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Abstract

Keywords
Background: Spermatogonial Stem Cells (SSCs) differentiate into adult germ cells y

during spermatogenesis and cause male fertility. Maintenance of SSCs and Spermatogonial stem
induction of spermiogenesis in vitro may provide a therapeutic strategy to treat

cells,
male infertility. Moreover, it is possible to use the SSCs for research in the field of ) .
biotechnology and regenerative medicine through differentiation of them into other Proliferation,
cell lines. Differentiation

Methods: SSCs were isolated enzymatically from digested testicular tissue and

then were cultured. The identity of SSCs were confirmed by anti-OCT4, anti-PLZF

through immunocytochemistry. SSCs were cultured in differentiated culture

medium. Then, expression level of SCP3, Boule, Crem, Protamine 2 genes and also

expression level of SCP3, Protamine2 proteins was determined by Real-time PCR

and immunocytochemistry, respectively. In addition, the potency of SSCs

differentiation into osteoblasts and adipocytes was evaluated by Alizarin Red and

Oil Red staining, respectively.

Results: The results showed that SSCs can differentiate into adult germ cells in in

vitro condition. Also, under differentiation conditions, these cells can be )

distinguished from other cell lines. Received: 22/06/2019
Conclusion: The results of this study showed that, given the differentiation potency Accepted: 02/11/2019
of SSCs, these cells can be used for the treatment of male infertility, as well as cell

therapy and regenerative medicine.

Conflicts of interest: None
Funding: None

Cite this article as:
Ashouri S, Feraghat S, Farghadan M, Ashouri S. Isolation, culture and differentiation of human spermatogonial

stem cells into differentiated germ cells, osteoblasts and adipocytes. Razi J Med Sci. 2019;26(9):1-9.

*This work is published under CC BY-NC-SA 3.0 licence.


https://orcid.org/0000-0001-8996-1411
https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.9.9.5
https://rjms.iums.ac.ir/article-1-5661-fa.html

http://rjms.iums.ac.ir

YYAA 53T A o ke (Y8 0,95 1gil) hEl.i'.lH oglc alan

@324"“1 5

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

[ DOR: 20.1001.1.22287043.1398.26.9.9.5 ]

S o0 05 1y (5 e Jalge b (g9 g sla Sl
JLasl Ll o o 09>g Solgil slacdl 3 0 s oyl
St ol Jo sl Ghg) paizr (rlplo S (o
Sl Bty o oyl 5l plaS e a5 sl ouls )b
Sy o ke VY-V o) il W eola
g SLSEST (g s b Sy sla sk Jla!
LgLQle_..: CinS (VYY) ol ool @‘y} J..\.A (R
Lyl, & 50 5565k yul plodl g o> g0l
o L 5595k el @ olitws jolaie 4 aKaubej]
ol e @ lisne Slagon o b S g
Sile el adgi g 3593ke sl plonl 5l ciduael b
L aS ol oot Jol> allisle;l Ll o &b
Slocwsiadl adg 4 ol (ol )5,k Ol S92
pled o B Oladlas 5SLs (V) s Jboy
) 5 g WBle OB Wz 3 (95 gile el sla S5l
o dazg b guisd cpl 0 .(VP-VF) Conl ouls plal
bl (S5 Ple pl Slaol s (59, 1 &S
él.?u‘ L: 0L ) Sl 00 [al?U‘ GQS)L-WJ Sldlas
g gy p S tolojl o ML iz sla sk &
S5 $lo sl S sl a5 4ol @ azgi b (i
slaos, Koo oyl ples witws ol slo Jgbw
S wilh oy Ul sl 5 (SaS 55 s Joko
ol loslai vl SG5slgigas] o (SIS OIS
ol sl ol ccas Lol 1) e ol
b Jslw =) plad ol solaiz! gples slalasns

ol oads byl o,z 5 Slereinl sla Jsbo 4

JLET T
il cglat e addllae ol )0 1Bl diged dugs
9 00t Grre Sy Lz a5 (gilen 5l Ol aly
L g ylam odlgls culs, 5l L o geae laml wuusls
Ol oBEtils (S eaSiitils DI aneS anl

WAA 3T @ oyl Y9 o) 55 15jl) 1oSaisjs gle alan

S5 a aly o o Slas a5 cuslygy (L Al

&9 $le il ol sla o pslo
Ol il oo (Spermatogonial Stem Cells-SSCs)
&ly Slsp sl loads) sl slid (59, » b sl
gy yo ey 93 (o slashe (50 g 00
3 lwe 25 o Sl ol b e Jsho (l 53555Le s
S s e S5t | axdl ol sla S gilo el
Pl 5 Cogile gl dy el oz 5l 0
558 G5yl s sl WeBee o auile s
(V) abl oo oY acay ;0 SSCs 3l slo 153 o)lgan
ool 23 5 S5 sl s et aisS
S5 Hloye 53 (559)bb & e Gilgi oo (S5 g5le
L 5 ol s sl 45 L5855 45 ()
@il s Gloys ot 500 laglan
35 G55l slo ol 31 3Ly shas cxigd o
JNSTL 5 (555,L0 el 5 gy o0 o 51 Oloyd g
Lol 510 )lo 952y (S350 50 05085 ol s9sbe 50
Ol 955 ai ST (50557 (ly99 0 35530 el 45
GBI 9 1) G (35S (nl 5o g el 23
a e Ol ploys e 4y o LU Loy lass
Sober slaplSn &5 Slallin | gapy i ol
=5 B 555 gile pusl sl sl les Jobo o,
Lis gl s sl l Canl o S on

Gl 90 .l oanl 8929 4 5 owi slaJglu
g by 1,8l 50 lo e (559,L i (ly a0
b iz slo gl digny -V 09 0o JLSS (g0 g
CiS =V 9 0) (g Ol S a4l
Al e ;o adn Sl b i slo sl
P alesl a8 g o Sgn sLasuss (V-9)
bi> gl ]y g glas s i sl sl
s oS Sl slo a9 & SLE 6500
So a8l S ey el 00,5 vl 8 (auw ol
0dd3 08 ;0 b Cumdg A Al el Laore
JLasil Lal 0 oo wald otz b Jske nlos sl
Jheio! Sy Ul 455 S 4 (i sloJsles

http://rjms.iums.ac.ir


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.9.9.5
https://rjms.iums.ac.ir/article-1-5661-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

[ DOR: 20.1001.1.22287043.1398.26.9.9.5 ]

3l asll olas! eSS e o citS aan ¥
AN

5 Real-time PCR (sl 55, L SSCs cugn anls
Ol SSCs S 5l azian ¥ sy @ condiginwgigoen!
Real-time PCR s, s PLZF 3 OCT4 slay;
5 Jor=ly sl eslaiul b o Job RNA S0l b))
Shacs glhaeul oaijle o8 i Josdlygws bl 5
cDNA i oS 5l eoliwl b oo C‘)éz.lw‘ RNA
OJ.:)L.» us)_w JA.:J‘)}'J_M:O L}“’L”‘“)" 9 (Takara)
s RNA zl 2l 5l ey a8 a5 cDNA
Real-time olSiws 3l oolew! b q PCR DNA o
3 PCR (Applied Bio systems, Foster City, USA)
(Tli RNaseH Plus) SYBR Premix Ex Taq <_S
OV F) al plol

Glodslw csn i ool gl oo
zaw ;0 GFRal 5 OCT4 slays ole (595 95ko o]
9y L g s—obas lasol ol Ly Guis
OOFS S 5l ey e (o (e biggisen]
L% G 5o asbo 1 spmalle ST 4o Lo sk
FVe e Sglome 53 Lok e g 4235 )18
Y slos o gcelw Y oo s o Joho auz8 )3 )18
S8 a4yl 6°l-.'g53j & ygloms jo 0l )5 colw 4o
salome jo Sl ¥V as d by Jolow g oal asis
lodiges (53lwoolel 5l o .0i8 )5 1,8 a5l gob
ssaliin Lo S Lo anl sl Cun gls CgSus Sn b

iS5 5 S Sl ] sla sk 4 ol
Sloinl o Jshw 4 b sl pl 5les <oduld SSCs
oyi> 7 slacedy jo la ol jshaie oo ol o)z
ooy V¢ s> DMEM-F12 ally cois Lo L
Ol o 08 )S 18 Dlandg e S Ly Yoo (Lo )
a0 VY sl o ahe ¥V Goe ay oS al> o
o=l Job j0 0l plil CO2 wo j0 O 5 01 5 6le
3o b (agns CuiS baoes LSS 59, 90 0 D
Alizarin el S5, L o Jsbo 3les 0,90 ol LL
O oS oy pred

lal el S5 6l 1508 )5l (s5mel

http://rjms.iums.ac.ir

OhlSen 5 Gge 5y9al Ll

b o lows 3l AR.TUMS.REC1394.1751)
5 dan S8k s a8 5 ol es oRisls 4y aily
a0 F sles o 5 Sogn il gyl et Lo
b e o8isle;l 4 ol 8 il

5l edshe gjlulaz aay <ol sla Jolo g5kl
S 5 35290 laosllygns bl p ady 8
s o ilulaz sl (VA 5 VV) ol plxil o
g ob ablop Edl () JgmeS lat) adn 28
(Phosphate Buffered ,JL. olawd 86 L oo
3o ad> e 90 40 alan céb .ol atwd Saline-PBS)
S el U S s S slomsl j3a
ey So cale b slads el d e 5o 0,5 e
So bl b e 5 9 e 50 oS e
g0l F sl ax 0 YV leo jo i s j0 0,5 Lo
wad 3l Jol> sla Jolo al pan 4z ds FO Coe a
S T 1F 5y ol 5 slons 51 0olitl b (o]
Al e LQQT ‘sil.,oo..\.;)’ Q‘}.ﬁ 9 o0

595 $ilo sl (ol slaJols 2S5 5 oS
S Lo a3 a2l gn ) Jol sla sl
(Dulbecco's Modified Eagle DMEM-FI12
L ol yo2 Medium/Nutrient Mixture F-12, Gibco)
ools ¢S (Fetal bovine serum, Gibco) FBS 7.\
Gl aJolo a8 5l e cel W VY ol
e S s 4y ;55045 SSCs (g5lulas
Lot arblop Jobow (g, oS Laome 2igdh oo
=29y St e )3 09290 Sla ol ok Sl
L oad ools idigy S B9, b 40 g ol oo
wobaiz] eSS laore a5ul ool S eIV Y
Jolis b Jol s oyl o) (gl oo oola_ul
KnockOut Serum) KSR 7.6 DMEM/F12
oyl 0l ;5518 g (Replacement, Invitrogen
Y- ,la—%e a (Epidermal growth factor: EGF)
“FGE) (gtdhs pasd 0, 555516 il s 49 o550
3 eS¢V Jlaas 4 (Fibroblast growth factors
(Glial cell-L_J5 5| g i o, 9251 ¢ 2 Lo
\+ ,la_as 4 derived neurotrophic factor-GDNF)
LoSs) oS Lo )5S 5t (e y0 0 S5l

V+¥ laie 4 (Leukemia inhibitory factor- LIF)

Goe 43 SSCs 355 jalaio 4 090 2 Lo ;0 0y

WAA 3T @ ojles Y9 055 15jl) igSaijs pgle alan


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.9.9.5
https://rjms.iums.ac.ir/article-1-5661-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

[ DOR: 20.1001.1.22287043.1398.26.9.9.5 ]

dy L')L.u‘l d;yla)wl sl o J}l.w ﬁLo.J 9 culS ‘L;)’L»U?

)" oolaiul b oals C\)Ml sWRNA )| cDNA piw
au by sla 5 Lo Real-time PCR oo
ad> e any by o slo ) Ol g j5-laiven
Al o, Crem ¢ Protamine2 Jols (gouslo sl
zkws jo Protamine2 g SCP3 sla 5 oylo (pioren
Sl 2 b)) golaisl sl ool T b sy
5 o5ad 1F asalle,81,L o la Jebw ol jelate oyl
oL BT jslome ook o1 51 ey 30l (5 5Lwoobel
2 O8S lE g it Sl ey 9 485 15 4yl
ol o5 Sn Ly gl 5oLy 5T yoas
AL (g 2
3929yt 6‘)—.’ Lg)LJ A-JL/—M)L?LA ools }.JL:T
Real-time PCR j| Jol> zls ;o jlo Jxe S
5JUT s, L Graph Pad Prism 6 1581 o 5 Lags
28,5 plxil (One way ANOVA) a8 b S il g
BUSIS S E o SRy AR PR L G DUV £ ] B

RVPLER

loaisl,

ools S slaJolow (539198 )90 5 02y 2Lo))
Iy acas 8l slo Jsbow 5l oS ao ;5 SSCs tous
S s 4y 00 ddn 8k SSleger slaJolo 4
VY 5l e a8 ool samme ol Wigd oo Juaio
Sl (o B oy et fate Sl 4 jeie Zels
ot 05 @218 sk (nl 5le Al 5 (g5luluz
eSS e o b Johw ol S 5l asan ¥ ogus 5l
o=l pled g 0l Sl ol slaggls (olais!
Sl L 51 bl (5 & S8 iy o ool
ol La SelS” il ojlail 5 olass caiS 0,90 Jobo
Ol S g9 b sl atia ¥l G oS 55k @ 8L
et 3 sl ol 5l gl e L5 st Lo oL
O JSS) wog cuns

5 o 595 Lol s3Ls slasber Cugn wnls
3l el Lo gdls (595 gile sl slo b cuiS
g Real-time PCR sl o g, b Jolw ol o,

Real-time g, ;0 .2ods b))l sondsiawsises]
o beo e slagys lo oliee a5 0l ools yLis PCR

WAA 3T @ o5l Y9 )55 5jl) 1eSusjs ogle alan

e 4y o 3 00 46 BPS. Jylono | Lo JoLo
s w8 alls Jelie &gl jo ag o ) -
Sy ) () Jedoee Ly oad S8 sl gl
Y Soe dn 0,0 YO Sl 0l joAlizarin red
Lo sl el S5 5l gy 0 (ool KU, o
A gy g5y e b g 0ol auls BPS L
7SS g il e o sladgbs 4o ples
Ot S (o2 o7 S gk 4 o] 2L SSCs
DMEM-F12 asly eSS b o b Jolw jolaie
10 g5l ;50 Yaeg, S V¥ FBS voyo Vo (gl
9)5s0 )+ ¢ methylisobutylxanthine ¥so oo
e S 9Se Ve g Gemsliogaial Vs
S 4 ClS Al o ol jo aiad ools cuiS o gud]
o ;00 gl 5 lw a0 VY los e
HSS ey 99 e Sae ol Jeb jo i sl CO2

7led 0)95 ol GLL Sl 08 (argas cutS Laone
512) 0 ) Ol Red (55mal S5, s Lo Jskes
Ne

0¥ sl b o Jobe Il Oil Red s jmal o5,
IV SIL T 5] e 5 o S eels S5 oo
Ve-V0oue 4 01l Red Jolowo b g ol dis
DB S, Jslme Cules 5o us (el S5, aids
L sl 7V S gt 5l ey 5 00
WD (o) 2 95y S

&l SSCs 1Ly iz (slo oo 4 SSCs jles
LoIY 5 b osdh odign 0, & (glacaaly 5 ples
/0 FBS 70 s5l> DMEM-FI12 (sples baame 10 4
Vo7 el i don 5 oS ks V- KSR
E ey sl oo 5o o8 oo Ve el S8
T Slg e Yo e ) el Sigi, VIV 7
Cdn A g irgins NVga VoY FSH asly V/dx\ -
ous oold S slo Joluw 5o colo S aian ¥
491 CO2 vo j0 0 g ol,5 il a0 VY sles jo
OF) Wad bagoe (angad Gleyd 59, Se g oad

4 S5 Pl ol ol ba ol s (o) 2
Real-time PCR (sLa g, b b &l caiz slo Jslo
sled g ciS azin ¥l Gy i coBgingisel
Jszls slwe 3 eslial b o Jobes sl RNA (SSCs
5 e b Al sils &8 1 Lol st ollae

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.9.9.5
https://rjms.iums.ac.ir/article-1-5661-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

[ DOR: 20.1001.1.22287043.1398.26.9.9.5 ]

OhlSen 5 Gge 5y9al Ll

o3l g ol ke ol Jgbo 53 3505 03l oS aim ¥ e 4 45 SSCS iS5 5l Jools slo SolS 51 ()9 wrgSuwg, S b ok dups (uSe =) S5

2y ol B Jsbo o] 33, 5 Jeols o gisls

mobarsl slaool (1L o Jobo ool iS5 5l oo (sla gl SSCS cogm 10l jolato &) &5 Cinggls Sy Sen b odih gy (uSe =Y JSU5
A e ol ) Sl 53 0 S8l 5 ly sle Sl 5148 355 0 salie S (b5 esdsiwsise] G9) L GFRAL s PLZF (cla sl 0o

b > JJSSCS ALY Py L§L°J91—“’ 4 ).’Lu

Y o a = LgLQle.w oS Wl 6)JLA.’ IRAY
sl Jols j0 o)z okl jpas .0l plol aian
oIl ol pasiie g 0 owyp el 0y98 Jobo 5o
5000l e pll ol el cpl slass ples 0,90 Jobo
= U‘J.LJS Oll Red 6)*4:1 u_i:) L: )JLQJ 0)50 UL’L’
sdalive &gl CoSwg Seo b g odel )0 508 S5 4
(Y JSKs) Sas
ol 4o pled gl iz slo ol 4 ples
csin S b oSyl sla oo o i
OLL 5l o i ools S spled citS lasre o
9 (s gile sl Loy Gl Gl 0590
3 pled sl o5 ola pas @ yde wisls lis gl
L ol (pl (g ples caS aian ¥ 3l o 4ol SSCs

http://rjms.iums.ac.ir

¥l b SolS ! jo (PLZFOCT4) 565 gile pus
aS ol ools LA cerdigiwgisal Ghsy 50 Huize
e 59 0 o slS ol 3 35250 (sl Jsha 25T
(Y JS8) oS o e |, GFRal 4 OCT4

aS e ¥ oo o dlediwl sl Jolw 4 ples
L wiad oo oole caiS gples S laoe ,0SSCs
S SB35l ey D (g Dpial 958y S
S35 Sl s ol sples iS5l atin
S5 5 0y 0 e St Lame 43 o Jsb
s 5o sl ol a5 5l Jols sl (sloess
rled 0598 Lk 5l (092 S9eie led 090 0
3 il Ly a Jshs b gidon o ilo 35
ol bl as obj,l Alizarin red (g5l S,
ol sloodgs ;o pls 5l (8 oSG Sl 5l
(VY JSKE) ol el JuSis

YAA 3T @ o,les Y oy sl uS.l.'l'.lH ogle alan


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.9.9.5
https://rjms.iums.ac.ir/article-1-5661-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

[ DOR: 20.1001.1.22287043.1398.26.9.9.5 ]

oy ] 368 5Lyl (60 (6l Jobus 33Le3 5 S (e lolin

U ples )L a8 S5y Alizarin red (el 5.0y g Slginl lo Jolo 4SSCS 5L 1 (695 g San b ord ang wSe =T JSUS
(B) ¢l w4 ples saimd lis K5y 508 sla BsSTly 2959 QOil Red d)-uol 5, (A) cwl pedS 5l 8 Jolw 2y S5l g ylgscil

-
50 ym

-
50 ym

5o sl mobiats] elmsoly 51 L sl () 52as SSCS (g52la5 oS atin ¥ ) Ly ciutogpls oS San b o ds oS —F S
Lo Silo S8 glo sl o sl 4 35 o oaaliie A ) ordsiwsige] by, b (Protamine2) sasloyeul 55l 5 (SCP3) zwgilo
._\Jlb.))s uLJ ‘) 41>)A 9) Pr

Gene expression
1

-
50 um
-
50 um

SSCs
Differentiated

20—

1.5

1.0

0.5+

00 ) T 1 I 1 I
<> < & 3 & Vv

o &S & & «
@6\
€

sl sl 3 (SSCs) adgl 555 gile pl cla Jolw s Real-time PCR ;i osliiil b 53555k yuaol caliseo Jolyo 13 slayi ole oliwe =0 JSd
(P e/ ) Canl ()b ixe lime 4 siled cutS 3l o sled oy ol wspled cutS dtan Bl o 4l pled S g5lo

S Aol g Sy
Ll 5,0 55eb o—— |,°;>u. il  SSCs oS

a0 JU g3l pel 4 litws jglate 4 aKaoLesl
ol g pbae G lisee Slidios o plls SO lge

Sile el adgi g 3593ke sl plonl 5l ciduasel b

WAA 3T @ o5l Y9 )55 5jl) 1eSusjs ogle alan

5 2 2 1y sples slags olo 5l )ls (xe e
P <) ocils godbe el 5 cuwgile ponl al> o
e gmmwgigas] oLl e (O JSS) (0.01
6,99 )‘ S 1) T )‘ o= 9 S <5L'QL)) QL“’

(F US) 0,5 0l iy gelans 4o jiles

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.9.9.5
https://rjms.iums.ac.ir/article-1-5661-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

[ DOR: 20.1001.1.22287043.1398.26.9.9.5 ]

g g p5sels plonl iz ol sla sl Lol
S99 dile calitre waleds Lol cwl iz sl sl
5 sl gl gl a5 LaslS ;5 Legil 5 (slo 9005
758 okl snles Ol 5l plis celacdly
A oo i Slagos (VF) wos oo Lo il
iz Ceols wlg e OCT4 0uisS ol (glo Jslo
az>gi L oplpln (YA 5 YY) cino lis g5 5l Silgs
o=l a0l e Jelw 40! SSCs ;o OCT4 L 4
rles olg caliee Sldllas [0 aups lis 1) (S
05 LsS sleasss o Jsbw sleos, 5o 4 SSCs
GHhLSee 5 Sz b ol a8 S 18 o) 09550
e gl gla sl o 1, o8 SSCs witlys

OhlSen 5 Gge 5y9al Ll

L aS el o ol alSilel bl o L
Slecwgndl adgi 4 088 1ol (659,L Bl o9
aibe aliwe Je 4y aS Jlilew jo (V) Wog Jloy
o 3 2oy slagleys cod Wb &S Sl
By )l a5 oyl 3T LA L 5 0K 15 Gloyo
i e Stales] 55 Sl sl s 5h
5o (1) Al ke ooy canlin ISl S, lsic
FiPle el 0550 0 1) Lo b )155 o dgl 2l Lo
5| ol sl oypmnilinsges Loyl 0, ,iiiie
S gusS yo 1) 039, s oge aan Zib o3l pan
Iwilys g iols coiS atan VF S sl oyl )

48,5 SSCs il i3 Kas 5 Sily (YR) i
Rl 2z 9 Sy s au |y Se3 sl eads
3o a8 T SSCs (s plod (g5 (655 (V) dumd
= OlgFil 5 (o G s @ azs> i
o plad lad b ok cpl a5 Wi S cnalive g 00,5
SSCs s3las olg ) wiyls |, sk (gloos, ol
cemlbe (50l SO plgie 4 o 8L g5lesl ol
@l sl she (So3gdsisel 5 (BB M a5
SSCS aioss ol 50 ol el 5l 0,10 |, i
bl L e s ctS azin ¥ 5l ey L
b led Slssenl 5 oy Glodsle 4 aiulys

059, <o AU o bae jo 1) 5gle ol il S
g 00l I8 asllac 850 (IS 51 —uSG Sle o
5 5w (V) 0o S zl el 1) asle ol slo Jolo
a1y 0jgy Wiz Ghge ddn Z8b 5l Slidad S
g sls cuiS 55 5 b o (538 G0 ole g0 e
Shoslawl L as aisS adgy adb 19595l ] auisiiles

(YY) 0 olygs adsi & yomie 55,k SIS sba s,
J—ol (Joko gaibimsn (2l en 5 5908 gl
asols S ole S Gae s cdan Cb o Bl pean )
5.V asS las AU ooyl aisuilgs 4

o azg Lol lis dallas ool 5l Jols uls ass
o b sl cul 5l oles o SLusl SSCs sples e
Ao 4o eizred 9 0,0 (5 )5,bL S (B by

255 o3l (corn i (S g (Sloyd Joho

References

1. Schlatt S. Spermatogonial stem cell preservation
and transplantation. Mol Cell  Endocrinol.
2002;187(1):107-11.

2. Aslam I, Fishel S. Short-term in-vitro culture and
cryopreservation of spermatogenic cells used for
human in-vitro conception. Hum  Reprod.
1998;13(3):634-8.

3. Tanaka A, Nagayoshi M, Awata S, Mawatari Y,
Tanaka I, Kusunoki H. Completion of meiosis in
human primary spermatocytes through in vitro
coculture with Vero cells. Fertil Steril. 2003;79:795-
801.

4. Jahnukainen K, Ehmcke J, Hou M, Schlatt S.

http://rjms.iums.ac.ir

il il Son g Lol (6,00 aalllas
A8 ads (5 g n Lame )3 (SBge 19395l !
oo 51, SSC sla Jolw )L 5 >9,5 (YY)
PLLA 59, 2 1) b nl w33 ,5 o LU
sle SglS sl a5 55,5 sasline bay)] aiols iS5
SRR NSV ) NPT [ R
g &Sl 4z L U(YO) ol ails aulisl algslsul
pledl o8 A Slsllas Ll SSCs jled (s,
Lyl s olonl U ol e addllas cpl jo canl oo
1 i sla sk 4 sk ool LS ol alis
50 SSCs S atan § 5l o 09d obj,l o Kiole;]
sls lis Real-time PCR gl s ples i laors
9 Segile el ad> 0 g0 1 50 ples sla
9y b (e i 5o s ool Ol (P20 )
o Aol o pde ol 0l 58 sendigigigen]

WAA 3T @ ojles Y9 055 15jl) igSaijs pgle alan


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.9.9.5
https://rjms.iums.ac.ir/article-1-5661-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

[ DOR: 20.1001.1.22287043.1398.26.9.9.5 ]

dy L')L.u‘l d;yla)wl sl o J9l.w ﬁLo.J 9 culS ‘L;)’L»U?

Testicular function and fertility preservation in male
cancer patients. Best Pract. Res Clin Endocrinol
Metab. 2011;25(2):287-302.

5. Sofikitis N, Kaponis A, Mio Y, Makredimas D,
Giannakis D, Yamamoto Y, et al. Germ cell
transplantation: a review and progress report on ICSI
from spermatozoa generated in xenogeneic testes.
Hum Reprod Update. 2003;9(3):291-307.

6. Staub C. A century of research on mammalian
male germ cell meiotic differentiation in vitro. J
Androl. 2001;22(6):911-26.

7. Georgiou I, Pardalidis N, Giannakis D, Saito M,
Watanabe T, Tsounapi P, et al. In vitro
spermatogenesis as a method to bypass pre-meiotic or
post-meiotic barriers blocking the spermatogenetic
process: genetic and epigenetic implications in
assisted reproductive technology. Andrologia.
2007;39(5):159-76.

8. Fujita K, Tsujimura A, Miyagawa Y, Kiuchi H,
Matsuoka Y, Takao T, et al. Isolation of germ cells
from leukemia and lymphoma cells in a human in
vitro model: potential clinical application for
restoring human fertility after anticancer therapy.
Cancer Res. 2006;66(23):11166-71.

9. Hou M, Andersson M, Zheng C, Sundblad A,
Séder O, Jahnukainen K. Decontamination of
leukemic cells and enrichment of germ cells from
testicular samples from rats with Roser’s T-cell
leukemia by flow cytometric sorting. Reproduction.
2007;134(6):767-79.

10. Hou M, Andersson M, Zheng C, Sundblad A,
Soder O, Jahnukainen K. Immunomagnetic
separation of normal rat testicular cells from Roser’s
T-cell leukaemia cells is ineffective. Int J Androl.
2009;32(1):66-73.

11. Honaramooz A, Snedaker A, Boiani M, Scholer
H, Dobrinski I, Schlatt S. Sperm from neonatal
mammalian testes grafted in mice. Nature.
2002;418(6899):778.

12. Cremades N, Bernabeu R, Barros A, Sousa M.
In-vitro maturation of round spermatids using co-
culture on  Vero cells. Hum  Reprod.
1999;14(5):1287-93.

13. Cremades N, Sousa M, Bernabeu R, Barros A.
Developmental potential of elongating and elongated
spermatids obtained after in-vitro maturation of
isolated round  spermatids. Hum  Reprod.
2001;16(9):1938-44.

14. 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.

15. Guan K, Nayernia K, Maier LS, Wagner S,
Dressel R, Lee JH, et al. Pluripotency of
spermatogonial stem cells from adult mouse testis.
Nature. 2006;440(7088):1199.

16. Galdon G, Atala A, Sadri-Ardekani H. In vitro
spermatogenesis: how far from clinical application?

WAA 3T @ oyl Y9 o) 55 15jl) 1oSaisjs gle alan

Curr Urol Rep. 2016;17(7):49.

17. 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 germline stem cells. Biol Reprod.
2003;69(2):612-6.

18. 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.

19. Nguyen TL, Yoo JG, Sharma N, Kim SW,
Kang YJ, Thi HHP, et al. Isolation, characterization
and  differentiation  potential  of  chicken
spermatogonial stem cell derived embryoid bodies.
Ann Anim Sci. 2016;16(1):115-28.

20. Wang X, Chen T, Zhang Y, Li B, Xu Q, Song
C. Isolation and culture of pig spermatogonial stem
cells and their in vitro differentiation into neuron-like
cells and adipocytes. Int J Mol Sci.
2015;16(11):26333-46.

21. Lee DR, Kaproth MT, Parks JE. In vitro
production of haploid germ cells from fresh or
frozen-thawed testicular cells of neonatal bulls. Biol
Reprod. 2001;65(3):873-8.

22. Sato T, Katagiri K, Gohbara A, Inoue K,
Ogonuki N, Ogura A, et al. In vitro production of
functional sperm in cultured neonatal mouse testes.
Nature. 2011;471(7339):504.

23. 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. J Androl.
2008;29(3):312-29.

24. Elhija MA, Lunenfeld E, Schlatt S, Huleihel M.
Differentiation of murine male germ cells to
spermatozoa in a soft agar culture system. Asian J
Androl. 2012;14(2):285.

25. 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. Proc
Natl Acad Sci. 2002;99(18):11706-11.

26. Stevens LC. Spontaneous and experimentally
induced testicular teratomas in mice. Cell Differ.
1984; 15(2-4):69-74.

27. Matsui Y, Zsebo K, Hogan BL. Derivation of
pluripotential embryonic stem cells from murine
primordial germ cells in  culture. Cell.
1992;70(5):841-17.

28. Resnick JL, Bixler LS, Cheng L, Donovan PJ.
Long-term proliferation of mouse primordial germ
cells in culture. Nature. 1992;359(6395):550.

29. Qasemi-Panahi B, Tajik P, Movahedin M,
Moghaddam G, Barzgar Y, Heidari-Vala H.
Differentiation of bovine spermatogonial stem cells
into osteoblasts. Avicenna J Med Biotechnol.
2011;3(3):149.

http://rjms.iums.ac.ir


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.9.9.5
https://rjms.iums.ac.ir/article-1-5661-fa.html
http://www.tcpdf.org

