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/B, HE 4 TSC1 (Tuberous Sclerosis Complex 1) Fll
TSC2 (Tuberous Sclerosis Complex 2) 5& 7 5| 2 f
mTOR {5 5 43RBT rps6 F4EBP1 {5 S5 I
JoT I, S B AR DR IEL Y e BE O, A B RE A
KA SRR, O AR DR R EL A BRI
T A B RSN, 35 mTORCL {5 54 347
U)K FR . mTORC KA rps6 F14EBP1 2 58 [ it
E o rps6 iy mRNA B 3% 50 & e E M5 5,
4EBP1 45 B T # 4K CAP (catabolic activative protein)
O E B R X NE 5 #FE mTORCI
AR AR EA TR [ 0 Fh b R B AN W] Rk
A, Rapa 5 7S AN R AORACR o FEZRJL AR i By
BEAR AL, rps6 1 P AE 27 I RS 56 0, Rapa LA
e A X L DT 2 i 155 1) 9 B 240 L £ e Y B
2. TENHFLEN W O0 EEAN L, 2R R A ERASE AR B
7N AEBP1 1E IS B4 Fe vh B itk . 1
/NEREN RS, 175 Rapa Al elF4E (eukaryotic ini-
tiation factor 4E) FLI I mTOR-4EBP1-elF4E 1 1] 551
N G St R ERC S €k T AUNIEO I LR RN
HeA S8, R S B G R B X R
mTOR {551 HH W T 2 5 97 e A 2 2 A e (o fRHE
SRR E mRNA BP0 SR, HETIR A K
T Rapa XL/ LR SEDIREAIBFIE . ASWT 2
75 7l Rapa 40 B HEF JEJHE /) BUSERY LA 5 H0 R B
L REFNDRLE 41 i T 5 A9 520 o 38 2 Western blot £
W %2 B, Rapa 38 14 [ (% P-rps6 Al P-4EBP1, 41 i
mTOR 3 % 1M1 A ) T B9y 45, P9 2/ 0 Bl 0 56 HE
J P -BE AR ML Y HLE, 2 BLUHO HF IE JE/N B HE
A e e, (H BB 20 i 25 4 1A g 6,45 21 i
7N 5 AR K B Rapa % BF-BE 40 g J5n 2 7 A B 2 52 0
T AT A AN T R AN SRS S H R SN
B OPRLAR N T RS AR IR R 48 A L) 58 35 U1 BE 20 if BT
T ARSI i AT LAAS I Rapa X IE /N BRAE & 109
AL

25 B Rk , AWFSE A 1 Rapa 40 PR HF AE A/ B
BEAY, T IR HE JHE /IS BUHE B A REURR 52 i), {EL X6 B
240 i Jo i 1) 803 v AN B 3O JR BET SR RE
ARSI BEE T A
(&% 3]
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Effects of hyperandrogen on human embryonic stem cells induced to differentiate into

hypothalamic neural progenitors

LI Zhenzhen, QIN Lianju, NING Song, CUI Yugui, MA Xiang , LIU Jiayin"

State Key Laboratory of Reproductive Medicine , Clinical Center of Reproductive Medicine ,the First Affiliated Hospital
of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: In this study, human embryonic stem cells (hESCs) were induced to differentiate into hypothalamic neural
progenitor cells in vitro, and the effects of different concentrations of androgen on the differentiation of hypothalamic neural progenitor
cells were compared. Methods: The quality of human embryonic stem cell line CCRM22 was identified, CCRM22 was induced to
differentiate into hypothalamic neural progenitor cells in wvitro, then 1x10™* mol/L. and 1X1077 mol/L testosterone were added to the
differentiation medium (anhydrous ethanol as cosolvent control). The differentiated cells were collected at different stages of
differentiation, and the differentiation efficiency was compared. The differentiated cells were identified by RT-qPCR, flow cytometry
and immnofluorescence, and the expression of genes related to reproductive function regulation was detected. Results: The
differentiation efficiency of CCRM22 into hypothalamic neural progenitor cells was more than 85% , but testosterone treatment
decreased its differentiation efficiency ; differentiated cells expressed nerve cell marker NESTIN and hypothalamic neural progenitor
cell specific marker NKX2.1, expressed both KISS1 and androgen receptor (AR) , and the expression of AR was positively correlated
with testosterone concentration. Conclusion: Human embryonic stem cells were successfully induced into hypothalamic neural
progenitor cells. High concentration of testosterone inhibited the differentiation of hESCs into hypothalamic neural progenitor cells.
This cell model can be used to study the effects of hyperandrogenic environment in early pregnancy on hypothalamic nerve cell
differentiation and development of offspring in women with polycystic ovary syndrome in vitro.

[Key words ] polycystic ovary syndrome ; hyperandrogen ; human embryonic stem cells; induced differentiation ; hypothalamic neuro-
nal progenitors
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e I U ER IUAE A2 22 48 DN S 25 A E (polycystic
ovary syndrome, PCOS) Z¢ ¥ ) fe H UL It IR ¢ fiE =2
—o PCOS 2t A AR UL R sl B 22 U Uk, 22307 i e
PR U HA L i MR PR ) o AP A i 22
RGRBMIREAKIEE 0 , I ] fE 3 2 HU4E
JE IR ZE N I REZR L, 51— RS A S AR
W, BIIR IR B o PCOS o J2—Fl iR IR 1k 5
oo DR R i ) LA U 2L 50 00 R £ e 28 23 A K B R
T 38 2R v B UK T LB S0 P R 2R R R DA B
HE £ AR R BRI A 28 L [V = A 75 B DT i
P HEROIRES i 15 kT PCOSRER IR K A,
SR AR AR SRR = o WIFSER I B N R
RAREE AU R LR R SR 2 i A B S
LU A S AL e AT REC AR IR AT [
A2 2N R R AR B S A D RE RO AE DG LA, R
o i — T A —PE R Al A B st I3y AR AL e
FEPCOS, I LA — RN R T RE A, M ALK
HLHROR AN o BRI 28 L1 o e I 2% PR 058 7T g
YA LT Fo ik A 14 B 3028 B TS0 2= (gonadotropin-
releasing hormone, GnRH) , F2 M #Z T0 B BURN &
Ho EFEAIERPIFARL, R EHIE R — M,

N MBS T 40 e (human embryonic stem cell,
hESC) HA RSN TH % £ 0] 73 AL T RE , 1A 515 5
FIEE SR AT 23k = IR JZ R IR BT A Al i 2 A
AL REAMEIE BT Bl il 2 4H 48 i (hypothalamic neu-
ronal progenitors , HNP) FI' s Fr i 24 g . SR
LT E 2RSS E 161155 hESC /3K T
iR A, TE IRl B AR ARSMAE T hESC 43
16 HNP, FEREY PCOS i 2 LB E N e R
FOERIEE , 0025 R ve B A 2R R B o 0] HNP 2L A
-aslp A

1 MEFAE

1.1 ##

hESC 4l i A% CCRM22 24 Y 4 B T 21 it e
PRBFSE FP O BT 402 . hESC /Y H & 55 3% I HNP
B ) 43 A T T 32 25 A2 4% : DMEM/F12 . Knock-
out DMEM ., IfiL & # X4 | Glutamax . B27 N2 ¥ 4
(Thermofisher 28 ) , 3€ [ ) ; ARG T 41 i JC 1A 77 12
A F5 3% 523 (mTeSR™1 ¢GMP) (Stem Cell 22 ], INE
K )5 Y-27632. LDN-193189 (Selleckchem 4% ] , 2
[% ) ; SB 431542, Purmorphamine (Stemgent 2y H] , 3¢
) ; SHH(R&D 24w, 32 [# ) ; DAPT(TOCRIS 24 ] ,
),

12 F#*
1.2.1 HNP #94R 55 -F 410

CCRM22 & i1l 3%)2 R 48 E 44, o 53 )2
ARG atifk, P30 B RE 0404k 3 A BY L, AT
PLTES45 12 R HNP (& 1) . OFELUNEIRG
BET 4E 41 Y (mouse embryonic fibroblasts , MEF) Ay /]
2R Z Fh il hESC 58 R 97 3L 43 H Bl
AT 4G . QFE ISR 2 A& R Ef 744k - hESC 40
Jif %5 5 13T 90 % i WEAT Matrigel BOSH M A9k, 95
2~4 h; T A Collagenase IV -Dispase 1 &5 (1A FH e
1:1), AR F2 4605 8 40 min; 55 T W ELH| ik 5
MEF 73 8 J5 , RS IBAR S B2 I % 1 e P 28 15 mL 5
O A AR UTRE 55 25 2R, A 2~3 mL
T hESC K F2 5Pk 3 R T 30 IR 431K
R TERE A B s Fie B 1 3 LA L), R 258 6 1L
B, (P AL B FR 305 97 4 d. AWK BILA
J&i , I JBET 0.25 % Trypsin-EDTA 1 mL/AL (6 FL#R)
{# hESC IH Ak R S, B RS FRAE I 3 mins il
A i KSR 55 7735 H AR EE , 800 r/min 50> 4 min;
o FH 20 BT BB T80 4 BE 1 10° 4 /FL IR 2% 15
PR, # FH KSR K595 56 (% bFGF 10 ng/mL) If
JA ROCK #1471 Y27632 (10 pmol/L) {2 2 24 Jid I
BE BT LSS M B K 2 95 %I, I IR A 175
T, UTFIRIE SR 2 iid a1 R (Dayl) . @i
oyt R F AT AR AN E S T 112 d
(Day1~Day12) % H 7E# 5 S B in A 4 Fp20 H
¥ 2 pmol/L. PM, 10 pmol/L. SB431542. 2.5 pmol/L
LDN193189 L) 2 100 ng/mL SHH, i 1~4 K . fdi J]
KSR 555735, B KB B0 5 275 5 K« % KSR $5 575
FIN2 8552 4 3 1 LUITE ] 5 55 6 K - 4% KSR #5597
FEFNN2 5553649 10 1 LUIBC R 5 265 7 K 8 KSR %57
FERIN2 B B4 123 L BIRCH ; 55 8 K« i F N2 555
FEBEFE 24 by 55 9~12 K« 78 55 57 H I A BT £ 2%
B27 A1 10 wmol/L DAPT, 4 K B g fif K5 2 5L . 78
B 12 K (Day 12) B HNP,
122 Mg ZA s

55 hESC. [ #ft 28 45 20 it 434k ) [T 6, 43 5310
AZE 0 mol/L (25 FAXFHRZ ) L1107 mol/L(fIkHk &
SEPRZL) L 1x 10 mol/L (/55 ¥k B S 21 ) [ Tk & Tt
(anhydrous ethanol, AE, % I XTHEZ ) . MR BE T3
FHRRG I IR L IR A & B I S e Rk g S
BRI 7 M R B o 22 5 R R R otk
PCOS B35 W IS MEP R W AR 22 57, ZEhESC
TRANFE TR IS 012 KA IR AN , A TTE A
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| BESCm | FFm | hESCm | KSRm € KSR+N2 ------- N2 N2 i

i i ! ! L300 1:1 1:3 ! i

1 1 1 1 1 :

Day |-10 |4 0 1 5 6 7 8 9 112
| | |

! MEF | ¢-——— Matrigel @~ @-———--——--————————— > |

I

hESCAEMFR)Z 1 6 d, ZiAb I BOEFE BT EREH 4 d WAL UR AN IR P RS 2 AR R o 1) 1755 12 d RERTISCER HNP,
E1 CCRM225MEmSHAHNPHRETEE
Figure 1 Flow chart of differentiation of CCRM2 into HNP in vitro

SRS IS RT-PCR 434 A K e 2 4

AL

1.2.3  RT-qPCR %7 hESC & HNP 4 5% & B & ik
W Day0 . Day 12 40 iEAE A4S, TRIzol HEAL B 5

PR BUE RNA J5 ¥ 5% 5% 8 ¢DNA . fii Fi Prime Seript

RT 7 & (TaKaRa 23 7], H A< ) i#47 qPCR. 1 ABI
Step One Plus J3 81 45 I F1 %4 73 Bt 5 58 (Applied
Biosystems 23 F] , S [E ) 3 2L CfE ., fiH 27"
AR TR . BEARLIB-actin i INS: B 31K
S BERFIR AT RIE R, B E A LR 1.

*£1 RT-qPCR 3|#1F 75

Table 1 Primer sequences used for real-time PCR

5¥YIF5 (5 —3") H AR Bt

e =7 T K (bp)
0CT4 GCGACTATGCACAACGAGAG AGGCACCTCAGTTTGAATGC 222
NANOG ACAACTGGCCGAAGAATAGCA GGTTCCCAGTCGGGTTCAC 246
NKX2.1 CGCATCCAATCTCAAGGAAT CAGAGTGTGCCCAGAGTGAA 175
NESTIN GGCGCACCTCAAGATGTCC CTTGGGGTCCTGAAAGCTG 127
FOXG1 CCTACAGCTCCGTGTTGACTC TTGAGGGAGTAGGTCCCAGA 190
SOX11 TAAATGTAGTAAGGCAGGTCCAAGC CAGAATATAACTCCGCCGTCTG 133
MASH1 TTGCACTCCAATCATTCACG GCTGTGCGTGTTAGAGGTGA 150
KISS1 AGCAGCTAGAATCCCTGGG AGGCCGAAGGAGTTCCAGT 250
AR CCTGGCTTCCGCAACTTACAC GGACTTGTGCATGCGGTACTC 102
B-actin GCCAGCTCACCATGGATCAT CAAACATGATCTGGGTCATCTTC 384

OCT4 NANOG : T4 Z REMAR I s NKX2.1: AR TTEFL, FUR R SR T--1, s 2t AN bR 25 3 PR s NESTIN : SR 11, #h 2T A br i
FEH s FOXG : il br i 36 A 5 SOX T« P28 20 BAR 54 s MASHI : 28 7 43 AR J S PR s KISS T FE RS I X 7 5 AR : S 3 32 1 (androgen re-

ceptor) ; B-actin: B-JILENEE ], NS

1.2.4 AX RS hESC B HNP #9455 5 B & ik

Y1 R AR BRI AL S B4l M 5, FH Fixation
Buffer(Biolegend /A H] £ ) BEEH E 30~60 min ; [
JH Permeabilization Wash Buffer A% I% 2 Y% (bric 40 L
FRBUARTCTT WA, £ FH PBSAC#F ) ; T B A= in
A—H, BEEIE T 30 min LA b5 PRSI 4%, ikE
JEIFE 30 min LA _E 5 PR P01 0.1%BSA Hik
20, A LSRG I . 3 A A 3 AR Tk (P28~
30) . FTH—$iAaHE R 2 s bEPiIA OCT4(1:33) A
Z PR NANOG (1:33) /INRBATE T 14 SSEA4
(1:33) /NS TERERTIA TRA-160(1:33) A rafk
PUATTF1(1:33) /D FUBR S REPTIA NESTIN(1:33) |
B BT BT AR (1:33) (Abcam 23 7, 35 [#) 5 fif

THAAR I ER R 50 (1:100) 1L EHUNR T
(1:100) (Thermofisher 23 7], £ ) .
1.2.5  #I2R& Aam

fift A 0O AT /N PBS 6 5 min,
T 4922 5 2 1 81 5 20~30 min, PBS P 338 ,
K 5 min; FRic A BEAZPUASE 1 0.4 % Triton X-100 7K
A 10 min, PBS Y6 33k , AEUK S min; ARic 4 e %
MHAR TR . A 1 mL 5 %BSA,37 CIEIGAH
PN EFA] 30 min; B —Pi 4 Cid %, ¥k H PBS ¥E 3,
RS min, BEOGERMFF —H0 1 h, PBS PE 3,
£ Y% 5 min; 1A DAPI Fluoromount-G 3 5 5, 2¢ 6
S B IE . I — PR Pk
0CT4(1:200) fRZ FEFEHUANANOG(1:200) /MR
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BT BB AA SSEA4(1:200) /)N BLEA T2 B HTLIA TRA -
160(1:200) B s FEHTAAR TTF1(1:100) /N B 58
FEPLIAR NESTIN (1:100) A 5 sa PEPLIA AR(1:50) ,
Y £ T BT A MASHL (1:200) . 111 2£ 22 78 B i A
SOX1(1:200) . /)N L B 78 B 04K KISS1(1:50) (Ab-
cam 3 A, SEED s BT P FE bl E (1
500)  12EHT R BT (1:500) L EHT/N R (1
500) (Thermofisher A ], FEH ) o
13 %itFiE

& F GraphPad Prism 7.0a #£47 4t i1 /0 #7 I 1E
Bl i BERER I B R 2 (3 £ 5) o N T
AR FH B A 00 B 1 5 22 53 Hr L AL TR] L AR FH ¢
Ko 35 43 BT, 22 21 4 1) Bb 3R B R 2R 7 22 0 i
P<0.05 AZEFAGIEE L.

2 & B
2.1 hESC %k CCRM22 69 % 2.
MEF | #2351 CCRM22 5 L7 () hESC A= - 4

fiE - FEREREA IS, vE b N AR HES B8 5 ve b 50t

A P28

P29

IR R, fE A% e (B 2A) 5 it
ARAAR S5 S 7~ CCRM22 K2k T4 2 se
P& . ZRetkbs EW Y FHE R KT 97% (A
2B) s I DL R BN, ZREMERR B YTE A i
W KO 263k (B 20) , 2 B CCRM22 H 45 i 7Y
hESC F4FIE
2.2 %% CCRM22 & HNP 44k

TE MEF H4 B8 (19565 1 B Bt , CCRM22 222K R E
SRR (EI3A) . FETFRZ RGP R 2
B BE, Y 2l Ak hESC e ) & /0N i 7 Bt T B (1A
3B),7E3~4 dNEIK RIS, B EER 3 90% VUL (1]
3E). FEVESAMEHET, FH AL AR iR CCRM22
FEA T L o e Bk () B A A, U RE S AR R S
— PEEAZTT (B 3F) o Ak FE A [l B 1A A 4
Hudg s, R BOR h EEREA (K 3H) . 4k
25512 KT, R HNP (& 31D .
2.3 hESC % #bHAF &M F= HNP 4 5747 &40 69 KA

43 W 4R 175 5 43 A6 1T DayO 143 fk 2 HNP
(Day12) {20 JELFEAS | 38 2o 35 PR 2R3 155 100 %65 72 441 i

B
4 1509 NANOG SSEA4 1 TRA-160
1007 ] 97.68:0.48% 100 ]
1 i . +0).. 0 -1 .
100- ] 100
i 50 ] ] ]
B | 50_: 50'_ 50-
- 0. T T 0'-
100 100 100 10° 100 10° 10° 100 100 100 10° 100100 100 10°
DG
C

0CT4 NANOG

SSEA4 TRA-160

A:CCRM22 HTR 252314 12 MBI hESC A - T e AE 1. 7R P28~30 3R AR . #RR=500 mm. B i s ARSI P28~
30 3R, 7R CCRM22 FRZREMEAR S, BRI > 97 %, C e R /R  ZRe MR S EAR I P 2 K F-365K (x40)
B2 ABERSTZEREME CCRM22 Ky HFIEEERE
Figure 2 Identification of human embryonic stem cell line of CCRM22
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BB T CCRM22 ZEAR MU AIE 24 50R . A MEF L33 CCRM22 55 6 RIFHIE A ; B~E: FEm 4 LIA R 1955 1 R (B) HE2K(C) |
H3RD) FBARE), FFRai it/ NICR SRR TE A (B) (SEACES o5 19 A 2% BE (K) 5 1 T 204k 1 d A% LUB s i DB 25 (Day0) 5 G -
Day2 5 EAT I A0 MBS s H : Day7 43 A6 I DB A 5 1: 431k Day 12 M AEMDE A . #5R=500 mm,

3 {4 CCRM22 FE [E143 44 5 HNP R[5 B B B 2R BB 2 75

Figure 3 Cell morphology in differentiation of hypothalamic neuronal progenitors from CCRM?22 in vitro

KA, BRI (EI4A), 5K 7301610 Day0 4 i AH
F , Day12 BF 1 4 ffd 2 68 7 A5 25 55 H OCT4 (P <
0.01) Fl NANOG (P < 0.001) & 35 7K ¥ i 3 FEAIK
NKX2.1(P < 0.05) .NESTIN(P < 0.05) .MASH1(P <
0.01) F1SOX1 (P < 0.001) f 2 118 , i ki #f 28 TT A%
FHIHH FOXG1 (P <0.05) R . Day12 Bif £ g &
I8 A B D) REAH SC L PR KLSSI Al AR, 744 Day0 {2
# FIA(P<0.05),

T A A A5 S R (K1 4B) i Sk 2
Day12 i, T2 2 REPEbR &P 350 5L 55 P, pl 22 240
JHAR W) NESTIN (1) BH P %64 (94.96:£3.72) % , [R] i}
HNP #7254 NKX2.1 19 BH 8 04y (85.37 £4.32)% o
o o LG 5 BN L A1 I /=5 7K OF- 235 HNP AR i
Yy NKX2.1 DL K #f 28 240 B A 75 99 NESTIN, SOX1
MASH1 ([ 4C) .

2.4 SAEgE AL P A4 hESC 8 HNP 516
afi A 19 hESC FH 0.25% [ 1 4k 0 5640 1t
DT B R A5 oAk, FE AN I AS [m] v B 1 52
Pl o oAk B (55 4 R 2Z ) ik s A% T 1L 5 34k
HHA (55 5~8 ) 255 12 %, PRkt 1 1) 44 e S /s X
REZMN W — LB B, &4 B4 2 0] 4 i B 25
JCHH 2= 5 (E5) .
2.5 FHigtE s HNP &7 A B Ak 0 ¥Hh

AL ZE Day 12, SRR S2 WAL AR HL , Sk e 52

fililZH H NANOG Ry Rk 2 N RS (Kl 6) . S AL

FRZH HNP bR a9 NKX2.1 S48 0 BREAAT T B3,
UL, 52 A BEZE A #2240 bR R 4 SOX T Rk i
T RRYL I T (P <0.01) , {HF R IR B 5k
JEE A JEE AN S 0 S R S R AR R S ) 2 i i
B FOXGL 15 L, HEZER TG IH2EE X (P>
0.05),

T 2R 45 R R (K 7) , 4346 % Dayl2, 5
Filil &b 2 HNP A5 75 90 NKX2.1 223k K 52 T F#a
B HLTE R SRR 2H P NKX2.1 F s i 5 &
ZH 40 25 A MO AR 75 ) NESTIN 8 25305 24 A s Bk , 52
il Ak BRA 0} B A S B R A R 3 (H 25 S B Se i1
BEX(P>0.05),

oD TER I 25 S B R (1 8) , 43L& Dayl2,
N1 35 HNP AR . Horb SOXT AT NKX2.1 iy
TR SRR B T e TR A Rk SR A T
JHHE IR, 5 RT-qPCR A 240 2 45 AR — 2.
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Figure 4 Identification of hypothalamic neuronal progenitors differentiated from CCRM22 at day 12
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Figure 9 Effects of testosterone on expression of reproductive function related genes
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