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Abstract: Objective: to study the effect of MEK inhibitor of PD98059 on apoptosis induced by H,0, and its
mechanisms in human breast cancer MCF-7 cells. Methods: H,0, inducing apoptosis in MCF-7 cells was set
to observe apoptosis and its associated proteins treated in the present or absent of PD98059. The cellular
morphology was investigated by AO staining. Apoptosis ratio was analyzed by flow cytometry. The expres-
sions of p53, PCNA, caspase-3, caspase-9 and Bcl-2 were observed using Western blot analysis. Results:
apoptosis was observed with cells treated H,O, for 4 or 12 h while the degree of apoptosis was greatly de-
creased by 4% or 14% in MCF-7 cells treated with H,O, and PD98059 together. There was significantly dif-
ference between with the treatment of H,O, and PD98059 in the presence of H,O, for 12 h (P < 0.05). The
increased p53, activated caspase-3 and caspase-9 and decreased Bcl-2 were appeared with H,O, treatment.
However, the levels of pS3 and PCNA were downregulated, the extent of caspase-3 and caspase-9 activation
was decreased, and the level of Bel-2 was upregulated in MCF-7 cells treated with PD98059 in the presence
of H,0,. Conclusions: MEK inhibitor of PD98059 inhibited apoptosis by downregulating the levels of p53
and PCNA, decreasing the activation of caspase-3 and caspase-9 and upregulating the level of Bcl-2 in
MCF-7 cells.
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FRET: . SGHURINY e R (AO) A B T2 TS 228 ks IR AR JEAT R T4 T4 Western
blot 4G p53, PCNA, caspase-3. caspase-9 ll Bel-2 HIFRIE. R : HO, HIWAIiL 4h, 120, HE
ST MCF-7 1 T-. PD98059 ¥ H,0, s S AN IE - 5l AR T2 4% 14%, 5 H,0, Hl¥
YA 12 h LeiR, B BERNSTEZERP <0.05). H0, BE42m T p53 E AR, BE T caspase-3
5 caspase-9 FEH, F&MKT Bcl-2 [, 1 PD98059 Wikk T H,O, RIS, T T Hy,0, SEH
p53 5 PCNA R HKIE, KT caspase-3 5 caspase-9 S FHEYE, LT Bel-2 RARIE. 45i: MEK
0177 PD98059 il T Ho0, #5511 MCF-7 4HARIA -, JAEHHLHI S FLBEK T p53 1 PCNA HEHRIE
Al caspase-3 5 caspase-9 t FHIE M LA IG N Bel-2 HE HRIAH K.
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1. 5|15

22 24 |5 35 4k B 3§ (mitogen-activated protein
kinases, MAPKSs) &40}l N () — K 22 2 1R/ 75 2 IR T H
Wil , HIRAE 5 A AR 1 AL T 40 M A P 1 )
B8, 252 AR, JUH ARG
B ST, R RN SR KR
SR T 15 5L K 2 it MAPK 15 5l ok
HEAT . 20 AME 5 R T I L3 B (MEK) 2 L
HHE BN, BRAR. FEREBEREYE, dEdiEi
ORI 4E M AME 5 B (ERK), MG E A
ML, MR EE . M T AR SCiIE A
MEK 5 5 P ] 77 PD98059 # ish I %+ A 7L i s
MCEF-7 40 TR 5m, SR s AR .

2. MBI EE*E
2.1 EEHH

MCF-7 48 il b H Rk 27 Bt fede 5 v 3] 37 1R Rt 2 2
I, PD98059 I H = [E Biomol A H,0, M H3EE
sigma 2 ] - RPMI 1640 15 7= ££ ) H £ [H GIBCO A
i 4 13 (FBS)IW E 35 [ PAA /A7 o 48 5% & (Insulin)
[ Sigma /A7, p53(FL-393). PCNA Hifk [ 2%
Santa Cruz 2\ 7

22. B&

2.2.1. BRI

DL/ H P A(DMSO) i PD98059 3 AK, it
il % 6.5 mg/ml I (FEAFIR), 532 B 20 CEEGIRAE,
15 FF B B BT 75 A< P (DMIS O 289K < 0.1%) » H,0,
DL 2B PRI, FEdI R 10 mmol/L ¥ (fE A7),
B 4CHARAT

2.22. HAREIE S

MCF-7 ZHfufiEZE RPMI 1640 553258 10%
FBS, 0.01 mg/ml Insulin, 100 U/ml F4E%H ZIR AW,
20 mmol/LHEPES)H', HHffITE 37°C 5% CO, I HiH H#
EAK.

2.2.3. TR ER(AO) AR SENE
HOM A KSR NFLIE MCF-7 200, HefhT
60 mm FFEMA . 24 h JEIMALHEKES 200 pmol/L
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H,0, TALFEGHML 2 h J5 e S EE 200, RN LR E
A 80 pmol/L PD98059, 437 T 4 h. 12 h US4,

[ I 15 [R) R 25 AF R B R 200 pmol/L HO,+ 80
umol/L PD98059 J AR 25 AL # 1) 72= FIxf HEZH . PBS
TDE 2, AR, R PRIR S 1 <

10%/ml, B 95 pl 400 B35 5 5 wl 1Y BE B A (100 pg/ml)
RE), W1 WIREWS TS b, BRSSO

B, POLRMENE, B

2.2.4. FRINRA{AIH

HO0 AR KA B N FLIEE MCF-7 409, 4 i ib 2
[ 2.2.3 iR . G, WA, DIASE EDTA
(11 0.25% M EEEHEAT AL . ¥ PBS BE4HMD 2 ¥R Fi4H
MR 2 1.5 ml SO o KR REZEL I 4 23 4
&, BEPAIIKREL 1 x 10%ml. 5L 400 ul 1 x
diGmmmEE. i, —EHATAaMNE, —8HR
Annexin V BL, —%& N PI AL, —% N Annex in V
AP WG, Yetaik NN S ul Annex in V-FITC, 4%
PRGIRE], 4CRBEGYLtD 15 min. A0 10 pl PI 4498, V&
5], 4CEEFEY S minoe Z5Y)A0EE A, DL 400 wl
1 x GEEMBETT, Ty, Fiagn G
7. HARSCIGE{E{% I CELL LAB AposcreenTM
Annexin V-FITC Apoptosis Kit &7 & (BECKMAN
COULTER)#4T .

2.2.5. Western & ENiE
FRHUN MAHFH AT WENHMRES &S,

Bradford %% & J5 # % western L AFEAE N, HEAT
SDS-PAGE Hiyk. HLIKJE, BTHCEEER KN —BH
PVDF & K J€4%, 32T Transfer buffer ## 10 min, % F
HIFE T Bio-Rad P THEHRE L. ElR >
JEA — PVDF & — &R — 4R - i, 15V
TR 30 min. 5% BUIRWIkY iR E A 1 h, FFEH
FIW, IIAN—3t(FH TBST #ike), 4CRPMIEH. K H,
VRS IMAN 40, =il M 1 h, WA ECL &
O, .

2.2.6. GLitFE SR
SEO6 25 A DL X £5 Fow, BB i
1%, P<0.05, FREAFEENGHEE L.
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3. R

3.1. H,0, % PD98059 FFG AR SET LR
HiFSHARATE

AO RN O L FLYE T (1 J 25 2 W 5% S5 2 SR
w1 pR, BRI B R
1(A)), 200 umol/L H,0, 4bFE4HAE 4 h. 12 h J5, %%
AT W EE ) S A R R TR AE AR A, JE TR
6 AR AZ S T AR PR B TR S 6 0 N B B 58
(E 1B, E), 54 H,0, /BA LT, 80 umol/L
PD98059 T-Fi4Hf 4 hy 12 h J&, JHT-40AEED . Rk
ST (SRS P 20 P T R B 2 B, HoO, 4 i
4h. 12 h, BFHIARFE TS 8 19.59%- 25.98%,
1M PD98059 # HAH T- 3 73 B 140 4% 14%, 5
H,O, JllE4tf 12 h LU, B BZENSRITFEEREP <
0.05).

3.2. PD98059 Xt p53. PCNA R FEMFM

X} p53. PCNA HEAMSLIRE Rl 3 s, 5
K& H,0, Iz PD98059 AbHE 5 I 2H LL 4%, 200 umol/L
H,O0, ZbFEAH 4 hy 12 h JFHEFES T ps3 HARK
ik, 1fi 80 umol/L PD98059 Fifl 14 H,O, Ml
MCEF-7 4ififirh p53 B H KA, PD98059 Hpliz H 12h
M 5E 44 17 pS3 EAMKIL. HRE H0, K&
PD98059 4bFR [y x HRZH L%, Hpfizs A PD98059 il
7 PCNA WL, T H ARSI B4 .

3.3. PD98059 %} caspase-3, caspase-9 & Bcl-2 &
=[:pEAL

200 pmol/L H,0, Hll# MCF-7 41/l 4 h. 12 h ¥Ji#
i I caspase-3 5 caspase-9 IV E, PRI T Bel-2 3K
15+ 80 umol/L PD98059 F£AIk 14 200 umol/L H,O, #
B B MCF-7 4l ffih caspase-3 5 caspase-9 [ 14,
BN T Z AR A Bel-2 8 [ 1RAE . HUplUZ H PDI8059
T4 12 h M52 4404 1 caspase-3 55 caspase-9 [
WL, BT Bel-2 RERIRIE(A 4).

4. i
LR (0 5 2 5 JR T B — BB B B4y TR
VRIS . TR M, 22 JEE 1k R R e —
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(1) 2411 75 5 8 15 33 (extracellular signal-regulated
kinase, ERK)/#2% )54k & F ¥ (mitogen-activated
protein kinase, MAPK){E 5% Fi@ 4878 7 1 K A=
MRBHRERERENER. 595, SEBNREEE
REMS B R R T AL RE T, (A 40 B T 1tk
Ak, FREIGTH, PRAEME, JFReRE— Rk 4
FRAHEEE . I H0, A SATHIE T IALHIDRE , H,0,
FERG A 2, R R ORI R 45 ) A7
Rk 22 Z R (PS)), i 75 W 411t L0 5] A0 5 ek 0 T 40 i
(AR AL BRI Ha0, fE 9 ROS RN A 5 S 41 i
THEERNZE, EMRANESERSS TS 54900
BT R AL KRBT MEK $5 57 1 30 ] 751
PD98059 X H,0, 5 3 7L 8 MCF-7 ZH i 1152
Wi Sz FLAE FHHLER .

p53 A& H BRI R HNEI 7, p53 @i 2 540
M5 S %, WA R A aiEsh, AEEg
FFE R, dmAaIEsE, ANMiE T, ps3 S TR
W UIMEP, B4R pS3 MIIhRER “ 4y Tikgg”
Wiy B L R ) e 8k, WilR4Nfi DNA 5245,
p53 B = RN, i FAUMEAN G ik, BahE
BRGATIEE . HEERW, p53 EF=Wr] %S
FT SRR AMMIET . pS3 EAME RN T, @il
BEL L= 4 i 52 ) A0 O 2l 400 9 T —— R R 2 IR 1 R
PE, HERFANMIE R A, HOHEIE T, o AR K
ESRTEER

PCNA & DNA GBS E, 2405 ]
Frb @& s, XA . PCNA A4 i 39 5
7 PR A2 DNA G EEEH, P gniy
FEARA M MAERR . BRI, EE LR L
PCNA RIEZEIL, BEAJLAY I AR ¥ ek 23 w5
RFTRE N, WPAERY pS3 mT iR 1) & A, 1T pS3 Ak
DRI RAZ Bk 2 55 22 bR 1) R A B DIRHOG . 24 ps3 2k
DRI RARR, g2k 25 1 P Al A K BT R 1 DhRe,
giifpiE G IHEAN S ], FECPCNA ik, WL
pS53 HEAMIKTE, XA ML PR PCNA 1 (1
FHB ks, AR IA Y58, FL IR 4 &) T K=
S p T

AHFFEH 200 pmol/L HO, R4, 755 T 4
T, FRES TART ps3 AR, X5
(IR e &5 1 — 331 s sE R BOR, HL0, Hil
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Figure 1. The cellular morphology was investigated in MCF-7 cells treated both H,O, and PD98059 alone or together for 4 and 12 h. (A)
Treatment without both H,O, and PD98059 (x400); (B) Treatment with H,O, for 4 h (x400); (C) Treatment with H,O, and PD98059 for 4 h
(x400); (D) Treatment with PD98059 for 4 h (x400); (E) Treatment with H,O, for 12 h (x400); (F) Treatment with H,O,and PD98059 for 12

h (x400); (G) Treatment with PD98059 for 12 h(x400). Results are from 3 independent experiments
[ 1. PD98059 Xt H,0, 3 HIF 4 hy 12 h RIFKA MCF-7 AP MARSEEN. (A) KRE H,0, K PDI8059 AERAIXTEILE (x400); (B) H,0,
SCFBLRBE 4 h(x400); (C) H,O,+ PD98059 FFRLHAE 4 h(x400); (D) PD98059 FFRLAPE 4 h(x400); (E) H,O, &LEELRAR 12 h(x400); (F) H,0, +
PD98059 FFZHBf 12 h(x400); (G) PD98059 TR 12 h(x400). SLIRAEREE 3%
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Figure 2. Apoptosis was observed in MCF-7 cells treated with both H,O,and PD98059 alone or together for 4 h and 12 h. *, P < 0.05,
compared with H,0, 12 h. Values are means + SE from 3 independent experiments
2. PD98059 ¥} H,0, 4HIF 4 h. 12 h RIFA MCF-7 (AR ZAFAT-RMHFM. *, P<0.05, 5 H,0, k% MCF-7 4B 12 h k. SE
R, x+ s FRIx(n = 3)

12h 4h
HO, - + + - + -
P+ + - + = =
e A i |15
—— A S m— | D] b
a5 PDH

Figure 3. The levels of p53 and PCNA were observed in MCF-7 cells treated with both H,O,and PD98059 alone or together for 4 hand 12 h
Results are from 3 independent experiments

3. PD98059 %t H,0, 31T 4 h. 12 h H## MCF-7 4ifach p53 F1 PCNA BHEIEE, SWERES 3R
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Figure 4. Apoptosis related-proteins caspase-3, caspase-9 and Bcl-2 were observed in MCF-7 cells treated with both H,O, and PD98059 alone
or together for 4 h and 12 h. Results are from 3 independent experiments

4. PD98059 3t H,0, S FIF 4 h. 12 h FIFE MCF-7 4B EAT-H8XZFEH caspase-3. caspase-9 5 Bel-2 Ffla, SLBEREE 3 X

MCF-7 40/t 4 h. 12 h 00 SERE T, Bl T
MCF-7 4iffiirh p53 ik, 4 H 5 PD9I8059 B & M
FiE, TR T ps3 kA, H 245500z PD98059 i
pS3 MFRIBHEHNHIMEE A, PD98059 T Hi4iA 12 h
I 58 24 7 MCF-7 4H i p53 HIRIE . X e
H,0, R R N5 F T p53 -S4 IFE T, 1
PD98059 Xf Hkd 2| 1Ml H 475, [FNF, PD98059
FHI4HAE 12 h B NI 7 PCNA BRI, 1 HAth %2135
AR FEIT PCNA 1354, IX A HE 5 PD98059 HIIZH
MOXGEA G, HBEARIKVE FBLHIA fridE— 2 5.

RN T NN AP 2 IR 2R A BLAE R 5 3 AR
TS, 1% caspase HAT I ITUG, DLERA
RS MM 9GS )R, A4 A E 45 DL 58
s ZRRLAARRE I 4T A 3% C BB Apaf-1 JZ caspase-9
e —MNE A, £ dATP. ATP f7{E FiGfb
caspase-3. caspase-6. caspase-7 SEp¥ O, R TIIHAT
TR AR T2 S RN AME S R R, B
il =i S AN T2, Bel-2 & P8 T 9 o i S AL
FRZ—. HWFTEERY caspase-3 AEZHHE Bel-2 A,
TEAR AN L FRIE caspase-3 FIZHHE A & B1 Fas Btk S
ML T21 5 caspase RETE Bel-2 8t IR X 381 Asp34
Wb %efE Bel-2 A

AWK, 4 H0, WK MCE-7 #iE T
caspase-3 5 caspase-9 #HH, Tl 1 Bel-2 3R, 1
PD98059 K 1 H,0, RN, R PD98059 A 1
caspase-3 55 caspase-9 HINEME, $2 1 Bel-2 EEAME
5. AL, H,0,iEil caspase-3. caspase-9 K Bel-2 i
1175 S I 40 I T4 PD98059 BELIKT «

5. &hig
g FRTA, AWFRIESE T H0, Al SATHE T,
[ B ] S0 St T A 5 B 1 pS3 Ik, S
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caspase-3 5 caspase-9 fRH, [4{% Bcl-2 /K°F. MEK
Ry S5 LA 7] PDO80SY U 1 LR T, R B4 1
M p53 KIS, HIH M 74 PCNA R,
Pk T caspase-3 5 caspase-9 %G, #2% T Bel-2
EHMFRIL . B ANFLIRE MCF-7 40t ps3.
PCNA J AT A2 8 [ caspase-3.caspase-9 5 Bel-2
HIRIA A e S MEK 1@ MA .

6. BUist

A P B0 B R R T R B
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