|RRZOVT 7 | (PRSI AL 125 0)

IBE iR D Diethylstilbestrol #8512 X 5 2L EE &

IAMRY Vv THI—f

e BEVP, & WY, Wramet, Fn #®RY, Bk LARDY

1) WEMIIAFAZ R - ERRSHIZmITR
2) HRMILAZAZR - MEIEPHRR
3) BRMZHERE - BERS) A ATV RV —

LI

IZAtaYzvik, TAMaYxrLt7%—(ER)
N LCZOEH%ERYT. YT ADERICIZay [ 7L
BEATO2HENSFAELTEY, TH, EhETik
ERa 7%, JRHERHI VI TIZER B 2SZ K HEHL T 5.
ERa LERBD/ v 7 T b= X% W7 Wr5ekEF 0
5, kA TIZZA ba Yz MEMZEEIMMANALTVED
ZERaTH D ENghoTwhb. L2L, ERFOA
FRFERE I D W TR ISR 2 A% .

19964F, Kuiper 512 & - TER S cDNAAST » b HjI.
PrarohlEs N7z [1]. HEEEh7zF v PER S 13485
BT I 7 MEE&H, HTF®54200L g S hiz. Zh
FCICHBESNTW/ZER (ERa) &%, cDNAL NV
T65%DMFEEDH Y, 7 v 87 LAV TOMFEMEZ F
A4 TEIC165 (ABK AL V), 955 (CK XA ),
289 (DFNAA V), 535% (EFF XA V) &LhoTWnb,
o, AN Yy, GEIA N Y Y, ZOMO
AFaA FARNVE Y EDOPMMEZ KdHEO EHIZ
17 B -estradiol > diethylstilbestrol (DES) > estriol >
estrone > 5o —androstane-3 f, 17  —diol >> testosterone
= progesterone = corticosterone = 5 a androstane-3 «,
17 -diolk 72 > T\ 5. CHOMKLZ HWw/izLR—% —
V—r7 vt A TiE, 10 nM 17 § -estradioll & v % 3
OB RO S, TOBERBIE, B M[2],
XA [3] kA CHEES N, BUETIZIZABICHS
TR, FHE, WA, SOE, eSO TR
OFWHTHEE, FEIhTws [4] (K).

—7J7, HAEBEZOYY ZZARIA MY v THD
diethylstilbestrol (DES) ##¢45-3 4 &, #HRTH— T
HRDOEANGZACIZZ VWP R L EHIZ, 12

ARG MRS, RRIET SRR A b E AR A R 7R
BNl

T236-0027 T AR X 722-2

TEL: 045-787-2394

FAX: 045-787-2413

E-mail: tomomi@yokohama-cu.ac.jp

DINRENICEE DI % & DL IR D% 5, T
M DMK, hemorrhagic cystDEH, 1= DFEHMERH
JEOTELN, FIHAARIE L 2 WIE PR OB I R b5t &
OMFEF R BEI &R sNb [5-9]. LIk
Baix, PRV E VAPIICHEBEER A 2 L ICX W]
BEN, 61T, LU R O IR O SRR IR
W ENFRAMLNTW S [10-12]. F 7, BiFMo
ethinylestradiol#% 5-% [13], W42 < SLALZEWE
12 & EEbN T\ Sbisphenol-Af 512 &k > THFEX
N5 [14]. DESIZ= X ba Py« v EFEIC, ERICHS
THLIEIZEoT A MYz VEERZ/RY. DESIZ
L2 LEORICIE, ERaPHEEGLTwa I Ly
Do TWaH [15], LIS OFEEIZER a LER B
EL LD G L TWADRIIAITH - 72,

ERBEERa EDRIR, 7 v 2777 =7 ADH

ER @ mRNAIZFE, HH, MTEE, N, B,
ERSHE, BRI, ER S mRNAIZEIVME, BUBE, M B
e, M, -, OREEICIEBLL Tw B [16]. T-17 B -estradiol
EFHOWTHEBEERZHS L, ERalizKd = 0.1 nM,
ERB1ZKd = 04 nM%Z/R L7z, AEHMERAZ DT A
oz v e okaHMEE, ERa LER B & Tldpul
STWds, P2 va Y VIZER S EELFES
THZEDNHSNE ol 72k 21E, 17 f -estradiol
L OREEBMMEEZFZNZFN100E 35 L, coumestrolid
ER o 289412x} L CER f 13185, genisteinidER a A% 5 12
% L CER P 2%36T dH o 72. & 5|2, bisphenol-A b
ER o 280.0512%) L TER f 23033 Ze o Tz, 2D X
912, ERa LERB &dHEE, RBfE VY FEoks
BRI BV TIER A S ABN D —T T, ER{M
BoMbdH 0, 2L 5 0RN R AEKEIEZH-
TWLIENTFRINTVS.

ERa LER B DABKHNTORE 2B, Th
END v Ty e A, BEOERa LERBDYT
W w 77 b AMMERIN, S F IR
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Ictalurus (Channel Catfish) ]
Oryzias latipes (Japanese Medaka)
Salmo salar (Atlantic Salmon)
00" 15! - Micropogonias undulatus (Atlantic Croaker) Teleostean
— Sparus aurata (Gilthead Seabream)
Pagrus major (Red Seabream)
prvs Oreochromis niloticus (Nile Tilapia)
Oreochromis aureus (Blue Tilapia) =
Xenopus Iaeyls '(Afn_can Clawed.Fr?_g) Anuran
w Crocodylus niloticus (Nile crocodile) =
100 Caiman crocodilus (Spectacled Caiman)
lss ! Allig ississippiensis (A i Alligator)
Trachemys scripta (Red-eared Slider Turtle) e
100 —  Taeniopygia guttata (Zebra Finch) RePt',han
0o Gallus gallus (Chicken) & Avian
Coturnix Coturnix japonica (Japanese Quail:AAN63674)
Cnemidop ip. ( il:BAB79437)
Anolis is (Green Anole:Q9YHT3) —
Homo sapiens (Human:P03372) ]
Sus scrofa (Pig:Q29040) M li
ERa Mus musculus (House Mouse:P19785) ammalian
_____________________________________________________ Rattus norvegicus (Noway Rat:Po6211)_ _____________ - _______
(Spiny Dogfish) cotation = Selachian
| — ius auratus (Goldfis|
ERB [ Oi (Nile Tilapia)
_”7 Sparus aurata (Gilthead Seabream) Teleostean
100 Microp i (Atlantic Croaker)
e goni: (Atlantic Croaker)
Anguilla j ica (Jap Eel) J
- Gallus gallus (Chicken) ] -
01 s | Coturnix japonica (Japanese Quail) Reptilian
: gari Starling) & Avian
EAASS Alligator mississippiensis (American Alligator) _

Support: —— Rattus norvegicus (Rat) ]

95-100% HE EMus musculus (House Mouse) .
90-95% w— o Homo sapiens (Human) Mammalian
70-90% — Bos taurus (Cow)

< 700/0 ..... Sus scrofa (Pig) ]
o

mEhTwWD [17].

ERa /v 7 77 b= ZI1Z19934E 1R s v [18],
KEREEME LT, BERICAR 2 T CHEICKET A2 L,
WML DI TH D ENFETONDL. A ADTEIX
BEOWAEZEZRL, JHIIIER D ) HRITRD
SbRiwv., T2 avzcrE 35 LTy e, ¥
WCEALE R L, LA o T, RN oAEEL L Ok
ST AT A MR Y VEHIZERaZAMLTWD S
EBRHLNE 572, ZOWH%, ERa/ v 777 vy
ZHHETIZFSHL 7% — B X UOLHL £ 7% —®
mRNAREAEFAERNIIRTHMLTwb 2 & [19], #
T E— T RAR—ERRRD AT T4 774 — KNy >
RS2 RVZ E0s, WTEATOLHERB IO
MALHEAEI L, Z 05, JHEICB W TRBOTRA
ATuA FERBEREOSHEBNG RSN TWwEZ L
MBS h L e o7z [20]. FEBE, PIGnRHA O W5
W& D, WLIAREAHIH S CTEBAT LT 5. 512,
TRV E Y OB G X D PRIISHER I NS v
IHEbH B [21].

—7, ERB 7 v 77 h=7 AIF19984F IC/FHL X h
72 [22]. ERF /v 277 +~x7 A, ERa/ v 27
v b= ZAOYE LR, BRI 5 £ TEEICREL
SOICHEREE ICESRE 2 b o T, Lo LETH

BY Rl BERLFRIHARI)I NS
PMSGIZHEi WV CThCGE G L THEIIN A B3 s/ & 2
5, HEREABHAR L) QEBID o7z b,
PEIRBEREICER B AN G- L T W B 2 kv &N, o b
2, ERB/ v 2777 b= APETIZPMSCO# 512
X MR O LASE S 53, TAMa Yz VAR
LIH S NTEBY, Hi{ hCCORBII KB T E W72
ThHbHIEIREINTWDS [23]. T/, WERHEBLL
ERB /v 277 b~ ZADIETIZ, W ORUIRIIH
MO RAI AN ES TR S TBY), TAME Y«
VOEAELETLTWAZ ERS L [24], ERB 2P
DA LETH DI EHIRENT VA,

ERa EERBDF TN v 7T k<7 A1Z19994E,
20004F | MO AL S N7z [25,26]. TNV v 2T
Fvw 2%, ERa/ v 27 7w b AORRICINZ,
YRH O IR R AL AT BT A S N D 2L ) ML
bS5 2 EAHME IR TV,

INS 3HEHD ) v 7T My AN S, TE
RV A MYV 2 VEHBETHOIA T Y 2
YMERIZERa A LTWwWb T &, —7, ERRBIZINHLEE
BEICEbD S TnD I EDPEAICHONE > TE T2
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SHIICIT B ER B DAL & 158

ERf mRNADOYIENTORIEEZ A THAD L, —RIP
B2 & BERIIHLI 72 B F TOT T O Sk AL T il
CHEBLTBY, HEMEB XM TIHIZEALY
TFNVHBRBD NN ], BEENRBHEZRRS &,
PIHCIdMBER14. 5H A S5ERa mRNAS, JE#165H 5
5ER S mRNAZSHEH L TWwW5 [27]. 72, ERf % ¥
X7 OFEHIE, —R, ZIRPB X OHIN I O B R
TROLN, MEMIE, MR, AR, ik
TR LN [28,29]. REHBILYNTREEZ VW2
L, WAEBEROHAT <Y XD TIIER B R
MRLERED SIS, 5 Hils, 10HEO—K, IO
TR MO AT CEI LTS [29]. —F, A
BRAIECAR V£~ OPMSG & hCGHe5-12 & 0 il HEIN & &
7290 Ci&, RT-PCR% M\ 7% 12 & W ER f ®mRNA
PR ERhTws [30].

AR L7z & 912, ER B IZINEE T OIIL O B B
ThHHIEPVLDPOWMENLRINTNES., 25T,
W LZZERB /v 7 77 b~ AIZBITLINHENOIN
N D3R Z & ORI, BUBEINLOEAIM L T
WL ZEFPEIN TS [24]. F/ LT H
RY—¥ v Ty ey AT, EBIEE X —K
RO LTBY, WARKRICTZA MY« v &2
STdEFHBEEI NI L [31], 20HHE DO~ 7 XITH
GnRHA| L ERB R E2E W 7 T = XA F T dh %
8-vinylestra-1,35 (10) -triene-3,17 § ~diol & [F] ¢ |12 $¢ 5
T5&, 3a/b¥ A 7O (—KIVNL), FHIRRIN
AT O AT 5 & v ) s [32], Milo
PIIERIZ ST AT A b a Y 2 v ORFIZHER B AN
HBLTwaeEzonhTnb [33].

HEBBOSRIA ey = VI X 5% 58160
JTBE L ER B

bivbiug, Ao~ AICDESE#S- L, JIHE
N ELIMEINILOFER = A L2 FATH L
ZHME LT L DD 0EBREEIT- 7. £ TDESOINNL
AN DFEEEZRRD 720, MBEFEN R &, JIE
WA B 7 28 DSEHEAL & AT
HAHZOH#EEL, 0~4HEFCToHOSHM, 1H
1T~ 3 L< k3 ug DES#C57BL/6]J~ ™7 A D
ARG L7z, DESZ#H G- Sz~ AR OTELRE
MZEAL & L IRVEIRRL D F AL R % 724G, IR E R
\CDES% #%5- & L 7=C57BL/6]~ ™ A Tlx, [[ U H#lED

SHREE IR CTIE O ZEIEN T Wz, JIEOHRY)
RasEicBlig Lz 25, OB EDOENDAL D
3, JUAMINE 2 B Y P e Rk BT > BA <2 F BN C o I
eI DSELI T Wz, —T5, SIEMNIZBIT 5 ME RS
DEDLEEEML, MENOMRS % AETEL 7-.
Tbt, WEBEBZEODESE S, ARSI 5
RBWEREEFISEZ L. 10HEHZKRLTRTO O
T, MAEEZICDESZ 53 5 & LI O 5 A
ASFHRREIC R THEISEM L2 (1), £7-2091
PO REEIIC RS &, 200 CTY—2 2m_L,
D%, MEITEWELIZHA L. 2oL SRINREUL,
30, 50HEEODESHIZB W THEIIHMIML T, 20
Z & H,BLDESIE, 0~20Hi#E TOMRBRIIZKE %
WEEHZTHWDIEPHL NI R/ 361, 5
10H#E DO~ 7 ZADJFHE TIE, ER B & mullerian inhibiting
substance (MIS) @ % > 7% 7 (X312 JEH AT (2 5630 L
THBY, DESEZ#L L THRE, BHBIIE{LEALN
otz FRLIMEIRICBWTS, ERB Y v 787
VR RRRE & AR L JEARL BRI IS R B L T w7z,

WIS, REEOTEREN 72 BH % IR IR B (2 B -5
AERZFIET AH7-0IZ, ERa /v 2777~ ABX
ERB / v 77 b= A% W CHER AT 2 4T
o572, DES##%5- 8N 72ERa / v 7 7w b~ AT,
PP AR & W AR BB TIN5 A & L7z A,
ERB/ v 77w k=7 AT, TAMEHLTELIIN
MO MHANAEBICHA L L7zd9-> T, DESIZ
ERaTid% <, ERBZ ML TCELINEINREZFHEL T
LI ENHLNE ST, oML, WP A o
VD 1DTHbgenisteinz FrAF~ 7 2G5
5 EFHINDLLZIWINES, ERFZIALTVD EW
IHEE b —HT S [34].

DESIZ & 2 Z IR IR FEE D X h = X A % T $ 5
72012, I REICE T 2 WL 22O OmRNAE

#= 1 Incidence of PFs in an ovary of C57BL/6J mice treated with oil
or 3ug DES neonatally.

Treatments Age (day) Incidence of PF (%)
Qil 10 1.70 £ 1.043
20 0.94 + 0.187
30 0.28 £ 0.171
DES 10 3.30 £ 0.745
20 15.66 = 2.017*
30 9.62 = 1.234*

Data were expressed as the mean *+ standard error.
*: p < 0.05 compared with age-matched oil control mice.

wEIJOVT«47 11
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)T A LAPCREEICK DREREWICERLAEZ A,
bone morphogenetic protein-15 (BMP-15) D38 & 75,
ot B I LR CDESHE G- BRI B\ TN A 112 B
o7 (£2). BMP-160/ v 2 77 F <7 AT, &
PEARIVE 25 L TWaRWIZh b 53T Z MR
BIgEINTnwb I E&h5 [35], BMP-150Hj1 & %58
PEIRRE D FEA AT S D OHELSE Z HNb. 2T,
DES#SER f % 4 L TBMP-150OmRNA & % Z{L £ T
WELNEIDPERB v 7T bR AR TN
&2, BMP-150 5Bl E B AR, ERL /v 72 T
P XL BICDESHEGIC X D AWML Twiz (&
3). 2O &b, DESHEGIZ X 52BMP-150 % B &
DIMICER B 5B 5- L TV Wi R 29/R S vz,
BMP-1513 0B A EE S 2 B T-CTH ), DESHES
2 X BRI B OB & BMP-150 38 Bl & iz 123
HHRHLONE Lk, L LIBOEETHOFRIZIE,
DESZH G- LTV ZRWwiZh b bd, AR E LKL
TERB /v 77 b= ATHBBEIZLLL TV
DLDHY, ERETI=A M &RV X5 7% 5N
PRLETHDLEEZ TV,

# 2 Relative expression of BMP-15 mRNA in oil- or DES- treated
C57BL/6J mice neonatally by real-time quantitative PCR.

Treatments Age (day) Relative mRNA expression (fold)
Oil 20 1.00 £ 0.832
DES 20 1.65 = 0.692

Data were expressed as the mean * standard error.
Measurements are normalized to the cyclophilin mRNA and shown
relative to the mRNA expression levels of 20-day-old oil control mice.

%3 Relative expression of BMP-15 mRNA in oil- or DES- treated
wild-type (WT) or ER B knockout (KO) mice neonatally by
real-time quantitative PCR.

Genotypes | Treatments (gij) Relative ml(?fglg)expression
WT Qil 20 1.00 £+ 0.124
DES 20 1.73 £ 0.190*
KO il 20 1.00 = 0.068
DES 20 1.78 + 0.199*

Data were expressed as the mean * standard error.

Measurements are normalized to the cyclophilin mRNA and shown
relative to the mRNA expression levels of 20-day-old oil control mice.

*: p < 0.05 compared with age-matched oil control mice.

EbYIC

v 7T b ADOMNTR, ERBIFRNT T= X
FOPEGIZ XY, BIEFRAEICER pAVEE 2R E & Bz
LTWaAIZEMFEAICHLMIENDDOH S, —F, b
NbNORREPS, MAEBEZEOLMFRNVE VLI X -
THlERI SN LZIMMINNOFEEFIL, ERFZALT
WL ENRHLNE 5T 51 ERBUKDO Y 7
FIZEREEE DT R, MAEBOIMO T R = X
DFNT e LR LT, ZIMEIIOIEAE X = X L OfF
WD TVE 2,

3R

1. Kuiper GGJM, Enmark E, Pelto-Huikko M, Nilsson S, Gus-
tafsson J-A (1996) Cloning of a novel estrogen receptor ex-
pressed in rat prostate and ovary. Proc Natl Acad Sci USA,
93, 5925-5930.

2. Mosselman S, Polman J, Dijkema R (1996) ER beta: identifi-
cation and characterization of a novel human estrogen re-
ceptor. FEBS Lett 392, 49-53.

3. Tremblay GB, Tremblay A, Copeland NG, Gilbert D], Jen-
kins NA, Labrie F, Giguere V (1997) Cloning, chromosomal
localization, and functional analysis of the murine estrogen
receptor . Mol Endocrinol 11, 353-365.

4. Katsu Y, Myburgh J, Kohno S, Swan GE, Guillette L], Iguchi
T (2006) Molecular cloning of estrogen receptor « of the
Nile crocodile. Comp Biochem Physiol 143, 340-346.

5. Iguchi T (1992) Cellular effects of early exposure to sex
hormones and antihormones. Int Rev Cytol 139, 1-57.

6. Iguchi T, Sato T (2000) Endocrine disruption and develop-
mental abnormalities of female reproduction. Am Zool 40,
402-411.

7. Iguchi T (1985) Occurrence of polyovular follicles in ovaries
of mice treated neonatally with diethylstilbestrol. Proc Japan
Acad Series B 61, 288-291.

8. Iguchi T, Takasugi N, Bern HA, Mills KT (1986) Frequent
occurrence of polyovular follicles in ovaries of mice exposed
neonatally to diethylstilbestrol. Teratology 34, 29-35.

9. Iguchi T, Ohta Y, Fukazawa Y, Takasugi N (1987) Strain
differences in the induction of polyovular follicles by neona-
tal treatment with diethylstilbestrol in mice. Med Sci Res 15,
1407-1407.

10. Iguchi T, Todoroki R, Takasugi N, Petrow V (1988) The ef-
fects of an aromatase inhibitor and a 5 alpha-reductase in-
hibitor upon the occurrence of polyovular follicles, persistent
anovulation, and permanent vaginal stratification in mice
treated neonatally with testosterone. Biol Reprod 39, 689-697.

11. Iguchi T, Fukazawa Y, Uesugi Y, Takasugi N (1990) Poly-
ovular follicles in mouse ovaries exposed neonatally to dieth-
ylstilbestrol in vivo and in vitro. Biol Reprod, 43, 478-484.

12. Iguchi T, Kamiya K, Uesugi Y, Sayama K, Takasugi N
(1991) In vitro fertilization of oocytes from polyovular folli-
cles in mouse ovaries exposed neonatally to diethylstilbes-
trol. In Vivo 5, 359-363.

12 [ BasiEmspzamss Vol 12 2007



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A5 #% O Diethylstilbestrold% 5:-12 & 2 Z I FHEL A ta Yz v LE Ty — 4

Kirigaya A, Hayashi S, Iguchi T, Sato T (2006) Developmen-
tal effects of ethinylestradiol on reproductive organs of fe-
male mice. In Vivo 20, 867-874.

Suzuki A, Sugihara A, Uchida K, Sato T, Ohta Y, Katsu Y,
Watanabe H, Iguchi T (2002) Developmental effects of peri-
natal exposure to bisphenol-A and diethylstilbestrol on re-
productive organs in female mice. Reprod Toxicol 16,
107-116.

Couse JF, Dixon D, Yates M, Moore AB, Ma L, Maas R, Ko-
rach KS (2001) Estrogen receptor-alpha knockout mice ex-
hibit resistance to the developmental effects of neonatal di-
ethylstilbestrol exposure on the female reproductive tract.
Dev Biol 238, 224-238.

Kuiper GG]JM, Carlsson B, Grandien K, Enmark E, Higgblad
J, Nilsson S, Gustafsson J-A (1997) Comparison of the ligand
binding specificity and transcript tissue distribution of estro-
gen receptors @ and f. Endocrinology 138, 863-870.

Couse JF, Korach KS (1999) Estrogen receptor null mice:
What have we learned and where will they lead us? Endo-
crine Rev 20, 358-417.

Lubahn DB, Moyer JS, Golding TS, Couse JF, Korach KS,
Smithies O (1993) Alteration of reproductive function but
not prenatal sexual development after insertional disruption
of the mouse estrogen receptor gene. Proc Natl Acad Sci
USA 90, 11162-11166.

Schomberg DW, Couse JF, Mukherjee A, Lubahn DB, Sar
M, Mayo KE, Korach KS (1999) Targeted distribution of
the estrogen receptor-a gene in female mice: Characteriza-
tion of ovarian responses and phenotype in the adult. Endo-
crinology 140, 2733-2744.

Couse JF, Yates MM, Walker VR, Korach KS (2003) Char-
acterization of the hypothalamic-pituitary-gonadal axis in es-
trogen receptor (ER) null mice reveals hypergonadism and
endocrine sex reversal in females lacking ER o but not ER .
Mol Endocrinol 17, 1039-1053.

Couse JF, Bunch DO, Lindzey J, Schomberg DW, Korach KS
(1999) Prevention of the polycystic ovarian phenotype and
characterization of ovulatory capacity in the estrogen receptor- o
knockout mouse. Endocrinology 140, 5855-5865.

Krege JH, Hodgin ]JB, Couse JF, Enmark E, Warner M,
Mahler JF, Sar M, Korach KS, Gustafsson J-A, Smithies O
(1998) Generation and reproductive phenotypes of mice
lacking estrogen receptor f. Proc Natl Acad Sci USA 95,
15677-15682.

Couse JF, Yates MM, Deroo BJ, Korach KS (2005) Estrogen
receptor- f is critical to granulosa cell differentiation and the
ovulatory response to gonadotropins. Endocrinology 146,
3247-3262.

Emmen JMA, Couse JF, Elmore SA, Yates MM, Kissling GE,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Korach KS (2005) Iz vitro growth and ovulation of follicles
from ovaries of estrogen receptor (ER) @ and ER # null mice
indicate a role for ER § in follicular maturation. Endocrinolo-
gv 146, 2817-2826.

Couse JF, Hewitt SC, Bunch DO, Sar M, Walker VR, Davis
BJ, Korach KS (1999) Postnatal sex reversal of the ovaries
in mice lacking estrogen receptors a and f. Science 286,
2328-2331.

Dupont S, Krust A, Gransmuller A, Dierich A, Chambon P,
Mark M (2000) Effects of single and compound knockouts
of estrogen receptors @ (ERa) and B (ER /) on mouse re-
productive phenotypes. Development 127, 4277-4291.
Lemmen ]G, Broekhof JLM, Kuiper GGJM, Gustafsson J-A,
van der Saag PT, van der Burg B (1999) Expression of es-
trogen receptor alpha and beta during mouse embryogene-
sis. Mech Dev 81, 163-167.

Fitzpatrick SL, Funkhouser JM, Sindoni DM, Stevis PE,
Deecher DC, Bapat AR, Merchenthaler I, Frail DE (1999)
Expression of estrogen receptor-beta protein in rodent ova-
ry. Endocrinology 140, 2581-2591.

Sar M, Welsch F (1999) Differential expression of estrogen
receptor-beta and estrogen receptor-alpha in the rat ovary.
Endocrinology 140, 963-971.

Hiroi H Momoeda M, Inoue S, Tsuchiya F, Matsumi H, Tsut-
sumi O, Muramatsu M Taketani Y (1999) Stage-specific ex-
pression of estrogen receptor subtypes and estrogen respon-
sive finger protein in preimplantational mouse embryos.
Endocrine J. 46, 153-158.

Britt KL, Saunders PK, McPherson SJ, Misso ML, Simpson
ER, Findlay JK (2004) Estrogen actions on follicle formation
and early follicle development. Biol Reprod, 71, 1712-1723.
Hegele-Hartung C, Siebel P, Peters O, Kosemund D, Muller
G, Hillisch A, Walter A, Kraetzschmar J, Fritzemeier KH
(2004) Impact of isotype-selective estrogen receptor ago-
nists on ovarian function. Proc Natl Acad Sci USA 101,
5129-5134.

Woodruff TK, Mayo KE (2005) To beta or not to beta: es-
trogen receptors and ovarian function. Endocrinology 146,
3244-3246.

Jefferson WN, Couse JF, Padilla-Banks E, Korach KS, New-
bold RR (2002) Neonatal exposure to genistein induces es-
trogen receptor (ER) a expression and multioocyte follicles
in the maturing mouse ovary: Evidence for ER f -mediated
and nonestrogenic actions. Biol Reprod 67, 1285-1296.

Yan C, Wang P, DeMayo J, DeMayo FJ, Elvin JA, Carino C,
Prasad SV, Skinner SS, Dunber BS, Dube JL, Celete A]J,
Matzuk MM (2001) Synergistic roles of bone morphogenetic
protein 15 and growth differentiation factor 9 in ovarian
function. Mol Endocrinol 15, 854-866.




