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Resveratrol induces autophagic death of cervical
cancer cells to exert antitumor effect
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Abstract : Resveratrol ,a non-flavonoid polyphenol compound is widely present in Medicine and food homologous plants. Its
anti-tumor effects have been widely recognized , but there is no experimental data reflecting the inhibition of cervical cancer in
vivo. We found that resveratrol significantly inhibited tumor growth with upregulation of expression level of LC3B and Beclin-
1, while the expression level of P62 was downregulated. Thus, this suggests that resveratrol may inhibit the progress of cervical
cancer by promoting excessive autophagy. Furthermore ,resveratrol induced autophagy-related VMP1 , Beclin-1,and LC3B pro-
tein expression and promoted the formation of autophagosomes and autophagolysosomes in vitro. Finally , it was found that res-
veratrol promoted excessive autophagy when combined with the activator rapamycin. It also promoted cell apoptosis when com-
bined with the autophagy inhibitor bafilomycin Al. In conclusion,resveratrol exhibits inhibitory effects on cervical cancer dur-
ing both autophagy activation and inhibition.
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XF TS HPV g 5 2% G 1) B S0 A0 R #5420
AFER A e B0 . AWESE 32 H) 1 Hela 4l
FAERR B T BURE , Kl RES 7644 4 1 31098 5800
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1 H57®
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.11 XA H5ALE

A3 R KX AFSE T IR DMEM(11965-092) | Ji#
fiff ( 25300054 ) ( Gibco 2 #], 36 [ ) ; — FF 2L W R
(DMS0,D2650) |, Trizol i 7 (93289-100ML) ( Sigma
T, SR 5 30 S (M1705) ( RNA i 1) 4f) 57
(N2511) ( Promega /\ #], 32[H ) ; SYBR Green PCR
Mix (1725204 ) ( Bio-Rad 7\ %], 35 [# ) ; Rabbit Anti-
LC3 Polyclonal Antibody ( abs127815 ) | Rabbit anti-
p62/SQSTM1 Polyclonal Antibody ( abs143300) | Rab-
bit Anti-TMEM49 Polyclonal Antibody ( abs126424) |
Rabbit Anti-Beclin 1 Polyclonal Antibody( abs122672)
(ZFEYRHECA R A, D) 5 40 1 54 12-Ho-
echst 4t {4, 7 & ( C0003 ) . Ad-GFP-LC3B ( C3006-
Iml) ., Ad-mCherry-p62 ( C3016-1ml ) . Ad-mCherry-
GFP-LC3B ( C3011-1ml) | Mito-Tracker Red CMXRos
(C1049-50 pg) . HRP #5ic (9 1 3 $1T fe = 4t
(A0208) | IHFEHT/NR AT (A0216) (3 = KAEYFL
PABRAF, H1E ) ; SpectraMax i3x FEFR{X ( Molecu-
lar Devices A ], J&[H) 5 IX70 ] ¥ 5% i i B (O-
lympus /A ), HZs) ; ABI 7500-PCR {¥ ( Life technolo-
gy /A7) 3 ) ;BD FACSAria 1l 37 s 41 (BD 2
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TRIT LR FATE 8 40 24, X BB 20 25 1 S5 A R 5 1 ) e
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4:95 C FIAEM: 5 min, #8595 C 155,56 C 30 s,
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P, LA GAPDH fE NS I8 274 23 H G 3 A
REE, T &P E AR A BRA F AL
(DO I # 1,
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O3S EEIE W E —$0. L, L GAPDH AN S K,
H ECL &6 844, F Bio-Rad A% 1% & B G R I ,
Image Lab 32 USRA1 IR FE R, THE AR RN,
1.2.5 B A8 # % & Ad-GFP-LC3B. Ad-mCherry-
p62 .Ad-mCherry-GFP-LC3B 2 % HeLa %8 fit.

HeLa 4iffd 303 24 FLANMIIE A |-, FL 2.5 x
10* N4, 35 5% 24 h 5240 REJS , e 800 WL i
RiFR e I SE [ CDC (WA Y& S g S e S



210 RIRTHIRRFE I % Vol. 33
x1 3lMa%
Table 1  List of primers
S Btk TET Y
Gene Forward primer Reverse primer
VMPI 5'-GGTGGCTTTCATTGGTGCTG-3’ 5'-GAGCCTCCAGGTACTCCTGA-3’
Beclin-1 5'-GGGCTCCCGAGGGATGG-3"-3’ 5'-GGGGGATGAATCTGCGAGAG-3’
P62 5'-CCGTGAAGGCCTACCTTCTG-3' 5'-TCCTCGTCACTGGAAAAGGC-3’
GAPDH 5'-AGAAGGCTGGGGCTCATTTG-3’ 5"-AGGGGCCATCCACAGTTCTTC-3'

Bl 4P SR A T IR YL S5, R AL LA MO B K 5 #F47 AR
TR B IS 2 24 h R A S AR R IR,
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WACH ] APm T B2 40 M8 T 0 ) — A4~
PRk i ad JC-1 LT B9 SR 4k (0 98 1Y
BEAR T LR 25 5 MoK ) AWrm (1) R [, [ Bsf 7]
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SiHa 2 g 53 h %t B (RES | F W38 76 77 35 A 8 % (ra-
pamycin, Rapa) | [ Wi 1 i 71 [ £k 7 8 2 A1 ( bafilo-
mycin Al,BAFA1) .RES + Rapa .RES + BAFA1, 3t 6
4H,RES TAEVE 40 pM, Rapa TAEHk - 100
nM,BAFAT TAEHkEEH 100 pM, 4bFH 24 h, ] PBS
PRSPV, 4 1 mL JC-1 Je 0 TAE R
i, 5 0. 25% 11 Jg B 1k J5 AR 40 i, 1mL
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PYE—IR, A 0.3% Triton X-100 [ PBS, 2k
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IR G U< )i
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FEAR BB R) 22 86 LU 8 1 O 22 00 W S g K3, B8 o1
% F GraphPad Prism 7 #X/4:52 i, P <0.05 Ry 5H
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VMP1 Beclin-1 £ P62 [¥) mRNA ik, 45 1 8 /R
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ik, B EI P62 (FRIA, 5 A WIS 7 Rapa 1AL
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RES inhibits the growth of cervical cancer subcutaneous xenografts in nude mice

1E: (a) HeLa 1R BB T AR AL KARF; (b) HeLa 4R UL T RALIE A, 5 Vehicle HARILEL, " P < 0.01," " " P < 0.001;
(e) MR ZH 200 B e AT S ie 4 AL KGN & W AH 56 25 11 P62 \Beclin-1 1 LC3B (45X :20 wm) , Note: (a) The tumor volume; (b) The tumor weight,
compared with vehicle, " * P <0.01,"**P <0.001. (¢) The autophagy-related protein levels of P62 ,Beclin-1,and LC3B in tumor tissue was

detected using immunohistochemical ( Scale bar:20 pm).
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Y #f %, 78 & Yt Ad-GFP-LC3B J&, RES, Rapa,
BAFATL Bl a% 16 A 1F F 41 24 h 5, B H Mito-
Tracker Red CMXRos FRic 4 RiiA, 4K 5 i 2¢ % .
BERTFANE, 453 & B GFP-LC3B FRic 1 H Wi /M
WA EERE Mito-Tracker Red CMXRos #5iC 14 4 b 44
s>, Gn &l 3a R, R BAFAL ] 1 Wi/ A

Rk, fif L RES 5 BAFAL BX A 41 [ W /ME S
B (F 3a) . 1 P62 & H7E RES 4H . Rapa 4] .RES
+ Rapa ZH #R W WL F& i, BAFAL 40 BAFAl + RES
HBA W A1k (& 3b) , X W] BAFAL 53
BAFAL 5 RES B B W/ MARIRERE . S350, h
RN RES X [ W30 i 5% M , X bR e i B A 56
SR 2 A& Ad-mCherry-GFP-LC3B g%t Hela 4 iy,
24 h J5 M RES Rapa BAFA1 LA s KA 1F H 40
JHi 24 h, SR F5 FH S A AT IR, ZEEIE A WA
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Fig. 2 RES promotes autophagy of cervical cancer cells
¥ : (a) Real-time RT-PCR ¥l HeLa 4iffif VMP1 Beclin-1 P62 mRNA 235K F, 5XT B4 LK, * P < 0.05;(b) Western blotting il HeLa
4ififirh VMPL Beclin-1 \LC3B 2 435K ; (¢) Ad-GFP-LC3B FI Ad-mCherry-p62 JEEYL A0 L )5 , ¢ 56 WA BE R /IMA (F5 L :20 wm) , Note:
(a) The expression levels of VMP1 , Beclin-1,P62 mRNA in HelLa cells was detected using Real-time RT-PCR, compared with the control group, * P <
0.05;(b) The protein levels of VMP1, Beclin-1,LC3B in HeLa cells was detected using Western blotting; (¢) RES inhibited the expression of P62 and

promoted the expression of LC3B, increased the number of autophagosomes ( Scale bar:20 pm).
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WA, UL A w/MATE iU £ RES + Rapa 21 [t
Rapa ZH 21 {0 B /5 59 hn, vd B B W B 1R 14 £
BAFA1 4 RES + BAFAL 20 H A 5550, i H.4%
A FEAAEAZ I E S, W 3c, X EEHEIR
RES {2 7F 4 [ W T A, 1 BAFAL BH KT [ Wi
J& RES ANBEFHKE F W -
2.5 RESHIHIETESMEKAYm 83X
JC-1 ¥ 25 5 @ 7R RES, Rapa £l BAFA1 % &
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Fig. 3  Effects of RES on autophagy of HeLa cells
7E: (a) Ad-GFP-LC3B #Ric F /M4, Mito-Tracker Red CMXRos ARidZetifd , 5t M B LSS F I/ MA 1928 4k (B :20 wm) 5 (b) Ad-mCher-
ry-p62 Fic P62 ,RES 5 Rapa .BAFAL b HeLa 4/l 24 h J&5 , 256 B B84 1 (45X :20 pm) ; (¢) Ad-mCherry-GFP-LC3B #5: H W Ui ( #5
JR:20 wm) , Note:(a) Ad-GFP-LC3B labeled autophagosomes, Mito-Tracker Red CMXRos labeled mitochondria, the changes of autophagosomes was
observated by fluorescence microscope (Scale:20 pm) ;(b) Ad-mCherry-p62 labeled P62 ,RES and Rapa, BAFAL treated HeLa cells for 24 h,the

changes of autophagosomes was observated by fluorescence microscope ( Scale:20 um) ;(c¢) Autophagic flow of HeLa cells was detected by using

Ad-mCherry-GFP-LC3B (Scale bar:20 pum).
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Az AT DU A R AGE B AR — 2
PR AP SRS IE T R I i E R AR e
B RN, , B S R AR N SE B TR S RES t 25 41
R R T HL, ZH UK RN A R B WEAH G AR
FIAYIRSZ 2] RES By, PRICHED RES 410 2 5
FERIHLEI T RE S RES 55 [ MR 4 fiSE T (autoph-
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TERFEE I R OIRZS S Ap 2 ik e 1 A W VE T, 4
STt R A IR AL T L X A0 M B AT
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Fig. 4 RES and Rapa,BAFA1 induce cervical cancer cell apoptosis
i (a) WK RES 5 Rapa ,BAFAL Xf HeLa AUAZOKL AL O A9 R0 ; (b) i xUK2 I RES 5 Rapa BAFAL XJ SiHa 21 Al 2 b (A B5 iz FY
S5 (o) Bl a FIE b 255 BG40 0T, SXTIRAARLL, * P <0.05, * * P <0.01; (d) 3556 R KM RES 5 Rapa . BAFAL Xt HeLa 4 /il J4 7=
f5MH . Note:(a) The effect of RES,Rapa,and BAFA1 on the mitochondrial membrane potential of HeLa cells; (b) The effect of RES,Rapa,and
BAFAI on the mitochondrial membrane potential of SiHa cells; (¢) Statistical analysis of (a) and (b) ,compared with the control group, * P <

0.05," " P <0.01;(d) The effect of RES,Rapa,and BAFA1 on apoptosis of HeLa cells was used by fluorescence microscopy.

75 N IR R AN T

L, PERRZOR AR B, T A B R E S i

HEH, BAFAL & —Fh D BE 55 i @ 1) Fhoh 2 25 1
KANEREYUER , BFE 719 vacuolar-type H + AT-
Pase( V-ATPase) 1 3 . BAFAT 7] LL#0 i) 28 by 4
FAs 7 S e SVNES R A N s L O N [
caspase JEAKHG I T, 1LAF, BAFAL %% Beclin-1
5 Bel-2 54, HE— M A 0k, (2 PR M gE T

AT IR AE AU ST T 3K — a5, 38 A A ) 4 A
Ji e 62 AT TUNEL BHAE R, AT % B RES n] L7 &
SRR LA T R AR 2F A R T, T R 1 W A
H S AR 0T 23 7 AR 0 R SR A0 A A AN [R]
N o A SCHKHRIE , RES FfH 1E Rapa i 311 P62 [ fi#
K Rapa #1 RES BYEEG BERSRH (1 A W) L8 75
SN T BT T, AT A B
RES Fl Rapa 1 AT i 7 20008 40 Mo B 13 e, 19
A AR B R T B B ACD 18 & A 5 T 24 8 200962 41
JHL ) 9 W 3 4 BEL BT, REES. S 38 o oA PR b 4 B Fl

1 AT UL, RES 76 AR & 550 1013 7 J7 1
A R AR ETS, M HS A RERE 77 Rapa o34 H
WEAD 155 BAFAL BEAflH , 6B AR 2E F metE S T 5%
A0 R U T A i R ) S R B B e AR
Mo

% 0k

1 Jiang Z,Chen K, Cheng L, et al. Resveratrol and cancer treat-
ment ;updates[ J]. Ann N Y Acad Sci,2017,1403 (1) ;59-
69.

2 Xiao Q,Zhu W,Feng W, et al. A review of resveratrol as a
potent chemoprotective and synergistic agent in cancer chem-
otherapy[ J]. Front Pharmacol ,2018,9:1534.

3 Dai Y,Cao DJ. Synthesis and anti-tumor activity of conjugate
of resveratrol and furoxans[ J ]. Nat Prod Res Dev( KIX;=4)
MR5I %) ,2019,31.502-505.

4  Tian Y,Song W,Li D, et al. Resveratrol as a natural regulator



Vol. 33

PNGEAR S « AL Rl 1 S 2 i A WA ST ) SR RO AT

215

10

11

12

13

14

of autophagy for prevention and treatment of cancer[ J ]. Onco
Targets Ther,2019,12.:8601-8609.

Wu Y, Liu F. Targeting mTOR : evaluating the therapeutic po-
tential of resveratrol for cancer treatment[ J |. Anticancer A-
gents Med Chem,2013,13.1032-1038.

Stakleff KS,Sloan T, Blanco D, et al. Resveratrol exerts dif-
ferential effects in wvitro and in vivo against ovarian cancer
cells[ J]. Asian Pac J Cancer Prev,2012,13.1333-1340.
Shindikar A,Singh A,Nobre M, et al. Curcumin and resvera-
trol as promising natural remedies with nanomedicine ap-
proach for the effective treatment of triple negative breast
cancer[ J].J Oncol ,2016,2016:9750785.

Schlachterman A, Valle F,Wall KM, et al. Combined resvera-
trol, quercetin, and catechin treatment reduces breast tumor
growth in a nude mouse model [ J]. Transl Oncol, 2008, 1
(1).:19-27.

Riha J, Brenner S, Bohmdorfer M, et al. Resveratrol and its
major sulfated conjugates are substrates of organic anion
transporting polypeptides( OATPs) :impact on growth of ZR-
75-1 breast cancer cells[ J]. Mol Nutr Food Res,2014,58:
1830-1842.

Carter LG ,D’Orazio JA , Pearson KJ. Resveratrol and cancer:
focus on in vivo evidence[J]. Endocr Relat Cancer,2014 21
(3) :R209-225.

Saha SK, Khuda-Bukhsh AR. Berberine alters epigenetic
modifications, disrupts microtubule network, and modulates
HPV-18 E6-E7 oncoproteins by targeting p53 in cervical
cancer cell HeLa: a mechanistic study including molecular
docking[ J]. Eur J Pharmacol ,2014 ,744 .132-146.

Souza RP,Bonfim-Mendonca PS, Gimenes F, et al. Oxidative
stress triggered by apigenin induces apoptosis in a compre-
hensive panel of human cervical cancer-derived cell lines
[J]. Oxid Med Cell Longev,2017,2017;1512745.

Le Corre L.,Chalabi N,Delort L, et al. Resveratrol and breast
cancer chemoprevention ; molecular mechanisms[ J ]. Mol Nu-
tr Food Res,2005,49.462-471.

Hsu KF,Wu CL,Huang SC, et al. Cathepsin L mediates res-
veratrol-induced autophagy and apoptotic cell death in cervi-

cal cancer cells[ J]. Autophagy,2009,5 :451-460.

15

16

17

18

19

20

21

22

23

24

25

Garcia-Zepeda SP,Garcia-Villa E, Diaz-Chavez ], et al. Res-
veratrol induces cell death in cervical cancer cells through
apoptosis and autophagy [ J]. Eur J Cancer Prev,2013,22.
577-584.

Chen Y,Li X,Guo L, et al. Combining radiation with autoph-
agy inhibition enhances suppression of tumor growth and an-
giogenesis in esophageal cancer [ J]. Mol Med Rep, 2015,
12:1645-1652.

Chen Y ,McMillan-Ward E,Kong J, et al. Oxidative stress in-
duces autophagic cell death independent of apoptosis in
transformed and cancer cells[ J]. Cell Death Differ,2008,15
(1).:171-182.

Mah LY, Ryan KM. Autophagy and cancer[ J]. Cold Spring
Harb Perspect Biol ,2012,4( 1) ;a008821.

Denton D, Nicolson S, Kumar S. Cell death by autophagy:
facts and apparent artefacts[ J]. Cell Death Differ,2012,19
(1).879s.

Guo XZ, Ye XL, Xiao WZ, et al. Downregulation of VMP1
confers aggressive properties to colorectal cancer[ J]. Oncol
Rep,2015,34 :2557-2566.

Gu J,Wang Y, Liu Y,et al. Inhibition of autophagy alleviates
cadmium-induced mouse spleen and human B cells apoptosis
[J]. Toxicol Sci,2019,170(1) :109-122.

Zhang JW ,Zhao F ,Sun Q. Metformin synergizes with rapamy-
cin to inhibit the growth of pancreatic cancer in vitro and in
vivo[ J]. Oncol Lett,2018,15:1811-1816.

Rangaraju S, Verrier JD, Madorsky I, et al. Rapamycin acti-
vates autophagy and improves myelination in explant cultures
from neuropathic mice [ J ]. J Neurosci, 2010, 30, 11388-
11397.

Yuan N,Song L, Zhang S, et al. Bafilomycin Al targets both
autophagy and apoptosis pathways in pediatric B-cell acute
lymphoblastic leukemia[ J ]. Haematologica,2015,100;345-
356.

Alayev A ,Berger SM, Kramer MY , et al. The combination of
rapamycin and resveratrol blocks autophagy and induces ap-
optosis in breast cancer cells[ J]. J Cell Biochem,2015,116;
450-457.





