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JRlICBIF A AT a4 FAKIE, FSH (follicle-stimulating
hormone) B X I FHT O & F &F LKW1 X 0 JHH
ENTWA. JIEIZ5H4 5BMP (bone morphogenetic
protein) 75 ¥ & 3kl U T BRI HE e T OFSHIZ & 5
progesterone: P44 % P § % %%, estradiol: E2pE 4=
AT AERIZY T Y FICE YV Be-Twd, bhvbh
I, BMP-6&BMP-TOIIEA T 1 4 REELE~NDOEH
BWZEHL, 7y MERBEAOARREMREZHWCE2,
P 4 AR 2 BMPOIERIFEF & oocyte D ENZD W
THE L7z, Sl oETlid, BMPS 112 & 2 kiR
M TOE2 EAMBICELZMBANY 7+ L&
oocyte-granulosa cell communicationZ & % #7272 #%hE
HEDFESHS PR 572 [1].
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BN EDHN D [2-4]. —F, BMPEZEAKT
IEBMP O 18 5 %5 1K (ALK-2, -3, -6) & 111 5 % 1K
(BMPRIL ActRID O FEIHAIEIIBWTIEH S L TWw
% [2,5-7]. T v MIRETRIMZHEMERD ) HALK-3A°
oocyte & BRI BHBIZ /04 L, & < IZoocytellid < F83
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Cautocrine—-paracrinefE 12 & V) JIHE 2 HE B 5 2 MIHL
TORBEREHEZER L TWLEEZ LN,

BMP-6LBMP-7IC X AUl AT 0 4 FEkaAiic
X192 VEH D HlE

Diethylstilbestrol (DES) -implanted M Sprague
Dawley (SD) 7 v b % & Hig L 7zpreantral follicle HH 3k
DR - oocyteD HRF 3R % V72 MG 2B W T
[9], BMP-6, BMP-7i% “Luteinizing Inhibitor” & L
TOWMZESIEL, FSHIC X AP 4 e % 5@ L T HIH)
3% (KM1A). StARDFEBLHP 4 i A F i & 7 B2
FSHIZ & 0 ¥ < 1, BMP-6, BMP-7i1ZFSHIZ & %
StARFEH O FFE 2 H 5 5. BEREW 2 L IZBMP-6,
BMP-7& %12, FSHO A% 5§ forskolinll & AP 4 &)k
WA LCTH IS %25, BtcAMPIC & ) 319 ICPKA
R L 72 S A2 3P 4 S E PRI L 2w (M1B). 2
B DOP 4 AR EAZ K3 % BMPYEH O AHE 1255 <
&, BMP-6, BMP-7IZ R AL I B A cAMP#EA %
PR EICL VP4 2 IHIT B LIRS NS,
e 2\ R BRI T O CAMPREAE L NV Rl ET 5 &,
FSH#B X UforskoliniZ & ) 1 # L 72cAMP i E 28
BMP-6, BMP-7IC X - TIhi L CHifl s b 2 &, %72
ZOfERMZoocytell L D EEIN LW LB L N E 2
-7z (X2).

BMP-6, BMP-7123t 35 5P 4 1283 A1 & 138 7%
", BMP-6, BMP-71ZFSHIZ & AE 2 A1 LTI
LHIRERHOMELZEST S, 2 F ) BMP-6IZFSHIC X
HE2 FEAIZIIHEL 2w, BMP-7IZFSHIZ X 5E 2
FEAEEEIML, 2O ZoocyteDFAE T TE &I
Ens (K3A). E2APINGDOBMP-TO/ER I,
forskolin®Btc AMP % H\» TFSHE 2444 H % bypass L
TeHEIE, E2EAICEREEZS 2w (K3B). T
b b, BMP-7TIZFSH-cAMPSR DAt O FSHA 45 45 52
W7e > 75 V% JHE L CE 2 EEAEDOIEEE B 72 5 9 W g
P, & 5I12FOBMP-71E M 1Zoocyte DAFFEIC X - THY
MENDZ AR SN, BMP-7IZFSHIC & 1)
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1 Effects of oocytes and BMPs on FSH-induced progesterone production
Rat granulosa cells (1 X 10° viable cells in /200 u1) were cultured with or without oocytes (100
oocytes/ml). The cells were treated with (A) FSH (30 ng/ml), (B) forskolin (FSK; 10 uM) or
BtcAMP (1 mM) in the culture medium with either alone or combination of BMP-6 and BMP-7
(10 to 100 ng/ml). After 48-h culture the culture media was collected and progesterone levels
were determined by radioimmunoassay. Results show the mean = SEM of data performed with
triplicate treatments; **, P < 0.07 and *, P < 0.05 vs. basal levels treated with FSH or FSK.
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2 Effects of oocytes and BMPs on FSH-induced cAMP production
Rat granulosa cells were cultured with or without oocytes in serum-free medium containing 0.1
mM of IBMX. Cells were treated with (A) FSH (30 ng/ml) or (B) FSK (10u M) with either
alone or combination of BMP-6 and BMP-7 (100 ng/ml). After 48-h culture the conditioned
medium was collected and the extracellular contents of cCAMP was determined by EIA. Results
show the mean = SEM of data performed with triplicate treatments; **, P < 0.07 and *, P < 0.05
vs. control or between the indicated groups.
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3 Effects of oocytes and BMPs on FSH-induced estradiol production

Rat granulosa cells were cultured with or without oocytes. The cells were treated with (A) FSH
(30 ng/ml), (B) FSK (10 uM) or (FSK; 10uM) or BtcAMP (1 mM) in serum-free medium
containing 100 nM of androstenedione with either alone or combination of BMP-6 and BMP-7 (10
to 100 ng/ml). After 48-h culture the culture media was collected and estradiol levels were
determined by radioimmunoassay. Results show the mean = SEM of data performed with
triplicate treatments; **, P < 0.07 and *, P < 0.05 vs. basal levels treated with FSH or between the
indicated groups.
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4 Effects of ERK1/ERK?2 inhibition on steroidogenesis
Rat granulosa cells cultured with or without oocytes in serum-free medium containing 100 nM
of androstenedione. Cells were treated with FSH (30 ng/ml), FSK (10 uM) or BtcAMP (1
mM) in the presence or absence of U0126 (1 and 3 uM) for 48 h. The levels of (A) estradiol
and (B) progesterone in the media were determined by radioimmunoassay. Results show the
mean = SEM of data performed with triplicate treatments; **, P < 0.07 and *, P < 0.05 vs. basal

levels treated with FSH or FSK.

SN B JEKEH L C o P450arom (aromatase) 8Bl L N
VBT 505, ZMidoocyteDILAFIZ L 1) & 528K
ENLZEDHREINT.

BIRAT A4 FARRICBITHEMAPKY 7LD
B4

PLED X 9512, BMP-6, BMP-712 X % B B SrR 55
THE2 P4 OFHEEHICIIH S Rmnhilosh
5., COMEZRELSLAH=ZALE LT, FSHZAEMKY
TFND1DTH D EREMILOMAPK Y 7 F Wik
EIcEH L7z [10-12]. bivbird DLanic#s L7228
S v b KL SR B CIE FSHAMI B2 X ) MAPK® 1 D
ERK1I/ERK2EH DY Y AL AR 212 S5 [10].
CDORIBECAMPRIFLTIXIZEAEALNEWT & X
D, FSH=Z %K% I L 72cAMP-PKA cascade & 13 %7
HRICEBEEZ NS, ERKI/ERK2Y 7 F )V DGk
1t % BRI S 5 U0126% HWVTHiES$ 5 &, ERK
DHEIZX DVFSHIC X 2E2 AHAAEWICHER I N5
(B4 A) —HT, FSHIZ X AP 4 SISk L TR
BE2BMT 5 (M4B). ERKFSEIC X AP 4 o ipifilix
forskoin TO R FTIZBVWTHAEL S 25, Zhid
BtcAMPHITA F Cld s w2 &5, ERKO#
Bl X BcAMPEEA OB AT 2T L E 2 b,
$92, FSHB & UforskolinlZ & 1) 5792 FEk Ikl i o
cAMP L ~)VIiZU0126 L X 0 A L7z, LA LERK
OMHNIT X HE 2 &% o 2 AE H &, forskolin %
BtcAMPTIIFHH I N 2w 25 (KM4A), cAMP
R &I L - FSHZ ARG R R EH L E 2 5N 5.
CNHERKY 7 F VOHEBEICL > TAHL LA T B

4 FEEAOEBEE, wilk L/2BMP-7O/M &ER L
Twhb. ZZTERKI/ERK2Y 7 F VIZxt$ 2BMPO#
BIZOWTHE L& 24, FSHIZ X 5ERK1/ERK2D
) Vb, BMP-6TIEEE % 5 2w, BMP-7IC
I sns ZERHLNER -7 (K5 A).
D F 0, PRI COFSHIKE Y DERK A A 5 — K
DIGHEALIXE 2 JIHI A DO cAMP - P 4 1213 M 1 121
MLTWwW2%, BMP-7T3 2oz +sZ L2k
DE2, P4 0FMHMOMREZz 2T LEZONS.

Oocyte®BMP ¥ 7" F v X OFSHYEHIZ A9 %

=73
2

I TRz X 912, BMP-6, BMP-72 B 550 i
T OFSH%Z # K UL F ®cAMP-PKA® % \» I3 ERK1/
ERK2 pathwayZ #illffl L CTE 2 &P 4 O e % A
ZALT B Z LAURE NIz Z O EREML T OBMPIE
JHIZ, oocyteDFFAEIZ L ) TSR ISR EINS &
L2 A, oF ), BMP-TIZFSHIZ X 5E 2 &1 & e i
T 50, TNidoocyteDFAEIC L D X 5I2HWET 5 (K
3A). F7:FSHIZ & 2 BRI EM L TOERKD )~ R1L
b, oocyteDAFFEIC L NI Rdb DL % b (K5 A).
BRI W Z &2, BMP-6, BMP-712 & %4Smadl58D Y
YEALIZFSHIZ X S, X 5liloocyteDAFTEIZ &
O EFSH & AMIIZBMP Y 7 F vimEsvgdE s s (K
5 B). BMPOIERY#E (5T Tdh 51d-1 promoter assay il
X 2 HE T8, FSH+ oocyte i BMPHiz B4 P % B 50 4
4. FSHIZ & % Jik AL TOBMP ¥ 77 )V @ ¥ IER)
Fix, Iy MERBEAEO &A% 53 e b R
KGNZ H W72t icBw v @O 5N 5 [13]. 20
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5 Mutual effects of BMPs, FSH and oocytes on FSH-induced
ERK activation and BMP-Smad signaling by granulosa cells.
Rat primary granulosa cells cultured with or without oocytes
were treated with FSH (30 ng/ml) in combination with
BMP-6 or BMP-7 (100 ng/ml) for 1 h. The cell lysates were
then subjected to SDS-PAGE immunoblotting analysis using
(A) anti-phospho ERK1/2, anti-total ERK1/2 antibodies and
(B) anti-phospho Smad1, 5, 8 antibody. Results show the
mean = SEM of data performed with triplicate treatments; **,
P < 0.07 and *, P < 0.05 vs. control or between the indicated
groups.

FSH3 X Qoocytell X 2BMP ¥ 7" )L Dupregulation 2
1, BHIESmad (Smad6,7) @ 38 3] R 5% %5 K Smad
(Smadl,5,8) DFHMM % E0FGTHLEZLNS.
Oocytell X AU AF O 4 FEMADHEIZEL T,
Vanderhyden 5 lZoocyte S FSHIZ & A E 2 FEA: & Bl &
¥ 2%~ CFSHIC X P4 EEZIHTHILEZTT A
MR BRI BT S22 Lz [14]). F72Adashib
iZestrogen DAEAEASFSHIZ & 2 JEkr EHNE o 7346 2 A2 5tk
TA5ZEERLI [15]. BDNUbINIEFSHIZ & 5 JH
M TOE 2 A B X P450arom D 8 HL L XL 7,
oocyteVEJH 2/ R estrogen?¥ b 5 2 & L - TE B
BN 52 & E2HE L7z [16]. 2 destrogen & oocyte
OmF#AER (K 6) 1dforskolin®°8-BrcAMPIC X 5 E 2
FEAEIZBOWTIFHEO LNV L5, estrogendMif &
P DOFSHZ BAIRY 7 F )V 0 BRI %5 5§ 5 oocyte-
derived factor® 73 & 29 2 & 12 & ) FSHAKGE DR
2 B AR L T B REMED R S 7z [16]. 4
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6 A possible mechanism by which BMPs differentially regulate
steroidogenesis in granulosa cells and functional roles of oocytes
ERK1/2 activation induced by FSH receptor (FSH-R) signaling
is directly linked to inhibition of estradiol synthesis and
amplification of cAMP. BMP-7 inhibits FSH-induced ERK1/2
phosphorylation, leading to upregulation of estradiol production
[1]. A common signaling between BMP-6 and BMP-7 is the
inhibition of cAMP synthesis linked to progesterone production.
The presence of oocytes facilitates i) BMP-Smad signaling and
i) FSH induction of ERK signaling pathway in granulosa cells.
In addition, iii) oocytes enhance FSH-induced estradiol
production via upregulating FSH-R signaling in the presence of
estrogen [16].

OMETTIE, M HDOBMPY 27 )V & FSHIEH 1 i
B b B oocyte factoriZ oW TIZE 2Rt LTz
W, ] DR RIS B AFSHIRGE ZE 2 RIS B VT,
BMP-15%°BMP-613 58 % 5 2 3° [3, 17, 18], GDF-9
B LAIHMIERTA 2 26 [19], Th oo
oocyte-derived BMP/ 1D IEEN R F 53 b v
Z5Nh5. La LGDF-9icumulus R AL IC BT 5
MAPKO{EHALZ RIS EH 2 > & 45 [20], FSH
12X 5 MAPKDO{GEHALIZIZGDF-91Z X A2 23 7
LG LTwa NI ND. 5% BMPB XU
FSHY 7" )V % #ifl$ % oocyte-derived factoriZ2wWT
EHLRIBHPLETH 5.

E Rt}

ZOEHIT, IIIZEI T 5 BMP-6& BMP-7i3 3k
L CFSHIZ £ 5cAMP Y 7 Vv z il 3 % %%, BMP-7
IZBMP-6& ¥ 72 ) FSHIZ & 5 ERK1/ERK2D i AL %=
WHILCE2 BEAEDRIMEP 4 DWMPEAET (M6). &
5IZFSHB X Coocytens, Pk M g © BMP-Smad &
7V &R L CBMPYER 2 X35 L v ) #i 7z e il
HAEHOELED R E N7z, Oocyte & FEFLIEHI D o Kl
fflcommunication& L T, FSH& oocytell & ABMPY 7
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F IV OHEEE estrogen & oocytell X AFSHZ %A Y 77 F
VO EH, M oOEN Ay v =27 (X6)
ELTHIERO X WAL, S OE 2 AR L Tn»
LEFAED.
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