’e,wh’\" 5)}>|\V4/\|)ﬁ)@.ﬁ'}b‘:}a|u@5 MUALBJ)

" S pelasl Gl s JIF S 4 eaS pluls
scdgs, 5 3-UTR gaex 5 Jl e gab 0955 s
il ) 25 (oS 5 Sas 5 Lpd o Joaie Sa <mMRNA
5 5 55 Btes o WINRNP L 3k [14] i e
4 b 0dd 3l Dy g 3 Y gons MST (55 1 Nl 5,13
- o i DS ) ez i 53 OF 5 Sles 4
93 3,5 e dalin U5 o0 55 4t 53 1) g n ol oo b
4RRM2 sRRMI (5 31 K s a5l s 5 JUKem
A oyled JS2) wilas £ 15 PNLS 5 CNLS (slapl 4 i 5
Msi-) slapl 4 Msi sy, Sdaer g5 Olloe,ge 2
V] wleas plutis Musashi-2 (Msi-2) 3 Musashi-1 (1
58,15 BodS b (53b5 lm calid Msic2 s Msi-1 (sla JI s
YY) Bloal 5.9 5y S ke golidorl 05 Sy 31 oS ey 0 iy
G972 S Ol ey 53 08U &S Jllas 4 g L
P55 el XT3 53 03298 (i 3y Dlacdis ;3 RBPs
Sldlas s, b S 2505 S o addllas cpl conl 4 5 plovll
53 RBPs I & Olgea 1) MSi 5y Ol Coenl 4t dS
P oo Gossl 03 15 O B s S s p S i sl g

&S 0l

b w9y 9 3Mg0
3 oYk Sl 5 es g S0 s S candlas CJ‘l‘

PubMed, Google scholar, sledbl el b
Sl 5s 8 plwil sadS lals” 51 eslizul L Scopus
A3 eslizwl Musashi, RNA binding proteins s 0§31,
oy e ol s a5 pl 4 4z 5 b g 4Bl YAY aoed oS
sokted (ol 55l el LT3 53 Musashi oy, 3 Shes
Sperm, glaojlsads 5l lie opl mlE S
OLL s .43 eslisl 55 Spermatogenesis, Male infertility
L) b SV (Sl el e S pia glaail
Al F¥ 5 s @3l LS hagn b ki e b oVl 5 I

LS aallas 5,0y 5 bl VAAF-Y A Jlu 3l kas

xb
“dgh 5 a3l g1l 55 MSi iy sosl 55 sl
Skl (slesgy glad b (g0 SIS a5 il gl
00 3 85 A Plas) fw Gha S @by glad e 53 55
(ol Sldlas @il Jle pai= b e M) Wleas 0L

i (S SB35 ISl 5o 1) MST slaeny s Oy SRl

1


http://feyz.kaums.ac.ir/article-1-3769-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2025-11-15]

590 MSI-T 055015 b Sblgem 48 Adiesls OLE el Comsty
Ged 5 b b 5880 b alae el Gl WS e
hylyd s Ses glhmblis) sa¥ 4 omb Jlail bl
e el b Jl Olea 3 0n 8 cnl [MV] s oK les
55 45 Lals DL WOl il s (5,50 b @B 4 s
oSap &l Sl sab aw Msi-2 05 3-UTR gat
Sise 5l s lesl Sl gy OUT syls sges Msi-1
53 MSI-1 05 ol 55 b 255 eslisnl avay poluass | Cou )l 5
gPCR 30T asb wdls Ol (il 555kl ol ples
S ol Ol b il 53 FSL Al sl gl
Sode hmy AL 305 4 Cawd MSI-2 GMRNA Ol 5
ol 35 i (g Bl e Cwladl 2alS 4l V/0
sdalio S5 gl s> 5l sanlsd 5 2 ol pen 2L b
g GRS AP o MlS e patse S A
4 Ol ool 58 5H00k Jeily a8 ol 3 g (b b
B gl 3 MSi-l (5,815 oKl st ) skt
P Sess 5 eled b S g
i, Importin 5 b Msi-1 SSap (Immunoprecipitation)
39 K S O b bl gata 53 XY-body auls 2
ol V-H2AFX das 5 lammn S5l galuss 05 ST G b
XY-body auls ;5 o sl sl gaiwr ;3 MSi-1 a8 Wl
Jlo 5 EY] syls H15 (ol 0dd 3gdos gy Oy &S
(Sl el Bl s oS as IS gl s 55 YN0
Msi-1 &6 el ez sl Jom sbddw 055
Wl RPN S S Cope & GRal e s Sl
Sllas 5 (glas gazes N oylad dgdr 53 [FY] (F ojled JS05)

Sl 0 6;3]@.‘?Msi @:::}j, 60.}‘35\5 6J)ﬁd;€l:.u"

cNLS pNLS

Msi-2

O, en 5 o3blsp S

-aiged 52 a3l (555 Gl )2 05 5 cpl Slaalis bl
L e 51 Jool Sla g ) kS s (izmes g e (g sl
logos AMSi al jigr slagiged ;5 bl jls plie s
Ss 5 ag anr Hlex oo bl adyl 655 gladsbe el
53 F] as edalie WOT s o 1 Jeol (S se (5305
QPCR S5 5 bl b glandlae L3 (YVF Jla
Ol Olme (quantitative Polymerase Chain Reaction)
5 bl e ey 3L S s Msi-2 ) Msi-1 gl
I s 5o sl (518 ghs 45 Lo MSI-1 GMRNA a5 ,158
pn 55 5 (g 51 m W) 55) dub g e I s e sl
(W 51 e YY 555) Sl gl Jobo a4 1T o 5o el L3
53 Msi-2 @mRNA oly « Jlas ;5 dilassls 1) Oly o e
wdls Pl (g 51 oy P05 Y 550) 3350 sl slgSl 5 Il
e B sk Sl S 0y &S padsn (pl 4 4z g bl
lad sk 3 05l Oy 4 (aliws Hslie 4 (ol SSbogm
(SE Sl e 5, 2 PR S5 (i
0L 5 w8 plowil 58 sladile el 5 5 S G gilo
Sl 5 b 568 gl ey g 5 Msi-1 &3 ddesls
03 25 Gladsloml 5o Sl 55 ta)ls 1) Ol pide 25
P ) s sl 098 cul s 1 Ol Gl Msi-2
S is ol 2 Ses 35 355l l o5 2 MO
S MSI-2 g MSI-1 0l Lol 3 45 L5 S >l b 5wyl
Lo Msi-1 0515 slabisn 5o avay <3l o3l o Vb
@l 2alS Ao ys FY sgd MSI-2 glals il 5 55 5 deoys VY
"ol S ok 5T DNA ol 05 ccpl 5 oMl 2
Calgss g el Gl bl Dog b 2 IS 55 Sk 0l
el G g 4 e MISI2 (gla05 il 5 53 (559,b0 O e
A Sl 51 Ks (5o b sdalie 2y Msi-1 03

| page |
| LIN28

MSi-2 s MSi-1 sl 55 5 seddantls slagmess Solad K5 -) o)led IS

sl o jlim) SedlS 4 Sl 3 5 Ko RRMI 035 .l (o) RNP a5 55l 1S g2 oS 3 55 0 ealis MST 085 5 Jlin 5N s 55 (o 3) RRM 15 55

$lp s S RRM-2 5w 55 Msi-1 31 Jiw 5-C ans 55 23,05 355 (PNLS 1555555 o ki) (lates Ji&Kw 4 4nd iy S RRM-2 gab 09,5 5 (CNLS K,

24y s MSI-2 555 5 55 ol Kas 45 595 o 0ss GLD-2 Jlasl 61 » JI 5 S Msi-1 59 g5 zeen 3 )ls 542 g LIN-28 Jlasl $lp S S5 & s PABP Jlast

LY] wsb asls

Y

Ay e)L«..inle AJ}él\VQ/\IJﬁA..ﬁ'}bL"}aluéé MU:L&J:


http://feyz.kaums.ac.ir/article-1-3769-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2025-11-15]

w555\ el j3 Musashi 55, 23

Msi L,:ﬂjﬁd))fw;(ﬂzﬂ wa)‘d‘&w—\ e)Lq..i d}.\>

el aods s plosil J s oy 5 ¢
385 »p Msi-l S dsan pas s polaisl 05 S S V44 Richter K
e I 5ty s s Msi o3 Sl his
. 144¥ Nakamura M
pETITRN
Msi-1 Gaa o) 31 S Olgea NUMB 03 cass Yoo Tmai T
30 85 o s s 53 MISI1 03 (6550 15 DS ARRAS Sakakibara S

Sl 4 Wb g59,5 Com 5ol sad s 53 AMsT 05 aiS

. ] Yeoof Siddall NA
el 55 S S 5 S WP IS0 S e DSl
LoglE g5he b0 55 3 MSI-1 05 0ly il 53 AR Kong DS
Lo g )8 Ol 53 MSI-1 05 0l sl 530 ARRIA Gotte M
Wit Glosely s b s Msi-1 oly gilwdled Yo Rezza A
S g b g i ge aew O > 5 sbd Slwlie gdas
FEan s Pt e o S s Sad sk Sl (as Yoy Wang XY
Msi-1
Sisn 3 AML 0 g5 0 ju 3 Msi-2 035 Oly S50 Yo Kharas MG
Sanglen Sloty sedshe 53 MSI=2 05 0l @y 5 pasls
. ARAR de AndresJAguayo L
e bdae 5l sl
835 2 55 > M Glasis p endiin o Clad DS wls
. Yy Arumugam K
S Fak b o0 XMsi-1 e 5
OLSl 55 sy S lad s &Y 55 Msi-1 03 0l 530 ARALY Rosenfeldt MT
23 850 gbd s planl S s Msi-1 05 i& dddasbs
TICSI 1558 5l el slad S oge 35950 el
S 03555 5 2B S bl Gladshe 25 Gige 55 5l e Sutherland TM
5 S 55 $550 Sl 5 MSi-2 05 5 Shas 23S 5 55
[PV R NER I e
Sl Sla Msi-1 sy Glaal 51 S 0l sy MSI-2 05 3 ae
) ) ARRIM Sutherland JM
7 P il e sde 55 b s e
Sk 53 gl SIS S5 sl MSi-1 03 0l 92
] . ErLin S
Sl =S B JSH 5 Fge P s Yo

i. MSI1 binds Msi2 -

translational repression iii. MSI2 translationally active

'\\
~,

1
e il

N,

1 h Y
i Meiotic entry *

%

MsI1
MsI2
IPOS

ii. IPO5 binds MSI1 - Msi2 released
Spermatogonia Pachytene spermatocytes
Ll Jobe ey 552 s MSI-1 laos 31l Ol =Y o les (K2

Msi-1 555, « Importin 5 (IPOS) (s 4 56 gors b NS S do MSI=2 0l 51 (g55m 56 gars 3 Js a5 58 5l ol o g 3 Msi-1 due ol Gb

Y] 5580 Ol MSI-2 0be) cnl 55 5 das oo S Copms 53le sl &t 4 15 OT 5 0k oo

Y'a;\.a.&l""’U_;:l\"'ﬂ/\l)_ﬁ)g&_gb|b}a|ué.:3ulhb‘5> Y


http://feyz.kaums.ac.ir/article-1-3769-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2025-11-15]

A

untreated Msi-1 siRNA
-
L Ctrl SiRNA Msi-1 siRNA
':_) +heat stress +heat stress

Ol 6":’13}1 b

B
heat stress - - + +
Msi-1 siRNA = + = +
Fas
- 5
FasL — |
o
il o
Bax pemes s seew s | O
G — g
-0 - A
caspase-9 : T-"- - 3
caspase-8 © ey —
- ~ - ;‘.‘
caspase-3 A ; v —

B-fubulin — GEEEES SEE S— —

S e cliblos Sl el 516 gl s s I slad sk 5 MSE-T Y e jles IS
SIRNA L g MSi-1 035 Lol 55 45 J 55w slad s 51 25,5 55 0) Cand 55 5 MSI-1 03 (61515) obii Hlas J 5w sadgha 51 258 8 Cand 55 (A)

058 33 bl (d) (&K pm slacuode) dilod 553 T sboml o MSI-1 05 d36 J 55 glad g 51 (9L 3ldad 53 55l o el L Kilokd a5ls OLES cod b ol
243 ol J 5 e slad sk (512 GIRNA Lo 5 MSI-1 05 035 2 5als b ol sl e 98 S0 g5 45 Sl s (B) .0) 35 s s S nl U8

Sos gy s s 05 8 4 4mnd Oy Ol5me 5 4l l531 (Fas, FasL, Bax, caspase-9, caspase-8, caspase-3) 55 sl shw sla 5ol opiisp Ol (3L

JFF] dsb e Rl Golsgmn o) gt 1S 5le cpl (ABL ol b MISI-1 05 0Ly 0uS B gal b 55l o el S5 sad s 53 ST Lol Lol 0t

5 bowglml 5 5 2l 53 e S F55b !
U 5 e Ol 1 Ol cpl oMo 4 . AS o Ll Ladile sl
Ll sl ps hae adn b g3, p 15 Msi-2 5 Msi-1
Ol 5t Jol (2l Sl s S SIS 5 o) 55550 !
SIF L amlie o b Bk 3L 5 MSIE2 U 1
05 S i UIF e ool el jiie s MSI-T 0L
5 i Bdshe 55 s 5pge 8 MSI-T 05 4 o Msi-2
ol Oljen Oy pie kS 0 Wil 5 gla Bge 500k algss
93 opl 2 Ses 4 das 0 0L MSI-2 g Msi-1 g 90
s Sutherland [¥V] cl 1ee Ku 31 iy S gen
05 JIF a5 245 oS 515 Kos laalllas 5 51 Ken
5 303 sgms Msi-1 o555 gl Jlail ga=b aw MSi-2
ol Msi-1 was Slaal 51 S5 MSi-2 Y| o 5ony
038 pl el Al i S sk 5 b 2 de )l
s 5> Msi-l &8 255 308 A5 sadlas s
ol dBs a3 GRS s g ssde Ok S sS bl
I s 5l ] it 4 MSi-] 68 45 Lin gy § 5050
2 MSi-1 ol s 51 gy (I cnl 4 Gy 515 1900 0
sdd osls OLE Y JKE 53 45 1) s Wil glo sl satn
SLopSsp &5 Cal 4z A [FY] L slgde (ol
2 el a1l 35w Gl el Bl 5 50 Msi
b aan oS )3 polde )0 4 (b 55550 gl Oy kily
[FY] sl Gt 0 slos 31 Spml ales 5o s S

Gk Ol 5 @3S B E58 el Ly g cad los SRl

¥

S das e 0L w53 MSI ges pnd Ol S

Ll s godmte S5 gam slas Shes b Slaal Msi Ylazs
Jl s Nty o o cales s syl pwir sladle nles b
slaws Mdgrg,s AMsi glaasly g Lo S gi)bf Yoop
035 b b w53 (e 5 Jool GG LS s g Laain
Ll (i SOlamds &l OF Kby psos ol
“ay el 05 plonil proes 5 5b 4 LOT (5938 L g S e
Gt &S s oyl slanle gLl GAShle gan o sdle
[r] el Sae b3 Legiss S il s s
Shan 3L JS 83y » adlas L YO\Y Jl. s Sutherland
sdsle s Gaes Msi-1 qmRNA & 55 5,058 i
sl 5 Il s W Msi-2 gmRNA 5 com 5l el
“dgbe 53 03 93 opl Oly (bl b Ll sl e Dby 5550 el
3 FSY sl (GE bl i gl
05 48 3ls Bl 5 5,80 s 4 g glie BB S sl sl
S 38 LSl el Lau'»‘,f_,suﬂl r...»M.;_,:,.n s Msi-1
il 5 5 sbaslemul 3 MSI-2 05 a5 b= 5 el Ol
599 e b e p Sl ol @b e g el ,ls Oly
Ol 5w SSbogw Sad sho o> 4 i i glad sl
ol 4l s A el Gl Lk ol o Msi slaoj
55 Sdghe ol g5 55 MSi-l &5 ad s &) 50
4 3550 5 LUS bl dghe 2S5 G5l s

Aol 53 Msi-2 a5 Jl= 5 oyl Ss e gdl>

Ay A)L«Jl“ﬂ A)}}l\VQ/\I)}l}q.i}:‘:}aluéé MUALBJ)


http://feyz.kaums.ac.ir/article-1-3769-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2025-11-15]

e 3550 el 53 Musashi o5y a8

NS5 m 5 B ol S5 1 J 5 e s DL
sl 5o Msi-l as, 0l el gl alexr
boadaly 5o godae Sldlas ax 51 [PY] culead 5,058
modd plonil 355 55k el Aol 5 5 MST (gosl gl i85 5 el
“oSan ol o L Al s SV 5 (gl S5 s (el
5 oS gk er Gl (Kdaeid sl b

ol e Olizean p el 095551 281,

S 5 domis
4 ekigd faate glagtsn I MST (a5 el sl
S ol 53 0T 2B elaly 5oyl S s RNA
ok 53 g 3 o T Slat slad gl O, s
23 pes KD wld Mdghyns saan g e sl
3t 590k S g p el 285 3 Lol 28 sl Sllas
33 NI MSI 5y 5 WU gla 590 3 .l 0 55158 53
odd )5 3 ol S Culgns g el sle Rl
Wl 00 buSsn ol Sonal i 2015 550 S el
ol 2ol b Ol o ol ply el o2 &51,1 LS 535 55l el
Bl 4 Sl gaan C3b g el gladge 5 LS
Sl osm 55 LOT Il CIs 5,00 55 G

Bl s s 0

SI108 9 LS
Fr e OLer 5 aslel gadS 5 abgin
53 &S Olghal o Dby, sl Cwn) uSiagn (Jlided

.:‘,«.‘iw ‘;b,.ﬁj;,::‘.xs;; dL«JA‘J ‘)Lsduua.ﬂ d‘:')&

References:

[1] World Health Organization. WHO Laboratory
manual for the examination and processing of human
semen, 5" ed. Cambridge: Cambridge University Press,
2010.

[2] Esteves SC. Novel concepts
in male factor infertility:  clinical and laboratory
perspectives. J Assist Reprod Genet 2016; 33(10):
1319-35.

[3] Sutherland JM, Siddall NA, Hime GR, McLaughlin
EA. RNA binding proteins in spermatogenesis: an
in depth focuson  the Musashi family. ~ Asian  J
Androl 2015; 17(4): 529-36.

[4] Bettegowda A, Wilkinson MF. Transcription and
posttranscriptional reegulation of spermatogenesis.
Philos Trans R Soc Lond B Biol Sci 2010; 365(1546):
1637-51.

VeJWI“ﬂ 5)}>|\V4/\|)ﬁ)@.ﬁ'}>‘:}a|u@5 MUALBJ)

$90kU S cp pal 5 Shes 5 (on el Sla )l CohS falS
3 Sl Sad s [FO-YA] das o a3l s e 53 1)
[F0] dmes pslin Sl 5 (B ol pln 53 o gl ol
B s el L e sbdde (Jg e glad g
ool Bl g 1y Ol KB [FY] 8 cliblouw i
SIS sl Msicl g [FY] a8 bis 53 5,0~
Sl il SIS el (53358 ol SIS
Sl il glail 4wl 53 &5 dter (oDl i SILL sl
IS S imh Gl el NS e S e
Sun Erlin tul) ees 53 [FY] csl oo sl sl 515 (58
Sudsha 5o Msi-1 555 Oly oy 2 55l 4 H1,Kea
Py S 3 oslinal b caday gles SRl b OF Bl 5 (g e
MSi- 05 L8 gla i ge 45 Slo) Lsls OLES (35 euiS i pols-
ol GBS LS I Gl el e o ]
Sl JB 5 mal s 5 sbdse 5 et JS5
SIS S5 &S LS B el ol Kade
i g sl GlapmsilSe 51 (S Kl g o (o !
“Jshe ooy g 53 BRKI/Z 2l )1 ol Tl p3 5
3 odd Jlb 5 ah id b ful plgl @ mal 5o (Joipm gl
sldghe 55 XS o pedl WS cpl 5 1) de i
33 P-ERK1/2 s sl dlad u36 MSI-1 035 45 J 55
rl 0230l padge b 3 g pad JUd (Gl 2 e el Tl 5
- ka5 Msi-] s ss PERKI/2 iblis s 45
b oamlie o (MSi-1 05 50 el b 5 glabige conlpliy o5
wsg Syl Gl sl lls 3 Jseme 5 sla e
53 I 8 n LOT (5505L0 & e 05 cpl Oy 55 I

bkas o slaotis p Oly f2alS 5 slavan - S48 D (s pdyd ol

[5] Tavalace M, Abbasi H, Deemeh MR, Fotohi F,
Sadoughi Gilani MA, Nasr Esfahani MH. Semen
parameters and chromatin packaging in microsurgical
varicocelectomy patients. Int J Fertil Steril 2012; 6(3):
165-74.

[6] Nasr-Esfahani MH, Razavi S, Mozdarani H,
Mardani M, Azvagi H. Relationship between protamine
deficiency with fertilization rate and incidence of sperm
premature  chromosomal condensation post-ICSI.
Andrologia 2004; 36(3): 95-100.

[7] Tavalace M, Bahreinian M, Barekat F, Abbasi H,
Nasr-Esfahani MH. Effect of varicocelectomy on sperm
functional characteristics and DNA methylation.
Andrologia 2015; 47(8): 904-9.

[8] Tavalaece M, Razavi S, Nasr-Esfahani MH. Influence
of sperm chromatin anomalies on assisted reproductive
technology outcome. Fertil Steril 2009; 91(4): 1119-26.

\0


http://feyz.kaums.ac.ir/article-1-3769-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2025-11-15]

[9] Nasr-Esfahani MH, Razavi S, Tavalace M. Failed
fertilization after ICSI and spermiogenic defects. Fertil
Steril 2008; 89(4): 892-8.

[10] Nasr-Esfahani MH, Razavi S, Mardani M, Shirazi
R, Javanmardi S. Effects of failed oocyte activation and
sperm protamine deficiency on fertilization post-ICSIL.
Reprod Biomed Online 2007; 14(4): 422-9.

[11] Gunter KM, McLaughlin EA.
Translational control in germ cell development:
A role for the RNA-binding proteins Musashi-1

and Musashi-2. IUBMB Life 2011; 63(9): 678-85.

[12] Paronetto MP, Sette C. Role of RNA-binding
proteins in mammalian spermatogenesis. Int J Androl
2010; 33(1): 2-12.

[13] Idler RK, Yan W. Control of messenger RNA fate
by RNA-binding proteins: an emphasis on mammalian
spermatogenesis. J Androl 2012; 33(3): 309-37.

[14] Venables JP, Eperon I. The roles of RNA-binding
proteins in spermatogenesis and male infertility. Curr
Opin Genet Dev 1999; 9(3): 346-54.

[15] Nakamura M, Okano H, Blendy JA, Montell C.
Musashi, a neural RNA-binding protein required for
Drosophila adult external sensory organ development.
Neuron 1994; 13(1): 67-81.

[16] Sakakibara S,Imai T, Hamaguchi K, Okabe
M, Aruga J, Nakajima K, et al. Mouse-Musashi-1,
a neural RNA-binding protein highly enriched in
the mammalian CNS stem cell. Dev Biol 1996; 176(2):
230-42.

[17] Sakakibara S, Nakamura Y, Satoh H, Okano H.
RNA-binding protein Musashi2:
developmentally regulated expressionin neural precurso
r cellsand subpopulations of neurons in mammalian CN
S. J Neurosci 2001; 21(20): 8091-107.

[18] Good P, Yoda A, Sakakibara S, Yamamoto A, Imai
T,Sawa H,et al. The human Musashi homolog 1
(MSI1) gene encoding the homologue of Musashi/Nrp-
1, a neural RNA-binding protein putatively expressed in
CNS stem cells and neural progenitor cells. Genomics
1998; 52(3): 382-4.

[19] Yoda A, Sawa H, Okano H. MSI-1, a neural RNA-
binding protein,
is involved in male mating behaviour in Caenorhabditis
elegans. Genes Cells 2000; 5(11): 885-95.

[20] Okabe M, Imai T, Kurusu M, Hiromi Y, Okano H.
Translational repression determines a neuronal potential
in Drosophila asymmetric cell division. Nature 2001;
411(6833): 94-8.

[21] Fox RG, Park FD, Koechlein CS, Kritzik M, Reya
T. Musashi signaling in stem cells and cancer. Annu
Rev Cell Dev Biol 2015; 31: 249-67.

[22] de Andrés-Aguayo L, Varas F, Kallin EM, Infante
JF, 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.

[23] 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.

[24] Sakakibara S, Nakamura Y, Yoshida T, Shibata
S, Koike M, Takano H,et al. RNA-binding protein
Musashi family: roles for CNS stem cells and a
subpopulation of ependymal cells revealed by targeted

Y\#

O, en 5 o3blsp S

disruption and antisense ablation. Proc Natl Acad Sci
USA 2002; 99(23): 15194-9.

[25] Cox JL,Wilder PJ, Gilmore JM, Wuebben
EL, Washburn MP, Rizzino A. The SOX2-interactome
in brain cancer cells identifies the requirement of MSI-2
and USP9X for the growth of brain tumor cells. PL0S
One 2013; 8(5): €62857.

[26] Kwon HY, Bajaj J, Ito T, Blevins A, Konuma T
, Weeks J,et al. Tetraspanin 3 Is Required for the
Development and Propagation of
Acute Myelogenous Leukemia. Cell Stem Cell 2015;
17(2): 152-164.

[27] Park SM, Deering RP, Lu Y, Tivnan P, Lianoglou
S, Al-Shahrour F, et al. Musashi-
2 controls cell fate, lineage bias, and TGF-B signaling
in HSCs. J Exp Med 2014; 211(1): 71-87.

[28] Imai T, Tokunaga A, Yoshida T, Hashimoto
M, Mikoshiba K, Weinmaster G, et al. The
neural RNA-binding protrotein Musashil translationally
regulates mammalian numb gene expression by
interacting with its mRNA. Mol Cell Biol 2001; 21(12):
3888-900.

[29] Rezza A, Skah S, Roche C, Nadjar J, Samarut J,
Plateroti M. The overexpression of the putative gut stem
cell marker Musashi-1 induces tumorigenesis through
Wnt and Notch activation. J Cell Sci 2010; 123(19):
3256-65.

[30] Siddall NA, McLaughlin EA, Marriner NL, Hime
GR. The RNA-binding protein Musashi is required
intrinsically to maintain stem cell identity. Proc Natl
Acad Sci USA 2006; 103(22): 8402-7.

[31] Sutherland JM, Fraser BA, Sobinoff AP, Pye
VI, Davidson TL, Siddall NA, et al.
Developmental expression of Musashi-1 and Musashi-
2 RNA-

binding proteins during spermatogenesis: analysis of
the deleterious effects of dysregulated expression. Biol
Reprod 2014; 90(5): 92.

[32] Sutherland JM, Sobinoff AP, Fraser BA, Redgrove
KA, Davidson TL, Siddall NA, et al. RNA binding
protein Musashi-1 directly targets MSI-2 and Erh during
early testis germ cell development and interacts with
IPOS5 upon translocation to the nucleus. FASEB J 2015;
29(7): 2759-68.

[33] ErLin S, WenlJie W, LiNing W, BingXin L,
MingDe L, Yan S, et al. Musashi-1 maintains blood—
testis barrier structure during spermatogenesis and
regulates stress granule formation upon heat stress. Mol
Biol Cell 2015; 26(10): 1947-56.

[34] Danno S, Itoh K, Matsuda T, Fujita J. Decreased
expression of mouse Rbm3, a cold-shock protein, in
Sertoli cells of cryptorchid testis. Am J Pathol 2000;
156(5): 1685-92.

[35] Durairajanayagam D, Agarwal A, Ong C. Causes,
effects and molecular mechanisms of testicular heat
stress. J Reprod Biomed Online 2015; 30(1): 14-27.
[36] Tavalaee M, Bahreinian M, Barekat F, Abbasi
H, Nasr-Esfahani MH. Effect of varicocelectomy on
spermfunctional characteristics and DNA methylation.
Andrologia 2015; 47(8): 904-9.

[37] Bahreinian M, Tavalace M, Abbasi H, Kiani-
Esfahani A, Shiravi AH, Nasr-Esfahani MH. DNA
hypomethylation predisposes sperm to DNA damage in

Ay A)L«Jl“ﬂ a,;:|\\"\/\|,ﬁ,@.ﬁ',>l:}a|u@§ MUBLBJ)


http://feyz.kaums.ac.ir/article-1-3769-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2025-11-15]

o P55l j3 Musashi o5, &

individuals with varicocele. Syst Biol Reprod Med 2015;
61(4): 179-86.

[38] Roque M, Esteves SC. Effect of varicocele repair
on sperm DNA fragmentation: areview. Int Urol
Nephrol 2018; 50(4): 583-603.

[39] Sadeghi N, Tavalace M, Nasr- Esfahani MH. A
Cellular Perspective on the Importance of Oxidative
Stress Effects on Sperm. J Ardabil Univ Med Sci 2018;
18 (1): 7-20.

[40] Paul C, Teng S, Saunders PT. A single, mild,
transient scrotal heat stress causes hypoxia and

Y’e,wh’\" AJ}Al\VQ/\I)ﬁ)QJ}ﬂ:}aluéé MUBLBJ)

oxidative stress in mouse testes, which induces germ
cell death. Biol Reprod 2009; 80(5): 913-9.

[41] Griswold MD. The central role of Sertoli cells in
spermatogenesis. J Semin Cell Dev Biol 1998; 9(4):
411-6.

[42] Cai H,Ren Y, Li XX, Yang JL, Zhang CP, Chen
M, et al. Scrotal heat stress causes a transient alteration
in tight junctions and induction of TGF-f3 expression.
Int J Androl 2011; 34(4): 352-62.

[43] Kiebler MA, Bassell GJ. Neuronal RNA granules:
Movers Makers Neuron 2006; 51(6): 685-90.

v


http://feyz.kaums.ac.ir/article-1-3769-fa.html
http://www.tcpdf.org

