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Effect of Resveratrol on Proliferation and Apoptosis of HepG2

Cells and Its Mechanism

LIU Lan',ZHANG Zhi-min?,FU Hong-xing', WANG Min?,RAO Zhi-guo’

(1. Hubet University of Chinese Medicine ,Wuhan 430065, China;2. Wuhan General Hospital of
Chinese People’s Liberation Army,Wuhan 430070, China)

Abstract ; [ Objective | To investigate the effects of resveratrol (Res) on proliferation and apoptosis
of human hepatocellular carcinoma HepG2 cells and its mechanism. [ Methods ] HepG2 cells were
treated with different concentrations of Res and/or autophagy inhibitor 3-MA. The cell viability
was examined by CCK-8 assay;cell apoptosis was detected by Flow cytometry ;the autophagy was
determined by MDC staining;the expression levels of Beclinl and Bel-2 mRNA and the protein
were detected by RT-PCR and Western blot,respectively. [Results] Res significantly inhibited
the viability and induced apoptosis of HepG2 cells. Res induced the autophagy of HepG2 cells,
upregulated Beclinl expression,and downregulated Bcl-2 expression. With the combined treat-
ment of autophagy inhibitor 3-MA ,the effect of Res inhibiting cell proliferation and inducing cell
apoptosis was crippled. [Conclusion] Res can inhibit proliferation and promote apoptosis by induc-
ing autophagy of HepG2 cells,which may be related to the involvement of Beclin1/Bcl-2 complex.
Subject words : resveratrol ; hepatocellular carcinoma ; autophagy ; apoptosis ; proliferation
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RALEY, BOIE SR DUBRE B I F 1 (silent in-
formation regulator 1,SIRT1) Bah, e —Fh
NAD-+H 1Y) 25 L WEALEE, 713 5 25 2 Be Ak 45 A
WEAH CHE A (autophagy related gene,Atg) 1 Atg5 .
Atg7 Atg8 SEUE AL H RS, AN R B, H MR
SRR KR R JRE VI OC, A W AH OC 5L [ Be-
clinl \L.C3 p65 55 ] 1F 2 I 8 3 20 A7 B 1R BT A
757 Res o 75 A LUIE S 11455 1 W6 7K - 52 0 T8 240
JESE A AN T E A UE— D ERTE . L, ARSI
Res X A HepG2 40 i 54 58 A1 T A9 5200, JF
FI W A B2 R A 2 PR H n] REAE AL

I RS

1.1 #

NI HepG2 41 # K I5 ATCC,  th s AR B
BHA Wy H AR A RS ) 52 40 % O A T 32 4t s Res 1 H
JCHR 2 R BHECAT BR S B 5 3-MA 1 FH 36 [ sigma 24
7] ; CCK-8 , AnnexinV-FITC/PI Tk 3 77 £ . 20 Jfd
H W e 8350 57 &0 A Bioswamp 2 ] ;SYBR Green
PCR i 7] & W 1 KAPA Biosystems 2 7 ; Beclinl |
Bel-2 HiLiK I A proteintech 23 7]

1.2 /5 %
121w

HepG2 4 il 7 5 FLEE 35 T & 10% 6 4 i 1Y
RPMI 1640 K323, 7€ 37°C 5% CO, i FNE £ 11
WM R
122 CCK-8 A4 m) 4m i3 74

TEEO B4 KB HepG2 41, LA 1x10YL 4%
T 96 fLM ., X Res 259 4H 3-MA+
Res 54, Rd & 3 ME AL, BFLINA 180l 2
Y, % BREE N 55 1 55 57U, Res 2450 2H I ACKH 7 v
J£ (10,20 .40 .80mmol/L) i) Res,3-MA +Res 24 %) 41
Fi e H1 5 mmol/L 3-MA W% & HepG2 40 3h, #4535
JIAKE B 96 BE (10,20 .40 . 80wmol/L) i Res, 48h J&
LN 10wl CCK-8 KR , B2 5405, F 4h
5, AR (B 450 nm) #6900 45 L 2% B2 (OD)
{8, I A0 M A7 16 26, Al M A7 % e=S0 40 41 OD fH/
X HEZH OD {Hx100% .,

1.2.3 R X g feAs e ge e 8 =
£t Ak P RD T, R RECZE A G R 5, Res 24

128

Y2 53 B in ALk i R 20,40 . 80mol/L %) Res 1%
FEW, AP 3-MA 41 (5 mmol/L 3-MA ##F 3h) 3-
MA+Res 2541 (5 5 mmol/L, 3-MA W35 3h, F
JIA 40pmol/L Res), 3t 6 41, &411% 3 & fL ,24h
B, AN L2, 48h J5 FH AR 1 T AL A i, 26
1RTE R SR W AR 4 i, 5% 8 2 Sml EP 45 1, 1000g,4°C
B0 Smin, 3+ 3, 0 PBS F &, WA PBS PR
A 2 K. A RNA B AL P BE (PT) RS EK 2
V (AnnexinV ) ,4°CHEE T #E 30min, B T i 20
AN MAEA TR A H CXP o Mr R it AT o . Ao
TR (B4) S R T4, A7 B R (B2) kiR
SR T A0 A, R 4 T % = (B4+B2) x100%, 5K
WEE 3K,

1.24 MDC # &l g wE Mk

VAo h 4 41 X BT, 3-MA 41 (FUm ek
2 Smmol/L 1) 3-MA),Res ZH( R NZH FE R 40pmol/L
) Res),3-MA+Res 41 (11 %¢H Smmol/L 3-MA 7 &
3h, #-HIA 40pmol/L Res), 43 4HAR UM A T il 24
Yy, 35 5% 48h J5 , FEEE SR, A 10 MDC %43, 75
37°CH#F 30min B A hRic A MR, SRJ5 H 1xWash
buffer EEVEARML 2 Y, 7 B2 5% 0080 AR I 3 1Y
. EEERE 3K,

1.2.5 RT-PCR #® Res *F HepG2 2 i F Beclinl |
Bel-2 mRNA & ik 69 % @

S 43 2 K 20 L b BT TR 1.2.3, 2 G &
UL AT HEA T, Trizol $EHUANMLE RNA , SR HH 13 5% 5% il
IR G 5 S cDNA B S #E17 PCR, S W AKZR N
20w, 788 F N 959 ,3min; 95°C , 55556°C , 10s;
72°C ,25s5;39 A 6 ¥ ;65C ,55;95°C ,50s, ff
GAPDH 1ER 5250 N 2, 51 W) Hh re 5t 46 0 e A M) Rk
HBRAFEA B, SIS0 ,Beclinl :5'- CGTGGAA-
TGGAATGAGA-3' (1E [ ) ,5 -CGTAAGGAACAAGT-
CGG-3' (JZ 1] ) ;Bel-2:5" -AGTTCGGTGGGGTCAT-3’
(IE 11 ),5" -CAGCCAGGAGAAATCAA-3" ( JZ [f] );
GAPDH:5' -CCACTCCTCCACCTTTG-3' ( iF [ ),5 -
CACCACCCTGTTGCTGT-3" (JIf] ), K 2-DDCT %
R Beclinl \Bel-2 mRNA A XF Rk 7K, SC80 A
3R,

1.2.6  Western blot #:# Res * HepG2 48 i ¥ Be-
clinl Bel-2 & & &3k 0 % v
S 3 2H K 2 A B 5 v TR 1.2.3,48h JE A
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20 M 22 i, VK 1 244 30min, T 4°C, 12 000g &5 0>
10min, Bt FVE W, & HE &5 200 B 10pg 25 H N
A FAREGE v ,95°CE 1 10min, 129 5 T4 H5 1ok -
SDS BEMZHLUK G, MEH BB AR L 5%
JE W5 5y B P S I A — T =9, E WP E 1h,
PBST 7% 3 WK, B:IK Smin, SR IS T4 H 3hik
RSO R IN 38 TANON GIS {4 52 B
FREH I . LA LR B 098 (A ik 4 K
52 GAPDH 454 JK BEEAE (W LA /E M4 S Y
FAXS RIBIKF-, LR 3 K,
1.3 Sit=4bE

T K4 ] SPSS 21.0 8 FHE AT G2 it 43 b, %
P xxs T R ¢ K96 LR R 225047, 4l
5] 7 6 L 55 LSD 325, P<0.05 N EFH G2 L,

4k

Zh

2 R
2.1 Res Xt HepG2 40 A1 58 59 30 41 1

CCK-8 2 Jf1 384 5 52 55 25 2 W 7 (Figure 1A), 10,
20,40 ,80wmol/L, Res 43 il ¥E | HepG2 4
Jf 48h Ji, 2 M1 5E 24 32 B AS R R b A

AR, 22 A Ge it 2% 5 L (1=34.73,P<0.01),
10pmol/L. Res 415 10pwmol/L. Res+3-MA 41 7 1 %
FLi, 22 R A G 2E B X (1=2.95,P=0.042), Res Xt
HepG2 4 A 345 I HIAEH, BEG 3-MA J5 H A
VEHIRER 3 i0i i, B 9Z 0 FH AT RE 2 B W s P 1)
Ja SRS 40pmol/L Res B6 A 3-MA #E— 5%
2.2 Res Xt HepG2 2 R E 1= B9 52 Mg

i 2 A LAY 25 S R (Figure 1B, Table 1), bl
24 B T R A L R TR, T T A i R
W66 359 9 T 40 0 &5 %0 40 80wmol/L Res 41 5 %}
2 L 22 A et L (F=27.57,P<001;F=31.13,
P<0.01),40pumol/L Res+3-MA 1 3-MA 21 5 %} B £
P 22 S T G2 B L (P>0.05) 5 98 T 48 g 5 5%
P19 ,20.,40 80wmol/L Res 41 } 40pmol/L. Res+3-
MA 4 5% BUH WA 22 e A e it 5 L (F=311.96,
P<0.01),3-MA 4t 5 ,40pumol/L Res+3-MA ZH & 1=
R E 8.93%+0.50% , 5 40umol/L Res 41 (17.91%=+
0.50% ) b 45 25 7 YA Ge it % 2 L (P<0.01) , $& /R 7
LI & T Res 5% HepG2 4 Mg 125 A Wit AH

Table 1 The apoptosis rate of HepG2 cells after treated with

different concentratiom of Res

y Early apoptotic Late apoptotic Total
P VAN E V/ G100 pop
ﬂ]:[J N ﬁ(ﬁiﬁﬁu j‘j 70% \58% \48% \36% 5 l:j GI"OllpS CBHS(%) cells(%) (%)
XA LB 22 S A S B L (F=  Control 3.77:0.62 1.00£0.19  4.76+0.79
3200.54,P<0.05) . A |HWERH F 3-MA 20pmol/L Res 4.92+0.74 5.57+0.67 10.49+1.24°
HiEd 3h 5 HepG2 I I 4 17 3 245 ) K 40pmol/L Res 11.71+2.31° 6.20+1.84° 17.91+0.50*
’ 80mmol/L Res 14.75+2.76* 12.04+1.81° 26.79+1.26*
5% 5= B
72% .70%.65% .61%, ERRRE A S 40pmol/L Res+3-MA 5.97+0.94" 2.96+1.37" 8.93+0.50*"
N AYY =,
YA gt B L (F=471.52,P<0.05), 3.mA 2.69+0.60" 1.80+0.68"  4.50+027"
40|.Lm01/L Res gﬂ% 40“11101/]_‘ Res+3-MA 4 *,P<0.05 vs control group;", P<0.01 vs 40pmol/L. Res group
o B1 0.2n 82 ==y s B1 03|82 iy B1 0. 3x[B2 6.20
1074 102+ 107+
145_ :lReS & 10 & 10 14 m‘i
. 3-MA R 10°-g3a 10°-g3; = - 10° .gg_g.
S +Res W T
2 100 10 102 10 100 10! 102 10 100 10 102 10
= FITC 1 FITC 2 FITC 3
< v 10° 10° 107
= ?Pn B2 o iF1omBz 2om | rnmsz 1508
T‘g 107 + 107 i ‘ 107+
= 10 z 10 ’,} |z 10
Control 10 20 40 80 '“"T:{‘l 10° ra‘iﬁ‘ 10°-83 zom
ReS(MmOl/L) : \Ai‘o" FU TR T BRAA Tae ™ 10 m’l ; T 00 T 10t
FITC 4 FITC 5 FITC 6
A. Effects of Res (48h) on viability of HepG2 B. Effects of Res on apoptosis (1 :Control,2:20mumol/L Res, 3 :40pnmol/L
cells(*P<0.05) Res,4:80pmol/L Res, 5 :40wmol/L Res+3-MA ,6:3-MA)
Figure 1 Res inhibition on the proliferation of HepG2 cells and induction of cell apoptosis
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I A A WS Res 5 508 T B9 4E FH 08055 , 41 i 98 MEZH (1.00+0.00) L5, Bl 25 1k B 0k 338, HL 3R 2
-5 HWEMMIET- A EA T2 B ZERA SR E X (F=1330.19, P<0.01) ,3-MA+

2.3 MDC a3 2240 i B &
e .-
.

ANYMJE , AT DASE FE P e 3R T A Wik %
B TR I AR TR B R S P R e
50, SEE 25 F AN Figure 2 7R ,40mol/L
Res 4120 I N MDC £ (05t 2 A1 % F 3
Z , A Wik 2 5 0 SRS IS 3-MA
Qb B 260,75 S A A A 5 W /b T
Xf BEZH AT 3-MA ZH &% (0 sR G AR D
M Res 11755 HepG2 40 fifd & A= F W,
2.4 Res %t BF%& HepG2 48 B@ Beclinl,
Bel-2 mRNA 3R i% 9 % g

RT-PCR # 45 5 0 Figure 3 iR,

220,40 .80pmol/L ) Res /£ 48 h J& , A : Control ; B 40pmol/L Res;C:3-MA ;D :40pmol/L Res+3-MA
Beclinl mRNA A9 #H X 3¢ 15 7K 3 43 51 Ry Figure 2 Autophagy observed by fluorescence microscopy

6.11+0.40 .14.26+0.35 .18.8620.66, 5%} (NS SEtnis, oAl )

25 201
*
=
20 % 15T
215 )
5 o lof
10 E
= £ 05t
= 5l :
*
0 —== ; 0 - :
Control 20 40 80 40+3-MA 3-MA Control 20 40 80 40+3-MA 3-MA
Res(pumol/L) Res(umol/L)
Beclin 1 Bel-2

(*P<0.05 vs control group;“P<0.05 vs 40pmol/L Res group)
Figure 3 The expression of Beclinl and Bcl-2 mRNA detected by RT-PCR

1.0y
* I Beclinl
0.8 B2 Bel-2
)
= 06
CE
p— Z 04
Bel-2  om— sm— —_— — o
Beclin]l s sns—" S S - 02}
GAPDIT e S SR S S S— 0 : ;
Control 20 40 80  40+3-MA 3-MA Control 20 40 80 40+3-MA 3-MA
Res(pmol/L) Res(pmol/L)
A. Expression levels of Beclinl and Bcl-2 proteins B. The level of protein expression was quantified by densitometry

analysis using gel imaging system

("P<0.01 vs control group;“P<0.01 vs 40umol/L. Res group)

Figure 4 The expression of Beclinl and Bcl-2 protein detected by Western blot
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40pmol/L Res 21 (3.29+0.27) 5 40umol/L Res 41 Lt
3, Beclinl FRik i & T I8 (P<0.01) ; {0, AS [7] v B
fEH T ,Bel-2 mRNA {94 XF 2235 43 51k 0.25+0.01
0.27+0.02.,0.16+0.02, 5 %+ B8 41 (1.00+0.00) v 4 , Fifi
HBEE RN HERIA T, Z R AR E L (F=
243.11,P<0.01), {H 20mmol/L Res 415 40ummol/L
Res ZHAH LG S R (P=0.795),3-MA+40uwmol/L
Res 21 (0.41+0.04) 5 40pumol/L Res 2 L3¢, Bel-2 3
ik EH(P=0.014),
2.5 Res XfBF#E HepG2 4BE Beclinl Bcl-2 EAFRIE
EEA!

Western blot Kzl 455U Figure 4 Fin, £ 20,
40 .80mmol/L 1 Res 7E F] 48h J& ,Beclinl 2 4 # Xt
F3k 5350 0.63+0.01 ,0.78+0.00 .0.88+0.01 , 5 X 17
24 (0.38+0.01) A I, H Rk B ¥ L | 22 5 A 42 it
27 X (F=1395.23, P<0.01) ,3-MA+40umol/L Res 41
(0.51£0.00) 5 40pumol/L Res 41 L5, Beclinl i35
3 (P<0.01) ; BRI EET | Bel-2 8 1Y KA
43 914 0.50+0.01 ,0.38+0.01 ,0.25+0.01, 5 %} I8 21
(0.61+0.01) A0 It , H 3R IK B W T, 22 5 A gL it
X (F=1167.38,P<0.01),3-MA+40umol/L. Res #
(0.54+0.00) 5 40wmol/L Res 41 H 4%, Bel-2 ik I
P (P<0.01), SLWEE S — L1300, Res BEFESTF K
S BT A W B ER 1 Beclinl UL, BEACUA TS
H M Bel-2 135k, Hiz/E A REBE 3-MA #4085 .

3 3 i

g 2 — b A% 200 PR A D 1) 2 i A ik
(EpibuRiay 3 uN g T IR Y NI RS
AN A AR AS AR a6 W ST LS A
FRF LA ESE T 5 20, B v AR AT T
IR, KT B8 5 o B N2 A R I 1)
27, AR IR AL SRR N R T
HIE A LA S it 451 o A0 T HERE P, 1 WK P [ e
ERHEE, Sun FELEESE, 78K BT R
HOTEIF AN & A R B, B A WA S e 1
PRl ok 2 B A3 s 11 A 1A R 9 A% 1) 240 i, DA T £
Rk N R T — BRI B, A K R R A
By I8 200 MO ) 3%, Bt R A AR A2 1K Res
LAFAET 2y ekl e A Sy, BRA) iz
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A2 e T F S R B Res 162 —Fh R AR
(¥ A W3 5 50, 7T L 4% AMPK/SIRT1 & mTOR H
W {5 5 18 e, 5 S R AP IR E R A R R R AR
I Bl IR P T B A A 5 A8 IR UE o | I 552 B I 4%
STRT1 AH O A 5380 6 1T 0T 1 e 00 1) - 200 B 1 I 72
P B0 AR A M R U5 1 ST O AR BT 5 sl 2ot AT H
W KR S P MDC 4 €0 RS I 1 e 9 45 5L A Beclind
(3%, & 40umol/L Res 2 H WEIARA B 1 £ H
20.40 .80wmol/L Res #1 Beclinl ik 2 i i, iE 5
T Res 55 198 HepG2 40l A MY & 4= . [RIET, 3-
MA X5 Res Ji7 W10 080558 1 48 5l 410 1 R0 75 5 0 T
YEFR, WA WETE Res & FEHT IR R0 h A 8%
B,

Beclinl 7E 2 Ffiffg H 4L P IR 5 B0 72—
PO LE R IR BE A 7E Beclinl +/-58 78 /N B AL
WLEEE F b e X P e g 491 s A A0S i s 55
AR TR N Beclinl AR IERE A BRI Atg6/Vps30
0 ] PERE DR, T A Wk Y DG B R R 2 — | R
i3 55 R PR LSE-3-08 0 (class Tl phosphoinositide
3-kinase , PI3K3C/Vps34) .Rubicon & 557 F 45 &
AW TE A WA BT S B BOR AR,
EEEN EAEENSEBAE . 5 Bel-2 4545
14 5% (Bel-2-homology 3, BH3) | 1 st #2 ¢ 4% #4) 3k (cen-
tral coiledcoil domain,CCD) FliE Ak {5 25 44 3k (evo-
lutionarily conserved domain, ECD) , ' BH3 2544
WA S HIH T & A Bel-2 1 BH3 255 /45 &, F
Ji Beclinl/Bel-2 51, 25 AW ST Z ] #Y5E
H A W 5EIESE , Beelinl i35 Bel-2 255 TE
I8 Beclinl/Bel-2 & 4 A 5 4+ Hi LI Beclinl 5
Vps34 454 B m JA 45 5 W & A5 T2 e-Jun N
P4 (c-Jun NH2-terminal kinase,JNK) 45 (1) Bel-2
IR AL B AT A G2 S 1 (death-associated pro-
tein kinase-1,DAPK1) 51 Beclinl B2 fk, 4%
Beclinl/Bel-2 E &R B, N AH00E H W &k A= 15000
B2 Beclinl/Bel-2 & & UAE R 8 721 3 g W5
WRFHIE T AR EEE A, TEMRE R R E
TR,

AWFFEH,20 .40 . 80pwmol/L Res 4k ! HepG2 4l
fg 48h Ji, A& B Beclinl ik L | [RH) Bel-2
FiX T, #2278 Res (I B T4L T Beclinl/Bel-2 &
BMEEE S B E R 2R TR A . T 3-MA
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V5 1 I A 5 4 o )

= l d #0 Beclinl/

Vps34 S & R IE5G RN H A BEAKTE I, BEE Res
AbFE HepG2 40 J5 , Res 10 il 38 58 A0 42 0 1= 19 4 H]
PRk 55 , Beclinl 35 T4 Bel-2 ik FiH, #—P
HESE T RATHIEE 1T

25 L Frik  Res 0l 155 HepG2 41 il A Wk &

PRI 38 78 AR SE TR AE R, LS AT R S AE
F Beclinl/Bel-2 BG4 ¢,

SEH .
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