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Generation of human oocyte-like cell differentiation in vivo

Xiaoli Yu'?, Ning Wang*, Yangyang Ma', Qianhui Wan*, Mingming Qin’,
and Huayan Wang'

1 Shaanxi Center of Stem Cells Engineering and Technology, College of Veterinary Medicine, Northwest A&F University,
Yangling 712100, Shaanxi, China

2 Key Laboratory of Fertility Preservation and Maintenance, Ministry of Education, Key Laboratory of Reproduction and
Genetics in Ningxia, Department of Histology and Embryology, Ningxia Medical University, Yinchuan 750004, Ningxia, China

Abstract: Oocyte-like cells (OLC) can be generated by stem cells after the induction and differentiation in vitro, and
maturated when transplanted in vivo to improve the development potential. Human amniotic fluid stem cells (hAFSC) were
cultured for 10 days in porcine follicle fluid (pFF) that was extracted from the medium follicle with high levels of hormones
and Bmp 15 protein. After the induction, the cell aggregates showed the germ cell-like cells and produced the germ cell
marker oct4, and triggered epigenetic changes with high expression of methylation transferase gene dnmt3b. The cell
aggregates were packaged into porcine theca folliculi to form grafts, which were then transplanted into mouse renal
capsule. After one month of transplantation, the morphology of OLC from a graft was not only similar to oocytes, but also
expressed the germ cells markers (oct4, nanog, stella, ifitm3, dazl, nanos3, bmp15, and gdf9). The results demonstrate that

the in vivo differentiation model was useful for OLC development.

Keywords: human amniotic fluid stem cell, oocyte-like cell, Bmp15, follicle fluid, differentiation

7 7L 3 4 e 2 B A M e iR L R R
ICRE ™ A — BB EH O REA M, AR R ik e Ay
BIL 1y - 240 i Bt 25 4 % 1) 18 2 0 /b . 2003
4, Hubner 2" /NG T 4032 (Embryonic
stem cell, ESC) TEMRAME 1L 75 T 45 77 77 A= H O
FEANIEEAN L (Oocyte-like cell, OLC), HETE
INHENR NG . [F4FE, Toyooka ZEPHIESE: Vasa
PR ESCs 454 B 200 it 3 ] 7% 4 1) 52
BT, 6-8 JHJ5 A BARICH ESC 4l 2 5IE
BTS2 SR NE RSB o X SIS IR SE
ESC ZMMAEIARIMNE AT, AB6E /310 A Tl
M. Z e, AT A e SRR A0 A 4y
EBF LS T HE# . 2006 4, Dyce PR
TEREFRFEH U NIIR (Porcine follicle fluid,
pFF) B, B Bz A 55316 OLC 4
ffl, X4 OLC AMiErEARINEAS A & A IR

NREIRE TS o HABAITTE/ N, WUESE T AR IR+
2 1 PRI SR S o TR RAE
i, Sk sefR SN A B BIR: 200 0 B S5 R R K T RE
TIRIFAEE Z AL . WAERAS] L B S
FARTERE | RSB oy 2410

U RBETE A SRR, /N RUR R T 40 i
55 22 BE T 4 I AE AR S 201k D 7 300 M 4 A 5 44
MERE A S, S A SR R R A0 N A R A
FILBROVEEANM R IR rh, Al DUIER A F AR
A SRTRETI RSN EEARNE . L, kLA R A
FER R A RE I XL R R R Py R EE
XA ST T 1) A A SR 20 B — 28 Ak D B
R MR A AN AU o RN S — R
A, REMS T I A /0N PR AR B A
AR, AR IR AR G AN B S R A o R
I RES R M Z KPR R S I S5 A
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MG, MLz )E, BRI E H Y 50 B
Ap & RE U R, RN
AT DA ST /N A S A R AR, AT Sy it — 20
WFFE A FE AN LA TE ORI AL B Al . ASBiF o 3
ERTAME R ], ANFEK T4 (Human
amniotic fluid stem cell, hAFSC) 7E 74 pFF Hy1%
FRAAET , BB E 11550316 OLC 41l , {H 2,
A OLC AR TR AR ELT, Wik, 4
PR IR FE o TR A S, R AMAE S
10 d 1) hAFSC AL 7E A& DR IELIEE N , SRS FEAH
FNEUE BT, T4 A ST MY AR AR A0
FELRM I — 20 F S OB R I s

1 MREFE

1.1 ##y
K # DH50. ki pBMP15-EGFP Hl A

FKTFUMMEFR hAFSC-070607 kB pi 4 141
i TARE ARG PO PR AE . A B 5P BR 20 i 5
&M (Cumulus oocyte complexes, COCs) Hif%
VU R B4 o 45 B9 S USCER T B VS T S A
I 1A B w523  ICR b Z= /NI A BT
B VLA R E AR O TR AR S
B /N BUAR S ¥ 7E 10-20 Ji#% .

1.2 RKFFOFEM

S RNA RGN & SRR A R BOAR £
Bk i BOAR & . BEAC PISORAA & . 2 R
MR Ab PR AR I v 25 AR, e B AR AR AR R
F/NHl; DNA marker 1§ H BioLabs 2w ; PR
PENVIEE . T4 DNA 4R . S skidon &
Taq R A H Thermo /Al ; Opti-MEM |
a-MEM Hl M199 ;7= Kl H Life technology
ol FEDNIEIER (FSH). 42 5h I i £ M IR
K (PMSG). A EEMEMEREER (HCG) ¥l
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H Sigma A #]; ENTEEKERR (NEAA)., B-FHidt
L% (B-ME). Lipofectamine 2 000, HfZ: ML
(FBS). #KEKHEF (EGF) ¥IAH Gibco 2>
Ao AL BmplS FLEMEP R Cy3 —HidyIu A
Abcam 3 H]; PCR 5I¥ i BigAE TAY) TR 4
AR 55 A B2 W A
1.3 A%
1.3.1 BB sE

MIE SEUERE I, 32-38 CIRAFHE S A
. HEHRMAEREKY, 2h sk E,
PR AL IR A, FMEER . EEE
(A PR K wh PR IR L 3-5 Wk, 0 B /NER i
(<3 mm), HFEIIH (3-6 mm) Fl KO
(>6 mm) FHUBROMEE (8 1A 1 B, #ikir
N), BT 15 mL Z.O08H, 2 000 t/min Bl
10 min, YeE B3, 65 "CKiE 30 min 5, 435
FH 0.45 um 1 0.22 pm B PE S TR R PR . A
% (SmL/%) R T-80 CH&HI.
1.3.2  Western blotting %] Bmp15 & B #iX

P IR B OB, MR SR, BA3 0 1
JA 4xSDS-PAGE FFEZZ 0, 95 ‘CAL#E S min,
28 10% SDS-PAGE HLIK4r &, SRJF# Tk
B MR 4E R (Nitrocellulose, NC) f#
o NC JEEH] 10%/BAE W83 T 37 ‘CHEFA 1 h, H]
TBS-T j51E 2 i, # NC BEE T &Rl Bmpls
Puikny TBS-T Wb 4 CIFHE IR . FH TBS-T ¥4
UE 3 i, FR NC BEETEEPiR Cy3 —ht
TBS-T H' 37 CH¢E 1 ho F TBS-T iUk 3 i,
it ECL AOGH AT WAz ot
1.3.3 i eEarEmll pFF hEESE

BEHLIE 3-6 mm FI>6 mm B A4 B 3
WA 3 0, SRR W, SRR S 5
BRI A hi R i i (iR
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2 e A I s 52 1K) o
1.34 #HSMEFTH OLC 4iMf

KANES A OLC 4 A TN S0 9 0
AR E L RMSGET, FIRITR : 5 10 1R
hAFSCs-070607, FH 0.05%/BREHN L AAiE)E ,
B 1x10YmL B PRANRLER , 43RS 1x10%6 fL
A 110712 FLIRAYAIILE R, 37 'C . 5% CO,
Rige, FF 12 h 4G REfS , SR o AR s A i s
I (% 5% pFF), XKigR2y 10 d )5, W LiERI
AV BT IR R KR It dhEibE Ry
TdAA, B | REFRAL, B SN
LA, I M mHm i,
1.3.5 AEFH 4N HRe 5k 2R IR A

A RIERIFESA (0d). RIMBESH (10 d)
FUARNE A 4 ) BaiiE, $2ELE RNA, <
55k cDNA, H PCR Jrik% Ul I 3 4RIE
200 EL Hp A B AN B R S 3 TR A A TE L, T B
W 1.

%1 PCR3I#
Table1 PCR Primers
Gene Sequence (5—-3") Size (bp)
octd CGTGAAGCTGGAGAAGGAGAAGCT 247
CAAGGGCCGCAGCTTACACATGTT
nanog GCGCGGTCTTGGCTCACTGC 301
GCCTCCCAATCCCAAACAATACGA
stella CTCAAATCTCCTCCGAGACG 238
GTACGAACTCCGCCCAGTAA
i AACCTTCTTCTCTCCTGTCAAC
M3 ATGAGGATGCCCAGAATCA 334
dazd ATGAAAGATAAAACCACCAACC
az TGTTGACAGCCTGGTCCACTGA 34
nanos3 GGGAAAGAGGGTCCTGAAAC 416
TGTGTCTTCGCCTTGTCAG
bmp15 CTGCGGTACATGCTGGAG 300
GTCCTCGGTTTGGTCTGAGA
o ATTACTACCGTTGAACACTTAC
g ACAGGATAGGCAGACAGAC 467
ACAACTTTGGTATCGTGGAA
gapdh 458
AAATTCGTTGTCATACCAGG

1.3.6 AP bmpl5 FE K FIXFE LR

AH] pBMP15-EGFP 45 24K th A< 5256 28
P KR S AR R I A, YA S
10 d #J hAFSCs. YL H] 5% FBS #5537 8O0
M AT YLK AL FR, B 0.8 ng pPBMP15-EGFP 5
50 uL JCIMLE i B Opti-MEM IR, 2 uL fl§ ki
&5 50 uL Opti-MEM {45 5 min J5, K Lid
AR EWIRE (SVAFL 100 uL), MA&HIE
SO A, 37 °C L 5% CO, B R,
4—6 h 5 HEHAT 10% FBS WIHGERT R0 ; ey
24 h 5, FPOLEMEE LS EGFP FHM:40 .
1.3.7  EENT/N A TE 40 M R AR S A R

BUAT KF 15 g 9 ICR BiE/NR, AL
¥ 40 mg/kg RO = G IR G, @/ ERUMENE A
PR AR, ISR 1 SR, AT
B 20 LA P RS AR S 5
1.38 HABHEEZE

J OB R A W AR £ . DS DR b )
2 8 mm A AT A BN IEL, AR G T R B
BB FLRRE , 57 FR H BRI D 1% BB 240 it 0 AR
ML, JFH PBS Pk, K A0 S Fr S5 42
PR T G, A5 B BRI B L A B . T 4%
)2 5 IR LT = EE 30 min, KA ik
TG, MASH PBS B .LEHEH (%
HETC B HRAE)

YL pE . FH 0.05%M BRARHS 155 10 d 1Y
hAFSC 4L 40 L, PBS BEEMIIKG ,
B RBE B, R DR AN RS A O AT
(BRI R, SR P RG KT A8 B 5% 7 DR
A 1, R A PBS H&H

B R F A /N 4% 80 B L Z 4
TR B T S R T BRI, SRR 50 mg/kg. K/
SIBCAT  BMOE B0 T 2 T 0 Az Tk 2 i e
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BE, DA O 4 B B ke 1 VR, FHER Y
BRI B, BRI AR, IR
B AL, RS TIH, X/NRIRRE G
IEF SR
1.3.9 HBHLbFERI

RIE 1R, BBEYEH, T 4%2RH
BE A, AW, AR R ERIE 2 pm A8
YR, T st g, 4 5% BSA =it
B 30 min; AIAGRPE Bmpl5 —¥i, 4 Cidhd;
PBS ¥t 3x5 min; X5 B 40, 37 CEF
30 min; PBS ¥£H 3 ¥, 5 min; JIIA DAPI
¥ 1 min; PBS ¥ A 3 K, 5min; &5 FHPHER
WeEt R, RSB R UL B

1.4 HIELBERFITFSH

FIHHR X +s BXFRR, BEMHZEFH
SPSS 11.5 ¥AFif 4750 Hr. *P<0.05 H %%,
**P<(.01 M E .

2 &ZR

2.1 JEINIEEENE

WA R R AR IR N BRI (& 1A F0
1B), K Western blotting [ J5 72 K0 B 7609
Bmpl5 A &R, 45 R E 1C 1 1D fiR,
3-6 mm BRI AY BmplS & AR IA R ER S T
<3 mm FI>6 mm BRI,

10 3 O S 43 AT, Kl 3—6 mm A1> 6 mm
IR R A SRR K (R 2), S5 RZ B Bp
L IUR £ 60 11 BT 76 S 200 43 00 ) B T e A
3—6 mm BRI Y i 5 T>6 mm BRI (HE
YR I B2 (TS FEIAE 100-500 pg/mL), 1%
BFEA 4 B9 55 TE A T HEDR S . {2 BRI E (FSH)
AL B ARA R (LH) W il EA =, A
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ME5 TR, 3—6 mm BP9 A BB 441 Ak
W] (FSH: 3.5-10 mIU/mL) F1>6 mm FRif Y
GRERA AL T-HEBREA (FSH: 5.7-22.3 mIU/mL);

— 40
— 30
Band3—'.'..- _ s
D
L5 [ ] Band 1
] Band 2
Il Band 3
o 10 B
B
&
© o5t
0.0

Small follicles Medium follicles Large follicles

B 1 ¥IEKeIE R Bmpls & B BN AR E
B
Fig. 1
analysis of Bmpl5 protein in pFF. S: small (<3 mm)
follicles, M: medium (3—6 mm) follicles, L: large
(>6 mm) follicles; band 1: uncleaved promature protein
(65 kDa); band 2: the cleaved proregion (55 kDa); band 3:
the mature protein (25 kDa). Porcine ovarian follicle
(A and B) and relative Bmp15 level in pFF by Western
blotting (C), Gray scale of Bmpl5 protein in each

group (D).

Collection of pFF and Western blotting
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X PRSI LH A4 B 78 5 i 0 iy
EWMEN (6.9-166 mIU/mL); iKMW FL %
(PRL) FIE2MH (P) A% ek AE AR SR 9 1
JEREN, 2359R 5-120 pIU/mL H1 5-1 460 ng/d.
22 1KIMES OLC MARKITE AL

#5510 8 hAFSC-070607 (& 2A) #E74:
FEANME 75 45 9E . MiES 10 dJE, diffih

*2 BERPEEAENEE
Table 2 The level of hormone in porcine follicle fluid

JILET YEFE B 2 W 7 S IR A I, ¥ 43 24
BEIEKFER K (K 2B). S 20d 1, BT
) i b A B A M 2 B A AV (D 2€), T
HE e v5 FELE R, Bl AR5 5 55 F2 i 1]
FEAR AR TG SR Mrh o ) S i PCR Al
KB, XL AR VEFRIR octd HIKT-S5IER MY
COCs H#i4. HH H AL FME dnmt3b H: K

Follicle E2 (pg/mL) FSH (mIU/mL) LH (mIU/mL) PRL (pnIU/mL) T (ng/dl)
3—6 mm follicle =~ 485.18+182.01 9.43+3.11 10.89+0.26 161.96+10.58 1106.94+80.33
>6 mm follicle 42.61+10.90 14.23+0.54 16.25+0.44 36.08+5.37 60.41+18.52

Relative values

0

0d 5d 10d CA COCs
Days in culture

2 &5 OLC MBIz X
Fig. 2

0
0d 5d 10d CA COCs
Days in culture

bmpl15
5000

2500

1000

pBMP15-EGFP

100 pm

Induction of oocyte-like cells. (A—C) The morphologies of hAFSC during differentiation at different time
points (0 d, 5 d, and 10 d). (D) The expression of oct4 and dnmt3b during hAFSCs differentiation. Floating cell
aggregates (CA) were collected after 15 days of differentiation, COCs were donated from IVF patients ('P<0.05,
"P<0.001, n=3). (E) Restriction enzyme digestion analysis of pBMP15-EGFP with BamH [ and Xho I . (F)

Transfection of pBMP15-EGFP vector into hAFSC at the differentiation of day 10.
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(A 7R, hAFSC [i] 4= 58 40 i 5E []175 S
b AR R A T A B AR SCE R A
AR R R B AR AR T B S T COCs
(K 2D), i 1 BamH I #1 Xho I %} pPBMP15-EGFP
Jo Bl TR AR G R R AT T D) S,
IR S By (8] 2B). SR BRI 56 e 114
Tk, ¥ pBMPI15-EGFP %45 2 A 5E Y 2135
10 d i) hAFSC Hr, 253 & IR 4 i 3R ik 4 64
POLEM . RIZ RIS S LG A
) OLC #fiffL (&l 2F).
23 OLC A% E

H T BAEE S S hAFSC 40 il eI N J& 75 B
I RAEMBEST, KiFS 10 d () hAFSC {42

100 um

3 OLCHMMAHNEE

TER ORI I Y (K 3A), HH AR F
NREEBET (8 3B). | MR, &3%
YA Tk R (1 3C, ik R). #3
ORISR, 2 DAPL LA, KA
SRAMEE R AT, HADEBEE IR A A
BORMANZ, (AR R REE (B 3D, #i
KPUR). A, KRRBHEDEE S, S0
)5, RIA IR MR SR IC & 1 BmplS 1Y)
Fik AR R BAEYINAAAE OLC 4iififL (%] 3E).
2.4 OLC {Bpaay s FHam

XA N AN = A g A s A EAT T RT-PCR
Kl , K% S 4 hAFSC 40 (0 d), BT ik
ZERETEA LR octd Fl nanog A, K

C

Control

Transplanted

100 pm

100 um 100 pm

Fig. 3 Development of oocyte-like cells. (A) Theca folliculi. (B) Transplant the differentiated hAFSC into renal
capsule. (C) The arrow indicated the graft after one month (Transplanted). (D) The cells and nuclear staining from
graft, arrows showed large nuclei. (E) Sections stained by anti-Bmp15 from graft.
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R IR AR A LA . stella, ifitm3
N dazl, (255500 MIAE AR gdf9. (A4
T 10 d 41 (10 d) FRNBHAT 4 H4
(4 weeks) [AHMIRR T RBLL FEERSL, BRIk
A= FE AN A S BRI FE R nanos3 A bmpl5 (& 4).

5 %
b & D o N &

AR P NS
p & Qg WSS eﬁ@ &

500
250

250

0d

10d

500
250

4  RT-PCR #6458 4H A 48 o< B B B 3R i%

Fig. 4 RT-PCR showed the expression of germ cell
specific genes. M: DNA marker DL 2 000; 0 d: hAFSC;
10 d: induced hAFSC at 10 days in vitro; 4 weeks: the
graft after 4 weeks in vivo.

3 W

Wl A A L 1 7 A R B AR AR R Y
POz —, JEHR AW ARG, 62 A
H, BARE AW EAR T MK A i T
A e AR FEAMM Y vk (BATR AT 2 M R R
GG AT , ke T AR JLANMAI: 5,
WX pFF AE— A A B, ORREAIAE 430
() Bmpl5 8 IR ) S iR, JeHUEAE
3—6 mm A IR AR FIAMUAE BRI g A K
SHAEFHESR S AR R A FEEAE A, T HOAREA AL
T AN TR PUR €V G 0L 0al/UNT1 1< = /S
FSH 251 & i3 B AE 3—6 mm A1>6 mm 1Y IP L i
FRARY (52 T BRAD), 3-6 mm HBRE Y E2
I8 F>6 mm AYBRY, T E2 7EAE BRI YA
KA KA B Ve

HYR, i@ad X% hAFSC e iis S, AMULH
MIEARAET BEA, mH, @il octd K
PIFRIBEARY], 7RIS T, hAFSC 4l E
R TR (0-10 d); BFEM, hdm

4 weeks

N AR AN VR R, 2 R ) 0k
IE, UESE octd BRI AR A FE AN MO Bt R
FEAE FE R AN S AR, FE
FEAL LA dnmt3b AN A B EE AR AT A,
FHBRIZ I DR IR B B4 2 T e a0, x4
MAEVEHEATINE R, dnmt3b [RIFE R E &k, %
HHLE 175 26 B 20 MR Bl R v IR A R A T T
bR, AT, it bmpls Hedidik, e
AT 10 X, PR B . UESE
IZBT B A FE 20 MR A A AT DU TR RS A
R, RN, FAE HLUT 45
W B, FEURERT LIVE A0 A A
FARE, X H BRI P AN A o A R A R
AUAT AR BF5 S di i, 1 FLRS AT IS AR O
RAFREENE, A S IRNE R B AR
e B, AERMRTE, B XA AT
XFEG, RSP ATRES AR, BAiA SR
) hAFSC HMIFEIZIREE T, Has—E Mg s
7o ERH A 5 A R AR R 3 e A A Y
IEH RE W R, By opEEAn it
ARy, BEUTEZEAI Y, 7555 1 hAFSC
YRS — 2 A OR BRI A K R R T o AR SEIERT
R TR A R KRR P 4=
TR NS AR 20 I A A 2 B, 72 OLC 4t
4 bmpl5 35, bmpls 5 gdfo A1k, HiZHZUS
SRR, HRETE DRI R B 45 BB DR AR i
Feik o i FORIEN e UEIR I Ay AR K, L,
bmpl5 JE[HAYELTE S5 OLC 4 i Y T R U1 A1
)] nanos3 LA 7E A BN AY AN & B B B
Kk, TEA 225024 Er 249 B, nanos3 &
YLk DNA g7 BEAGZE AR T
A AN A B sl i S e A A= 5 20
A SR AR R fE S R, e
XA S AL TR B oy B RVE . ASBIESR

cjb@im.ac.cn

401




402

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech March 25,2015 Vol.31

No.3

RN ARG 2 1) OLC ARk %I, iE—
AUESE T H A FE AN ) S A

Zi BPrIR, AWFFEUERT K T 4i A A

SMESEFR AT . BA L OLC 40 i v
AE. E/NREEREBASLE, VIBIE T
P LB FE A0 A A0 R A N R S Ak S B RE A
AT TV o ik — 2 WF ST N MEE A5 5 20 i Y 2
BB EE T A
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