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Fisetin Simultaneously Targets Apaf-1, ERK, and COX-2 Signaling Leading to Growth
Inhibition and Apoptosis in Human Cervical Carcinoma Cell In Vitro

LIU Li-qun', GUO Wei**, YU Wen-dan?, YOU Ze-shan'
(1.The First Affiliated Hospital-Huangpu Hospital, Sun Yat-Sen University, Guangzhou 510700, China;
2.Dalian Medical University Cancer Center, Dalian 116044, China)

Abstract: [Objective] To identify the molecular mechanisms by which fisetin inhibited cell proliferation and induced apoptosis
in Hela cells. [Methods] Hela cells were treated with fisetin, and the effect of fisetin on cell growth and apoptosis was observed by
MTT, PI,
phosphorylated level of ERK1/2,  and the expression of COX-2 and PGE2 were detected by Western blot, RT-PCR,

immunofluorescence imaging, respectively. The inhibition by siRNA or inhibitors was used to confirm the function of above key

and Annexin V. The expression level and activity changes of apoptotic key proteins, caspase, and Apaf-1, the

proteins in fisetin-mediated antitumor effects. [ Results] Fisetin, with a concentration of 80200 wmol/L, inhibited the proliferation at
a rate of 20% to 48% and with a concentration of 100-200 wmol/L, induced apoptosis of Hela cell. It increased the activities of
Caspase-3 and Caspase-9 at ranges of 20% ~ 50% and 22% ~ 38%, respectively, induced Apafl protein expression and cytochrome-C
release. With the increase of the dosage, Fisetin inhibited the phosphorylation of ERK1/2 protein of the ERK MAPK signaling pathways.
Combined with the ERK inhibitor or siRNA, it suppressed the proliferation at a rate of 60% to 70% and COX-2 protein expression of the
Hela cell. Also, it reduced PGE2 production to 1800 pg/mL-2600 pg/mL and abrogated the binding of p300, NF-kB, p50, and p65 to
COX-2 promoter. Compared with the control groups, these differences were significant (P < 0.05).[Conclusions] Fisetin induced
apoptosis and proliferation inhibition by modulating the Apaf-1, ERK, and COX-2-dependent mechanisms in Hela cell.
Key words: fisetin; caspase; Apaf-1; ERK; COX-2; cervical cancer cell
[J SUN Yat-sen Univ(Med Sci),2013,34(1):75-82]

75 B #1:2012-07-30
EEWHE ) AR 1A A AREIEE (S2011010003522)
TEERA XIS 8, i+, FIREEIN R 05 1 108}, E-mail ; liuliqunwo@163.com ; W {5 /E# : 55, E-mail : luckyww1015@yahoo.com.cn



76 IR A (A B4R

%345

FE U R TE A T S oA b Al UL
PEMIE Z — . BARFT IR A G T AR
TrESENBUS, Hih TR &R AT i
P, XA ATIR TR A DA D) 2k 2
TRYT B SRR . BEA BOK B 2 i R E 1k
ST A, RE A IR BT R A Y
GrFHLEE R P 25 B i B e R
WA, BB (fisetina, FT) & — il KK ) 35 [
FKAE Y W RoR  B R R R T R B
FAACST IV T, E R LAV 5 2RI | B 5 R
TAHR ) ZFE S e, HEREERS 51
7 AU B 73 F-VE FHBILAR 8 A4S B UESE . R e
B R A0 e 24 L R N e A B
SR Y ZAME SR R SR . A T RIE X
— Uk, FEASRIE ST PPAN T8 B R X R A il
(Caspase) , Apaf -1, 40 ifd {4 2 C (Cytochrome -C) ,
ERK,MAPK,COX-2/PGE2 F1 NF-«B/p300 15 5
RTAE] . PFFE S Rdm s T BB R e
B, I HARIIE E RAE TR 8067 N BUE
AT TEHEL,

1 #H5F %

L1 ZApasEFRn il

UNCEIEE ) O S SIS R GRS R RN
(ATCC, Rockville, MD). 41} %555 7F DMEM
(Invitrogen, carlsbad, CA) X% 3% 3 | [A] B 5
100 mL/L G4 L3 (FBS) , AT & 502 , 100 U/mL
FHRR M 100 mg/mL 858 R . A A IR IF7E
37°C, TR 5% 1) CO, IR PR . BT A7 /Y
YRR 60%1L A WA BIAE R SL gm0t 4, B
Z W Sigma 23 H). ERK inhibitor—IT (sc—203945)
I H Santa Cruz Biotech, T A 2541435 T — H FLV
R (DMSO) Hr , 283 £ 4 100 mmol /L, DL /NS4y it
FETE=20C , SR J5 ARl 5 BEAE A M5 R v TP R R
1.2 Western blot 5347

20 2 O 1 4% ~ 15% 1 T e FE R IR
- EERE (SDS-PAGE) BHJEK (Bio-Rad,
Hercules, CA)HLTK 73 B3 I HL A6 B8 R A IR 41 4 2= i
(Amersham Pharmacia Biotech, Piscataway, NJ)_ I,
BRIy B BT APAF -1, %R fb ERK1/2
(Thr202/Tyr204) ,ERK1/2(Cell Signaling Technology,
Beverly, MA),COX-2,NF-«B, 8¢ P300(Santa Cruz

Biotech, Santa Cruz, CA)FURSEITRRIC,, 2 H 5K
TR ZE oL AL &t (Amersham Pharmacia
Biotech, Piscataway, NJ)#EF7Hz

1.3 HBEiE N

41 M 3% P 38 & MTT  (Roche Diagnosis,
Indianapolis, IN) 7k 50 47, AT UL, 40 A B
FTE 96 FLHLHL (5000 cells/well) , SR J& LA A 51 4
A 8 R VA TACFR, 72 b J5 UEAT A0 G A
1.4 {HRRE TS

39K A Annexin V F1 propidium iodide (PI)
Y R TINE o (8] PRI U K AR TE 6 FLAR
LR JE R S R AP 48 h, SR )5 F Annexin
V-FITC Apoptosis Detection Kit F17 =X 4 Hg S0k il
FOCARICHITA TN, [R)RERE 2 2 R AL 3 A0 4
MEH 10 g/L 22 58 H 3 0 31 2 40, 700 mL/LL 11
BRI 55 FH PBS VeV o #EH] PL YL a3 I3
AT Sub-G1 JA T 4H A
1.5 RNA F#H a4

H ] Apaf-1 3% ERK1 3 A 19 siRNA 14 A
Santa Cruz 7~ Al . i f Oligofectamine X 7|
(Invitrogen, Carlsbad, CA)#; X5t RNA F 3¢
FEFRT 96 L (5000 cells/well) B 6 L (200,000
cells/well) Hifet i, fEM 48 hfm, R
Western blot 1 MTT 43 51| A6 ) 40 Jfd 119 2 11 R 3K
G T
1.6 GERESH

PLT x 10° 4 0 /FL 2% 32 K 40 M 42 b 78 20
b, PR AL P40 48 h, £ PBS Utk , H
10% 1 P22 v B 2 [ 7 20, NP i 4 Ak
Yty i 1 1 28 3%t AL 2T 109% 1 F B4k 2
VK, R 0.1%1 Triton—X Fl 1 g/L #7R 5115
1k an ML o Jr 5 BL IR 4T Cyto —C 4T & (BD
Biosciences, San Jose, CA), UL N % FFHHARIC T
FEH I 1gG (Santa Cruz) JC /5 07 & 40, B H 47, 6-
diamidino—2- < SEM5| Wk (DAPT) HE4 T4 AfA% Y £4, ik
JEAEDG WA T LS4
17 #HEREAHENXRN(RT-PCR)

{8 ] Trizol® Reagent (Invitrogen Corporation,
Carlsbad, CA) 12075 Gk 2 41 i 1) & RNA , P i
Superscript™-III kit (Invitrogen ) i %% 5% 5. RNA A
cDNA, JfLAIt ¢cDNA AR T PCR 9734 LA 1%
(0 B AR WEEE S FL Uk 70 A PCR 724
1.8 Caspase iFEo



551 XUSZRE,AF. B FE Y Apaf-1, ERK HIl COX-2 5 5l B 75 3 N 5 S0 40 I 0 1 77

YA DL 4x 105/ LAY % B2 AP AE 60 mm (13557
M 24 b, SRJG5rBILAG B 2R AL AN, 48 h )5,
WA AR, 2% 4R M 24 A% 4, (8 ApoAlert 5 i
7 &5 (BD Biosciences ) 73 #T caspase 16, 25 H B
PR DA 28 0 3 48 I 09 S 1 A ROk TR
1.9 PGE2 4%

3 3 il B A 9% W BEF 3 A (ELISA) 1) &
(Amersham Pharmacia Biotech, Piscataway, NJ)>k/4)
BTAR s ZZ AL AR A BE TR PGE2 (5
1.10 BahFiEESw

A COX-2 BEHI Y JE 311X (=891 2+9) LU J¢
BB E A B T 413 5O 3 3 P 2 A4
PGL3 I, f#i i Lipofectamine 2000 (Invitrogen,
Carlsbad, CA)¥¢ 5541 J5 (%) R A4 5% A 4 i v, 38 o
NG ZE TR 15 3 DR (1% I i 2 8 ST A I I 20 7 19 0%
LG i TS I =T G D) 5.0 e o < L
(Promega, Madison, WI),

L1l BEEHEEME-EEEENSIRE
DNA-ZEAWEE

NF-kB F1 p300 5 COX-2 ##%.0 8 sh 7354t
(R 2355 38 o e 5 I 2R — BB S RN 0B R 58 i
W ZFRICHT 478 bp [ XUBE R £ X W F COX -2
JR BT R F 5 (=30 2] —508) , EAH & 1K 4= ) R A
L I 7 51 5" ~AGAGTGGTCACTACCCCCTCTG -3’
FHVEXS BARET . 456 T DNA 8% 1Y NF-kB Fl
P300 Jf] Western blot 23#7 .

1.12  $BFEEEIE(ChIP) S

ChIP ¥ BRI I o e i, Sy iilE 2
G cox=2 7 sh F IR TSI Y (5 primer,
709 —~CTGTTGAAAGCAACTTAGCT -690,and 3’
primer , 32-AGACTGAAAACCAAGCCCAT-51) 3k
17 PCR 4748 45311 678 bp 477438 1ot By i b v
JE FL KA T 53 5
113 Sit=aH

SRS 2253 BT A ¢ AG 6 HE A I 21 Aot BE 21
FEMME . L P <0.05 W&eitsvf B2 i
A WG Hrd F StatView5.0 (Abacus Concepts,
Inc., Keley, CA)FI SAS #k 4, Frf By &E
3R, RIS E AR 2

2 % X

2.1 HEZEHTEMIEE A SEEET

AT MTT 3007 T #E RAVEA T Hela
YA 72 h ST AN AR R, A5 R, 4
W E PYVEFETE 80 ~ 200 wmol/L Z 8], T LAk
M B 5 3K S ) 40 MO 345, 55 Hela 4010
20% ~ 48% A (K 1A) .

i #f Annexin V-FITC Apoptosis Detection Kit
FNFET propidium iodide (PI) G2 1) 3t X 40 HE AL
e 8 2 AE 1 Hela 400 72 h /5175 A0S T
T, 435 R A VA 8 28 T LA LRI Aol ) o i
HmanE T (B 1B), A BEHk B 4351 100
pmol/L F1 200 pmol/L B, T HBLH Sub-G1 4
MORERE S R5 0 16.4% F1 24.5% (& 1C),

22 HRHEZEFS caspase &I Apafl Rik L
% cytochrome C BB

B R T Hela I T 5 caspases i [
WO A OC M B, R AT DL IR 3 R
caspase—3 Fll caspase—9 IE 554 20% ~ 50%
1 22% ~ 38% (&l 2A) ., FIJH Western blot F A1
Mg ¥ 2 /E A Hela 41MJ5 X Apaf—1 2 1 &k K
SR G5 T R, Apaf-1 8 A3k 1
Jn (& 2B), Apaf—1 FE5FPEM) siRNA (si-Apaf-1) B
ALY Hela 40, #RJ50 8 TUNEL 7 2040 X
K 45 205 AT oL, R A AERE Sk
siRNA (si-Ctel) fE AT HE  si—Apaf—1 GG
VAT Apaf-1 BZRIL, IF H W 505 T H RS
2T (B 2C)

I GRE SRR AT, R DN AR 2R A B Y
Hela 40 Cyt—C B3 4 52 157 A9 A8 4k, Al 2D
I 7,200 wmol /L. Y # 5 A A A2 JE Cyt—C M
LA P 2 ) R i atE A MK
23 HEZESH ERK MAPK 5 S@BHIKIE

Western blot 70t ] , 7 85 Z/EH T Hela 40
Mif5 ERk1/2 FE FUBSIR LK -5 70 AR i e 1
R, T ERK1/2 8 AR B 1 238 7K1 I K 52 5% 1
(K 3A), ERK B 3ERE M I0 550 % 3 38 R A 10
Hela 4 () 385 5 BH W7 76 FH 52 ma b, Sl i
ERK JEEIHI 7] (SC-203945) (20 wmol /L) Fikb
B T LA A0 AR, AR S R B R
Al FH W AE — e R 2 20 B s g g 4 i (1
3B)., FRAMEH ERK FE5F14 A9 siRNA (si-ERK) #%
% 2 A TPy JHOGE T8 B 3R A0 1) A4 L ) 5
M, 55 AR SR A X I8 siRNA (si—Curl ) A1 U AR si-
ERK (100 nmol/L) [ % i K&K T ERK A9 2K



78 LR AR (B 2R i) 534 4%
1o, 10
# 100 . ®
90 1) < 22 = "
E R0 ! 2 20 3 2
£ 70 2 os 3B
= 60 ) g 10 I
= 50 g s #3
40 . A 0 B o C
010 20 40 80 100 200 0 100 200 o 100 200
FT f{umol = 1) FIfipmol + L) FTf(umol = L}
R - 167 W
M1 pa2 M1 b P
0.4% 0. 8% 2.1% 10, 7% A0 20.M%
L 0y 207
& - . g
107 0w — - "0 . { —
- ™ Ha
-8 1 5.8%
% " s’
= ¥ | =r | 5 I D
o - T 1 10" T ) 150 [y i et
Annexin V Annexin V Annexin V

g pad

1 FEZIEAEEEFFSHRET

Fig.1 Fisetin inhibited cell proliferation and induced apoptosis

Hela cells were treated with fisetin at the indicated doses. At 72 h after treatment, the cell viability was determined by MTT assay (A). Cells

treated with vehicle control DMSO were used as the referent group with cell viability set at 100%. The percent cell viability in each treatment group was

calculated relative to cells treated with vehicle control. The apoptosis was analyzed by Annexin V-FITC-based (B.D) or PI-based (C.E) FACS

analysis. The apoptosis are represented by relative percentages of Annexin V-FITC positive cells or by relative percentages of Sub—G1 cells versus that

in DMSO-treated cells. The data are presented as mean = SD of three separate experiments.1)P < 0.05, significant differences between treatment

groups and control groups.
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Fig.2 Fisetin activated caspase activities, induced Apaf—1 expression and triggered cytochrome C release

Hela cells were treated with fisetin at the doses of 100 mol/L and 200 mol/L. At 48 h after treatment, the activities of caspase-3 and -9 (A) in
cell culture media were determined (A). The levels of Apaf—1 protein were analyzed by Western blot. —Actin was used as a control for sample loading.
(B) Hela cells were transfected with the Apaf—1-specific siRNA (si—Apaf-1), and then treated with fisetin at 200 wmol/L. At 48 h after treatment
Apaf-1 protein expression was detected by Western blot analysis (B), and apoptosis was detected by TUNEL—-based FACS analysis (C). The
scrambled non-specific control siRNA  (si—Ctrl) was used as a negative control. Apoptosis is represented by relative percentages of TUNEL positive
cells versus DMSO-treated cells.  (D)Hela cell were treated with fisetin at 200 mol/L. At 48 hours after treatment, the release of cyt—C was
determined by immunofluorescence imaging (IFI) analysis to monitor cyt—C release from the inter—mitochondrial space into the cytosol. The figures are
representative of three experiments. The data are presented as the mean + SD of three separate experiments. 1)P < 0.05, significant differences

between treatment groups and control groups.
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Fig.3 Fisetin inactivated ERK signaling pathways
(A) Hela cell were treated with fisetin for 72 h. The expression of the phosphorylated and total ERK1/2 protein levels was detected by Western
blotting. —Actin was used as a control for sample loading. (B) Hela cell were treated with ERK Inhibitor—II inhibitor I (20 pmol/L) for 24 h, and
then treated with fisetin at various doses. At 48 hours after treatment, cell viability was determined by MTT analysis. (C) Hela cell were transfected
with the ERK1-specific siRNA  (si—-ERK) for 12 hours, and then treated with fisetin at 200 pmol/L. At 48 hours after treatment, ERK protein
expression and cell viability were determined by Western blot and MTT analysis, respectively. The scrambled non—specific control siRNA (si—Ctrl)
was used as a negative control. The percent cell viability in each treatment group was calculated relative to cells treated with the vehicle control. The

figures are representative of three experiments. The data are presented as the mean + SD of three separate experiments.
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Fig.4 Fisetin suppressed COX-2 expression, PGE2 production and NF- B/p300 binding

(A, B) Hela cell were treated with fisetin for 48 h. The COX-2 proteins and mRNA (A) were analyzed by Western blotting and RT-PCR,
respectively, and PGE2 in medium of Hela cell (B) was tested by ELISA. —Actin and GAPDH were used as controls for sample loading. (C) Hela cell
were transfected with a luciferase expression vector containing a 900 bp (-891/+9) COX-25-flanking fragment for 12 h, and then treated with fisetin at
200 pmol/L. At 36 hours after treatment, COX-2 promoter activities were determined. The data are presented as the mean + SD of three separate
experiments. 1)P < 0.05, significant differences between treatment groups and control groups. (D, E) Hela cell were treated with fisetin for 48 h. The
binding of p50 and p65 NF- B and p300 to the biotin—labeled COX-2 promoter probe was analyzed by streptavidin—agrose pulldown assay (D). A non—
specific control probe (CP) was used as a control for binding analysis. Chromatin in the fisetin—treated cells was immunoprecipitated with antibodies to
p30, p65 and p300 and the COX-2 promoter region in the precipitated chromatin was amplified by PCR (E). Input means the input controls.1)P < 0.05,

significant differences between treatment groups and control groups.
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