— FEEFRIICIE 2. BN A EEE
HzsldEoTRA7a2 4 FOEKMZRE
RAETHD TS ERBRTIICERER

D, # - ZBEROERETT LY E(E
#-ISHAL, £OFRAE - IRIREOM
REHKET B,

BRI, LEomiiz & b2 9 M
RATZIZEBWT, RAE UHITEFEEIL L
DEFHEE, PEEORETL LA
MEINTWD, —F, KETORBH
EFREORKR, MO, FEA
DYVRZEHIFTLEIEORERNH
HId, FAE ML 2002 FEi
KETRE LB THOIL, BATLEOH
HEEZFTHBENIFMIZHE, Th
LOBEWEMRIX, RFoA FEAT LT
hrz=2AbaF o) FELTDE
W ARARENCER T EELZLN
B,

IHRLOMBEYGET LD, B
TR ERBRAT ALY EEEZ LN
Do

EAZERIIBIA R bo S AR
DL lEEs & LTOIREIZEITST
2 hub LT 2 —OEREN R
Y5, oFEY, A bbb b
oKLt 7Y —OhlEEE LIRS
i, s EI RTaA FU L
DR - WFEN T2 D EFIFIR LD RIE
FutAEERETLIORLEALELLN
5, ¥, O R ra R
oo xF oA K7 FHARREr g
7 — L HEEHE - EHEEgEcow
THRIT I LiL, BERE2EFRNTHE
TR ARSI TEHEERa
X RLELIBN, AFoA R
OBz YW THIT A2 LE2BMLE
T 5,

EILREFRAER THWART A F
HRALFIMNOERRERFSPEF 2R
BT L. X0 EER O D20 EER
~DBIEE - BEORBREBNE L
iT9, TRB AT oA REERA|OHM

LT, BERFTHAIERAVET ¥ —
EHLCT, VA PR TGET
CFHEOEBEEEREELL. ZORRLE
R EBERICEOTESEERAETE
a3, 29, VH R
B 72 TSR T O v 7 i
L, v RETAZFATHZIEICTLY
AFEIZBIT 5 THRICEBETFIEOAERIE
H, BLUMhoLBERIC>WTHET
Rt FEM L, £ 9 EUWER O A2 -
BEEOREPRIET I EEEKENE
T 5,

B. #f7Eh &

ER IS EE Ay oIl
BITAEKRER . BBET L~ ADIE
e TR E SR T REO R BLTI

TR aHF LTl 2—it 2 i (ER
e BLUERB) FIEL, ZOAEBER
W2 HWTHE - BRI OV TERIEPH®
iRENZ<, ERa & BREMBBHEHWZ
F— 7T NI RBER, A
< —ERICLEVIEERY & LTOERM %
BT o2FmEtELELLONDS, =AM
TR T ERETT 512, KO
TUAERMNTOENEELBEDLRS
B, KOHEFIIFENL= A e ro
EEERERAT-HIZU H 2 RIEERGER
A buFrrivir¥— (caBEBRaB LU
caFRB) oavF 4 a PNV S AY
z=v 7 (cTg) =T AR LU HMRER
7ot —#—/Cre {Efl - "B EE S Z
Ly, HEREBROARATY H o FIEK
FFEIZ ERB V7 TN DHEEMET D
ZEMAETHD, 2HIZ, EraKO (ER
BT HNDIRGFIE) vV REHAT S
ik, ER VSRR L2
DEFERDOFHREIC S WTHLRET S
TEBFEEERD, OFED, 5SETH
AR TH - IEMEEETO 1) =R b
v (A7FuaA K) = 2) ERa/ERB D
BRMEBIUCZOER A =X L2
TEEMICRE L, A bbrdrrvdrn

1I-57



BRIEDOERYEIZDNT, ERANTHERE
HEBLOHEM A =X LI 20 TR E
BIA5,

R 16 4EF o X hua Ay Ao
AR SRR - LToIpL = X b
| =8 NS/ I

TR IS UESGERTOIEERMET
HDHIPELUZHO>NWT, FORT A Rt
FHE—TH?D ERaB L ER B OREH
BESNTEY ., HRBIZEENZELE
EHR S FER L UEHBIGEHE L THFE
THRBMLIENESRE LTHELLNS,
EDDIFEFEREOEBIZOVWTE LS
L, EMEOMRBRBIIBIT A EREL I
HDTHERBBETHY, FHRKE, ILF
R, BLURATEARTENEY 8 L 5
BT eI TWS, £,
ERNOR TR ey hrm
R 2 CTRREET 2 L2 LD, f#
DHEALTL T EDERIZOWTH
M H, LD AL TY
— (ERa B LU ERB) IZHR/EM Iz
EE RN FET DR L,
F, 2 A A FABLUTHR
MG FOEFRERIEHBIOY A7
IZOWTHRETT A 712010, SR 2 #k
FEHLOREBEIHLNT WD CAG (8-
actin/CMV-IE) 7 o & — % —/Cre < 7 A
L cTg ~ 7R %ERE L TFHLEHRET
PRI R SN DR HBRRICDL VIE
WL, =R aFr sl egN+asT
T B F DA T O EFER O,
BLURIERICOWTHEET 5, &6,
TR haHF T -0 TFRE~
D AR E RN Cre =7 X (ZP3-
Cre:Zona pellucidae 3 72— % —|Z Cre
AL Te =7 A) #X/ELL, IR
ORI A b LSk
BRE-IIEFHCENTIREZHEL
7o TURIZBWTCZ A b digE
11 AEAETEPLAERBMMEEhS EX
LA, ZP3 I E—F —HE FIZ Cre
PRIV RAERRTDLIEIZLY,

A% 3 AR TR hud it rl 2 —
2D RIEERFMIZEEEL, =2 b
a Ay I OIREREI O W TRE
T35, £, TRHOTA ba & Tl
IEBEUBTRRETAHZEiIzL s i
TEANAEERERIZOVWTHRETA L L
Hiz, MOARTaAf FERALEYTF A
EDrvaA =2 IZEALTHHE TR
T 5,

LI b, EXPEAYICHRZEETmI 2 #IT L. K
MERATHIHEBLLEBFHROBEEBETT
NNV DRSS & ORI 2 W TRHET
HZEcE, FERA =X LDPHFET
FEVH o FEHETHD . »oRER®
Wi nwARTF L R 7P ARKEE S TE
Fré L LWEBERO T - IWiHED
~DICATE SR TFORES BEL, B
TEHHE LTV,

C. TFTEss %

1 7F—<iX, caBRa B LT caER 8
D cTg w7 ADERIZENERRID L,
PRELINGED Tg vV ADET A
D42 DOPERR T LR —F — =T (GFP
F 7213 DsRed) HBL T3 I &I
MHOBR, TNHDLR—F—EETD
HEIIEETY T FEEEFER LA b
oLl LR
wfEle s L AL D, ¥/, Cre
PRBETEELEABITT / OANVAE
cTg MK D Fl <7 AREOFRBRHE L
AR R S/, in vitro (ZBWTHASEM:
caFRa B L caBR f T ARBELT

[ 1 Transgene expression of conditivnal FF1 monse

LGERe

free Cre trcatorens i 4 il fibrobfuss

Flig-vahk K AMaccabFRY

IT-58



WD L EFEFE LTz, S5 in vivo IZE
WT, ERECH L Cre 28B4 5
HMBZTT ) UA LR ELDEL Y B
MTDZ &2y, ARtEOZA by
I TF eI RS L 72 2),

[42 Procedure of adenoviral gene transfer
nita monse heart

A
-

/ Purificet £ partictes
! irrr
wlnusse

IINJ il

ez oAV ZEAN 2 AFE%IZZA R
o T NOERIEE TH D IR EH
HLU, b rAYz=y sy ARKD
FREUZ B W T RO M caEBRa D
T NE ISH LD RNA LLT
FMEFRT 5 L 3Ric, BEMNTEN® ER
aBLO ERBIU I TADRERBEZHERL
f-, Cre ALEEOABLL, EomzdbsktED
caFRoe ORBVBHATE, T L0
MTREHEFROMHMMES L URBELE
SRR DM BB &N, S RED caER
a OEBTATSIZEBWT ER O TS
BT L6 TS ERa. ERB.
EBAGY, LU efp BANRRBEBLT 5L
TRETLIOHL TR, XKD caER
a OFBPEOCFEEHMAR TR
BERBR LN, XHIT, ZOHRED
caER o DIFEBMPEO AL OMMGE T, &
BEECIERRGFET I PRNT 2D
2, A M rOoTHEEELEFEL
TEHmbLhATuFfArFa s LSy —
PRMVBIER L TWE ket LR, 4
$tED caER o O REUZ L Y T s &kt
-l LTHELENAD PR ORREE U
{RERMERIC BV THIZ L (X 3), —H.

AR TET - in vive IZBWTa V5 4 &
a AN OBEFERBRRIEL LD
IZ Cre BB\ TEDMBLZTT /74

% 3

Co-localized expression of ERc« and PR
in transgenic ovary

NAEFIRA LI FIECHSWTRE L6
B, O, ASICEEANNSEN BB
BN, (hOEMBERIC R A Fr
S THEMIZEBLIE LD, Hifk
ZTT /A NMAEFRT5RICITER
BHDHZENTRMINT, Fh#r, X

DERMESRCEEN 2T —4%5G57

2, B REYN2Te®— % —{Z Cre
ERBTIXAMBEFRETRAEERL
E L7,

W2 Tl L TR, R TER
L7z cTg w7 AL Cre BT H T
VAV =y IR VAT LI LIZ

v, k- B EEEICE(LRER R
PN LEZE 4, Thbh X5k

@ 4 Alternative strategy for gain of function

I REREPMEL L UCHBIEHTCORFED
TR raF S FA0REERRIIET

AERIZDWTHRETT 5 DI, CAG-
Cre hNFUr AV xow v R%E 2 54
YERI L 7=, Cre OFRBTDAGH] L R
PR A0, TRAI—TATH
% ROSA26LacZ <7 A% ZRFE L, X-Gal
PenZdHZ L2k D, Cre DIRIEIFL -

1I-59



SR ERET LR, SEERFAIT 2 M
W O(ENEE 24 R —RRRIEH) (524
% 96 Ff]) M OEREMET LI LR
T&, WA 195 HOER CEEERNIza
B XA R X-gal BeadEFR s, Cre
TR FRBEVY N L2 Y F F RBHS
D Tg w7 ARERTELWE 5), £&

B8 Alternative strategy for gain of function
in motise early development

HNTTA Moo FFutntsi-oH
2. CAGCre ¥~ 7 A%{E® LT, ~v
ADMYIE 2 My o RENHIZ
Cre #RIEIFAZZLICLD., THED
BBAUWNIZZ A ha v 754 (caBR
a BIU caBRB) = HAREDMGIRIE
TIRECAAM U756, 2FEICETFR
DIET, BLURFERLACFTAEIND
PN BT ULAEFBE SRR
TEBMHMHLE, ORI S
FTAEBRBNI A MENIEFR, EOKF
LB A ey S0 E
HEZT20EMIIRMTILERDH B
. ABRBAME T A CFAERTE
ENTLBREITOEFSED L, b7z
LHLARKAURICIEEA YD AR
LD Ebhot,

SBNT, TA M A rEREORLH
RS T h AINRERICE SRR Y
FEAT R Lo, BRSO TONTESE
@ ER OREMEHAREIZL D EERFIT
IZHET 5 &, HEHR 0 ABOIRIR TR
FR OFEITIZEAEHETEST, £0
# 6 H B O OIINaiREEFN TIZ ER
B ERa L V@B LTWD Z LN
23R 6), Fhil, LVEFREMESS

(46 ERs distribution in wild-type ovary

st

S EBERRT—ENENDIZE2RAT D
oz, HEREN LR oET—F—{C
Cre B TEXHMUGEFUE~TRITL
ARRTAHRICHOWNTHER L, JRE
FURE O IR I X OUPERMRR T THE L
GH£ 2% LTV 5 Zona Pellucidae & I
XN 7 EAEDIEEERTZ 3T
TRER 3 BEILEBRENTEY, #
OWND 1 DTHD ZP3 LT D F /8
s oTaE—F — R TICHBRABERT
HD Cre ZRA IV REHRT,
Cre DORF - MfRFFREOHN & LR E
FERIZTF AF —< U RALRETHZ LI
F 0 X-gal A RRATLIRER, £ 2-6
HE DRI T X-gal a7 47
ThHrHEOYRGNRHER SN, BT
BOREEASRNRRRETHIILE
FEFRLI(E 7)., = ZP3-Cre =W R &

[ 7 Cre expression with Tg mounse
= Gl of function with ER signefing by ovarsspecitic ZPY-Cre minse =

il

r
M ZPSespresion '

R Ma A AR EREATRER
cTg v~V ARRERTHIEICE D, PR
MBHRNIGBR 2= has i f
DO E SRR TR L, bide
% caFR a & ZP3-Cre = U AMAEUZ LY

- 60



WA DOEEFE2 G o7 3 8~ RPPH
B WT, B~ ERaDHERAIZLYD
HAAS 72 IR Nk TR A MR L
7.

D. %%

TR bas L IPREEEIZA LT,
BAETHLIY T ACEBWWTIIEAE 14
AENSx= A bad bl 2 —RnHH
Ltas., BREORECENER 11 AH]
LTRSS OEERBRBED E
EZzbND, SO ZRRE(E
WIRE A EE L, ERMIcL oo F
FEEBIZHEFA L2 LHEY S
zdizky, HEAEMEHERELTHSL D
EREZLNTWD, EODbITEFERE
OEEIZSWTEZLD &, BHEOHR%
BT AEEREIIRD CRERMBET
Ho. FHERE, DEFER BICERL
FBUARTESE T CELECHMET A LS
R ERTIND,

P ol A ol B =S N = 7 A o
DI ESRE O BRI LIERICBI BT B 2 &
DR EN, TRIEEREFD1>TH
% PR OFBEHIHL TS Z & BHEA]
And, | 2OFTFAL LT, PHLCE
WTxzRX baF IR 7alf As
0 AR BRI D RlhE T
ZRBELTWD(K 10), £/, =R b8
ol T —-OTRIEFELETTHD
EBAGY, BL W efp (Z2WW T, AkAN
T ERa 7 FHAftM+TaZ &1z
I WiREx R IED 2 EMNRBE AN,
E o bit, efp IEIEOMENAIZI T
ZBEBELRRFTHIHIILEZMRNAEEE
FUOSHEFICLVEEICHRE LT, H
v EOBEIZOWTEERNTOERA D
=X A EHATARIERTEEE LN
B

BENYMH LA b
RBRNZMERT-GE, ZEAYD~
ATA LT ERD BB L CREAEM
WL 72D Z LR IR, IR

Bz A b a o I u N -
SAIZBE ST B RN R IR/, &
BE, =R ba & v ARl ER
KO <= 2izBWT, ERa KO TiZH
fEE. EEAMORE, YT ENEE,
ER B KO TiIHEERREE . M om /%
BW|ESIhTEY, =R ha X v rF
N OIREHERE AT L T < 12 dizid,
RF R FIBNTFRAT 2 st LT < P s
RS IT,
INLOMREREEEL-HITIE,
TR RaF o X PAOEREFIIVE
PIRERMOBELEFEL, Hx 0
BICEARZRD . EOFER - 13RI %
A TEBEFAYARERALTART
A bay BRSO BRIER T DY
EfRHBEZZLND, BT, 1 D
DAFaA R T A0S - o &
HIREA B = X LR BT 5 7= D121,
EENTEBERIZAT A RV 7D
FIEAEA - HlIHSEEEAT S 2 & 23,
FLWEFEFHOTH - IbFHEOM3E 21T
SDIIYABAEEZLND,

E. #%%

MAERBETH S “Bilb:BEROED
EFNEPMOBRELZOIEMA” T D
Baps, A ey Far )y
v RIEEAFHNCTEME L C & St B3
v AR L, EELRERZHEET S
TEMTES, IFa4arART Y
AV =y 7(Tgy" 7 RZ2WTik, £
NFN caBRa B LT caBER B io >\ T
SALDINT A o=y v AN
bhi-, BAEBMALZ A ab vy
FTAERBEIIMAMTA EIFLEA DY
RATATERERE L, BARTH
HLiabdZ thbhoai, TAMosy
EROFEHMTHAIPE THERHIC
A baF S FARMINT AR AR
L. Rtz A v b v s(t
MEHZEBFAETH-, £, Zh
BOMF VA 2y IR BT

H-61



A4 a TR RREL S EDLIRETEY
L7=43, in vivo TX U MHEFFREME - BFH
fihEfE A RE e REME LETREIZE
HER-T Tg =~ 7 AOERPIERZORE
SBRMFIEHE LN,

SHOWMTOHMEL LT, ZhbHd
e THE~T7A2FBL, WEOXAD
=X b, RIHE~DISRAME,. BFERHOB
WMHRBLCED ) X7 IZDOWTEFH
TRABICREHT 2 Z ik, BEE~D
Whiare7 FoRER X OHEOMR
HIIVAELBELZOLND,

F. #F7E %%

1. FFim

1. Kawakami Y, Tsukui T, Ng JK, Izpisua
Belmonte JC: Pattern Formation in
Vertebrate  Development, section in
"Insights into the Molecular Basis of
Vertebrate  Forelimb  and  Hindlimb
identity" Oxford University Press, London,
198-213, 2003.

2.Fukuda A, Tokonabe S, Hamada M,
Matsumoto M, Tsukui T, Nogi Y, Hisatake
K: Alleviation of  PC4-mediated
transcriptional repression by the ERCC3
helicase activity of general transcription
factor TFIIH. J Biol Chem 278, 14827-
14831, 2003.

3. Fukuda A, Nakadai T, Shimada M, Tsukui
T, Matsumoto M, Nogi Y, Meisterernst M,
Hisatake K: Transcriptional coactivator
PC4 stimulates promoter escape and
facilitates  transcriptional  synergy by
GALA-VPI16. Mol Cell Biol 24, 6525-6535,
2004.

4. Ikeda K, Ogawa, S., Tsukui T, Horie-Inoue
K, Ouchi Y, Kato S, Muramatsu M, Inoue
S: Protein Phosphatase 5 Is a Negative
Regulator of Estrogen Receptor-mediated
Transcription. Mol Endocrinol 18, 1131-
1143, 2004.

2. FRBHR
(EHF]
1L BAFE, SEMRA. KPR,
WMITRZE, BRWTEA, (EiRdEsE, ff
ETE. LB :BGP avF 43 at
R vAdzow s R BT A5
R OAEHT (2003.12.10-13) 45 26 [E A
EoFEMPRES

2 EEETER, WErAE, HIIACTF, #
Mo, dUAHH, KN, H R .
FHEMRICE TR ba S oy FiE
DR & BERERRAT (2003.12.10-13) &
26 Bl ARG FEYFDED

LR, BT F, HAE, ]
Be—. bR o7t —afEirick
AEEMpAEEIBIIAEZI v K
S FERAORE (2003.12.10-13) % 26
EBAS TAEMESFES

4. KPWariE, BANE. SEBRLF.
A FoE, SIIACTF, ARES., K
SEE. MRETE, LR ERa B LW
ER 8 M4 {&K Gain of function IZ X 54
RHEHE D AR (2003.12.10-13) 45 26 [H
ARG THEMESTR

5. AR, BB AR, RPWInE, &
AFEW, MIRIETE, HEE: Fy ME
BT A ho S BN R T EE
MR (2003.12.10-13) 55 26 B A A%
T FFa

6. AR, FEEEE . BGP 2T 4 =
TR A 2oy 2w T AIIBT
BT o AT (2004.2.14) 3 7 [
Vitamin K & Bone 752 (HAD)

7. AR, SEALT. KPWIRE,
EEAFEMS, WMEAE., HRET, FE
B2 :BGP T 4¥a N 7Ry
Ty 7w AT BB O
(2004.11.8-11) % 27 M A &5 FAEHF
ZiFES (W)

8. iR, HAIE, KIPIDIE,
BRI, BT F. MRRER, #
FH2 ¢ Cre/LoxP VY AT AZF W T=F K
HicBF 3T A Mr A S ADRE

1I-62



T (2004.11.8-11) % 27 RIBASF4ED
FRES (M)

9. KPFwbardx, MANE, SiEMILTF.
B, BITAC-F, ARER, K
E. MRER., HFEBE: hFLRY
v I A ERWERRIZET S
T A& Ao
(2004.11.8-11) 5 27 B A KRG 7TEMF

II-63

DES (W)

10. BAFETE, RPWIRE, SEBRRTF.
3+ E¥& . Analysis of ovarian function in
conditional transgenic mice by
overexpressed ER o and ER 8. (2005.
1.22-23) AR 16 FE FrEmSat EE

R R T T A



6
%l_. %




HREREOATICEAT A —KE

Iv- REHKSG mCH A s HIEEA At ~— | B
. Estrogen-responsive RING vy
1 Horie K, Urano T, Ikeda K, finger protein controls breast J Steroid Ba‘ochem 85 101-104 2003
Inoue S Mol Biol
cancer growth,
%::2?;;;51:32?;:], EBAG9/RCASI expression
5 Kitamnura T, Ouchi Y, ?.:d ::,SS t}:ll;oégz;)rs;gg significance Int J Cancer 106 310-315 2003
Muramatsu M, Inoue S np ! r
Tsurusaki T, Acki D, Zone-dependent expression of
Kanetake H, Inoue S, estrogen receptor alpha and J Clin Endocrinol
1 Muramatsu M, Hishikawa Y, |beta in human benign prostatic Metab 88 1333-1340 | 2003
Koji T hyperplasia.
Aoki T, Inoue S, Imamura H, [EBAG9/RCASI expression in
Fukushima J, Takahashi S, |hepatocellular carcinoma:
19 |Urano T, Hasegawa K, Correlation with tumour Eur J Cancer 39 1552-1561 | 2003
Ogushi T, Ouchi Y, dedifferentiation and
Makuuchi M proliferation.
Inoue H, Shimizu I, Lu G, Idoxifene and estradiol enhance
Itonaga M, Cui X, Okamura |antipoptotic activity through . , )
29 Y, Shone M, Honda H, Inoue [estrogen receptor-beta in Dig Dis Sci 48 370-580 2003
S, Muramatsu M, Ito S cultured rat hepatocytes.
40 |Horie K, Urano T, Inoue § Efp as a new molecular target Anticancer Drugs 14 1-2 2003
for breast cancer therapy.
Expression of estrogen,
Okada A, Ohta Y, Inoue S, |progesterone and androgen
42 |Hiroi H, Muramatsu M, receptors in the oviduct of J Mol Endocrinol 30 301-315 2003
Iguchi T developing, cycling and pre-
implantation rats.
Kawabata W, Suzuki T,
Moriya T Fujimori K, Estrogen receptor (alpha and
Naganuma H, Inoue S, beta) and 17beta- )
57 Kinouchi Y, Kameyama K, |hydroxysterodi dehydrogenase Modern Pathology 16 437-434 2003
Takami H, Shimosegawa T, |[type 1 and 2 thyroid disorders.
Sasano H
Tabb MM, Sun'A, Zhou G, Vitamin K2 regulation of bone
Grun F, Errandi JL, Romero homeostasis i diated by the
65 |KM, Pham H, Inoue S, . ¥ meciated by J Biol Chem 278 [43919-43927] 2003
. . steroid and xenobiotic receptor,
Mallick S, Lin M, Forman SXR
BM, Blumberg B )
Association of molecular
Ezura Y, Nakajima T, Kajita |variants, haplotypes, and
M., Ishida R, Inoue S, linkage disequilibrium within
74 |Yoshida H, Suzuki T, Shiraki[the human vitamin D-binding | J Bone Miner Res 18 1642-1649 | 2003

M, Hosoi T, Orimo H, Emi
M

protein (DBP) gene with
postmenopausal bone mineral
density.

-1




Iwasaki H, Emi M, Ezura Y,
Ishida R, Kajita M, Kodaira

Association of a Trpl6Ser
variation in the gonadotropin
releasing hormone (GnRH)

82 (M, Yoshida H, Suzuki T, signal peptide with bone Bone 32 185-190 2003
Hosoi T, Inoue 8, Shiraki M, |mineral density, revealed by
Swensen J, Orimo H SNP-dependent PCR (Sd-PCR)
Typing.
. . . .. |Association of Tumor Necrosis
Hoshino S, Hosoi T, Shiraki .
88 |M, Orimo H, Ouchi Y, Inoue |F 210 | (INFR1) gene Geriatric Gerontol | 3| 101105 | 2003
S polymorphism with bone Int
mineral density.
Urano T, Shiraki M, Ezura Y, [A550¢12t0n of @ single
oo . ’ . ’|nucleotide polymorphism in ,
Fujita M, Sekine E, Hoshino o . J Bone Miner
93 S, Hosoi T, Orimo H, Emi M. low-density Ilpoprotex'n Metab 22 341-345 2004
Ouchi Y. Tnoue S receptor-related protein 5 gene
’ with bone mineral density.
Ikeda K, Ogawa §, Tsukui T, | Protein phosphatase 5 is a
Horie-Inoue K, Ouchi Y, negative regulator of estrogen ,
98 Kato S, Muramatsu M, Inoue |receptor-mediated Mol Endocrinol 18 H31-1143 | 2004
S transcription.
Identification and functional
11 HOI‘IE-II’lOUC K, Bono H, analysis of consensus androgen| Biochem Biophys 325 1312-1317 | 2004
Okazaki Y, Inoue S response elements in human Res Commun
prostate cancer cells.
Tamura N. Hishikawa Y Estrogen receptor-associated
Eiima K I:Ia asue N Inc;ue expression of keratinocyte
117 SJ Mum'natsﬁ M. Havashi . |&0%th factor and its possible Lab Invest 84 | 1460-1471 | 2004
Kot T > HEYASM T role in the infibition of
) apoptosis human breast cancer.
Shimada N, Suzuki T, Inoue 1o o io dictribution of
129 IS_I ](()a;:o K ImaFam A, Sekine estrogen-responsive finger Mol Cf” 218 147-153 2004
, Ohara S, Shimosegawa T, ; . , Endocrinol
Sasano H protein (Efp) in human tissues,
Akahira I. Sugihashi Y. Decreased expression of 14-3-3
Suzuki T, lto K, Nifkura H, [S18ma is associated with
136{Moriya T, Nitta M, Okamura [*4¥20ced disease inhuman | o) 0 0or pos | 10| 2687-2693 | 2004
H. Inoue S. Sasano H epithelial ovarian cancer: its
Oi(amura K Yae ash’i N correlation with aberrant DNA
’ g methylation.
Akahira I, Acki M, Suzuki T,|Expression of EBAG9/RCASI1
Moriya T, Niikura H, Ito K, |is associated with advanced
143 Inoue S, Okamura K, Sasano |disease in human epithelial BrJ Cancer %0 2197-2202 | 2004
H, Yaegashi N ovarian cancer.
Urano T, Takahashi S,
Suzuki T, Fujimura T, Fujita o . ,
149[M, Kumagai J, Horie-Inoue 14-3-3sigma is down-regulated | Biochem Biophys 319 795.800 2004

K, Sasano H, Kitamura T,
Quchi Y, Inoue §

in human prostate cancer,

Res Commun

IIT-2




Fujita M, Urano T, Shiraki

Association of a single

nucleotide polymorphism in the

155|M, Orimo H, Ouchi Y, Inoue [secreted frizzled related protein |Geriatr Gerontol Int 4 175-180 2004
S 4 (sFRP4) gene with bone
mineral density.
Acconcia F, Totta P, Ogawa |Survival versus apoptotic
S, Cardillo I, Inoue S, Leone |17beta-estradiol effect: Role of .
161 S, Trentalance A, Muramatsu |ER alpha and ER beta activated J Cell Physiol 203 193-201 2005
M, Mario M non-genomic signaling.
170|Ikeda K, Incue S Estrogen receptors a.n d their Arch Histol Cytol |in press
downstream targets in cancer.
Ogushi T, Takahashi S, Estrogen receptor-binding
Takeuchi T, Urano T, fragment-associated antigen 9
178&|Horie-Inoue K, Kumagai J, {is a tumor-promoting and Cancer Res in press
Kitamura T, Ouchi Y, prognostic factor for renal cell
Muramatsu M, Incue S carsinoma.
Association of a single
Urano T, Shiraki M, Fujita  [nucleotide polymorphism in the X
201|M, Hosoi T, Orimo H, Ouchi |lipoxygenase ALOX15 5'- J B‘;;: tﬁmer in press
Y, Inoue S flanking region (-5229G/A)
with bone mineral density.
Watanabe T, Akishita M, He |17beta-Estradiol inhibits
H, Miyahara Y, Nagano K, |cardiac fibroblast growth Biochem Biophys i
213 Nakaoka T, Yamashita N, through both subtypes of Res Commun 3 454-459 2003
Kozaki K, Ouchi Y estrogen receptor.
Watanabe T, Ak15h.1ta M. Estrogen receptor beta
Nakaoka T, Kozaki K, mediates the inhibitory effect
219{Miyahara Y, He H, Ohike Y, . Yy Cardiovasc Res 59 734-744 2003
y of estradiol on vascular muscle
Ogita T, Inoue S, Muramatsu cell proliferation
M, Yamashita N, Ouchi Y P '
Nakamura T, Akishita M, Influence of sex and estrogen
230|Kozaki K, Toba K, Orimo H, [on vitamin D-induced arterial |Geriatr Gerontol Int 3 145-149 2003
Ouchi Y calcification in rats.
Akishita M, Yamada S, Testosterone and
235|Nishiya H, Sonohara K, Ohni [comprehensive geriatric J Am Geriatr Soc 51 1324-1326 | 2003
M, TobaK assessment in frail elderly men.
Watanabe T, Akishita M, ,
o s (O, e o
238]Y, Yamashita N, Wada Y,  |Proo. ECTIES aTe Upreg Life Sci 75 | 1219-1229 | 2004
. R by estrogen in vascular smooth
Aburatani H, Yoshizumi M, muscle cells
Kozaki K, Ouchi Y ’
Watanabe T, Miyahara Y, Inhibitory effect of low-dose
Akishita M, Nakaoka T, estrogen on neointimal
249 Yamashita N, Iijima K, Kim [formation after balloon injury Eur J Pharmacol S02 265-270 2004
H, Kozaki K, Cuchi Y of rat carotid artery.
Interrelationship between non-
Koty X, A, vy e e of
255; W, Hashimoto M, Ohni M, ) i Atherosclerosis 173 13-18 2004

Toba K

dilation of brachial artery,
carotid intima-media thickness
and pulse wave velocity.

III -3




Nagai K, Akishita M,

Correlation between pulse
wave velocity and cognitive

261{Machida A, Sonohara K, function i JAm Geriatr Soc 52 1037-1038 | 2004
Ohni M. Toba K unction in non-vascular
' dementia.
Akishita M. Yamada S Effects of physical exercise on
263|Nishiya H, Sonohara K, Elasma cor}cer;arat;ons of sex J Am Gerlatr Soc  |in press
Nakai R. Toba K ormones in elderly women
’ with dementia.
Cooperative roles of Fyn and
H ’ L (] s . . .
266 S;l?:igRJ Asawa T, Takato T cortactin in celll migration of J Biol Chem 278 |48367-48376] 2003
metastatic murine melanoma.
Tanaka M, Ohashi R, . . .
Nakamura R. Shinmura K Tiam1 mediates neurite
276 Kamo T Sak’ai R SuOimu,ra outgrowth induced by ephrin- EMBO J 23 1075-1088 | 2004
H ’ PR Bl and EphA2.
. Analysis of estrogen receptor
A K L
200 A2uma SI:SI";K Inoue S, |, | sha signaling complex atthe |  FEBS Lett 577 | 339-344 | 2004
’ plasma membrane.
Hippocampal Synaptic
Miyamoto Y, Chen L, Sato x%iu:f;o?ol;{nglz davter
296|M, Sokabe M, Nabeshima T, p p Sg C/N-Sh P J Neuroscience 25 1826-1835 | 2005
Pawson T, Sakai R, Mori M [; "ottt Shet./M-She via
’ ’ Interaction with the NMDA
Receptor.
Miyake I, Hakomori Y, Musu|Domain-specific function of
306|Y, Nakadate H, Matsuura N, [ShcC docking protein in Oncogene in press
Sakamoto M, Sakai R neuroblastoma cells.
Azuma K. Tanaka M Tyrosine phosphorylation of
. ’ ’ illi i
316|Uekita T, Incue S, Yokota ggzm‘;f (f)f,:ﬁ:lsmﬂ;i metastatic Oncogene in press
1. Ouchi Y, Sakai R osteosarcoma.
Estrogen and phytoestrogen
late the mRNA expression
Ikeda K, Arao Y, Otsuka H, ["B“ AL EXD Mol Cell
327 Kikuchi A, Kayama F of adrenomed'ullm and Endocrinol 223 27-34 2004
adrenomedullin receptor
components in the rat uterus.
Stability of A+U-rich element
Arao Y, Kikuchi A, Kishida |0inding factor 1 (AUFL).
M. Yonekura M. Inoue A binding messenger ribonucleic ‘
a3s Ye;su da S Wa da, S Ike da,K acid correlates with the Mol Endocrinol 18 2255-2267 | 2004
Kavama },? ’ " |subcellular re-localization of
y AUF1 in the rat uterus upon
estrogen Ireatment.
RING finger-B box-coiled coil , .
{RBCC) proteins as ubiquitin Zinc Finger
Ikeda K, Inoue S, Muramatsu | . ; . Proteins: from .
348 M ligase in the control of protein , in press
degradation and gene Atomic Contact to
. Cellular Function
regulation.
Murata H, Thara Y, Glutaredoxin exerts anti-
356|Nakamura H, Yodoi J, apoptotic effect by regulating J Biol Chem 278 |50226-50233( 2003

Sumikawz K, Kondo T

redox state of Akt.

I -4




Yasuoka C, Thara Y, Ikeda S,

Antiapoptptic activity of Akt is
down-regulated by Ca2+ in
myocardiac H9¢c2 cell. _

364|Miyahara Y, Kondo T, Evidence of Ca2+-dependent J Biol Chem 279 |51182-51192 2004
Kohno S . .
regulation of protein
phosphatase 2Ac,
Kamada K, Goto S, Okunaga :LL;C;(:S;f?;art:ézzin%r;::nts
375{ 1 Thara ¥, Tsuji K, Kawai Yol 2 ive stress-inducedps- | F7e¢ Radical Biol 1551 1875 1884 | 2004
Uchida K, Osawa T, Matsuo . Med
T. Nacata I. Kondo T transferase formation of
- agata L exocyclic DNA adducts.
Matsumoto T, Takeyama K, |Androgen receptor functions J Steroid Biochem i
385 Sato T, Kato S from reverse genetic models. Mol Biol 85 95-99 2003
Ohtake F, Takeyama K,
Matsumoto T, Kitagawa H, )
Yamamoto Y, Nohara K, xggutl;:lgzr?:lﬁﬁmlf gen
390{Tohyama C, Krust A, plor S1gnating by Nature 423 | 545550 | 2003
. association with the activated
Mimura J, Chambon P, dioxin recentor
Yanagisawa J, Fujii- pior-
Kuriyama Y, Kato S
N e
396| Yanagisawa J, Takeyama K, Y ptol EMBO J 21 1598-1608 | 2004
by a bHLH-type activator
Kato S L
through co-regulator switching.
Takeyama K, Ito S, .
Sawatsubashi 8§, Shirode Y, A novcvel genetic system for
Y 0 A. Suzuki E analysis of co-activators for the Biosci Biotechnol
407| X amamoto A, ouzuLt &, N-terminal transactivation ' 68 1209-1215 | 2004
Maki A, Yamagata K, Zhao . . Biochem
function domain of the human
Y, Kouzmenko A, Tabata T, androsen recentor
Kato S & pror:
Kato §, Matsumoto T, . . D
414|Kawano H. Sato T, ?Funchon of anc‘lrogen receptor | J Steroid Bt.achem 89.00 627-633 2004
in gene regulations. Mol Biol
Takeyama K
Ito S, Takeyama K, In vivo potentiation of human
Yamamoto A, Sawatsubashi joestrogen receptor alpha by ]
421 S, Shirode Y, Kouzmenko A, |Cdk7-mediated Genes to Cells 9 983-992 2004
Tabata T, Kato S phosphorylation.
Kouzmenko AP, Takeyama
K, Ito S, Furutani T, .
431|Sawatsubashi S, Maki A, ::";tfl’f;a ;‘(’)‘ﬁ:’e‘;“ea?:;i‘goge“ J Biol Chem 279 [40255-40258 2004
Suzuki E, Kawasaki Y, g g g '
Akiyama T, Tabata T, Kato §
Fujita T.’ Klobay a.Shl Y, Wada Full activation of estrogen
O, Tateishi Y, Kitada L,
Yamamoto Y. Takashima H receptor alpha (ER alpha)
435 oo X, “axasTima I | ctivation function-1 (AF-1) 7 Biol Chem 278 |26704-26714| 2003

Murayama A, Yano T, Baba
T, Kato S, Kawabe Y1,
Yanagisawa J

induces proliferation of breast
cancer cells.

nI-5




Kitagawa H, Fujiki R,
Yoshimura K, Mezaki Y,
Uematsu Y, Matsui D,
Ogawa S, Unno K, Okubo M,

The chromatin-remodeling
complex WINAC targets a

446 Tokita A, Nakagawa T, [to T, nuclf:a.r receptor to promoters Cell 113 905-917 2003
.. and is impaired in Williams
Ishimi Y, Nagasawa H, svndrome
Matsumoto T, Yanagisawa J, Y :
Kato S
Tateishi Y, Kawabe Y, Chiba
T, Murata 8, Ichikawa K, Ligand-dependent switching of
459(Murayama A, Tanaka K, ubiquitin-proteasome pathways EMBO J 23 4813-4823 | 2004
Baba T, Kato S, Yanagisawa {for estrogen receptor.
J
Wada O, Oishi H, Takada I, [PR D wnction mediates e
470| Yanagisawa J, Yano T, Kato | LROF/ -Omple & Oncogene 23 | 6000-6005 | 2004
S direct interaction with
TRAP220.
Fukuda A, Tokonabe S, Ailewa_ucgn of PC4—m¢:d1ated
Hamada M. Matsumoto M transcriptional repression by
476 R, . " |the ERCC3 helicase activity of J Biol Chem 278 |14827-14831] 2003
Tsukui T, Nogi Y, Hisatake .
K general transcription factor
TFIIH.
Fukuda A, Nakadai T, Transcriptional coactivator PC4
481 Shimada M, Tsukui T, stimulates promoter escape and Mol Cell Biol 24 6525-6535 | 2004

Matsumoto M, Nogi Y,
Meisterernst M, Hisatake K

facilitates transcriptional
synergy by GAL4-VP16.

I-6




17 % O B Kl




The journal of
Steroid Biochemistry
&

Molecular Biology

PERGAMON Joumnal of Steroid Biochemistry & Molecular Biology 85 (2003) 101-104

www.elsevier.com/locatefjsbmb

Estrogen-responsive RING finger protein controls breast cancer growth™
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Abstract

Most of the breast cancers initially respond to endocrine therapy that reduces the levels of estrogens or competes with estrogen for
binding to its receptor. Most of the patients, however, acquire resistance to endocrine therapy with tamoxifen and aromatase inhibitors later,
We assumed that identification of estrogen-responsive genes those regulate the growth of breast cancer is indispensable to develop new
strategies targeting the genes and overcome the resistance to current endocrine therapy. Estrogen-responsive finger protein (Efp) is one of
the estrogen receptor (ER)-target genes we have cloned using genomic binding site cloning. Efp features a structure of the RING-finger
B-box coiled-coil (RBCC) motif. We postulated that Efp is a critical factor in proliferation of breast tumors. In a model system using MCF7
cells grown in xenografts, we showed that inhibition of Efp expression by antisense oligonucleotide reduced the tumor growth. MCF7
cells overexpressing Efp formed tumors in xenografts even in estrogen deprivation environment. By yeast two-hybrid screen, we identified
that Efp interacts with 14-3-3g, which is known as a cell cycle brake that causes G2 arrest and expressed in normal mammary glands. In
vitro studies have revealed that Efp functions as a ubiquitin-protein ligase (E3) that targets 14-3-30. These data suggest that Efp controls
breast cancer growth through ubiquitin-dependent proteolysts of 14-3-3¢. Future studies may provide a new therapy to block breast tumor

proliferation by targeting Efp.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Breast cancer is the most common type of cancer in female
and continues to be a major cancer death among women
in the western world. Although primary treatment of breast
cancer is surgical removal of the tumor, patients treated by
surgery alone are likely to be further suffered from recurrent
and metastatic disease. More than 100 years ago, removal
of ovaries had been found to be effective in remission of
metastatic breast cancer [1]. The ovarian hormone estrogen
was discovered to stimulate breast tumor growth. Efforts
had been made thereafter to establish endocrine therapy to
inhibit estrogen actions or estrogen synthesis [2]{(Fig. !).
The endocrine therapy since the 1940s, and tamoxifen in
particular, has revolutionized the treatment of breast cancer.

The direct effect of estrogens on estrogen-responsive tis-
sues are mediated via the estrogen receptors (ERs), namely
ERa and ERB, in low levels in normal mammary gland tis-
sue and in higher concentrations in about two-third of human
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breast cancers [3]. It is known that most of the ER-positive
breast cancers are primarily responsive to endocrine therapy,
Tamoxifen, which is one of the selective estrogen receptor
modulators or SERMs, was first used in the treatment of
metastatic breast cancer, and now the first choice of adjuvant
treatment after surgery [4).

In postmenopausal women, local estrogen synthesis is im-
portant in tumor progression because of cease of ovarian
function. Aromatase in breast tissue is responsible for local
estrogen synthesis [5]. Aromatase inhibitors such as anas-
trozole and letrozole are now being used as second- and
third-line agents in endocrine therapy, once resistance to ta-
moxifen has developed [2].

In spite of all strategies of endocrine therapy, however, a
substantial proportion of patients with breast cancers eventu-
ally acquire resistance against those treatment. Current antie-
strogenic agents are not originally beneficial to patients with
ER-negative breast tumors. Several critical side effects due
to tamoxifen therapy are reported, including development
of endometrial cancer or an increased incidence of venous
thrombosis and strokes [4]. Aromatase inhibitors such as
anastrozole have fewer thromboembolic and vaginal bleed-
ing episodes than tamoxifen, yet have side effects including
hot flashes, vaginal dryness, osteoporotic fractures, nausea,
and gastrointestinal disturbances [6-8]. Thus, we need to
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Fig. 1. Antiestrogenic drugs in cascade of estrogen action,

develop new agents that can overcome the resistance against
today’s endocrine therapy and have minimal side effects.
Elucidation of precise estrogen/ER signaling pathway may
give us some clues to develop future endocrine therapy.

2. Efp as an estrogen-responsive gene
Our group identified several downstream genes of ER

that include estrogen-responsive elements in their promoter-
enhancer regions, using genomic-binding site cloning

(A)

technique that we previously designed [9,10]. We specially
interested in one of the ER-downstream molecules, Efp or
estrogen-responsive finger protein {11], containing a RING
finger, two B-boxes, a «-helical coiled-coil domain, and
C-terminal SPRY domain (Fig. 2A}. The structure of Efp
has the RING-finger B-box-coiled-coil motif or RBCC [9Y].
The RING finger features a set of cysteine and histidine
residues that have a distinctive spacing owing to their roles
as the ligands of two zinc ions that stabilize a characteris-
tic globular conformation (Fig. 2B) [12]. It is notable that
several RING finger proteins are known to be responsible
for some malignant tumors {Fig. 3). For example, PML is
responsible for acute premyelocytic leukemia when it forms
a fusion protein with retinoic acid receptor (RAR) a {13],
or loss of the tumor suppressor BRCALI results in chromo-
somal instability leading to development of familial breast
and ovarian cancers [14].

Efp is predominantly expressed in estrogen target tissues
including mammary glands, uteri, and osteoblasts [15,16],
and also in breast cancers [17]. Efp is essential for growth
of female organs such as uteri, since mice deficient in Efp
gene have underdeveloped uteri [ 18],

To investigate a role of Efp in breast tumor growth, we per-
formed experiments to examine the effects of Efp antisense
oligonucleotide on tumor formation in female nude mice in-
oculated with human breast cancer MCF7 cells [19]. When
the tumor volume reached 300 mm?3, mice were treated with
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Fig. 2. Structure of Efp: (A) domain structure of human Efp and mouse Efp; (B) structure of RING finger motif,
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ovariectomy or with antisense/sense Efp oligonucleotides.
Efp antisense oligonucleotide as well as ovariectomy effi-
ciently reduced the size of tumor generated by MCF7 cells
in the recipient mice. We postulated that Efp is an oncogenic
factor in breast cancers.

MCFT7 cells are originally ER-positive and can initially
proliferate in the presence of estrogen. We next examined
whether MCF7 cells can grow even in estrogen deprived
environment by Efp overexpression. MCF7 cells stably ex-
pressing Efp (Efp-MCF7) could proliferate even in mice
treated with ovariectomy. Cell cycle analysis revealed that
a higher ratio of Efp-MCF7 cells were in the proliferating
stage compared to control MCFE7 cells transfected with vec-
tor alone (30-35% versus 10-15%). It is also notable that en-
dogenous levels of negative regulators of cell cycle progres-
‘sion such as p21©P! and 14-3-3¢ were reduced in Efp-MCF7
cells as compared with control MCF7 cells. Those results
give us a notion that elevated levels of Efp promote cell
growth of breast cancer, indicating that Efp might directly
regulate the cell cycle machinery,

3. Mechanism of Efp function in cell cycle progression

We next assessed the molecular mechanism of Efp in
cell cycle progression. As a first step, we performed yeast
two-hybrid screening from a mouse embryo ¢cDNA library
using Efp as a bait. These screens led to the identification of
14-3-30 as an interacting clone with Efp [19]. 14-3-3c is a
cell cycle brake that causes G2 arrest by sequestrating cde?2
in the cytoplasm [20]. Although 14-3-3¢ is well expressed
in epithelial cells of normal mammary glands, reduced lev-
els of 14-3-3¢ seem to be related to breast malignancy, as

Inactivation of
Cyclin-Cdk complex

Loss of

downregulation of the protein {21] or hypermethylation of
its promoter region [22] is reported in breast cancer.

Since we found that 14-3-3¢ is an interacting clone of Efp
and the amount of 14-3-3¢ was reduced in Efp-MCF7 cells,
we investigated whether Efp directly regulates the activity
of 14-3-30. When we expressed Efp and 14-3-3¢ in COS7
cells, the two proteins colocalized in the cytoplasm and the
protein—protein interaction of those proteins was confirmed
by immunoprecipitaion. Co-transfection of Efp and 14-3-3¢
resulted in lower levels of 14-3-3¢ protein compared with
cells transfected with 14-3-3¢ alone. We identified that the
B-box coiled-coil domain in Efp is the motif that specially
interacts with 14-3-3¢0.

Recent advances of molecular research have revealed
that a large number of RING finger proteins function as
ubiquitin-protein ligases or E3s in the ubiquitination sig-
naling pathway [13]. Ubiquitination regulates a variety of
cellular functions, frequently by mediating the selective
degradation of master regulatory proteins by proteasomes.
The ubiquitin-dependent proteolysis is important to elim-
inate misfolded or abnormal proteins as well as to confer
short half-lives on specific normal proteins such as mitotic
cyclins whose critical concentrations must change promptly
with alterations in the state of a cell. We hypothesized that
Efp functions as an E3 that ubiquitinates 14-3-3a (Fig. 4).
By pulse and chase experiments, we confirmed that the
degradation rate of 14-3-30 protein was explicitly enhanced
in Efp-MCF7 cells. The protein breakdown of 14-3-3¢
is proteasome-dependent because a proteasome inhibitor
MG132 increased the amount of 14-3-3¢ protein binding
to Efp. Finally, we confirmed that Efp directly degrades
14-3-30 through a ubiquitin-dependent pathway in which
Efp functions as an E3.

14-3-3c '
degradation 1

[N’

up | 14330
U ubiquitination




104 K. Horie et al /Journal of Steroid Biochemisiry & Molecular Biology 85 (2003) 101-104

4. Perspective

QOur experimental data suggest that Efp may provide
unlimited proliferation of breast cancer cells by acceler-
ated destruction of 14-3-3¢. It is intriguing that Efp might
proliferate breast tumor in an estrogen deprivation envi-
ronment although Efp has been originally identified as an
estrogen-responsive gene, We speculate that overexpres-
sion of Efp might be one of the reasons for resistance to
endocrine therapy. It remains to be determined whether
Efp plays a similar critical role in human breast tumor
progression. We anticipate that Efp could be used as a po-
tential molecular target for clinical application that provides
promising future direction of breast cancer treatment.
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Estrogen receptor-binding fragment-associated gene %
(EBAG9Y) has been identified as a primary estrogen-respon-
sive gene from MCF-7 human breast cancer cells (Watanabe
T, et al., Mol Cell Biol 1998;18:442-9). EBAG?Y is identical
with RCAS| (receptor-binding cancer antigen expressed on
SiSo cells), which has been reported as a cancer cell surface
antigen implicated in immune escape (Nakashima M, et dl.,
Nat Med 1999;5:938-42). In our present study, we examined
EBAGY expression in human prostatic tissues and investi-
gated its prognostic significance in patients with prostatic
cancer. EBAGY expression in normal prostatic epithelial cells
and PC-3, DUI145 and LNCaP cancer cells was determined by
Woestern blot analysis. Immunohistochemic analysis was per-
formed in 21 benign and 81 malignant prostatic specimens,
and patients’ charts were reviewed for clinical, pathologic
and survival data. EBAGY was abundantly expressed in the
prostate cancer cells compared to the normal epithelial cells.
Strong and diffuse immunostaining in the cytoplasm of
EBAG? was found in 44 of 81 (54%) cancerous tissue samples.
EBAGY? expression significantly correlated with advanced
pathologic stages and high Gleason score (p = 0.0305 and <
0.0001, respectively). EBAGY was more frequently expressed
at sites of capsular penetration (79%) and lymph node me-
tastasis {100%} compared to intracapsular primary tumors
(54%) (p = 0.0264 and 0.0048, respectively). Positive EBAGY
immunoreactivity significantly correlated with poor PSA fail-
ure-free survival (p = 0.0059}. EBAGY/RCAS| may play a
significant role in cancer progression via an immune escape
system. Immunodetection of EBAGY/RCASI| expression can
be a negative prognostic indicator for patients with prostatic
cancer.
© 2003 Wiley-Liss, Inc.
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Estrogen receptor-binding fragment-associated gene 9 (EBAGS)
is an estrogen-responsive gene that has been isolated from a CpG
island library of MCF-7 human breast cancer cells using a genomic
binding site cloning method.' EBAGY has an estrogen-responsive
element (ERE) in the 5° flanking region, and its transcript is
upregulated in the presence of estrogen.!? Recently, a ¢cDNA
encoding the antigen recognized by the 22-1-1 antibedy, which is
frequently expressed in uterine and ovarian carcinomas, has been
isolated and named receptor-binding cancer antigen expressed on
SiSo cells (RCASI).3-5 RCASI has been reported to be identical
with EBAG9, and assumed to act as a ligand for a putative receptor
present on various human cell lines and normal peripheral lym-
phocytes, such as T, B and natural killer {(NK} cells.® RCAS1 has
been found to inhibit the in vitro growth of receptor-expressing
cells and induce apoptotic cell death.57:2! Recent investigations
demonstrated that EBAG9/RCASI was expressed in several hu-
man cancers, such as the uterine, lung, gastric, hepatic and breast
cancers,®-14 and associated with tumor progression in some of
these cancers.®9-11-13 These findings suggest that tumor cells ex-
pressing EBAGY/RCAST may suppress clonal expansion and in-
duce apoptosis in its receptor-positive immune cells, and subse-
quently evade immune surveillance.®?

Prostate cancers have an extensive vartability of clinical behav-
jor. A mechanism underlying the processes of tumor invasion and

metastasis remains unknown. Recently, a new estrogen receptor
has been isolated from a cDNA library of the rat prostate, and
termed estrogen receptor B (ERB).'S Several investigations, in-
cluding ours, demonstrated ERP expression in human prostatic
cancer,'-19 suggesting that estrogen-responsive genes may play a
significant role in the development of prostatic cancers. In our
present study, we evaluated EBAG9/RCASI expression in normal
and malignant human prostate, and determined whether EBAG9/
RCAS1 was associated with the cancer progression and prognosis.

MATERIAL AND METHODS
Antibody

Anti-EBAGY antibody is a rabbit polyclonal antibody that has
been raised against a GST-EBAG9 fusion protein.2 The character-
ization of anti-EBAG9 polyclonal antibody was confirmed by
Western blotting, and utilization of the antibody for immunohis-
tochemistry has been previously reported.>'4 A monoclonal anti-
body for ERe (NCL-ER-6F11) was purchased from Novo-castra
Laboratories (Newcastle upon Tyne, UK). A polyclonal antibody
specific for ERB was raised in rabbit against synthesized peptides
of the C-terminal region of ERR (CSPAEDSKSKEGSQN-
PQSQ).20 The characterization and utilization of the antibody have
been previously reported.'?-21 A rabbit polyclonal antibody for
CD3 (A0452), which recognizes T lymphocytes was obtained from
DAKO (Carpinteria, CA).

Cell culture and western blot analysis

A batch of normal human prostatic epithelial cells (PrECs) were
purchased from Clonetics Co. (San Diego, CA). The PrECs were
cultured in PrE-basal medium supplemented with SingleQuots
{Clonetics Co.) according to the manufacturer’s recommended
protocol. Three human prostate cancer cell lines (LNCaP, DU145
and PC-3) were purchased from American Type Culture Collec-

Abbreviations: Al, apoptotic index; EBAGY, estrogen receptor-binding
fragment-associated gene 9; ER, estrogen receptor; ERE, estrogen respon-
sive element; HGPIN, high-grade prostatic intraepithelial neoplasia; NK,
natural killer cells; PrECs, normal human prostatic epithelial cells; PSA,
prostate-specific antigen; RCASI, receptor-binding cancer antigen ex-
pressed on SiSo cells; TIL, tumor-infiltrating lymphocytes.

Grant sponsor: Ministry of Education, Culture, Sports, Science and
Technology, Japan; Grant number: 14571485,

*Correspondence to: Department of Urology, Faculty of Medicine,
University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-8655, Japan,
Fax: +81-3-5800-8917. E-mail: takahashi-uro@h.u-tokyo.ac jp

Received 14 August 2002; Revised 13 January 2003; Accepted 24
February 2003

DOl 10.1002/ije. 112035

IV-5



