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W Z= 21K ERo BUTh REIRHE R A R IR BU A Rt e

x| B B

BHAE B A

(T E BRI 22 b, A AEY) % E AU =, AR A B E T E ARG =,
geto s LW E, YRR 110001)

FE  BEE& % IK(estrogen receptor o, ERo) AR H BL AR E ALEE F B F 69 4% 2 AR Rk AR
Z—, A eminsigiife s, ERoEMZIIER R MR E LA BN TRAR Li#
B9 F AR R UM (ERE), M Re A B 25k, R E RN 5 S BTFAYT, afh
Z sty Fesk . DNA E&)IR XM R EHBIAD B F A @IIRES . AR E 240 £ % 7
b RIURE AT T MR I, AR A 0 R B RRAE. T REERKRF AR
LGS E TR, ERENAMNBL S SRR E L. TR EEX. A
ik JURSH B R B T AR ARAF 09 K B 45 R a9 R 4x, MR R R X kR, BIRSEA B4

Fxt ERa 2 it %o,
KA

MW 2 A (ERa) ML B RS2 AR, I 15—
I RBZ A, EAT IS AT I A0 B 15 S 1 R DR
I 5 HELEPIRAL G, ASCK N4 ERo P %2
PR G 110 35 TR S s S S AR SS9

K% B2 A ST ARG ) i s DR, B B DR 5 37
IER ke NIIR7 AR > ENPI B i 5 SNBSS0k i
Bl 5 DR 2 W s L s MR R AR
SER 5 DhRe A S R R A KR, £
FEE R O . SR R MM R RE . R
] P 380 3 2 A (SR ME I 3 S A T AR ) A TR, R
EWCAAR 45 A5 15 #K 70 2 [ (heat shock protein, HSP)
SiAAEAE, T HERRE . iR 2 AR ) 45 & Al
HSP 552 MR B o WOE M 2R S NAZIT I 1 — 2%
A&, HEEIER S )1 1) 5 e/ (hormone response
element, HRE)AH 455 -5 4 B 1115 IR 1= G- W0AH BLAE
FH, 14 om0 ) e DR 2 53, FROIR IR 32 52 AR R I . 4%
HURIR R . i 5 D FIYE FR 2 1R 55 . 282k
PR, A5 HSP 456, 2 DAIR) R B 8 — 2R A
B DNA B E R IS &, BUR AL 5 52 7Rk 2
G, WO AR T IR D s . MEWE AR
SRR S HH S ] 8 3 S AR R B 7 2, A M
3 B2 M1 e 8 1, S M S O A0 T b R
T B2 B AR

1 WEMERZ RN SHEERETRIRE
2 A SR ), SR 1K

SR SR Gl B R 1Y DR MEBCGR S MR O PR

S S S, AR IS RT3t I B DX S Pk
F XN IGIF(ERE), B UL # %, s e
e R e SRR R e . MESRZ 32 4R T
RESZ Z B DH 0, BdE 5 2 45 1Bk, DNA E
(R 2 G A R0 5 22 A AR T I B 1 R . ERa
AL X R, B AFLATAF2. AF147 T ERa
1) N K¥iii, ERo AFL A3 1 S5 PEAS (1 1 1k
(MESE 22) I AFAE, ] LUl I MAPKGR 24 ik B 1L )5 1
W45, AF247 T ERo ) C AR uii IR A4 45 75 X 33 (LBD),
ERo AF2 A3 (W S i PR e A 45 5. ERa
LA AN R BCAA LG 4, A 52 A4 AR A R A S 8,
MITHBZEA R AR R R FIE 2 B A E Y, T
LA 9 B I PR 1) A S PN Rk o

ERouA ™7 1A 358 PR 3¢ = B2 2 40 By 8 1 PR 7 (B
T DR RO AR D 1) B TR . 7 B SR Wl O I
ERofH &= LR R 7 2 G W 2 AR R 5 8 7 IX 33, A
ERo /-5 (1) S5 B9 92 0 3 i i, o A1
T 5 ERa JE R LI E AW, M ERa A3 (1) 55,
HHTC A 2702 5 ERo A 3 [ 55 1) Sl B 5 D51
ooy Es. %oE, Hoh -t N T EEES S
TSR IO RS, — G ) PR A e O R R )
B X IR (A (Ll sk, %
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Il 23, 2592 2 A0 A 0100) SR 2 e SR 1),
R LEU 45 R AR B ANTE 2 . R st BLL
Tl T (14 % By 0 DR A 491 TR F 6 ERau /3 IR
DRI S R 422
1.1 LRP16 (leukemia related protein 16)

LRP16 #1\ }y & ERa [F Kl . ERo Fl Spl H.
$: 5 DNA 4545, 37 LRP16 JLR &35 1, Spl 5
LRP16 &K JH 2l B 4E 2 AR K11, 1 ERo
D)5 SRR B RS A0, h4h, LRP16 i )2 ERa [ —
A ILEEE R, LRP16 454 T ERa 1 A/B X, Bl AF1
X062, LRP16 il il 4 5 ERoL /15 MY 9k R S v P
HEFLRRIE MCF-7 40 i i 39 5, 3 nl AJE 0t 40 P i 2
FEK . ERo BHE )15 A s Ishikawa 2 i H,
E2 #4955 7 LRP16 JE[5 ) mRNA /KF. 55 FistE,
LRP16 i i W2 190 1 Ishikawa 41 it 142 28 fig 17,
RUANS i 41 3 5

E-Cadherin & —/ 51228 HAEA LA,
b 531, E-Cadherin 1146 3% K i%, KIEBFILES 75 N
JEe LIRS b R 4 B i 4 28 1t 5 0%, E-Cadherin
FEDRE Bl 1 1y FOEAE 2 5 307 e E-Cadherin
S PRI 2k BAAIG 1) = 35 K], WFTUF SZE-Cadherindi [X]
221k /K15 ERo RPIREA BHHEOC R, LRP16#
4 ERa 5 E-Cadherin &) 7RIS 4, KT
ERa X} E-Cadherin % 3% (1) ii4%, i E-Cadherin 7&
MCF-7 1 Ishikawa 4i il rh ) 3235 . H LRP16 X} E-
Cadherin K4 HI/E FH A6 T E2 (47 1E
1.2 PNRC(proline-rich nuclear receptor core-
gulatory protein)#1 PNRC2

PNRCZ MBI IL IS A1, PNRC2J& T
PNRC JLuE K 7 5 5 s i 2 — . PNRC F1 PNRC2
S5 KR D e AL, C- K ¥ X A AH 8L, PNRC/PNRC2
5 ERo 4 & di i H C- R fifi 24 82 = & 1) SH3-bind-
ing motif(S-E-P-P-S-P-S), SH3-binding motif 132
PNRC/PNRC2 % #H: bl HI ) Zh i X 40l

PNRC 14} 755 ERa [ AFLFI AR2IX 3 &5 45,
PNRC2 HAEH T ERa ] AF2 [X . PNRC N- At
P AL DI RE T 41, PNRC2 ) N- K i /N1
PNRC, [t PNRC2 HyIL¥E 1FE M 58 T PNRCEeL,
PNRCYEVF 2 LR RIE, A4 — NI AHOCKE BT, B
HEUEVEH . PNRC XF ERou G T [V 35 ShAEAE IE 5
FLIRFN FL MRS 1 A b R AR .
1.3 SRC/p160 %K%

p160 K5 e ERo I FLIH0E PR, FL I R i A

#5 SRC-1. SRC-2(GRIP1/TIF2). SRC-3(AIB1/
ACTR/RAC3). CBP. p300 /% p300/CBP #Hz< A F
(PACF)ROM, SR EEILIIE A 1~ 55 G I ERoAH &5 5,
75 ERou A A S 4 L 4 5 PR ) 478 T8
SRC/p160 & (il i 5 4R 40 B 1 S WAk B RS i (HAT,
1 p300. CBP Fil PCAF)FI4L R [ L H B BE(HMT,
41 CARMLHIPRMT 1) 45 L3800 PR -3 1o e 3 G (4 ot
Gk, TR FE L B e s I, H.SRC-1F1SRC-
3 1 C i X I A Tl 58 I A E HAT Wi 1E . Bkt
WA S S B DR R Bl 1 AN Bl AL,
DR FEZN:NBOR N

p160 LI K11k 2 5 ERoAH G A 2 41 b
FE AT AFLE MCF-7 41 e ERa UL PR 1) 38
KP, SRC-3 2 it AL, 12k PRI ¥ A SRC-3 15
ERa 45y, 7155 [l ERa /- FIWFERFE 5, SRC-3
I AL — R YA, SRC-3 iR
— IR R BT, BRI AE ERa F1 SRC-3 (1)
D REJT R FRAE R, 1y HLAT A 0 B 5
T SRC-3 [k AT ERau I #E s i& M, e LRI
FRY R A R FRE B A
1.4 SMRT (the silencing mediator of retinoic acid
and thyroid hormone receptor corepressor) and
N-CoR (nuclear receptor corepressor)

SMRT #11 N-CoR /& ERa LI BH 7, it 5
i H L Ol B 54 &, 4 R E & A, 2
ARG TR S5 RE, TP ERa /13 (R BE DR s
AR, BRI, E2 4745 T, MEBCER AR S0 LA
Lz FRIERNE Siah2, Jf B35 P N-CoR H /K- F,
% A Z AP A R N-CoR mRNA R4,

2 MEHEZIRER0ME XER

WECR LR VE 2 U IE A 3OS By 4 T
TER], GHEFLIR. ARRIE . PR R G R HE
MR I I AR AR 2 RN . SRE A
M A LR . T E N OILERE. H
JRBRFARE BT 7R P B PO 558, e 3 UL i
T A B ) R B, AR AR A 2 IO LB
OLE R HRE ATt N . 2S5 I LR
FAIVEHRT) I —AG BB kP i R 52
TR 1 (SERMS) .. SERMs 1 4 24 #7145 H T
ANFZHER, Wit B Ar SRC. SMRT 54 B if 15 [A 1
(1 MRNA )& IE KR AN ERo IS PERIAE ] -
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2.1 ERa tHXBhiE

W S K DS . ERou i /KT 1 e e
SEWOETE VRGO, 2 S BFLURE N — A EE R R,
FLIEAE A — P = ok Mg, JL AR RN 75 52
WY o MR AT S AR TR A S R 4
J AR LR PR 22k, DR OB 28 P AW R VA YT LK
R TR — R VR T O, T N T MR
SZAA BH M 0 FLIR R R e2a il B 05 A T I
BT ERou FHE I FL IR S M Bl = 259, 2 —
PP PPk M R 2 AR S 4 ERa IFSPLA,
LR BUME SRR ML S MR e 45 5 2 1k
MLBD, HERa & & B R E AW, L ERa
(IR %, AT BEL BT 380 PR 7 5 ERau 1) AF2 X AR T
VR, BELUT 38 3% 45 5 1 ER o 18 3L 8 40 it b iy A
KALHAEN o ERa S ABZEH SR S S AN e A B4
FEDRVG 5, e Vi 25 RS 4 i L i 400 L ) 390 1
Go/G, M, AT Yk i e 4 i AE AT, [t 557 2540,
U R 7 NI T 4 R R GE 2N T/ S [/ L b i BV v =
SR 4848 Ja 1A 2, 7 A B A A 77 22 Ll fth B 55 5
e AP e BAN S Py S e
JYARHEL o X T4 5 12, 75 g il 7] 5 b

FOF I STk, Reg e m LT E RS,

2 s (1 = AT (1= o AT /i1 7
FWEFRIREE, 7675 b A S SR A5 A M R
SAR] SR A7 ) p160 SBAH HAE I, (HA]
BEINT 5 PR R AR, X U B A S SR T
P g T 2 B R DR R 4529 SR 1) paired-box K5 A
FIPAX-2{1 i3k 40 s 5 7= 2R BUs/EH, 38507 = P g
PR A . T RIB SO R SRC-1, 35 fth 5
SRIEPE, T IR ILHPHIE T N-CoR 5L SMRT 234l
by B2 S50 4 Bk BN GG

WA, WEFTUE S LA S by e S 428 (1 A W 15 TR
TAE ERa AR MR P E - K. BR T BRI AL
Fht B iH 454 7 (LRP16. PNRC/PNRC2. SRC/
p160) 7k, LSD1(lysine-specific demethylase 1) &4l 4
[12: HILALEE, 25 LA 2 Pt 8 7 (s
W22k, p53 55) I M B R e s, R4 3R 11 S EAL
BRI V2 FEA R B, LSD1 2 5
FEDR e s i R — AN ST R . o
B, LSD1 14 NuRD & 1 5 &) 1) F B4 B8 1
FIHIFLIE R 22 B, & — B TE U 2T R
B e,

A FTUE L0 il iz Yo K- DACHL1Z: 511

il ERo A S E R e 5 o HLFL I bR AR 1) S0 5 414k
SIS R IR DACH 1R 1 7 S e 2 A 18 A v 28 3 ik
/D E R, DACHLEFLIE H MR B S s A%,
ST B ALK BT 2 P e et

BEAh, $3EESE ] BRCAL 7EFLIRE 1 Kk g b R v
RIEFEEAETRT, BRCAL 4w iR & A, it 71 %
Tt A 42 T 14 5 4 M 18 52, 7 DNA 5695 B B v
FEAEHL, JEI71 40 M R A A 56 5. BRCAL m] 51F
Z SRR Y R FAE ] . BRCAL & (I ERo AN
T DR e S e I SLRR S R R 3Rk o AEES R A
MR, L BRCAL fJRIA, nl i ERo /13 1 FL
e TE AT IS 5 SR1M BRCAL KP4
UM e Rk, BRI ERa A I 5K, IF
A ERou-5 AL 7 DRI R 45wl U 1 LMo 4 i 1)
2 it S B 01
2.2 LIERFS ERa

ML P99 (CVD)AE 46 48 )i I b B 4 48 i i)
2 HH DL, X HURE MER RO L R G A TR E
o 5258 LUk BRI T BRI, B7 kO3 K,
TR LR R P87 2 Bk s R AR AL o SR G TS
SIS FEREA I R A PR AN I 1 AR LR — i
I ERou 42 i b e o 1 ARG, — 2l ERa
BEAAEH T I RE o MERCER AR ) B AR T i A
T LA R LA P R 20 e, 00 4 e e a1
B T PR R A R R TS BT 1~ (S 55) K
P I Ry kY MEVHER Al MR 2 A Tk
FELEW 2N, oy A R W) ERa SRR A
1E2 AR 5, T CA SN A $2 HHERa 2 A& PEAMY
RE S M ISR 0L Bl ks A AEA VR D, i B2 59
Te IR B ik s 1) fe e P

H 1l ERoA 3 1 M 2% 00 ML A7 OR AP A 28 8
MATEA . WFF0IE S HE 218 it ERo A1 T AR A 1)
AW RN H R A I DR AP VR F B ML . A
FURI, NAEA 3 P L) ERa R 2 51k, 73
Wl& Pvu I, Xba | FBstU | 24P, BT Pvu | #
Xba | Z &ML T W& 1, &1 147 F N- K
e DYREIX, DRI AE L rp R AR 1 s AR A W R 52
ERa FERIE S hgE, WA ERo BE DRI R A AT B
TEANFRARIE] ERa IR IA K5 T RE 22 e, 2k if 3¢
Wi 1) 4% P E 3R ) A A 2 A TR

BRSO RS S ERaFE N 2 & MEHET Tk
RIS T & W, (HE B 9T 2 e
TEMESEEE A WAE H, ERaFH RS 1 T R A5 Fh R 7 1)
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FHEAE FH 5 60098 (R AH DG MR AT 1R 22 ) i 5 Bk —
WS .
2.3 BREIRES ERa

‘B B E (osteoporosis, OP) & —Fh LA & 5 Fll
A SRR R RRAE, A R e
ROV I 0 4 B PR RS . BEAE 2R N AR
i, A rh AR AT I T . — [ B B AAE O
I R N R g LT 1 0 O SR P 1 = 14
SRR 7 20 v g A ) R, TR
Y0 NN SSAPS DN A B = VNG = i 1) ZN T e
SRR I T BERS I, B M AT A TR

ERoAELE T NI i LA v, 45 A8 R oA Qs
(R T R, S M 1 i (1) 2 (R s, i
W R —Fh LA AS Y, MR ERa A
SRR AN (OB), F A 40 A, R
g U v T ORI R BT )~ AT RS o R R AR A
A, ERou S LB AASE 1K) 55 I L IR, i 3%l o
ERa (W1 AU M RN, 5 ERa
A0, MAE4E 28 5 1 AR A MEBCR />, ERa 71
LA RIS AR, X 5 T R AH AR,
BET B BB K 2ERN . ERoL BRI ROARAY 5 ot
VA PR S RAT RN 20 11 v 2 B ) e G, T L
BN A 22 J5 1 B RAE 197 80 50, ERa
TEH B LN i 1 7 FH 32 i A e Rtk M R =2
PRI R I 2R G

WA IERN ) 25 2) 456 N S HETA R
YR ORI 71k TR 8 TSR 1) 32 2
H 2 T B 4T, PRt — 28 24549 B3k et AR ot
HHTHIT R T A A 42 10 L, Bi] 2
e FIERERR AL . B B S e T AE B B T A Ak
250, 1 LI s 2% AR e 8 56 0] T 97 #0813
HEERX.

SR AR BEA LIRIG UE I, P A i T RS in
LA O R AR A S P B TR 1 6 B
A, HILEE D T 70 R 25 2ad A HoAT v JE AR
E, DR IR AR 18T T RN R
BAAIRTT B X E K. JEO SR N &8, &
N R B ) AR S 4 2 AN T e 4 i HON
HHEEFRIT R HETZ 297 B, 35
W FRSIREE . R v U TR T
PR By BT A RO B B2 5t TR 5 AR I R e
2.4 MEHEMRGSK. MEW. K5 ERa

# o9 TCDD(2,3,7,8-tetrachlorodibenzo-p-

dioxin). 3MC(3-methylcholanthrene) il STP 45— &
HIVSE A RTINS IR v % 1 2™ o, X SEIR A T YA
TR BlErrb Rk 25, I 20 E E S AR
(A R . I8 VG Yt R IR B ME S %, 170 ERau 1)
BBhH, SRS T IEH MEBEE e .

AhR(arylhydrocarbon receptor, Dioxin receptor)
ST M SR, 8 T W e #1455 (helix-loop-helix,
bHLH) & A S b 2 —, ADRFTERo—FE# A& Bt 14
TR AL s PRy ios, JEVR AR IR ARR LR 3R vh 55 4
TAHARTEE G, M5 R4 & )5, AhR 24 2%
M, 5 ARNT JE s — SR TE X ) ARNTCE, AhR
B Ay 3k B4 = 52 A& (Dioxin receptor), — RIS
Y, 4% 3MC. TCDD. Dioxin Z5# /& AhR L
4, ANRBRA 3 8BS SRR V5 Y R s R RN A, 18
AU ERo AT S Ik PR s RO, AR BB/ 3
) ERo & PE SN R, A ERa 455, T2
W5 ARRAER, AT ERa /12 e s s 1

AR [MBECAARGBMC)FER, ADRBEAZIN, 5
ERoAH HAE ), 305 ERoA 5 O HE L R 6 5%, 1t
TR T ME S 22 A2 AL, T2 s AhR-ERa AH
HAEH, W0 ERoA 3 IR L R 5, AT 155 T
FIPEPERA, ARR W] ARV 2 JLBE R 1~ (SRC-1.
p300. pl60 %) B &), LIRS b s s X
[, ARTT AR FiAA 3MC 755 A E S 220 1 ) gk
ERa /N4 RNA #i, ZIARERE ARR /N4
RNAHH], W] AR FIEC A 3MC 155 3 IR E R i 1
JEHOH ERaL AN & AhR R IA .

TCDD NG5 42—, that AhR SN,
I ERa A5 5% 5, AH H AT 23 1 WL AN DI o
TCDD n il FLIR . T O SEAE 2 R 5
AN M AR R R A . AR, WK YTTED
AEAE A5 P 5 ME VSR A A o (9 g 7K vh 3 R4 (1)
STP) 31,

br T EIR RS F )5 ]l ARRIETER o
I PR s, R LA B MEBER 1A F4E ), AR
W53 ERa SR E I FEAR . LLARR Sh 351 & 4l
L) AR & & #1(AhRC) T 1572 4L iF CUL4B, H.
PP AR SEEGHIE 512 AhRe &5 1) H AT AhR PC AR A6 1)
2 E AR YE, 51k ERo BRI B . FRBETS 4L
YITE Jy ARR IFTBCAA, BEI T ARR 25 ERa 1 7 I 5%
Rl s, M)t CULABZ =R G2 HERa R
H B fipies,
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3 45iE

MEW 2 24K ERoAENLAAR N )2 Rk, RETHHA
B EE A RS . ERa T HISE R 5%
WE L A BRI R 5 /KT, ER ol o) 22 Fif
BUELDR i sk RAEILE S AW Dife . ERa /Y
S B R B S AR B R R R — R FE S H
ERaINAERI & [, A AR ] A S as IR A
YR L R . AT I S AR S R T
FEAE S5 HEN SR, G103 54%
B I A e 8 T 45 K R A ER o SR A% 52 A4
SRR S, AL AR AR DiRe .
B4 DR 2 15 1 4 R DR B S PR 9 WL A% 24 A LA
PZAER IR, L P R R S Bl X
TS R AR Ak (AL B B, YU EAE) R H AT A
NP S R I 2L 2 — . MEME 285 ERa
FHOCIRE oML B B A 55 22 P o TR
A BRI R R D), LI ERoc DI RE 2 ERa
ARG (W) R B T FB . H TR 7 S 55
ERoHISC IR I 25+, ERoUFI LRI 7 C) 72
I S AR IR 7 VO L A 1R e X B AP
G, IR ME L S . R B M 2 A AT T 7
T M 52 ARSI A T nT R AL BRI
1 WA TV IR YT 40 48 5 1 L TR A 1
Jrik; B A EY TR, . SRS
SEAL LA PR S 3 0 A1 B R R R 3R, RS A
FHPER

MR GRS R FRATT AT A HE 28 52 A
AN 5 22 Tl s % VAR OC, PRI 9T ERa A1
TR BE DR S 2 S HLAE ER o A B h I E
YA By T o 7K 50 R Z1 ] B 33K 26 903 350003 1)
BLT, A 005 R8I B AR B OR Ad 4is AT JE %

&2 ik (References)

1 Zhao Y, Lang G, Ito S, Bonnet J, Metzger E, Sawatsubashi S, et
al. ATFTC/STAGA module medistes histone H2A and H2B
deubiquitination, coactivates nuclear receptor and counteracts
hererochromatin silencing. Mol Cell 2008; 29(1): 92-101.

2 Kininis M, Chen BS, Diehl AG, Isaacs GD, Zhang T, Siepel AC,
et al. Genomic analyses of transcription factor binding, his-
tone acetylation, and gene expression reveal mechanistically
distinct classes of estrogen-regulated promoters. Mol Cell Biol
2007; 27(14): 5090-104.

3 Schild-Hay LJ, Leil TA, Divi RL, Olivero OA, Weston A, Poirier
MC, et al. Tamoxifen induces expression of immune response-
related genes in cultured normal human mammary epithelial
cells. Cancer Res 2009; 69(3): 1150-55.

10

11

12

13

14

15

16

17

Higgins KJ, Liu S, Abdelrahim M, Vanderlaag K, Liu X, Porter
W, et al. Vascular endothelial growth factor receptor-2 expres-
sion is down-regulated by 17B-estradiol in MCF-7 breast can-
cer cells by estrogen receptor a/Sp proteins. Mol Endocrinol
2008; 22(2): 388-402.

Glass CK, Rosenfeld MG. The coregulator exchange in tran-
scriptional functions of nuclear receptors. Genes Dev 2000;
14(2): 121-41.

Shang Y, Hu X, DiRenzo J, Lazar MA, Brown M. Cofactor
dynamics and sufficiency in estrogen receptor-regulated
transcription. Cell 2000; 103(6): 843-52.

Peterson TJ, Karmakar S, Pace MC, Gao T, Smith CL. The
silencing mediator of retinoic acid and thyroid hormone re-
ceptor (SMRT) corepressor is required for full estrogen recep-
tor a transcriptional activity. Mol Cell Biol 2007; 27(17):
5933-48.

Perissi V, Aggarwal A, Glass CK, Rose DW, Rosenfeld MG. A
corepressor/coactivator exchange complex required for tran-
scriptional activation by nuclear receptor and other regulated
transcription factors. Cell 2004; 116(4): 511-26.
Garcia-Bassets |, Kwon YS, Telese F, Prefontaine GG, Hutt
KR, Cheng CS, et al. Histone methylation-dependent mecha-
nisms impose ligand dependency for gene activation by nuclear
receptors. Cell 2007; 128(3): 505-18.

Kim JH, Yang CK, Heo K, Roeder RG, An W, Stallcup MR.
CCAR1, a key regulator of Mediator complex recruitment to
nuclear receptor transcription complexes. Mol Cell 2008; 31
(4): 510-9.

DeNardo DG, Kim HT, Hilsenbeck S, Cuba V, Tsimelzon A,
Brown PH. Global gene expression analysis of estrogen recep-
tor transcription factor cross talk in breast cancer: identifica-
tion of estrogen-induced/activator protein-1-dependent genes.
Mol Endocrinol 2005; 19(2): 362-78.

Cvoro A, Tzagarakis-Foster C, Tatomer D, Paruthiyil S, Fox
MS, Leitman DC. Distinct roles of unliganded and liganded
estrogen receptors in transcriptional repression. Mol Cell 2006;
21(4): 555-64.

Delage-Mourroux R, Martini PG, Choi I, Kraichely DM,
Hoeksema J, Katzenellenbogen BS. Analysis of estrogen re-
ceptor interaction with a repressor of estrogen receptor activ-
ity (REA) and the regulation of estrogen receptor transcrip-
tional activity by REA. J Biol Chem 2000; 275(46): 35848-
56.

Yang J, Mani SA, Donaher JL, Ramaswamy S, Itzykson RA,
Come C, et al. Twist, a master regulator of morphogenesis,
plays an essential role in tumor metastasis. Cell 2004; 117(3):
927-39.

Fujita N, Jaye DL, Kajita M, Geigerman C, Moreno CS, Wade
PA. MTA3, a Mi-2/NuRD complex subunit, regulates an inva-
sive growth pathway in breast cancer. Cell 2003; 113(2): 207-
19.

Zhou D, Ye JJ, Li Y, Lui K, Chen S. The molecular basis of the
interaction between the proline-rich SH3-binding motif of
PNRC and estrogen receptor alpha. Nucleic Acids Res 2006;
34(20): 5974-86.

Shiau AK, Barstad D, Loria PM, Cheng L, Kushner PJ, Agard
DA, et al. The structural basis of estrogen receptor/coactivator



70

18

19

20

21

22

23

24

25

26

27

28

29

30

31

recognition and the antagonism of this interaction by tamoxifen.
Cell 1998; 95(7): 927-37.

Rosenfeld MG, Lunyak VV, Glass CK. Sensors and signals: a
coactivator/corepressor/epigenetic code for integrating signal-
dependent programs of transcriptional response. Genes Dev
2006; 20(11): 1405-28.

Haiman CA, Garcia RR, Hsu C, Xia L, Ha H, Sheng X, et al.
Screening and association testing of common coding variation
in steroid hormone receptor co-activator and co-repressor genes
in relation to breast cancer risk: the multiethnic cohort. BMC
Cancer 2009; 9(1): 43-52.

Karmakar S, Foster EA, Smith CL. Unique roles of p160 coac-
tivators for regulation of breast cancer cell proliferation and
estrogen receptor-alpha transcriptional activity. Endocrinol-
ogy 2009; 150(4): 1588-96.

Burakov D, Crofts LA, Chang CP, Freedman LP. Reciprocal
recruitment of DRIP/mediator and p160 coactivator complexes
in vivo by estrogen receptor. J Biol Chem 2002; 277: 14359-62.
Frasor J, Danes JM, Funk CC, Katzenellenbogen BS. Estrogen
down-regulation of the corepressor N-CoR: mechanism and
implications for estrogen derepression of N-CoR-regulated
genes. Proc Natl Acad Sci USA 2005; 102(37): 13153-7.
Sotoca AM, van den Berg H, Vervoort J, van der Saag P, Strdm
A, Gustafsson JA, et al. Influence of cellular ERa/ER ratio on
the ERa-agonist induced proliferation of human T47D breast
cancer cells. Toxicol Sci 2008; 105(2): 303-11.

Tan H, Zhong Y, Pan Z. Autocrine regulation of cell prolifera-
tion by estrogen receptor-alpha in estrogen receptor-alpha-
positive breast cancer cell lines. BMC Cancer 2009; 9: 31-43.
Stuart-Harris R, Davis A. Optimal adjuvant endocrine therapy
for early breast cancer. Womens Health (Lond Engl) 2010; 6
(3): 383-98.

Wu H, Chen Y, Liang J, Shi B, Wu G, Zhang Y, et al. Hypo-
methylation-linked activation of PAX2 mediates tamoxifen-
stimulated endometrial carcinogenesis. Nature 2005; 438(15):
981-7.

Wang Y, Zhang H, Chen Y, Sun Y, Yang F, Yu W, et al. LSD1
is a subunit of the NuRD complex and targets the metastasis
programs in breast cancer. Cell 2009; 138(4): 660-72.
Popov VM, Zhou J, Shirley LA, Quong J, Yeow WS, Wright
JA, et al. The cell fate determination factor DACH1 is ex-
pressed in estrogen receptor-alpha-positive breast cancer and
represses estrogen receptor-alpha signaling. Cancer Res 2009;
69(14): 5752-60.

Hockings JK, Thorne PA, Kemp MQ, Morgan SS, Selmin O,
Romagnolo DF. The ligand status of the aromatic hydrocar-
bon receptor modulates transcriptional activation of the BRCA-
1 promoter by estrogen. Cancer Res 2006; 66(4): 2224-32.
Fan S, Wang J, Yuan R, Ma Y, Meng Q, Erdos MR, et al.
BRCAL inhibition of estrogen receptor signaling in transfected
cells. Science 1999; 284(5418): 1354-86.

Boroumand M, Ghaedi M, Mohammadtaghvaei N, Pourgholi
L, Anvari MS, Davoodi G, et al. Association of estrogen recep-

32

33

34

35

36

37

38

39

40

41

42

43

44

tor alpha gene polymorphism with the presence of coronary
artery disease documented by coronary angiography. Clin
Biochem 2009; 42(9): 835-9.

Donaldson C, Eder S, Baker C, Aronovitz MJ, Weiss AD, Hall-
Porter M, et al. Estrogen attenuates left ventricular and
cardiomyocyte hypertrophy by an estrogen receptor-depen-
dent pathway that increases calcineurin degradation. Circ Res
2009; 104(2): 265-75.

Dieli-Conwright CM, Spektor TM, Rice JC, Todd Schroeder E.
Oestradiol and SERM treatments influence oestrogen receptor
coregulator gene expression in human skeletal muscle cells.
Acta Physiol (Oxf) 2009; 197(3): 187-96.

Imai Y, Nakamura T, Matsumoto T, Takaoka K, Kato S. Mo-
lecular mechanisms underlying the effects of sex steroids on
bone and mineral metabolism. J Bone Miner Metab 2009; 27
(2): 127-30.

Nakamura T, Imai Y, Matsumoto T, Sato S, Takeuchi K,
lgarashi K, et al. Estrogen prevents bone loss via estrogen
receptor alpha and induction of Fas ligand in osteoclasts. Cell
2007; 130(5): 811-23.

Krum SA, Brown M. Unraveling estrogen action in osteoporosis.
Cell Cycle 2008; 7(10): 1348-52.

Styrkarsdottir U, Halldorsson BV, Gretarsdottir S, Gudbjartsson
DF, Walters GB, Ingvarsson T, et al. Multiple genetic loci for
bone mineral density and fractures. N Engl J Med 2008; 358
(22): 2403-5.

Meczekalski B, Czyzyk A. New forms of estrogenotherapy in
postmenopausal osteoporosis. Pol Merkur Lekarski 2009; 27
(157): 77-80.

Ohtake F, Fujii-Kuriyama Y, Kato S. AhR acts as an E3 ubiquitin
ligase to modulate steroid receptor functions. Biochem
Pharmacol 2009; 77(4): 474-84.

Maen Abdelrahim, Eric Ariazi, Kyounghyun Kim. 3-Methyl-
cholanthrene and other aryl hydrocarbon receptor agonists
directly activate estrogen receptor. Cancer Res 2006; 66(4):
2459-67.

Abdelrahim M, Ariazi E, Kim K, Khan S, Barhoumi R, Burghardt
R, et al. Aryl hydrocarbon receptor- mediated transcription:
ligand-dependent recruitment of estrogen receptor alpha to 2,
3,7,8-tetrachlorodibenzo-p-dioxin-responsive promoters. Mol
Cell Biol 2005; 25(13): 5317-28.

Beischlag TV, Wang S, Rose DW, Torchia J, Reisz-Porszasz S,
Muhammad K, et al. Recruitment of the NCoA/SRC-1/p160
family of transcriptional coactivators by the aryl hydrocarbon
receptor/aryl hydrocarbon receptor nuclear translocator complex.
Mol Cell Biol 2002; 22(12): 4319-33.

Saville B, Wormke M, Wang F, Nguyen T, Enmark E, Kuiper
G, et al. Ligand, cell, and estrogen receptor subtype (alpha/
beta)-dependent activation at GC-rich (Spl)promoter elements.
J Biol Chem 2000; 275(8): 5379-87.

Ohtake F, Baba A, Takada I, Okada M, lwasaki K, Miki H, et al.
Dioxin receptor is a ligand-dependent E3 ubiquitin ligase. Na-
ture 2007; 446(7135): 562-6.



HIE A5 MERCR AR ER o 1K D BE I 478 KA S (R T T30 Jie 71

Modulation of Estrogen Receptor a Action and Its Related Diseases

Xiao-Xia Liu, Yao-Yao Zhai, Yue Zhao*
(The Laboratory of Chromatin Biology, Department of Cell Biology, Key Laboratory of Public Health Ministry of China,
Department of Medical Cell Biology of Ministry of Education, China Medical University, Shenyang 110001, China)

Abstract Estrogen receptor (ERa) is one member of nuclear receptor families, which act as transcription
factors in a ligand-dependent manner. It is involved in the proliferation and differentiation of target cells. Traditionally,
in the treatment of estrogen, ERa directly binds to ER-response element (ERE) located in the upper stream of target
genes (promoter region), thereby inducing the target gene transcription. The function of ERa is modulated by many
factors, including the combination of ligand, the response element on DNA, recruitment of co-regulators and cell
environment. Breast cancer and endometrial cancer have been previously reported as the main ERa-related tumors,
while recent studies have demonstrated that cardiovascular disease, osteoporosis and Alzheimer’s disease are also
strongly associated with ERa.. Furthermore, the biological effects of estrogen are closely related to the occurrence,
transform and prognosis of many diseases. This review will report several co-regulators involved in ERa-mediated
transactivation, ERa-related diseases and the influence of environmental pollutants on ERa action.
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