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ABSTRACT

Background and Aim: Artificial gamete production from stem cells is a novel strategy for
treatment of infertility. Among various stem cell sources, embryonic stem cells (ESC) can be
considered as an appropriate source for in vitro formation of germ cells. In this study we
evaluated the effect of BMP4 on proliferation and differentiation of mouse embryonic stem
cells into primordial germ cells (PGCs).

Materials and Methods: Embryonic stem cells (ESC) were cultured in ES medium. At first,
embryoid bodies (EBs) were formed by hanging drop method, and then were differentiated
into primordial germ cells at different concentrations of BMP4 (10, 50 and 100 ng/ml). The
viability and proliferation rate of treated cells with BMP4 were evaluated by MTT assay. The
EBs were cultured in induction medium. Expression of Oct4 <Stella and Mvh genes were
evaluated by real time PCR.

Results: In the group treated with BMP4 for 7 days, maximum cell viability was detected at
the concentration of 10ng/ml. But the groups treated with100ng/ml of BMP4 showed
minimum cell viability. Maximum expression of Stel/la and Mvh genes were detected at the
concentration of 10ng/ml of BMP4 in the treated group.

Conclusion: The results showed that BMP4 can promote proliferation and differentiation of
ES in vitro. Also different concentrations of BMP4 showed different effects on in vitro
differentiation of ES into germ cells.

Keywords: Embryonic stem cells, Proliferation, Primordial germ cells, Viability, Embryoid
Bodies

Received: Jan 7, 2019 Accepted: June 30, 2019

How to cite the article: Ghasemi Hamidabadi H, Nazm Bojnordi M, Azizi H, Rezaei N. The effect of BMP4
on mouse embryonic stem cell proliferation and differentiation into primordial germ cells. SJKU
2019;24(3):110-120.


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/5ku.24.3.110]

Wo—1Po /1WA jo3eib § sl3)s / @)lea § Cuny 8)9 / OBws)5 Ab)y eole sEMIs (alc alas

39 S9N Sl S Jobw &) Sw> (53l s Jolw plod g iS5 9 BMP4 ol
pigto;T 15

fGlLb) Wl g8 crsﬁ}: > "6.5)5;:9 PUZTIPRY d sobTowes b S
PO 1Sl el Ol el 05l (S ke oKl ¢ S5y adSCails (85 | Dliiod S 5 ¢ J gk 555 5 (25T 03,5 (0 ST e Lils
PPN A

A (e G g0) Ol 5l O3 (S sl ol ¢ ¢ STy 08Tty (K55 pim) Do S ¢ ok S5 5 2 5UT 038 (o SUT skl Y
Ceeem e FSNVESYRNY Sl aulis bojnordim@yahoo.com eSSy sy o VI-YFOFYFYS (oL

Sl edoT ¢ (Sis o5 gl sats otils (658555 5m 05,8 ¢ sk gmiltd S5 sbokeul ¥
Ol e sl 03553k (S oo okl ¢ S5y 0aSCails (55 pia) Dlidions S m ¢ J gl (555 5 0 ST 03,5 (0 $UT e Lils §

o e o5l Sl i sla 4y 551 S Ol @ o3k sla J sk 51 el s LST U5 1B § e
o ol 0 £ AT Ll 5 bl le Jobe W5 g i (o3l (sl g 3l oslizal kil ol 5 s
Al gy s 60k b s 5 (5 b1 s sk 35 5 pled gl ;s BMP4 506 o s e

e e plaal dmy e 5 L eols ST olantl ST las 5o (Bge s 6oL e Jsbe L gw 2 (990
YU 5 (0 ng/ml) b gz oV ng/ml) oS sle CBle 51 Jsho 5l W1 g L sl 013 5T Sl 2g) el
05031 3 Sobos 23555 5 039 03 dasys n BMP4 Calises sls ke 56 shate 40 .2 03lizul BMP4 (V. + ng/ml)
o35 53T (6557 b g 5 L 0313 ST (5 Jamn 53 it a8 el A8 o3linel 55315 J 55 Joe
A 8 15 oLl s, Real Time PCR 5, LMvh ;5 Stella Octd sls 05 0L by 5

ng/ml BMP4 s;_mﬁl_f‘}j)w@b@guhjfjbgboxjwjéa%4{.}‘)&‘“5‘5:@&'&‘@[25 HEPV N
Iy Slo o3 dasys op S il 03 5e5 il s [, BMPAng/ml Ve clale oS gla o3 8 Js Ab otaline i o3ls ciS™\
Vo cble 4ot sl oS s Stella s MVh s 65 b1 sla J sk (sl S5l Oy Ol je o i e isls 0L
b odalin o, F Ot o BMPA ) L 0 S50

@2l sba sl Sl s bl e ko 32l 55 ege S8 BMPA sas o 0L G () 5 o il 3 (6 5 domi
O plea b e ool gl b s Sles  Jslize I35 BMP4 Calises le ke 5,05 10 VItro Ll s 5 oo
Lyl 2 lsT Loyl s 3 bl i 6la 035 Caoms

e e plarl (Sl o st LIS sl ke ST i 53l sl sk 1 0319 s

WEA: Gl AMYY ol asdal AV Y i s


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/5ku.24.3.110]

3353 pBMP4 3G 11p

o sk 358 o 6T 2S5 5415 sla g 40
Aol 53l 3 (S b el gba J s b ool
ba Jshw Y &S5 (655 = 500 Y Do 4 &S 525
S e 9 BB ol CiS Gge i Sl
Gl sk sles a5 A aseia SSEAT S5k b))
V) dzer g5t b sl Jghe « SSEATeus” 0L
Il 5 g Cal 35 wa 3 Slalllas &8 kr a
3 8 Ohpo ARG Ll s e ool la
brﬂg;_iufudpo_iuf.w@ﬁqunw\
S e e 5 U G 4l s
25 5 ot wim a6 plaws OKGIL Cl LS
B 0dh g G (15533 5 gal§ S Lo
3 bl sl Jshe 255 5 5l (il g BMP4

b eslinl i ool gl gk

IR 0492
o SOl S Jaku cus

s o 3l sl Jgbwony S G sl 5o
Lo j3 i ool gla e CoiS s el
(Fetal (’J—"“}Q|ﬁ)—ﬁ.r{"‘—“'§}l"DMEM oS
sl gzl /oo (Calf Serum) FCS
WJHUI o L (sos o b s ol (o SGL S

Mrbu‘wjjau)l{.»)jsb
(Embryoid Bodies) o 4.5 plol S I
SLIF 456 oo 51 i 4 plonl (8 IS8 g
O ol 3o o 5 ks o ol O 5T Dl b 2
(Pt ol by slaml (ool sbe sk 51 sk
Sl Cadzbes Cbile w3 g,y Sa ¥ ol s
)‘A@fﬂ}&ﬁ)}d)‘)j("«" )V"' L\"')
Q:\:)\}ju:hl:éj)ﬁuiﬁ):;:.\ib;ﬁl{.xﬂ osls
i e plarl el FA Se 4, 5LSSH s T
Sy Sor g g 4 plal o A S
;\uyujtu;ﬁ},uuél,@g;,u,yw,iu

-

dodio
le STSS 1 e 5506 Ol o 5 gla &5 0
Cals ol ool ld s Sleslannl U Sle s
Gl Jsbe pls 5 25 3 ol 5 (S5 o s S
sl s eagesy fae i a4 sy LIS
(V) 3,5 eslial Ol 659,56 Obeys Sy Ol (o
ans 95 5> o3l s Jslw 3l LY @K&ibj'\’ Ay
;.hba;:ajjagb)aughn\;ifﬂédbi&g Nty
L Jlo ol 1531 51 (oS5 il 0 - Jas Jin S 5
SLligbe dsbw a5 Cgr i ool sls ke
(YY) dsl o pim

s 6ol la ko SIL1 b 0ud jlaze S
iy sLa) s 5 sy AT L )3
Lo 53 Ll gle Jgbw jasels S .Sl (6554
oS sps e eslital gla STl 5l baee a8 LST
(F0) At LT sl Jbor ol

s 6ol la ko SIL1 s J ke 5iled 4 5o
4 3,05 349 (63 gdoes QLZ)U.?@&QLAJTL%\J,&):
sl o e ol ls J g (gl andllas y5 Jlie 5k
Sl (5 pleldy Ll lae g o LIS 4 sla
oslizul Oct4,Vasa sls Skl asl s gla J sk
(A

sla ol STLI s dsha 5l 05l)5 oy Dlalllas
St G ol S 23 8 D e i 3l
el Grie gLl e sk (2557 0 51 g 45758
L gy 5 3L Sl g sl J g b i (3L (slgd s
Wi |5 6l s

sl @3 53m 55 a5 ;505 s Ll e 3
S Ll sle dbw a1y DLl (e o3l sl
SLa Jobo 5L 55k 4 6 K0 G 53.(4) s 8
S5 g5 el 3 i (93 sl Jshe Sl g5 615
3L 6le sk s o 5 55 ol L 03l

TRGA joed § slsys /7 @)les 9 Sy 8)0s / 9GS (Sib)y eole alSibily alc alas


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/5ku.24.3.110]

NP (53)0i0 @Bl ea)o

VY & BMP4 Y ng/ml cble s EBs s
D7B100 o5 5 154,
:5JJVQ4J4_3BMP4U_.‘£>-V.\_;)>EBSQ_:S
(JzS 65 5)DTB0 s &

(s 2S5 5 (Viability) 05 g oy Ao s b5
Cadien sl Cbils 3Ly ke bl adllln o
D331 3 b 2S5 5 03 0455 Ay, BMPA
Methyl Thiazolyl e 39315 a3l Jse
o3kl Tetrazolium (Sigma-Aldrich, MTT)
03,8 0 53 (e 4 plal Il & 5 p S
Gliw s EDTA - s 5 035531 L 5 L (5,57 o~
S5 8 g i b pluar 51 (63 it (sla ke
FIAX AT sl Ot oY daw 05,5 Jsbe osles
Sode s g odd Jime 61596 by gls $Salr 4 Jske
20 233 b e i 0313 513 5L SN s b S
51 o 4 MTT Jylous 51 215 S 00 028 Lo
¥V slas js Colw F Sde 4y 5o § Lol s oSals
B{IETEPRE-S F S E-PIN [ g WP R
L yoddan; 5 MTT Jydowe 05l SO
0 e s S e Sy s 3 5 o 1= DMSO
S35 o i esls ) 5 Shaker ¢y, »aids Ve JI
Cytofluor o&ews by e gL OVs 50 Jsb 5o

4000 plate reader (PerSeptive Biosystems,
<, 5o Framingham, Massachusetts, USA)

O)LLE 1SS b am b ile3T wimeen .5 S
Stella (Octd Lo &3 Ol Ol 5 (23
pi L Mvh g

0 sl Sl g5l gl o )3 i 4 pleer
o3ls S 55,V 5 ¥ Sus s BMP4AYL 5 L s
Qtﬁ@ﬁf&uo,;ﬁwwﬂ@},gw.xm
Real Time s, L Mvh ; Stella Oct4d <la o3
03 e 4l al a8 8 15 4b5 )5, PCR

W.qug)}Tcm?ulhaz‘)}_nguaj;(w

CodS b o 4 plaarl bl 6l Ll 0 5 e
OVl Yoor chle Y

Ratio 5 sl acslows o o

b ,sRatio (o el mhes o
Pl e S 68 S el s s b 4B S
s e | S5 S5 55 sl Image ]
OB e o oo o

o bl sl Jshw 4 o ook s sk LS
BMP4 ., :S6 L s (PGCs)

Gl Coble 5 S plas (ol fol e b
ng/ml) Y_ 5 (6- ng/ml) Lo s 1+ ng/ml) 5
A5 oslizal (BMP4y +

BMP4 Caiss sla cLle ;3 EBs a8

A oslinul BMP4 Calises (gla SLale 1 G opl s
o (D2) £33 555 50 (i 4 plar| 8 5 ot
Solb- a5 al YF ol i8S cls Sy 4 5 0d (5,7
Y 5 (0 ng/ml) Low ge (Vong/ml) (S gls il
Jize 55,V 5 ¥ e 4 i BMP4 (V- ng/ml)
a3, 8 Ol e s BMPA 156 5565 8 55 5w
adlas 5550 sla 03 S b s 4 & L 4 J S
ol a3 e ol o

f ous o BMP4 Y. ng/ml e bLle ;s EBs cus
D4B10 o5 5 55,

f ous o BMP4 6. ng/ml cble ;5 EBs cuas
D4B50 05 5 55,

f ous o BMP4 Y. ng/ml bl s EBs cus
D4B100 o 3 55,
:j)JfQu\_ﬁét_fBMP‘I'))_brM)JEBSgL_&f
(J S 65, 5)DABO0 o5 S

vV ode . BMP4 )y ng/ml e bie ;s EBs a5
D7B10 ., 5 155,

vV ods . BMP4 o ng/ml e bl ;s EBs a8
D7B50 s, % 55,

TRGA joed § slsys /7 @)les 9 Sy 8)0s / 9GS (Sib)y eole alSibily alc alas


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/5jku.24.3.110 ]

i85 pBMP4 36 1€

b sl
Sla ol 50 (w4l plu (6 5 SO
(g Al

23 613 (me OVl a8 sl Ol i ol sla asl
Yoor ajj_?):u_l:;q-‘\.:_&rl_qu (f)RathJe)‘.l_:‘
Vo s Jae ¥ laes 8l 4 S Sk
p S'/'a(\ﬂ:ﬂ)&:dﬁu.nofhsrbjaép

s as 8 ksl = value

35 LCDNA b iy 5 215l JS RNA
=3 8 515 o5, Real-Time PCR

Skl 295

3 sy \Y‘@_;SPSS,\J-A(,;;I;;L&;MH{@&
ANOVA L b oS bl 50T gl Jdow
Tukey (o LeT o537 5 asslsl )3 uimean s ol
S5 53 4l gxe p Value < o/e0 i eslizad ;s Test

Asas 8

Size of EBs

700

600

500

400

300

B Diameter

200

100

Diameter (um) of EBs & Ratio

Ratio

(EBS) s 4w plazrl 031l , BMP4 5 Jglo Calius sl Sl 0o on 56 2) Sl 505

05,5) Ll 63 4a5 3L s |, BMP4ng/ml v+ cble
Sl o) Ao ys oy a8 (DTB100 , DAB100 oo
SIIs ae Dgli 4T S eseie asls) 53 dis g |yls 1,

(V )‘J}«S) \ d}v\?)MoMU«.ﬁ

Dge= 34l plad o Ll sl J g oL
BMP4 Ciliceo sy cdale

ples b (Viability) 05 63 Ol o))

e Jsbw 0355 055t s MTT s 5l oslizal L
500 A gl Bl )l s al L s bl
D7B10 c5, % .o sa o BMP4  ng/ml .-

S laog, S Ll Wy s 1y Sl o dasys op e

1RGA )oa)ei g slsps / @)led 9 S )93 7 9lws)S (Sibjy eole alSiily (elc alas


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/5jku.24.3.110 ]

N0 53030 @b ea)o

BMP4ul:mdhw)éwliﬂudhdjlﬂd{yaub)w):\ J}b

Bmp4 concentration Viability percent
(ng/ml) (Mean+SD)
D4B10/D4B0 YV4 £ 7F/FN
D4B50/D4B0 Yo £ ¥ /AD
D4B100/D4B0 YY)+ FO/AF
D7B10/D7B0 YFO £V V/AY
D7B50/D7B0 YAY £ ¥V
D7B100/D7B0 ARAAE"R A VAA]
¥ou
Foo % k% T
= Yo T
qc_, %k
O ¥.. T
&
- - mY.
- Yo - VB
LS \
3 .
S e *x “wxx  W)'B
Yoo
O
M. T
* *
D YD

BMP4 Cabisee la clile 55 il pls (bs Sk 035 05 o ys dulie Y 15 gas
A odalinV 5 F Glajsy o BMPAng/mlve. 500 v gla Clle js g)ls oae slis %
A% sdalze BMP4 ng/ml .+ 53 L;h@]é.lb&:gp\q:,-j)))ag)lsszmc;}wek%
5 53 405 s=ep value <0.05 3505m plad 53 L sutalie BMP4 ng/ml - 5. b Chls o oaie S 50 )l ae Sl ol e

s S

1RGA 103D § shspe / @)len 9 Cauyy 8)9s 7 olw3)S ¢Sibjy eole slGibily (alc alas


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/5ku.24.3.110]

iS5 pBMP4 136 11y

o 33 5asF O 4 aS gla oy £ s Stella o
3345 S5 o s e L g s 8 | s BMP4
BMP4 slacbile )5 s sl J,58 Lo o3, &
03,8 3 s Mvh 0} .55 a8l il 3100 5V ng/ml
s D7B50 ;D7B10 D4B50 (D4B10 ¢l
otalin DAB10 o5 5 55 0T 0L Ol jee S 5 13

Mvh ; Stella Octd cla 05 OLs Ol (oS 25!

S 4 plarl 305 3
Ol 555 e sla 03,8 o 3 ba 055165 a Oy 4wl
sl dsbw Slss, SHL) Octd 05 0l Ol a5 515
035531 ol 4 550 YU 28 sl 0g 8 5 (L1
53 .00 LialsTor ) BMP4ng/ml gls o ble

g e Ey : o
,(\‘)b‘}ﬁj).\,:, 6ua,;w6,|;@”¢5ud¢wwum
e C
1 18 a0
10 T 1631 35
2 " £ | e §;5 nE
d 3 810 UEB B10 ;.‘_20 B10
= uBs0 H uBs0 18 nEs0
ik T . 287 £
5 2 B100 éd | ] HB100 Em B B100
2 * «©
2 5
(Ml B PR e oal
D4 D7 D4 07 04 07

w5 ) sBMP4 Calises gla Clle 5 e 55 55,V 5 F Se 4 S Real Time PCR ab sy oL 551 3550 (518 05 (o O a3 s 503

(© B -actin « <. Mvh ; (b) B - actin « .. Stella (@) B -actin 4 e Octd s 0L .0l

AU (S L) BMPA 23 e 50 5561 055
ChlE e 4 Sl la Jshe Okl 0k do)s 5 55
OO Lol ol 4l G ol > 4y I8 4 (sla
Jhw 05l o) Ol jee BMP4 Clale 5, VU L s
shiege gl Cble S ) o b4 .il JialS s
Al azils b Jgle 0kl oy i 5IBMP4 (YL
BMP4 (555551 457 515 olis SOladllas 5 55 sl y e o
OSle 05 Ao 5> 1 503 51590 4 Aol SIS Laee 4
Lg,\;\_f;wuw&gté.wuyudp
cwliSmad e 55, 03 5 abius 3 b I BMP4
Jsw oS ;s BMP4 &8 55 7 3,18 Olaises .(VA)
rjfy'ua 035 31L& (5 5b 4.l 53 4 ately SalS”
s Ll sbs Jsbw slums ( BMP4 23 L
Aoy GG gl chle 55 a8 Sl js Wb o Sl

S
Ll &S 0l pie 0 BMPA o751 0Lt ) 2 o) s
ol sl Jobw 5IPGCs 5L o Ulg 5 5 5e oS
Jsbw oo ol sl J e (VF)ASL (o fge o
ol glo o3, plsl 4 L5 4 526 5 ds Sl o
35 LT 3les 18 eslinal plal a5 ()b & aisl
o o313 i LT 551 S5 a0 Sles I
@l Jsher Jeudley Gaid 51 and ol 52 (1 8-) V)5 4
Ll dobw lajle o 4 pled S sn o 0Ly
3y50 BMP4 555551 5 ¢SS LN VILTO Lass s
Sl 7 sls 0L alllae ol s 235 15 b
b 5, Shes - gsbize &l 36 BMP4 Calises (sl
055 Ol e (g 2 A sb 4 515 i (ol (sla
aS 5,8 jasin BMP4 U L 5l s Jolw 0L

1RGA o3 § slsys /7 @)les 9 Sy 8)0s / PGS (Sib)y eole alSiily (ale alas


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/5ku.24.3.110]

WV $3)0ia @bl ey

4l ST e s sl bl gl sk 5o L &S
05 0L 51 YL Ol e a8 5l DL bl Gus sla
AP FINETNNORTEN S8 Vi
o) Ol Oljee il 331 .ud sdalis 5, F e 5 BMP4
Llod 1 aS a1 5YL ola cbale U s lin 43 00
JHB a5 S5 55 Blod o Lol 555 1 ime (o)WT
3L e S

53 oioes plo s o G b Sl Gk gla 4l
s Jsbo L5 Cgr BMP4 (o138 30 5 285 4t
s Toyooka e uly e an 3.0l (g9l gL 15
o S Jsbe (6,55 4 LY Jl s o)L
(e Jgbw ol o555 Sl s MVh 0505 57 205 5
ad plaarl 5l gso sl sba Jbe (gSluliar 4 G35
22 0L 5 Kee. () Wi 05 pl ol polal s
Lsee i BMP4 (55551 L aS” Wsls Las Yoo 8 Jlo
Mvh 05 0Ly 0o Sl s (63l sla sk S
(YF) b o il 50l

Ve 035550 48 1 0Lt (S ge 5 S sk gl pazen )
Ul gl 555 F oae w BMPA 2 L 0 S 50
== 6ol be Jbw 51 g bl sl g s
Olste au Gsd 05,8 05 2L pl ol ool 5 sl
5 6l ol L Gl g e 0 8
s el § L s i alE

S 5 dmi

33 o B gy 950 oS Wl Lele Ol s 4 BMP4
23 s ok b sk Sl st bl sl J ke s
BMP4 o lee sla o bls 5 lsin Vitro L),
b s el sl e s Shes sl 5T
pb ki 2 SN 0553 i
sy 5 oy i ciS s 43 55, F e 4 BMP4
@3l gla Jw 3l g gLl gla Jhe Lo o)

.JJ‘J 6.:..:-

Ll (V) uS™ oy 2als S Tde la Jshe OLle oS
L)l o b Sl el (Ses BMP4 Smad s 51 6 0
AT 355 GLS i 4o aiasly Sla 05 (S 0550
Y5 ¥Y) sl ansls 5 Ls Jgbaw 0dle i) 5 stne
3 il Loyl 5 55 o5 Ll sls J sl LA
CiS Lo s BMP4 055531 b i o5l sla sl
Jsbe IPGCs 5las ol s 53338 o JouSS
BMP4 Calizee gla S gl 55 o g5l sl
S ) oo B 238 O e Sglize Ol e
23 st o SIBMP4 (YU 5 v g ol o ble
A i ol sl sk IPGCS 5les uuT 3
W55 5 Y F OLKes s West Ll ues o
sla Jshw do s &iS Lo  BMP4 (55550 L S
SIS aS W ST S5 5wl e )3l Vasa eais Ol
sl Chle a5 (6 sb 4 Conl 93 4 azels Sl BMP4
(YY) il 5 55 BMP4 (57

BMP4 S 1S e slgiis J5Sge oLl sla amil
N Lol 55 (g5 bl sle dobe 5l 53 cage A5
L L e sla 05 0Ls OF e andllas o0l 5 05,05 Vitro
Ol O e b oo (50 L5 sl Db JolSS
AL IS Gloes S 55 Sl5 5 pasli Oy 4 Octd
b Jgbw ol 5 BMPA Lo s gla o5 5 5
03505 Ol s plai b Sl 53 g5 1, Octd oo (ool
ol @Bl 2ol Oy ol jled g5 £ ,5 L Olajen 5
23 s bl sl Joko 5 &S sl ols O abe I
sype sla 0351 s (3,8 e 0Ly ol o
33 obatl 05 ol Stella 0 andlas cpl 55 b5
ba Jsbo L5 alo o 53 4T LIS sla J g JolSS s,
G gla 4l 55 50 (U e Iy 55 S LS
Slas 05,8 53 0T Ol Oljue p ey oAb ainlin 5l
Fode o BMPA o) e 5 S0 Clile 4 ous
2 el 31 S s 4 a8 Dliseen A oaline g,

Cal MVh (5 6bl5 sla Jsho slulis jo b esla

1RGA o3 § slsys /7 @)led 9 Sy 8)0s /7 PGS (Sib)y eole alSibily (ale alas


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/5ku.24.3.110]

aiS5 PBMP4 103G 11A

o8t le3T e OLalid IS5 Al gy O iy 5 457 S1os08 9 K
3 5 D5l (S5 pske oils o 25 o ke 05 S 5 Sl S glan gz 055 Jol Sl aIlis

Aol o S Sl 1718 48" 4 0,55k (S psbe ol (555
References.

1. Johnson AD, Richardson E, Bachvarova RF, Crother BI. Evolution of the germ line-soma
relationship in vertebrate embryos. Reproduction 2011;141:291-300.

2. Kashir J, Jones C, Child T, Williams SA, Coward K. Viability assessment for artificial
gametes: the need for biomarkers of functional competency. Biol Reprod 2012;87:114.

3. Irie N, Weinberger L, Tang WW, Kobayashi T, Viukov S, Manor YS, et al. SOX17 is a
critical specifier of human primordial germ cell fate. Cell 2015;160:253-68.

4. Sugawa F, Arauzo-Bravo MJ, Yoon J, Kim KP, Aramaki S, Wu G, et al. Human primordial
germ cell commitment in vitro associates with a unique PRDM 14 expression profile. EMBO J
2015;34:1009-24.

5. Dominguez AA, Chiang HR, Sukhwani M, Orwig KE, Reijo Pera RA. Human germ cell
formation in xenotransplants of induced pluripotent stem cells carrying X chromosome
aneuploidies. Sci Rep 2014;4:6432.

6. Aramaki S, Hayashi K, Kurimoto K, Ohta H, Yabuta Y, Iwanari H, et al. A mesodermal
factor, T, specifies mouse germ cell fate by directly activating germline determinants. Dev
Cell 2013;27:516- 29.

7.Hackett JA, Zylicz JJ, Surani MA. Parallel mechanisms of epigenetic reprogramming in the
germline. Trends Genet 2012;28:164-74.

8. Koubova J, Menke DB, Zhou Q, Capel B, Griswold MD and Page DC: Retinoic acid
regulates sex-specific timing of meiotic initiation in mice. Proc Natl Acad Sci USA 2006:
103: 2474-9.

9. Toyooka Y, Tsunekawa N, Akasu R and Noce T: Embryonic stem cells can form germ
cells in vitro. Proc Natl Acad Sci U S A 2003:100:11457-62.

10. Ghasemi Hamidabadi H, Pasbakhsh P, Amidi F, Soleimani M, Forouzandeh M, Sobhani
A. Functional Concentrations of BMP4 on Differentiation of Mouse Embryonic Stem Cells to
Primordial Germ Cells. Int J Fertil Steril 2011;5:104-9.

11. Eskandari N, Hassani Moghaddam M, Atlasi MA, Amini Mahabadi J, 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.

12. Makoolati Z, Movahedin M, Forouzandeh-Moghadam M. Proliferation in culture of
primordial germ cells derived from embryonic stem cell: induction by retinoic acid. Biosci
Rep 2016; 36: e00428.

13. Bojnordi MN, Movahedin M, Tiraihi T, Javan M. A simple co-culture system for
generation of embryonic stemlike cells from testis. Iran Red Crescent Med J 2012;14:811-5.
14. Bojnordi MN, Movahedin M, Tiraihi T, Javan M. Alteration in genes expression patterns
during in vitro differentiation of mouse spermatogonial cells into neuroepithelial-like cells.
Cytotechnology 2013;65:97-104.

15. Shah SM, Singla SK, Palta P, Manik RS, Chauhan MS. Retinoic acid induces
differentiation of buffalo (Bubalus bubalis) embryonic stem cells into germ cells. Gene
2017;631:54-67.

1RGA o3 § slsys /7 @)les 9 Sy 8)0s / PGS (Sib)y eole alSiily (ale alas


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html

[ Downloaded from gku.muk.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/5ku.24.3.110]

N9 53100 @bl oo

16. Haratizadeh S, Bojnordi MN, Niapour A, Bakhtiari M, Hamidabadi HG, Sari L
Improvement of neuroglial differentiation from human dental pulp stem cells using CSF. J
Mazandaran Uni Med Sci 2016; 26:1-14. [In Persian]

17. Moayeri A, Bojnordi MN, Haratizadeh S, Esmaeilnejad-Moghadam A, Alizadeh R,
Hamidabadi HG. Transdifferentiation of human dental pulp stem cells into oligoprogenitor
cells. Basic and clinical neuroscience 2017;8:387.

18. Jung D, Xiong J, Ye M, Qin X, Li L, Cheng S, et al. In vitro differentiation of human
embryonic stem cells into ovarian follicle-like cells. Nat Commun 2017;8:15680.

19. Gholamitabar Tabari M, Jorsaraeci SGA, Ghasemzadeh-Hasankolaei M, Ahmadi AA,
Mahdinezhad Gorji N. Evaluation of specific germ cell genes expression in mouse embryonic
stem cell-derived germ cell like cells treated with bone morphogenetic protein 4 in vitro. Int
Reprod Biomed (Yazd) 2018;16:507-18.

20. Gholamitabar Tabari M, Jorsaraei SGA, Ghasemzadeh-Hasankolaei M, Ahmadi AA,
Ghasemi M. Comparison of germ cell gene expressions in spontaneous monolayer versus
embryoid body differentiation of mouse embryonic stem cells toward germ cells. Int J Fertil
Steril 2019;13:139-47.

21. Devika AS, Wruck W, Adjaye J, Sudheer S. The quest for pluripotency: a comparative
analysis across mammalian species. Reproduction 2019;1: pii: REP-18-0083.R4.

22. West JA, Daley GQ. In vitro gametogenesis from embryonic stem cells. Curr Opin Cell
Biol 2004:16: 688-92.

23. Toyooka Y, Tsunekawa N, Akasu R, Noce T. Embryonic stem cells can form germ cells
in vitro. Proc Natl Acad Sci USA 2003:100:11457-62.

24. Kee K, Gonsalves JM, Clark AT, Pera RAR. Bone morphogenetic proteins induce germ
cell differentiation from human embryonic stem cells. Stem Cells Dev 2006;15:831-7.

1RGA o3 § slsys /7 @)led 9 Sy 8)0s /7 PGS (Sib)y eole alSibily (ale alas


http://dx.doi.org/10.29252/sjku.24.3.110
https://sjku.muk.ac.ir/article-1-4662-fa.html
http://www.tcpdf.org

