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ABSTRACT

Introduction: Donation of sex-specific cells or production of germ cells through
germ cells and preparation of the source of these cells by using embryonic stem
cells and induced pluripotent stem cells are considered as methods for treating
azoospermia, even in the absence of spermatogonia stem cells. The aim of the
present study was to investigate the effect of retinoic acid and testosterone on the
differentiation of mouse-induced pluripotent stem cells into male germ cells.
Material and methods: Inactivated mouse embryonic fibroblast cells (MEFS)
were used as feeding cells for mouse-induced pluripotent stem cells (miPSCs).
These stem cells were transformed into embryoid bodies (EBs). Four groups
including control, retinoic acid (RA), testosterone (T), and the combined group of
retinoic acid with testosterone (RA+T) were adjusted at intervals of days 0, 4,
and 7. The target genes were Stra8 (Stimulated by Retinoic Acid 8), Ddx4 (DEAD-
Box Helicase 4), and AKAP3 (A-Kinase Anchoring Protein 3), and their expression
was assessed by the Real-Time PCR technique. Statistical data were analyzed by
SPSS software, one-way ANOVA, and Tukey test with a P-value of <0.05 regarded
as significant.

Results: The data showed that the expression of Stra8 gene on day 0 in RA group
had a significant increase compared to T group (P<0.05) and a non-significant
increase compared to the control group. Also, a significant increase was observed
in RA+T group compared to the control group, as well as the T group (P<0.001).
Ddx4 gene expression was not significantly different for different days and groups.
The expression of AKAP3 gene was significantly increased between T and RA
group on day 4 (P<0.01), but the expression was decreased between group T and
RA+T group (P<0.01). On day 7, the expression of this gene was significantly
different between RA+T, control, T, and RA groups (P<0.0001).

Conclusion: Control of differentiation of induced pluripotent stem cells (miPSCs)
in mouse is very difficult and in this study, the role of testosterone in vitro, in this
differentiation process was carefully investigated. For the testosterone-treated
group, it was shown that the combined effect of testosterone with retinoic acid
enhances the differentiation process.

Keywords: Infertility; Induced Pluripotent Stem Cells; Germ Cells; Testosterone;
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.


mailto:abolfazl1980@gmail.com
https://orcid.org/0000-0003-2930-1213
https://orcid.org/0000-0002-1454-7977
https://orcid.org/0000-0002-5359-3298.
http://dx.doi.org/10.52547/sjrm.6.1.61
http://saremjrm.com/article-1-217-en.html

[ Downloaded from saremjrm.com on 2025-10-30 ]

[ DOI: 10.52547/5rm.6.1.61]

4 Sl S92 5 (55 5 09,5 9 (1) g ysind (RA) sl Sidsis
paS Vs ¥ ho lags, Sloy slaoil ;o (RAFT) (g g ol jon
«Stra8 (Stimulated by Retinoic Acid 8) L 5,50 sl 5 .0
AKAP3 (A-Kinase 4 Ddx4 (DEAD-Box Helicase 4)
Real Time SsSs lawg a1 Ls g 2ioe Anchoring Protein 3)
One-Way 4 SPSS 33l 65 b s kel sloesls .y3,5 ow,» PCR
a5 J5TP<0.05 (yo5s o sixe mlaws b g TUKRY (5051 s ANOVA
RA 65,5 10 5 yao 59, ,0Stra8 5 ol a5 ol lis lesols :la azsdly
05,5 4 Cams 9 (P<O.05) 5l (gyls s (iuli3l T 055 4 Cos
RAHT 05,5 (s cimizman 908 )3 e (g cdls (ali8l 5 J 0S8
a3 ol 5yl e Al Tog)S 5095 ol 55 5 JyS 095 5
ap Loy, S alai 10 5 s, seles ,o DAX4 o5 oLy .(P<0.001)
5T 05,5 e eF 59, )0 @8 AKAPS (5 ol cudlas )5 (pne glis
05,5 9 T 05,5 cym clol «P<0.01) s oy (5,0 xe 2ol38! RA
09,5 o ¥ ojay 50 o5 onl (P<0.01) cély als Lo olee RAFT
(P<0.001) 55 Jlo cixe SUSIRA 3 T (S 05,5 a5 s RAHT

e W ol ok sladsbe b JpuS g pS e
O3y (53090 (S dalllae (nl 3o 5 Cesl i Ly (MIPSCs)
05,5 (&ly s sy S0 b pled a3l o 5 alBisle;l byl yo
b ogasge ol (o255 A1 45 b esls laS Ggrtmgind b osd jles

aled Sk 1) (g aled Wiy Wlg ge Sl SS9

L5 sl Jsbo (il olgin ol slo Jsbo 59,0 banosly aulS

sl SIS ) 1009 ywgiand

VE- LYY sl s g

VE L YIVA o pds 2o,
ol colacl Ladllgl: Jsios oninys”

doddo
1545 983 e )13 555 il coui 1) b g5 9oys 10 I Ve (s s,bl
9 dxwg Slp ojepml ates Sguze 6)9)LL lagleys o> 1
S50 Sl (a8l 3kl b g Ll ek Slaws (3 2s
slass M cesls laess g ad alos 51 ieadss ol 55dges 5l dhos
e sLygSE Sl (S ety a2 )le 5 ol Gl iS5 oS
6ok (elione azrgi 09yl &S i sl S 25 22l 9 3 Shee el 5
0oy VO B Ve s capealysT T il e o 03,8 Gl 595w |,

VE- el o) oylad Soy0

ohlSan g alls aicl Ladllyl FY

SW ol obss b elw wle
‘slegJ.w Cooow A (miPSCs) U"9’°
S S g y awg (MGCS) 4 gL

OIrwgm 9

VY

T oollge sl Sly>

Pl obiel Ladllgl & oty S

Dbt 55 oobls el Lol !

prbe paass Gy ol lens p)lo 555,06 5 59,k Dl 35 5
Rl el Olpl (Sdp pgle olails

B8 Obwslons e lo ol sl Jsbo 5 (JsSge 5 (Jsho 00Stmgsy T
Ol Ol colnl (S8 pole o8l Lo (aas

oSS o 535570l Do 35 0 ¢ Jhodd 5 (S3lsm (ot (5250
Rl QLA QLS (Sa 5 pole

ol el sl s plas oS30 gl ygal Jgioms |

OB (S pole olSasls u3isnals Sliios 35 50 tplos oliwl
Sl elals

sl (LalS Sy psle oKl ¢ agil] Sliiss 5 e talad sl ¥
L gigly s

o..\,,S.?

Sk 5l ez sladsbe 3 Loy (i Jshe laal idende
sz ol sla ok Bk 5l sk cnl @te 4 5 Ll slo ok
S slnil Oloys sl @lagsy (W Glsin ol sledsbe s
adS e widl (o G pilerl ool slasle W36 o>
O9rmgind 3 Sl Sdgiady Sl (o) ol anlllae jl Bas 09l
F bl sladobs S 4y (90 QW Bl 5 3l ladsbe Rl 2

e
olsie 4 (MEFS) (bse iz Cudlis b sla sl 51 o by, 5 Olge
W olgn ol slashe (sln 0aiS” 4555 sladshe 51 5y
3,50 ol slo sl aya 8 b e g eolawl (MIPSCS) ige
JrS Jeli 05,5 ez it hos (BBS) oS el plul 4 i

Azoospermia’

ol (S Slados aloxe


https://orcid.org/0000-0003-2930-1213
https://orcid.org/0000-0002-1454-7977
https://orcid.org/0000-0002-5359-3298.
http://dx.doi.org/10.52547/sjrm.6.1.61
http://saremjrm.com/article-1-217-en.html

[ Downloaded from saremjrm.com on 2025-10-30 ]

[ DOI: 10.52547/5rm.6.1.61]

PY g rmgind g Sl S35, by (MGCS) 5 6Ll (sla b cuonw & MIPSCS) oge oWl ol g0l sla sl Lo

G s b sl s oladl etz led 5 ad, o a5 asl AT
17 535l sl 155 g0 il Sy M i ot (90 Shee
Eors ol by Bk 3l 1) 5 slbadn ;0 05 05 Sl s 2w See
oS elist (gl il slagiga9n 1M i W W 5l ey e oS
Gilmgan g g0 g 0 aled o Jroads Jod 5l (Sasslsnsed sloasy] b
095° Srod S & (ad WL L) 353 SIS e se,98 (pl e
095° 456 o el bawsi layge )90 (nl Cudlad aims o lis (ol
Kt s rsins D osi o plonl U Ul (slo Lyl b 5 Jsho
5l oo ooyl 09,5 4 Blate o8 ol oo iz slo 9098 |
Sleogas g (s (Lreddgs phcs goi )3 (ootr B (99590 O
5wl Bl Sy sladshe Jusl M o e ast
2l Fge Gl e sl gl (oo (1 Canl Seas g3k sla ok
39,5 ol bl il (ol e o PSCS (5l oSzl e oy
ol G 4 ey boams ol gl bl sple )08 b
IPSCS (s5les iy, )3 L9 fsnd (ogas & Gyl Glagge;90
2l 2 Ogep9e al A o)l caalllae ol 51 Baa Ll sla sl o

g At lejl s ¥ 5 Ll 4t sla ke 4, MIPSCs

g, g olge

S Jgol cule,

SN0 Lalal s Sllgs 5l coles 5 aBislesl sl
TS ole) plpl (plals (S pole oKl

D90 (i Cawdlig pd sl Jolw (55l JUnd 1l g gl il
Sl 3l m YYL0 59, 50 Ghge lacmiz pw 9 05 (53,5 Iz 5l oy
ssalie sNCG (y5090 52,5 5l am cel VY Sae 0,0 55, 5l j5late)
M i cdlg e sla sl am 5o, WY Sl Jlusly SO
VA Jod ) lalad o s 5 SrgS lalad &y 0y (bl oo oolic

Y YL 5555 L DMEM L ol o 4 YO <Sudls 4y 5 3 0ls 508

Lo b g oads aiils p boailawdl g, SO 5l o ol ools Jatie
e pe 5 Ny S malegiy ol s gy Jols a0z csS

[RRY

)S‘ D90 e C,.m)bjj.d Lgl_tb‘_]jl..u o8k JUSEL RSN \Y nglf

Spermatogenesis "

Leydig Cells **

Male Germ Cells (mGCs) *°

IR.KAUMS.REC.1394.150 "

Dulbecco's Modified Eagle Medium (DMEM), (Gibco, Cat.  No. 'Y
41965039)

Pen/Strep (Gibco, Cat. No. 15140-148) "*

FBS (Gibco; Cat. No. 10270-106) '

Mouse Embryonic Fibroblasts (MEFs) ™

VE- el o) oylad Soy0

So3 Ly pldpe (nl IS Cmazr 5l ;s Ko g 500 925 59)LL Bls e
Syan sak 4o 0 aS ool 1é slis pulys] M s o olais
AR 053 536 coi 1) Ha,LL Gloye jlao ;o Ve dgam 13 00,5 oo oloxl
4o o Sgis oo 00ls aseis Lo palgsl ls o 5l oo 0 #1005 a0 s
Shlos ol atilgs ol sl Jskos 5l oolizl wansdS Jlo wis b
soelnil Jed 5l o lons 5 2l 5 (S5 slags bl Jlzs &5
) os olgs b ol ol slasbe P2 0t los 1) s
255 )18 oolitul 3550 aliie sl lom 5 Gloys (sl 9 0S5l
ool & b 35l 1) ol Ul oo a5l ol sl sk M
Oloyd (eizmed 5 b (qwaies dag)ls ALS (sl 9wl ples Koo
o3l N 058 13 ool )90 cilise slags Lo oy 5 Jsho
Ol sl dsbe adsi (il 9,6 Loy sl waz slo g, 5l (S
sk same g5, asliy Ml Ssloge slasbo 517
baag” iz ol slaghe 40t Glyi g alo e 4 ol Soslege
Jbo 5o Ol 5 Takahashi Lsss Jb ulsl (sl smisisy sty
5 ale ge sk ol 45wl cols las g WS jaseie Ve of
DT 3.5 s s oy liin sl (sl g slows 335 ol (sl Joko
Jsd 3l smasin) LSBT L ge i slacasdligyed 5o Sl 5y W
s UL slo 5256 lsie 4 C-MYC 4 KLF4 SOX: Oct3/4
), @Uls ol s axiesd olgiy ESCS w9 IPSCS oo 1M i 65 ]
9 ol oy cnlply il pled adsl sl Ll Y 4w 4 b ai)ls
o Wbge 40,55 5 sl odag Cumenl 3l ooy gz b Jles (nl coslis
Slo> s 10 (loys cur ESCS 5,5 5l ala )35 a5 Jo o
S e pladl jo b Jelu cpl olawl gy aile g0 JBlas Lol 0ijls 3929
Ol JEEI G e (el el s 4 gleys 0, Jol gt oe a3 S
b )55 ol IPSCS 659,60 N 8351 cllasdle poo 5 nJskes
093 Silagu sladghe 5l 457 8)l0 929 GBSl Gl 15 08 (o0 Bk
S92 (ol fenly g cnlpliy 9 298 oolital b Joko ol adgi sl 09
Wl oo Hlows ased IPSCS a5 el () 500 Cupe pizman 3,05
Jo 4 b 8 18 aslinal 500 (S35 5 gl Slasios ol
sladshe ¢ lacologss T gsn bl sladshe cwaw 4 IPSCs

" asile el ad ool 57 iulugile el b LgS gile pel (g3l

5 IPSCs 51 PGCs -l &Y+ % Jlo ,o (glasdllas aloas ools 3yles
A by sl ) ol Sisns, N s s 55 1, ESCs

Induced Pluripotent Stem Cells (iPSCs) "
Somatic Cell "

Embryonic Stem Cells (ESCs) *
Yamanaka Factors °

Primordial Germ Cells (PGCs) *
Gonocytes ¥

Spermatogonial Stem Cells (SSCs) *
Spermatocytes *

Spermatid-like Cells

Retinoic Acid (RA) "

Retinol "

ol (S Slados aloxe


http://dx.doi.org/10.52547/sjrm.6.1.61
http://saremjrm.com/article-1-217-en.html

[ Downloaded from saremjrm.com on 2025-10-30 ]

[ DOI: 10.52547/sjrm.6.1.61 ]

—

Y

G99 ol plur! (6 5 S
RGO Q|5SJ.; 6ol 6LQJ5L4 )'l G dw Sleess Lg.xﬁ_‘»gj.:.al FL..?I
RS g 855 oo 3 et (2 yee 0 EBS (5,0 MIPSCs laJsls
Sl ool o090l 5 010950 (g 098] Ao I (i 4Y 4w o
S AT g ond 25 5ilsSal 51 L5 o g0 CSudls azl IS ol el
oslel 348 1 )Siow JUIHESY SRLINN F IR f’l""‘ b Jolw u-l‘
LIF g5l ;950 51 e 4 MIPSCS s 5l i) Lo ¥ oo 5 o
3 edon VSl b e e oLasl g U sk s i 03533

ool e sla sl ©jeo 4 b ol Up&Down LlS oz e

2 dsbe OxV o7 laad Y st e ails £ ol 5l Al e 4 an] o
S ALIF gs woyo Ve FBS s5lo) EBS oS Lwe s i) e
9 P 9y o W s bame ol 59, 99 b iaiad aBlal b S5l
o el Lo (igel 55, 50 eyl

Lse ;0 50,0 JIF 5lam LIF 5l g)le lae .0 MIPSCs slo Jolu
Slr i D g abg (EBS) (gus8g el plurl S5 sl 2utS
S A 59) 99 58 Jelgd )0 lane plu| () JoSis

2 5 6bl5 s ghe o 41 (g0 (W (g8 5 Ol s ghw 3 Le
2B o3l byl

W oolel 4o s <)) V5 b Al & Jyens ol s yo ol 4o
oo gie EBS il gl aiauo 5 Jiis solel slacaly 4 EBS 4
o Jsko opl N VItro Lyl 1o 5 sbl; sloshw cum 4 MIPSCs
Sl gty s See V5T g resied s See Sy lade b
O30 48 sy el plurl s layo Vg ¥ i (slajg, (Sloj ojl yo
S5 oo s 4 S ks s JRUS S (e 4 w853 leys
09,5 Glad 050 (©) JiuS 095 (Jolis addllae (nl (so09)S
SS9y o255 09,5 5 (1) Gy rtmgind 09,5 (RA) ol SS9,
¥ o Gy gbrojl jo a5 g (RAFT) g wgins of pon ay ol
7 JS8) w85 )15 dulie g (o) 9590 Vg

Real Time PCR ¢ cDNA jiew RNA ! 5w
Geb 3 sl oo 5l end cbls s sl sk 5 RNA gl sl
oS 5l eslanwl L CDNA i glp al eolatwl  Jeadlygiws
a3 F L s aiges ;o 5l RNA 4,55 S 4 PrimeScript™ RT
Stra8 slagys o5 ke !y (GPCR) Real Time PCR oS5 .o
JS blazul 1, NCBI (sloosls acgoze .0 alosl AKAP3 3 Ddx4
3 ESostp b s 3 28,5 53 ooliiul 3,90 S g8 slags

Non Adherent™

Single Cells™

Nunc, Rochester, NY ™

Sigma, Cat. No. T6147 ™"

Sigma; Cat. No. R2625-50MG ™

TRIzol (Invitrogen, Cat. No. 15596026)
Takara Bio, Shiga, Japan ™

VE- el o) oyl 8 oye0

e 5 sl alicl Jadllgl FF

Orbogins ooz p S koo Ve ke ool (nl 3,5 Jld e
O JS2) 38,5 ooliw! DMEM/F12 L. 8 C

A @3S i olsie 4 (e etz Cedlig b o Job ) S5

SPge W ole p g3l slodsbw b S

Sgrans y5udy 3l el (3135 5 (asio B 4 jshailes MIPSCs (Y
23,5 28l ys ook sladshe 535l5Ss Sliiz 35 5e 5l g Slosk
5903 O ()8 9T (65 1005 0 Cusho, 53 ook ol s
Jld e MEF (g5l 008 085 4 (55, 9 b ploxil a2 )2 YV sleo
DMEM/F12 ¢sl> MiPSCS coiS Lames [T w0 g5 o
Sl e poazlg Ve o TUKNOCKOUL o (5500 doyo Yoo gyl
Sl 5 Jpeiden ST ige slaS3) 0asiS Jlon 553518
Slaaslinal 2 5 Jpaides +N ™ pgailm i bl ol
o933l am LS, Las)’ ROCK Inhibitor Y-27632 §¥ ¢,9,5 ¢
# I Y 2 MIPSCS (sladsls’ 59,5 ;s 55, 8 Lawmes 952 (03,5
o ools el wsye YNV E9 5L M}:T 5l oolaiwl b 5,
(Y JS)

sladsle 59, » <t 55, F S y3 (B 9 A) MIPSCs (39)5d 550 ¥ IS
MEF sossS 4085

Mitomycin C (Sigma; Cat. No. M4287)

KnockOut (Gibco; Cat. No. 10828-028) ™

Leukemia Inhibitory Factor (LIF), (ESGRO; Gibco, Cat. No. ™™
ESG1107)

L-glutamine (Gibco, Cat. No. 25030-081) **

Insulin-Transferrin-Selenium (ITS), (Gibco; Cat. No. 41400-045) ™

NEAA,; Gibco; Cat. No. 11140-035) ™

Sigma; Cat. No. Y0503-1 MG ™

Collagenase IV (Gibco; Cat. No. 17104-019) ™

e (Kb Slisios e


http://dx.doi.org/10.52547/sjrm.6.1.61
http://saremjrm.com/article-1-217-en.html

[ Downloaded from saremjrm.com on 2025-10-30 ]

PO (g yimgind 3 dpsl SSsi s Lawsgi (MGCS) 5 6Ll slosho Caoms 45 MIPSCS) s il sty g0ty slo sk sulod

bl Jaloxi 9 435

One (y5051 5 SPSS 1531 a5 51 oslicia b baog 5 s (sl (slacslis
Sl sre Oglis o plovl TukeY® i y9051 3 Way ANOVA
b ad Sl 3 P<0.05 mhas o

oyl (555998590 9 (sigy ol plunr| JuSidi
JEI o a5 al aseie oS ooz o0 4 Glo S5 0z 59, 50
e o3l b SlS (SSS nl (b po (F S0) sy i L
ol on Lo giols cul (oled lingl (slmosld S5 o Lol iz

E 4 y
S Olyn @b slodsbo 5HEBS) gasdypel plurl (65 U5 ¥ S
ala>de S 50 a5 jshilen (INVitro) alfisle;] Lyl s o MIPSCS) ige
Voo gl S e slam p)lex B sl e, 5l pleal Gl 535158590 995 o0
sl oo sanlie i3

&g ol plunal alod 55 5 sLl) sl Jobw (P> SLoys Gl (w2
5 Sl SS9y @ oy sl b ske (Ul onsas (lis Stra8 o5
Sl o plsie a DAXA 05 5 el e 5 3 bl sladsbe
Sisrd e Sy Olyie & AKAPS (5 008 o 4135 155 50 (550
oy 4y g 005 o0 S5 (m5gile sl Jsbo 50 oS wBboo pypl po
IRl (15 8 18 wsle el (5088550 ulsd 5o Wlg3 o AKAPA
@ ol lis 0e3 I gl pme Sl s ao js, 4o Stra8 o3 ol
Ok |y ol sire Gl T 09,5 4 Cond RA g 5 50 a5 &30 (]
Sogme Jg canls aulidl 55 S 6,85 4 Caws 9 (P<0.05) sls
ovalive (5,0 cne (al3l S8 09,5 g RAHT 095 (o (iman 098
Slosine I T 05,5 5 (o8 5 09,5 (ol (e 3 5 (P<0.001) ws
wilize clrog,S e s Vs T slassy 4o Lol (P<0.001) ui ouys
odalie & K& ;o a5 jshiles (O JS&) wis onyd (sl s Sglas
e Dl gap 1 095 oolad 15 9 bajg, (oaled 53 DX ()5 (s o
gl &g g She 55, ;0 AKAPS 15 le (0 JS5) aalas s
Sl Gl BIRA G T 055 1o oF 59, yo Lol ol las T g ls sse
osre S RAHT 055 5T 05,5 o bl ¢P<0.01) iy ony

o35 Blast 5 us olb o5 sla el Primer3 DT 18l o 5
2SS Jyame Jsb ) Joor s )5 plml (s59dgen do)s s sl
a2 oo lad 1y g e sl Annealing slos o b ool g5 conds
SYBR Green PCR Master Mix 1as¥ Y+ Jols QPCR uSco e
52 5HaY 0 9 CONA (5 digas (5556 V- +) 1Y G (V=) Buffer
4 GAPDH b 4 WY Y ol oo L 5y0m 5 550t il
330 o APCR iy b 4185 i 5o loaigas sl J355 olyie
Al plool 4dBo Ve Do 4 a4z 0 A0 gled jo ol 0,556 dal Tog
Sde 4y 4z 0 A0 glod jo aumly5ilo) (61,0 S Feslasd o o
plol 4l Yo o 4 05 52 Gl X sles o Sidsl sles i o Y-
ax;d VY (slos 5o 4l Yo mae & a8l oS ol 8
ek awbee T alll S bl 088 Ose
gPCR e STy I 54 LightCycler™ Real-Time PCR ol%sws

Al oolatwl LSS aw (o

MEF cells

miPSCs colonies

ﬂ For 4 days

Collection of EBs in 0, 4 and 7 days for different treatments

AN

Control ]

Retinoicacid with Testosterone I

[ Retinoic acid || Testosterone

e Wl Glgn 3l sladobe Rles ganple Seles )b ¥ S
O Sy b sladsbe e n o5 6Ll ladshe S 4 (MIPSCs)
(MEF (sls Jobo) g

Real Time PCR iS5 lawgs 5JUT g1y oais (>lyb (sl youlyy ) Jou
snles Slite =y 0 by g

Forward Sequence (5*>3")

Strag GAAGTGCCTGGAGACCTTTG TGGAAGCAGCCTTTCTCAAT 150 597
Ddxd CTTCAGTAGCAGCACAAGAGG GGAGGAAGAACAGAAGAACAGG 267 575
AKAP3 CGCAAAGACCTGGAGAAAAG CCACTTCCTCCACAAACGAT 82 58

GAPDH AACTTTGGCATTGTGGAAGG ACACATTGGGGGTAGGAACA 223 575

[ DOI: 10.52547/sjrm.6.1.61 ]

Extension ™
Cycle threshold (Ct) ™
Roche, Germany ™

Post HOC Test ™
Hanging Drop*’
A-Kinase Anchor Protein 3 (AKAP3) *'

oo (S liisg e

VEe Jle o) oyles Foygo


http://dx.doi.org/10.52547/sjrm.6.1.61
http://saremjrm.com/article-1-217-en.html

[ Downloaded from saremjrm.com on 2025-10-30 ]

[ DOI: 10.52547/5rm.6.1.61]

Segiedy Sl sy 9 EBS (68 USS Gy 5l (oaltalojl bl o 5
05 Ol &5 Bl e WS e owyp 1) grtwgied olyen 4 sl
ol a5 wiols las bl .l aal3l sl Sisid, o958l L Stra8
sl plas ladxe ol 0gd g0 Bgine il g, CLE jo 5 ol
l sadshle bly Jobo (655 IS0 05 ol 2 AL el SS9, oS
@l b gliime ol ls M wS e g EBS S5 b |
el Ssi3, 148 (V1Y) o), an 5 DONG .3l cislla Lo asllias
4 Sladobe o oo 5 gS Slo sl g3k sla sk L oljen |,
Al Sy a5 wols lis «o,S oy 1) Shge 5o Ll sle Jol
Sl Ll )8 Sy il loial LS sl sl ,o 1, Stra8 o5 ol
5,5 ol liime cnl @ls sty alpled slisTeile sl (58
Ol LS gile sl (3l la sk 9 dpl SS9, (e Sl &S
TGS o e ole3 5T 610 1, Sepl 5 Acrosin Stra8 sl 5
S Gloj 3l s bl gladshe sll anlp (b o DdX4 5 ol
@ b a5 Gl B om0 0LL & o bl sladshe &2l
QS o b 1) (69850 (6 yrwn (] 50 98 )I5 dAslol (g co AL LS
S lgegn) VASA 15 le a5 wisls Lis (Y+1Y) ol Kan o Yang M
48,5 1,8 BMP4 51V - ng/ml 5 xe ,o a5 EBS 04,5 ;o (Ddx4
bl sladshe (ol 05 Gal 8l Gl J 7S 05,5 & S caing:
Obas abgrye sl )3 ol red & (5 ol Ol Gl 5 998 o0 e
MIPSCs 511, 5 bl Jsko (6,5 JS& b conl ,318 BMP4 a5 ol
2 Sl g, 1 aS (V) ohles 5 Sl s (S
Shse bl sladshe 4 sladsho a5 5 oo piiel LisS ko
il LigS gilo sl 30 7 59, & Sy (i e 5 RIS sl s, ¥
A8 Al ladse ol ol caslice duwl g Lol jen sl o
Ll Jsbo b Lo slas e SSCS ol jo ay sl SS9, ol il a8
oS ol s e ol gls JS o 7w o g les 56T o1,
Jobe g s 2 60k s nled )51 G (lge @ sl S3eis,
Jsko £55 5, Ll celinljon Lo Sligios gls b a5 o)l Ll sl
Gisd e s Olsie & 5T AKAPS ol Lol oluS 5 5l S
4 05 ol Ssdise S5 migle sl Jsb 0 4 Cesl oyl o
&59099,50 amld o In Vitro Ll o wlss o AKAPS o oa
oS wols las (FVT) o e o Li 70 s 25 olay) oo pen
05 S oo Iy GRISIEBS (5505 JSa Y 55, B Y 59, 51 05 ol ol
Ol g 28,8 sy il SKee g Ll a5 aiiin S5 90 Msy2  AKAP3
blagT 5 @b M gt o olo sudshle sladsbe o Laid o5 50
U1 Jsbo U s e sl S Lo a5 casls caillae o) San 5 QiN gl
S5 5 TOYOOKA gl b i 5 T 005 o £9,5 Y 55, 51 EBS

A-Kinase Anchor Protein 3 (AKAP3)

VE- el o) oled o oy

s g anll alicl Ladllyl 5

4 s RAHT 05,5 0 Y 59, 50 05 ol (P<0.01) w05 snalice

o) e omimen (P<0.001) cusls (gl s ST S 05,5

(B Jsa)

Stra8 DDX4

a
! Il, alii

T C R T R

0ay0 Dayd

noT oM " c
Day0 oayd Day?

Y 5 F a0 slajg, ;0 Akap3 5 Ddx4 «Stra8 slagy; ole 551 .0 Jsb
5 (T asmogins «(RA) sl gty (C) 55 058 oz 0 ples
05 @ s ol ole s RAFT) (g gtns olres sl S3sis,

alises sbajjf 59 GAPDH

P iz sdsbe adgi aie; o ook Dldllas @iidS ams wiz o
5 s3055 Sl Jhs oépele sl oud plol ESCS 5 iPSCs 5l ool
S35 7S I ol w4 TPSCS (S5 slas Lol
b oslaxd 318 azgi 50 i Ll slo sk sbml sl da sl 0
ook nled Cuzr itin Jo¥se Glapasile jo0 092y ol
slaogass MM el 5L sy ol sladsbe 3l esle 5 5 L
S Olee g Ol Gl 5ed slaasir 5l )l sy il
b yge,90 cpl cdale [0 Slss dingy lale ae Job j0 g 0SS o0
(lon Slacdl 3l ool sl Jsbs by age,9n ™ 555 slov
S3els 5 St sloml sl g Wad o0 9y 585m 5 039 5 alea |
9 oz Eob el (Dhaes S 5 s e lle )3 Dlss oS )
4 g il slapygey98 odle a4 aS (oo (b 1) (SVsb s (]
Sl 5wl Clax @ lal> o o Gl sla Sabhavly plgie
as ol T s ol sl ol ,Shee e 5o cagee s
olyed a4 (g fgind Gudg il Ggey9e Sl (ow)p alllas cnl ]
s Li g 5 bl gladshe cos 4 MIPSCS 5lei 5 sl Sidgid

@bl slo sk Caaws 4 MIPSCS 31l a5 (¥4 1Y) o) San

Spermatogonia Stem Cells (SSC) *
Mouse Embryonic Stem Cells (MESCs) "

oo Sty oo Al


http://dx.doi.org/10.52547/sjrm.6.1.61
http://saremjrm.com/article-1-217-en.html

[ Downloaded from saremjrm.com on 2025-10-30 ]

[ DOI: 10.52547/5rm.6.1.61]

FY g imgins g Sl S35, by (MGCS) 5 6Ll slo b cuonw & MIPSCS) oge oWl ol g0l sla sl Lo

pole oSy Langs 1255 (5 0y50 asl bl 5l oyl alie ol
Omzed Hlaiss b Colex> (AFVOY :06 5 (5 0)led) LOS Siy
5 i ple Sligid e 8 Jray den alisds (s )San

WS e 0,8 LIS (S5, sl olSadls e 55nels

S a0l
ol sy LB Sy psle oKl S atiaS il 4 g ol
(R.KAUMS.REC.1394.150)

&L )l
il g7y glie )5 gm aslle ool 5o

Alio 5o G W 98 e
sl i allie (3,55 50 5 )b (ol pll o Gl ot s selad

beglos/ Jbo aslio
el oy (el LS K5y psle oK1 Lags

&L
1. Hayashi Y, Saitou M, Yamanaka S.
Germline development from human pluripotent
stem cells toward disease modeling of infertility.
Fertil Steril. 2012;97(6):1250-9.
2. Kee K, Angeles VT, Flores M, Nguyen
HN, Pera RAR. Human DAZL, DAZ and BOULE
genes modulate primordial germ-cell and

haploid gamete formation. Nature.
2009;462(7270):222-5.
3. Hou |, Yang S, Yang H, Liu Y, Liu Y, Hai

Y, et al. Generation of male differentiated germ
cells from various types of stem cells.
Reproduction. 2014;147(6):R179-88.

4, Matsumiya K, Namiki M, Takahara S,
Kondoh N, Takada S, Kiyohara H, et al. Clinical
study of azoospermia. Int ] Androl
1994;17(3):140-2.

5. Jung Y, Bauer G, Nolta JA. Concise
review: induced pluripotent stem cell-derived
mesenchymal stem cells: progress toward safe
clinical products. Stem Cells. 2012;30(1):42-7.
6. Kobayashi H, Nagao K, Nakajima K.
Therapeutic advances in the field of male

Hanging Drop '

VE- el o) oylad Soy0

4 Code EBS I asoye  YEF 0g0m j0 w5 5158 a5 (Y44 Y)
b ools pl (solos M s pled 0,90 Jsb ;0 Y 5O 9, 5l MVh
Y I F s, 5l 5 bl sldshe Coaw 4 MIPSCS a5 55 aseie
S8k se Lo Wl (59381 (512 0,55 Gy 050 (nl 5 9nbise alel
b oy sl 05 o by oY+ 03 Jlo s il lSen 5 Silva [
1) Ogrmginnd ol o 4y dpnsl SS9, b oud jled 5 bl sla Jobo
b 9 AKAPS3 5 slo oless aisls [ 3 o) 5,90 MESCs o
cegane o5 oF PRML ()5 J5 2,55 (5,05 59,V 6 yao Sloj o3l
e bosls ol ol Lt | o935 T3l g, sle 535 b sl oy
6l ,S e a5 S o sl |y ool slagyy sl ples EBS a5 5,8
S wisls Glas laize cpl U550 aiws 5 bl Jobo ples g 525
I aas o 58 3l o 1) 2Le3 918 059 g 5 sl S,
Syl 5 ol Ol oy B 5l b anlllas gl b plidore (ol s

Al o wglite Jsho (595 52,5 1 con

cdo b aBile;l Lulys 40 g Conl Cdw jlws IPSCS Lo J s
;> MIPSCs i usilgs oo PGCS a5 oo oo plis apled 0 oo o)y
il caolie Hlws b e bl s andl ool b In Vitro Lyl,s
a5 AN VRO Ll s Ul slaJsbo g5l 5 ples Ll 525 L
S50 590 plaiz wean] o e 4o 3 K lgie 4 Bilgs oo laculS
Seiial by Sl (paial B0 jeia (Jl e 0 09h 4 S
Gody GlcwlE pl 5l len B 03 )18 asgi 0590 b aS a5 ls 042
Ol Hgyimweind b oads Jlawd 09,85 (glp 0,5 eolaznl LSS o
S led W9, Wl oo sl SS9, b 9090 (ol (o5 5 SN a5 aB o2l

XN

Ololgssio

S olnsl sl oykd g, 5l a5 95 00 ety (ST sl 5
250 5 slag ol 5 g 09 eolitiul (Gag el plurl JuSiis
Slaosl o 9o i (mizmed 025 I (ouyp 3590 Al e
aled 59935 oyl ye 2 0 LGS Gl olyes a4 i S
a8 S5 6K sidy Glye 4 ) g9oge ol Uy
5 00 Iz FACS 3l 0aliial b s sk s oy 51 428b 3oL sla Joho
o 9 099,565 o (spled g,y g 0ad eols S alld & jge
sorlail logise 4 bdshe ol sl ples gla sk slulaz
B9 syl 55 INVIVO a1 5 00l 3,5

S0y g LS

Protamine 1 *°

ol (S Slados aloxe


http://dx.doi.org/10.52547/sjrm.6.1.61
http://saremjrm.com/article-1-217-en.html

[ Downloaded from saremjrm.com on 2025-10-30 ]

[ DOI: 10.52547/5rm.6.1.61]

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

19. Losel R, Wehling M. Nongenomic
actions of steroid hormones. Nat Rev Mol cell
Biol. 2003;4(1):46-55.

20. Mooradian AD, Morley JE, Korenman
SG. Biological actions of androgens. Endocr Rev.
1987;8(1):1-28.

21. Hashimoto H, Yuasa S. Testosterone
induces cardiomyocyte differentiation from
embryonic stem cells. ] Mol Cell Cardiol
2013;62:69-71.

22. 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.

23. 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
retinoic acid or testosterone induction. Biomed
Res Int. 2013;2013.

24. 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.

25. Brown PR, Miki K, Harper DB, Eddy
EM. A-kinase anchoring protein 4 binding
proteins in the fibrous sheath of the sperm
flagellum. Biol Reprod. 2003;68(6):2241-8.

26. Xu K, Yang L, Zhao D, Wu Y, Qi H.
AKAP3 synthesis is mediated by RNA binding
proteins and PKA signaling during mouse
spermiogenesis. Biol Reprod. 2014;90(6):111-
9.

27. Yang S, Yuan Q, NiuM, 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.

28. Ables ET, Drummond-Barbosa D.
Steroid hormones and the physiological
regulation of Tissue-Resident stem cells: lessons
from the Drosophila Ovary. Curr stem cell
reports. 2017;3(1):9-18.

29. Ables ET, Laws KM, Drummond-
Barbosa D. Control of adult stem cells in vivo by
a dynamic physiological environment: diet-

VE- el o) oled o oy

L en g anll _olicl Ladllsd $A

infertility: Stem cell research. Adv Stud Med Sci.
2013;1(1):39-54.

7. Mikkola M. Human pluripotent stem
cells: glycomic approaches for culturing and
characterization. 2013;

8. 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.
9. Yamanaka S, Blau HM. Nuclear

reprogramming to a pluripotent state by three
approaches. Nature. 2010;465(7299):704-12.
10. Sun N, Longaker MT, Wu JC. Human iPS
cell-based therapy: considerations before
clinical applications. Cell Cycle. 2010;9(5):880-
5.

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. Lamba DA, Gust J, Reh TA.
Transplantation of human embryonic stem cell-
derived photoreceptors restores some visual
function in Crx-deficient mice. Cell Stem Cell.
2009;4(1):73-9.

13. Mandai M, Ikeda H, Jin Z-B, Iseki K,
Ishigami C, Takahashi M. Use of lectins to enrich
mouse ES-derived retinal progenitor cells for
the purpose of transplantation therapy. Cell
Transplant. 2010;19(1):9-19.

14. Matsuda R, Yoshikawa M, Kimura H,
Ouji Y, Nakase H, Nishimura F, et al
Cotransplantation of mouse embryonic stem
cells and bone marrow stromal cells following
spinal cord injury suppresses tumor
development. Cell Transplant. 2009;18(1):39-
54.

15. Liu S-P, Fu R-H, Huang Y-C, Chen S-Y,
Chien Y-J, Hsu CY, et al. Induced pluripotent
stem (iPS) cell research overview. Cell
Transplant. 2011;20(1):15-9.

16. Park TS, Galic Z, Conway AE, Lindgren
A, Van Handel B], Magnusson M, et al. Derivation
of primordial germ cells from human embryonic
and induced pluripotent stem cells is
significantly improved by coculture with human
fetal gonadal cells. Stem Cells. 2009;27(4):783-
95.

17. Duester G. Retinoic acid synthesis and
signaling during early organogenesis. Cell.
2008;134(6):921-31.

oo Sty oo Al


http://dx.doi.org/10.52547/sjrm.6.1.61
http://saremjrm.com/article-1-217-en.html

[ Downloaded from saremjrm.com on 2025-10-30 ]

[ DOI: 10.52547/5rm.6.1.61]

P g ymgind g Sl K39y Jawgs (MGCS) 5 5Ll sloyho Cooms &2 MIPSCS) ige ol Glgs p solts sloshe 2les

Sarem Journal of Medical Research

dependent systemic factors in Drosophila and
beyond. Wiley Interdiscip Rev Dev Biol.
2012;1(5):657-74.

30. 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).

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

32. Qin ], Guo X, Cui GH, Zhou YC, Zhou DR,
Tang AF, et al. Cluster characterization of mouse
embryonic stem cell-derived pluripotent
embryoid bodies in four distinct developmental
stages. Biologicals. 2009;37(4):235-44.

33. Toyooka Y, Tsunekawa N, Akasu R,
Noce T. Embryonic stem cells can form germ
cells in vitro. Proc Natl Acad Sci
2003;100(20):11457-62.

34. Silva C, Wood ]R, 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.

Volume 6, Issue 1, spring 2021


http://dx.doi.org/10.52547/sjrm.6.1.61
http://saremjrm.com/article-1-217-en.html
http://www.tcpdf.org

