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S AA EEGME. N GST ile. %ISR, KBl ERB 1L

55 c-abl AHEAEH, JIf T4 c-abl BERAL. Lng‘tiﬁﬁﬁzi%lﬁ/iﬁlﬂ, c-abl 1] L1 ERB # S His 1 ﬁﬂj:ﬁ

YEHI AT LA#Y c-abl FOFIRIF STIS71 $4h). b
953 TFORFEAE H IGHLEIFT T 2R

&5 FER c-abl JE 0 ERB JLHIBIA 1+, A3t 5 0197 ERB i

TH 45 AE O I 5

KR MERCE 2K B (ERB), c-abl, (DR, A FUHILAE

FROES Q2. Q5

MEWLZE S A& (estrogen receptor, ER)%> 4 ERa Al
ERB, ‘EAIESH EA wm EE [RsE, (RAEd414s
A X RIRMN TR NS GOk . s s s
PESETTINAT BT ASE]. fERFST ERB 2k DR B /s Bl
(ERB- KO mice)llf, WFFENGIAHL, BlAT RS )4

K, ERB P FR AN Bl 7 AR s i R 02, a0
RIL, AN ERB S A Bl 23 B9 I 1T UL 4 A

ZHE IR, ERR MEAMEALE R &
Ay RE JEL R e L R AR G, ERB 38 1 Il 3 PI3K/Akt
W, (EHEBE OIS, JAh, AT TR
WIOR, O MUE IR AR 5T R AR AR I I
I ZE e Rk, ERB 7EO L RGO
%TE%W%
B ERB 1RO RGe R E T B MEM,
A2 Eﬁ%ﬁﬁ%ﬁ%ﬂ%ﬁf%ﬁ PN e
B ERB W71, WFST ERB 7RO &
SR AEAE I ALHIFT T 3EAE, 1560 ifiL 5 2 55 T
Bii\ i2WrRa YT BT 2R X
ARSI X ERB JPH M kI, ERB fEAES
Ak 52 Rk 1% S B B c-abl A EL A I RLAR D), —
F I RRAEAEAH AR, FRAT T S g B T IX A
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1.1 FiR. HREkk. B R&ikF

B RIS AR pcDNA3 4 Invitrogen 2y 7] 7%
i s pcDNA3/flag 2k 1 [H B= Bl K 2% 1) g £% 17 5
PGEX-4T-1 # 44 Ay o [1 B RF 2 AR A7 s BRI Y
YIM Xho | « BamH I « T4 DNA iE#2f#i. Pyrobest fiff
ZEWW H Takara A7) A KIIATHE DHSa K
IR R & POk 5 O 71 & 4 Tiangen 2y 7] 7™
il s %l%%ﬂ{)ﬂ J7 e BB | S8 s B g G Ak
Lipofectamine2000 %4 H Invitrogen A w5 %¢ Y6 K
T I A B 1 Promega /A5 Flag PuiAId H
Sigma A 7]; Myc PLiAI H Santa cruz 275 4G10
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PUAkIE B Cell Signaling /A 7]; DMEM Ri 723 4 4
AW 8 =) 7= s B AR /NS T H D 2= A
¥ 41 T9(STI571) k) NOVARTIS 2 & ! §h: ERE JH
Bl 1 9t FE MR 2 JE R 2 A (ERE-luc) JFRE FH A3
RAFZ MG, c-abl AHICFURE HHE IR 5T 3 0
293T. A JHr Rk A B2 40 i R EAhy926 g o [ 5 Rl
KEFSIG EARAE.
1.2 ERBEZKRIEHAMERLEE

4% NCBI _LARI& ) ERB 4t 541, it 5l
Y% ERG H . ERB E¥i514, 5 CGGGA-
TCCATGGATATAAAAAACTCACCATC 3', 5IA
BamH T BEVIA7 55; ERB M54, 5 CCGCTC-
GAGTCACTGAGACTGTGGG 3', 5| N7
Xho . VAFLIME cDNA SCFE AR, PCR RV 4%
f:4: 94°C 2 min; 94°C 30's, 60°C 30's, 72°C 2 min
30 MEH; 72°C 7 min. WGV PCR 5 pcDNA3/
flag 16°C &I . A 2 35 K+ 1 DHS s
H Amp $TARIEM T FE. 4 PCR 2EA4HfiA
FBUGIEBELA R Y, P45 5RAE NCBL FET
X oA, DU IE A 1 se b A 44 flag-ERB.
1.3 SREIRE

LS 24 h ARG IR, TIVA TR 2 ml 1x
PBS VL4 3 K. 10 em B5FEMLAIZ0H I 400 ul
PR yg R 2R W (50 mmol/L Tris-HCl. 150 mmol/L
NaCl. 0.02%3 % 4. 1% NP-40 LA 2 1 il 40 5
#(Roche, Inc) 1 J /25 ml), H541 i 5 SR ST,
UK 10 min Ji5 14 000 t/min 250 10 min.  7MCMRER
MM L35, N 15 wl T -Flag HoR 28 B 1 3t
JEBEER, 76 4C ¥ E 2h, ST %I I0E R
M. 2hJ&, 4000r/min &0 30s, OIS L,
IP P=W) ] 400 wl ARG 3 0, RN PR
He.o 1 IP PN 30 wl 1xSDS B 1 FEGE p
W, 100°C 7K¥ 5 min, 10 000 t/min &5.C» 2 min, i3
1T SDS-PAGE.
1.4 GST-ERBREEZERBIHI &I GST NIk

GST. GST-SH2 il GST-SH3 Jit ki % 1k BL21
(DE3) /&2 & 41 i, PRE s bE, H:FP 5 ml LB
(Amp) 5 773, 37°C 200 r/min ;5. BUR 6E
PRIV A2 B 5% 1K) 336 e = 6 100 mil LB (Amp) 15 57
%, 37°C 200 r/min ¥5FE R W Awo=0.6. A
IPTG £ 0.5 mmol/L, 16°C 1577 12 h J5 e
B, VKB IxPBS PEik 2 k. KRk ER T
10 ml 1xPBS 1, M H 5 @00 i, 0.4 ml

Glutathione Sepharose 4B (Amersham Pharmacia
Biotech, Inc), fH 4 ml ¥K ¥ ) PBS ¥t % GSH
(Glutathione) £, 1 000 r/min 20> 30s, /2 L
. BE 3 KGN R A i, 4C RS
2h, fff GSTHEA®HEMAYS GSH B FAHACHE. 2 h
J&, 4000 r/min B0 2 min, FR EWE. 1 ml
PBS ik 3 Ik, JHEWHT TR, 20 pl/ 50 %o i
F1-70C % H.

GST YU J7i:Z WA 3L ilE, #91 -Flag i
AARAZER R B M B B 49 /i 20 ol GSH R TAHACHX GST
Rl H R T
1.5 GefRENE

B 31T SDS-PAGE, Hi#5# % PVDF fii)5 il
5% TG WK S T 1 h, N 5% T W A R
—9t, H S%BNRY MR — Pl iR 8% 1 h,
TBST BN 3 5, A 5% M I 9754 4 7 11 Bk
M AL IR — 0. FiRAEHE 1 h, TBST ¥
B3 W, R 2ERGIE R A S min, He v 252,
1.6 FREMHEEINE

F5 M Promega 2~ ARG BT IEAT. Hskig
PRI 5 2 1 TR R G e 24 h AR 40 i 1 35 9%
M, I 1xPBS B3 IEVed i, 4 4 f5 44
TR T ASARER Sx &0 22 (PLB), [l A5 A 48 Jfd
I 100 wl (1) IR LA R 4. 5
Z4f# 20 min, #RJ5LL 12 000 r/min B0 15 (i),
¥ EEBEER R A . OB
JECE AN 3 s JEIR M 10 s 9¢ )6 2 B PRI B 4
¥ 100 ol 5 22 BEAS M 70NN 29 606 vk A
o, BEEINANRE. R 20 Wl g SRR AN
A 9GBS MK W 2O GRS b, RFTR
A), R EETHRE B T TD-20/20 B 986k i
TH R K e O B I RO, AR A A
100 wl S0, D 1E A N 210 B 9 O0 =
VR IGAE, P 1R LR BRI DA ¢ 5 25 T 10 AH R &

(relative luciferase activity, RLA).
2 & R

2.1 ERBEZFIZHIXMMEREFIE

A TAFLIRA cDNA SO 1 T ERB JEH,
MY 5N Flag 84, %€ J5ky, Jyol
LU 58 4 1E A 1 5 B iy 44 A Flag-ERB.  $&HUTURE
JE N 293T 4, 4 BVZEUESE Flag-ERB A 7%
EAZA M 2RI (B ).
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Fig. 1 The expression of ERf in mammalian cells
Western blot analysis of the Flag-ER protein expressed in mammalian
cells. 293T cells were transfected with Flag-ERB( lane /) or Flag-vector
(lane 2). After 24 h transfetion, the cells were lysed and subjected to
SDS- PAGE for Western blot using anti-Flag antibody.

2.2 GST UiEIERA ERBS c-abl TZEHEEER

T c-abl 2 KA RIS LLE N AE, H. c-abl
5 oy 145 & B 2@ I SH2 A SH3 45 /43,
HIRATA ] GST-SH2 A1 GST-SH3 #1477 GST ¥t
VEAT. MR EAEZE DA, %5 B Flag-
ERB MI4N S, ¥ GST. GST-SH2 Fl1 GST-SH3
ACHEIY GSH BE 120l 5 R &, W E ek
17 GST PliE L% . 45 R KW, GST-SH3 fit 5
Flag-c-abl &4, 1M BH 1 %) . GST F1 GST-SH2 A~ fig
L Flag-ERB &5 45 (1 2), il c-abl i@ SH3 4544
By 45 A ERB, SR E T AT AR,

Total GST pull-down
GST SH2 SH3

45 —
P GST-SH2
W GST-SH3

28— - GST

Fig. 2 The interaction of ER and c-abl by GST pulldown
293T cells were transfected with Flag-ERB expressing plasmid. The
GST fusion protein absorbates from cell lysates were analyzed by

immunoblotting with anti-Flag antibody.

2.3 GEILIFIERR ERBS c-abl FHEMEIER
5 AEED R LR 24 h 5, KA
M4 f#, I anti-Flag 5 1gG TR A2 BE 2R 1,
AT S S PTTE S8 . 45K W], Flag-ERB W] LA
5 Myc-c-abl £ &, (H2 R IgG A 5 Myc-c-abl
484, 14h anti-Flag Ji AL M B T A S
Myc-c-abl 245 (¥ 3), i W] Flag-ERB e 45 &

Myc-c-abl, M7 E— 22 50k — 38 vk A AH BAR
MEREEY).

1P
_ Input IgG Flag Flag
Myc-c-abl + + + + +
Flag-ERB + - + + _
Flag-vector - + - - +
ku Myc-c-abl
140 —
IB: Anti-Myc

IB: Anti-Flag-hrp

Fig. 3 The interaction of ERP and c-abl by co-IP
293T cells were cotransfected with Myc-c-Abl and Flag-ER expression
plasmids or Flag-vector, and anti-Flag or IgG immunoprecipitates were
analyzed by immunoblotting with anti-Myc or hrp labeled anti-Flag
antibody.

2.4 c-abl #EER{L ERB

KR c-abl J2& Bz MR WG, AT S S it
G BNt — ML T c-abl JE 15 e ERB & ZE
M IR, WU R (& 43 W], Flag-ERB 1]
B Myc-c-abl P& IR EIR L, KA Myc-c-abl I
Flag-ERB ANRER¢EIRIL, TEH] ERB A2 MK 24 IR T g
c-abl [HJEH).

1P
IgG Flag Flag
Myc-vector - + -
Myc-c-abl + - +
Flag-ERB + + +
ku — Flag-ER
o g-ERB-P
S - - #ws — Heavy chain
IB: Anti-Tyr-P
ki ompem  FlagERp
55 —

IB: Anti-Flag-hrp

Fig. 4 c-abl Phosphorylate ER3
293T cells were cotransfected with indicated plasmids, and anti-Flag
immunoprecipitates were analyzed by immunoblotting with anti-P-Tyr

or anti-Flag antibody.

2.5 c-abl ¥f ERB¥:RIE RIS M
Fesx X7 ERB REMT & MEER N 2% 5L (ERE)
SR IA . I I L 293T 41 iU (ER« - ERB-),
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PRI T c-abl X ERB 1 R L S I s . 45
FAnPE 5 Fros, flag-c-abl EW5 1l ERE-Luc i 18 %
DRI PP 3 SRTE PR 3 i, 2.22 %, (ERAE X B, d
flag-vector /A~ B3 5 I 4% Sy 1%, i B c-abl 18 i
L5 ERB A EAE M 5 e () #5 33G . STIS71 fglS
Y c-abl 4y, FHAMHIILRR AR, N 1S
] DUE 2, STIS71 nf LA i c-abl 5 [ 4% 5%
BRI, HE—2 U c-abl AERSHE R 1G5R ERB 10
e BNk, BRAAE M P LA R EA
hy926 T ES TiX—SLK, A28 T RBIML R,
c-abl e AT ERB Fesgib 1Y ok 1.83 £

3.0F
251
2.0F
1.5F

nln

c-abl - + +
STI571 - _

Fig. 5 The transcriptional activity
of ERB upregulated by c-abl
293T cells were cotransfected with indicated plasmids, afer 24 h culturing,
the cells were lysed and luciferase activities were normalized with
control. 12 h before luciferase activity assay, STI571 was added to the

culture medium.
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c-abl (cellular-Abelson gene) /& Abelson i, [ 1L
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c-abl Upregulates The Transcriptional Activity of ER3 by Their Interaction
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Abstract

Estrogen receptorf (ERB) plays an important role in the development and progression of

cardiovascular disease, but the mechanism is not clear yet. Thus, it is of great significance to discover ERB

interacting coregulators. It was identified a non-receptor tyrosine kinase c-abl as a novel ERB cofactor. Both GST

pull-down and co-IP assay indicated that ERB interacted with c-abl in vivo and in vitro, and phosphorylation

immunoblotting showed that ERB can be phosphorylated by c-abl. Furthermore, the luciferase assay showed that
c-abl enhanced ERB mediated transcriptional activities, while c-abl inhibitor STI571 abolished c-abl mediated
upregulation of ER transcriptional activity. These data suggest that c-abl was a novel co-activator of ER3, which

may uncover a role of ER signaling in cardiovascular disease.
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