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(HE] @ K@l AT & %o (ERK & M3 F A KRB 4 ) MCF-7 ¥ 78, 40 fe 8 1 % 0 & 0t A LA,
Fik MR EZ RIS & MCF-7 F 8% st &, MTT 49l 178-# — 8 (17p-E.) xt MCF 41 . 34 78 49 % v , #% & L
By 4 3 R B s MTT 3% 4 M PD98059 x4 178-E, 1€ MCF-7 41 ft 3 78 48 1 &9 % it L sk 3R o 300 1 0 B 5 0 o 4 M AR A0 9 2 L R
B ; TRAP-PCR 4R % 3 4 0 3% b1 B 3% M , Western B 78 % £l p-ERK1/2. % & & p53 & & A F;RT-PCR %l & 4 & p53 mR-
NA A, % & :ERK 88 31 4| 5| PD98059 # 3 #| 17p-E, xF MCF-7 @ f ey R 3G i1 JHl , A A M R-ER X R, A X R AA
B E R FE X (P<C0.01), &1 K i E & PDI8059 # & 4 % W & 2 %1 & 89. 28 pmol/L « 24 h.39. 81 ymol/L + 48 h,21. 87
pmol/L « 72 h, 2 Al PD98059 48 h Ja , # 3 % 178-E, 1% ¥ MCF-7 41 L J&l 3 4% {4 Al G, 3 48 3w, S 1 An G 34 41 g o />
(P<C0.01); M40 17p-E, % 52 MCF-7 41 3 4 B 05 M o 4 | (P<C0.05); #0822 4 A p53 & & kA fn p53 2 # T A F(P<
0.01);p-ERK1/2 & &1 £ A KA F & Z FIR(P<0.01), & #:ERK % 173-E, R IEHE®EH MCF-7 ¥ 7 2 A b+ £ 4
FEWNER, LA %E%étii_ p53 R A M B E LR R A K,
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Role of extracellular signal-regulated protein kinase in estrogen-induced proliferation of breast cancer cell line MCF-7

L1 Su-hua, DENG Hua-yu* ,CHEN Li
Department of Pathophysiology, Chongqing Medical University, Chongqing 400016, China

[ABSTRACT] Objective: To investigate the role of extracellular signal-regulated protein kinase (ERK) in estrogen-induced
proliferation and cell cycle transformation of breast cancer cell line MCF-7 and the related mechanisms. Methods: Estrogen
receptor-positive breast cancer cell line MCF-7 was used in our study. The effects of 173-E; on the proliferation of MCF-7 cells
was investigated by MTT assay to determine the optimal concentration of 178-E, for the following experiment. The effect of
PD98059 on 178-E.-induced proliferation of MCF-7 cells was measured by MTT assay to determine the intermediate
concentration of PD98059. The cell cycle was analyzed by flow cytometry and telomerase activity was determined by Telomerase
repeat amplification protocol PCR (TRAP-PCR) silver staining. The expression of wild-type p53 and phosphorylated ERK1/2
protein was determined by Western blotting and the expression of wild-type p53 mRNA was detected by RT-PCR. Results:
ERK phosphorylation inhibitor PD98059 inhibited the proliferation of MCF-7 cells treated with 173-E, in a time- and dose-
dependent manner(P<C0. 01). The intermediate concentrations of PD98059 were 89. 28 pmol/L for 24 h,39. 81 pmol/L for 48 h
and 21. 87 pmol/L for 72 h. Treatment with 20 pmol/L PD98059 for 48 h reversed the promoting effect of 173-estradiol on the
cell cycle transformation of MCF-7, increasing the number of G, phase cells and decreasing the number of S and M phase cells
(P<C0.01) sinhibited the enhancing effect of 173-E; on the telomerase activity of MCF-7 cells(P<C0.05) , increased the protein
expression level and genetic transcription of wild-type p53 (P<C0. 01),and decreased the expression of p-ERK1/2 protein(P<C
0.01). Conclusion: ERK plays an important role in 173-E,-induced proliferation and cell cycle transformation of breast cancer cell line
MCF-7, which might be related to the changes of genetic transcription of wild-type p53 and telomerase activity.
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WOE ERK A5 5 e 38 i 5 20 i 08 5 L 40 i ) 400
e A M T A G, — A Oy . ERK Y 0 32 22
H A K PR T S IR A 5 200 i 4 T ) A V32 1 T 1R TR
4l 500 3, MESCR AE FLR K A R i ad R v BT
B RAE T, 28 B M ORI AT X K 3R S i
A AZ N 5 M 33 2 32 {K (estrogen receptor, ER)
54 ER ZRAKAL IS 5 M OV T Cestro-
gen-response element, ERE) 5 H Al #% 5% K 1 45 &,
AT AR 3 PR A 53, 1 5 200 P Jo] 00 e Ak . ISR
MR AT BRI MAPK/ERK | i Bt NLAZ-3 %
fiff ( phosphatidylinositol 3-kinase, PI3K) /& F ¥ i}
B-Akt (protein kinase B-Akt) % {5 5 # 5 18 %,
X AR PR 30AS 75 0 0 35 3R 0E A A LA N, T 2
Ao 43 A T A R Y S ME R A5 S A, O A i
PRI 15 5 R IR IR R I 5 LR R A T o 93 R
R 1 v NP R IR YT T 2 1 7 A G,

A5 LA ME R 32 A BHPE CER ) ZL M 8 40 i 3=
MCF-7 b 5256 % 42, 28 17p-MF —BE (178-E.) L 17p-
E.+ ERK #I i 5 PD98059 43l 4b B, W0 £ 41 fifd 44
B 200 i 30 2 Al 0 O R p- ERK L R i 1
FIEF A2 B p53 JKF B ERK 7 e 83 42 7L 1 o 4
JfL MCE-7 3§ 58w (8 7 F AT R] BERL A

1 MBFFTE

1.1 M4 ER™ AEILIRFEAM R MCF-7 AR
T T SE g AR AL B A /N AR I W BT Y
FHEAEY TEMEARAR,178-E.04 3 £ E Sigma
2 F  PD98059 1y H 3 [ BIOSOURCE A Hl, RT-
PCR XA & 14 A vu M A B A R &, TRAP-
PCR 4 e 2 v or it 0% 4G 0 590 6 0 (1 L3 A o B
B R BEARAR .p-ERK BT AR BEHLAR p53 il
LN PR FEBUAR | Bractin FRHT A P58 BE PRI [ 36
Y Santa Cruz A #], BD. LSR &3 2 40 f 4% b &
Beckman Coulter 2% &) 7= &, PCR $7 84 Ky 1l
Biometra 22 &) J7 fi 5 BE B AR R 48 0 2 B Bio-Rad
N

1.2 XM E4 A4 aFa &l B/ e
T8 M CHH XS 43 F B & 40 000) 25 mg/100 ml,
R 58 4V f 5 B TE M 2k 250 mg/100 ml, #F
55°C K HAE 45 min, 3 000X g B> 10 min, B
FIEW ., AP 2 W LARR i T R M R . &b
PR S B 03 4 0@ U8 2% (0. 45,0, 22 pm 5 )2 98 )
SRR, T —20°C R4 H

1.3 @iz ife i o F 3R R 408 MCF-7
WORLE TR AT B 10960 2 ME SR OB AR /N AR LY

10X10" U/L& % % .,100 mg/L 4% £ Ml 4 U/100
ml B 5 Z 1 f B CEY 2D DMEM B3RP 55 5% . 2
3 A (L) AR XS B . AN N2, B A G 1 20 v
DMEM 5 £ 5 (2) 178-E- &b BRAL . 1RV E R 60
nmol/L; 17p-E. + PD98059 4b 41 . 178-E. i F ¥k
J# 7 60 nmol/L ,PD98059 fE YKy 20 pmol/L,
200 L A 0 B0 TS 24 Ak BT S B 24 h
Bl ULk 35 25 ik

1.4 MTT s ml % 29 fo 38 g4

1.4.1 MTT %0l % 173-E. & MCF-7 41} % 75 1F
A OBOS A K MCF-7 40 G, 4 4 20 i % 7% h
210" /ml B3 e 96 fL 5 F5 A, 5 L 45 7 40 i B ik
200 pl 75 37°C ARFR T HR 526 CO, 1 1 42 587 46 N
A% 24 h JE e JE s T 21 DMEM 85 32, O # 5¢
ordngy, LI AR N2 Al (178 E 4 (1K 4.8,
20.60.,100 nmol/L 5 M) , R B 5 P47, &
B 37°C MRS BN 596 CO, 1 RN BE 74 9 85 3% .
SrHIRESR 24 48 A1 72 h JE 3 B BALINA MTT 20
pl(5 mg/ml) & TE L T M 21 DMEM 5 32 W 200 pl
PLEREFE 4 h BUH S 1 000X g B0 10 min, 7 1,
LA 200 ;] DMSO 73 10 min, FEEFR (I 2 3
570 nm MG FEAE (Dsr) . SEHH A 3 K BOF M.
T 17R-E AEAS [V B AN [RIAE FH B ) X0 MICF-7 400 ifd
R E 2R A BB B R = (173-E. 4 Dsro — K IMZ 4
Dso) / RINEGH Dsro X 100%, AR &5 5 18 IR 2252
5 178-E. A MCF-7 41 i 54 5l F 245 v 5 B A T )
1.4.2 MTT #% il & PD98059 *f 178-E. & MCF-7
40 i VG 7E N R e SR IR N 24 A X B4 60
nmol/L 178-E, X} M 44 F1 173-E. (60 nmol/L) +
PD98059(10,20,40 1 80 pmol/L 4 4~k ) 41, 5L
BJrklal 1.0 4.1 W, 315 PD98059 X MCF-7 4l fifg
AR 3 g AR R R R =1 — (173-E, +
PD98059 4 D5y — ARMEZGL Dsro) / (173-E 8 D5y —
RINZGL Dszo) 1X100% , 33K B PD98059 *f 178-E,
it MCF-7 40 Jfd 39 5 1 v 28030 1) ok B2 (1G5 . B
PD98059 1Cs 1Y 1/2 #AT IR LS8

1.5 AXmp AR me B F IR, 4
2 L AR B A KRS L OTE M 4L T L DMEM B
FEW . 178-E, 410 60 nmol/L 173-E., 173-E, +
PD98059 4 il 60 nmol/L 178-E,. 20 pmol/L
PD98059 5 5% 48 h J& . RGN AL, WAL 40, UE ¥k
AL 2 K. Lh 7027618 CBERE E ,A°C IR, TR AN
2 WA E 50 pg/ml RNase [ 500 pl PBS I,
37°CIKI 30~60 min, JIIATE 100 pug/ml ML TN IE
(PD R PBS W 1 ml, 6 Y 30 min. Ji 2 40 il
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S 7 e S5 BE (PR I K 488 nm) ., R A MODEF-
IT2. 0 43 A 0k BEAT 40 B A 3 DNA & 5 53 7 .

1.6 TRAP-PCR 4R % i 46 b A B & M2 B LIS
FEANML, A AL 1.5 TR, nZiEE S 48 h s,
% PBS ¥ 5 % TRAP-PCR a5 £ i A7 $2 BCR s
RLRGIT AT 8 &, R MR BE N 1 g/ pls B2 pg
FEAF A 7 & 7E PCR AL AT 34, § 35 54
94°C 5 min;94°C 30 s.,50°C 30 s.72°C 90 s,33 1§
572°C 10 min, XF 77 9 3F A7 A 28 PR 3R V9 M Bk e é
Jie HL vk R YK &5 F LK 17,5 V/em, B [E] 50 min),
SRIGXTRCHEATER e . MR 6 bp M BRIR 2537 19 TR &
eI v By S PR A9 38 55 . JF 1 Quantity One 343
BT L AT BRZH 56— JR 550 b e L SR A5 4% 2 2% 2 K B
B A T A 8 7S St 7 8 908 7 4 G 3 555

1.7 Western ¥ i & 4@ p-ERK1/2 #= p53 & ik
HOMLRE IR AN M, A0 oy 4L AN AT, 2GR SR 48 h g .
A A S BR 2 5 SR 0 Al Al 29 5 < 10° 4, F RIPA
211 284 i v 2 A T L PR IRUEEE 1. A Brodford &
ME RS, W60 pg IR ER AT 129048 M
SDS-5 TN 4 B e %6 e F vk . 7% % 2 PVDF it & KL
B LPEIRSE 5 1 ¢ 300 ¥ p-ERK ., p53 Hilk 4°C
BEE R VBRI 1 2 1 000 E40 B IgG/HRP
37°CE 2 h, ECL &, H Bio-Rad K& /58T R4t
B A . Quantity One B M 8 A H X & &,

1.8 RT-PCR ## p53 mRNA # & ik F L5
M A Sy ZH AN, NG RESE 48 hJE L A RNA 2
BUA ) G P2 BOR RNA LI E RNA 43 FIvk B, i %
ST A L —BE cDNAL #E4T PCR %, p53 5l
Y. BiF5'-TCA GTC TAC CTC CCG CCA TAA -
3, Fiff 5-TTT CTT ACA TCT CCC AAA CAT
CC-3', ¥ 44 7= ¥ K ¥ 326 bp; GAPDH 51 % I
it 5 - GGC AAA TTC CAT GGC ACC GTC-3', F
it 5'-CAT ACT CAG CGC CAG CAT CGC-3',¥"
B EE 128 bp, KNSR 94°C TAE P 2 min
Ja,94°CAE M 30 5,57°C 30 5,72°C 30 5,35 NEH;
HeJa 72°CHEAH 10 min, HU5 1 PCR “#IAE 1. 5% 3
e b Bt s P L K, YR AL £ BE B {8, Quantity one B
ST YA T B,

1.9 %42 KU o+s B, RITZHEAR
PIBCL R 22001 L 2 B R 1 g K 56 0 B0
750 L P<<0.05 RRZFAHGIT¥E XL,

2 # B

2.1 178-E, #= PD98059 #F MCF-7 % e 3% 74 %
W MTTRZEREN, 178-E, B4 28 MCF-7 4 i

S, e A 1~ 100 nmol/L 22 ], B B )
B HIE K R o Y 49 o AR 34 A 34 5 (P<<0. 01, A
1), VI 60 nmol/L MR M F/RLLsts,

2507 maun

|_ERTIY
200 £ O 72
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Proliferation rate (%)
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0

4 8 20 60 100

Concentration of 17-E> es/(nmol-1 )

1 17p-E, ¥+ MCF-7 40 f B 3 58 4 A
Fig 1 Effect of 17p-E, on proliferation of MCF-7 cells

P<20. 01 among different concentrations and time groups. n=15,7+s

PD98059 BEME M il 178-E, XF MCF-7 40 Jid i {2
8 HE AR P it ) S A0 184 0 R (1] A SiE K 0 A P 38
i, 220 B ST R X (P<<0. 01,8 2), PD98059
XF 60 nmol/L 9 17p-E, B4 (Y 1Cs, 433 7 89. 28
pmol/L « 24 h.39. 81 pmol/L « 48 h,21. 87 pmol/L
« 72 h, LA PD98059 ¥ 48 h ICs By — ¥, 24 20
pmol/L A J& 8252 5 /E VR

90 M- 241
80 B
b O 721
{ 70
kL] 60
m
= 50
2 40

30
20
10

0

0 10 20 40 R0

Concentration of PD98059 cn/(umol-L™)

B 2 PD98059 Xt 17p-E, b 3B Y
MCF-7 28 i 59 #0 %1 1€ A
Fig 2 Inhibitory effect of PD98059 against
MCEF-7 cells treated with 17p-E,

P<0. 01 among different concentrations and time groups. n=15,7¥+s

2.2 178-E,#= PD98059 *+ MCF-7 %m . &) A 44 %
W WK 1 TR, 173-EAEHT 48 h JE A fe 7 MCF-7
20 A A W AL G An R e >, S R G 3 A0
W4 %, 20 A A B i (P<<0. 01) 5 BXA R PD98059
J5 LGB Al B B . S B+ G, W48 i > (P <
0.01), Nl PD98059 Ji, G U 4 A 38 i, (H A7 4K T
0% BRZH L S 309 40 B v /D (ELATS T A0 X BR A
B PD98059 XF 17p-E, 42 MCF-7 41 Jitd J& 31 3 %% o %
A2 B 0 X AR ALK (P<<0.01)
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R KR 2009 4E 4 B L 30 &

R 1 17p-E,#1 PD98059 X+ MCF-7 £ ffa J&) £ i % Wi
Tab 1 Effect of 17B-E, and PD98059 on cell cycle of MCF-7 cells

(% .n=3,7%s)

Group Gy S G
Control 71.8642. 34 20.45+1.96 7.69+1.78
173-E 57.1942.17*~ 33.924+2.21"* 8.37+1.69
178-E; +PD98059 65.1142.08* *44 26.53+1.82* *44 8.89+1.72

** P<C0. 01 ws control group;~* P<C0.01 ws 178-E; group

2.3 178-E..PD98059 * MCF-7 % it 3% #z B 7& M
#Fem WK 3 iR, 173-E 4B 48 h, HAHKE 6 bp
AR AR A A 55 2 B X BR AR LU BRIR, AR R B &
1M 1 PD98059 Ji , HoAHNA 6 bp MYERIR 554 5 178-
E, B AR FHZ AR LB, 4% 20 4% K 3 SR 0 33l
X HE 4L 3. 855 2, 17p-E. Ak 6. 120 8, 178-
E. +PD98059 410 4. 691 7, =48] 25 5 HAG G i
HX(P<<0.05), ULH 178-E, #5% MCF-7 40 jd (Y
Ui KL 6 P, PD98059 AEFH AN 178-E. 1 38 MCF-7
200 i i A O A AP T

Cell control 17B-E2 17p-Ez +PD98059

e

B 3 MCF-7 40 B o i g 3 1
Fig3 Telomerase activity of MCF-7 cells

2.4 178-E,.PD98059 * MCF-7 #u fie. p-ERK1/2 #=
p53 Rk ehHm  WHE 4, Western Bl 45 R B IR . 60
nmol/L [ 178-E,/EF MCF-7 41jd 48 h J& . 5 40 ffu i
MZHAH I . p-ERK1/2 ZH FI By R IB G, p53 FE H KA
A% (P<<0. 01>, R PD98059 J& , 5 178-E, AL,
p-ERK1/2 & H FEIL AL, p53 TR (P<<0.01),

— it RT-PCR 43 #7 p53 mRNAK 5), %k
B 60 nmol/L 4 17p-E. ¥EFl MCF-7 411 48 h J5, 5
It AL L B A Y p53 mRNA kA% (]
Z5HT M 0. 374 2+£0. 027 2, BT M 0.228 2+
0.030 9,P<C0. 01), & W H PD98059 )5 , ¥ A4 Y
p53 mRNA Kk F £ 0. 307 6+0.013 4,5 178-E,
HA 2 R A G L (P<<0.0D),

3 it it

W 8 R T i R LRI 1) R AR e P B R
VR HB AL 0 ME 3R 1 P9 20 WA 36 7 2 L IR Tk IR R
J7 ) — Rz N A R T . e PR K B

PERK | — | c— —

PERKZ —| i c—
pSI—| —
Cell control  17f-Ez  17p-E:z +
PD98059
1.0 [ p-ERK 12
0.9 W
08
2 0.7
E 06}
2 05t
= 04}
= 03}
02
0.1
0
Cell control 17p-E2  17p-Ez2+ PD98059

4 17p-E, 71 PDY8059 X MCF-7 4H il
p-ERK1/2.p53 RiZH & m
Fig 4 Effect of 17p-E, and PD98059 on expression
of p-ERK1/2 and p53 protein in MCF-7 cells
* P<20. 05 ws control group;® P<C0. 05 vs 173-E; group;n=3.x=%s

17B-Ez+
PDO8NS9

bp Marker  Cell control  17p-E:

2 (00 —— EE—
P33
el (326 bp)

GAPDH
— (128 bp)

e ——

B 5 17p-E, %1 PD98059 3(71‘ MCF-7
2B p53 mRNA 3Rk 89 80
Fig 5 Effect of 178-E, and PD98059 on
expression of p53 mRNA of MCF-7 cells

Fre 0T BT M 98 33 T SRR A LR g SR BE IR I B T
Y RE K, SR R AR, A R e 28 7= AR T &z 1 . Mar-
tin A8 A RSN SL I & B, W R E LT L 200 pg/ml
A b 550 o5 M 38 3 A R R i MICF-7 gl i Ak KL K
300 58 25 Mk 8 2% A L MR R 0 M MICF-7 %o i 35 2% o)
U R S S RN, 10~ 15 pg/ml #4955k A8 3 0%
MCF-7 4 A 4, 3 b 7L I 98 AN At Xt B 9 2% i Jek
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PRSI AT R IB YT I 2 IR IR G E . Yue
SIS & PR 17R-E. g il 22 K A K I T A7 1K i R
b, s RREA K N F 32k, Migliaccio %Ik R
FLARIE A0 MCFE-7 78 178-E. 41 3 T 6 4k 32 /R ik &
RV Sre MR 1k, £ KA K B 7 32 7R 8% 1R 1k 2
ERK {55 % 538 W0 M H IR s B, 1 Sre
2 ERK B 1 — > H A 1, HARRE 000 v s
ERK {55 5% 38 % . 13X 26 fF 5% 48 % M 3 R A vl Rk
RO ERK {55 5 538 FOR AR F MCF-7 20 ift 18
B R 440 L ] 3 A Ak

17B-Ex & LA Py 3 2 04 M o 22 A7 A8 T 20, i i
25 M 1) ME 9 2% % A2 MR R AR 2 LR O 4 L MICF-7
WagE , ASHFSE IR UE S 178-E, nl 2 2F ER FL AR 8
YA MCF-7 3658 15 R L DG 18 5 2000 HL AT B 204 2%
K52 2 . 7E 1~100 nmol/L € 30 [, BE1E Bt [a]
ARE K, 1768, it MCF-7 40 Ji 33 7t 75 F 184 o, 9 12
Pk MCF-7 40 g B Wt G W S, G, Wik, &
Western B A /s 178-E, Al 3 38 p-ERK1/2 Y
ik, [N ERK @ 82 16 1 il 7] PD98059 J
p-ERK1/2% 3k T K&, AN HL, 178-E, {2 MCF-7 41
It B 1 5050 32 400 ) 3k e 400 o A0 R S R Ak K
IEPEMRH C &R . 173-E 2 MCF-7 4 il J& 3 &% fk 1
SN IR A2 BN L G A0 i 3G 22, S I 40 i s D L 4
g B T G, X R ERK 7 M i 3% 2 2L IR
MCF-7 #f Mg 58 i/ b A S 2R .

BY AR p53 B O B A I S L bk
W Ak B S T Hsu 5 F R &
FEFER MCT-1 Al 38 o 39 3% ERK1/2 2 A B R kK
TR BEART A= Y p53 M FRIA, IR AR p53 YA A bR
i i KL T R 4 e R G B A 0 BR B A 0 R
Benvenuti 250 & B 17B-E, fie #F #f 28 50 vy bor [l 336 7
% i (human telomerase reverse transcriptase,
hTERT) I, M3 X5 FL o 40 e MCF-7 i #ir
it 15 1 B S e R DL W ARGE . A F RS A S R
AL o S0 ERK, ) 22 [ AR T e 40 B i A i TS
PEDOTH H M OE ERK S BE S R MCF-7 41
i st Al 9 M AL R DL DG SRR, AS B SR R B
178-E, AT B AR p53 1R IA A p53 mRNA #% 5% K
S, 1 5 st R B S M 5 R PD98059 RI ] 178-E,
MIRNE , il p53 2 A Al p53 mRNA F 57K - 4
15 SR N PR A RN MEV T B ERK F S
o 3 PR AR p53 K SR IR R R 48 M i b O P

g5 b FRATTIA A M I 3R AR LM e A i Y L

JiE Ji] S0 e A A P B e 28 M B ER A% 32 AR AR X
ShVERK {55 % 3 % U8 BAT 8 200 5 S, ME R
A REIE S ERK {55 @ % A p53 #esR ik, I
) Sy L BT P DT 52 W) £00 i 484 5 0 400 i SR S A A
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