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HF (A KA EEF GDF9 FIETE MR 11 BMPLS ) ik 52 m R A A e Z MRk 22 5, [ 775 ] W PCOS B FE# HE
GUAARZE A2 3L 97 5, 43 2R 4 4. 22 (R 25 17y B9 88 03 (AR A -PCOS 21) AT 18 151 22 7y B9 82 il i (3% —PCOS 41) ) PCOS
SR, 28 112K 28 7 U158 R (A TR — Xof BEZH ) 0 29 {51 28 73 519 5800380 ORI %o BRZH ) I TE R HEOR I 2o, WACER 4 2H R 3 Y B B
2 e TSR 240 B, SR S USRS 2 Bt PCR 9 J7 iR A P FR A GDF9 A1 BMP15 mRNA MFRIEKT [ 4558 ] e E# HEIR
LR IR REAI T, GDF9 T BMP15 mRNA 1235 7K V76 R HIK AL 43 511 h 24.79 (2.96-109.73) 1 0.93 (0.05-3.65) , 7£ BN Sl
PR 149.94 (55.38-387.93) F1 41.65 (6.50-96.11) , FAN I 175 B SLII L A0 Fe ik K29 0 25 TR A, 22 7
GiiteE (P < 0.05) . FEIE# HEIR A L () BURL 40 o, GDF9 Fl BMP1S mRNA 114 26 35 7K P78 A 13 443 %120 0.02 (0.009—
0.21) 71 0.008(0.001-0.16) , 75 BF HLHEZH 43512 0.10 (0.06, 0.18)F1 0.02(0.01-0.03) , Wi it 5 775 B 5L ) 30 2H 1) e 34 K
Y2 T ARG, 2 A G245 L (P < 0.05) , 7 PCOS H# G EEANH | GDF9 H1 BMP15 mRNA (1334 K -7 A
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Different Effects of Controlled Ovarian Simulation on Expression of GDF9 and BMP15 from
Normal Ovulatory Women and Women with PCOS

WEI Li-na, LI Li-lin, FANG Cong, HUANG Rui, LIANG Xiao-yan *
(Reproductive Medicine Research Center, The Sixth Affiliated Hospital of Sun Yat-Sen University, Guangzhou 510655, China)

Abstract;  [Objective] To study the effects of COS on the expression of GDF9 and BMP15 in oocytes and granulosa cells from
normal ovulation women and women with PCOS, and explore the differences between the two groups. [ Methods] The study comprised
four groups of patients; PCOS patients with COS (stimulated-PCOS) and without COS (unstimulated-PCOS), normal ovulatory women
with COS (stimulated-control) and without COS (unstimulated-control). Oocytes and granulosa cells were collected from four groups
of patients and the nest real-time quantitative PCR was used to detect the abundance of GDF9 and BMP15 mRNA.  [Results] In
oocytes from normal ovulatory women, the expression levels of GDF9 and BMP15 mRNA were 24.79 (2.96-109.73) and 0.93 (0.05-
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3.65) respectively in the unstimulated group. The results were 149.94 (55.38-387.93) and 41.65 (6.50-96.11) respectively in the
stimulated group. The expression levels of the two factors in the stimulated group were significantly higher than that in the unstimulated
group (P < 0.05). In granulosa cells from normal ovulatory women, the expression levels of GDF9 and BMP15 mRNA were 0.02
(0.009, 0.21) and 0.008 (0.001-0.16) respectively in the unstimulated group. The results were 0.10 (0.06, 0.18) and 0.02 (0.01-
0.03) respectively in the stimulated group. The expression levels of the two factors in the stimulated group were also significantly
higher than that in the unstimulated group (P <0.05). In oocytes from PCOS patients, the expression levels of GDF9 and BMP15
mRNA were 23.83 (2.29-65.72) and 0.09 (0.05-29.32) respectively in the unstimulated group. The results were 44.81 (5.93 -
489.19) and 0.10 (0.05-11.44) respectively in the stimulated group. There were no significant differences between the two groups
(P >0.05). In granulosa cells from PCOS patients, the expression levels of GDF9 and BMP15 mRNA were 0.11 (0.06, 0.16) and
0.000 005 (0.000 004 8 —0.000 009) respectively in the unstimulated group. The results were 0.05 (0.03, 0.09) and 0.02 (0.007-
0.03) respectively in the stimulated group. The expression level of GDF9 mRNA was significantly lower in the stimulated group than
that in the unstimulated group (P < 0.05), while the expression level of BMP15 mRNA was significantly higher in the stimulated
group than that in the unstimulated group (P < 0.05).[ Conclusion] The controlled ovarian stimulation can promote the expression of

GDF9 and BMP15 both in oocytes and GCs from normal ovulatory women. However, the stimulating effects may be inhibited in oocytes

from PCOS patients, which subsequently impair cytoplasm maturation and lead to poor oocyte quality.
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Z RN ELZEEAE (polyeystic ovary syndrome,
PCOS) J& — i WL %) A= 58 N 0 9 9 , O LA
BEZEGE R GeMR . AR LR G AR RS R R S5 A 1
FEAAE | 7™ 5 LR AR FE A RN AR 0 e 1, AR
MAE 42 1k, F DR R AL v R o0 2T 2
FERB PCOS BF LI A AL, I H rlfig
55 51 55N R S5 S WA R 4 WA IR S R A A
K, HrpopJEvEE - (0SF) nAEKaE+ 9
(growth differentiation factor 9, GDF9) 15 & il &
F 15 (bone morphogenetic protein 15, BMP15) 5
PCOS BNl A B 2 ALAY R R 412, GDF9 Al
BMP15 [AlJ& Tk E K ¥ B (transforming growth
factor, TGFR) S , 75 Bl & B F1BP B4 g A%
G R T R R IR TR, R Z T
WFERZ X T a YR IRRIARAS , X BRI
PRl 715 AN B SL2H 2 b (1) 6K 7K P DL RO B &
H W ERE T EEZ M5, RATHTABI
RIR, 2 05 5 A PCOS B BRI GDF9 2
IRFEAG, AT BESE e R AT B PCOS BB
MM & FIEREMC T, e — AR 1] PCOS R Bl
W OSF 1Y 2 3k 47 i DL B 45 i) 7k B 5 0 33
(controlled ovarian stimulation, COS) X} PCOS ¥4
FIVE 5 HE IR A 2 OB 48 i F0 UKL 20 it i GDF9 A
BMP15 FIRHYFZI , AW TR 2 AR LD COS
f) PCOS 8 5 1E ¥ HE IR 15 2o ) BB 290 g AB0RL
AL GDFO A1 BMP15 3 261 Bl dE A7 A, I
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ARG Ty Fe 20k v L KA B 25 S s B A2 3
Zz Lot Of B R 2 B G [l 15 . i
N 2011 4E 6 H = 2012 4F 4 AEd il K2 KHE
SN EEBE A FE L ERI2 1) PCOS A FLE  HEDY
WAL 2 97 191], 3ok 4 2H .22 IR 28 Iy B
I (R ANF-PCOS 41) F1 18 il 25 7 5P S il 3 (O
-PCOS 4H) ) PCOS #3528 15 K 22 173 BB 52
(R X HEZH ) 0 29 5] 28 [y O S8 o R - xoF
HRL) A IEH HEBR I <, PCOS A2 WK 2003
AERERFPHIRAEDS IR HEON 10 Lo i A BRUE R < H
(AL EWN 21 ~ 35 d), FEAH A T
SEA IEHHEDR A UESE DR SO AR M R K
SEIEH (<0.6 pg/L), H LA D1 0 31384 & (follicle—
stimulating hormone, FSH) <10 TU/L, A Jii & #§ 4%
(body mass index, BMI)TE 18.5 ~ 23.0 kg/cm? i [F]
ZW. BRI HEER bR . BT I R
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Az IR T RS A i 3 A H
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1.2 E=HMEIRERHTER

AT ST v 42 i 1 B9 S (COS ) SR AR T I
Trg, BITE B> 2 J 3 i i v 300 P AR e
WMEBPE N (GnRH-a, Triptorelin;
Ipsen, France) #EATMEARAGREIE T, fEAR K H 24 )8
MRS 2.3 RAE A AL N2 (thFSH, Gonal-
F; Serono, Switzerland) )3 311, J3 sl 5=~ 75 ~ 300
1U/d, ATARSE AR (SO0 A A LAt FSH 7K LA
K UIAEIRST R A R 8L R W M AT R 2 )5 4
3~4d&BIE B @M ARG, IFFEI
WAL LH E2 #1 P YK, LAY GnRH-
a YR, S 1D ER E AR 18 mm B 2 4> 5P
B EARIR 17 mm 3 3 DU 2K 16 mm B, 24
H 45 1] rhFSH,  BAUE LI S A 2806 A 1 AR i
% (human chorionic gonadotropin,hCG;  Serono,
Switzerland) 10 000 1U, 34 ~ 36 h Ji5 2P 7 5
SRR,
1.3 “HRaEyER

W25t COS Y PCOS 3% (fil#-PCOS 41)
FIIE 5 HE IR 15 Lo R — X BEZH ) BROP 24 2K 1 B9 7
W53 B P B UKL AN, [R]IFISC AR 2 R 20t B
RE A0 M 2K ) HORS T B 00 9 (intracytoplasmic
sperm injection, ICSI) ZJ5 K 3% M)A il 2 on+) 41
fd, 3 Ah e R 2 i COS 19 PCOS B (AR
PCOS 20 ) /)N B I 25 A I I 5 1) BB 40 i A 0k
AL, IFAERZ4d COS 1Y TEH HEDP 1A % (AR M-
X RRZH ) AT IR BT TR 2 /N S2 O 345 O
BRI AUBURL AN RS B B BRI AE 50 pL
B W R Eh 22 v W (phosphate —buffered saline
solution, PBS) i o s & vk JLIK , SR J5 B A TG
RNA A9 EP & FEMA 50 pL Y Trizol (Invitrogen,
USA), 1180 CrK A H 2K

ABR L T o3 B OB A ML 4G LN D BR
SEAETIU TN A R LA BIPTEERCR , RITE
O UTTE L WA B () B A 4B (B0 R4 6
em), 1 000 r/minx5 min; 2RJE FHIFZ ALY PBS ¥k
% 2 ~3 YK, 1000 r/minx5 min, ¥/ 5 mL PBS H
R UUTE LA w8 A S K Bk dn Sk 221
JA 5 mL 50% Ficoll U403 B3 T 45 7
WA Z 1] () S T WA 5 2306 3 000 r/min x 20 min,
MREIELCENYIN LR 42, #1132
FIEE 3 2 MW 56 2 JRFNEE 4 JZ AL, Forh 4
2 J2 2 55 R A0 B AT A R AT 4R 1 AR 20 S 5 Wi

L5 2 JZ AT IR AL PBS YR 2 1K, 1 000
r/min x 5 min; A 0.6 mL Trizol (Invitrogen,
USA ) i 40 g 24 1% , #% A JC RNA i () EP & | It
F-80 °C vKFH ELEIKI , Ff— 44 B DUk I — A
- 241 i A — {51 7 41
1.4 HENXELHEE PCR

HARS RG50S 5E BT 56 0%, &
RNA AYEEHR, 30 5% S W, 55 — %6 PCR FISE 5t
PCR., FTHIRRESMES T8 W3R 1, 545791 4
%% GDF9. 5’ -FAM-T TCCTATTAGCCTTGGTT
CTCAGG-TAMRA-3",BMP15: 5’-FAM-TGGCA
TATACAGA TCCTGGGCTTT-TAMRA-3" , B-actin:
5’ —FAM —CACCACGGCCGAGCGGGA —~TAMRA -
37, H—% PCR R AAMN 93 °C 5 min, #RJ5 93 °C
30,55 °C 45 5,72°C 45 s 31 30 MEH, 72 °C 7 min,
55 8 PCR W 251F 4 .93 °C 3 min, #AJ5 93 C
305,55 °C 45 s, 3L 40 NMFFR, WHbR AL EE K
W3 BUHLE R T4 o0, Bl s A
TR PR N H MRS B-actin WOV LR HH R
7~ GDF9 H1 BMP15 mRNA A% 2235 7KF .

#1 EAXXHE= PCRETAMSIMES
Table 1 Information of specific primers used in nested

quantitative real-time PCR analysis

Gene Primer Sequence (5'—3") Size/bp  Accession No.

GDF9

First Pair ~ Forward CGTCCCAACAAATTCCTCCTT 176 NM_005260
Reverse AGGCCAGCTCTGTCTCTCTCAT

Second Pair  Forward CTGCTTTGCCTGGCTGTGT 105
Reverse CAAGGCATAGCCCCAGATTC

BMP1S

Fist Pair -~ Forward ACCATGGTGAGGCTGGTGAA 179 NM_005448
Reverse ACATGGCAGGAGAGATTGAAGC

Second Pair - Forward GGCAAGGCCTCACAGAGGTA 102
Reverse CGGTAAACCACAGTGGCTCTAAC

B-actin

First Pair ~ Forward CTTACAGATCATGTTTGAGACCTTCAA 417 NM_001101
Reverse CTCAGGGCAGCGGAACC

Second Pair  Forward GCGCGGCTACAGCTTCA 59
Reverse TCTCCTTAATGTCACGCACGA T

1.5 SitEFR*E

KH SPSS 11.5 G4l (SPSS Inc., Chicago,
USA) AT o3 M, T ol B AR IS0 A, ik
K FHAESEURG 55 ) S8 1177 7% (Mann—Whitney test)
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Table 2 Comparison of general conditions among four groups
Normal ovulatory women PCOS patients
General indicators P value
Unstimulated—control Stimulated—control ~ Unstimulated—PCOS Stimulated—PCOS
No. of cases 28 29 22 18
Age /years 30.8 £2.6 30.6 £ 3.0 30.6 £ 1.7 28.7+2.4 > 0.05
BMI /(kg/ m?) 21.3 £ 1.1 204 £ 1.5 21.0+ 1.5 194 £ 1.6 > 0.05
FSH /(IU/L) 51+£1.2 5114 43+ 1.1 4.7+ 1.0 > 0.05
LH /(IU/L) 3.8+2.6 39+29 6.3+42 6.8 +£3.3 > 0.05
PRL/ (pg/L) 18.1£9.4 16.5+6.6 17.0 £ 5.7 21.3+6.3 > 0.05
E2 /(ng/ml) 36 + 18 38+19 40 + 21 54 +20 > 0.05
T /(nmol/L) 0.73 £ 0.25 0.69 + 0.25 0.89 +0.34 1.11 £0.29 > 0.05
Gn/1U - 2 083 + 628 - 1767 + 195 > 0.05

The data were expressed as the mean + SD, and one—way ANOVA (LSD test) was used for multiple comparisons among four groups.

W P<0.05 G51T¢E S

2 % X

2.1 BEEXREEMLE

WG 4 4B E RS BB Gt
S0k 2,
2.2 COS X 1E & HE UP 13 % UP £ 20 R F0 55050 40 A
f GDF9 #1 BMP15 A R840

X IE R AR H 4, BPREZE A GDF9
mRNA K2 BMP15 mRNA it 36 1k 7K S 76 28 75 b £
PR BRREAE M G I, =R AR E X
(P<0.01), X TIEHHI A%, GDF9 mRNA
(1) 2 TR 7K V-8 28 1Ty B9 S ) 5% vy Rz 40 i o I8 2 3
i, 2R E 813 X (P<0.01), BMP15 mRNA
(1) 2 TR 7KV TE 22 1y B9 S ) 5% vy SRz 40 i v I8 25 1
i, 2ZRA5H2#E X (P<0.05;%3),
2.3 COS xt PCOS & 5l £ 4 A 0 Fi ar £ A e
GDF9 #1 BMP15 3 3i& 898201

XFF PCOS 35, B H:4H g+ GDF9 mRNA (1)
FEIR I R L I M2 7 COS Y 51 41 it 19 20
Z A 2ZH (P> 0.05), BMP15 mRNA [{3357K
AEW A 2 B3 253 (P> 0.05), X PCOS &
#, GDF9 mRNA [Y3RIK7KF-7E 28 Iy 5P & 0l
TR AN AL, 2R ASITFE L (P<
0.01), BMP15 mRNA HYFRIE7K-F-7E 28 T3 U5 5135
(R ATURL A b B 3 T, 2 R A SR (P <

0.001;% 4),

&3 COS XIEEHE IR % P &3 A R Fn ki ZA L o GDF9
1 BMP15 FRiZHIR NG
Table 3 Effects of controlled ovarian stimulation on the
expression of GDF9 and BMP15 mRNA in oocytes and

graunlosa cells from normal ovulatory women

Unstimulated-control  Stimulated—control P value
24.79 (2.96-109.73)  149.94 (55.38-387.93) 0.002
41.65 (6.50-96.11) 0.000
0.10 (0.06, 0.18) 0.001
0.02(0.01-0.03) 0.037

Samples  Genes

Oocytes  GDF9
BMP15  0.93 (0.05-3.65)

GCs GDF9  0.02 (0.009, 0.21)
BMP15  0.008(0.001-0.16)

The data were expressed as the median with the 25"-75" percentile
range in parentheses. Mann—Whitney test was used for comparisons

between Unstimulated—control and Stimulated—control groups.

&4 COS Xt PCOS 2&E I aFIHAI A GDFI
#1 BMP15 RiE 00
Table 4 Effects of controlled ovarian stimulation on the
expression of GDF9 and BMP15 mRNA in oocytes and

granulosa cells from patients with PCOS

Stimulated-PCOS P value
44.81 (5.93-489.19) 0.109

Samples Genes  Unstimulated-PCOS
Oocytes GDF9  23.83(2.29-65.72)
BMP15  0.09(0.05-29.32) 0.10 (0.05-11.44)  0.897
GCs  GDF9  0.11(0.06, 0.16) 0.05 (0.03, 0.09)  0.006
BMP15 0.000 005(0.000 004 8-0.000 009) 0.02(0.007-0.03)  0.000

The data were expressed as the median with the 25" -75"
percentile range in parentheses. Mann —Whitney test was used for
comparisons between Unstimulated —PCOS and Stimulated —PCOS

groups.
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Hy T IR P51 A ¥~ (OSF) 72 BRI & 75 F0 BRBE 4
i s A e & AR, BRI I
HEBP {4 1 PCOS f& & IR L OSF By Rk S T
5%, TRt PCOS B DN OSF AYERIAHFF A DL &
s il B LR (COS) X OSF FE3A R4

AHWFFELE T & B COS n] LA R IE # HEGR 0 &
YR-EEAR A GDF9 Al BMP1S ik, 522 RiA0—
TSR A A, IS R B FSH AT L
JE/N BRI R GDFO By akte) I HA W &
B FSH Bl AR F AT ARG SR 20 it GDF9 22 14
4 BMPRII #l ALKS (2635, {HJ& FSH 5 —fE
A VR AT A E BMPR TT Fll ALKS B350,
PE7n FSH AT E, 55 P 436 B 7 X6 B 5P R 1) 9
WA TZAKT, #E—P5E T W ES
55 WME 5 Z R AR EAE T

SR, COS K BEAE PCOS H 3 511 41 Jitg
GDF9 F1 BMP15 3%k, $&75 PCOS £ 3 1Y B i %F
PR R ER 1Y R NP SZ BB, FRATTHEI, PCOS &
L B AR WA AR (AMH) FT fig 2 S 30X
—HERIY AR Z— AMH 42 TGF-B B F R 5,
F B I 45 L 0P i 1 ) sh B4R AR K IR i
ML B2 ER T, PCOS /A BRI rh
AMH 7K 2 38 i1 FSH 7K SF A A 07 IR
FE4y AR AMH FTRESH] T FSH ASIEAERT IR
S A& B PCOS B SLX AR BRI 2R Al R
NN IR PIANT7 1« 515 SR XA 1
VAN EURR RO B BB 5 5 — B4 R 3R 0
NSy KA BN BRI, P8 T — EARAR
PUXFP A JE MG N AESR N, AT &30 FSH 5
GDF9 PhRIVE S G RRLR IR A AL, {H FSH
PIVERI AT LA GDFO 1Y L RNA Firdide, m ke
W FSH V& H 9 IE % & #E T 24 GDF9 14 00,
GDF9 Fik AR A BERZI T FSH /EH M IE# &4,
XA LAER AR PCOS BP SN AEHEDI R A 5 07 A1
o 5, AR SR A AR T KT FSH
BT AMH WHIYER , L GDF9 ik,
D] FSH & AFRIEE A K YERT . BT PCOS Bl
L PN TN E D A= NI TR 4 iE SN
B A X PRIRE SR BRI M R -] hE 2
55 PCOS Mk it #2, MULEXT PCOS f# 1)

BT FCALOEHEN J7 R B AL 1R A0 L

ARBFFEIA LB COS Al IR FE 1E H HEIR {H 4 it
R R GDF9 F1 BMP15 1933k, S5 0nak4ujE
(2 R—30, AT, 0k 240 At A0 B0 R 20 i 7E 25
FRITIEE B AN ] 43, 0 40 i b A= P R 11 e 58
KA RT DA e B 240 o = UG 2 i g L AR
MR EE AR, AR R 2R T R L A2 1 Uk 4 i
o OSF IR T I 1y ok 4B A DR, DT [ 422
M EORREA MY A . (H=RTE PCOS 4 1Y
4 M, COS R T GDF9 (% &k il T
BMP15 Bk, $am 287 B ST Y PCOS Bik:
L OSF KKK FAETER W, A fESE PCOS
IIEEE S HNREZ —,

Bk, ARBFFTLE R OSF Y235 K1 B
FEAN A b 3 s TR 40, 5 OSF 3222 fhy o £
U A X — G — 2 F IR SR A
GRUEPER F e R0 A 2 k3T i b As 4 12
Z G WIS & B GDF9 Fil BMP15 AU IATA7E ik 3%
) 25 S 78— 2L 3l s BN K BRI 140f B
HAN LU R BRIk TOR R4 M, e A 2SR
21 GDF9 F1 BMP15 b A 3 525 F 507 41 ffd A i
PO AHIFGE A FAUE L T 7R N0 i ) 0k
Y AEAE OSF 353X — WA

FE [] — A~ O B 240 B R[] — £ 5506E 40 i b
GDF9 mRNA fY3RIAZKF-40 ik 2 5 T BMP15, 3k A1)
0 P o DR 2 A e A P A B 7 B R A1
[ FIR L Z BA ST & B GDF9 1] LAJET BMP
R A I 551 gremlin [ 3K | 1] gremlin Al EEA
7 GDF9 F1 BMP15 {553 [ 2 [H] A Xk o)) 4
7 GDF9 1 BMP15 Z [H] 5% T W [RIAE F i A7 e HoAth
PR ELER R, — 25 BH O 3 e 3 A7 76 B A% TG
WAL, ST R i B AER
X 45 R I A Sl GDF9/BMP1S AUk L&)
FHF ol R H AT 0 51 SR Z MR TR R R |
WA R 4R v R B A IR IR () % B R, Rk
P 2L R R

S ARG AE SRR 45 i O SR AT LA
AR E 1E B HE BR 4 2 O 240 it A0 0K 40 B FR GDF9
1 BMP15 [k, HEXT PCOS H BREE40 i
GDF9 Fl BMP15 WA A fEHAEH , R4
RS PCOS BREEARAfL T OSF %) 3¢ 3k 52 4]
il (E ML AT E AT AT, o84
SRl L B SR RN RIS R TR R R AR T
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