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ABSTRACT

Aims: The use of stem cells has been able to treat patients with genetic and induced
abnormalities and diseases such as non-obstructive azoospermia. Today, more
attention has been paid to self-induced induced pluripotent stem cells (iPSCs). The
aim of this study was to investigate the role of estrogen with retinoic acid on the
differentiation of mouse iPSCs towards female germ cells.

Methods: In this study, mouse embryonic fibroblast cells were extracted as feeding
cells and inactivated. The target groups were adjusted for estrogen with retinoic
acid at intervals of days 0, 4 and 7. Expression of these genes was performed by
Real Time PCR technique.

Results: In this study, the expression of genes such as Stra8, Stella, Ddx4 and
GDF9 was evaluated. Real-time data showed that the expression of these genes
increased in estrogen group on day 4 of embryoid bodies culture, while the
differences were not significant on other days.

Conclusion: It is very difficult to control the differentiation of mouse induced
pluripotent stem cells (miPSCs) and the role of estrogen was carefully investigated
in vitro in this study. Evidence suggests that female germ cells can differentiate
from miPSCs in vitro. Treatment of cells with estrogen showed a greater effect on
the differentiation process on day 4.

Keywords: Differentiation; Mouse induced pluripotent stem cells; Female germ
cells; Estrogen; Retinoic Acid.

Copyright© 2021, ASP Ins. This open-access article is published under the terms of the Creative Commons Attribution-Noncommercial 4.0

International License which permits Share (copy and distribute the material in any medium or format) and Adapt (remix, transform, and build

upon the material) under the Attribution-Noncommercial terms.


https://orcid.org/0000-0003-2930-1213
https://orcid.org/0000-0003-2930-1213
https://orcid.org/0000-0002-0434-8800
https://orcid.org/0000-0002-3242-9253
mailto:hosseinnikzad43@yahoo.com
http://dx.doi.org/10.52547/sjrm.5.1.18
http://saremjrm.com/article-1-185-fa.html

[ Downloaded from saremjrm.com on 2026-05-20 ]

[ DOI: 10.52547/5rm.5.1.18 ]

Ol b @A ¥V o ¥ oo slogg, (Sloj sl ol 5o 5 Sl Si3ees,
2 sl Real Time PCR SasS b as 0,50 slo )3

5 Ddx4 Stella Stra8 .3 51 slo o5 ol canlllas ol o :la a8l

Ole 4505 Lasie mb ) slo oolo .88 13 ) 5,50 GDFI
Ol gty el plazl 25T 5o, 5 (55l 09 )0 b 5
g5 Jolias b glis (Ko glass, o a5 o 4o 2l

S W Glgn ol gl ke b JpS g S e
5 el 30590 G5 anlllae ol o g Csl St Ly (MIPSCs)
EU SV - P N VS OV SV R AR XL & DS S
2BislesT o550 Loty 3 MIPSCS I aiiles e 0ole b5 slo Jol
A1F 55 00 nled 3g) 1 39l Ogey92 b b Joho lans il jles
ol las 0g5 5l (g pien

o Jobo 1ige Ll gy ol o Jsbo 135 el lS

el SC3giS ) 1039 el to0le L

Q47 Y/+ 0 sl s &

A/ Y10 o pdy o,

o) Sy 1 J o o..\:wi;

doddo

985 S 5 bz Jolse b s,59,L0 Wi 6l ez 5l 6k
b S o oS hlew 4 (ART) (555,b <SS (5 y5id 1039l o
Gl Gl b g ol e o wiS Hloyo |y 095 (5,9,L0 DM
Sos 3 s a5 Sllow 5o o Jb ol b1 s 53 ISl Jgene
lo 0T bl sl Jsho 50 (i 5 9t LoypalsiT b onnbo i olo
I 08 bzl (5,5L8 ol 5l 0y e 3,1 9

3zl 4 Sy Sledbl JW! 55 cage i oole 5Ll sla Jokos
FigelS ils W anld (b s 5 bl sl Jske b oSy plSn
s ashle bl Jsho 4 aghs Sl iy o] 50 4 sl s 3
I5se 6l il 3y50 53 oo8 Sl (b ol LT sgs
2y LS5 5 w5 Jue Sy sgzs i o @ 553snals Sl at;
8,08 3929wl b opl sl

a4 auly oo ooban sl Jsho ols i o s Cliass 3.b
ol (6)5,b6 ol slaKal, aiily o a5 Wl pleie L5 sly Jobo
by byt bl slo oko ok 5l ol sl sk JUil Y
Slr e 05l Sloys axy 5 S (PGCS) adgl by sl Jshoo

IRl o) oyl o oy

OhlSes g ol S e V4

9 el Shgd, Pl (o
ol sl Jobw 2l 2 (59 yiw!
Cow & g W Gleip

oobo Ulj b Jolw

v oy S oy v ©oblps (sl ols>

S s G

"] g (6 B dgng

prle paass Gy ol lens p)lo 555,06 5 59,k Dl 35 5
Ol Gl ol (S psle oliils

oSty o 35 55alST Sl 35 0 1 o (SSglgm (o (555 T
Ol QLA LA (S pole

pole o8ails 35552l Slinios 35 50 gyt 5 oogill plas olil T
Sl Bl (ol K

pole oails Ly 3535tals Dlidos S e pds 5 sopll lesls T
Sl O o lsls S,

ol ol5ils ity S 55 o655 (ol S5 (6 558 (59l
DrlgSees

Sliios 3550 (g0 )l5 = (Jsho psle 5 il waige bobidl 7
Al o ol (K35 psle oSS ¢ ras okt sl Jsko
ol (S (5 ouSails (3,5 Ik psle 5 SOl (pwnige 05,5
Ol Rl epliows lions (55 pole

035
Szo a8 lleyn cusl atuilys ol slo Joko 5l eolinul @ :3laal
sorlssl ded 5l ol Slen 5 QW5 (S5 sl sylaials

b Jslo a4 (g0l ax g gyl aiS loyo |y caiins golowdl 8
5l B0 el 0l 3,8 355 5l ool ags (IPSCS) Sl les s g0l

2 Sl SS9 olpen (gl (90)98 A (o p caslllas
il oo 00le 5Ll slo Jolu Coons 4 Gige IPSCSples

Ghge i Cedlg b sla Jsho clllae ool o dla g, g olge
olyer a3yl Ggey9n sl B 3,50 sla suiy 098 aws S

Sk b 5o plo aslesils


https://orcid.org/0000-0003-2930-1213
https://orcid.org/0000-0002-1454-7977
https://orcid.org/0000-0002-0434-8800
https://orcid.org/0000-0002-3242-9253
http://dx.doi.org/10.52547/sjrm.5.1.18
http://saremjrm.com/article-1-185-fa.html

[ Downloaded from saremjrm.com on 2026-05-20 ]

[ DOI: 10.52547/5jrm.5.1.18 ]

Vool sbly sle Jokw oo a4t ige L Olg 5 g3l b Jokw RS 1 (359 yiwl 9 el Sy T (o 2

O Codligpd b Jolw g5l Jlad jué g gl el
o9

(ol 31 om0 595 50 Ghige sl i oo 5 05 gl mel 5l oy
Aol ools Heue YA Jos 5l Oladad o s 5 SreS Oladad a4y 0y
Gibco; cat. ) YL ;oI5 L DMEM lose ol oy 45 VO D @ 4
ALl o ouilesBly <39, SO 51 u i o0lo Jiiie (NO. 41965039
220V frmaloghy fusll el (o Jold d02 a8 bapme by g 0u
VY 598 i e 5 (Pen/Strep; Gibco; cat. no. 15140-148)
sl Jsbo el ,oz5 (FBS; Gibco; cat. no. 10270-106) oo,
W85 fe Ol 4 pge Sl 0 (MEFS) (g0 (i codlyg
e da s ol (55 Jleb e (5l s 905 438,515 a4y oisS
(Sigma; cat. no. M4287) C slogie s (o 5 p,5 Jo )+
() JS5) s 5 eoliwl DMEM/F12 los yo

QA 45 iy st 4 hse i Mg (sl Jolo 3 SIS

e Wl olgp golos o Jobw (b S
Sguns jgudy il ()55 5 pasine M3 a5 jshailes MIPSCs (Y
il woly slo Jobo ileSS Sl 5,0 5l s ek
D oS ST (63 ko) A0 Cugho, 53 o Joho ol et Mo 3
Gl 5 0uiS 4dss s Y (59, g b pbmlax B YY sles g a0
Gsl> MIPSCs et Lames M 50 I a5 00y b ¢ MEF
KSR; ) knockout e,w op355l> oy Yo (g9l> DMEM/F12
,eS ) e ooslg Voo - «(Gibeo; cat. no. 10828-028
LIF; ESGRO; Gibco, Carlshad, ) ige sbaSy 5 00 lee
GibCo; ) (pelisls- I ot Joo (Juo < (CA, cat. no. ESG1107
ITS; GibCo; ) poailes -y yamil 5 - yudsudl (Cat. no. 25030-081
Sy9ro et sl arelol i) 5 Jse Lo -,V «(Cat. NO. 41400-045

Y29 5l ) o)l o 090

el W ss (S5 g me a5 Sl gyl Guils S5k

sla Jobo 51 L1 lo Joho ol 312 10 (g JB o iy
alej] Joe G ylaie 4y a5 sl ooy Juol> (ESCS) i (g0l
sl 3l 5 oLt bl sle Jobo ol medg g sl
9 e a8l (o0 4295 9,90 Ashle SLly sla Joku adgi (sl ogdll
GLESC jl o culs 3350 53lad ,b sl sl Yoo ¥ Jlo 4o oo
Gl e g Ly w5 555 aBalel Laulys s 1) ige
Lilys o g b ESC 5l oas Wl el ) olizal b L oyl
09 pel BLF Ghsy by edy gl wdly el
dgaze cle @ lo Jolos ol 50,51 sy jo  IMS| EMStn Uy 50
S Ols s ol gl oo el Canay ol gl Jshoo (55l
OCH aloz 3l ol sl o5 JUissl b Siloges slo Jskos 5 PSCS)
ESC ssls Jsbo 0 comni b Jskoo ol M 55, KIFA 5 c-Myc Sox2
b Jsko 5l eslinal L B3] oMt - s bl (sl
MG gl Slogw slo Jsko ali - w5l ludl Seiloges
1, IPSCs I Ll; sl Jsho ples &lp INVIVO ples 5! clllas
bl ige M slo Cumwgila loads Giiwe IPSCS il 00 )5 ascine
S DT s T sy 1, (PGCS) adsl 5Ll slo Jsbos Cooms 4 il
S il s 506g5 sl Jokw b a5 alKin Luil IPSCS a5 o
30 IPSCS «(yizman ARV R 1L PGCs 4 asctuslys «asas sols
pled Cedly o 4 b Jsle & il BMP4 Lasgs Loy L
o3l el AT sl saS wilas 5l sumled e Lol DYl
ol 45 0 aSeie 3925 (pl b .0,105 0954 INVIVO Lyl i yo Ll
b Jsbo Ceoms & Olsip ool sl Jsbo 3les sl s oSl )
DA s sk Ll

el )0 oo G A5 el sl S39i, A el g Sliiee 51 (S
WS (o0 65 (e |y (Bge 3 Seme £95 9 00 mPig peal 9 ok
05 05 Ok 5 w83 Sgate |y a5l sl g5 (0 el Sy, M
g5l am jome 5 0aiS 9,8 (Lol sla ) Gosb 1) 5 sle ki o
ol ol K53, b 5l a5 canl Sra8 e o5 ol 5l o s Wl
23 ootes G S 905l (slb e84 S (K5 e M 5g8 e
oole 5 5 liedds olKiwe 5,Sles iyl L iigile el 0Ty
5o 9 Eok iz )3 asd (655 alauly ()59 el SLeS 5 b asly (o
el 3s el b aiilys e ol iliny 5o liends alisee slaolisS
b Jsbe 5 4l L3 IPSCs aSsy) e (Jl> ol L DY wis 5
Ly oole GLly slo Jobo (s99% & 355 jsb 4y aiilsny cuwdlig b
ol LS S 0dgi ae,90 g Sl SSgid) leyo 5l eolatl
039l g Sl SS9y Pl (o) pol> (6 anlllas | Bam cnlnle
il o oole (GCS) (sbl; sl Jskos

Sansk b o sl asliasls


http://dx.doi.org/10.52547/sjrm.5.1.18
http://saremjrm.com/article-1-185-fa.html

[ Downloaded from saremjrm.com on 2026-05-20 ]

[ DOI: 10.52547/5jrm.5.1.18 ]

Oh%e 5 ol5 Sy T

&y w050 5 Jatie solel sla coly 4 EBS g wios solel o)y -,

5o eole bl slo ol s 4 MIPSCs 5l oo 3iie EBS 5les
B-VY Jouolyiwl Jsogshs Vo i b b Jobu ol oIn vitro Lyl
RA; ) awwl S8eis, 5Jy,50 ¥ o (Sigma, cat. no. E2758-1G)
Vo F sl Sy o5l ,o (Sigma; cat. no. R2625-50MG
09,5 Olre & 0B S5 13 leyd 9590 45 (G peal plar it ey

st b b s S

Real Time PCR 9 cDNA jiicw RNA z! y5eiw!

Jonls oS 5l ead cloy b Jske 51 RNA gl sl
o oolazwl Jeallygiws 3o (INVitrogen; cat. no. 15596026)
Takara ) PrimeScript™ RT coS 5l oolaxw! L CDNA i sy
s 8 Ll s aiges o 5l RNA 55,5 s «Bio, Shiga, Japan
e 5l sl 5 so5 ol sl (@PCR) Real Time PCR Siss .os
NCBI sl sols acgoza .0 plzsl GDF9 s Ddx4 Stella <Stra8
5 85 5 aslizul 390 SN 3gb sl o3 Iy JS blanad sl
b ool slaposly  PTIMEr3 ST 153 i 51 (6 55 050 b o
Jsb ) gaz o bl (s3glsen 0o)d s sl 00,5 Blast
I, Jlss 2 slp annealing slos g byl Jlgs 0o ;iS5 Jgamo
SYBR Green PCR 1a¥ Y+ ol QPCR uSico s .00 (o0 LS
5 CDNA (5 6igai (556 Y+ +) l3Y S, (Y %) Master Mix Buffer
b 4 WY Ve oled 02 b g g 9rtn ealn e )WY o
G aeliy ol as S L o b aised gl JyuS olse 4 GAPDH
Sde 4y ax,0 A0 gles yo ya 0,55bs dal g &y s GPCR
lod 33 gl ;568) (6,85 ISin Fe 3l ¢ puops i ploil B ) -
G o5 6le X gles jo Sdil sles «aado Vo o 4 4,0 10
Ssde 4 (EXTENSION) (8L iy bl s 030 5 plosil 4l Yo oo
C) wlew] JSw b3l 05 g0 az 0 VY los jo sl Y-
LightCycler™ real-time PCR (Roche, o&iws .o acule
o oolatwl 1S5 aw ;9 PCR sla STy 51, Germany)

o3 o3 Fragment e
Gene Forward sequence(5'>3") Reverse sequence(5’>3") ) T
Strag GAAGTGCCTGGAGACCTTTG TGGAAGS:/%FCTTTCT 150 59.7
AGTTAAGATTTCCCA
Stella TGAGAAGACTTGTTCGGATTGAG GCACCAG 256 575
GGAGGAAGAACAGAA
Ddx4 CTTCAGTAGCAGCACAAGAGG GAACAGG 267 575
GDF9 AAAGAAGACTGGCACGAGGA CTGCAGCTTAGGGET 289 59.6
CTCAC
GAPDH AACTTTGGCATTGTGGAAGG ACACA(.[’E;%(ZGGTAG 223 575

o o5 g Real Time PCR (SuSs Lawgs 5JUT (gl 00y (>lyb slo ol ) Jguo
ples Dglite Jo1ye

1T s o) oyled B o0

ROCK inhibitor 5 (NEAA; Gibco; cat. no. 11140-035)
o5 5l am LS, Lass) (Sigma; cat. no. Y0503-1 MG) Y-27632
P IY e MIPSCS sl Sl 93,5 ;i3 55,y Lame 052 (03,5
Gibeo; cat. ) asyo <)V IV g LIS iyl 5l eolazal L 3,

(Y JSs) W ool 5Ll (0. 17104-019

S Jshu 59, 2 S 957 Suke 55 (B 9 A) MIPSCs (5550999590 ¥ i
MEF (g ouidS &y i
MEF, mouse embryonic fibroblast; miPSCs, mouse-induced pluripotent )

(stem cells

S Jobw S g0 W1 Bl 5 Ol o Johw led

@2 lojT byl )0 eolo 5Ll
55,0 ¥ 5las LIF 5l g)le oo jo 590 IPSCS (sla Jsbes
(e A g abogd (EBs) 959 el falm?| S gl csS lae
Jlaie (Nunc, Rochester, NY) oo 6 s a5 £ cody S5 0
oy Ve FBS 651})EBS S s jo id e p Joko AR
S0 Jolgs 30 e g wiad eols I8 slul ol uSis gl (LIF (g0
OV L als 7 (Jsene sla ody o (g Al 0 0 (Ausad ) 90

Sansk b o sl asliasls


http://dx.doi.org/10.52547/sjrm.5.1.18
http://saremjrm.com/article-1-185-fa.html

[ Downloaded from saremjrm.com on 2026-05-20 ]

[ DOI: 10.52547/5jrm.5.1.18 ]

TV ooko sl sle Jobw oo 1 oo Bl (g8 1 50l sla Johw jaled 32 (359 piwl g el Sgdy FT (o 2

b Joho 00 (o g Snle Jobo (53500 5l o 51 (s 00ams Las
(F J58) 0l (o0 5 gudshle Ll

GDF9 —
Ddx4

Stella
Stra8

B———8-8_g

‘ Specification ﬂl Migration #l Colonization -)\ Mitosis Meiosis = Differentiation

Pre-meiotic development Post-meiotic development

b ye 5L le Jobo aled Jsb jo Slais 50 slo 0F Ol Sled jseds :F SIS
035 izl 4y aled 5 5500 j5Tee (oD OIS RIS Ui )3 Soee e 5 S5ee st
bgls g ples b ;0 GDF9 o Ddx4 Stella Stra8 sls 5 Slo Jlig il o

W5 jasie S 0,08

205 ol ol Wl e 9,85 i3 Vo5 sho slags, ,o Stra8 o ol
ORIBl R gl 09T L aalie o ¥ o) 0 5 el Sidgid; g5
S 55 09,5 30 (s il S5 (5250 .(P<0.01) cuils g,lobias
Lol ozl Gl J 508 09,8 b anolie ;0 (590l 5 sl SCdgi,
o e Gl G as ol las aslllas )l gl s loline Ol peis
(P<0.05) 5)ls 5925 ()39l 09,5 b dyliie )3 el S3gis; 09,5 50
Mz 2 O o 595 o Stellal ()3 e a5 00,5 (aseiie addllas ol 5o
09,5 4 Comad 9yl 09,5 53 05 Cnl Ol & (I 50 3,85 55 098
393 3 5 039l b olyod sl STy (oS 5 09,5 5 el S
Y 595 50 Oeizmen (P<0.001 4 P<0.01) cusls 1) (5 lobine ol pots F
Ol s s Lol 00 55 0amliin Hi0 59 s (5 5l0line Dl s o0
390 0303 (559l b ol e sl Sdgis ) 09,5 50 05l Ol (oo
Ao sl 5 (B slo o) ol wiler o2 DAXA 5 oLy axlllas o
Selis ¥ o5, 40 a5 Jb 0 0K csline g)bles Olynss T
(Omizmed b oy (P<0.001) JyuS g RAHE 058 o s)lobas
ab aa>Ye E gRA (slo 09,5 s RATE (sla 05,5 0 (6 lobae glis
&2 o 9, ,0 GDFO (5 oLy a5 ols las QPCR gl .(P<0.01)
Soblne slo Osls ¥ g a0 slajs, 1o Lol w0, snnlie Slyss
09,5 o S bole BT (F 55, 50 0l oays alide sld 09,5
o 05,5 pm (mizmen A asie (P<0.001) JuS ¢ RA+E
(P<0.001) )l smo oglis )5 4 RA 05,5 5 E 09,5 g RA+E
IS s RAFE (sl 05,5 o jloline DS w0 V 55, 50 .0l oayd
9 E 09,5 s RATE 05,5 (o job (ow 5 w35 ala>s (P<0.001)

b oays (P<0.001) ()ls pome wolis o 5 4y RA 09,5

TR s o) oyled B o0

S )loT }.,}UT
5 &§lolize Bgles .ol plxil One way ANOVA 50 4 Tukey
A5 a8 L o P<0.05 mhaw

Gig ol pli (g S S
0355 &lyy bawgs EBS I ool slawi wdg slp Ggemilimgn cotS
odiver f 5 Si9n Sl 6 azye b Gl sy s, 2 MIPSCs
b ol pess (6995 4 995 job 4 b Jolo «cdl> pl jo .0l plxl
Sl o5 EBS (5 o3lail g IS o 280 ¢ g,y cpl 5o iy 0,8 JoSis
Syl ey |y b Jshos ol aiile 0,8 cdlo 5l g0l sl s oo Ll
MIPSCS 1zl ;5 sl 0 o0ls (L ¥ USKE 0 a5 jghailon Y JS2)
sob el YF cladS 5l e Lol e st 05000 gl Jolo & j50 4
Ot o a0 ) S8 sl S5 ST 5095 4 395
03,28 (6 ol (ygpnilimsgos CuiS 0 el A8 5 VY LFA jlans b sls

WS (0395 4

Lalyd 5 Ghge LW Ol ol slo Jsho 51 89 el plurl (505" S5 1Y U8
S Slan T oYY slasy, 3 (AD) plazl ol (s35)58 )90 I vitro

plar! jalod 5o 00l L5 o Jokow ol o 0§ Sl Jig

Ge9 el
2 o5 e dilsn 5T 6l Vs T io ey, 10 QPCR Siss
& oy las Stra8 5 .ob esliw! MIPSCs I EBS L Job
5 3 bl sl Jsko 58 sl Koy 4 gl sl o Jsbo Ul
S s Slsin Sl e Olsie 4 (Dppad) Stella ;j el 5550
GDF9 5 col (5j500 5 ko S DAXA (5095 oo 4235 )13 50 (55900

Sansk b o sl asliasls


http://dx.doi.org/10.52547/sjrm.5.1.18
http://saremjrm.com/article-1-185-fa.html

[ Downloaded from saremjrm.com on 2026-05-20 ]

[ DOI: 10.52547/5rm.5.1.18 ]

RULOPRURE IIJUES o)

Developmental  Pluripotency | DPPa3) Stella ;
Ol pasie Sbej 6 o3k S o INVIVO Ll s (Associated 3
Sy b oz JelSS (s adgl Jolie ol Sloj s 03k cnl &5 355 (o0
oo&@‘hjaa;bﬁ@e&aw L§L°.é:.~1~’4%<55~\‘<5b..‘} sl Jolw a8
$ly S S, Dppad b Stella .wads oo ools 1555 jgie punds
S 03D ul....; )i”a ASLQ’ O )l G)L""'"’ o‘}.o.b L aS cowl J9L4 5"9’)"
08,5 4 (V) o) o Li T 0t o jeme 5l B (5 4l 1o
bl 5o 5 gl plezl 55 IS sk 0 05 ol Ol &S
Slizes ) gl T eals (6 loline (2alS 708 05,5 & G s g 5
Ao o e srals e, il wig, b g cudls cillas Lo gl b
Sl SBgi ) oS 55 09,5 10 45 Wio S aseine o e o ESkandari
bawalio 33 WV 5 ¥ slagg, 50 05 ol Ole o (0395l olpon 4
cde a b Gaiss s ools b s cpl il il S sle 09,5
Sl e oad Jled gl Jlade 5 Jobe slite g5 50 (o)
ol sl 6sSIl a8 wiily o ) San s Wongtrakoongate sl
1y sl Sidgis; Sl Jlis 4 Sl ESCs by (0¥ les o5
sl o, Stella oyg 5l Jlas a5 oS e slgity 5 05 oo cliblone
I LT ESCS 5L Jsko ples 5o adsl

O e Jelge 51 S (Vasa b Mvh) Ddx4 5 ole Laskis
Gz ol sle asdly sl e PGCS 1 asily jles EBS (5,05 JSs
ol yotr & Sl SSgid )y (S 5 09,5 ,0 DAX4 ol a5 wisls lis
255 e GRIBE Y ey 5o g SRS 0g)S b oaalie o ekl
ol slo Jolo 511, PGCs Y+ -2 Jlu 0 o Kea 3 Eguizabal
SrS S L ] Jobo slo (Y ples iz ol i3S a8 Blgs
o> PGCs B P ARGTEY Ddx4 4 0ct4 obered sl &b EBs
Jske Gl o Ko s Wang ™ sisly sl Invitro Ll,s s
b el (nl 53 3,5 sy |y bl S95 IPSCS 1Ll acs slo
o8 S, DAxX4 5 Dazl s 51 L1 Jske 31 500 b lad e slo 5
Slade oy i ¥ o5, ;0 DAXA 5 Lo a5 (g 56b a0l Glad 1) pes
S 09,5 b (Jg ols (las 093 5l (o (palS g, Lagg, al8l L
Jsbos Gl a8 5,8 aseiin o o olis JS7 50 auils (o ls (sire glas
Sl pdy Gl INVILrO 4 INVIVO Lyl i o bls S'e5 PGCs 5l L5
2 s Js 4 e s s 5l Jole @b b liine ool b ™
il (oo paBlite lem g4

GDF9 5 L.y (growth differentiation factor 9) GDF9 .54,
P Glaess Sologuw b Jokw lawg pnfigyn pl 0sd o o5
05 ol T osd o ol KesS 5 alows 4 GDFY (5 5 05,5 (o0
5 GDFY s)ls Sess jo adsl slo JoSdgd JolSS jo (g lS s
Sladlas o A 595 oo Ol gl 1 G WY 5ey 00 O sl ise
el 48,5 & 50 Ll slo Joko Coon 4y ledy JlSS 5 a5 i
oS il s o), San 5 QING ™ Wl ool )13 s 3590 |y 05 0l O

PRl o) oyl o oy

sl Jobo oy 6 e 5o ok Sldllas aLBIS (5 ams vz o
ooyl Hlas we e .ol ooy plil ESCS 4 IPSCS jl ool g 55 (i
58 I gle ol o 4 TPSCS (S5 lo (5 ,lmials 5 5098
B azg oyee i bl slo Jsho sbml ln o Jobo cnl (Slsl3
sled Sz e 50 Slo el o 92y (nl b il a8 S
I el 5 g sl sla Jobo 3l oslay 5 (bl sla Jobo
O B Jlakil g Jad (Sl (38ge el anlp Sl
b 1) ol p2len 5 same 89,5 IS A5 s00ate sla S
sl sl S sl Ssid ;) ldllae @b 0es 7 WS (e
Sy 4 bl Jobe Seme €958 cmizmen 5 W8l (o0 e (5 00iS
blj sl Jsbos 205 ezl 5o T s s ol f ugigpast
oo & sl e, Wl g EBS (5,05 JSs lul ,» MIPSCs |
plozl ol ey (Jobo Sleoos MIPSCS 03,5 plnil (35 7l (399
a5l 5393 w395 5b 4 Al (0 &5 s (oo S5 ) (S03g el
s s bl sl Jobo e 5l 2o Jsho 4 (i bl s Y
IPSCs a5 wisls oyledl liiss 51 g ks el ogdle Y (il 5Ly
Sl UMY Gl s PGCs a4 aslys e INVItTO Lyl s jo Ll
@l Jsho Coos 4 IPSCs jles S 265 (sl g0k slo (3 w092
@ byye Sledbl me o Jg .l 4055 & a0 INVILIO Lyl i o L5
52l bl sl Jsko &0 INVIVO Layl 15 55 aiilgs (oo s Jokor o) LT 4]
2l el 4 gols slo Jobo pled b yo o oyl gy waily
sl Jsho e bz 51l 05z ool sl (alKtslojl Lyl
5 CwlS Eob coles ;0 9 PGCS (55500 35,5 PCCS oo 4y (g0l

T sasshle sl Jobo 65 JSs
osle 5Ll sl Jobo Lo b g 2255 @ o 05 51 )k Sl Jlg
Stra8 5 YL ole 45 ol oLzs QPCR gubs MM wota LLs | o
sbly Jsko S ,le SO lsze 4 (Stimulated By Retinoic Acid 8)
o adly (pl ol calin ¥ jg) 50 5 sl Sidgind 09,5 50 (Siome S8
e 45 Ws S Laseiee liie ol s Caibllas o e o Li gl b
Ty oo el S Laoms 4y sl S5, (0,5 @8lal b 05 ol
Sy o 03938l 4 Olg (o0 05 ol WYLl ey b cnlnle
55 enl ol & 0l YV o jo o Kan 5 DONG o o o]
395 0 Semel SB9i3 ) al dlal b LigS gile sl g0l slo Jolw jo
Qliioee (ul .28l 2alS 0 59) 50 0 crl Ol el by (oo AIBI Y
9 WS gloral ol sl Joho (cagee Sljl &5 a3 S s
bl pled Sl Joams sln 1y 005 0ol Ol 95lg (oo el SS9
boad olays slo Jsbo ;5 a5 055,8 cpund oo 5 Silva W wizsy
S 55 o2l Ol S (e Gl e 55, Ve 4 sl Sidsi
2 b olalis I Jol> o b it pl mls a5 ol J 208 095 4
0390 3 sh9e ESCS (59, n Olaime (ol sy Inj o9 (a8

[v1] e e
T0% (9 reegees

Sl by polo aslissls


http://dx.doi.org/10.52547/sjrm.5.1.18
http://saremjrm.com/article-1-185-fa.html

[ Downloaded from saremjrm.com on 2026-05-20 ]

[ DOI: 10.52547/5rm.5.1.18 ]

VE oole sblj sl Johw Coomw a3 Sigo (W G5 5 g0l S Jokw jaled 2 ()59 piuwl g ol Sbgid s ST (s

o 53 (3B o 95 ke

Shgfaesie 6 on)S (sl s oias) ol (el Sl
& oy gi) 315 S Gy 10+ g ol Kol Lol Sty i
SRl (G (e €Y (S5 Sy fo] (b ((Jgres 5 p9o
& odbmg) (oS 12 ) (S5 Sdagh dpsler ¢ ey
OF SR Agezy ) e JolS Cusl g (S Kaaghy (o,lkx
TN (S Kty ey 6 oty oL

(S 4ol

a5 bl Bds Sllses 5l coles 5 (aRibejl slaan] )3
Wb 4 gl ool oS Cole; plal LI (KB psle olSasls
ol 00y (LBl (S pole oKiils DI Az oS
(IR.KAUMS.REC.1394.150)

ozl o yls
B gy adlie o les addllas ol 4

:Jb &L
el o s LA S psle olSetols s

;&b
1. Mahabadi JA, Tameh AA, Talaei SA,
Karimian M, Rahiminia T, Enderami SE, et al.
Retinoic acid and/or progesterone differentiate
mouse induced pluripotent stem cells into male
germ cells in vitro. ] Cell Biochem.
2020;121(3):2159-69.
2. Li Y, Wang X, Feng X, Liao S, Zhang D,
Cui X, et al. Generation of male germ cells from
mouse induced pluripotent stem cells in vitro.
Stem Cell Res. 2014;12(2):517-30.
3. Qiao J, Wang Z-B, Feng H-L, Miao Y-L,
Wang Q, Yu'Y, et al. The root of reduced fertility
in aged women and possible therapentic
options: current status and future perspects.
Mol Aspects Med. 2014;38:54-85.
4. Li P, Hu H, Yang S, Tian R, Zhang Z,
Zhang W, et al. Differentiation of induced
pluripotent stem cells into male germ cells in
vitro through embryoid body formation and

IRl o) oyl o oy

S 6y 2 1 ] e g el s o ools cusS EBs 5 PGCs
50 08ld e jed CudS i e 199l 5 sl Jelo 5l aY
Jed 5 abugsl ol 05 5 SYOP3 (sse0 S5 le Gl e ol
S ewn b o San 5 Eskandari ™ ws s caslie |, GDF9
09,5 ;o haid GDF9 ()5 ol a5 wizdljo 39l 5 sl SiSgid,
b 09,5 ;500 & o VY 555 50 9 (ol olped & dl SS95,
Ol 2 lg (oo 99 nl (55 Sl &S adlye b el l
bl o s T sl 4l (ol b Sass g ol 0l sl 3
A3l alae V50, B g s3ga> B Wil (o 395l 09 )3 Lo bl
OhSer 5 (5,08l S5 50 (Jg el awlol YY 5o, b sl Lo Guios
28 Jsho g5 5 28,55 )18 adlllae 5590 (2le @ (gl 095
g Sglite Lo Jaloo b 0 plowl T (s,

3l gog el plual JS25 sl o5 098 (oo Slering asdllas l o
b 05 oo comimmen 098 solitwl Hanging drop b ¢)l5gl sla o ,kad
Sleting 05 I3 (o) p )90 dloye 2 50 sy Sy laoil s
890 Sl S3gi ) 9 (39 5l 05092 5l 6500 o Clale oS 09h (e
ool sl nles sl Jolo (gilolaz 5l e conl g 0,8 13 o)
3550 565 INVIVO 5Ty 5 00l 305 (oo polsl sl Glige s Lo Joloo
DS )8 e

G5 A
bl ales] llps o 5 ool i L IPSCs jles 8
osle sLl5 slo Joho o5 amd (oo lid salyd 09d gy p B0
eslie jlows S Loyl b g INVitro Lyl s ;0 miPSCs i ailgs o
AN Vitro Lul,s o bl sle Jobo g5k 5 saled Ll 052g b oy julos
4 g oan] o dee 4ol S Glaie a4 dilg e o cwlS adg
S Sl et BV jeam (Jlye 50 0900 485 i 50 y90 laix
S5l olen B o pS 18 azg 9550 Wb a5 W)l 0g2s S5 ol b g
55 S 8 esliul 0550 by SGdS 0 sady slo culS
T 50 50 OeBon 5 0F Ol el dpnl Sdeid; b 3s sl a0 ysm
o sk S & 1y 1o sk aoys 5 ab (s yuel plucrl St
Sy 998 b a5 S5 S Ol (o0 00 B 03le suSokle
Ly eled gy 59, YU+ Gloj (g alold 1o gy« (30,92 (2l 5 o]

A3 o il

S0y g LS
pole oluils lawgi 1558 (50,98 (5 4l LL 5 (&l yPenl (5 s )]
Oeizmed Hlaise Ll Colex (AFVOY 106 5 (5 o le) (LA Sojy
5 P pge Sliins Sl 0 ey e wljpds (5 e ]

S o I8 B (K55, psle oSl 55

Sl by polo aslissls


http://dx.doi.org/10.52547/sjrm.5.1.18
http://saremjrm.com/article-1-185-fa.html

[ Downloaded from saremjrm.com on 2026-05-20 ]

[ DOI: 10.52547/5rm.5.1.18 ]

and induced pluripotent stem cells is
significantly improved by coculture with human
fetal gonadal cells. Stem Cells. 2009;27(4):783-
95.

15. Hayashi K, Ohta H, Kurimoto K,
Aramaki S, Saitou M. Reconstitution of the
mouse germ cell specification pathway in
culture by pluripotent stem cells. Cell
2011;146(4):519-32.

16. Mahabadi JA, Sabzalipoor H, Kehtari M,
Enderami SE, Soleimani M, Nikzad H. Derivation
of male germ cells from induced pluripotent
stem cells by inducers: A review. Cytotherapy.
2018;20(3):279-90.

17. Rhinn M, Dollé P. Retinoic acid
signalling during development. Development.
2012;139(5):843-58.

18. La Sala G, Farini D, De Felici M. Rapid
estrogen signalling in mouse primordial germ
cells. Exp Cell Res. 2010;316(10):1716-27.

19. Lahmy R, Soleimani M, Sanati MH,
Behmanesh M, Kouhkan F, Mobarra N. MiRNA-
375 promotes beta pancreatic differentiation in
human induced pluripotent stem (hiPS) cells.
Mol Biol Rep. 2014;41(4):2055-66.

20. Eskandari N, Moghaddam MH, Atlasi
MA, Mahabadi JA, Taherian A, Nikzad H. The
combination of retinoic acid and estrogen can
increase germ cells genes expression in mouse
embryonic stem cells derived primordial germ
cells. Biologicals. 2018;56:39-44.

21. Mahabadi JA, Sabzalipour H, Bafrani
HH, Gheibi Hayat SM, Nikzad H. Application of
induced pluripotent stem cell and embryonic
stem cell technology to the study of male
infertility. ] Cell Physiol. 2018;233(11):8441-9.
22. Yang S, Yuan Q, Niu M, Hou ], Zhu Z, Sun
M, et al. BMP4 promotes mouse iPS cell
differentiation to male germ cells via Smad1/5,
Gata4, 1d1 and Id2. Reproduction.
2017;153(2):211-20.

23. Mi Y, He B, Li ], Zhang C. Progesterone
regulates chicken embryonic germ cell meiotic
initiation independent of retinoic acid signaling.
Theriogenology. 2014;82(2):195-203.

24. Griswold MD, Hogarth CA, Bowles ],
Koopman P. Initiating meiosis: the case for
retinoic acid. Biol Reprod. 2012;86(2):31-5.

25. Kumar S, Lively B, Liu T, Sun L,
Tangpong A, Zhong W. Dramatic effects of
scalable snn-assisted melt dispersion on
thermal conductivity and coefficient of thermal

PRl o) oyl o oy

Ol 5 9l S e YO

retinoic acid or testosterone induction. Biomed
Res Int. 2013;2013.

5. Hayashi K, Ogushi S, Kurimoto K,
Shimamoto S, Ohta H, Saitou M. Offspring from
oocytes derived from in vitro primordial germ
cell-like cells in mice. Science (80- ).
2012;338(6109):971-5.

6. Tan H, Wang J-J, Cheng S-F, Ge W, Sun
Y-C, Sun X-F, et al. Retinoic acid promotes the
proliferation of primordial germ cell-like cells
differentiated from mouse skin-derived stem
cells in vitro. Theriogenology. 2016;85(3):408-
18.

7. Ge W, Ma H-G, Cheng S-F, Sun Y-C, Sun
L-L, Sun X-F, et al. Differentiation of early germ
cells from human skin-derived stem cells
without exogenous gene integration. Sci Rep.
2015;5(1):1-9.

8. Dong G, Shang Z, Liu L, Liu C, Ge Y,
Wang Q, et al. Retinoic acid combined with
spermatogonial stem cell conditions facilitate
the generation of mouse germ-like cells. Biosci
Rep. 2017;37(2).

9. Hubner K, Fuhrmann G, Christenson
LK, Kehler ], Reinbold R, De La Fuente R, et al.
Derivation of oocytes from mouse embryonic

stem cells. Science (80- ).
2003;300(5623):1251-6.
10. Nayernia K, Nolte J, Michelmann HW,

Lee JH, Rathsack K, Drusenheimer N, et al. In
vitro-differentiated embryonic stem cells give
rise to male gametes that can generate offspring
mice. Dev Cell. 2006;11(1):125-32.

11. Takahashi K, Yamanaka S. Induction of
pluripotent stem cells from mouse embryonic
and adult fibroblast cultures by defined factors.
Cell. 2006;126(4):663-76.

12. Amini Mahabadi ], Karimian M, Aghighi
F, Enderami SE, Seyyed Hosseini E, Talaei SA, et
al. Retinoic acid and 173-estradiol improve male
germ cell differentiation from mouse-induced

pluripotent stem cells. Andrologia.
2020;52(2):e13466.
13. Imamura M, Aoi T, Tokumasu A, Mise

N, Abe K, Yamanaka S, et al. Induction of
primordial germ cells from mouse induced
pluripotent stem cells derived from adult
hepatocytes. Mol Reprod Dev. 2010;77(9):802-
11.

14. Park TS, Galic Z, Conway AE, Lindgren
A, Van Handel BJ], Magnusson M, et al. Derivation
of primordial germ cells from human embryonic

Sl by polo aslissls


http://dx.doi.org/10.52547/sjrm.5.1.18
http://saremjrm.com/article-1-185-fa.html

[ Downloaded from saremjrm.com on 2026-05-20 ]

[ DOI: 10.52547/5rm.5.1.18 ]

VE oolo b5 e Johw S 4y g0 (Wl lg5 1 Ol S Jokw Lo y1 (59 piuwl g ol Sbgiad s BT (s

growth/differentiation factor-9. Mol
Endocrinol. 1995;9(1):131-6.

37. Levine A], Brivanlou AH. GDF3, a BMP
inhibitor, regulates cell fate in stem cells and
early embryos. Development.
2006;133(2):209-16.

38. Linher K, Dyce P, Li ]. Primordial germ
cell-like cells differentiated in vitro from skin-
derived stem cells. PLoS One.
2009;4(12):e8263.

39. Qing T, Shi Y, Qin H, Ye X, Wei W, Liu H,
et al. Induction of oocyte-like cells from mouse
embryonic stem cells by co-culture with ovarian
granulosa cells. Differentiation.
2007;75(10):902-11.

Sarem Journal of Reproductive Medicine

expansion of nanocomposites. Macromol Mater
Eng. 2011;296(2):151-8.

26. Geijsen N, Horoschak M, Kim K,
Gribnau ], Eggan K, Daley GQ. Derivation of
embryonic germ cells and male gametes from

embryonic stem cells. Nature.
2004;427(6970):148-54.
27. Makoolati Z, Movahedin M,

Forouzandeh-Moghadam M. In vitro germ cell
differentiation from embryonic stem cells of
mice: induction control by BMP4 signalling.
Biosci Rep. 2016;36(6).

28. Panula S, Medrano ] V, Kee K,
Bergstrom R, Nguyen HN, Byers B, et al. Human
germ cell differentiation from fetal-and adult-
derived induced pluripotent stem cells. Hum
Mol Genet. 2011;20(4):752-62.

29. Yang S, Bo ], Hu H, Guo X, Tian R, Sun C,
etal. Derivation of male germ cells from induced
pluripotent stem cells in vitro and in
reconstituted seminiferous tubules. Cell Prolif.
2012;45(2):91-100.

30. Xuemei L, Jing Y, Bei X, Juan H, Xinling
R, Qun L, et al. Retinoic acid improve germ cell
differentiation from human embryonic stem
cells. Iran | Reprod Med. 2013;11(11):905.

31 Silva C, Wood JR, Salvador L, Zhang Z,
Kostetskii I, Williams CJ, et al. Expression profile
of male germ cell-associated genes in mouse
embryonic stem cell cultures treated with all-
trans retinoic acid and testosterone. Mol Reprod
Dev Inc Gamete Res. 2009;76(1):11-21.

32. Saiti D, Lacham-Kaplan 0. Mouse Germ
Cell Development in-vivo and in-vitro. Biomark
Insights. 2007;2:117727190700200030.

33. Wongtrakoongate P, Jones M, Gokhale
PJ, Andrews PW. STELLA (facilitates
differentiation of germ cell and endodermal
lineages of human embryonic stem cells. PLoS
One. 2013;8(2):e56893.

34. Eguizabal C, Shovlin TC, Durcova-Hills
G, Surani A, McLaren A. Generation of primordial
germ cells from pluripotent stem cells.
Differentiation. 2009;78(2-3):116-23.

35. Wang H, Xiang ], Zhang W, Li ], Wei Q,
Zhong L, et al. Induction of germ cell-like cells
from porcine induced pluripotent stem cells. Sci
Rep. 2016;6(1):1-13.

36. McGrath SA, Esquela AF, Lee S-].
Oocyte-specific expression of

Volume 5, Issue 1, Spring 2020


http://dx.doi.org/10.52547/sjrm.5.1.18
http://saremjrm.com/article-1-185-fa.html
http://www.tcpdf.org

