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Abstract
Primordial germ cells (PGCs) starting as germline precursor cells can give rise to
mature germ cells in vivo via a cascade of differentiation processes. They can also be
reprogrammed in vitro into pluripotent stem cells, i.e., embryonic germ cells (EGCs).
To understand the rabbit PGC migration process in early developmental stages, we
anatomized New Zealand White rabbit fetuses at different days of development.
Before 9.5 dpc, PGCs in the rabbit fetus were hardly isolatable due to the
undistinguishable structure of genital ridge, whereas at the same time point the mouse
fetus already has a basic exterior shape of a fetus. The first distinguishable rabbit
mesonephros-associated genital ridges appeared at 11.5 dpc. The morphology of
rabbit genital ridges at 13.5 dpc resembles that of the mouse at 11.5 dpc. These
observations are likely to provide a distinct timeline of rabbit germ cell migration
helpful for the understanding of embryonic gonad physiology and technical separation
of rabbit PGCs or genital ridges. We therefore isolated rabbit PGCs from the 12.5 dpc
fetus and compared several culture media including rESC medium, mouse EGC
medium with MEK and GSK3 inhibitors, mTeSR™ medium and rabbit EGC medium.
Different concentrations of inhibitors or growth factors were also tested. The rabbit
EGCs can be long-term co-cultured with mouse embryonic fibroblast (MEF) cells for
several passages only in rabbit EGC medium with the presence of LIF (1,000 U/mL),
bFGF (20 ng/mL), forskolin (10 pM) and ROCK inhibitor Y-27632 (10 ng/mL).
These EG-like cells expressed pluripotency marker Oct-4, and germ cell marker Vasa
as shown by the immunocytochemical (ICC) staining at an undifferentiated state. The
in vitro differentiation abilities of rabbit PGC were also confirmed. We collected 12.5
dpc PGCs and co-cultured them with somatic cells from genital ridges in medium
with BMP4 (500 ng/mL), BMP8a (500 ng/mL), SCF (100 ng/mL), EGF (50 ng/mL)

and 10% porcine follicle fluid (pFF). The results showed these two kinds of cells
\



could coexist and form primary cell aggregates (CA) which were less than 100 um in
diameter and expressed Oct-4 and VASA by ICC staining. After being cultured for 14
days, the CA could be grown over 100 um in diameter and expressed the meiosis
specific marker Scp3 and oocyte specific marker Gdf9 at Day 30. The Gdf9
expression pattern was similar to that of rabbit follicles. This study demonstrates that
rabbit PGCs isolated from 12.5 dpc fetuses can be reprogrammed into EG-like cells
and remain pluripotent as in mouse PGCs. Furthermore, when 12.5 dpc PGCs were
co-cultured with genital ridge somatic cells, they could form a CA structure with

presumed meiotic activity inside.
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e
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A YD 135dpec o e e E VAT S T FIH IR 4T B mie o
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ﬁvl‘k#gﬁﬁr Do d MRAA A AAFTAHZEARALE)EAF - H PGC 2
AR 2R e Pl R R FREHFA PN PGC 23 7 p A 7
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ix (Schafer-Haas and Viebahn., 2000.) - # i el % dp o L3 PG-2 88 F e
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BLBE (7 2L f fe3s o PGC 8.0 dpc 845 T 4179 % 1 A e B uRAEY
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LA P PGCRZ NE wmie AR EN B R T 27X weHFWEB
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—=\

BHCE  FRd A FIeh 2 4R (epigenetic modification ) # 4 T DNAZ 7 &
(demethylation) @ £ #25% it (reprogram) = Z PR 5 % a0 2 4 78 e AL
%] 4 . PSC —EGC (embryonic germ cell, EGC ) ( Matsui et al., 1992; Resnick et al.,
1992; Messerschmidt et al.,2014 ) ; & F 4o b < #rif 4 i 5 4 78 mP - EGC/E > PSC
G AEa R A 4 ¢ba K (ectoderm )~ @ %2k (mesoderm )£ p 2k (endoderm )
2 FF e d e o 2F S I ESCRE A M 2T CEBA LA S e 2
WAP R RN B T 2P 0 4 F AT e AT AR ek §
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2006) - 4p R ESC2 % it » EGCR Pr{ & & 2 A iwie cn kA FIA MEH - L i
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mvh& & #],m &4 RAYEGC 2. 2 ¥] 4 c-myc ~ stat3£2klf4 (Labosky et al., 1994;
Stewart et al., 1994; Durcova-Hills et al., 2008) » 3235 F w48t & it g * & o &
BREBEFTHE -

PGCz % ¢t 32 & 3254371986 #, Donovan % 4 #-4 3 p 105 dpc z /| &
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1. PGC A #rps A @ 508 & 4258 1 iy 4

PGC %~ $h &R B 1 5 A0 dhim e f4F > GAl 7 4 W2 £ pPF A afs i fm
R TR X AR BES AT o R SPGCE § ¢ T R F 40T

+EGC - RIPGC 7 p #p & 32 pFRF 3 Boft A4 4 &l > 4 8.5-11.5dpc | &3z ry
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A4 g2 PGC iy i 7 £ 4258 1 272 EGC » 8.5-9.5 dpc2. PGCE 3 .3 7 i |2 &8
'r_t’hjuﬁ B i 4 (germline transmission) : 12.5 dpc4 2. PGCE 425¢ it sz ¢
KT ' 5 135 dpeBdsd s A Rl e § P AEA L AB% > PGCr e B st (A T 3
A T B Ao ] A (Y PR R WL P PGCI ¢ o 2 iE 7 R A25% i (Matsuiet al., 1992 ;
Resnick et al., 1992 ; Labosky et al., 1994; Hajkova et al., 2002 )

Kakegawa et al.(2008 )z % 9.5 dpc® 11.5 dpc 4 gz % PGC ¥ # 25, 2 EGC »
115 dpcis 2 4 75 % 3 ¥ BEPGCATE & 5 £ #4258 1t a0 4 Bl A #E R (Kakegawa

et al.,2008) -

2.5 a* wmie 4 £ ¥+ 2 (FGF2) &t 7 »xieid EGC 75 =

FCR2A E gz iz mie R B 0¥ L% e Al PRy BN ER ] B
% 27 A 3pESCH £ R B i b FGF2 (Donovan and De Miguel, 2003;Honda et al.,
2010; Ding et al., 2010) - FGF#-v 7% 23¥ % 3] & 44+ (isoform) - & 47
FGF1Z FGF23(Ohta and Itoh., 2014) - 7 I ;5 2. FGF &PGC*® % JLpFfF 2 =% 7
AR oo o] BLG B o] AIPGC*8.5 dpch 4 i dm?e B¢ & IFGF2 5 11.5- 12,5
dpc Rl B £ T fm v BT 42 dmie 4 o

FGF24# 3% 5 -] BIPGCE #2538 it 7 = 5 EGCiEAz”? >t & ¢ - 7 &g
o] RPGCH# &~ dis24- prp B &3t e 23 LIFZ R £ %% > £ /7']‘ st FGF2i: 7
»cA 4 EGCim 2 ¥ 7% » £ 2_ Pl & (Durcova-Hills et al., 2006 ) » & 7+ FGF24**EGC
Atz Lo

Kakegawa et al.*+2008# 4 # crFt 7 42 ¢ 4pd) > 3o &Y F EE?,T seLIF
%20 ng/mLz FGF2it & ¥ 3%~ IPGC# 7 5 IEGCH % ; ¥ jhif 4c FGF20] %
FTE M F R 2R FGF22 &L e o A FGR2§ 2+ rEGC ) &
(Kakegawa et al., 2008) -

3.% vx% (Forskolin) it §T2* PGC 5% ~ a2 £ 4250 it

£ vg% (Forskolin, FK) = =i 5.7 (Coleus forskohiii) 2. % B~4 > it 43

1l gcAdenylate cyclase i#i- ATP## % 5 CAMPI 3% § ‘m?e N CAMP2_ kB - flm¥e
7



BiRv b FK» it 4% 8 P P CAMP2 JE B :£10% 2. 5 (Seamon et al.,
1981) - FKi & 4 * 305 1Y BTE < "y 2_adenylate cyclase ( Metzger and
Lindner., 1981; Seamon et al., 1981)

T1PGCRr CAMPE & + 2 5 2430 PGCis 5 2 3 78 el £ 21993 & 4 3% 1) »
WHRER 7 4c LIF 2t SCF2 PGC 33 B Y K 20uMenFKF 12 3 s g 2
PGC# £ (Dolci et al., 1993; De Felici et al., 1993) - %33 % % 5 ¢ 7 +e K2 iE 2]
HEGCehg bR 1996 43 4 - Koshimizu et al.h# 3 47 £ 45 11 FKGt 39 2 &
PGCeg *t 32 R ¢ » @ FKZ LIFF E%ﬂ]‘ Se PV FTePGCH 250 it A5 EGC » &
i B‘%T 4eLIF ~ FGR2&2 FKR 5¢ § 4c 3% % 2 EGCA &% ( Koshimizu et al., 1996) -
Rm FKA_E i B~ AbFGFH 2*EGCeA 4 B3 F 4% o

FKE 4 22 2 RO EGCrad v £ 5 #oc P AT » ARTHEBE &
7 3 LIFZDFGF2 33 % T3t ¥ i 40 20uM nFK™ it 85 ¥ 4% 3 SEGCin % 3 i chid
4 (Kakegawa et al.,2008) -

4 .GSK3p £ MEK(mitogen-activated protein kinase kinase, MAPKK or MEK)# i

Fr A TP EGC i 2 { 474 | A b

Glycogen synthase kinase-3p ( GSK3B) #+#|# CHIR99021 ¥2 MEK 2_ $r 1] ]
PDO32590144 & iZ_Jis * *+ -] BESCeuE = »m * sviz = ) KEGCH g | P 2010
Leitch et al. 3 # - {335 Leitchetal. 7= 3 &7 - 6122 ~ QIPGCp #p A BB E 35 3
LIFZ FGF22 35 T 48 h# £ 4254 i+ 252 EGC » # {4 12 CHIR99021£2 PD0325901 3 4%
FGF2» ¥ &g ¥4 % /| REGCm*2 $k2_2= > »xF (Leitchetal, 2010) -

GSK3B# i ¢ m>>Wntd-v > Wnt F-¢ 725 >0 7 13 4 pF 39 (lipid-modified
glycoproteins ) 4 2 & -] BUWPng TiEAEY B A S e B £ R T blde
A% 8 (morphology ) % # ~ w¥e 3 78 ~ 845 E.:F B E Y (structural remodeling )
i p AL F7E (Satoetal., 2004; Reya and Clevers, 2005) -

Wntie o 5 2 Al 25 Al e A 48§ Wnt2 2 2 88 39 Frizzled’s & pF7 %



iv & A gL T 25 39 DVL (Dishevelled ) » DVL* 12 #r+]adenomatous polyposis coli
(APC) ~ GSK-3pgr Axinif & R (s*4F & #8040 53 i@ B-catenin®s f2 » ¥ Riz e A
iL)e & 2 s B i enWntes A §2 S 7 12 iR B-catenin iz AT i » w2 % ¢ Sgpdroctd
nanog ¥ c-myc% iz wfe p A L #72 ¥= £ F] (target gene) - ea:ﬂr 4 GSK3BFr41]
v 2 §e4ESCH 2 £ #7 (VanEsetal., 2003; Moon et al., 2002 ; Sato et al., 2004 ) -
MEK3-v ¥ % it 7 2539 ERK » Aizimre ® » ERK f3#rd]nanog 4 e m
Riziwre & i (Hamazaki et al., 2006) - iz'wPe p 2 3 LA FRLT R W A2 > &
RFS R PEE G FIetirere g T iGeH A A B i 0 ) MEK/ERKES T 5
b MEK/ERKEL[E 7 d 5 fatRT)F B B a5 T ERizme » b & F2FGFs
(Lanner and Rossant., 2010) - 2k @ 4o < #1it » FGF28.2% = /| REGC? ¥ & 4% 2.
e FlF o bt 2 ) REGCZ 1 & & #u it e MEKHr 187 12 [ 24 IFGF2+77%

{2 ERKi®* > i&m BEGCa 59 8¥F 4 L HFFRFp AL 570

I A AR R

FRA e AR T e fEAE 0 PGC &2 4 gE F Arn a4 W B R
ARBAF A VB 8 — S RE A B S e AR A A SRime o @ (SRR A (S ]
BREFS - AFAsHaFt 2w a3 2 4 5w

¥ PGCHE4 ¥ () 85 105dpc 320 1 < ) & fljH “rifg e
Bdeh 2 i8m A) = Bf/é R AL A 474tk (primitive sex cords) 5 gt R
—%?L‘Vﬁ'l“i'l“iﬂﬁiiﬁ BEFHRH LI T RS 'ri’ﬂjt (indifferent gonads ) -

B A 7Y 135 dpe B et s e it o Rl it 3 e Bt Y A F R
e sry 78 ] (sex-region-Y encoding gene ) > F XY % ¢ #82. PGC fsry (gl 5T
Tl 4ot 2 &2 4 & ¢ 4% %3 (testis determining factor, TDF) -

TDF Ak A e s » zeld 4 78 % b2 A L (8% W2 figed fads — 4= 4o lh 2 s



Fivo TFEIIRLE ) & 1 % (testis cords )esry 7 it ,;fgb <@ R e ¢ Sox9
e 2P A R E G .?Ja 3 5 (Dores et al.,, 2012; Svingen and
Koopman, 2013 ) o« XX & # 78 4 p] F]4% £ TDF ] > #% Al € & Rspol = Wnt4
B 2@ 25 =t e #(celluar clusters) ( Svingen and Koopman, 2013) - PGC R
€ G ShA B A TA) S fr A vz (oogonia) o 1R ) = enE e g R e -
B PR mre {8 B F T A, 2 4> 2 g ¢ (primodial follicle) ( Sanchez and Smitz,
2012) o HE e iR E mﬁzﬁﬂ R Ed A A2 e PGC 2 R E AR £
7. (Hayashi et al, 2012)

KR 2 Ppdd el feds St A G P R dmPe I TRk B R TG 2 F - SRR
2w #p (meiosis prophase 1) » % - I A A WY & 27 B ikl
(leptotene ) ~ % 3:#p (zygotene ) -~ e 3:#p (pachytene) ~ g 5%# (dipelotene)
g sk (diakinesis) » & fs i ~ e dp (dictyate) - gt pF2 9P R lmre WAL
A= B 9P A m¥ (primary oocytes) ( Sanchez and Smitz, 2012) o 4= % 9F 3 m%% 2_ 4
¢ FHLH 2 H G R ¥iie (germinal vesicle, GV) ehE +« w5 ¢ > GV # 2 4~ 5
Spa miz € Rk R IA B 0 e iE e BT GOIGL # 0 WA B - R A
k2 #p (first meiotic arrest) o p“ P Hp 2. 4~ B 9P 2 lm Fg € AR W Ff A R o 0@
(pregranulosa cells) ¢ %25 - 45 &£ 48 > T 5 44 k@ (primordial follicle) -
dethipie € A BAE 5 FE R #4585 (Edson et al., 2009; Sanchez and
Smitz, 2012)

A2 ) RBEME T I (puberty) FEf » R P ehdaAimie § %
BMP4 2 SCF 11 #2. PIBK/AKT &= @ % i+ (Sanchez and Smitz, 2012) - ¢ %

do kg T BRI AL e s BN 2 R g MR E o A PR w2 B
(zona pellucida, ZP )7 i% jbr & 3> #* F¥ BL 2 Jg i Fi % 4= B¢ (primary follicle)
T Ok o IR R hm SRR m e B 4n Y 2 S sk im e (granulosa cells) i 4

s A ek (follicle fluid) » Jpig iR 223335 » dhs R € ipie » 0 - L5 R
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e(antrum e 5 ¥ m PR fmie s B s d P 3 & - s kv Gdf9 2 BMP15 »
P2 e fb S =k smie (secondary follicle) o % =k i ijgie ¥ ek e VRiR dbrd <
P & B oPR fmre Rk e BB 4s A 1 2 Bk e (corona radiate) 0 @ e A
bzt R A TR T A~ b mre (theca cells) > gt A A = BgiE
(tertiary follicle ) »

¥ = i R N Rl B e B g e A 2 Tk b e iR e T R
P BB T 4 B A RIFE PR T LA e T | % (follicle
stimulating hormone, FSH) £ i § %% (luteinizing hormone, LH) {1 “F* ‘m
IS - RS AR R o FE et R e g AP 2 Re R
(germinal vesicle breakdown, GVBD ) i£% > 2 ¢4 ¢ FRIER » S5 - =<
R B¢ g 2w g (prometaphase I, ProM ) ~ ¢ #F (metaphase I, MI) ~ {& #
(anaphase I, Al) £ 3 (telophase I, TI) » @ £ 4 % — &% (first polar body )
T3~ % 2 pdes A2 7 8 (metaphase 1, MIL) > ot - 34245 5 +% = 34 (nuclear
maturation) o 4% & 3 2 P# fmre WAL L < s P2 e (secondary oocytes )
PR 2 A e gL R R GE RS A R R T B D SRERs A
Akt #p (second meiotic arrest) o d FiEPN F T e e ARER A 2 B A
B2 Af R AR - - o

MBS F s AFL WA A AR A PGC 7 f7ehy P p Ao
e Hayashi and Saitou #7 3 B[ #7 = B 2_ $jkvae 49 48 €4 & -] & ESC ¢ iPSC &
R ERE AL PGCr» F B S RFLRETH AL L EZH PGC 7 2
(Hubner et al., 2003 ; Hayashi K et al., 2011; Toyooka et al., 2003; Geijsen et al.,
2004) » @ EriE - ATL E R AR 2 A E S R4 d] PGC A BB # A B en
“r+ (Hayashi and Saitou, 2013) -+ P # A g8t 2 4 23 Eirdl s B i § -
WIUEEF - [ A QW2 e R F]F = 1 F A R ATAERAT D L

o X E 2 Eehimie s FE B R B & (long-termculture) 2 at 4 0 e
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A PGC et @2 nE w2 5 BT L F MAFES LR
e A (L REEAR A T IR A e A A R G AR B2 e S A LA
PGC » F i it 18 2 55 PGC » e L FAR A~ Rl L) 9]‘ TR
(Geijsen et al., 2004; Wei et al., 2008 ) > % = > = e+ chg 117 & FiF S =
B e pds Jikk o derpdlpds Jeng 2 B 27 pw v B Y L ah

FRFE P BEA R A e 2 P R REENM R BLZ A & R Flo P W B ATIWT F

T,

W2 T ERE VPN Bl 1 A 7 PGC #4 » 2 1% ¢ #
g o~ PR E A & T 48 (Kidney corpuscles) ¥ o A i igd MR TRE A
# %z (spermatid) 2 & +%i¢ (germinal vesicle, GV ) # %P3 o T 4ot » A %
firimre R b 4 b 3 PGC e i1 189 G ¥ 5 £ & e B 4R o

Pave 3 S he R FELT AU I mmre fpl2 R F 4 A5
e G AT R A PR TR S BB vEF R S A2 AP M A A e
R F relor T R R A W) BlplE 2 e e 2

Enprd
SRR JaF FURC XU

(- ) w g4 ] QP2 mie

e e R EE B S X SR

LRECHER A mme TR o A e R 2 TV IEAR S DY S R iR AR
45(# 45 1 ESC ~ EGC & iPS cell)isd EB a5 4 i & PGC g » £ - HFHE
A 1Y = R R 22 (spermatogonia stem cell, SSC) & #F ik im e {4 & J) & R fie 3 o
d i3 v i PHEANG A2 AF AN ¥ B RS EB &

FRinre A 1% HOR (7 BB A 4T S LA e A R 0 RRALAA e

AR LA AR P HAT TR L RS A AN e A X F H P



FILA A e R s B e kv 2 AL Flend o 4ot Vasa ~ Scp3 ~ Dazl ~ ZP1 -
ZP2 ~ZP3-Gdf9 % - I G HF G AR U PGC F P REA P RS i
7@~ & 1 ¢k (Hayashietal.,2012) » = % #cif E A (V3R 2 ¥ ¥ fyizme i
FHAREC TR Fwee LV EADSRA A w2 FIAE G RSN AR
# (Geijsen et al., 2004; Nayernia et al., 2006 )

FEpwe g L2 pMEFEL > Pl A EE YRS S8 2 - &
EArESCrABREY 7 A HEFF Ripmie R ) e BRI A S P
#+ ¥ (Hubner et al.,, 2003) ; = ~ ¢ Hayashi et al. ** 2012 & #74% 1 » #-d
ESC » it #ri#2 PGC & AR it 2 2 ¥ wdhlwie L33 4 » AF HFF eniFr =
B ¢ R & (aggregate) 7= #fimie fig 0 2 (SH B BE | BRP L AT
B2 Tl M B R oA A 3 PR imee (Hayashi etal. 2012) (]
- )

B ATe- AT Ap 0 miE ¢ AT 7 2 e i (follicle fluid) o o1 7 = 4 F A &
7R flgccr A e o 1t ehrt st —Yu et al.»t 2014 & R- 4 5F X oK EF oz (amniotic
fluid stem cells, AFSC) & gt ¥ = > e i £ BB 7 % 4 SRR R
(porcine follicular fluid, pFF) (pFF & =t igie ® L & m F ) 10 X {3 w2 5 B
)= s ko0 15 X {84 i 4 L Octd ~ Nanog ~ Sox2 & Zp2 % “r + {f3e

¥-v 2 #g“r wm¥e (oocyte-like cell, OLC) (Yuetal., 2014) - pt 25 o v > A p 5

%’f&%fr%ﬁ’izﬁié’i&“ XA T IR E FE N R B P F T 2 TS
TRAPBFF RS ErI R vy FEY o

P @i 2 #5088 eR w2 AR YR 5
F oM A PGC & » ppiE A T 2 F)F X Tk o vE- © drkoi § oo
A v A gl BRfe 3 e ch %3 i 5 BMP4 (Hayashi et al., 2012) » BMP4 + # &
* AR dnte A 1A PGC 2 ¥ A I A B fe e en%]5 > BMP4 £ SCF

BAR i et g e o2 RS i b e e e e (sertoli cells) £ f

13



fehm e or5 g et L BIRE T S AR le o B IE R Y A fTes 4

=t
3
i
IS
F
e
i
-

B - ER=E AN T

1 754 35 4BMPA)E § Tligcd 5 fmwe & 1+ 2 iy 4

BMP43-v Ja>"k #% w0 ) (pregastrula stage) % /& % # (gastrula stage ) %z
b2k 3z K (extraembryonic ectoderm ) > 3t #& it 4 & F]+ B (transforming factor B,
TGF-B) 422 3¢ 2% (Lawson et al., 1999; Toyooka et al., 2003 ) - BMP 4 %2 ¢
‘bz g @ B & e (allantois) » A& 2 PGCai 4% fm e 22 42 24 PGC iz & e it o
BMPS i 55 /T (6% B s> & 323 S 58 T ~iblmie p A 578 A L 113
FhEs A 78 v 3R R A o B B Psend H) 3 T FEEL > BMP8bE BMP24 ) d
EXE 2 VE # ;2 » BMP8b & BMP2 en44 % *K € i3 RSP om i A 4 PGC
(Hayashi et al., 2007) - #ESC¥ » BMP42zLIF: e iv# v §e4ESCp £ L 57 »
e g BMPA4srs ic 3 Ei7 fwoe fxds o i 5y 4 (Sui et al.,,2013) - #% EESCA i g
JE 43t BMPA 3-v 27 B0 dov 3 VR - BR YRR fF X B8 122 114 (serine—threonine
kinase receptors, BMPR |, BMPR 1) % & {535 = 2. 8 Jh = & % ( heteromeric
complexes ) - H {& & Smad 1/5/8 3-v mipk i* & &2 Smad 47 = 4F & ¥ - Smad
1/5/8-Smad 445 & $8 7 & ~ $ % e AL FliE @ i )3 E A 1 eni® * (Pellegrini et
al.,2003; Dudley et al.,2007) - bmp4 % % 2_ -] &PGC# & ¢ 7 # L & 4% #icd 2 o
P msmadl&smadS® ¥+ ¢ FRPGCHcE ~ g™ % (12Smad84x £ 4r7 ¢
¥ + 82 %) (Chang and Mat zuk., 2001; Hayashi et al., 2002; Arnold et al., 2006 ) -
%27 BMP-Smadiz jz #3045 it 2 2 PGCwiSgimiz » 3 B EIEE R -
Akt F E L CPGC> 6 0§ ESC¥ it 53 # iwBMP4 & BMP8bz_ ‘m¥® (4r:
STO - trophoblast cells) + Fr 32 & > ¥ % ILBMP42 BMP8b Z 5 f]%ESCA it 2 %

PGCehit # (Hayashi etal., 2011) - * BMP4£2 BMP8a % [ i®* it 3 #ESCA i+ it
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~ $8PGCF+ £ (Hayashietal., 2012) - ¥ z_ » 4 ESC*® #BMP4#: < %&ﬁ;sﬁ“ﬁﬂﬁfﬁl
ESC#& iz & it 1PGC o t #t » ESC% BMP4{]#cis » sohlh2ih2 g € kg ¥
(Ballow et al., 2006 ) - 3 BMPA4 {1 g4 1 #7118 2_ 5gPGC 55 48 N 4% 4218 it 49 &
FoREcs BT & gzt 4 g mre (Toyooka et al., 2003; Hayashi et al., 2011) -
BMP4sig fac 4+ 2 5 HESCH »x 30 d ESCHE ¢+t & it 27 = 2 EpILC» B2 5
U H AL PGCH»c % (Hayashi et al. 2011) > &1 © & 8% it MiFimre & 4
7ew AR mre > i § % BMP4iE E 4 it 2 WPGCe e o
pae @ivh kS iz + 8 PGC ¥ > BMP4-Smadl/5/8 B s ™ #5715 ¢ 3 #
Tcfap2c ¥-v # 3 » @ Tcfap2c 3 it #r4] Hoxal » Hoxbl » Snal % #8 ‘m*e
1L §T 4 PGC /LA™ 54 78 w2 i2 {7 4 1 (Tresetal, 2004) - & z_ » Tcfap2 4 4
¢ Rizwmrz &~ it 1 EB {4 > Hoxal »+ Hoxbl £ Snal #4x3-v % M~ & 3 % >
@m Stella ~ Nanos3 ~ Dazl & Mvh % 4 78 ‘wPe 2 {k3e v chZ& JLA| P &g T %
(Weber et al., 2010) - ¢ ¥ 5 BMP4-Smad1/5/8 . /= ¥ 5. d 3 4= Tcfap2c i 48

e AF R B RPrd] o i2m E P EL A me A (L o
2. ixinrz F|F (SCR) Himie & 7

BMP4 & e #72 ez ® 7 d T ¢ e % 2 A F iw e (stromal cell )
A T fr e e e @ (granulosacell ) 2 2 peds smadl/5/8 gL
EHes e BH R o BB R i B AR deig e P g Bre K PR e ¥ ORE
i€ = £ (Nilsson and Skinner., 2003 ) - BMP4 .48 ¢} 838k ¢ % 7 e 4 & &
2013 4 F > ﬂJ‘ Se et Rt BMP4 it 43 fads | B4 i mie ¥ s sohlh (Ding et al.,

2013) > sohlh 4% F-v ehi & # 5 B] &30 % & c-kit dgcd F+ ® 238 §F c-kit ehi

()

7 (Lietal, 2014) - C-kit #_SCF =% % ( Blume-Jensen et al.,2000) - p #

sefrd 5 ki > SSC ehi g 73 CKit X M<K p F < i & s SCF

:f

F.
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FF o @ 49 fl e SSC p #% e PIBK/IAKT 2 5Lpe j& i 4% SSC ehp 2 { A7
(Blume-Jensen et al.,2000) ; fspfd i it k5ie > SCF fid s lmie &k >
e sov HFBMPA RS A A 4 C-Kit 2 s i@ e T E&q b 8
2_iaie B v PEAR L 87 SCF % & 2 C-kit F=¥ it 4375 1* PI3K » ;& v en PI3K it 47 12
AKT 3-v gips v - @ ik i 22 AKT it 43 e PFdrd] Foxo3 22 gifiz it 2. Tscl-Tsc2
i &8 —Foxo3 & fr¢ E iR iwmre = & w2 ik %0 (Reddy et al., 2005) -
Bk it eh Tscl-Tsc2 48 £ M2 5 g 4 & mMTOR F-v 1 drdlimie & it chi 4
(Adhikari et al., 2010) — = PIBK/AKT LR AT & F vk AT EGR AL 2 40 2K g e
e, 4 o e E_SCF A F iv 9 2 42 1 jcr# b & iL R 2 (B @ & o gt b > C-kit 7~
i FE I P+ hmre &= (Dingetal., 2013)
S hoorit o BMPA pom B 2 e REPR RS B e 2 & 2 B LN
F2 - o HFES e 2 At T LR A *t PSCs~PGCs» { 4 % > BMP
7oy Rl E4E Y SSCs e fimie @ H a5y SCF (Rl= ) B w&p gt »
A e g AT Y ST R ¢ 4 BMP4 § (3 %15 Hayashi etal i1
Kend 7 it 7 R EE-BMP4 ~ BMP8b 22 SCF i® 5 H e i@ * 2 & 1t ;k‘*%{w,z,,l

4v# (Hayashi et al., 2012 ; Hayashi and Saitou, 2013 ) -
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Somaticcells of GR

/ .“s Co-culture” >
e
.
Epiblast
GR ; - s
1 PGC Reconstitudeovary In vivo development
i —_
: /,7}7 0 S Isolation
1 Ryl 1 transplantation
v z” /, : —_——— >
M -~ ,/ 1 culture
o —— 7
~ T -
o
ICM @ ,/’ Invitro d\fferentxzon
K ’,’ EB
l EpisC s D4 In vivo
i 4 I’ """
i ’ /” ,,,, $
| ! e - 1
| i 7 - 1
S | OO
’ PoCia e VM
= === v mione
iPSC

M- ~ o A SRR B B R PR e AL -

pad ESC~EpISC~IPSC % 7 I e1PSC % ¥ 55d EB A58k » & F & H4kif 4

St

“A 4 HPGC - #qvh o ivoriB2 PGC 4 A2 fimie X FR ML » £
REVFE R s B e ] RPN P RET S A2

GV # ér 2 fmse » L i VM Hjiie 25048 ¢ & 3% (Hayashi et al., 2012) -

Fig. 1. Aschematic overview of the derivation of eggs from pluripotent stem cells.
The PGC-like cells could be induced to differentiate from pluripotent stem cells like
ESC, iPSC and EpiSC, this process could go through EB form or not. When the
differented PGCs were co-cultured with the somatic cells of genital ridge, these cells
could aggregate and form a "reconstituted ovary", this aggregated structure could be
tranplanted into in vivo enviroment for differentiation and produced GV oocyte. After

isolation, the GV oocyte could get matured by IVM technique (Hayashi et al., 2012).
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K\ ‘ BMP 8a
&
o

Inner Cell

silence Primordial folicle

Smad1/5/8

softIfiZ pramotor

-Smad o N 47 "

E) e o

-Smad 1/5/8 —~ .
v

n
it L
~ ol c—hit promotor
~

PGC nucleus v "‘.‘PSC nucleus l

.I
[med ] v [Smads ]
® ®) Primordial
Smad 1/5/8 Smad 1/5/8 folicle actice
tcfap2c promotor sohlh2 promotor l

l l Primordial folicle:

PGC: Inhibit somatic cell gene expression PSC: differentiation (1) active prunordial follicle develope
to help the germ cell differentiation (2) prevented oocyte apoptosis

c-kit*-

®= ~BMP-Smad 1/5/8 B/ H4o B2 A ~ 5 it i ke A L 7
LW e P BMP g5 7% 5 PSC ~ PGC &2 42l imie ® 5 d FAfL 1 Smad 2% 3

B R A T A T o LR T 4e3Y BMP4 > BMP8a Fov £ SR dou 4% viefik - R v
& pcfi= < 48 1 22 11 2] (serine—threonine kinase receptors, BMPR |, BMPR 1) % & & 4
=2 8 h = B A8 (heteromeric complexes) - H {s @ Smad 1/5/8 F-v Fifs i+ ¥ &2
Smad 4 25 = 4§ & %% > Smad 1/5/8-Smad 4 4§ ViR~ PO S e L 5] o A PGC
22 PSC ¢ Smad 1/5/8-Smad 4 4F & %8 i ~» %[ & tcfap2c & sohlh2 % 7 2w
g A fv AREGKR A T s ke ¢ 0 Smad 1/5/8-Smad 4 AF £ R T sd i
sohlh2 # 3.1¢ imPe & 2 c-Kit 30 » c-kit /& v e fhimie T acd RPRGR P B

TR T MRS RS o B R A A e o 1 AR 4 TS
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Fig. 2. BMPs-Smad 1/5/8 germ cell differentiation pathway in PGCs ~ PSCs and
primordial follocles. BMP4, and BMP8a combining with the serine—threonine kinase
receptors, BMPR |, BMPR Il can form a heteromeric complex. This complex is able
to make Smad 1/5/8 proteins phosphorylated and combined with Smad4.
Phosphorylated Smad 1/5/8-Smad 4 complex can move through the nuclear
membrane and enhanced the target gene expression. In the PGCs and PSCs, Smad
1/5/8-Smad 4 complex can bind with tcfap2c and sohlh2 promotor regions
respectively to induce differentiation toward germ cells. In the silence primordial
follicle, Smad 1/5/8-Smad 4 complex can inhance the tranlation of c-kit by sohlh2
regulations. Silent primordial follicles activated by c-kit will start up the development

process and prevent oocytes from apoptosis.
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silence primordial follocle
Granulosa cell

c-kit* - primordial follicle

Follicle activation

Follicle arres

W= 3w sd BMP4 g2 SCF st dp R imie 2 BRIZW -
B¢ 7 L3k imre X D|TRB ¢ FSH f s AL+ B2 X %8 o (retinoic acid receptor
o, RARa) > RARo **kn%e 4 5 &2 RA % & (a0 Tljpckgdim e & i BMP4 &2 SCFs
(soluble SCF) & §# 41 im®z ¢t ; BMP4 &2 ik ie + chx 48 BMPR % & (S ke ™
ZFEL S8 Smad 1/5/8-Smad 4 45 £ 885 d 24 & sohlh2 #& 4% 3% 11 5 C-Kit 39 A&
4 5 C-kit % SCFs 2. X %8 > fipie & m 22 Fed8 2 & 1850 49 % v T 25 PIBK/AKT
= BRpe i e AKT it 49 I PEdr4] Foxo3 F-v £2 Tscl-Tsc2 4 & %8 - %= it & Foxo3
B4 flmre b P A & e Sk Rk 234 i 5 @ g 1 e Tscl-Tsc2 4F £ 48 Bl it dr ]
MTOR 3¢ > MTOR 3¢ FAF E e % v FfaoE & 39 > & AKT $#r4] Foxo3

#1 Tsc1-TSC2 4F &£ Wi Jg B A 2 Bk P 2 403 R @ o PR3t 4y o

Fig. 3. Granulosa cells stimulate silent follicles via BMP4 and SCF. Granulosa

cells stimulated by FSH in the environment can produce the RARa (retinoic acid
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receptor a, RARa ) , then RARa combined with RA on the membrane would induce
BMP4 and SCFs ( SCF soluble ) to be released. After being released, BMP4 could
combine with the receptor of silent follicles, activate Smad 1/5/8-Smad 4 complex to
regulate sohlh2 expression and downtstream protein C-kit. C-kit, a receptor of SCFs,
when combined with its ligand on follicle cell surface, would activate downstream
PI3SK/AKT pathway — phosphorylated AKT inhibits Foxo3 and Tsc1-Tsc2 complex in
the silent follicle cells. Activated Foxo3 has the capacity to regulate cell cycle to go
into silence in nuclei. Furthermore, phosphorlated Tsc1-Tsc2 complex could inhibit
MTOR protein (which the important protein to lead follicle develop). These
summarized pathways show that granulose cells have the capacity to activate silent
follicles upon receiving the SCF/PI3K/AKT signals via BMP4/ Smad 1/5/8-Smad

4/C-kit pathway to move into next development stages.
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W~ RA R AT L FE TR
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#3
| B e 48 15 (day post coitum, dpc) % 6 % » % #p %2 % — $% 4 + 2 F (epiblast)
‘wre 2 F FA5 % 3¢9 4 (bone morphogenetic protein, BMP4) 3£ % ( Ginsburg et al.,
1990; Lawson and Hage, 1994; Saitou, 2009 ) 4 i 2 PGC = §giw® » ¥ 3" 6.5 dpc
B4 3 R (primitive streak ) » 2 7.25dpc * ¥ 4 40 B PGC & B 424 Mg |+
Erpap# (alkaline phosphatase, AP) =1+ (Ginsburg et al., 1990; Saitou et al., 2002;
Hayashi et al. 2011 ); # {5+t 7.5 dpc :& 4% I "7t p "2 & (extraembryonic endoderm ) o
PGC B # 4 d s ry & (yolksac) & » /i & % (allantois) & » £ # %
® % (midgut) £ {4 % (hindgut) % #* ( Ginsburg et al., 1990; De Felici et al., 1992;
Santos and Lehmann, 2004; Molyneaux and Wylie, 2004; Tres et al., 2004; Hara et al.,
2009 ) > B fs 7t 105 dpe 4% AT s A IR Rl A AT t*_’”jli\ Bfﬁ EAN A
(genital ridge ) - % PGC 4% 4 s 4 {2 i i1t B m M7 - %5 2 11.5dpc
| Brrse ¥4 3 11,000 B PGC > »+ 12.5dpec # #icE & 8 # i 22,000 B -

R SR TR AEY )R R PGC By FIL X IRE . B
bR BRI B PGC 2o # 3 43t 2000 & > Schéfer-Haas and Viebahn 41 * PG-2
Hppumpeas s B 5 P B PGC 218 45 1B 47 > FERfp IR PGC &4 7 & 7.0
dpc S I sk B () & 5 6.0dpc) s e H BB K Racsi o @ >t 8.0 dpe 14 1B

#IkTPR B A wre 2EY 2k (splanchnopleuric mesoderm) % 3 o 2&

Ao AT HPGC B ME T 5 M2 vk 3 PGC LA ApH 2 &> 1 &
BRFV i MR F % A E RS AGRE ) RO H 4 ERBE 2 Ak
ERAGIRIAAZCHEARE > B ARAREFL VW E > iR ] BRE

Pk

i
i
‘g <
é*i

MRk B R S B T 2 AR 5 d R 9.5-145dpe a A s

Fz grkmerp B oz PGC#cE » WA 4 34 9272 PGC 2 5 i il o

24


http://www.ncbi.nlm.nih.gov/pubmed?term=Hayashi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21820164

Wik G E S AR YA HL > X PEPGC B FAMAT ¥ o

25



- <%

(=)~

ZE o SR
IR AV REC LY ) -

B FLZ W T

PR R R REE D

2.

(=)

AERTR Y L FA LR AR LB AR (2 8) b el 4
BEAR2 ed frpttid A (ERAFELHDST) - HRP T 4K
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R BAEGRANSY B SRR #EELR § (JACUC)
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feffifsz* AMRA 19523 14532 5 - F L3 LEBPUINE
B3y & RN FATAE S 2 BEEL ¥ @3 & (phosphate-buffered
solution, PBS ; Gibco No. 21600-015) /&% » * £ jis§ 7 3 7 £ T B »
I AREE SV R TRy SRR FR R =1 VU REEY S
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Btk B me plR T 7% 5 ) -

EAN I HESPA 4

P IR 2 RTRIE PBS BRIE [ 0 117 W vk skl SR S S R
SRS RN SR R AR LR SIS EE
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needle) #-H &~ Zris B ~ PBS ® 7% » 5 fs 12 T4 5 thF o

S Ps2 T W ¢ HE % ¢
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2. THir P& HE %4
i3 -2 (=) 2 297F 2 Fh i Pt PBS k- = 0 4o T%4R 5

o V]

Rz ik B Z_overnight o fg p PBS £ i 11 B & a7 i 5 s

i

g~ % = = (Hematoxylin and Eosin, HE ) % ¢ L% 758 7 ki -

(z) #PGCz4%

1. PGCz »#grsz %

d3-2 (- ) —3B@admydEy Peskis fr 31G %4
4% ;1 5+4-88 ( BD, BD Ultra-FineTM |l short needle ) #-¢ %22 4 55 4 4 3 o
-4 7 F 2 PBS ¢ o v ALER 4 g ipl et s K b S ik 11| PGC p 24 A
Ford  BFR B F ok AT BR e PGC Y o #1514 40 pm
e 4K 3T 40 um 2. e B2 i Jaie 12 2,500 rpm > 4°C T s 3 min s
= f Pirigde » PGC 3 AR L AT e T » 3-8 e ficfs 2 Wiz £ 0
4 well (Thermo, 137833) ¥# 35x 10 mm (Corning, 430165) 3 #% = ¥ » %
~38C ~5%CO2" p¥HRER A2 %407 % - A3F%E % PGC 2

L R EREE I AP LY mFEDEE > & PGC & & MEF £ 32 % o
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m# & DMEM/F12 (Gibco 11320-033) A # % % 7 ‘v 15%%5
7~ 2mM giepg iz (glutamine, Sigma G8540) ~ 1%2- 7 "= e (non

essential amino acid, NEAA; Sigma 7145 ) -~ 01 mM = ¢ % f%
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( B-mercaptoethanol; Sigma M7522) ~ 1,000 U/mL ¥ » i Frd) ¥+
(leukemia inhibitory factor, LIF; CHEMICON ESG1107 )~20 ng/mL FGF2

( basic fibroblast growth factor ) -

3. PGCz & +ripips (alkaline phosphatase, AP) % 4
16~ PGCs ez & xx 240 (54533 % e » 12 PBS ik~ = > e » 4%
iS5 RB R F Lwre X R 15mine 2 1512 PBS ik 3 =t 0 4o »
AP 4 ¢ & (Millipore, SCR004) # > %8 % ¢ 30~45 min - = ¢ % =

{611 PBS i v B3 ip| 2 MEACER T AT AR -
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oMl BUrre2 BT~ PGC B 4kiEAr ~ A A APM A T2 a2 A
L reE T PR 2 R IRFFEC e 3 37 § ey (Wilhelm et al., 2007) - 4p i 7
A ARELZE PR o PTG M RARE T £ F & 145 dpe 2
sz Lﬁ’% ( Daniel-Carlier et al., 2013) » @ 14.5dpc # 2. & 2% 5 22 PGC 5 #
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2 145dpe R A P2 B TR M HE 4 d Fgsrr s A A A s 2 2§
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FIBEPCGC d PRV RA A ALY Gy ) RESFT 1 X o R AE
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115dpc P de e 2 ¥ TR M B R R L R E R § o IS8T A T
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7o AR B A ROk B 2 Ap M 2 A T AR - Kakegawa et al.
(2008)2 77 F 4R+ ¢ AR A A Y 2 F T B Vo B BIRET RS A AR
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AHrERE A L EGC R F o m x A 2 77 32 frgk * 8.5dpe B rsie 7 PGC
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Y Bapsda by AP AL (BT D-F) - A3k %% o1 125dpe 2

31



A9ARA S H A HPGC 2 B ik P o b % 1k Rt 2 4 PGC % ¥ 12,5 dpc

32



10.5 dpc

We ~ f&E P52 F T8 (95-145dpc) - (A B, C) % 95-11.5 dpc 2 He
ROSRPSAGRE 0 P PEH AT AP A S (somite)  EEFRINIT G EEARM 0 v &
SRR 2 BER O AP RE T (D, E, F)riaw v i~ 125-145dpc >

B3 IR Bra A w B N RRE 40 T 0 92 P8 A 0 K 3L a# o Scale bar =1 mm o

4&
44\

Fig. 4. Morphological characteristics and development of New Zealand White
rabbit fetuses during 9.5 and 14.5 dpc. (A, B, and C) Durning 9.5 to 11.5 dpc, the
somites of fetuses can be clearly observed, and the head and neck are completely
associated. By this stage , it is hard to observe significant changes in most of the
organs except for limbs and the heart at this stage.. From 12.5 to 14.5 dpc (D, E, and
F), the head, neck and the limbs are formed gradually, and the whole fetuses grow

quickly when PGCs could be efficient by isolated. Scale bar = 1 mm.
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9.5dpc g  1eadsice 10.5 dpc %

Blood flow

WZ ~p 95-145dpc A ieA I AF 2 HFT o (A) e g g e
SRAE B 2t o RA LAY 95dpe A AP REE T 0 o R AIET O gut

SRR LR °(B) 10.5dpc 278 5 S 4e §le B IR e K a FRIERLE 4
EA E (FHEEET ) (C) 2 115dpc e ¥ L4t § i F'&—Lﬂ-ni’/nﬁ"(j:’
FFAT ) M PEA A ¢ b T 225 (D,E) 125dpe £ 135dpc 2 ¢ (&
d W ) 22N (54 FHRT ) ARG HT Lo (F) 2 14.5dpe
a2 PR (ed HEgRT) cPEAL AAY (FHgETAR) T T
Freo(G) p 125 dpc 2 4 78 # » 47 PGC > &3 AP F2 £ (24
% g #7151 ) o Scale bar = 1 mm (A-F) ;100 um ( G ) - GR: Genital ridges ; MS:

Mesonephros -

Fig. 5. Development morphology of New Zealand White rabbit genital ridges
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from 9.5 to 14.5 dpc. The genital ridges are not clearly observed in 9.5 dpc rabbit
fetuses, red dashed line indicates the gut tissue (A). At 10.5 dpc, the paired
mesonephros but not genital ridge could be easily observed (red arrows indicate) (B).
In the two mesonephro tissues, blood flow being observable (red arrows indicate) (C).
Between 12.5 dpc and13.5 dpc, the genital ridge (yellow arrows indicate) and
mesonephros (red arrows indicate) could be easily observed and distinguished (D, E).
The mesonephro (red arrows indicate) appear to be significantly differentiated at 14.5
dpc based on its morphology. (F). The PGCs with AP activity which isolated from
12.5 dpc genital ridge are indicated by black arrows (G). Scale bar = 1 mm. GR:

Genital ridges; MS: Mesonephros. Scale bar = 1 mm (A-F); 100 um (G) -
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13.5dpc 14.5 dpc

W= > 7 4E 2?5 (135dpec &2 145dpc) 2 mf g T2 (HE % 4 )-13.5dpc
(A) 2 145dpc (B) 2" g HE % ¢ 2 ler P a2z 2 % ~ ¢ ¥ &

Ao fpgil ¥ (%4 % g %777 ) - GR: genital ridge; MS: mesonephros.

Fig. 6. Histological structure of the genital ridge and mesonephros in New
Zealand White rabbit fetuses during 13.5 and 14.5 dpc. The paraffin sections of
13.5 dpc (A) and 14.5 dpc (B) rabbit fetuses were prepared HE stained, the genital
ridges associated with mesonephro and the related tissues could be identified

(indicated by red arrows). GR: genital ridge, MS: mesonephros.
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A- P ARFTREL R A PGCs 2 BB # 1

Table. 1. The total numbers of rabbit PGCs isolated from various days of fetuses

post coitus (dpc).
Days post coitus No. of fetuses Total No. of PGCs Average No. of
(dpc) (x10% PGCs per fetus
(x10%
9.5 18 24+05 0.1+0
10.5 15 3.4+03 020
11.5 19 13.2+1.8 0.7+0.1
12.5 20 32+6.7 1.6+0.1
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mouse
BMP4 BMP4 e e
® L Fragilis Nanos3
}e L] Stella T ®
\L bt oocytegonia
N\ \f/ - SR Y- - 2 - . -
specification cg migration
RGCs L L
epiblast cells PGC precusors ) migration  PGC cluste Ry
-.,.'e_x_le.optosm N\
Epiblast primitive streak I *EE v Yolk nital ri
© spermatogonia
6.0dpc 6.5 dpc 7.5dpc 10.5dpc 13.5dpc )
rabbit 'wdpc :11'5‘“’"
------------ > 08" Q9
specification Proliferation
PGC precursors PGCs & PGCs
migration
primitive streak Yolk sac Genital ridge

38




W=~ 8~ Ag R PGC# 7 B R -

R AL T FefEis 6.0 % (6.0dpc) X 135 % (135dpc) & A #En s i
40% (40wpc) = 70% (70wpc) 2 PGC % 7 22 i o ] UM T 1
6.0 dpc FF > } %23 w2 X BMP4 1% A 4 PGC # 8giw?2 » H {43 6.5 dpc pF =
BMP4 -~ Fragillis 22 Stella %25/ # it = 5 PGC - -] & PGC ** 7.5 dpc B 4pit {718
#Heda > #30105dpeaE A A > TAEFH AT 135dpe Mt PFA R AR
242 PGCS B 4o » fm™ 2= it fl o P e &rd PGC # 85w e & 5 )
L3t 7.0 dpe 272 Jm . (Schafer-Haas and Viebahn., 2000) » ** 8.0 dpc & » “F 5
R F T e 4 B o A5 PGC B> 4.0 wpe ¥ At RAAELZET] > 5.0
wpe PF e A5 D {6 Y Fag iR > @ 2t 6.0 wpe #SiE A A B
2 7.0 wpc B 4538 748 & 14 o (EE: extraembryonic endoderm, GR: genital ridge.)
(Ginsburg et al., 1990; De Felici et al., 1992; Lawson and Hage, 1994; Tanaka et al.,
2000; Saitou et al., 2002; Molyneaux and Wylie, 2004; Tres et al., 2004; Santos and

Lehmann, 2004; Hara et al., 2009; Saitou, 2009; Hayashi et al. 2011)

Fig. 7. Chronological schemes of PGC migration and proliferaiton in mouse, New
Zealand White rabbit, and human fetuses. The mouse PGC precursors are
differentiated from the epiblast in the 6.0 dpc fetus when induced by a series of
stimulation triggered by BMP4. Under the initial induction of BMP4, and then by
Fragilis and Stella, PGC precursors begin to specify into mature PGCs at 6.5 dpc and
migrate to the genital ridge through extraembryonic endoderm (EE), yolk sac, and
then hind gut between 7.5 to 10.5 dpc. PGCs stay put and keep proliferating in the
genital ridge during 10.5 to 13.5 dpc. In rabbits, PGCs were identified at EE at 7.0
dpc, and start specification in the yolk sac at 8.0 dpc. After specification, these cells
migrate to the genital ridge, where they keep proliferating and waiting for sexual

differentiation until 12.5 dpc. PGCs can be identified from the primitive streak at 4.0
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wpc. They migrate through the hind gut at 5.0 wpc, arrived the genital ridge around
6.0 wpc, and then reside in the indifferentiate gonads and continue proliferating by 7.0
wpc, after which the gonads starts off the sexual differentiation. (EE: extraembryonic
endoderm, GR: genital ridge) (Ginsburg et al., 1990; De Felici et al., 1992; Lawson
and Hage, 1994; Tanaka et al., 2000; Saitou et al., 2002; Molyneaux and Wylie, 2004;
Tres et al., 2004; Santos and Lehmann, 2004; Hara et al., 2009; Saitou, 2009; Hayashi

etal. 2011)
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7% ¥ (Kakegawaetal.,2008) - e 3 £ w15 *#iE = R4 EGC 2 ApM A7 o
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¢ 3% oct-4 ~sox2 ~nanog ~stella 2 mvh % > & & % 33t EGC 2_ £ F] 5 c-myc,
stat3 #2 kif4 ( Labosky et al., 1994; Stewart et al., 1994; Durcova-Hills et al., 2008 ) -
AR AR - 2 B A 3p 125dpec 2 7k PGC: 4% Kakegawa et
al.>+ 2008 #F £ 2 L TR A R /’J‘ 4v FK ¥ LIF §Te% PGC £ #2.;¢ i+ 3
=+ EGC ‘4% & i+ % it {2 (Kakegawa et al., 2008 )o # &5 iRl % /835 % e »
PAHOT 205 A KA RIS 7 kR 2 MEK 48] ¢ GSK3B #r41H ~ 3 &
mTeSR™ medium 3 % & sL27 ¢ * KSR 3 FBS 2 & x 32 % k 5v o F @45 )

e HE L EGC 2 £ % -
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Hoplg

- “PGCz ez z %

(- ) PGCz %z

Lpd 2 kimz &0k § 2
Fiksh- AP N AR BEY R B E R

v R R § (IACUC) 2 it i -

2. PGC2 7k 12 %
d3EZ%- 32— 2 (2) —1wJc2 PGCs » 3+ & ‘wm#e #icis 23000 B e
Iwellz_ % & B >t imie 3z & % 4-well3z £ # 5 2038°C ~5% CO27 4p ¥R & 4 4r
ZREAEHYREE BRAwe PR A M BhiS {HEB AR 285 X (- X

HHS AR R AREY § 7 L L R TS oo

(z) PAEGCz sz £

1 % kw2 @5

(1) MEF2_ #
AR Y R RE AR e (mouse embryonic fibroblasts,
MEF) i® 5 4% & ‘w2 o 125 dpc2 ICR&- 4 ] 8177 > B ~ DPBS*® #-
moEE s 3 K/Tjaa_s‘;i PR BN S R s w B sz,g\ FHEER I L
2 sk o #1812 DPBSix3=t 4 ﬂ,éfti g oo B1-3B s E ~ 1.5 mL

eppendorf 5 12 fmE P £215 4 ~ 0.5 mL2.0.05% trypsin-EDTA % * 7 min »
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£ A ~15mLas ¢ £ 4e » 25 mL trypsin-EDTA*37 'C™ i¥* 8 min > 2
{57425 MLiwee 35 % o X 0o f ol BT L 0 dnte 24~ 15
mLaEs § > £ 4 » 6 mLine 35 & R R iF2 o ¥ e 121,000 rpmi :# 3
=3 min o ﬁ%“,%.! B o 4v 2 10mLinre 32 & R & £ ATREZ 0 # B 5min
% i~ dmPe B BTk o B b é]”i? berme s A v i‘” %337 C:5% C0O2 -
iR RRZ B A RY XA RERmE S LF 0 w7 AT
4 EER M2 w0 s o iR Gmie R £ 1 ¥ 5 80% f;:

L H .

(2) %k wre2 12 %
By Ao e i S K G £ 80%2 4% K e 2 0.05%
Trypsin-EDTA ik 4747 = H dmfe R jE {8 » 4e » MEF33 & % &2 w2 2L & 0
& > 2 1£22,500 rpm (1190 xg) &5 mings 4 £ + i > 4e » MEFR &
R mreIa g BIF o ALBER T T RER g g v e TR
37 C ~5%CO2® fptRR Iz BAHY BAE 5 X { HBER - F
A LB A Ko F80%SPFIER AL L HEAR R

e @ Prd H e BN S L R e

(3) &%k fmre 2.4 i 2230
a4t e
Bepn b o2 &% K fwre 120.05% trypsin-EDTAR i a2 3 8 wre
AR 0 Ao~ Ztrypsin-EDTAZ B 2wz 3 R p @ 8 &2 lmie R {rio 3
@ gk trypsin-EDTAE #* > & 123,000 rpm & 3w 5 mins 4 A i

oo derdmblz e il i o 3R E e Biis )\}/‘32%%:‘ o
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BL g EERAL G FFEY > 2 E-80C k4 overnight - £ #

iR F -196 CE I iR o

C.fEf

Mk R AR R R N B SRS F R AITCK
FthY TREL TR wR SR wie S~ 15 mLgEs g P o0 Ao x
B lmre b kR e AL e g R R T353R {e > 122,500 rpm (1190
XQ) #iE HroeSminfs Ak b iR o e Ml R R 2395 Biv o
Blmie R I B AT 0 3 A37°C ~5% CO20 AR R A e frz 12 & 4
PRERE wERBAERES XL - e A IR A Ko ff
B0% b PFEH T Mt &~ S WEER R i fr|H mie Fd

FE e

(4) 4% & fmve 2 A B s idr )

% MEFi e ficid 78 3§ /832 & = & & £ 80-90005F 32 % % 4% “,f » be
*» 10 pg/mL mitomycin-C  (Sigma M0503) & s> B iR £
FE3hHsH £ mitomycin-Cs; %% > 1MPBSFiE =z & > 4~ 0.05%
trypsin-EDTA% % AJZ % H fm¥e ki » 4c » 22trypsin-EDTA % 8 # 2. bw
R AR E B e R ein] 2P b trypsin-EDTAE* > 123,000 rpm
$EE H0 5 mints £ “,fi FRo A R R RRLIDIRF 2K
fm e Rk 4~ 5380.1% gelatin (Sigma, G1890) A2z & ¢ s
% %R 5 1.4 x10° cells/em? » & § +:37°C ~ 5% CO2.2 4p $/8 & 47 fr2
BERBRELEY o B APGCH F AL H2 %R L PGCE %%

(PGCM)
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(5) Mitomycin-C3s % ;% 2_ fie

PRk e R 7 A 10 pg/mL mitomycin-C & 3+ -20°C &%

(6) mre ik
10%= = 2 34 (dimethyl sulfoxide, DMSO ; Sigma, D5879 )

£190%*: 2 w - (FBS, Biological Industries Cat. 04-100-1A) * 4 &

fofsgrk s TR r o

2. BARZ ﬁ“ ﬁ@l

(1) DMEMi#: % i
m# & DMEM (Sigma, D7777) % A#32 % 7% > /?]‘ 4r3.7 g/L
NaHCO3 (Sigma, S5761) % 1% ABAM ( Gibco, No.15240-062 ) -
R ApHE (pH7.2-74) 235 & (mOsm: 320 £ 10) & ig'F

B 0ATHER* -

) % K e %k (MEF medium) 2 e

IJDMEMé@% ‘ /p?/,] 4(10% T—"' JL /F 19‘5 4C]FEI ]:} °

(3) % 9287 w52 32 % 7 (rESC medium) 2z e %l
% & DMEM/F12 (Gibco, 11320-033) A # 3 & % ﬂ]‘ 4r15%
el 2 mMosfEie (glutamine; Sigma, G8540) -~ 1%2-
& Z il f% (non essential amino acid, NEAA, Sigma, 7145) ~0.1

mM = z zifg (B-mercaptoethanol; Sigma, M7522) ~ 1,000 U/mL
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v Ja’;:ffia#frv%}:ljfﬂi (leukemia inhibitory factor, LIF; CHEMICON,

ESG1107) - 20 ng/mL FGF2% 10 uM FK  ( Sigma, F6886)

(4)  ® pmTeSR™:5 %2 (mTeSR™ medium) 2 f= %l
% & mTeSR™33 % j% (STEMCELL, 05850) i 4:15%5

% 7 ~ 1,000 U/mL LIF2 10 uM FK

(5)  EHrdlEE AR (2i medium) 2 fe @l
AR IER g BAFH R R RE G 4o GSK3 4 4] Al
(inhibitor) 2 MEK#r 4 47 3022 2 rEGim e $R E_F 7 2% o J* FBk 11
rESC medium 5 A # Pl % 87 F kR 2 2ii% £ 0.5 uM/mL GSKi
+1 pM/mL MEKi ~ 1 pM/mL GSKi +1 pM/mL MEKi ~ 2 pM/mL
GSKi +1 pM/mL MEKIi ~ 4 pM/mL GSKi +1 pyM/mL MEKIi ~ 2
uM/mL GSKi+0.5 pM/mL MEKi ~ 2 pM/mL GSKi+1 pM/mL MEKi

222 uM/mL GSKi+2 uM/mL MEK:i -

(6) EGC# % /& (rEG medium) z el
Ap A& iEE A s w3 4 (knockout serum replacement,
KSR; Gibco 10828-028) & i rESC medium ¥ #FBS ~ 7 e 10
ng/mL ROCK inhibitor# % %= > & 3¢ % 45 ng/mL - 10

ng/mL¥2 20 ng/mL bFGF44 >t 2E = rEGim e th2. B2 58 o

EGCz 3 % &1
PGCsi¥frrr? A s EMEF& R k miz £ 12 % (R K W B R 5

1.4 x 10%cells/em?) » £ 32 % 348 h{ 3% — L %% > 2 (55 % [ 4%— & »
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jﬁﬂﬁ}f‘ﬁ R %TLO—‘}}Y&%%I‘ ‘7B ;‘—!—é‘EEGC&‘;Z'l—:\ 311»&;77$I%
F-Pedz > UPBSHE Y & * LI 4 HAFEG e HE A Ay WL £ 2

i
ATHEMEFG % & fn%e £ 15 %55 % 2037C ~ 5% CO. X Ap 3R AR & {eik i -

4. HEGCA %2 3+ ¥

7. PGCsfds % 7% (5 » 13- #EGC colonyz #cf ¥ 3> K # A % - & %

4

5 5 N\ .
E SR

F5r{bcolony FEA- # 5
R A colony FEAE=

X 100 % = FHEGCHERR

- EGCs# A 5

1. sk 4 mipifs (alkaline phosphatase, AP) % 4

Friz-z2 (=) =3

2. %% ¥ 2 ¢ (immunocytochemical staining, ICC)

1 * LE w4 F FERHFECCH £ M2 #HF LIk o 14%
paraformaldehyde (SigmaP6148) 4k ¥ < 4r% ¢ 2 & #fEGC » 12PBS/-i%
{6 4 » 0.3% Triton ( Sigma X100 ) % * 30 min» # {5 12 PBS#i% {5 4 » blocking
buffer (2% % ?q4m34:;43"PBS® ) i* 1 h - 2 {5 ZPBST (0.05% Tween-20,
Amersham Life Science 20650i% **PBS® )ij-i » 4% 4 » & — il — 500
2 2_ #0ct-4 (Santa Cruz SC8628) - #2505 2 #Vasa ( Biobyt orb8815 )
g R i 1 het 2 ¥ /kfaover night » % — 348 i * pr v = & {5 WPBST# 0%

= % > F % - fitAconjugate CySFITCE # sk » Rl4e » B & ¥ k% 2

47



% = 88 (goatanti-mouse IgG) » F#E 3R Tlhid 2 &2 % - B & > 2
{6 1 PBSTji% 2 3 4 » DAPIZ & (Sigma, D9564) % ‘w®z %2 DNA » & s
W R HAET BET R - e FdeT -
(1) #-lwrz 11PBSi% 15 11 4% paraformaldehyde F =_» z/E# % 1h-
(2) r2PBS#-paraformaldehyde & 4- -
(3) 0.3% Tritoni® * 30 min -
(4) PBS%15min » £4f = =< -
(5) 4 » blocking buffer (2% %t #4454 **PBS® ) » £ 8# % 1ho
(6) 127 7 0.05% 2 Tween-202PBS (PBST) =15 min > €45 = = -
(7) 4~ % — 248 (2blocking solutionff# ) » #E4CT IR’ -
(8) PBST/£15min » £4F = = o
(9) 4~ % = F#88 (2 blocking solutlonﬁ-ﬁ) » Rk E1ho
(10) 4 » 3 >*PBST¥ 2 1 pg/mL DAPLA i » ¥4 ¥ 15 min o
(11) PBST/%15min» £4§ & =X -
(12) B & REMRETRE
ENE R
5 #icdy T AR IRANOVAL 47 > 1 * SAS Version 9 (SAS Institute, Cary NC,
USA) 2 GLM#:5¢ &2 Tukey testipl € # % % 2 B F M o 7 A F 2 ficdp 4230

ANOVA % +7 % i 3 & arcsine » 77 :#5% 2 & ¥ 14 T.2P <0.05 5 15 o
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- N LR PR A 3 &R R BRI PGCs # 75 5 EGCs 2. s

(Di#sk g% 4p 8 A4ep 125 dpc 4 %2752 PGCs £ % ** MEF 4% &
vz 2 (MEF #8423 & 5 0.7 X10*/cm?)» % £ % % % rESC medium » ¥ i
7 4e FK 22 LIF 5 &% & PGCs "ifI# #23:% i* 1 EGCs ik fi 7 d fL%me ¢
B R rESC medium 3 £ kB ¥ HPGC 2 R A28 1 > AR X 5=

To b EFRAT ST X DEFES L RE(RAN)-

(2)i¢ * 5 %% 5 75+ FK &2 LIF2 3 % mTeSR™1 medium p > PGC 3
$AFZATUSBRTML e H T BT AL ST I L 2

L8R L2 Rk R (B N) e

(3) #-PGC# % $7 4 LIF~ FK#2 3 ik & 2 GSKi (0.5 pM/mL ~
1 uM/mL ~ 2 pM/mL)¥ MEKi (0.5 pM/mL ~ 1 puM/mL £ 2 yM/mL)Z 2i
medium 3z £ B 7 > LR EGC 25X 3%k » F 5% % ot 1 uM/mL 2 MEKi
22 2uM/mL 2. GSKi 3 a4%3g EGC % st f£2 & i)k & » 2 §_2i medium & 5

v 2 #7 EGC v &2 g |t o

(4) #PGC £ % ) 7 e LIPS FK 27 & B bFGF(5 ng/mL~10 ng/mL ~
20 ng/mL ~ 40 ng/mL) » 12 & ig s 55 KSR B~# FBS 2 &« 5 &k o —T1EG
medium ® B> PGC ¢ 43 £ A58 it T ¥ fadF A A v 238 EGC ik ik o #icdy bt
Bm o AR e 5 ng/mL bFGF z_ #t e % > % bFGF )k & #% # 1 10 ng/mL
R 5 EGC & 4 »x¥d 0%E F# - 3 8.33% ; +“ # 10 ng/mL £ 20
ng/mL k& @ e B2 7 Bg¥ £ 8 (8.33%% 10.16%) > i '«r\/,] 4e 20 ng/mL

bFGF z_ g2 e & 4 2. 8 EGC it fadr i 2 £ 3 s it (=2 )-
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- ~ 5T EGC 2 #4445

(1) AP ¢ 28 45 ¥ % ¢ (immunocytochemical staining, ICC)
¥ %> rEG mediumy #iN2 % 3 % - X2 EGC > ,,%-‘3::}% MHEESGAP S

e E - 39 Oct4er 4 7 w2 & — F-v VasaZ I (B4 )
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BEL

é%ﬁﬁ&ﬁiﬂ%ﬁ%iPQWJﬁﬁﬂ’iﬁﬁﬁ %+ Kakegawa et

al. (2008) 7% £ 2 g ¢h > B E U (ESC 2 A L2 L AHL TR B A
7+ rESC medium £ % & mTeSR™1 medium ¥ i /,9]‘ ‘v FK 2 LIF 7 & ;2 & PGC
MEAIE AR 2 EGC R A AR AN R 2 E R TR 4 (£
I ) BB ¥ % 258 (morphology) & 4r > rESC medium 32 % % 8 7 1 PGC
EEEHEAN S AREZFZITAL I BFREINT I AN LR
(B-= A~A); a3 & mTeSR™] medium 32 £ %% T PGC AT 5= 2 7

VA RITRVZ e HEZ wAFIRF2IFI A aF 24 L2 map w

itz kbR (Bl CoCH BB A7 P AR ATAL 2 w3 L7 o

BARB ORI 51 € HEFEGC 2 4 £ ¢ {3 PGC £ A58 it enff fis 25 P

—f

Rﬁ%ﬁ?UFJKéﬁﬁdﬁEGG%$LMQ?H-Wﬁ&%%&ﬁﬂﬁh
GSKi#? MEKiz 2i 4 s & e — s f& 7 9 £ 32 % | HEGGAziE301M 2 12 % B B
(Leitchetal., 2010) o &35k 1 R 5 32k gom i 100] Bl s o k2 8 4 1
Ao A F 7 4v1 uM MEK inhibitor#? 3 uM GSK3 inhibitorz. 2i medium#z & % 5
2 HEGCwP stk e £ 4ple 232 R B Ar € i = RAEGCH = o s & ATRIHE
20k B 54 W > 1 pM/mLz MEKi £ 2uM/mL2 GSKi % ‘4% 55EGC 2 5 2 & ik
B(&z~Z2) aHdTERZ28"Y 24 2 FEGCY L@@ PN & LA v= o
& 1 uM/mL2. MEKi £ 2uM/mL2. GSKisk 5 © 12 % 2. PGCxi te32 3% (4 2 4
wHEHE (B~ B) " FERE2357T 244 2 HEGCwm e 3% » v LH ¢ w3
A dm ki RS NI s B H e BaeA it (BN S B o #FEGC
e e R AP T RZARM G RILD H wie R S R R 2
B NN P AR S EE T o R TSP R AT %% 2 PGC

R st > Xy e 2ikgaE 2 A EGCZ b IR o 20k S fg



B * 3P A ESChn®e thz i = » frimit it = A EGCH " tho B ] A1 &

BB RL A F2i4 FAPGCE AR £ 5 B B E R8T
% PGC2 fm?s 2 L B2 7 4 fe BT ©

Kakegawa et al. (2008) ¥ 4% ! 4 i 4 1000U LIF ~ 20 ng/mL bFGF £ 20 uM FK
2B & APGC o it 53 §Te4PGCH 250 1+ 2 fEGC » 1z w2 £ Hpik - &
% %% Kakegawa etal.z_ # 3 > i+_~;,9]: seLIF~ FK ~ 20 ng/mL bFGF£2 KSRz rEG
medium# 4 2 EGC 4 #7{s &g+ » £ A BLAP2 it # % Octd¥s Vasaz_ ¥ £ 4 %
i (BL) o R L2 EGCm e 35 e & £ » ¥ i 4trypinst trpLE % i %
B H fmre Rl s RS § 352 T4 v o Durcova-Hills et al. (2006)
Al R ARSF R R2 e AN R LR o L R T BT 2R TR

B i B PGC#E A, 5 MECGCHK i H A4 Jat - A ANt 72 = 2 o

% PGCi#E ) 5 EGC2 £ #4254 i* 5 — 4F feiE4z > EGC2A;= 2 %k p H BPGC:
ZPGCm®% #(cluster) p # # # @ 5> * fdofm @ & 3FPGCY it = > £ #2501t 4
HF SRS IRZ A - AR/ N2 B AR £ 2 AFEGCLE i £ > g
REBRBE D EDE AF £ YIPSC2 252 2 8 A Fliga > X @ PGCR A255

§AT s
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E ik B GSK-3 Frdl @2 2i 2 & 5 27 3 EGC 4 = 2_»x -
Table. 2. Comparison of forming efficiency of the undifferentiated EG cell-like
colonies between 2i medium supplemented with different GSK inhibitor

concentrations.

2i medium No. of total No. of No. of the

colonies per  undifferentiated-state  colony which

(n=4)
replicate colony, n (%) can be
subcultured
0.5 uM/mL GSKi + 1 uM/mL MEKi 106+ 0.9 0(0)* 0
1 uM/mL GSKi + 1 uM/mL MEKi 8.8+05 0(0)* 0
2 uM/mL GSKi + 1 pM/mL MEKi 6.3+£0.6 2(8.33)" 0

(1) The no. of reprogrammed colonies per replicate and undifferentiated colonies were

counted at the 4th day of primary culture.

(2) Tukey's test was performed, p < 0.05.
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£ 2 e 2 pMIML GSK-3 4r#IM 2 3 k& MEK $rdiM2 2i 3 % i 2 7 i

EGC 4 & 2 st o

Table. 3. Comparison of forming efficiency of the undifferentiated EG cell-like
colonies between 2i medium supplemented with 2 pM/mL GSK3 GSK inhibitor

and different concentrations of MEK inhibitor.

2i medium No. of total No. of No. of the

colonies per  undifferentiated-state  colony which

(n=3)
replicate colony, n (%) can be
subcultured
0.5 uM/mL MEK:i + 2 uM/mL GSKi 73+21 1(5.3)° 0
1 uM/mL MEKIi + 2 uM/mL GSKi 57+15 1(5.9)° 0
2 uM/mL MEKi + 2 pM/mL GSKi 27+1.2 0(0)b 0

(1) The no. of reprogrammed colonies per replicate and undifferentiated colonies were

counted at the 4th day of primary culture.

(2) Tukey's test was performed, p < 0.05.
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iz \;;‘j:%ﬂ kB bFGF 2. rEG medium 3 £ 52 7 $f EGC 2. 2 S22 o

Table. 4. Comparison of the forming efficiency of undifferentiated EG cell-like

colonies between rabbit EG cell

concentrations of bFGF.

medium supplemented with different

rEG medium No. of total No. of No. of the
colonies per  undifferentiated-state  colony which
(n=3)
replicate colony, n (%) can be
subcultured
5 ng/ml bFGF 128+ 15 0(0)* 0
10 ng/ml bFGF 12.0+0.8 4(8.33)" 0
20 ng/ml bFGF 14.8+0.9 6(10.16)" 3
40 ng/ml bFGF 8+2.6 1(4.34) 0

(1) The no. of reprogrammed colonies per replicate and undifferentiated colonies were

counted at the 4th day of primary culture.

(2) Tukey's test was performed, p < 0.05.
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Table. 5. Comparison of the forming efficiency of EG-like colonies grown under

different medium conditions.

Medium condition No. of total No. of No. of the

colonies per  undifferentiated-state colony which

(n=4)
replicate colony, n (%) can be
subcultured
rESC medium 123+ 1.0 0(0)? 0
mTeSR™] medium 8.3+0.5 0(0)* 0
2i medium (2 yM/mL GSKi + 1 yM/mL MEKi) 6.3+ 0.6 2 (8.33)" 0
EG medium (with 20 ng/mL bFGF) 148 +0.9 6 (10.16)" 3

(1) The no. of reprogrammed colonies per replicate and undifferentiated-state colonies

were counted at the 4th day of primary culture.

(2) Tukey's test was performed, p < 0.05.
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BN FASEEGC e E N4 2 b2 £%% (5
FH PGCs & #tis & w3t rESC medium ¥ 32 % 3 X #7182 fwme 3% (A) B %
%5 X2 e HEEAE (A) FPEA > 2imedium ® B4 3 X 4 F 2w

e (B) 14 5 % @2 me s (B) A RGPS E > &k

DES
P

-~

B3t & MTserl medium ¥ 32 & 3 % 978 2 4w ZF(C)Erx1%5
T2 dmre i (C) v BEZRE P BEA 1L G (e dnie Y BpTa~LY 82

# % o Scale bar= 100 pm -

Fig. 8. T he morphologies of rabbit EGC-like colonies in primary culture under

different coulture conditions. The cell colony morphologies of rabbit PGCs isolated
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at 12.5 dpc and cultured in the rEGC medium for 3 days (A) and 5 days (A"). The
colonies were cultured in 2i medium treatment group for 3 days (B) and 5 days (B').
They could develop but could hardly be subcultured. The colonies in the commercial
MTserl medium treatment group for 3 days (C) and 5 days (C'). They were not
significantly differentiatedbased on their morphology but the colonies would not

continue to develop and could not be subcultured. Scale bar = 100 um.
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Wi~ %% EGC w3 rEGmedium B8 32 £ 3 % = S 2 m%e HEEA8125
dpc 7 PGCs & #tis >t rEGmedium ® 32 % 3 % = 2 7 A2 5f EGC 'w*2 # T (A) >
FIVPHBARBRAEIS A B A P22 w0 0 C 5 P32 mie i o P3 s

EGC-like % 4 it - Scale bar = 100 um -

Fig. 9. The morphology of rabbit EGC-like colonies in rEG medium condition
grown to passage 3. The rabbit PGCs could be reprogrammed into EGC-like form in
rEG medium condition on the 3" day after being isolated at 12.5 dpc (A).The cell
morphology was also confirmed at passage 2 (B) and started to differentiate at

passage 3 (C). Scale bar = 100 um.
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EG-like, P2 EG-like, P2

WL ~ 3t rEG medium 32 % 2. 7 & EGC-like m e ¥ X T L5 W% $ & 21 ik 14k
Bz A ETHAR S A w2 4 R wme sy o 5 ICC 24 » 478
7+ 12.5dpc %% PGCs 4 &tis>> rEGmedium # 32 % 1 % = X ¥ 3,2 # EGC ‘m*?
HE O OBAEBRIF - AL ICCHKBETHE Oct-4 (B) & Vasa (C) &3>
T2 DAPl %tk bm?e 4% (A) o o4 EGC e ¥z /c AP 4 7 ko1 H & 5 dk 1ok
faps £ (D)2 E % © A i ‘w2 %48 2= o Scale bar = 100 um ©

Fig. 10. Expressions of the germ cell and pluripotency stem cell specific markers
of EGC-like colonies derived from rEG medium conditions as examined by ICC
and alkaline phosphatase (AP) staining. The 12.5 dpc PGCs formed EGC-like
colonies at passage 2 have positive expressions of EGC specific marker Oct-4 (B),
Vasa (C) by ICC analysis. DNA was counterstained with DAPI (A). The cells were also

examined for AP activity (D). The differentiated colony served as a negative control

(E).
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P =

% A 1 74 PGC

1]):,\2

kTR

BR

g 2:a
PGC s+ 4 7 % 3 13.5dpc 14 »
%a

—

L

iE( 2

ﬂ N
1
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2 78 ¥

GRIP S EAL R
AHEE S 47412 % (primitive sex cords) ;

N

% + cosry (sex-region-Y encoded gene )k Flesry f §
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I.L Fé,:ég Is/} b“:
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+ 3
h o5
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JEXER
Wnt4d 22587 2 7 = 54 s
s 2
K
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determining factor, TDF) ¢4 4 o TDF & 4% & {8 » T fad 4 Bﬁg;‘t\m’ S C RN 7:]
> o A 1 o AR SR Er N
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TDF fljgcent % B €
B A @ A sk F i fmPe (oogonia )

. (Svingen and Koopman., 2013)

Rspol -
e g w4t e A ke (primordial follicle ) > 3
bis v 5
e

L pF PGC

oocyte ) i€ & & Jgie V50 F & Yw gie (pre-antral follicle ) H 15
4w e Ak P R e T 0%k 3

5

3 A7 B fP At (primary
)7
#p (leptotene ) ~ % %

T ihi% % GDF
- B -

= Z

2 FSH % %] B 588 ¥ 5 4~ % g2 (primary follicle )o + 384 2_ ppidof 5L &5 47 30
A A @

AR H 0 PR R e TR S A
B 9P A Pz (primary oocytes ) > 47 & PR fmie s % - =R des A o

g xixkdp (diakinesis) » & fs i » #1438 (dictyate) ;
Z_

EF
& A ik 8 (first meiotic arrest )

}J =z
%#p (zygotene ) ~ e 3:#p (pachytene ) ~ g 3%y (diplotene )

e ® o 3 2 5 Rrie (germinal vesicle, GV)
Hayashi et al. (2012)4]* o -
}E‘ é“ rﬁﬁ ‘\'HFE + iv"' %\ 2% MT/T

Lbfﬁﬁl"—'—? lmﬂei%g ﬁFﬁ'%}I

- Rk
B ESC # 4 v #7118 2. PG
2 fme BB R
NF LA A PR e o 2R
78 n¥e 2 3R 2
m e

C & o gteridz 2
M Ed MR
v B o 0T A
NGRS P oD

7

2 e

« PGCs &

¥ 3% ¥ o ESCs &
Wk R PGCs # % 5 vt d

mPe 2 H oo B
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g i

- PGC2 4 48 3 4 1

EERE S0 R

(- ) PGC¥ 4 78 ¥ % 'm ¥ 2_ W 4T
AR - 2. 5% ARE% 2 PGCsE 4 5 P mie 2 P18 % ki p 125

dpcz R I2P5 o

1 #5%Fh 2 KRR F R

PiEs- o R L AEE Y E R Y 2L FIACUCL R o

2. PGCz_ P~ i¥
Bt igg-BE4mfard e ﬁi‘« & - 1 * 31G/1 %45 (BD, BD
Ultra-FineTM Il short needle ) #-¢ &2 4 s ¥ S dpo o2 2 w4 ¥ » 3 3
1% BSAz_PBS*® » M4t -4 5 ¥ L EPGCh A mFpind » £ i3

R sg kA E P ELIPGCE A o H 15 1 jg e (poresize: 40 pum)

N

e g R ET e >t 4°C T e 3 min (2,500 rpm 5 1190 xg) -
j’..
7

Rt ~PGCH E A~ (b 33 %% » 3-8 wre ficis 11000 fwz fwell 2 %

e
=

B B » gPolyacrylamide (PA; SIGMA, 92560 ) f A2 w33 & * U3 A 2

963 45 ¥ fmre 32 & % T K06V 4 > 32 £ 3138 C 5% CO 2 & frip ¥R A 2

O T U (“ ) Z_ 2“’ L@Jﬁf@ lg“g’\é’uifﬁ‘ ,?“"XPBS/F e B
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» 15 mLa F ¢ & 4c » 0.05% trypsin-EDTA i% » # % *+38°C ~ 5 % CO,
SRR B R 0 5-10mine # 2 A pHA A L H wre ko
H{s 4 » MEF medium® v 2R £353 @ Gk pEE (EHF 5 G405 mints 4
g Ak (2,500 rpm 5 1190 xg) » £ 4v » 3 HPGCA it 2 35 % Rk & e R
L3595 > 3B mrdc (H18x10°H ) £ 8 ~ 963 & ¢ B3 ik (- ) 2 2%
@2 PGCH38C 5% COZ & {ripHBR2ZEBE Y 2 RBL > LA RBREPR
2 4 A ARt iR 9 SPGCH6E A8 his { M Ep 0 2 (48 2 (M

B- Lo iR EFEREAREY AL FELSLEFRTS o

(z) sPiirhiez wiz
37 #2 AWMAEA LG F PR E LEREE AN PL Y Z3%
ABAMz PBSiji o M-k i 2 fr i B SR BACERT 2T 7 T oA Rk
Rgie G o XL e Figie 2 PR BRSO G j-“f,)a/v? ke B3
2o P S koo 1 7 3% ABAMZ PBSjie x B~ 1.5 mLz eppendorf vial
¢ s 2 {5 % » 7% paraformaldehyde (Sigma P6148) 455 ki3 ¢ B 21 7%

ATk Y o HEFICCH S A 47 -

(Z) mimizR2 i<
R M ErE G SF P B BN AR E Y
SWL BRI pT s PEARLIY - FREALFHE3TMmM 2
‘P § > §*+37-39°C 7 1% £ @ +F (penicillin) 27 & 2 & #@-k (0.9%
NaCl, wiv, & %) #;%£3-5=t 3 lfl Kb R F A g kTR TG
Prg e R E B 2030C kB is 0 B {5 at g 185Le 2 15 mLix
W BB L LG L 2 e B b mLpe F Y o e R

2_ g€ % 123000 rpm (1710 xg) &t~~6 min > # ¥ 3 £ 123000 rpmag.< 3
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mln ’ ﬁhlbg" 3 (F /]Q;t,;llo44 Mm mﬂg—@/}an_?_j/}a ‘ﬂ '1022 },Lm“m”é’ﬁ,}la

W R R F e U E A 2 5 1EmLL H A %

’PE] 5 %0-20°C k44 ¢ o
(m) Mg EL 2 L dpipie o

1+ 2 WK
(1) ph¥ris*282%c
RE £ R * 96 34 (96-well) T K iwm e 3t & 4 > prdfd e o
well 4 » 100 uL 0.05% PA » #4323 %ééﬁ%“,!rf PA>» ¥ ¥ dr § 2%

%E]’,;E’% o

(2) F&/%"i’ q"i‘\;ﬁ‘ﬂl
RiFgHie* afg it U A& petrids 3¢ 4 sifd » v o well
e x 100 pL0.5% PA » #4353 » (e # R B3 38°C# % 44 15 min

{8 %% PAT #3tr E32 5 HE* o
2&"*&‘/1’§ ﬁ“ﬁl

(1) # %~ i £ %% (induce differentiation medium, IDM ) 2z fie &
a. ¥ PR e
27 & DMEM/F12 32 % ;% ( Gibco 11330-057) & # #32 % % (basal
medium ) ; 4\: 15% KSR ~ 2 mM k5% %% (glutamine, Sigma G8540) -
1%zt Z a:ggpv;;( non essential amino acid, NEAA,; Sigma 7145 )~0.1 mM

= ¢ mxpg (p-mercaptoethanol; Sigma M7522) ~ 500 ng/mL BMP4 (R&D
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systems) ~500 ng/mL BMP8a (; R&D systems) ~ 100 ng/mL SCF (R&D
systems) £2 50 ng/mL } A& w®e 4 £ #]+ (epidermal growth factor, EGF;

R&D systems) - fie ®{ 40

Component Control Treatment 1

Volume (mL) Percentage (%) Volume (mL) Percentage (%)

DMEMF/F12(a-MEM) 6.875 68.75 5.875 58.75
KSR 15 15 15 15
glutamin 0.2 2 0.2 2
NEAA 0.2 2 0.2 2
B-ME 0.1 1 0.1 1
BMP4 0.5 5 0.5 5
BMP8a 0.5 5 0.5 )
SCF 0.1 1 0.1 1

EGF 0.025 0.25 0.025 0.25
pFF 1 10

Total volume 10 mL 10 mL
b. &2 ke -

LR ER R R I 74 10% 7 a2 % (porcine follicular

fluid, pFF; DMEMF/F12 with 10% pFF) -

\\E

E =

MHtR wss %2 DMEMIFI2 2 %2 % # 5 7 & o-MEM 32 %
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7% (Gibco 12571-071)» 2 v w X * 2§t e 4p F (a-MEM without

pFF) °

MHtR wss %2 DMEMIFI2 2 %2 % # 5 7 & o-MEM 3 %

oo Tgp e ,7’]‘ 4v 10% pFF ( DMEM/F12 with 10% pFF ) °

(I ) hupimie KR E R e

1. % % 4 ¢ ;% (immunocytochemical staining, ICC)
e (v BIp 2% = 2 20 *3E% ¥ - Fikd (primary antibdy ) # * 7% 500
% 2 anti Oct-4( Santa Cruz SC8628 )~ ¥ 250 &% 2 anti Vasa( Biobyt orb8815 )
250 & 2 anti Scp3 ( Biobyt orb9769 ) s’iﬂfﬁ? 250 & z_ anti Gdf9 ( Biobyt

orb122672) - % = AR @ * L X Fu-] & (goat anti-mouse ) 2. 1gG o
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i isolate smash

N
12.5dpc Genital ridge
Digested by

rabbit fetus
ltwmh‘ trypsin

L)
L 2]
.

-

Somatic cells of GR

R

PGCs
| Control: DMEM/F12
Treatment 1: DMEM/F12 with pFF

7 Induction medium‘l Treatment 2: a-MEM

Treatment 3: a-MEM with pFF

l Long-term culture *All of the groups were contained BMP4, BMP8a, SCF and EGF.
for 30 days

=

e -

Cell aggregates (CA) structure with
fluorescentexpression of Vasa, Oct4,
Scp3 and Gdf9.

W-L- -~ e A RA PGC 3 ¥Rt 4 58 sm¥e 2_ 4 3%

(1)p 125dpc 2. 3k #arse gpd 7 4

(2)r1 7 B a4 7§ o X e 4] PGCs 1 )

(3)® 4z PGCs {& 12 trysin #-4 78 # 5 B pabl = H %2k 5

(4)#-PGCs &4 s fHme 1 L6 2 BBV HE »BH4Y i

(5) PGCs #7 4 7 ¥ M 'm " 5 B 252 CA (5= 5 £ 12 4

(6)74 ICC 4 ¢ 2L CA 2 4 7wz ~ Flics BB P 3 & - {53 kv

Fig.11. The procedure for the induced differentiation of female germ cells from
rabbit PGCs.

(1)1solate the genital ridges from 12.5 dpc rabbit fetuses.

(2)Flash the genital ridges to help PGCs release.

(3)Collect the PGCs and digest the genital ridges tissues into single cells by trpsin
(4)Co-culture the PGCs and somatic cells of genital ridge (cell number ratio: PGC:
somatic cells = 1:6).

(5) Keep long-term culture after the CAs were formed.

(6)Observe the fluorescent expression of the specific marker of germ cells, meiosis,

and oocyte by ICC.
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- CREERFEBAALPGCE AN Wwre 2 FHA 2Tk

% PGC &rigp 2 A ¥ 2 Wz EH wmie i iy P 30 EA L
R mEmpEE A RER A AL g op R E (aggregation) @ 4 =
fmre B B4 (cell aggregates, CAs) endd i+ (Bl = ~ Bl = ) pbF R e
Z CAEEXNTOpum( B+ = Ay m @2t g 4 2. CAE &% it 424 100 um
(B~ B~C~D); % AR %% 5 DMEM/FL2 & » i 4c pFF it @ CA %1
s ??f Fgakp i (R-+-=- C)e

At pRE 2 RiFHERE (B2 A) Bed2- (R = B) ¥ 555
SR frimte L EOT CA R 1 S I % ke pFF 2 AgZ- (Rl = C) &k

2= (R-z=2D) P FARBRRI - d R =27 FRBFRAAL2 CALET

s e (A-=zB D) %4 HAts CASTE b X35 -

A

|
BT MAREFER 42 9400 pm o P pERT L A 2 AT CA B (R

el
=

= A~C)o

= ~ ke %k (porcine follicle fluid, pFR) 22 7 I A 32 & 2 435 E 4 78 fmie A& L 2%

2 v

(A4 pFF L R g0 AU i w8 & L5 X (2 H A 2 &
) r %2 CAs> 2 ARFZIFIAFET ALITECA 100 um 2 i o
WA P adR e B CA 22,82k » o Adlle- BRJIT e = A4 % 15
% pFa w4 4 18 ¥7 56 B primary CAs (<100 um) » % w % p|¥ 4 & 47 & 61

B E 2= 100 um 2 CAS,W%/J o pFF 2 R e B md2 e - B3 % % L

(6}

TS B A4 132 18 B primary CAs» e A% e X pFgy & £ F 3 j8 4 3%
100 pm 2. CAHE A %] 5 18 4 > BF M0 pFF 2 i@ e o (&2 >
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fu

p<0.05) -

(474 PFF 2 fE Ao &R % 3 5 10 % B A2 1 BAT
CA-m ’T sv pFF geg2 @ 5 2 DMEM/F12 medium (a2 - ) 0 CA #ic & &
F 70 L e = (a-MEM medium with pFF; & =) 2 H dmfe B 2 Bl s
oAk - (FBTFA ) B 5 G 2 & BAtwe it (Bl e B)-

fodB w2 A CA AR E L X8k M 2 P IEF 4T % (B

D~ %2 )e
#HERL PGC A it S apepltd smmrie 2 ICC 4R J A4

X PFFHEA 42 U CASEDE A2 % 142825 30xpF 2 ICC
WP E mre RS RE P R ek AR o RS E LD 14
ApEA e B - 2o gy Vasa & Octd ¢ 2 P RS L (BT ANA");
FHCA B 2 g 30 Sep3 ¥ kA ML FARET (FLT B); i

- fEieky GAf9 2 ¥ AP L A I UERE (BT B")-m
2413022 ICCHRISER: I GA9F Pags L4m (B> A)» & e
A it 2. GAf9 e k£ 3 (B- = BB Aprt i A ¥ § % & R
(B+= A'~B')» Z#43 Gdf9 2. CA (Day 30) *» B sri 23t 8 ¢

# o

ErH - I 2

8‘}
s
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e

Hayashi et al. (2012):#-3% 3| & ESC 4 1 #r{8 PGC-like cells 27 2 7 4 %8 ‘o
¢ £ #2 %>t 7 3 500 ng/mL BMP4 ~ 500 ng/mL BMP8a ~ 100 ng/mL SCF £ 50
ng/mL EGF 2 %8¢ » VA $3 flow R L3 - ARMHE: £k
(reconstituted ovaries) ; #-pt fwmre B E M AE 2 LA ] BanP K AL B T S iE
N2 LB FREEEPEN AP REY FE L Hré B2 PGC-like
cellse »~ i 24 GV H#z #°+ o ¥ ¢t » # Hibner et al. (2003)3% 3] & ESCs 4~
A Sl d e AR 0 B - ESCs 4 § AR B F AT 00k B R

oA ple G2 AwSRere > ot £ LRI f P =2 WA L

AEFH ST PEET N F 0 %125 dpc 2 PGC p A A 4 > LR
278 A L trypsin R T B e R 0 H GRS H X R R 30 X o 4 B
#FUDMEM/FI2 & o-MEM 1T 5 A AR AR S BT A B 40 /83 14
g ot A Rept s mmre 2t 4 g A B A RBF 23 500 ng/mL
BMP4 ~ 500 ng/mL BMP8a ~ 100 ng/mL SCF ¥ 50 ng/mL EGF -

i PGC £2 4 58 ¥ f 'm¥e & Jo 32 % 2 %% % 22 Hayashi et al. (2012)2_#= % 4p
o ERAEEERIFR A S e A AR B CAC R Y
st d 2 2 CAMfERC] 2 2 RA0E - X L BHEREBEN - 2 3 £ 5
PhiF o d p¥ 2 75 BMP4 -~ BMP8a -~ SCF & EGF 2 %k sista i 5§ CA A 2 »

Frig iz i 2 K oCA R HtL vk PGC &Afl#h -4 2 S e i B o

AHE S PHERT PGC = Bl L Rk o

%% Hayashietal.i7 & 2234 H iz mie &4 (L 2,3 4 7 mie ARl 2 A7 7 » ¥ B I
ek 8 B Ff A0 5345 240 4] & ESCs & iPSCs 4 it 35 PGCs » 47 (% /f #rif 48
B84 a8 PGC # 4§ % e+ = » A it (Hayashi et al. 2011; 2012; 2013b) -

L

Ve o 7 #« BMP4 - BMP8a ~ SCF 2 EGF 2.3 E R B 82 iy 34 Hir mie g9 ¢}

~

¢
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A Ay PGC X 4 4 #Eiuijhie & P K2 B o 4ra B Fe gL L
FEPNIMPGC HEHEH A L2504 o

Yu et al. (2014)35 & 233 & 4 47 % -k % 'w %7 (human amniotic fluid stem cells,
hAFSCs) 1% 5 7 R i€ 7% (porcine follicle fluid, pFF) - &t %3 3% % hAFSCs %
AR N R RE R Rt RO R SOl R TR SR RO S S e

‘¥z (oocyte-like cells) » ¢t % % @577 pFF @ 7 it 7 3 R 48 49§12t CA ¥ i

= £ PR HETF]F o

%% Yuetal (2014)2. 7 3 » AEHR EFETRB R R 75 *e pFF 12 a4 CA 2
TRE o HFHREFHET 0 ARREE R ILEY o pFF H30F ERA PGC A 1t 4
E3 rmoansk e pFF L 2274 4 22 CA L aﬁi‘f%f #EIFA 2 B4
PR EPrE£32 30 ;d 2427 DMEMIFI2 A A AB R RFE B A1 5
10 = CA 2 A 4% » ¥ 3 o-MEM 32 2 (400% vs. 78%) - & v
DMEM/F12 i *: pFF £fiif £ CA & & 2 &

i e pRF 2 DMEM/FI12 2 % B ¥ £ £ CA> V¥ A 423 14 2 pF
# . PGC h3s v Vasa &2 Oct4 > &n CA B4p® ez 3 4 PGC ¥ o 1 % %
Bipe & CA 2 s giiic Jy §l2 PGC A £ #3575 <] B PGC %7 § 1954
# (Chiquoine, 1954)E 4>3 £ > # bR Ri &2 NE e VB EFFRELE T &
235 = fm¥e 3% 22 EB(Donovan, 1994) ; i ¥ & EGC » Z & 2i 2 & k%
v A5 = fmre $k(Leitch et al., 2010 ) 45 L’r_%ilwf#:ﬁ N kB B 7 (organoid)
L3 ERPGC 7 i £ PR 3B o Ra ABEH A AR F e PGC 35
23 AR R T AT R PGC i i CA B KR 3EARES ¥ 0 d

Fle i Hfakrd PGC &2 A ¥ Wwe R EL LA X2 CAL B BHE %

%

2 F Ay e
& Hibner et al. (2003)2_#7 7 ¢ 45 1 » § ESCs J 7/ = s ie 2515 4 26

* ¥ A i A 4 5 °r fw vz (oocyte-like cells) ; 4 Hayashi et al. *+ (2012 ¥ 2013a)
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‘G ipme st 53 2 2dg > R PCGC LAY Wmie R ED 2 &

i

PR A ORPMTRBEE T M I AR PE o hiEBh Y 2 pFF
Tlgerrd £ 2o CA>Mfh 324 3 30 X pFr2 ICC %4 &Rl ¥ LR dios 2 ke &
Scp3 ¥ er3 ke v GAf9 2 ¥k A (B+7 ) ; B%E CA fhz Gdfo ¥ %
2B A pie 2 GAf9 ¥ kA mApin (BL= ) » 7 &3 pAmie s BF A M
Gdf9 # kz M= 5 P3 9r A =% o %% Hibner et al. (2003)#2 Hayashi et
al.(2012)2. 7= 5 » d A it irZ EERY  ICC P8 % B R 7 Jhie 2 B % = 31 ¥
Fgauro Y2 CARMKS Pl #F A vpldd A2 A o

PRF 4202 A 4 Mot im e 2 »a % R % > L E R B EBHr AP o p 5
R B

T TR SR TR T Y AR LS T

TN EE Y SRR DR S S R PO i

~‘¢

i

3*/

* 3

o

F]F T RARiE R PESALE RY T RS2 ek LT B

BRI R R FEY Y HwaT ] 2 R o
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WLz ~fE PCCEAAF MM 2 FREFETRESERE 15 X492 w
%z B & % (cell aggregates, CA) - # R e (A)&E 2 - (B) 3 %;‘?]: 4v pFF 2. ph4z 22
AR T A 2 CAH 977 ) g2~ (C)& g2 = (D)5 i 4o 7 i i (procine
follicle fluid, pFF )z 32 & %3t ™ #7172 CA(F B %771 ) ¥R 22 CAE £ 970 um
BASL AT A 4 2 CAZ /S 426 100 um s A K %7 5 DMEM/F12 p# >

74 PFF &% & CA S HEFUS 5 %2 .7/ 1 & (C) - Scale bar=100 um -

Fig. 11. The morphology of Day 1.5 cell aggregates (CA) formed in various
adherent culture conditions. As shown in (A) are the primary CAs formed in control
group, and in (B) are the CAs grown in the Treatment #2. Both the control and
Treatment #2 were the adherent culture conditions without porcine follicle fluid (pFF)
under different basal mediums. (C) shows the CAs formed in Treatment #1, and (D)
shows the Treatment #3, in which both Treatment #1 and #3 were the adherent culture

conditions with pFF under different basal mediums. Different basal medium
73
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conditions with or without pFF incur significantly different morphology of CAs.

Scale bar = 100 pm.
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4= %k PGC o4 mtMme b7 bR A TRERE 15 241 F2

% R & 48 (cell aggregates, CA) « Control ‘2 (A)& &2 = (C) & A4 pFF 2 5

REB O SRBT FF 5P e g2 CASSRE o i pRRE R (F

i) e Ag2- (B) ¢ AgT= (D) 3 i 4 7 e ik (procine follicle fluid, pFF)

2 ARBT T CARIFT) » AR EARLET 2 CAY §EBRE
7

H - AR SRR S PFF 2 #9719 2 CA 7 f 2 4> - Scale bar = 100

um o

Fig. 12. The morphology of Day 1.5 cell aggregates (CA) formed in various
suspention culture conditions. Shown in (A) are the primary CAs formed in control
group, and in (B) are those in the Treatment #2. Both the control and Treatment #2
were the suspention culture condition without porcine follicle fluid (pFF) under
different basal mediums. Shown in (C) are the CAs formed in Treatment #1, and in (D)

are those gorwn in the Treatment #3. Both Treatment #1 and #3 were the suspention
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culture conditions with pFF under different basal mediums. Different basal medium
conditions with or without pFF incur significantly different morphology of CAs. Scale

bar =100 um.
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W=z~ fh PGC 4 A ¥ W™ Lifte pFF 2B A BAT RITZ pEER

2% 10X 7@ CAASE 2 e Mg 420 A2 - (A) 2#2pg2= (C) ¥ 2w
R BRI R Apin o REER AN JIE- (B) 2w R F WO ERRG ”f? ’
B2z (D) P 2w e RENMAp AL BRE - 2 REE AN ERIBER
AR BFR AL weREMT A LT /T 400 um o FREE R £ 2 e R E
B F A dFAT E 4T 200 um I 250 pm 2. ¥ o Scale bar = 100 um-*CA 4 d 4 PGC

BA AL ML BRI L e R AR o

Fig. 13. Comparison of the CA morphologies grown either in suspension or adherent
culture conditions in the presence of pFF after 10 day culture. The suspension
culture-CAs morphologies were not much different under Treatments #1 (A) and #3 (C).
Adherent culture-CAs in Treatment #1 (B) were larger than those in Treatment #3 (D),
and the cell aggregate density was also higher. Under same culture condition,

suspention-CAs could develop into a 400 wm sphere, but adherent-CAs only grow into
77



spheres of 200 pm to 250 um in diameter. Scale bar = 100 pum.
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#7327 REE2FEZT primary CA2 7 % 5 CA 2 A543 F o

Table. 6. Comparison of primary CA with the forming efficiency of CA under different culture conditions.

Primary CAY  CA® no. at CA forming
no. at Day 1 Day 3 Day 4 Day 10 efficiency %
Day 3 Day 4 Day 10

Control 13P 10 1% 0% 7.7 7.7 0
(DMEMI/F12)
Treatment 1 18° 4° 47° 72° 22.2 261.1 400
(DMDM/F12+pFF)
Treatment 2 18b 4b 3ab Oab 29 9 166.7 0
(a-MEM)
Treatment 3 56 16° 61° 44° 28.6 108.9 78.6

(0-MEM+pFF)

(1) Primary CA means the small CAs (<100 um) formed at the first day after culture.
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(2) Only the CAs greater than 100 um were recorded.

(3) Tukey's test was performed, p<0.05.
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CA, Day 14 CA,Day 14 3 poicine pranufosaltell.’

CA, Day 14 CA, Day 14 porcine granulosa cell

CA, Day 14 CA, Day 14 porcine granulosa cell

W-LI %% PGCa;32 % B & % (CA*) ’é_i,’]:ﬁ PFF 2 %5t ™ b3 % (14
) H i mme ey 2 AR o m2- P WCARSRREAT S 14 > W AR
4 7 e e 39 Vasa &7 Octd (A A") ~ Biics B85 3-v Scp3 (B') » P35 &3z
F-v Gdf9 £ P gL Ak g (B") e 11 3k % (porcine granulosa cell ) ¥ % Scp3
2_ negative ¥ & ‘222 Octd 2. posiitive ¥ = (C, C") -~ #73 ¥ ¥ 11 DAPI &L H
im¥2 ¥ o Scale bar = 100 um  *CA % d 7k PGC 22 4 5 # W iwme & 32 % #1717 2. fme
RER-

Fig. 14. Expressions of germ cell, meiosis, and oocyte specific markers in rabbit PGC
derived aggregates (CAs, Day 14) by adherent culture condition. Expressions of germ
cell specific marker Vasa (A") and Oct4 (A"), meiosis specific marker Scp3 (B'), and
oocyte specific marker Gdf9 (B") in CAs derived from adherent- Treatment #1 condition
after 14 days were examined by ICC. (C") the negative control of Scp3 in porcine
granulosa cell, and (C") the positive control of Oct4 in the same cells. DNA was used to

counterstain with DAPI (A, B and C). Scale bar = 100 pm.
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m¢ﬁ\?iPGC%$Lh%ﬁ$ﬁ(CNﬂéﬂﬁqﬁFL%%ﬁﬁT%ﬁ%

% (0 )4 mmictfiodd 2 2o A2 - ¢ cnCARESRRE AT ¥ 30 = >
B RAF E T AL Flcs B e v Scp3 & fr 3 s v GAf9 2 % e

& F e 4 7 Scp3 82 GAfY £ MApes & A ¥ 4 HEE AT B F GAf9 & mA(A A)

o

d 40 R G L2 djgie ek L ICC AL P fRge v Gdf9 2 4
(BB)-++# CA&d gie H 2 GAf9 % Jpicst - & IRAR 5 4 12 (A',B") - *CA
%d it PGC ¥7 4 78 # 4 fw¥e & 33 & #7{8 2 'w¥¢ B _& 4 -Scale bar = 100 pm (A, A,
B') ;200 um (B) -
Fig. 15. Expressions of germ cell, meiosis, and oocyte specific markers in rabbit
PGC derived aggregates (CAs, Day 30) by adherent culture condition. Expressions of
meiosis specific marker Scp3 (A) and oocyte specific marker Gdf9 (A") in CAs derived
from adherent- Treatment #1 condition after 30 days was examined by double staining of
ICC. White arrow indicates the same expression position of Scp3 and Gdg9 in the same

CA, and the yellow arrow indicates the expression position specific only to Gdf9. The
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follicle tissue were also examined the Gdf9 expression by ICC which were collectedfrom
4 month-old female New Zealand white rabbit (B). The fluorescence expression mode
of Gdf9 in CA was similar to that of rabbit follicle (A" and B'). Scale bar = 100 um (A,

A, BY); 200 um (B) -
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-ég,;

B RERE T o R A eng T O ARE Y B @ 12.5dpe 2 s A A
L p A AA A PGC 2 pEs o #47 A e PGC 12 %% 3 3 LIF - FK ~ ROCK
inhibitor £ bFGF2 2 & 5 &% ¥ > 7 # R @A, S EGC = ¥ # s34 =
o 125 dpc 2 PGC & 4 78 4 4 sme 1L pR4E 5 SN H b 50 3 BMP4

BMP8a - SCF ~ EGF 112 pFF it ® » 7 F H 8 4 S dfipmie mre RERE > 1 R

EHiv LA T 0307 AR Ees A(Scp3 ) 3 B 2 Fv HE3e(Gdf9) -
HHE P IR e T R e s A B e g 2ol e cngl b A T g
A2 o

RFT R PGCS £ AN (2R A RS S f AL A KT R
LH G AR 2] B o i h EGCS 2477 & » F it 5 A FlE A H
> 3 IPSC 2o 34 A5 = en™ 3V g 3t PGCs F o g3 ay g H o 2 E AR50 0

sz
W2 FEANMFET G o FR B CABE > FEZHARE > A

R IN

34

NEEAEA RS e A R R A B ot N L BT R R

vd w2 Y PR o
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