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Purpose: Estrogen, various polypeptide hormones and
growth factors are associated with the development and
progression of breast cancer. Coregulatory proteins are
also associated with estrogen receptor (ER) transcriptional
activity and tamoxifen resistance. Therefore, it is necessary
to investigate the change of coregulator mRNAs and various
cell proliferation proteins and cell cycle-related proteins after
treatment with estrogen or antiestrogen.

Methods: MCF-7 cells were maintained in dextran-coated
charcoal stripped 10% Dulbecco’s Modified Eagle Medium
(DMEM). To measure the change of the coactivators’ (src-
1, P/ICAF, CBP, AIB1) mRNAs and corepressors’ (SMRT,
N-coR) mRNAs, multiple PCR was carried out using specific
primers. In addition, intracellular proteins related to cell pro-
liferation and cell cycle regulation were measured by perform-
ing Western blotting after treatment with estrogen or tamox-
ifen. The change of mitogen activated protein kinases was
also measured by performing Western after tamoxifen treat-
ment for 4 weeks.

Results: Coactivator mMRNAs expression rapidly decreased
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in 15 min after estrogen treatment but this recovered to the
initial level in 3 hr. The pattern was similar for the case of
tamoxifen treatment. Corepressor mRNAs expression rapidly
decreased in 15 min after estrogen treatment and it remain-
ed at a lower level until 24 hr after estrogen treatment. With
tamoxifen treatment, the initial response was similar to the
cases of estrogen treatment, but the expression gradually
increased 3 hr after tamoxifen treatment. Treatment of estro-
gen induced intracellular concentrations of c-myc and Ki-67
and it increased nuclear translocation of NF-£B and phos-
phor-ERK and it decreased the intracellular cell cycle sup-
pressor p27/kip1. Tamoxifen treatment increased nuclear
p27/kip1 but it decreased c-myc, NF-£B and phosphor-ERK.
Long-term (4 weeks) treatment of tamoxifen was associated
with decrease of activated ERK and p38 but there was no
change in phospho-Akt level.

Conclusion: Estrogen induced cell proliferation and the
survival pathway-related factors, but it decreased the cell
cycle suppressor p27/kip1. Long-term treatment with anti-
estrogen tamoxifen might decrease the MAPK activities in
ERa-expressing tumor cells.

Key Words : Estrogen receptor, Coregulatory protein, Tamoxifen, p27/kip1,

MAP kinase
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E35F THE DNA 2% AARIRR} 45 A-8-sto] 1H 491 HAL
ol ks mxich
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Aliz W FeE AaeAZ|AY I aE AAsk e o]
o] gl g FoAERAA 7L A= SAeh SR o] 25t
A Z9] A8 A AEZA EAE e AAEZA 289
AR op 2}, of2] AgARIAte] ofgt ApFar} A HE 2|54
¢l ol 2 QIRE A|gHdo] ZAIE AAE et (2—4) o]2tt =
2HEAE YA 7o R BRI cofactor) ] APEZ W o]
A=A, (5) ANAERA EAE F1t AAR ol Tolsh=
TR HAQIxbe] fie gl iy BTk Qg 22 Hol/d 9l oF
Al Wdell whsl} B -7} o] AL it @6, 7)

o AERA EAL} o AERINED) AYOR o AERA
SA9] kA o] Yofut 2ixt= At =rRl(ligand bind—
ing domain)®]l coactivator®] Ago] dojubA| Eof 454
L] HARdo] AR (8-10) $HH FEE=EA9] ERgAlH
& EAeE Agslo] AAERA 849 ThE FEjshA HE

Y0731 coactivator?] AEAIE F28IAL corepressor
o} Aglo] Yojuhie 5 k=t o]2f3t U2 histone deacetylases
(HDACs) silence -84} HARE 53l ©]F01%Itt, (10) Coactiva—
tor AIB1 #4215 ZRFa A17] 2748k A5 (transgenic mice)
ofl Al et o] RIS, (11) EFSAIA 2|2t 5 AIBL I}
W Rk 3] Frgaago] W AL & |, coactivators]
o] BHEAIS] o2 E/J9] A9} o] e
AAReIEE, (12) 1A coactivator®} HITH = ERAlH 2] & % core—
pressor®] s A BRAE A8t AlE 4= Sl 13)

AAOIA} 4284 HER2 W o AE 27 284 SA] 2hdkd &
o] A ol ESskaL (14, 15) 71 7149 shvs= ER-
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HER2 Al&499] A% wxkcross talk) = QI5H AlEEZ2]0] =
71k BREAl A A o' AI7|EAL Sk, &, o AERA
T8A1= AR} Al A A (growth factor pathway) S &
43} A7) 3L AR A S DAl o|AE R = 8A Als e
A ZASIAZIL) E PIS kinase ALS A= tlokst insulin,
IGF, EGF family & thefet AARIAE Bt Al 2 54
A TGS gt (16) o]P A NAERZ =8A] AT HDA|
O} AR FEA| AlsdDA 7 S K cross talk)7F 4o]
U, coregulatory THlZ L] Wsk} o AE S =84 ZAARE
/4 9 EREAEL AT Aol Qlths SA7E AAEILL 9ok
ujzpa] o AER AL BHEA[H A2 Al fEel AlaEolA o]#gt
HQIxte] Wiz} A g 9 A7) e il o] H3kE 1)
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1. MIZEZE S M| HHE

American Type Culture Collection (ATCC)ollA] Ik
NAERA 48A-F FHY M2EF MCF-72 10% fetal
bovine serum (FBS, Life Technologies, Rockville, MD,
USA), 100 unit/mL penicillin G—sodium, 100 #L/mL strep—
tomycin sulfate®} Dulbecco's Modified Eagle Medium
(DMEM; Sigma, St. Louis, MO, USA)ollA] wiefatoict 52
B 22lE 93l dextran—charcoal A2|¥ 10% fetal bovine
serum (FBS: GIBCO/BRL., Gaithersburg, MD, USA)°ll ¢
2} U3t AA|E ZE3F phenol red free DMEM (Sigma)
S A3} Dextran—charcoal stripped FBS A&+ FBS
o] activated charcoal 0.5% (w/v)2} dextran 0.005% (w/v)
o] HE& H71ek & 55T oA 1A1ZE F1t ®A|SHHA], 1550}
O 1524 8} 55°C iy RHESRE % 3,000 rpm o= 44
Eeoto] STk = 255181t A 0.5% (w/v) 9 acti—
vated charcoal®} 0.005% (w/v) dextrans H7Fstal 1A17F
B2 55T oA WABHAA 1550ttt 1584 Zgste] Jhgst
T 4] Eelekoint. olegt BYE 23] WESto] of19] o AE
ZAS A|AS FBSE 0.2 um filter (Nalgene, Rochester,
MN, USA)E ofZste] ARG Al7FA] =70°C of] £5=5}0] Hatkst
Ak

2.RT-PCR
1) HFAKReverse transcription)
MCF-7 5% Mo o AE = 9 BRmAlHlkS AR



Ag)st % Trizol Reagent (Gibco BRL)S 0183} total RNA
= FZ3190t). First—strand ¢cDNA @Al Superseript 11
reverse transcriptase (GIBCO/BRL)E ARS8t 1 ug?]
JAE RNAE oligo dT primer (GIBCO/BRL)E ©|-8314] 9
AAE Al

2) Multiple PCR

WFS0]2 cDNAS 3 2.2 319, coactivator (SRC-1, CBP,
AIB1, P/CAF) ¥ corepressor (SMRT, N—CoR)°ll £0]%|¢]
Z¥7}9] primer (Table D& AMH-21] 95T 3+, 28 cycles (95T
30%, 55C 30%, 72°C 30%), 72°C oAl 582t REGAIAT
PCR internal control> GAPDHE AM-3519.21 33]9] His
Ao vlet Avks Wit 7] 96 ARLE TINA 2.10
(Raytest, Straubenhardt, Germany)2-= £A5}o] A7t
2 3d HskE AR

Z TS ohEa o] Eejsieict 457 EREAl S A2
gt ol AE R 84 A 8 Al MCF-75 vief A
o4 10 mL2] phosphate buffered saline (PBS; 8 g sodium
acetate, 0.2 g potassium chloride, 0.2 g potassium di—
hydrogenphosphate 2 2 g disodium hydrogenphosphate,
pH 7.4)2 AJA3E 3-0.02% (w/v) EFA 1 mLE 3718131 37C
ol 521t AEjste] Al2E wlojdl & Y4 Fejste] 4263l

L ASNS BE Al =] 0.2 PMSF (phenylmethyl—
sulfonyl fluoride), 100 sodium orthovanadate, 5 ug/mL

Table 1. Primer used in multiple polymerase chain reactions
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proteinase inhibitors cocktail (pepstatin, leupeptin, chy—
mostatin, antipain)©| $--E HE 34 25-8-H(70 f-glycero—
phosphate [pH 7.2], 2 magnesium chloride, 1 EGTA
lethylene glycol—bis (8—aminoethyl ether)—N,N,N ,N—
tetraacetic acid], 1 DTT [dithiothreitol], 0.5% Triton X—
100) 1 mLZ A7kl Al thA] F-7AIR1 B E80llA 80

& RS 1023t 259} 2471 E 01851 AlEE 7=

71 10,000 rpm0& 1087F 24 Belshi 1 A5oNe 73}
o % hja B30 AMgsigt

0.02% (w/v) E3A] 1 mLE H718kaL 37CoA 523t A1)
o] Ali2E Hlojd & 2lsto] 1527t il 25 AlHskaL 4
SN W F 400 pLo] &84 A (10 HEPES [pH 7.9], 10
KCl, 0.1 EDTA, 0.1 EGTA, 1 DTT, 1 PMSF, 0.1 sodium
orthovanadate, 5 ug/mL proteinase inhibitors cocktail)
£ A7ste] 8ol 15871 WAJsto] Al2E £4 ths 25 Lo
10% NP-402 H7Fsfal 2021t Xget & 4] E2& Al3st
of 3 A=S AU o] 3 A=l &5-8 C (20 HEPES,
pH 7.9, 0.4 M NaCl, 0.1 EDTA, 0.1 EGTA, 1 DTT, 1 PMSF,
0.1 sodium orthovanadate, 5 #g/mL proteinase inhibitors
cocktail) 50 uLE 3713F 5 4°C oA 1581 %1931 5] 4T of| 4]
10,000 rpm o2 523t 4 &8kl A5dE Fste] -70C
of] Hysllthrt 3 Tl 28l o= ANESIGiT) Tl o) Ak

& Bradford %2 ©1-83131 (17)

Sequence Size
Coactivator
SRC-1 Sense 5 -CTCTAGTGATGGCAAACCTC-3’ 282 bp
Antisense 5" - TGTAAGAGCCGGTGTAGAAT-3’
P/CAF Sense 5"-ACAAGAAGATCCTGATGTGG-3' 300 bp
Antisense 5 -ATGTGAGGAAGTTCAGGATG-3
CBP Sense 5-AAGCTCTGTTTGCTTTTGAG-3’ 281 bp
Antisense 5 -GTGGCAATGGAAGATGTAAT-3'
AIB1 Sense 5-CAGAAGGCAGGATTATATGG-3’ 216 bp
Antisense 5" -GCTGAAGCTGCATTCTAAGT-3’
Corepressor
SMRT Sense 5-GACGGTATTGAACCTGTGTC-3’ 216 bp
Antisense 5 -GTTGATCTCTTGCTTCTTGG-3’
N-CoR Sense 5 -AGTTGAGGATCATGGAGTTG-3’ 256 bp
Antisense 5-ATGGTAATCCCCTTCTGAAT-3

bp=base pair.
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4. Western blot H HA
1) ALESt &l

ERa (Novocastra Laboratories, Newcastle, UK), Ki—67
(Dako, Carpinteria, CA, USA), c—Myc (Santa Cruz Tech—
nology, Santa Cruz, CA, USA), p27 (Santa Cruz Tech—
nology), Anti—phospho—p44/42 MAP kinase [(Thr202/
Tyr204); Cell Signaling Technology, Danvers, MA, USA],
Anti—phospho—Akt (Ser 473, Cell Signaling Technology),
Anti—phospho—p38 (Cell Signaling Technology), @ —tubulin
(Oncogene Science, Cambridge, MA, USA; 1:500)°] thgt
FAE LA} FARZ, o]x} A= horse—radish peroxidase
(HRP) conjugated goat anti-mouse IgG (Bio—Rad Labo—
ratories, Richmond, USA; 1:3,000) = HRP conjugated
goat anti—rabbit IgG (Bio—Rad Laboratories: 1:3,000)0= 4
A o] B 212k Aol Thae] b SIS shelalsi,

2) Western blot

MZFEZNE 6-10% SDS-PAGE (acrylamide:bis—acry—
lamide=39:1)F o}-§-5}o] TS E2JAlX] £ nitrocellulose
membrane®] A (transfer)3t3ict, thj o] Hds uke 59,
nonfat dried milk7} 3-8 TBST (20 mM Tris—Cl, pH7.5,
150 mM NaCl, 0.05% Tween 20)-8-Hof| 304 5ot EEHA
H7HFo] blockingAlX1 &, 1582t 3W14] TBST G402 =4
S}, ohA] ukE At ko) dAkatAIet 5%2] nonfat dried
milk7} 322He TBST §-fjo]l 2ol E5HA 2A1RF 52t &
7 ¥ 15427t 33] TBST -0 Hlo] Fict o|FA A&
vk HRP7F AgE| o] Sz 24 k9] 224 3419k 5% nonfat
dried milk”7} 223 TBST 84S 4204 &5 1A7F &<t
Y7HE & O] 15871 3914 TBST 808 Hojg=qlrt, vk

enhanced chemiluminescence (ECL); Amersham, Berking—
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hamshair, UK)& ©]-83to] @4stal kg B=313ith

1. IAERAI tE= EJSAH X2|of| M2 BXQIX} USio] A|ZH
3}
ofl A== 9 BREAlH A X]A] AZYo] W cofactor mRNA
O] UFs W= cDNAE 8 02 sto] ZH2ko] Eol4 primers
ARES1O] multiple—PCRE 234831t Table 1). Coactivator
(SRC-1, P/CAF, CBP, AIB)®} corepressor (N—coR, SMRT)

o] mRNA®| & wsh= 2Rh= Bl ATl wpa} ol Axks
BYARE vA e AI7H15-30 min) Well 43w 74

£ 29t} Coactivatorql SRC-1, AIB1, P/CAF, CBP= o~
Eg7 Aol wfgt 71 mRNA o] Zhasiietr), 3AIE &
Hefj o] A& SEsIITk T thA] sk 52714191 ' E Bis)
£ Eoh BHgAlS Ak A ol AERZ A2] e} vl
3h 3} QRS Bl o 3A7E o] 58] Wk FSiskA] gholtt
(Fig 1), M8 corepressor?! N—coR ¥ SMRT+= o A~E 2 A1
HA|8= 74 coactivator mRNAS] WS} v]S=517)] 3A17F

7|2 2o} dBES RhESIGl oW, BREAlEE AR5k
< corepressor mRNAsE= H&o] H2} Z7lol= HFS &

tHFig 2).

m
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@ ox

2. IAERZI 2 EFZAHE 2|0l (2 MELH THHEL iSio] tHs}
oflA~E=Al YW BRRAl Ao wE Ki-67, ERa, ¢—Myc,
p27/kipl T2 Bal=0] -2 Western blotS ©]-8-5F
o] AL FET(Tubulin) internal loading control
2 ARSI ol AEZ e oJa Al AIAR] Ki—679]
7P UEFAL, ERa= A2 W] A Szl o] ok 7hAsts)
O} chalR o] plilo] 3 Yol v oukFig 3A) TGFA1

. RN
N RPN P AP

AIB1
a7 Y| — L
o o™ e g o o
| S —— R Y 'Y
CcBP
281 bp

TAM | s i s il

Fig 1. Sequential change of the mRNA expression of coactivators in MCF-7 cells after treatment of estrogen or tamoxifen. Coactivator
mRNAs expression rapidly decreased in 15-30 min after estrogen treatment, but recovered to initial level in 3 hr. With tamoxifen treatment,

the pattern was similar as in case of estrogen treatment.
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TAM = 256 bp
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E2 = o = = - GAPDA
— SMRT
TAM §———-—_— 216bp

Fig 2. Sequential change of the mRNA expression of corepressors in MCF-7 cells after treatment of estrogen or tamoxifen. Corepressor
mRNA expression rapidly decreased in 15-30 min after estrogen treatment and remained lower level until 24 hr after estrogen treatment.
With tamoxifen treatment, initial response was similar as in cases of estrogen treatment, but the expression gradually increased since 3

hr after tamoxifen treatment.
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DMSO E2 TAMDMSO E2 TAM 24hr
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p27 | — — o W= <07 kD
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Phospho-Akt - <—60kD

Tubulin e em—— <60 kD

Fig 4. The change of MAP kinases activities in MCF-7 cells after
4 weeks-treatment with tamoxifen (1 #M) or DMSO. The activity
of ERK and p38 was decreased after 4 weeks-treatment with
tamoxifen but the change of Akt activity was not remarkable.

of) o3k Thal A o] Fhav= SISk 4= QI%ItHFig 3B). ESt oAE
270 Aejol] whet c—mycd} 2= A2 FAlof BlE fxte]
U S71ek NF-4B2] g Ath9l(subunit)?] p65 whalzle] 3
o g0 ofgo] F7} ot AlEF7] 2AAL p27/kipl T
Ao| a7t yehitth

EFZAJHO] 2J3F BRa T2l 0] Sk EEIE|R] 9k
ol vlsf F3igh ok W o] WSk LA ggke Ur l*
20 Foftol vl AlEFA] Al S AEA Tl Wk o] 7]

é?:
B

m

z f

TGFB1 TGFB1 TGFf1
2ng/ 2ng/ 2ng/
mL mL mL

ERC e e I w——  <— 05 kD
E2 0

10 100nM 0 10 100 nM e

Fig 3. Expression of various proteins in MCF-7 cells after 24 hr-
treatment of estrogen (10 nM) or tamoxifen (1 #M) or DMSQO. (A)
Nuclear expression of Ki-67, c-Myc, and cytosolic expression of
phospho-ERK increased but both nuclear and cytosolic expres-
sion of p27/kip1 decreased after estrogen treatment. There was
no significant change after tamoxifen treatment. (B) ERa expres-
sion was downregulated with treatment of estrogen, but there was
no change of ERa expression with additional TGFS1 treatment.

ZF7] 24 Thiel p27/kiplQ] Z71= Bt

3. 4F 7 X[EX01 EFSA[H X2|of| = THHE! His{o| H3}
MCF-7 0 Ml2zof| ERAlHE 45571 2] 2]3H9S o], ERK

9} p383t 22> MAP kinase AlE Tl ] 257t 7h45] 9
I phospho—Aktol|A= & ¥R HolA] (SlthFig 4).

3!

1]

i

EGFR family®] 4g78Q12F 84 2P 892 45 Bl
Al 2| z=of| 5Tt st (18-21) o] ARE Xdshd Bt
EAH 57t SlEET) (22-25) 1Y coactivator AIBL
el 9 HER2 #pd&o] FAlof] dofidt of| A E 27 =84 -F
I ) Al A2 E B A BT RS S
Eoi (12) HER2 TPF 2147} efF=AHl A3 2] 2120l @
o] okt coactivatore] W&ol a3k @ 49 AARBFITH

HER2 Y coactivator AIB19] Zp&o] Aot GH9f A3
Je} oAl EHEAIEIS] M= HER2 A5 HEA|2] MAPKs®]
FABIE 53519 coactivator AIB12] QSIS G35l (26)
AazgAlo] B8] AuE Zed o Qlrkar Az

o ~ERA Bl Ao of gt H2Q1AF mRNAS e Hs)
= oFE A T HAITKI5-304) Woll =513k 45 Holi= Zo]

JlN 2
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TEAoE YRl o AERA H2]9] - 3AKFe] ALpA]
THA] V3 ESIIT ThA] Zhasshe 371390 a2 Kl
ol2fgt 3o} 712 W XA IgkoL) AlaEr) xS 9f
off ezt FARR] HaES fIelA] 2ERE A7)0 HaQIAle] w
& HHeE fieshe Al oR 3540 h, N-coR, SMRT
2 corepressor+ EFEA|HIO| O3] F7oh= HERE B
EfmAlHlo] o AERA =8A4|9F AFste] corepressors &3l
RS QoS SRSt olefgt HAIAke] mlokst
37} w|A= Al W] @45 AeiA e = AR
Altol| whet Adolgh SIS Kol QFo ' A2 s 2] 5ol
21 W P 71X BRmAl A o] whE WSte]| Hj F=7F

e}

IS

T =2

o A~ERZo] ofgh A f A W] HIks S ER oE
3 MCF-7 AlazojlA] o ~E=2 7] oJsf Ki—67 ® c—mycd 2+
& AlE2SA fAARe) o] STkl WA, AlEEse7] AAAR]
p27/kipl®] 7+4:9t ERa thilzlo] Eeist 7kt Yepyit), =
AJ2zE ol A phospho—ERK 7t FE=5| 3oL, niR7 A&
Sofl M= Z/dehE phospho-ERK7} Hiztel vlsh S7F 513
T}, olde] Ak o AE R o8l AliLFA] HAIARRI Ki-67
2} NF-£B9] |02 olF, p27/kiple] &4, MAP kinase?]
233}, c-myc?] F7F T AlEFA ATAIA Y] Ldsket
Aaz7=7] AAAS HaE F6ll AlsAle] s fieshe A
o7 ¥ty ERe @& S T4= proteasome—2l&E £3
(degradation)”} Yojiu= 7] Bl UX|skal, oAEZA
Hhg 2ol 4] AE]sHAQl REZ-S 2dslo], T4 0R o AE
2 9§ fAAte] IS Agtehs Ao A At 27-29)
3hH TGFS1°] 2I9t ERe®] T 223t ofa] glout, 28, 30,
31) A|AE 2o OfRt ZHart F5isto] 2 Aol A w4
et
p27/kipl THA 2] B2 subcellular localization 2 tHY
2 o] osf] 2w AlEFT] 34 AR e, e ¢l
A BHE AB7E BAE|QiT) (32-34) - g1TLol| A EREAlHIo) 2
3t ERq Tl o] Ak = 51614 ohglar, ok el o) ik
A A titol Bl F518HA] ghSkoLt of| AE A Foito|

vlaf Al 24| Aol A ohl o] T, AlEar] 2 Ty
=

EQ

ol 7+
ol p27/kiple] 75 Hof o]zfgh a2
EF7|E ZHSIAL Al 24 AAIE FEde AT
MCF-7 M|2£520] dextran—charcoal 2%l 10% FBSE At
8%t phenol red DMEM®] BRAIR] 1 M9 w2 H7Fs)
a1, Al siFetEA 4577t 227t A, Hiztol] vlsh AlEARE
A5G A Y] phospho—AktollAl= & HEFE oA ASHARE,
ERK % p38 G} 22 AlZZ4] 4154949 MAP kinase

.
N I 282 Fl Al

61

chlzlo] BRASL7} 7k E|o] Zhang 5(35)1) S-ARE AulS 1
Aok &, FolAERZA BEAlEE 9 7IXE Aelshs A9 Al
254 Tle] A7 E AR = 91l o= WA Y wizlA] A
&E Zom A7

5 711t el A2jo]| whE o AERZ -84
R 2012 (coactivators & corepressors)ol] thet Hsl} AL
W el wsto]| gt AE 5ol BREAlE W2 71 Bel=
o] I a3t

N
[

o ~E R Yl e} A )5t B 2Q1ARS] mRNA a2 4t
= ARE ol joll s HGlaL, 3A1Ke] AHukshHA] o] id
AE FJE3FACE E3F N-coR, SMRTS} -2 corepressor
7} BREAl] ofsff Al7tel| whet el AR Rl g,
oJAERA Y EHgAlHlof O3k A2 W) ThilE O] Sl o AE
230]| ofsf Ki-67] 57} 9L NF-£B2] 3OR o], c-myc
O] 7Y, p27/kipl®] 4 51} Lol M54 s fiey
AL, BHAJRe] Sfefal= iz} Hlaste] & HSHE Kol
LR o AEZA Folto] Bls A|lEZFA] Ao ddHA
WA A MlazFr) 24 @il p27/kiple] S7HE Sl Al
237 248 D AEZSA] QRS 2 ARSI E 94
1XF E3H4) 9 BRsAlH A 2jsh= 739~ MAP kinase T
O] GATF A E|o] Wdo] S wi7lA] AlaES4A] whal o) of

A2} ER-EGFR 7+ 4% 22} &A1 S AX5H3IL
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