[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

o] Wl

MV EAVA sladadn N Y s las VY 590 N V9E m/;&w_i'éi_}#ﬁ}k PyieATR ;éﬂ_)v; suSeiils dhao I l ] ]\f I i

P Floysl (s (SBJghws Culgi s (i 53 Iy SO glew i1

o AS>

. 9

Y0/ VN Lt T WAEAN/ Vil WALV E el s

el 558 el o3l glad s pLaS 5 5SS 31 alobesle 5 edomy shul 3 e el ke o s
ISl 5 plad (olip 355 015 b3 4 jamie g3l lad ke Ol 5oy (SSCs) (555 5o ol (g3l glad b
5SS ey D3l 3 S lad sk (e ils (bl (1 (65 a0k b 3 a4 (SCE5 (slaesl
Oless 55 03234 S8Cs 03 2§ 5 )L 5 Canl a5 L adites i3 38 5ke el (o3l ladshe il
@ols glad sl Cdisi s e 53 5 e ladsho b miSen A8 s sl el 5l G 6555l
25 555 5l

Sy pske oKy (S gy eaSCil 5Ll 05,8 5o \WAY 3T G YAY LT 51 o adlas ol s s
@l lad s 5 I lad s izl .o 8 plasil (035, T=1) JLG NMRI ls ose 555 2 016
s S L g glad sl onle i I e 5T n b e 5 (b 3l sla e Sl S Sl
J\_\J_L (Promyelocytic leukemia zinc-finger, PLZF) i shons oy (5395 Sl s s S0l LSSCs
2 (,8) miSes 05 5 S5 gladsle b miSen 058 55 55 558 5l sl o2l slad sl s
oy STy ST a5 coKiit 4l s 5 (ID4) Ly DNA Jluasl oS lge 4l plas 05 Ol Ol je i S
s ool e

o e RIS s 05,5 53 ID4 03 Ol s (5,18 AV (s e sulsls (55, LSSCs o dot ds ys cloassl
03 ade A 0Lk s iS s 05,5 3 cKit 03 Ol 4 J= 55 ((P=2/+£0) 515 OLis | (gylsbms il 53l J 28
(P=2/087) dls (5 lsbme [EalS J S | anylis

Gladsho iy S gl S5 gladshe b (23S 0n waalllas ol 51 Jols s @ a5 b g S ammdi
SLalS 0 Gl L (liigy Sogr WIS nl e la o 40 05 e 2 1 558 b el (2L
5l esliial

05 0Ly (ool 35l pal ¢ 55 sad s (35S 5o sl (ool (slad sl (S o SSS L sels” wlals”

Y T - 5 - - . N
a7l e b 158k el (Soled g slad 4 Culg 0 e s
e 5 gt Sl S8 Sl 3l sladsle s &sle

P Y .
L 558 sl ool glad s daen (55500 5 0¥ (2l5p

3 Jes A5 s s gladshe 4 pled 5 s Ol

T el 2y sl e
(S o
PPN

LS e

Sy (S g 0l Sl (o 5L 09,5 )
Ol s g7 Kby o sle
lSCls (S g oSl (o il 09,5~
Ol O Ol Sy pole

*
Ol ¢ 5 53T Ol 1 s 0 55

(S oIS Ol (S5 ple oKLl by
PPHRYR S
SYAESOYYA il

E-mail: abolhasf@sina.tums.ac.ir

PPN

2L 5 2SS 5 asliolesle sl 5 sk ST alip !
D gue QJ\_,:.» Slosnds JEASC,_«\ J;j:uﬂ\ ol slad sl

ARV GAVA Y o)las V¥ 0,90 I FUF dido] o 5 iy pale olCiils o 3y 0uSCiils aloeo


https://tumj.tums.ac.ir/article-1-7253-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

AVA S sile el (soliis glo sl ik i e G o (A s sla [l 2

23 bads ol obes 5 I8 glad b oS Glogs S8«
WY Olgeas J o sladshe b (2208 wa (lls Slap sl sladd
Pl 0Kk a5 3 e Shie

oS e Sl esliial b iS5 55 53 ek pll Sla o 2
i S Olalae sl g RO 5w slad sha
S35 b BL S S5 Sl ol slad s el S
3Tl S 1S ke S S 3 e sl she
bladdow ol b iS50 Sl Sldlas 5550 55 (pioman
S5y 60 Sl (Dl ol flis s Yr’”,\i\u; oy
5lE Al Sl ) s sladsla L 23S oa oS s
T Ulanedils S sl el sl slad e b sty
sladden 55 5 IS & (ol LIS (3 (pizen
Y S S en JUs 4 S b 3 35S pile sl o3k
SLads Oy s 3550 5 Sladllee (landls S5e stiSaydss
2 S8 Sl ol sladsle Rl by 35 0k 55 S )
ol ol ol (J 5 e Sl b (225 on

@l sladslon 80 el 5 S5 Cdllas a5 L
AN 5 g Sl eSS e s S8 ke
e 53 Jg e sladdn b 8 s Cilite Sladllas o
L iS5 s @bs0) G55 5l el ol gladshe wdsi
05 Ol Ol aalllas CGotn b S5l andllas 505 (55 5l (les
5™ Inhibitor of DNA Binding 4 (ID4) asls 3l
sduSandes 4y ooiS Jisa SSCs s "M (ekit) asl L

A el ()55 e glad s

e B ui"’J

05,5 53 \YAY BT LAY oUT 5l aS oo andllas ool s

Jice Wl osla 5 5 glatgn A plol (S35 0uaSCiils o LT
==, 033 L (National Medical Research Institute, NMRI)
fL?a\g_gzja_:@)ngzczm_:\ Ol g S 0 51 Yo gr
Misls Sigy odSlisls oo pill o5 8 Wl 0lp 53 (5 i
Sl VY Oy o spllilal Lyl 3 o 5 Ol S ¢ ke

Loslice s ol an ol oz 5 SO el VY 5 Jlidy,

Tehran Univ Med J (TUMJ) 2016 March;73(12):878-87

http://tumj.tums.ac.ir

53 o) 3 ls S i O 4y S sl e Jls
Tl e 30 4y e O s il ool slad sl
b i) S 95 Sl (ol sladshe ples 5 ol5 0
S5 SLad s 3l S LT oL ol 5
25 e el Gladl ) 55 5 0 5 Sl g sbad s g Ol s
Y S SRS IR gt WO PPN WP N W TPRCIPCe
Glial JULJS 51 sadrie Sy s 55506 Lile 2y (sla, 550
Mg b S, oS5 Derived Neurotrophic  Factor)
Ol gal —wlidosu ;) (5 9 — (Fibroblast Growth Factor 2)
(Stem Cell (g3l J sk , 251 (Bone Morphogenetic Protein 4)
s (Epidermal Growth Factor) e 0yl 4%, ,sSLs Factor)
2l 5 55 e Dol 5 Ll JSCes s o SHL sl
LA S e S 5SS Sl 53k slad sk

eIt Sy 5 a) 5 555U eyl A 5 5SU Jle Ol sey
Db Ay S 5 s b A 8B JUS S
Sheash S S8 5k ul ol slad b Ll s 5 58
Sa370 Sy i Jlin 3 TS o 58 T e
5 Olgial lld s ) s (3l g S8
S5 5l el (ol Glad e e ot ol dd S5
T

Somoln b a e pled 5 ol Al B 5s o Jols
i Sl pde 5350 053 Jredd 5 Olss b 5o b
Slad s leslizal s 0l Mgy e sled 4 Ol e 555,L0 e
3 S s Sl ale 635l 55 558 Sl o3l
O S S8 (6550bb Oleys 5 sl (S5 POl (S

Sl gl 5 45 18 sl 5 Slosgend cos E oL
Ve-a

el Kad 35 Hlons clilandl s o 25 g
Al s 58 5le el (o3l ladshe Sl 28 s
oI W sk oS sltad o Jshos oy SESTs Sk «sk
Sl g olanl Sl pie Piaay glad sl S )
3 =S Sl e ol sl dis glasl 5l B s
T RPN Y P RN AT PH I
Slm CiS Lo il 5 sy g S G I Ol o


https://tumj.tums.ac.ir/article-1-7253-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

OLKas 5 I[GE a0 AA-

BRSPS bl o g skl S Llad e sl
S @ oo Sad e 4 S 6l 5L 5550 laoe 5l b
Al g s S WLl sy S sladshe Ol S 6 4
50 3 ey bl Kl ) sl
— gt Ladshor ol 555 Y= 51 das A oalital pand gt 55 5o
53 Laddn (5 m S aS Ciia sy s Issde s S Wlss sl
e (.J_)J)-t o3liial b i) o33 40 BAY & (g b
5 de Y Olge a5 ol i ST ég..d)'\ 5, /0/Y0 EDTA
L fime Sos glag g 4 miS s e

{55 Sl 3 GLad g ol i 5 sl
S0 3l el Sl e (Y0 ol 2 &S sk O sl 5
Sl A e b ails G Ledd ekt gy slags
ai3s 0 e s el s 58 sl el ool slad sl
Do a5 s Saa Sl ai3s s e V00 Ce b
A3 8 Bl Cslie S Lo Lol

slagm a Yx\vo cell/em? luds sl 5l day Wad sl
C LAl ay L Sale 5o a8 Jame V5 ek e
S 45) e slad e da csll Y8 5 Jize 70 CO, LYY
SLadsl ol s G L (550 e (A3 SSCs
s el PLZF SIS L (s e bl 58 5ile ol (s3Ls

55 el Sl sl sl i

2 S8 sl pal o3l slad o glad gl 1J 28 05 8 ()
DMEM (Cat#: Gibco -31966, Gibco, lrme ssl> sla s
Fetal Bovine Serum (FBS) 10% (Cat#: [Paisley, UK)
Al Ve W 010270106014, Gibeo, Paisley, UK)
1X (§5 0 b adel sl Vv mg/ml peolo g 2l 1) s
LAs ciS (Sigma L5158) V+ ng/ml LIF

Lo ias 55 SSCs 1 J 55w slad s LSSCs  2iSa (Y
033 LS By anly ko 5 J5 i slad b bedd ol
RN

cell/em®) s g OLusSS 05,5 55 55 o o3ls oS SSCs sl
il 5570 CO2 5 YY C LSl s laes S alds (Yx) 10
A 2 525 Ol 3 5, SO d e CiS L.

)‘}Auk.i aﬁ)&s‘jui))mc-kltJID4 6L°dj ;_}L:.; R

SIS Ol g Sy p e olSisls SO s )lS e
BTN

s Yot ey ol 5l i Ll s 53 ey 5T e
s eslizd (233, Y=1) JLUNMRI

5 BF e sladshn il g e T e T3
O Les 5 Kanatsu-Shinohara |Gy, (ulul o 558 5l ol
o ek 5 g S g w288 el i L (YY)
Dulbecco's Modified Eagle's Medium (DMEM) (g5~ (s & ;2
9 (Cat#: 31966, Gibco-BRL, Life Technologies, Paisley, UK)
Lo oml Jols Ls_Aij-;T a Jsdoe 4 ad gai Pen/strep
Collagenase 1 mg/ml IV (Sigma CO0I30, L ol ,—~sa DMEM
Hyaluronidase 1 mg/ml Sigma-Aldrich, St. Louis, MO, USA)
Dnasel 0.05 mg/ml  (Sigma H-3506, St. Louis, MO, USA)
Jskw b gl s Jize (Sigma D5025, St. Louis, MO, USA)
S k3> 10 e 4,78 €O LYY C L5l s o T
O 5 5l (68 o ) L Slay SLG aids iy a5 00l
(A ol ol Sk bd g w el 5

Code 4y adds 53 593 V00r e blad sl adds Ve Sl
0 @l 05,5 Zols Bl ey A G54 Bl aids 0
Phosphate Buffered Saline L, ;L & LaJ sl (Supernatant)
e e b 5 s (PBS) (Cat#: Gibeo -014, Gibco, Paisley, UK)
BE 5 s e aB35 T ke 433 53 553 VY

b ol o oy a5 s Tl el e ol Sl g
Yoo an alice S et sl TSl el U Ks
Sy s Fak Bl s Oles 4o Cole 5o 5 4 Sl aids
Ve AU la A 315 i S ey s (ks 3 sk
S sl U Lad sl ilsed s 0L 3 b o3l pe s S
Db sz s gen oY 5 Sl DL

Gl i sladw i s 5 a b (glalas
el (Searpino) s ) Sul sy 508 4 b (J55 e slad b
Vi ay el s pgs a5l ol b Gl T
Seddg slacs s 5370 COp SLiss 5 ¥V C slas s cela
(Sigma liwd 3L s s IS o5 5ol el ) s oS 0 pg/ml
SO sd8 3l ey s 4 STIL2766, St Louis, MO, USA)

ARV GAVA Y o,lais V¥ 0,95 I FUF didos] o 5 iy pale olCiils o 3y 0uSCtils aloeo


https://tumj.tums.ac.ir/article-1-7253-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

A S sile el (soliis glo sl ik i e G o (A s sla [l 2

DL P<:/v0 da_ﬂ DL (5\)‘3[.'\&'4 S or [SE (Chicago, IL, USA)
Al a S L

Laasl
Ladpbo Sleodis doys I 55 slad sl 12T 5 (3Ll
CiS g el S 4 AV e 5T ean A e 53 5l s
Olssas o5 Ji e ladshe 51 555 5l el ol slad 5
e a3l eslizal b J 55w glad sho A3 eslizad (sdke &Y
CiS amis G e w5 e i) g Ol S Sl
PRV L;ﬂuéSm.sjf S s d g cpl ol js LS esls

Jﬁ&lﬁa}ﬂbaﬂb}ebﬁ%Q@ﬁ@)ﬂﬁé}c@iﬁ

TH

X ek
5 *®
3 =
a9 b
ey
o
=

Jat 32 (e

(azin) Olaj
! S

D4 &5 Ol Ol 5
ple e A o

.

Jl

0> P55 slad g A& o C¢ (Real-Time PCR)
Slesleral Ly i 5,40 gladsho axin o OLL ;3SSCs iy
a0 Ol Olgee (s sskin a5 5 0l I La(s 2% 51 s 5
A5 oslewal Real-Time PCR % 5,
Il s ol 03 S LSS L e Slislesl sles
Ly DNaseIﬁPTl{)Lagjlﬂ}amc\JxmleksRNA
L Jeol= cDNA i ol cDNA & o sSos (515 5 oS ﬁ};f
o=l s 8 51,8 Lol sse 5,25 Real-Time PCR i)
oslirol House keeping =1 J =8 Ol ymeas ACTIN 05 s,y
5 a0 b K bl a3l L laesls 5 JUT.As aulos YCHAA-

SPSS software, version 16 (SPSS, Inc., s Tukey's test ol JLs

c

}; 1. *
= I *
—-%| - I *
i
=t
= 1 T T 1

Jal P33 Pand

(azan) Obs

g2 g

(axaa) Olaj

(==Y s e 0L 5 (P</00) L 0 halias ©La2a ja O 43 (T=co-culture) o5 5 5 (C=control) o5 £ 53 ;3ID4 05 Oly aumglin 1) I3 ges

Tehran Univ Med J (TUMJ) 2016 March;73(12):878-87

http://tumj.tums.ac.ir


https://tumj.tums.ac.ir/article-1-7253-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

SLlSas 5 3G o se MY

TH
T
s
%;
iy B
9
Mo
&)
Js! P f
(azen) Ole
L a3
|
1.
5 A
=
any
-
= e
4
) £
| &3
Flos Yo
| —
Jsl

C
:‘{ Ter m
D
3 I
B B
g
- =
- - | [
& T T 1
Js! pas po
(azia) Olej
Loy S
TH C
*
*
Ya/ri
FEIYE
s
fo2
(azin) Obsj

M=) das e 0L 15 (P<o/+0) L 03 Jlslins * Lazéa 4 OLL s (T=co-culture) o5 5 5 (C=control) o3 5 53 ;5 C-Kit 03 Oy amuslis 1Y 13 503

S500pg

RSP N  IET P F-J  V  JOVPPLE VU JN WSO Y PO S W J (3
Olas 1y Laanees (A1 S5 Lad b oodly st 53 (e s 35 5 03 0L 5o K5)

J‘,S}.» GLAJ‘,IMU&:AJJI;S—B (XV'&L@J‘K}){.M}&

S0 s S Sl Jbe e 5L, S0 51 S
ol s A sl (PLZF) St shoos 1 o) (S0

(F JS8) das o 0L 1, 78V /AN ol
53 ID4 5 oo 0Ly Ol s Real-Time PCR Sl fol> sl

.c..:_s.h.:_:;a);u_ﬂiﬁj)l:a.\_ﬂj C)JHA_JJ‘}T,« 6"“‘).9'\"" A\ Jﬂ.ﬁ
xYeo dl.e.hf)/'a.

o3l al 5 e gt g gal B, b 0T plalis () IS8) Las
(7 JS2) s el ey st 53 352 50 ey SOLES S

3t 1555 Sl el Sy Sd sl 2S5 o st e

o L S5 bl o3k lad b 3lalitr 5 a5l e

Sresulasls 51 o5l U5 sl Cyge Differential plating

ARV GAVA VT o)los VF 0,50 ) FUF atias] s 5 g iy gl olils o Sy oSl alono



https://tumj.tums.ac.ir/article-1-7253-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

AAY S sile el (soliis glo sl ik i e G o (A s sla [l 2

Sy Ll e i Oles 4 5LS (ped ad> o 50 VL 2n
S5l a5 L 5 Yang 51085 e S ad e Sl
VU ol 3550 Joas 3 ad s lesdis duoys T les S oL
el ol 3 el plonl Sladllae L L S el s 474
o.;)ls u‘"ﬁ"("“

O b ol ) Jol lad e o sl ds s Ol s
S sls Qlis s A oy pPLZF SSLES 5 (6 e sl o
S S Sl s G ol o3 ek Il sad sl 31 24NN
33y pds s an L5 S Ol | (PLZF) S shns o S
Voo st (S Sl ool gladshe o olan) LS
e S0 G bl el ol G Glallas s 5 gdo )
ol o3 edal s ol Ao s ol gl Ege 5l eslizad L
L PLZF (6 b O Sin s dy oo e o0 0 axdllas
As 48U 5l gl 558 5l el 53 ol Sl S Ol s
T Jiles S s ne Aal 5 Ap

I3 Sdsh b 22 ea 5l ol aalllan IS e
Js 4 JLL ez J55 e lad sl Sl eslinal s eslinal ol 5
Ll el padss 5 e gslulir OSGl (s gla Str
L 5 Glad s A8 o pal b odiS o2 slge oS 5l
5 S e 4T Il i ls (6550 clad ULy umen
S b @)MMJ°J@M°K4%L‘)'“L¢>“158¥
Il Dt a5 b i o SR pl oy 0 S e A
S WLL s Jg e gbadsbe b ) e s e 5
s Baazm (Tavakolifar ..l J...._i(,_m Lguv:m_:.ﬂ 23 S
s osliad UL 5 slad g 51 e asdlae dile 5 0Ll Sen
sths LS la e sl 3 Ladsh ol 45 s S 2158
U e Sk

2 o lesl 5 antls sy 4 Slllas ple S JI> s
Bl L UL J 5 m sladshe ples 5 & 015 0 a5 S1 &S
L:AJ}.\M ol esls u,':i\_-)_él FSH 5 0 jiecind O soean g.nlj_o O3 300
Sl (S 350l 5l il a5 ool 58 0L 4 26 S5
s 5 0355 FSH 5 (355,001 Jal e an rolin (558500
g oY Slaes s b s slay S A LS
P sl et ) T sl s L gl sk & Jlas!

Tehran Univ Med J (TUMJ) 2016 March;73(12):878-87

http://tumj.tums.ac.ir

g TANERCON 0T r 771292 TEST 002
%
g 91.66%
2 215.84% |
M2 o | uz
e g
£ = B é':c'\_ 1]
58 58
= q
24 :
10° 10! 102 10 10% 10 1 0 10
a8 TESTATC

sladss o st o) eni sl 6 gulo gl 5 ol bl ¥ s

(S5 bl 3l

53 alis ladin 4 Cond CuiS Jsl atis aw s 23S 08 05 S
S s P=2/080) sl 0L 1 (g lslime il IS o5 S
SO ST o e U dl slaatis 0 05 0pl 0L aslis 5 oS
2l () Jlspmad) (P=2/0EA) Al sdalin (g)lslms 2alS laes S
23 S e 05,5 55 0Kt 0F o Ol Olje 4l 51 ol
Ly olslins jalS J S oy, S 55 wlie azds a0 Cod atis
Jsl slaazin o adiial 05 Ol ol 2 05580 als OLis (P=+/+£7)
Gollirs ilsdl 5 iey, S a s sl Q)j_.;a_fu.wl;

(Y 1o 5e0) csls (P=1/08V)

Cow

L;;lﬁjc,_wosjjc,_wzgc,_g-)_él}&.a}jﬁﬁ
oslizal 035, Y= 51550 sla e 31 558 sl el (3l slad sl
olalls s 50 Eslahi s Mclean () soeas (5 5kons Qlji.i..a}}é R
33 55 Sl al 3l slad g i as e ils Ol 55
L Lol ool s A5 ™2k o 50013 UL (sla e
Mle'“‘”)"j")f""".ﬁgﬁ,‘){j‘*‘""":’iﬁtjj&du)4‘4}}:
JAG Ju\j_?v_a aj})‘“—-\ L;\_Aulj_AJQ Ju;l.ajw\}g;:w_}:lﬁjw\
AL a5
OJMQ—NJT@&—MJ}*—MWTOLVJ&‘b%J#%
DNase I 5 3lui s s SIS 3T Y S SO s
J:""‘-"b“J-"‘JHG‘°’L“;f"‘JJw'"‘i’;fl’”“d"ﬂﬁu”
5SS aa 3ol en Jhor Sleedi3 51 2V Ol 5 Sa )T



https://tumj.tums.ac.ir/article-1-7253-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

OllSan 5 565 a0 A

Sldlas laasl U aS el SSCs pls 53 J g slad sk
>l e 0L, Kan 5 Park Sousa Minaee Nagano () y=on
W‘M’”"\AJJ\;

oo el pled 5 aslinled 05 Oly Slejas o (S anslis o
03 Ol bl pled 05 Ol 2alS L aS oS Ol 5 o baos S
Bl Rl 5 el e

ID4 05 L awglie 53 ¢Kit 05 s Olo Oljas J 28 05,8 53
Sk 0T Ol oy atin 534S J 53 35 oS o Il atian 5o
Liss oS el 0T L S Lawsl cpl il il o S
A S sl 5o, Ve ol Sl e gdae Y 05 L 2iS
Ol Ol (23S 0n 03,5 53 35 (555 5l el 3liy slad sl
Jolazis clgdl 5o ailpled 0 4 St Bl lad 05 oo

aia spd > U Jlex-lay J o5 6LaJ}l.»l{L5:i.5rA455\; oS

;,.Ua.aa\.mbv.ay&;}QL“%(FMﬁLAM;ﬁJLJ)M

ad o 531y S8 sl el ool sladsha i Al e £o2
S el 3l sladshe nl 51 g 5 LS (551245 5
Gladsho oas il 25 L baasly ol X8 e led dl e sl
wor g B S sl el o3k sladshe e 5 2SS 53 S
il e

S i ol A el 5o O laal a5 Ll s
@l sladsn 50 el 5w gladdn b 2050
L oS 48 oS Ol e bl Ly s 555 ke
3oy gladshe 255 Rl ool i 536 J 5 slad s
R R e e L
S e peled e sl 1 s L

S el Jlazliy cadlllan ol 51 ool gl @ a5 L
S o3 aia 53 05d > U g e slad e b (S s e
Olays gluly 55 SSCs gl b CliS lasee (g3Luang
S sl s Lol bl e de Sl s 0S5 S (555,L0
Aol e wey ol e

Ol o aliobl Sl oy Lol dlas pl i) [Kle
(- 4l L3 5 (PLZF, TD4) alsnlas sl 0l Ol jee s "
S s JUs w0 sl3 5 e 8 Sl el g3l slad sk s ki)
A8 LATAY U s Ll i)l wdaie 53" g e slad sl |

ol sladslw js tag sy lasls d SldLE G55 225 L
el J5 e slad e Coale dul Cogmr Goim cnl 53 es
5 oetgm g sml s Sl dad g Slsedsly 5 (e S
A i 3 e ol gl s eslind s SOLE
0L (s ol b o I slad s oSl st 53 oy s Jauls
Bl L o o) bl s 5w ad e ol oS 5l
So Olpmean 1) s s 45 aie opl 3 ok plsil sba s
Al s s llae Al S e ol S
Tl sy

Sl 03 J g Slad s S8 end g 5L adllas
Aol ade e s 5 el pled 05 Ol o slle LS Loyl 0 sl
N S JLs 4 SSCs s (ckit) asl b 05 & 5 (ID4)
ol i ID4 5l eslinl i oy I8 e slad she oS dis
0248 S5 Olgea |y 05 ol Ldr Oladles C’L“ S s s
sl o3 5o e Ol As aBlinlas sla 58 sle
e 3l s s s Aal s Apr a sl el sla S sle ol
T Kles S

c-kit a5 W5 S 5,158 oLil, s 5 Chen Kolasa Phillips
sAal i Ll 55 0T Ol 5 355 03 0L adslAal G As 5
ol Sl esliial cpl by b e il asl s gl g sS sle el
a5 2 pled A 5o LSS Sl il g S
GSs Sladlae alice 35 andlae opl 53 " L e o) S,
s oslizad cokit 03 Oly 3ISSCs 53 ples 5,5 ) 2 g

b S 5 S 058 50 53IDA O s Ol Ol
Ly Lal camul 4l jals (g lslae &) s 4y Cilises (slaazia
ot IS e 05,8 S IS 0,8 00 L0 o) Ol S
S I R 1 o33 azia 3l 314 303 g Sl LG
(Nicheh) $Loil sloul 55 J5 v ladsbo o5y i 40 s
@3l Sladlas U 5 5505 6,LEISSCs ST 5 o 4 S 5 Jsha

[ AT\

wml)r.ma;cﬁjwl);
b o5, S 53 a3 eKit 4l plad 85 s Ol Ol

05 0le Sl Wgy als OLas |y (golsbue 258l Calises (glaazia
33l (g5 atie ok 1SR 0y S 4 ol J XS 05 8 5
AU S Laasil ol oy e (2 4 s 3in

ARV GAVA Y o,lais V¥ 0,95 I FUF didos] o 5 iy pale olCiils o 3y 0uSCtils aloeo


https://tumj.tums.ac.ir/article-1-7253-fa.html

Ao Khanehzad M. et al

l_:d:.;jv_m JUis an a3 e 5S sle el ol slad o
Jk_..»)b d‘)_éj L5'<_":ﬂ (3j_l5 al_<,.':jl> g0 "L;):fﬂ LELQJ}LVJ
5 Siyy p e oA Colem oS WEL e VITAA uS LYY

ol 0l l]’" Q\J..@_? JLAJQ g;'.:l\.)\.e_! Soleds

References

sl Sl 5 (S e e o2 Cole L aS 3L 0 VYA
el 0l |l Ol Sle s

o Ol cod Sl £ bl i Jol

3 (ckit) asllas 5 (PLZF, TD4) sls L e Ol Ol e

1. Phillips BT, Gassei K, Orwig KE. Spermatogonial stem cell 16. Goossens E, Geens M, De Block G, Tournaye H. Spermatogonial
regulation and spermatogenesis. Philos Trans R Soc Lond B Biol survival in long-term human prepubertal xenografts. Fertil Steril
Sci 2010;365(1546):1663-78. 2008;90(5):2019-22.

2. Oatley JM, Brinster RL. Spermatogonial stem cells. Methods 17. Goossens E, Frederickx V, De Block G, Van Steirteghem AC, Tour-
Enzymol 2006;419:259-82. naye H. Reproductive capacity of sperm obtained after germ cell

3. Caires K, Broady J, McLean D. Maintaining the male germline: transplantation in a mouse model. Hum Reprod 2003';18(9):1874-8.0.
regulation of spermatogonial stem cells. J Endocrinol 18. Nagano M, Ryu BY, Brinster C.J, Avarbock MR, B'rlnster RL. Main-
2010;205(2):133-45. tenance of mouse male germ line stem cells in vitro. Biol Reprod

4. Ning L, Goossens E, Geens M, Saen DV, Tournaye H. Sper- 2003;68(6):2207-14.

> ? i P . . 19. Aponte PM, Soda T, van de Kant HJ, de Rooij DG. Basic features of
matogonial stem cells as a source for regenerative medicine. Mid . . . . .
. . bovine spermatogonial culture and effects of glial cell line-derived
East Fertil Soc J2012;17:1-7. . . ) >

5. Liu S, Tang Z, Xiong T, Tang W. Isolation and characterization neurotrophic factor. Theriogenology 2006,65(9):1828-47.

: > > ’ : X X 20. Koruji M, Movahedin M, Mowla SJ, Gourabi H, Arface AJ. Effi-
of human spermatogonial stem cells. Reprod Biol Endocrinol ciency of adult mouse spermatogonial stem cell colony formation
2011;9:141. . B under several culture conditions. In Vitro Cell Dev Biol Anim

6. Jan SZ, Hamer G, Repping S, de Rooij DG, van Pelt AM, Vor- 2009;45(5-6):281-9.
mer TL. Molecular control of rodent spermatogenesis. Biochim 21. Mohamadi SM, Movahedin M, Koruji SM, Jafarabadi MA, Ma-
Biophys Acta 2012;1822(12):1838-50. koolati Z. Comparison of colony formation in adult mouse sper-

7. Rossi P, Dolci S. Paracrine mechanisms involved in the control matogonial stem cells developed in Sertoli and STO coculture sys-
of early stages of Mammalian spermatogenesis. Front Endocri- tems. Andrologia 2012;44 Suppl 1:431-7.
nol (Lausanne) 2013;4:181. 22. Mirzapour T, Movahedin M, Tengku Ibrahim TA, Koruji M, Haron

8. Chen SR, Liu YX. Regulation of spermatogonial stem cell self- AW, Nowroozi MR, et al. Effects of basic fibroblast growth factor
renewal and spermatocyte meiosis by Sertoli cell signaling. Re- and leukaemia inhibitory factor on proliferation and short-term cul-
production 2015;149(4):R159-67. ture of human spermatogonial stem cells. Andrologia 2012;44 Suppl

9. Dovere L, Fera S, Grasso M, Lamberti D, Gargioli C, Muciaccia 1:41-55.

B, et al. The niche-derived glial cell line-derived neurotrophic 23. Sadri-Ardekani H, Mizrak SC, van Daalen SK, Korver CM,
factor (GDNF) induces migration of mouse spermatogonial Roepers-Gajadien HL, Koruji M, et al. Propagation of human sper-
stem/progenitor cells. PLoS One 2013;8(4):e59431. matogonial stem cells in vitro. JAMA 2009;302(19):2127-34.

10. He Z, Kokkinaki M, Jiang J, Dobrinski I, Dym M. Isolation, 24. Minaee Zanganeh B, Rastegar T, Habibi Roudkenar M, Ragerdi Ka-
characterization, and culture of human spermatogonia. Biol Re- shani I, Amidi F, Abolhasani F, et al. Co-culture of spermatogonial
prod 2010;82(2):363-72. stem cells with sertoli cells in the presence of testosterone and FSH

11. Wu X, Oatley JM, Oatley MJ, Kaucher AV, Avarbock MR, improved differentiation via up-regulation of post meiotic genes.
Brinster RL. The POU domain transcription factor POU3F1 is Acta Med Iran 2013;51(1):1-11.
an important intrinsic regulator of GDNF-induced survival and 25. Sousa M, Cremades N, Alves C, Silva J, Barros A. Developmental
self-renewal of mouse spermatogonial stem cells. Biol Reprod potential of human spermatogenic cells co-cultured with Sertoli
2010;82(6):1103-11. cells. Hum Reprod 2002;17(1):161-72.

12. Hai Y, Hou J, Liu Y, Liu Y, Yang H, Li Z, et al. The roles and 26. Aloisio GM, Nakada Y, Saatci'oglu HD, Pena QG, Baker MD? Tar-
regulation of Sertoli cells in fate determinations of spermatogo- nawa ED_’ et al. _PAX7 expression defines germline stem cells in the
nial stem cells and spermatogenesis. Semin Cell Dev Biol adult testis. J Clin Invest 20145124(9):3 929-44. .
2014:29:66-75. 27. Oatley MJ, Kaucher AV, Racicot KE, Oatley JM. Inhibitor of DNA

13. Wu SM, Baxendale V, Chen Y, Pang AL, Stitely T, Munson PJ, binding 4 i.s expressed selectively by single spermatogoniq in the

. . . male germline and regulates the self-renewal of spermatogonial stem
et al. Analysis of mouse germ-cell transcriptome at different S0 . . .
. . . . cells in mice. Biol Reprod 2011;85(2):347-56.
stages 9f spermatogenesis by SAGE: biological significance. 28. Kolasa A, Misiakiewicz K, Marchlewicz M, Wiszniewska B. The
G?nomlcs 2004;84(6):971_8,1‘ . . generation of spermatogonial stem cells and spermatogonia in

14. Ginsberg JP,.Carlson CA, Lin K, Hob.b.le WL, ng(? E, Wu X, et mammals. Reprod Biol 2012;12(1):5-23.
al. An experimental protocol for fertility preservation in prepu- 29. Kanatsu-Shinohara M, Ogonuki N, Inoue K, Miki H, Ogura A,
bertal boys recently diagnosed with cancer: a report of accept- Toyokuni S, et al. Long-term proliferation in culture and germline
ability and safety. Hum Reprod 2010;25(1):37-41. transmission of mouse male germline stem cells. Biol Reprod

15. Schlatt S, Ehmcke J, Jahnukainen K. Testicular stem cells for 2003;69(2):612-6.
fertility preservation: preclinical studies on male germ cell 30. Scarpino S, Morena AR, Petersen C, Froysa B, Soder O, Boitani C.

transplantation and testicular grafting. Pediatr Blood Cancer
2009;53(2):274-80.

A rapid method of Sertoli cell isolation by DSA lectin, allowing mi-
totic analyses. Mol Cell Endocrinol 1998;146(1-2):121-7.

[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

Tehran Univ Med J (TUMJ) 2016 March;73(12):878-87

http://tumj.tums.ac.ir


https://tumj.tums.ac.ir/article-1-7253-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

31.

32.

33.

34.

35.

36.

37.

38.

39.

The roles of Sertoli cells in fate determinations of spermatogonial stem cells A

Costoya JA, Hobbs RM, Barna M, Cattoretti G, Manova K,
Sukhwani M, et al. Essential role of Plzf in maintenance of sper-
matogonial stem cells. Nat Genet 2004;36(6):653-9.

Buaas FW, Kirsh AL, Sharma M, McLean DJ, Morris JL, Gris-
wold MD, et al. Plzf is required in adult male germ cells for stem
cell self-renewal. Nat Genet 2004;36(6):647-52.

Eslahi N, Hadjighassem MR, Joghataei MT, Mirzapour T, Bak-
htiyari M, Shakeri M, et al. The effects of poly L-lactic acid
nanofiber scaffold on mouse spermatogonial stem cell culture.
Int J Nanomedicine 2013;8:4563-76.

McLean DJ, Friel PJ, Johnston DS, Griswold MD. Characteriza-
tion of spermatogonial stem cell maturation and differentiation
in neonatal mice. Biol Reprod 2003;69(6):2085-91.

Yang Y, Yarahmadi M, Honaramooz A. Development of novel
strategies for the isolation of piglet testis cells with a high pro-
portion of gonocytes. Reprod Fertil Dev 2010;22(7):1057-65.
Sada A, Suzuki A, Suzuki H, Saga Y. The RNA-binding protein
NANOS?2 is required to maintain murine spermatogonial stem
cells. Science 2009;325(5946):1394-8.

Zheng K, Wu X, Kaestner KH, Wang PJ. The pluripotency fac-
tor LIN28 marks undifferentiated spermatogonia in mouse. BMC
Dev Biol 2009;9:38.

Tavakolifar F, Shahverdi A, Pirouz M, Shakeri M, Koruji M,
Baharvand H. Comparison of Neonatal and Adult Mice-derived
Sertoli Cells in Support of Expansion of Mouse Spermatogonial
Stem Cells In vitro. Int J Fertil Steril 2012;5(4):217-24.

Baazm M, Abolhassani F, Abbasi M, Habibi Roudkenar M,
Amidi F, Beyer C. An improved protocol for isolation and cul-

40.

41.

42.

43.

44,

45.

46.

47.

turing of mouse spermatogonial stem cells. Cell Reprogram
2013;15(4):329-36.

Sa R, Neves R, Fernandes S, Alves C, Carvalho F, Silva J, et al. Cy-
tological and expression studies and quantitative analysis of the tem-
poral and stage-specific effects of follicle-stimulating hormone and
testosterone during cocultures of the normal human seminiferous
epithelium. Biol Reprod 2008;79(5):962-75.

Bucci LR, Brock WA, Johnson TS, Meistrich ML Isolation and bio-
chemical studies of enriched populations of spermatogonia and early
primary spermatocytes from rat testes. Biol Reprod 1986;34(1):195-
206.

Anway MD, Folmer J, Wright WW, Zirkin BR. Isolation of sertoli
cells from adult rat testes: an approach to ex vivo studies of Sertoli
cell function. Biol Reprod 2003;68(3):996-1002.

Absalan F, Movahedin M, Mowla SJ. Combination of in vivo cryp-
torchid testis and In vitro co-culture system to obtain high purifica-
tion and proliferation of mouse spermatogonial stem cells. /nt J Fer-
til Stetil 2008;2(3):115-20.

Izadyar F, Den Ouden K, Creemers LB, Posthuma G, Parvinen M,
De Rooij DG. Proliferation and differentiation of bovine type A
spermatogonia  during  long-term  culture.  Biol  Reprod
2003;68(1):272-81.

Pramod RK, Mitra A. In vitro culture and characterization of sper-
matogonial stem cells on Sertoli cell feeder layer in goat (Capra hir-
cus). J Assist Reprod Genet 2014;31(8):993-1001.

Oatley JM, Brinster RL. The germline stem cell niche unit in mam-
malian testes. Physiol Rev 2012;92(2):577-95.

Parks JE, Lee DR, Huang S, Kaproth MT. Prospects for spermato-
genesis in vitro. Theriogenology 2003;59(1):73-86.

ARV GAVA Y o,lais V¥ 0,95 I FUF didos] o 5 iy pale olCiils o 3y 0uSCtils aloro


https://tumj.tums.ac.ir/article-1-7253-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-13 ]

I [ ] ] v I i Tehran University Medical Journal, March 2016, Vol. 73, No. 12: 878-887

Original Article

The roles of Sertoli cells in fate determinations of

Maryam Khanehzad M.Sc."
Farid Abolhasani Ph.D.>"
Seyed Morteza Koruji Ph.D."'
Iraj Ragerdi Kashani Ph.D."
Fereshteh Aliakbari Ph.D."

1- Department of Anatomy, Medical
School, Tehran University of Medi-
cal Sciences, Tehran, Iran.

2- Department of Anatomy, Medical
School, Iran University of Medical
Sciences, Tehran, Iran.

-
Corresponding author: Department of

Histology, Faculty of Medicine, Tehran

University of Medical Sciences, Poursina

Ave., Tehran, Iran.

Tel: +98- 21- 64053329

E-mail: abolhasf@sina.tums.ac.ir

spermatogonial stem cells

Abstract Received: 05 Sep. 2015 Accepted: 26 Jan. 2016  Available online: 02 Apr. 2016

Background: Spermatogenesis is a complex and highly organized process of prolifera-
tion and differentiation of spermatogonial stem cells. Spermatogonial stem cells (SSCs)
as a unique stem cell have the potential to self-renewal, differentiation and transmit ge-
netic information to the next generation and play a vital role in maintaining fertility.
Sertoli cells as the only somatic cells within the seminiferous epithelium play central
roles in the formation of niche and balance between self-renewal and differentiation by
secrete many growth factors. Given the importance and widespread use of SSCs, par-
ticularly in the treatment of infertility, the aim of this study was to create an optimal
environment for the proliferation of SSCs. So we decided to study of undifferentiated
(ID4) and differentiated (c-Kit) gene expression in SSCs followed by co-culture with
Sertoli cells for a one-month.

Methods: This experimental study was conducted from November 2013 to December
2014 in Department of Anatomy, School of Medicine, Tehran University of Medical
Sciences, on immature NMRI mouse (6-3 days old). Initially, Sertoli cells and SSCs
were isolated from neonates mouse testes during the two-step enzymatic digestion
characteristics Sertoli cells with vimentin marker and SSCs with promyelocytic leuke-
mia zinc-finger (PLZF) marker were confirmed. Then SSCs were cultured in two
groups: co-culture with Sertoli and without co-culture (control). Undifferentiated (ID4)
and differentiation (c-Kit) gene expression were evaluated by Real-time PCR tech-
nique.

Results: Spermatogonial stem cells purity was obtained 66.91% by flow cytometry.
The relative expression levels of gene ID4 in co-culture group at the end of each week,
compared to the control group showed a significant increase (P<0.05). While the ex-
pression of this gene significantly decreased in each group over time (P<0.05). The re-
sults of the comparison of the relative expression of c-Kit gene in co-culture group are
indicated significant decrease than the control group at the end of each week (P<0.05).
In addition, this gene expression was showed significant increase in each group indi-
vidually over time (P<0.05) ID4 gene expression showed a significant (P<0.05) in-
crease toward the control group, while in the expression of c-Kit was observed a sig-
nificant (P<0.05) decrease compared with the control group at the end of each week.
Conclusion: According to the results of this study, co-culture with Sertoli cells main-
tains SSCs in the prolifration stage for long-term, so can be used to optimize the culture
medium at the clinic.

Keywords: co-culture techniques, experimental studies, fertility, gene expression, ser-
toli cells, spermatogenesis, spermatogonia stem cells.
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