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abstract )

Background and Aim: In males, spermatogonial stem cells (SSCs) are the cause of germ cell production and therefore
fertility. Reducing and damaging SSCs is one of the causes of infertility. Culture, proliferation, and differentiation of SSCs
in vitro can be a solution to treat some cases of infertility. In the present study, performed in 2019 at the Iranian Biological
Resource Center, we examined the growth and differentiation of SSCs on decellularized testicular matrix (DTM) in rats.

Methods: In the current experimental study, after extraction of SSCs by enzymatic method from testicular tissue of
newborn mice, these cells were propagated in a specific culture medium for three weeks. After confirming the identity of
the colonies resulting from the growth of these cells, they were cultured in two groups, one on a layer of DTM and the other
in two-dimensional conditions of conventional culture dishes with differential culture medium. In the fourth week, since the
initiation of the differentiation culture, the expression of pre meiotic (OCT4 & PLZF) and meiotic (SCP3 & Protamine-2)
genes were measured in both groups. To ensure the results, all steps were performed with three biological replications and
the results were evaluated using one way ANOVA.

Results: : Examination of pre-meiotic and meiotic gene expression after 4 weeks of differential culture of SSCs on two-
dimensional substrate and DTM using real-time PCR showed that the expression of meiotic genes was significantly higher
on DTM substrate (P <0.01).).

Conclusion: In DTM three-dimensional culture, due to the better communication of cells with each other and the presence
of a natural extracellular matrix, more ideal conditions are created for the preservation, proliferation and differentiation of
SSCs than in two-dimensional culture.

Keywords: Spermatogonial Stem Cells; Decellularization; Extracellular matrix; Differentiation.

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

Please cite this article as: Ashouri Movassagh S, Ashouri Movassagh S. Effect of 3D substrate obtained from
decellularized tissue of rat testis on the differentiation of mouse spermatogonial cells. Pejouhesh dar Pezeshki.

2022;46(2):19-29.
\_ Y,

*Corresponding Author: Sepideh Ashouri Movassagh; Email: ashouri@acecr.ir

OR: 20.1001.1.17355311.1401.46.2.10.4 ]

Pejouhesh dar Pezeshki (i.e., Research in Medicine)
2022; Vol. 46; No. 2; 19-29

I

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 19



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

20.1001.1.17355311.1401.46.2.10.4 ]

s
e Ti[\i&w(L/\i'\dbﬂ'a/‘j(i'lu}:

[ DO

woe, B Aoae 4 A ;
MM (AL o if10m U/fy;du-Ufw;«w;d“/{ﬁ,%U/yoﬁ;u‘ﬁz-g"iw’

sJolw plod g9y p &y ddm sal 10 olw <L 5l Jols gomdw yiws )

3o 5355 Lo

#Yo¥ Lo

Xt VoL a7 e
@90 §r9] oo 390 (555! jULw

SOl el bl Olidiss dde ¢ Jio 0y (659905 Olanass 55 e o 2Kl slgz )
Olnl Ol 9l 9 Gl sladghe Sk plpl (a9 (S35 23 (o 5550 alREs Sle Y
ulﬁl ‘u|).e; Sulﬁ L;"“’)J ﬁ}l.c olasls ‘Lfi“")" saSlisls ‘@,yl.f! 05; -y

2\

5 alad 5,0,k g o> sla sl oy Jele (Spermatogonial stem Cells-SSCS) 565 ity sobts sla ok ¢ Sho iz o 1 bud g alslw
(Dece||u|al’lzed ol ‘SIL))LJ}LA w uﬁl) S9) SSCS )JLoJ 9 Ju..:) ‘MQL) ﬁL‘?u‘ u‘]p‘ LSA-‘AA)) 9 ‘si.ua) ).:l>\3 {51" )S]A )b yvaa JL-J )b aS axllao u."
w2355 ey |y 2l e Lbse testicular matrix-DTM)

VEe N F s G VE L FIYY sl gl

olais! ciS lme ;5 dtin e e 4 b s cpl edbalyie o3 (bge adn b 5l BT og, L SSCS gl il 5l ey 0y adlllas (! 5o 1518 b
CB3S ) e it o0l S8 Jgmne 228 g ik 53 6,505 s DTM jlay o 555 2 (K0 09,5 55 50 nled sl ecugn ol 5l oy Lo it 25
Real- s, L og,5 55 ,» ,o Protamine-2 4 SCP3 : Ll2) s39me slogy; 5 (OCT4 5 PLZF : Jols) om0 5 i slagy) ole pled coiS asan o>
One ) a,bo Sy Guibyly 56T 39, b ol gl g o plonl s HLS5 5L aw b S Jorlpe pled Jool> gl 51 oliaebsl (sl .o ooy time PCR

. b, way ANOVA

(P <0.01) cool il ial38l 6 lolins e 4 DTM iy (59, G390 slogys Olo ol a5 olo ylis

9 S5 b gl (g pmilie byl grds Jslo )5 (uSo 5l 0925 5 sk s BLS | s 4 DTM 1 ol> (soms a cetS Lyl )0 25 S a2t
cowl oo ol (gams g8 iS4 s SSCS ples

Saled g 2loj sk ( sk g5l uSi 5o 1 G55 o sl (s0lity slo Jshes gl 55515

1S slciw! 1) O yguo 4 o ool

Ashouri Movassagh S, Ashouri Movassagh S. Effect of 3D substrate obtained from decellularized tissue of rat testis on the

@erentiaﬁon of mouse spermatogonial cells. Pejouhesh dar Pezeshki. 2022;46(2):19-29. J

ashouri@acecr.ir : Suig yisIl Comy (307 ¢85 9005 )55 om 1L K0 J goannn outiernns g5

V. &8
RP2 %
? °

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. Y.



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

R: 20.1001.1.17355311.1401.46.2.10.4 ]

[D

e g Foo 6)5‘3‘ O

S 4 508 Gl 6ok Ol deze b &S cul end Jol>

(V) dilosgs Jle i (gl giwdls
Sigee SBpands 0lKislo;l jo SSCseas EMSLiw 5l (S
Sy 4 35 SSCS ples g 2SS ai> sl Cnla ol )
Wygl w2l 3 1) s alie Jali Sl o> b wilgn 4 el
P Jsere oS gam 90 b o a5 g el
S s & leadlls iy 2l o 5 o oy
S OB NE YY) aited samde 6l i o b sl
Sloprl slodds) alie Luld 0,5 wald b gon a
ymire 2ELLo3T Lizms 55 355gile el plnil gl (5,01,
Qilgd oo (G dw iy go8 Ol a5l puay 090 g0
(Ot 50 ol Gl 0 jse Buas 4y ol gl 655 SWS
Extracellular matrix-) Jolow z, Sl L b sl
glgl Jols ECM (1Y 18) wijls bl s55 GlLI (ECM
5 BansSlS (Bl e5gn O Wit slacS 5
Slosezmy slo)bsbo b laJsSle (l ol SIS 5201565018
5 il 0 ECM nSgy chzl i) S8 Siusy LS
Lols el 5 o] oS5 5 ol Dglize dilize slapl
Lyl ECM (03 ) 5o miniia Soiglsil 5 yai e
e 3 sl @2l 1 badsle o LU Gl oelie
5 gn A8 (s 1955 0 Ln Jshos Sslite (SolSs S5
Sewd (Vo) a5 S ) el 5) S5 slaygst
wlie GlacaS 5 wlgn a5 olBisle;]l )0 ECM Jow S5 (044!
@lsdsbe b i onl g cenl St all axsls 1 o
oads o Johw S jo ol S0 5l 5l solaxul g lacdl
L1, cals Sl ofile;l jo mlyn aSl Gl .ol
Sload ol el il 5l ol yigy oty ails oy lass
50 oS ool (el T L eles jo oy o Hlaioe Jghw a5
5 S S e 3,e 50 1AL Lo o a5 adllas oy
S5 (63, SSCs S b oS ws grws cuols plxil ]l s

alie bt oo g adn S8l oad 4lo) ole 4Y

&
Ti(\?é«lﬁ"ﬂu’l\i'\dt«zh/pzf,'lu»

JJLod S99y » C.'J) 4.«:..5 °ML§‘°)J5L‘” CAL )| J..al.’> (Goxdw )-s.w; )4|

dodlo

Al Juo S sbml b SSCs cuiS (slag; dgete
He b 659,k6 Gl ¢35l pl g 5o anlllan Jgeud o
Wloye wiz Jobo @b 5l (Se8 el Gl 5 als e
S e Camex 3l a0 Y sgas 095l (F-)) 098 0
b aS atwd pplssl oo yo Ve wland cpl 5l g i (555,L0
S 35 5 adn S8b pmse Kged Sl ppel (285
Gl bogd oo mald ol 3 ol (sl (659l GBSl ¢ comsdly i
2 skl Al Jobo 4 adshos (o ladsle les 352
porlssl Oloye S8 (sl (ol pilsi e Rl Ll
ABL wiied Higile pel Wg) 50 B3 Jlars o (g3l oy @
(F,0)

O89S ) Gl et Rl g Sleys sbahy, oyt b
sladolo 4 &5 al500ly g Gloys (e 5l (AL 2)lse
Ssz50 SSC8 il iS5 b o cslo ks pguas 4 Ciliseo
ol 5 ol Gl il 51 Sy il oo o] Ay 2l 4o
(V) Sl g5 51 g 559,L0 eoslylowe

Slazsil 5 09 cai ST (Fo055 (90 50 H553le el &5 Ll |
S Glple e poll (B35S 5o Jl eyl
SSCS Wgm g slexil wl 3l cnl ;o (559,k (wilo, T3k slagty,
ol sloJoke slaxs moldl (Ve-A) cwl oyl w
5 @D Gl 4 e Gl Glaptacs 55 (S55 gle s
@1y ol oge jlas el (S Ll g oo Sigm Cuidge
V) e bl ade 28l o Slb e sladsle sl LS
3 S5 Pyl sladob 5l el adg (bl cnl (O
2l Glp b Sleye anF Wl o pBisleyl Lal
il ol Lo

$lp dBisley] Luls o 535g5le el plel g SSCs oS
» oo Soglie e @b lyslorl 4 pltes
5l etsuaal @l (et il grhe Gl slagados

SRl Luls o Jl asle sl 0dgs 5 5355k ol plxil

Y/

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. '3

Forrs n——
L L


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

R: 20.1001.1.17355311.1401.46.2.10.4 ]

[D

&
mgmm— A (N Yol £

)15*-"‘ PRCTY) 6)}3" 0o

mas 48 YO o 4 (o5 sl a0 YV sleo) s S
Jslos 51 oolitul b oyl pdn 5l Jol> slaske ol
ol Glo oaiy oliee 5 ouiiled aoys /¥ sk lay
D () 2

SSCs juiSG g oudilas (sbd Jokw culs

bazo 3 ady Sl (oo 5T o 5l Jol> byl -
Dulbecco's Modified Eagle Medium: :DMEM:F12 cuis
s, Ve b ool s ((Nutrient Mixture F-12, Gibco, USA
Al eols S (FBS (Fetal Bovine Serum, Gibco, USA
7S (I3 s S sk 4 s SSCs slaas 4l 4 4z g5 L
Slp g Sedes Jate caS Bl S 4 sy ol
S Gl 5ealed Kol e dadsbe (nl i ilele
Silula glp g ad amsloy ladsle (09, lame @yl
8 el ey yile wials Jate s 4 jeie &S by Jole
2 ashs SSCs colaisl ay sl 5 saeisiibo 51 o
Lo g aoye /Y Y5 L ocadosls idgy CuiS Gl
KSR (KnockOut sy O L olwa DMEM:F12 cuis
o) al, eS8 4 (Serum Replacement, Gibco, USA
,laie 4 (Epidermal growth factor- EGF, Sigma, USA)

Fibroblast ) cwdlg,ed ol 6551 o Jo 0,596 Ve
4 p,54l Ve laae 4 (growth factors- FGF, Sigma, USA

Glial cell-derived ) LIS ;I i dw o, ;551 «id Ls
\+ Llade 4 (neurotrophic factor-GDNF, Sigma, USA
Loukemia ) saws) oiiS s ;5556 5 2 slen 53 o550
40 axlg V- Y lade 4y (inhibitory factor- LIF, Sigma, USA
a0 YV ol byl o g oad ool canS o L

ATY) Bols 444551 COz woy0 B 4 ol,5 iles
o9 b 31 (DTM) oulsglojfab coms)ld antd -
Sk 0 @le Shee adn (SIS Gl G 2o
o i okl ol F il a0 ¥ 0 9 PBS (gl>

cele YF Gue 4 PBS 3L )0 gdgiands jb a5l e il

23 59y » D) ad oad ol sk <l 5l Jol> gaman i ]

Lalys 5o Lol ples s sk Jlail gl oo ok S50

Dgd ool 8 alBisle;]

JLIE-TY

Sllge (6,155 oo 55 059 cnl 5o alesl 9590 Sllge
GINS s Sz psle ofils (ogilil 09,5 (alKtyles]
i 9 00D jed Ailig; Djgo 6y ISS Jore WA oo
p Sllas 4d% 0g d5zse glas luilinl b caslie ayges
e bl s 5l el

slogiye 5l adn b o5 aslllae cpl jo ig S Aiges
oyl e ol o b aS eadalyie ofli (g sm
ool G Plel 5 I Sladsle Jol (g8 e
LB (B sl bl 5,5 aged &5 ol S5 4y 0¥
Ul pls oS b 51 lisabl gl 28,8 plool baslge
Ol b I @Bge ad plnil (fta; )15 5L 4w b adlllas
g o bl 95z g0 (sl kil ulul 5y (glongie Joo!
e 9 G 095 Gy b Sllpes pleSuJ )
Oloam 5l C8l 4y (Ban ez adlas ol o al e plol
elasSadls 51 L8 gle il o b loys cod Ollgs 14 g
IRCEIL SR U

5 SIS Gl e b <L gladele gilulas
sl Bk 9y g gl adn S3L sl
50 N sols Jlasl olisle;l 4 Sigm Bl 5 oS Lo
ol Dland Bl L wised gadatand I uy olSiolejl
Wan JewaS oils 9 (Phosphate Buffered Saline-PBS)
ol S sS slmaxkad 4 _SolSe s, 5l oslil b il
gt SN L g verse ladSgn pelul G 0
8L LYY YY) s las a3l Ghg, b adn <l sla ol
) Sy e U sl jpa o alpe g0 0 ady
2 Sk VO Sladglle (il o p S e
Sobeon 5 Gl 59 o8 (e SO G 5 5 (e

Y/

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. Yy

Forlrsy n—
L L


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

R: 20.1001.1.17355311.1401.46.2.10.4 ]

[D

&
mgmm— A (N Yol £

)15*-"‘ PRCTY) 6)}3" 0o

v (Gibco, USA)  pJguil yid do yo 0,5 Lo V¢ FBS
Yo V7 (Sigma, USA) sl Sisgis, Yo YIY x) -
el sl dee a5 des Vo (Sigma, USA) C el
Y/0x\ +7® (Sigma, USA) &lgs s ;Yse ) (Sigma, USA) E
Sigma, ) (ygyewgins ;¥ge Vo7V 5 (Merk, USA) FSH oIy
o Gpled Lame CuiS 0,08 Job o il ols cuiS (USA
A8 s LSy el TA

((ICC) (copdgimgigs| hgy b SSCs Cuga awli -
5 Jb SSCs w,y ) ol slogslsS cusn anb sl
(Thermo GFRal (sob il b laJske ol pled gg,i
o, L g (Santa cruz, USA) PLZF, Scientific, UK)
oS 5l o el il Sl B8l (g (cordigigigen]
b s pidss ly woys T ol il o boJsks
Aoy Y geuy Jekme o cele YE o 4 b elw
any 8,8 18 ol 5 il ax 0 ¥ sles o 4 (Sigma, USA)
4 (Sigma, USA) 5 ppw dwoys Vo PBS L sigcads
e SO S a4 b ek ol 5l el adlsl s ok
Dol 43l o5 ile ax 0 F sles o adgl g0l T jpa
@0l (Bl jpam 0 5 0ad dled Gae opl l ae o sl
g 0l F gl a0 YV slos ;o ol g sl S Do 4 44556
5L5l DAPI 5 oo atads by Jshos o 03,5 15 S
Japan)  Cuwggield  0sSwg S bawg ool ol
A oy 1,5 Lo ol gl Fo v cwae b g (Olympus,
(pled cuS ae > 5l L :Real-time PCR g,
b samsd yiws 9 DTM (g5, oadoslsceas slo Jslo RNA
5l zlsal (Qiagen, Germany) Jgpls Jelowe 5l oolaiu!
(Takara, Japan) juw oS 5l oolaiw! b ouliz! el RNA
wsLs CDNA ol &85 Jasllsiws el 5 CDNA
Applied ) Real-time PCR oKiwo | oolaiw! b e 0l
(Tli RNaseH Plus, Japan) .S 4 (Bio systems, USA

G9me s Sy5 ol zlaw SYBR Premix Ex Tag Kit

23 59y » D) ad oad ol sk <l 5l Jol> gaman i ]

Vo B3 L ety wlexil Gl an 5 285 13 )58 50
4 Bl sl (ol sle ol b as o I eg,See
Sl g Jowd9d s 2o y0 G Jolowe [0 el YT ot
Dde Ay s -0228,5 113 (Sodium dodecyl sulfate -SDS)
o] 5l oaingd b wias Jaxie PBS (gyl> 8,b a4 celu g0
Jsibl yo celh S o 4y ool ploj ele Cil sl 7,
90 Ode 4 0)lgs glglend S|y g 0D el w3 Ve
a3l gls sk 5l oy 28,5 5 bl PBS o el
5leslezal b o] DNA b ,o Jsho 09 5l olacebl sl p
» 5 QlAamp DNA (mini kit -Qiagen, Germany)c.S
DNA oy 5 gyl snijlo o8 15 Joallgins (ol
el o0ty Bi> <l 5IDNA S S ol las sl el
sor Slr (P9 oSy S b b (o) p -
0)bgd SuiS 5l w5 (2105 ek 5l (8L G 4w S Le
P95gSee 5l esliinl b al> e 93 cnl 5o g (Jolo
st 5l S slueslel (gl Nad ey S S
5w g ood WSid wo,s Y0 oSall BelS o sl fow!
S pgmansl 2S5 0 Celis 90 Do 4 PBS o sdigianss
Joll gosmo gloaz ;o b Sl 5l Gy i3S 15 s
a8l Lsle 5 ol cailigy pesoVl b 5l Jaidgy b aiged
wsSssSan b 5T S5y Joho iS5 35k
A (g 52

P 69) PP Pyl gladsle plead 9 culds -
JiSS g clS )l atan dw ClbdS 5l e tead 2195 ol
sk ol pla g i ;0 DTM JI o) sl SSCs
o 6,5 8 ejam YE ool UGS DTM 5l aY oS,
56 oy sl adlol oji e 4 JoluV /O XV o2 slaws
3 sk lie Lulys 5o (lojea SSCS pled (59, Comnlo
i85 I EDTM jpa (g0 00 VY Coly

CiS b jo alie g0 Soe 4 oS 90 5o 0 Lo sl

do,0 O KSR ws )0 O ol e & DMEMIFIZ L L s ples

Y/

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. Yy

Forlrsy n—
L L


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

Sen g Hgo 598 o 23 (59) » Oyl cad gl sk il 5l ol gaman s

HS5C) GgSloreml (50l slaybe Cash st oz (Protamine 2

S5 g CAnS 4tib A ) () JSE) 0 saalie SSCs

US| 3935 crs slp )bl sladulxe (osls LT
Jiéle 5 lawg Realtime PCR 51 o> mlbs [0 jlolias

GFRal 5 PLZF slacsol il b o slsS «asn anb (sl One ) ad,b G ib,ls 5JUI 3g, L Graph Pad Prism 6

. R I o e . L S doacwlxe ! o ad slxl (way ANOVA
aS wisls ylid gull Wod gy cemdgmgiges] Gig, b g d : ol plel (way

(VS8 S o ol 1, 5o 39 0ol iS5 D 5T 2 el PRO.OS

WA 0018 Sl Aid dw o 43 45 SSCS ST 1 ol o FgleS 31 (6590 ey ySamo b ooy i guad —Y S

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

olais! ool mT b s ol Casp anl SSCS i 31 ol (slosiglsS 51 Coimgy5isls Ss sSora b bty ypgoai —F S5
ol Syl 99 2 (SgdsS 50 &y Gladsbu SST a5 39b co cudlive .ol (ow ) (ombigmmgign] B9y b 9 GFRaI 3 PLZF gbs 5 lows

R: 20.1001.1.17355311.1401.46.2.10.4 ]

V. LIS
Erarsr ————
° °

&
mgmm— A (N Yol £

[D

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. v



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

R: 20.1001.1.17355311.1401.46.2.10.4 ]

&
mm— Y3 (NN Yol £

[D

Mo 5 Fge (5,90 o0

Real time PCR 3l solawl b (45 oybe (w2
ol 5 RNA 25l b sples iS5l o atin loo
slagy ole oy w9 DTM (g9, aidl, cuis
Sige oy 9 PLZE OCTA :fold)  (s)omesinn
A3 w2 QPCR g, L (Protamine-2 5 SCP3 : L&)
Ole & Sime 0) Ol Ole &5 ob ol mls

B e TR

P . &

Gowdw S yll 0 SSC as ol lis asdllae oyl ol
sl s 4 Jysd 1B e 4 ol 42eilys DTM ) Lol

b pled Jb (i
Alaid 313 slep el slodlgd ;o SSCs sla Jolu oy o
L S sl sladshe o laddg) (pl 3 a5 (L)
3 webioe dbml Joir sladsde 5 ko g)l5 S 5L
3 Y0 LYE) o4l G{‘)’M.? o b Jelw cpl ples g iSO
Gl WIgoo gam 9 e 65y Jobe oS oSl
(DS sbml ol sladshe ples g 0l 6ln oo alie
Lol A8 F1E arg 0j50 gum dw loyiey I eolanl
oolainl slacan )l glyil 51l 5 Stin slacan)ls
b e ls 5l oslaiul 63 el aiie Sladss jo oals

23 (59) » Oyl cad gl sk il 5l ol gaman s

PN Gy Ko LDTM gumydm JLSlw 2L 35
Ol G985y e L DTM (g0 as Lzl s 0
‘_gL:ocdj.l PIPS )’l b bl [al.o.'; ‘)l.';_&l.w Lo Cyoud as ols
O WSiloads Jolw 5l gle S jsbas g8 s
om dske a5 ols lis S nSIl GeKwg S (o) 2

¥ JS5) Wi DTM (55, g5 4 cotS

(A Wb g T 51 JolS y3bo a3 B Jpbas cdly i ls Bk (0 45 48350 (5 DTM 31 (539 iUl o9y S s oty y2900 —F S
(B) wildinnits yiws 1 595 (295 4 gl 45 93 00 L (T (595 L gk S 51 g DTM 3l sudvansd' (use

£

1000
800
600
400
200

. |
100
80
60
40
20

2.0
15
1.0
0.5
0.0

== 2D-4W

I = 3D4W

9
&
6\?‘

&

Gene Expression

3o Sieme 9 Sigmeuie GG Ol Glime oy ) Hloged
LDTM g gum 90 yiuw 59, SSCS spl culs atin
ol Ol &5 W e olis s Real-time PCR I oolisw!
Cowl yibow DTM s (59 s)loboe ol 4 sigm0 oGS

(P<0.01)

:/. LIS
P ./
w‘!/ w}‘.‘

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. Yo



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

R: 20.1001.1.17355311.1401.46.2.10.4 ]

[D

&
mgmm— A (N Yol £

)L{*’-"‘ PRCTY) 6)}3" 0o

Ol @ o aw oy o Sl cnl by WS

(YY)l gan 90y 5 is (5 olias
sl Y18 Jlo o LilSan 5 Huleihel a5 clasllas s
5 SACS cotS Lams 55, |y dll us)y (rgane SSCS wisls
I o058,5T s CREM cla,S e olo 5 ools oS MCS
YA Jlo o LlSKes 5 Talebi (YY) ws,S comlie
L oas oMol SACS (5, 51 |y 039, 4w sloise SSCs
Plzf,  sloiys olo g wols S alan g0 Soe 4y ,udsils
Gholami Y-\YA Jlo ;0 (Y)xs,S sanliw |, Gfral, c-Kit
S del o an s 5, 1, (Slusl SSCs (il e
oo b oo led CeiS i gz 5l ey s wisls CL2SSACS
ouslis Integrina 5 SCP3, MVH, PLZF ls 5 L Lo
Olee & Gon dw i ;3 SSCs ples 9 Ly a5 Wo 8

(V) conl (gom 90 w5l i (5,loliae
pled j0 Gom aw i Coeal ol plxil sla bion bl
oS 5 S adllas )y ams s Lt | ool sla sk
s g b o] gan 4w 3L DTM (g5, Jsbo
5 4 s ped 8l Sl ab eaalie 5 uh
4 a5 saialyie o}l oo 55eSSCS e el o0l Lri>
Ghey b Wog ead iS5 oKigley]l o atie 4w o
sy PLZF 5 GFRal slagol 5T b s sondigimgigesl
2l 5l ol b Caf (555 Cugp anli 5l 5 W
Sigein SO Ol wop b Nad ey S aan
=l (SCP3 Protamine-2) (sj5.0 ¢ (GFRal ,0CT4)
G Ay o b Jolw ol pled g & (P<0.05) ,lolixe
byl Jdo a wilgs oo a5 ol ools las (gamge 4 Cod
ol 9 SRSISE o ek b s &5 ol
o bl 0 e slml Sele b 5 5% b Lo sk
25 55 Sl eemlie Il adsl glaJob i lade

29 w2l 8 b sl ]

23 59y » D) ad oad ol sk <l 5l Jol> gaman i ]

Olidze ol> dxgi 550 cdd ol ele sl | siis
Sy 5l @l bl wigd oo Bl sk slag5 5]
L Jle gl Sl oSlee 5 il
oS ple a5 wiles,ST (5158 (6 ke rasdllas (YF)uigd oo
a4 ool slodoke ples Wl o e il Jsbu )15
Sleoss ;5 bl 6,18, (YA YY) o)l il slo Jobos
S e ok )15 S5l b oK) b Joho mlans
dogy oy a5l ok (g0 SIS sl
5 ok Szl sk 08, (Jsko 53,0 SISl aslosl
Gl Jokw jo o Sl @ atly SIS yuo a5 Wlos )5
2 iz sladsle Rl g (Gleosds )0 (oot (MBS (i

(YY) o, aan cél
oS 5 slls Glis Sles 5 65 o Al slacél
s adlllae ol o s polais! Jolu 7, WS Sl
s .ol oolatwl SSCs ples sl aan il oad olo; Jslw
DTM | Jol> (gas aw ciS oyl i ;0 SSCs as ols L
o Jobo 4 (w90 S Jayl i 4y Ced (5 olins yl3ue @
S sls Gae SYeb i .l 005 oy ples AU o
SloFhs i 5 e ARG Balyd s ol
e 42 (iwd il 09d oo sl (ol 08 4 pamie
b ekw @l 1y o alie byl (Sew o> b wlgsy a5 i
5o sk ool 23 5 S5 i, algie S ealp
Elgl ;0 SSCs pled 5 S (59, slod S slaasillas .ol
9 Lee .(YA-YY YY O\ F) el cods (Gddw 6L@)~a)
aay 8l gl Jol gl Yeof Jlo yo LulKes
O 5 O 5l ol (gomans iww (55, ) 039, VA sloo,
0,99 U"‘ )| B Qoo v\.ms)g) YY Sow aQ J)J).»Lo L: o‘).o.ﬁb

osaliv g wo,S w,p |, Protamine2 3 TP2 sla,S L Lo

Y/

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. \1d

Forlrsy n—
L L


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

Sen g Hgo 598 o 23 (59) » Oyl cad gl sk il 5l ol gaman s

b 0 ool om0 oy, S s Skl
Sl 5o o ool olad )] Wlg e olKislss]
cand alads lgie 4y 093 Al (pl a5 WS (giluand 1) adn
oy o8 Jlasl s Cprizman (F+) Gl SES oo 0
o 55 oyl bl s g i o b ol
(F)) 0gd 0 S lame 5o oyl o 5l i (SausS
5! SE b o dw lacan)ls 1 colal oelpls
5 iS5 Gl ) e s wlg oo Joho )b S5l

sl L ol ke
s DTM (g5, 52 SSCs e a5 sls i loatily ol gl

5 oiolesl ;o pigilesenl i sbeasdlas sl o) Sal,
S Sl

Lol oads S IR-TUMS.REC1394.1751

Az Oy (ymoli

5 YOFAY &S L cgas b ol adlas pl axog
sl 0 (aali (3 (S ple olKitils

&8l o)

YIS CIRV) [ PPY- FO- S PP CR oW,

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

R: 20.1001.1.17355311.1401.46.2.10.4 ]

:/. LIS
Erarsr ————
° °

&
mgmm— A (N Yol £

[D

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. Yy



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

20.1001.1.17355311.1401.46.2.10.4 ]

S 2 —

[ DO

e g Ggo 6)?‘5‘ 0

References

1. Galdon G, Atala A, Sadri-Ardekani H. In vitro
spermatogenesis: how far from clinical application?
Current urology reports. 2016;17(7):49.

2. Movassagh SA, Movassagh SA, Dehkordi MB,
Pourmand G, Gholami K, Talebi A, et al. Isolation,
identification and differentiation of human
spermatogonial cells on three-dimensional decellularized
sheep testis. Acta Histochemica. 2020;122(8):151623.

3. Gholami K, Pourmand G, Koruji M, Ashouri S,
Abbasi M. Organ culture of seminiferous tubules using a
modified soft agar culture system. Stem cell research &
therapy. 2018;9(1):1-8.

4. Movassagh SA, Dehkordi MB, Koruji M, Pourmand
G, Farzaneh P, Movassagh SA, et al. In vitro
spermatogenesis by three-dimensional culture of
spermatogonial stem cells on decellularized testicular
matrix. Galen Medical Journal. 2019;8:e1565.

5. Schlatt S. Spermatogonial stem cell preservation and
transplantation. Molecular and cellular endocrinology.
2002;187(1-2):107-11.

6. Ibtisham F, Honaramooz A. Spermatogonial stem cells
for in vitro spermatogenesis and in vivo restoration of
fertility. Cells. 2020;9(3):745.

7. Jahnukainen K, Stukenborg J-B. Present and future
prospects of male fertility preservation for children and
adolescents. The Journal of Clinical Endocrinology &
Metabolism. 2012;97(12):4341-51.

8. Sinha N, Whelan EC, Brinster RL. Isolation,
cryopreservation, and transplantation of spermatogonial
stem cells. Chimera Research: Springer; 2019. p. 205-
20.

9. Braye A, Tournaye H, Goossens E. Setting up a
cryopreservation programme for immature testicular
tissue: lessons learned after more than 15 years of
experience. Clinical Medicine Insights: Reproductive
Health. 2019;13:1179558119886342.

10. Onofre J, Baert Y, Faes K, Goossens E.
Cryopreservation of testicular tissue or testicular cell
suspensions: a pivotal step in fertility preservation.
Human reproduction update. 2016;22(6):744-61.

11. Sadri-Ardekani H, Atala A. Testicular tissue
cryopreservation and  spermatogonial stem  cell

&
T‘lt‘\iéb‘”dzu/\iddbzTuszi'Lu”

Oy a0l (oloj sk S8l (g9) Gige (395 il el g3l slo sk ;3B s

transplantation to restore fertility: from bench to bedside.
Stem cell research & therapy. 2014;5(3):1-10.

12. Aliakbari F, Yazdekhasti H, Abbasi M, Hajian
Monfared M, Baazm M. Advances in cryopreservation of
spermatogonial stem cells and restoration of male
fertility.  Microscopy  research and  technique.
2016;79(2):122-9.

13. Katz DJ, Kolon TF, Feldman DR, Mulhall JP.
Fertility preservation strategies for male patients with
cancer. Nature reviews Urology. 2013;10(8):463-72.

14. Stukenborg JB, Wistuba J, Luetjens CM, Elhija MA,
Huleihel M, Lunenfeld E, et al. Coculture of
spermatogonia with somatic cells in a novel three-
dimensional  soft-agar-culture-system.  Journal  of
andrology. 2008;29(3):312-29.

15. Jabari A, Gilani MAS, Koruji M, Gholami K,
Mohsenzadeh M, Khadivi F, et al. Three-dimensional co-
culture of human spermatogonial stem cells with Sertoli
cells in soft agar culture system supplemented by growth
factors and Laminin. Acta Histochemica.
2020;122(5):151572.

16. Helm RF, Potts M. Extracellular matrix (ECM).
Ecology of cyanobacteria I1: Springer; 2012. p. 461-80.

17. Pizzo AM, Kokini K, Vaughn LC, Waisner BZ,
Voytik-Harbin ~ SL.  Extracellular matrix (ECM)
microstructural composition regulates local cell-ECM
biomechanics and fundamental fibroblast behavior: a
multidimensional  perspective. Journal of applied
physiology. 2005;98(5):1909-21.

18. Navarro-Tableros V, Herrera Sanchez MB, Figliolini
F, Romagnoli R, Tetta C, Camussi G. Recellularization
of rat liver scaffolds by human liver stem cells. Tissue
Engineering Part A. 2015;21(11-12):1929-39.

19. Crapo PM, Tottey S, Slivka PF, Badylak SF. Effects
of biologic scaffolds on human stem cells and
implications for CNS tissue engineering. Tissue
Engineering Part A. 2014;20(1-2):313-23.

20. Hoshiba T, Chen G, Endo C, Maruyama H, Wakui
M, Nemoto E, et al. Decellularized extracellular matrix
as an in vitro model to study the comprehensive roles of
the ECM in stem cell differentiation. Stem cells
international. 2016;2016.

21. Kanatsu-Shinohara M, Ogonuki N, Inoue K, Miki H,
Ogura A, Toyokuni S, et al. Long-term proliferation in
culture and germline transmission of mouse male

P
o /;,J Jf_' 0,

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. YA



https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-11-05 ]

R: 20.1001.1.17355311.1401.46.2.10.4 ]

[D

&
mgmm— A (N Yol £

)15*"‘ PRCTY) 6)}3" 0o

germline stem cells. Biology of reproduction.
2003;69(2):612-6.

22. Sadri-Ardekani H, Mizrak SC, van Daalen SK,
Korver CM, Roepers-Gajadien HL, Koruji M, et al.
Propagation of human spermatogonial stem cells in vitro.
Jama. 2009;302(19):2127-34.

23. Huleihel M, Nourashrafeddin S, Plant TM.
Application of three-dimensional culture systems to
study mammalian spermatogenesis, with an emphasis on
the rhesus monkey (Macaca mulatta). Asian journal of
andrology. 2015;17(6):972.

24. Dobrinski 1. De novo morphogenesis of functional
testis tissue after ectopic transplantation of isolated cells.
Organogenesis. 2007;3(2):79-82.

25. Oatley JM, Brinster RL. [11]-Spermatogonial Stem
Cells. Methods in enzymology. 2006;419:259-82.

26. Dhandayuthapani B, Yoshida Y, Maekawa T, Kumar
DS. Polymeric scaffolds in tissue engineering
application: a review. International journal of polymer
science. 2011;2011.

27. Campbell A, Wicha MS, Long M. Extracellular
matrix promotes the growth and differentiation of murine
hematopoietic cells in vitro. The Journal of clinical
investigation. 1985;75(6):2085-90.

28. Chen SS, Fitzgerald W, Zimmerberg J, Kleinman
HK, Margolis L. Cell-cell and cell-extracellular matrix
interactions regulate embryonic stem cell differentiation.
Stem Cells. 2007;25(3):553-61.

29. Burridge K, Chrzanowska-Wodnicka M. Focal
adhesions, contractility, and signaling. Annual review of
cell and developmental biology. 1996;12(1):463-519.

30. Schwartz MA, Ginsberg MH. Networks and
crosstalk: integrin signalling spreads. Nature cell biology.
2002;4(4):E65.

31. Birgersdotter A, Sandberg R, Ernberg |, editors. Gene
expression perturbation in vitro—a growing case for
three-dimensional (3D) culture systems. Seminars in
cancer biology; 2005: Elsevier.

32. Cheng CY, Mruk DD. Cell junction dynamics in the
testis:  Sertoli-germ  cell interactions and male
contraceptive development. Physiological reviews.
2002;82(4):825-74.

33. Sato T, Katagiri K, Gohbara A, Inoue K, Ogonuki N,
Ogura A, et al. In vitro production of functional sperm in

23 59y » D) ad oad ol sk <l 5l Jol> gaman i ]

cultured neonatal mouse testes. Nature.
2011;471(7339):504.

34. Gholami K, Pourmand G, Koruji M, Sadighigilani M,
Navid S, Izadyar F, et al. Efficiency of colony formation
and differentiation of human spermatogenic cells in two
different culture systems. Reproductive biology. 2018.

35. Gholami K, Pourmand G, Koruji M, Ashouri S,
Abbasi M. Organ culture of seminiferous tubules using a
modified soft agar culture system. Stem cell research &
therapy. 2018;9(1):249.

36. Khajavi N, Akbari M, Abolhassani F, Dehpour AR,
Koruji M, Roudkenar MH. Role of somatic testicular
cells during mouse spermatogenesis in three-dimensional
collagen gel culture system. Cell Journal (Yakhteh).
2014;16(1):79.

37. Lee JH, Kim HJ, Kim H, Lee SJ, Gye MC. In vitro
spermatogenesis by three-dimensional culture of rat
testicular cells in collagen gel matrix. Biomaterials.
2006;27(14):2845-53.

38. Orwig KE, Ryu B-Y, Avarbock MR, Brinster RL.
Male germ-line stem cell potential is predicted by
morphology of cells in neonatal rat testes. Proceedings of
the National Academy of Sciences. 2002;99(18):11706-
11.

39. Talebi A, Gilani MAS, Koruji M, Ai J, Rezaie MJ,
Navid S, et al. Colonization of Mouse Spermatogonial
Cells in Modified Soft Agar Culture System Utilizing
Nanofibrous Scaffold: A New Approach. Galen Medical
Journal. 2019;8:1319.

40. Panula S, Reda A, Stukenborg J-B, Ramathal C,
Sukhwani M, Albalushi H, et al. Over Expression of
NANOS3 and DAZL in Human Embryonic Stem Cells.
PloS one. 2016;11(10):e0165268.

41. Beningo KA, Dembo M, Wang Y-I. Responses of
fibroblasts to anchorage of dorsal extracellular matrix
receptors. Proceedings of the National Academy of
Sciences. 2004;101(52):18024-9.

Y/

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. Y4

Forlrsy n—
L L


https://creativecommons.org/licenses/by-nc/4.0/
https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.2.10.4
https://pejouhesh.sbmu.ac.ir/article-1-3089-fa.html
http://www.tcpdf.org

