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Mechanism of Sensitizing Effect of PPARa Activation on
Epigallocatechin—3-gallate (EGCG) in Cancer Cells
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AmBtacl Whether epigallocatechin -3 —gallate  (EGCG) regulates the expression of PPARa and the effect of PPARa on EGCG
sensitivity. Firstly, CCK-8 kit was used to detect cell viability. Western blotting and real-time PCR was used to measure the protein
and mRNA level, respectively. PPARa agonist clofibrate and inhibitor GW6471 were used to alter PPARa expression. luciferase
reporter system and chromatin immunoprecipitation (ChIP) were used to investigate the effect of PPARa on HO-1 expression. EGCG
inhibits the viability of cancer cell in a dose—dependent manner. When cancer cells were exposed to EGCG, the expression of PPAR«
was increased at the protein level in a dose—dependent manner. The PPAR«a agonist clofibrate attenuated heme oxygenase (HO-1)
mduction and sensitized cancer cells to EGCG —induced cell death. However, the PPARa inhibitor GW6471 increased HO -1
expression. In vivo chromatin immunoprecipitation (ChIP) confirmed that PPAR« interacts with the peroxisome proliferator—responsive
sequence of the HO-1 promoter. These results indicate that PPARa is a direct negative regulator of HO-1 activation by EGCG and
confers cell susceptibility to EGCG.
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A B H AR T R T e R OB 22— o AR R gk
IR TR b o g S R A, R AT
LR FHE B TR (EGCG) R4 A2 W eIl LAt 1%
I RN A DN RN RN 7 R NG RSN S R
Wik 65 22 Tl i 3 200 SO0 7 BT 000 i P R 400 MG AR Y
EGCG WIBUREIG M, B A8 &3 EGCG 1E H —F Hip; i
A 259 I EAT T BE SRR R . A LSS 5 | s AR AL R
NZTRAT G S 535 8RB 255 op (1 3R 22 B BT 1)
TR 2R sRE' Y EGCG M e 2 5 H i S A0 o e Ji 1=
iR PAR e SaN

EGCG Retshi At , B T2 M2 YT 17 75, 2125
R AL 43 BUS SR AR SR RIS YRR . EGCG REfS (i 1k
IO AF G 1 I KRG i, ) g SR Y bk R i BE
AL P AL (SOD) BA S i 213 I -1 (HO-1) %571, HO-1
N4 RAK T A 32(HSPR2), EE Wi T =4 e —fEE
R FR AR R O S A AR IR 4P BB, HO-1 AT LT 25
SR E T EALN B MRS ALY s R EE R
FIRP, R AS WS T AL 53 EGCG B A &R AY HO-1
BN i S Nef=2 355 HO-1 [y ko

T AUk T A B TR AL 32 R (PPAR) 2 — P Z 1K, &
VE R % % 1K 8 K% 1 — 51,1990 4E [ Tssem ann 4§ %
P 6 S 5 2R (RHIG Sh A 40 2 fE A T2, PPAR B
& B3 AP ] (37 AL (PPARa ,PPARB,PPARY) , B i1 0] A
e B B0 IR R RO [ AG 2540 RRAE Ll TR SR A 205
A 225 31X 3 P2 A (13 S 1) I A 3958 W) 1 Ak =2 (R LA
AR FAE BRT iR . PPARe 75 B2 A i TR UMk | A4 i
TS A e N A5 b rp R $EAR J 2 (A F L PPARe 30
R R X Z MBS R MO S LR - PPARa 456G 7T
4 (PPRE ) A5 A o8 98747 § ) BE B 19 %% 5K oF-, HO-1 19 i
8 TR I &4 W PPAR 254 ol AR A N Kl i

HO-1 J& PPARa #l PPARy My #EEL K, 5 #iz i& , PPARa Al
HO-1 IR HLE AL D51 (4 40 8 1 (0 5/ h by o &= ¢
E;EME MM, EGCG & T M1 PPARa, Y X PPARa {1k X}
EGCG 1 fid Je 10 il 25 SR04 520 it oA DAl 38

ATIFFE R 2% PPAR o 37 A0 275 077 il 4 i X EG CG i
T S AL 38 3 5 R S PRGN | Y 0 5 S 8 LT |
HIEENTT G 7 PCR 45550, WF9Y EGCG 2747 PPARa,
DL I PP AR i fb X EGCG (1 g il /T 1) 2 i K L HLa .

1 HME#EE
1.1 FERFA

T HO-1 3 shF (M T B R ia 5 - 1724~+16) 1)
e RIS AR L s R R AR A A
S DUEE AT GW6471 1 T Sigma— Aldrich 23 &,
1.2. LWHIE
1.2.1 R

JBE it PANC1 4 i 1% 5% fifi F§ DMEM K5 5% &, 09 51
A2780 i 1 5748 F] RPMI1640 15 55 3% (B 780 10% B2 1l
1 .100 H07 /mL FH 8 2 G A1 100 S0 /mL 588 3 ) o s 57
T 37°C 5 A 5%CO, M40 Hds 3246
1.2.2 RNARIA B K L/ 3% EE PCR

FEIR Trizol iXH #4724 RNA AU42 B, KM ImL Trizol it
) 4 20 ML A 200 L S5, I ZUIREE 155 5, & L E
15min, B 0UICE B IA S00pL S5 AR IFRS) , E iR &
10min 5 2.0 3R RNAVLVE . Lh T0% 0 Bk % K, 5+
B RNA UL3E I 5 36T 20pl 287K, ANt 6
TE ODyg fHIFTT A RNA WeJE .

¢cDNA &% : A RNASpg Oligo dT 514 1pl . ¥ 5% 5% il
1L ANTP JE& ¥ 2l RnaseA k] 5] 1L #b/KZE 20ul, 1
WIRAY T 42CK B h 5, & FrK LR 9098t b
PCR SR 5195 s 1 Bz .

F1 LIWEAXE=EPCR KRR35
Table 1 Real-time quantitative PCR primer sequences

B EE 511 B e 514
W% GAPDH 5 -GAAGGTGAAGGTCGGAGTC-3" 5-GAAGATGGTGATGGGATTIC-3"
PPAR« 5 -CAATGCACTGGAACTGGATG-3" 5 -AAGATATCGTCCGGGTGGTT-3~

SRS E R PCR 4553 40 #r. AR4E Ce (BT H 1 LR
PPARa M%) TN 2 GAPDH JEH 45+
1.2.3 4faEFE©{N

KWFFE 25 EGCG |, & DURR AT GWOAT1 X JHEE i PANCI
AR B S A2780 41 i A= 1) 52 50 B A0 L R AR A0
B T AFFL AN L0OWL , 4l 96 FL Mk feff A 4 M e 1107
L 8 JZE K 24k S5 43 S0 A 0.50.100wmol/L 1 EGCG.
200wmol/L 44 T 4% 5 Swmol/L. GW6471 45 25 4y 43 | b 38
PANC1 1 A2780 41 itd 24h J& , i 4F 4 i CCK =8 5 51 A6

22

PANC1 F1 A2780 21 s (A X A7 15 28 O B2 AN A7 15 % 1% R
100%) . % JH 96 L Wb {00 52 25 5 . 41 HUA735 6= 5258 41 OD
{E/%FHE 41 OD i .
1.2.4 RS R REEBIRSE FHiG N

4 JfL % ek H Lipofe ctamine 2000 %% 44351,

S THFSE EGCG 5% (1 PPAR« 275 P15 HO-1 i 45 3¢,
14 HO-1 e 6 by s 1 00 JE 8h 7 7 B e 3] 58 6 38 i dik
A, DA PPAR o TG E R HO-1 BO%E SERIRE i, B &
H HO-1J3 3 7 19 2 Ot R B R & JE I8 T kL 5 A e R 9
PANCI 20 fLJ5 , 4350 m A DMSO( %5 [ 4H) .100pmmol/L EGCG .
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200 mol/L 48 U1 100pmol/I. EGCG 15 4 200wmol/L 4 I 4%
WEE AN 24h, 98 Y6 FE 42 52k B ARG 2R ] Prome ga 2y HIAL
P Aty B PRGN I ) G AT i3 Bl 10 e SR MEAR B i A
YNGR A 9O KA LR ERE ek 515
125 RBREZBHTELE

Yoo, 5T G 9 I VE S Bdi B Upstate 2 ) EZ CHIP 35
EUHIEAT

PCR 31 #7450 Jy . L5 ¥ 5~CATCACCAGACCCA-
GACAGA-3"; M5 ¥ 5°~AGAGGCTACCCAGCCTTTTT-3",
1.2.6 %¥% ENiTfF (western blotting )

JH0.50 3% 100pmol/L EGCG AbFL 40 )5 BFE 24h, W4E
YA, N A A LA VR S AR, Bradford V5 W 2 B I
99°CH FAZ 1 Smin, JUAF 8 L AR 2E 4T SDS-PAGE ik .
LYK 58 U HE 2R 11 B 5 PV DF CR A R E 4% ) B8 1 5% 88 AR
Wiy B A — B, 4CHE BB A Y0, W H 1h, A
ECL(fb & 650 ) i 8 2 (6, K60 PPAR« 194 4
Xtk

— 3L, HO-1: Goat polyclonal ;N1f2; Rabbit polyclonal IgG;
PPARa:Rabbit polyclonal IgG; GAPDH :Mouse monoclonal IgG :
T Santa Cruz 23] 35 [H

¥t ,Goat—anti Mouse HRP-IgG; Donkey-anti Goat HRP-
IgG; Mouse—anti Rabbit HRP-IgG .l F Santa Cruz /AW 2 [
12.7 SitESH

FrAI IR E & 3 WL b EaTUe St i PCR 45 23 4301
KIE N2 GAPDH Rik it . AR BUHE R H Student's ¢ K550 Lh
B4 UL E S ANOVA J7 i B . 48112443 B I SPSS
BAF 0T o 47 P<0.05, W I8 B A ge i

2 TBER
2.1 EGCG #SMEM i+ PPARx By FRik

CCK-8 i 46 0~200wmol /L. EGCG XF PANC1 1 A2780
A B XA T 2R (O RE A AT 7735 %R 100%) , EGCG %t
T PANC1 F1 A2780 4H Jf it 1 il 7 F £ B0 v J3 A4 361 1Y) i 4
(E 1(a). (b)), 75 PANC1 J A2780 4 B %5 EGCG He i
PR 0, 4 B A7 15 505 iR A1

J I EGCG Ak 3 A% 40 i J§ PPARa B 3K 7K F %
JH western blotting J7 345 Il PPA R 1) 85 4 2635 &, 4 &l 2 (a)
Frs, TEEMR PANCL 48 Mo rh, >4 EGCG kA 0 3im =
50umol/L i, PPAR v & 11 %35 A7 BT 80 4k B2 18 i =2
100w mol/L i} ,PPARa 45 11 35 it A7 W 42 T 18 2 (b) Jir
7% EGCG AT 75 5 9 195 A2780 4H Jfd b PPAR« 47K 11 35
ik, PANCI FI A2780 4} ¥y 513 i PPAR« f%E (136 ik ft bl
EGCG e B 58 i 7 (e o5

J9 T 5E EGCG 2 8 28 PPARa i mRNA 7K °F |
EGCG A3 JHEfR % PANCL 48 it RGP 5% A2780 4 24h )5,

1M 120
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300 10 200 kL]
EGCGHEMES ( pmotL")

1] 200
EGCGHME/( pmot-L ')

(a) PANC1 (b) A2780

E1 AEKXEHNEGCG 3 PANC1 4k (a)in
A2780 A (b)FiE E K=
Fig. 1 Viability of PANC1 (a) and A2780 (b) treated
with different concerations of EGCG

100 EGOGHAN pmot-L )

100 EGCGHAE/ ot L)
PPAR«
PPAR =

GAPDH
GAPDH

) PANCH (b) A2780

2 AFEREEGCG &2 PANC1 4k (a)fn
A2780 4B i (b)/F PPARx B & B FRiEKF
Fig. 2 Expression of PPARa protein induced by
EGCG in PANC1 (a) and A2780 (b)

[
120
10

&0

mRNA M el fhs
mBNA RO fik iR

n 0 o0

FOCGHI (pmotL ) EGCGHEME /{ pmot L)

(a) PANC1 (b) A2780

B3 AREKE EGCG 4 PANC1 4 (a)Fa
A2780 #iff (b)/g PPARo B mRNA Ri& Kk F
Fig. 3 Effect of EGCG on PPARx mRNA level in
PANC1 (@) and A2780 (b) cells

bR SR 4% B I EGCG fE A% 34 n i 40 i ' PPAR«
3R 2 357K F {8 %) PPARe (9 mRNA 635 486 W & 520
2.2 PPARo & L/ i 4iRE 3 EGCG & B rE X

S T HEIE PPA Ra 1935 Ak 245 52 i JIig 400 Bl X BG.CG 1Y
TUBAE | >R H PPAR« 19 45 55 4 3 3 70— S0 00 R (clofibrate )

ﬁeﬁﬁgwﬁﬁ‘cﬁi PCR £ Il PPARa 9 #HXF mRNA /K3F-, VL B PPARa 1 45 5 P 45 H1K—GW647119, WF 5% 43 51l 1% 28
3 (a). (b) FrzR, T8 PANC1 M A2780 #4f g, 50 5% DMSO 4bFEZH  (KFHEAL)  100pumol/L EGCG HAbFE 2 200mmol/L
100pmol/L 1 EGCG %} PPARa mRNA 7K - 1 5% 1, A VLS AL AL Spmol/L GW 6471 SR Ak B 4L 100w mol/
23 .
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LEGCG B4 200wmol/L 48 UL 45 21 Fl 100pmol/I. EGCG B4
Spmol/L GW6471 4 , 45 F W], JH 200umol/L 54 M Ff 5k
Sumol/L GW6471 4b 1B R 5 PANC1 151 5 988 A2780 4fl i
JaAN 251k U WA 40 ML #EE .  EGCG Bk & PPARa H 5 14
h 7S DU 1M A7 15 R4 EGCG b #LZHW] 1 N 2y
50% (K 4 (a) . (b)), 5ZHMK ,EGCG B4 PPARa 7 5 1EH:
A GW6471 g 35 HA I PANC1 19 2L A7 5 bR as 3R
W, PPAR« §i% Ak BEAE S0 b 8 40 et EGCG 1y R e, H#5i
EGCG MHt e %0 .

140 ¢
120
100

80
60 P

HLFIG %

40 p

20

AL 735 3%

(b) A2780
B4 AREAZGYLEI PANCT fiE(a)fn
A2780 #ai (b) 7 iE E K #2I0
Fig. 4 Viability of PANC1 (a) and
A2780 (b) treated with different drugs
. Rk7 ECGGAEAE EGCG+GW6471 2Ky PANC1 4 A1 77 i 2 48
tb, FEZITFER,P<0.05; ™ &~ EGCG 42 H5 EGCG+clof
brate ) PANC1 1 A2780 AR FiE XML , EFHENSGITE
=% P<0.01,

Notes: *, compared with EGCG-treated cells, EGCG plus GW6471
showed significant difference of cell viability in PANC1 cells,
P<0.05; **, compared with EGCG -treated cells, EGCG plus
clofibrate showed significant difference of cel viabiity in
PANC1 and A2780 cells P<0.01.

23 PPARa K #i& 3 EGCG 1% 5 HO-1 K F /) &M

N EGCG %5 % PPARe J& J5 # ) ifb— 2 15 HO-1 1Y
Fik, TR m i R A0 X EGCG /T 52 . &l 5 B,
50.,100pmol/L. EGCG 4k ¥ PANCI 1 A2780 4 g 24h J5 |
EGCG HE AT H9 HO-1 2 k7K W 3y, [ BF £ Bt 4 41

24

Firh Nef2 5% 3~ 9 KSF- A Bl B4, 3x -5 6 20 26 A B
il 2 — B,

0 50 100 EGCGH/ (umotL) i 50 100 BGCGH M/ pmot L)

HO-1 HO-|

nuclear Nel2 nuchear Nri2

GAPDH GAPDH

(a) PANCH
B 5 EGCG ¥ PANC1 #Aa (a)# A2780 4H A (b)
HO-1.Nrf2 3= 1% 7k T 9 % 1
Fig. 5 Expression of HO-1 and Nrf2 in PANC1 (a)
and A2780 (b) cells induced by EGCG

(b) A2780

iy THESE PPARo 42 & 01 EGCG 198 HO-1,  EGCG
4 PPARa (194 51 808 150 DUAE (clofibrate) Zb 3 4R, 4
K6 Fif s, i AS LR IS i EGCG 55 9 HO-1 3 kK “FH
WAL, 7 IR 100wmol/L EGCG . 100pumol/L EGCG+
200w mol /L 54 V1 Ak P40 L J5 W% B 24h, PPAR« 147 57 14 45
il GW6471 (10mmol/L) HEAE #F PANC1 HI A2780 41l fl
HO-1 W3R ik, ik L5858 KB PPARa 1YL I AR 40
EGCG %S i HO-1 3k,

M0 clofitrate

DMSO clofibeate

¢ EGCGHREE(1 00mmetL ") & RCHRE (opmotd 'y

_ v

L[5%]

GAPDH
GAPRH

(a) PANC1 (b) A2780
6 PPARa #zh7 & 453t PANC1 4852 (a)Fa
A2780 ¢l A (b)HO-1 Rk K F A
Fig. 6 Effect of PPARx activation on HO-1 expression
in PANC1 (a) and A2780 (b) cells

DMSO GW6E4T1 DMS0 GWod7l

O
HO-1 Herl

- o

(a) PANCH

GAPDH

(b) A2780

7 PPARa #E#H 7 GW6471 3+ PANC1 4 i1 (a) #n
A2780 £ i1 (b) 48 f HO-1 R ik 7k F 9541
Fig. 7 Effect of PPARx inhibition on HO-1 expression
in PANC1 (a) and A2780 (b) cells
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24 PPARa 3 HO-1 EE SR MM 3 itig

F 5E LA RAR i PANCT 20 Ry 52 5036 42, SR F %€ 6 3 Wl
WAL ARG J7 vk, WF 5 EGCG 5% ) PPAR« & 75 1 5
HO-1 Wy %E5% . 2051 A DMSO (25 140 ) .100wmol/I. EGCG .,
200 mol/L 44 M 4% . 100 wmol/L. EGCG+200wmol/L 44 01 45 9% &
40 24h, W 8 R ,EGCG kb FEZH %5 DMSO X BEZH 9456
REEHE W 0 | SR EGCG fE % Rk P S HO-1 1)
Feik & DUER Al BRAE RN EGCG+ S DL HiIN 99l g 10k 11y
B DMSO Ak B X FRZH Wik 25 AR, 3% W S0 D14 B A% it K7
il HO-1 M AR KR RS T %3k . 45 R % M, PPARa 19161k
BE M e SR KO- il HO-1 1 =3k

* &
el
*

250 I—l
-

200 e

100 =

DMSO EGCG  clofibrate EGCG+elofibrate
H4HE

B 8 PPARx EHX HO-1 B3 FiEtErIsm
Fig. 8 Luciferase activity of HO—1 promoter after
PPAR« activation
i RREGCG A3 A MERT B REEEMPA MR BB ES
WEER,P<005* RAENHLBARNBAFTREZENSITE
Z£5 ,P<0.01;NS 5= EGCG #4318 H5 EGCG Bt & & U5 &b
BABALER, FEAFITFER,
Notes: *, compared with the negative control group, EGCG-treat-
ed cells showed significant difference in luciferase activit,

GIEE S 4 Tl

P<0.05; **, compared with the control group, clofibrate —

treated cells showed significant difference in luciferase ac-

tivity, P<0.01; NS, EGCG plus clofibrate showed no signifi-

cant difference with EGCG-treated group.

E— 25 SR P g (8 5 B 8 SLUTE 52 56 (ChIP) K2 Il PPAR«

Je T HAR A G HO-1 i 8 7 A IX B, WK 9 Fros , 7
PANCI 4 g vf ,HO-1 Ji3 81+ PPRE X 3R~ 5 Pdx-1 1 M
T G(BAYE X3 BEOFE 7E4E 4, i 5 PPARa 77 7045 S a4 &, 1
G5 RE Y] PPAR« 11 1L R RE 45 B 76 HO-1 JH3h ¥ FJfm
il HO-1 JEp ik,

ChiP

>
& R N
W R FT N

B9 #eReEXiiEwl PPARa 5HO-1BsIF44&
Fig. 9 ChIP analysis of PPARx binding in PANC1 cells

EGCG J&&¢ A5 JLASE W ZEAU U, Hp i G
R, o AR B 3 GE A TR AL 52 PR (PPARSs) B R H AR R
I U BRI R IR AR AR AT AR A0 A R o) 4
JAT AN, ARSI &I EGCG fEi5 5 PPARa [ %35 ,PPARa
FEAI R B0 08 T 09 ML £0 A i -1 (HO=1), I3 Jnn 4t Jifg %5
EGCG MBUBNE . EGCG MHT Mg &50s CLpk )iz #iié 4K ik
AN T EGCG 1 W2 HL N 584 1548 400 40 MUHK $i R
P8 R ¢ K ABRS 12 5 EGCG Bl 23456 %%, HO-1 2
— ol FEL BN B 0, ARG AR AR I 3 & R, HO -1
TEPA TR L R B 2o HE AR ™ HO-1 5 3 LR
i 2 A T4, A3 B LR B TT 4R (ARE) |5 A 169
FERR 14 58 W01 A6 2 R 454 JC 4k (PPRE) B B2 4 I I Jef
(HRE) % #8HE K00 b 98 35 HO—1 X T 45 5 BRI Je 4% 1E iy 1
A, N, S EGCG AL B4R LS | B T Nef2 5 Keap i
BT A A% L BT Nif2 i 5 ARE 454, it
HO-1 Wik, HO-1 AMUAENLIR LR T KHEER 58
BT FENL AR HOR S B FEER o HO-1 & —Fh i S WAL e
FESKT N7 I8 A R, G AR AR | R AR AN B S
HO-1 3 3+ & A W BLC 8% WESE % PPAR« 45 4 ot 14
(PPRE).

PPRE iy 3% 6] F7 940 & — B B4 5 & ) AGGTCA 741 .
Meers 25 SR FH Y 25 60 28 26 U0 38 43 WS B8 95 T PPA R 76
JHF9E HepG2 4 LN 145 & A5 o 78 HepG2 41 i H, HO-1 1Y)
JA 8 FIF AR PPARa (4L i, X1 PP AR« (1 7T I 2408 43+
Al fig BLAT 40 555 M . PPARa BE 9838 i HIF-1a 15 538 5t
HO-1 #F47 Fpk 4 A9 R W] 7E EGCG 5% T ,PPAR«a
RE B 245 6 7F HO-1 Ji 3T k4T 108 42 . PPARa AT fig Ik
& HO-1 )3 8+ i AR %% ¢ . th T EGCG Wi
I PPAR« fiEf 45 & 78 HO-1 J& 30 T L JF il HO-1 K %%
%o PPARo A W Rl o M (4 HO-1 26/ (9 280 1, RS2
AR T EGCG (1 344

PPAR « i 1k J5 19 A= ) 2555 N A5 40 s 5+ PP ARew 76
AL AE 0% 38 5 PR A rh 2 A R RO A A S 8B N LR A0
JLI FET R B 2 5| A (1 AR I T2, RIS AR SR R
PPARa M PPARvy 30 7T 51 A28 B A% i i i A th E
W20 A PR 7120 PPA Ree 19 5 R BE #1530 2+ 380 0% N F—«B I 39 5%
TAPs B 2% 35 ok il /s BUEE 20 0w pl 5375 S 00 A it o
ToRA, R B S LR (5500umol/L) AERE 51 PANCT M
A2780 4 H i AU BET TR ARSI g b SR AR MR EE 0 58 DR
K CWOAT1 e g4+ 90% LA 1 i 4N 77 1% % ;{52 EGCG I
AR VRN RES] I B A4 st T . A 5T FW PPARa iR
FESE 0 9 A T - TR AN R ( DHA ) 25 (4 U e,

4 Hig
A WE5E R W] EGCG fE1F 5 MR 4 i o PPAR« 931K 5
PPARe % TLRE A% 3 1 5% % K P4 i HO-1 1) 2 2k, AT 334
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