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Fig.1 Inhibitory effect of papaverine on the proliferation of hepatoma cells HepG2 and Huh7
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Fig. 2 Effect of papaverine (8 pmol/L)on the number and morphology of hepatocellular carcinoma cells HepG2 and Huh7
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Fig.3 Inhibitory effect of papaverine (8 pmol/L) on migration of hepatocellular carcinoma cells HepG2 and Huh7
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Fig.5 Effect of papaverine (8 pmol/L) on radiosensitivity of hepatoma cells HepG2 and Huh7
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Table 1 Radiobiological parameters of single-click multi-target model of HepG2 and Huh7 cells treated with papaverine
451 D, Survival fraction (SF,)
Groups HepG2 Huh? HepG2 Huh?
NC 2.499+0.307 3.769+0.218 0.760+0. 043 0.648+0.013
PPV 1.833%0.098 3.150 £ 0. 045 0.63£0.064 0.510%0. 039
P 0.023 0 0.008 6 0.049 0 0.004 3

Note: D, refers to the radiation dose required for the linear part of the dose-survival curve to reduce the survival rate from 0.1 to 0. 037 or from

0.01 t0 0.003 7,D, =1/k. SF, refers to the survival fraction when the radiation dose is 2 Gy. The data are expressed as mean * standard deviation.
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tophagy of HepG2 and Huh?7 cells after X-ray irradiation
2.6 ZEW X HepG2.Huh7 41 A B & 9 H#] §) 53 47

Western-blot 255 & 0 . 5 %) BR 41 A b . 2% S0
4 LC3-11/LC3- 1 W% T . 1 p62 W] T & . 15 1

Inhibitory effect of papaverine (8 pmol/L) on au-

A 17K ST 34 5 p-PI3K . p-AKT Fl p-mTOR & 1113
s LA CE 7)), s B SENGE T i R PISK/AKT/

mTOR {5538 % T8 A b,
HepG2 Huh7
NC PPV NC PPV

p-mTOR  S—— ’ —— ‘ 289 KDa

mTOR‘ - e ‘ ’-‘ ‘289KDa
p-PI3K’ e — ‘ ’ “"‘ 85KDa
PI3K‘_ ‘ ‘ . 5 ) ‘ 85KDa
p62’-- ‘ ’ --‘62KDa

60 KDa

- — —
- — .
B-actin m S S | 43KDa

B 7 BIEHXT HepG2, Huh7 40 [ W 09 1F FH 20 b7
Fig.7 Effect of papaverine on autophagy of HepG2 and
Huh7 cells

16 KDa
14 KDa

LC3-1
LC3-1I

3 it

52K e I8 A I i DL S P e TP RS 4 44
A SCFE T I R ARER 2 44k 3R N RS B A= i f e A

MR EFS . HOAIT A W 0 I £ 2R
I7 7 32— SR RS 3 1 IR 7 RO A B
RGO . I, -4 BB 3 55 0T B8k 19 7

T T2 ) %08 4 v TR T 2 B RACR AR

2 A ) R A AR E O R AR A P AR S  R
5T R0 5 o B 20 e R e R AR S R /R R —Fh
JE AR ST A A0 M 5 AR L A R 96 3 [ (Aatophagy -
related gene, Atg) J& & IR SF I BE I, 2 W45 B
Bl 37, 6 A W AR TR R SRR IR AE Y. A
Wit A 25 A 20 BE 2 8 i 1 2 Arg SEIAY, Ho, LCS,



FEHE,KER, MET, S BREE LT B 5 X BT 48 i 5 58 1 B &

ATGT F1 p62 75 3% 1 i 988 () B 5 v o 6 o B b for
LC3 WK Atg8. /&M FLsh W i) 2 Avg, 53 K P il
WAL LC3- 1 .LC3-11. HMEAER, ATGT figf i#
LC3- 1 5 i Bt £ 1 Jie 1 g o Ak, AT 2B i LC3-
JI BB 2 1 e A8 6 gy (LC3- TP L I 75 B W 4 0 i il
REERTE L A W B R L LC3- 1T 5N &Y — &
AR e LC3- T iAo & H bR S
SQSTM1/p62 & —Flt [ W 3G PR L i 52 R 1k
BN RA G A 10 1 015 28 DA HE A
AN ZE ARG T2 5 AW, I PISK Al mTOR
FE WA S [ B B e S 8 A T, mTOR AT g
PISK/AKT/mTOR 3 H #i% DLl [ mEe
VIFERF 5T & U, 2 SR T A3 3k 7 A 3 1 A0 Rl
IR S AR B3 375 1 SF 10 o) 40 e ) A= K O3 2ot R AT A
T30 P F Survivin iy 2 25 10 i 408 & 198 57
T cyclin-D1 (9 23595 S AN T, & — Fh B AE Y
PR 250 AR AR S v B A P BORT 1 W58 7 8 il 3 A
Friz d8. Nt A SOl 82 SE a0 Ak 3 R 40
HepG2 Hl Huh7 ., %5 5 & B8 22 SR8 ] LA 61 A9 40 i
HepG2 #l Huh7 (3458 FaE A 68 1. o 1 W0s 4il i
17 A A I L T b R S PRI Y 4 R AR A AR AN
B R TR SR = B A) b RS A ) R O
FH DA 2 45 B 52 2 1 0 R At 7 5% 0 o ) AR 7 o DA T Y
AR AF T35 R T ASHIF S KBRS AT LA i 40
P 0 0 B R SRR T A A I oA 410 ) £ )
B RE T WL AN A Sz S0 88 SR T LA B T 9 440 L 1) B0 7
BORME . T AN AL R N 0 2 5 AN ) R
3 45040 RN ZORE A L A7 BEAL 22 T 7 A 30 e SR T
R RECEN . 2 AR 3T BE 5 3on i Y
(045 Ff S 7 . A0 DNA 05 R IR T BE 2 401 .
FRES R & A AN T S A IR AR S A
S O =N A NN G 7 NSNS e e S Bu s
54473 40 i 1 08 52 ok A2 a0 2 SR R AT 1 7 3 L DA T AR A
20 5 2 R L B 0 A A R B T
E A0 LS AN AT DA 32 305 1 S 7= A i 2 i 2k
AR JBE Y S A RS L AT R R A T LA S 1 LA
Y5 N R BT I RS 7 Ak BRI, B SHIA T IS AN
JHL 9 I R L R RS RN RR BE L 1 W R e URE 40 i X
7 FALTT 1) — b s e O3 M SR, B8 85 T e 4 i 1
BT AR T 22 M L R e U A — o R AR
BT ORI B BURAE Y BT AAR I g i — R
57T BESERR T X Gk B A S ) HepG2 Ml Huh7 41
JHL 1 ) 5 ), 4% SR kR R SRR R 15 5 1 Al

Wik oA 00 i 4 327 88 SRR AT BBl AR T A W
AT 38 AVR R 5 i 4 L P 705 %, AS BIF 5 i 3 52 56 5
SRIR A U BRSIBCA [ W 4 ) 50 T ARG g 4 B
TSR L AR5 T, AR SR A AL B HepG2 A
Huh7 405 , B W 25 8t PISK/AKT/mTOR i i
PR A KT T 28 W32 38 % B 08 3 s B2 SE AT DA
At PISK/AKT/mTOR i 4% 1 il 788 40 A 1) F e
T 2 v JHF 988 Tl 5 v 7 R U

S &k

[1] SUNG H,FERLAY J,SIEGEL R L,et al. Global cancer
statistics 2020 : GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries [ J].
CA: A Cancer Journal for Clinicians, 2021, 71(3):209-
249.

[2] TAN W C,DENG Q W,LIN S Y,et al. Comparison of
microwave ablation and radiofrequency ablation for hep-
atocellular carcinoma: a systematic review and meta-a-
nalysis [ JJ]. International Journal of Hyperthermia,
2019,36(1) :263-271.

[3] CUIJZ,SHEN H M,LIM L H K. The role of autoph-
agy in liver cancer: crosstalk in signaling pathways and
potential therapeutic targets [J]. Pharmaceuticals,2020,
13(12) :432.

[4] INADA M,SATO A,SHINDO M,et al. Anticancer
non-narcotic opium alkaloid papaverine suppresses hu-
man glioblastoma cell growth [J]. Anticancer Research:
International Journal of Cancer Research and Treat-
ment,2019,39(12) :6743-6750.

[5] HUANG H.LIL J,ZHANG H B.et al. Papaverine se-
lectively inhibits human prostate cancer cell (PC-3)
growth by inducing mitochondrial mediated apoptosis,
cell cycle arrest and downregulation of NF-«B/PI3K/
Akt signalling pathway [J]. Journal of BUON, 2017,
22(1):112-118.

[6] PARCHA P K.SARVAGALLA S, ASHOK C.et al.
Repositioning antispasmodic drug Papaverine for the
treatment of chronic myeloid leukemia [ J]. Pharmaco-
logical Reports,2021,73(2) :615-628.

[7] AFZALI M,GHAELI P,KHANAVI M,et al. Non-ad-
dictive opium alkaloids selectively induce apoptosis in
cancer cells compared to normal cells [J]. DARU Jour-
nal of Pharmaceutical Sciences,2015,23(1) :16.

[8] ZHOU M G,WANG H D,ZENG X Y.,et al. Mortality,
morbidity,and risk factors in China and its provinces,

1990 — 2017 :a systematic analysis for the Global Burden



(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

I AR E,2023 ££,30 %, 5 3 #§ Guangxi Sciences,2023,Vol.30 No.3

of Disease Study 2017 [J]. The
394(10204) :1145-1158.
ZHOU J,SUN H C,WANG Z,et al. Guidelines for the

Lancet, 2019,

diagnosis and treatment of hepatocellular carcinoma

(2019 edition) [J]. Liver Cancer,2020,9(6) :682-720.
LI X H,HE S K,MA B Y. Autophagy and autophagy-
related proteins in cancer [J]. Molecular Cancer, 2020,
19(1) :12.
COLLIER ] J, GUISSART C, OLAHOVA M, et al.
Developmental consequences of defective ATG7-media-
ted autophagy in humans [J]. New England Journal of
Medicine,2021,384(25) :2406-2417.
HUANG R,LIU W, Identifying an essential role of nu-
clear LC3 for autophagy [J]. Autophagy,2015,11(5):
852-853.
GIAMPIERI F, AFRIN S, FORBES-HERNANDEZ T
Y, et al. Autophagy in human health and disease:novel
therapeutic opportunities [J]. Antioxidants & Redox
Signaling,2019,30(4) :577-634.
KONG L M,DENG J,ZHOU X,et al. Sitagliptin acti-
vates the p62-Keapl-Nrf2 signalling pathway to allevi-
ate oxidative stress and excessive autophagy in severe
acute pancreatitis - related acute lung injury [J]. Cell
Death & Disease,2021,12(10) :928.
LIU L,LIAO J Z.HE X X,et al. The role of autophagy
in hepatocellular carcinoma:friend or foe [J]. Oncotar-
get,2017,8(34) :57707-57722.
HARDIE D G. AMPK : positive and negative regulati-
on,and its role in whole-body energy homeostasis [ ] .
Current Opinion in Cell Biology.2015,33:1-7.
KOPPENOL W H,BOUNDS P L,DANG C V. Otto
Warburg's contributions to current concepts of cancer

metabolism [J]. Nature Reviews Cancer,2011,11(5)

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

325-337.

BUYTAERT E,DEWAELE M, AGOSTINIS P. Mo-
lecular effectors of multiple cell death pathways initia-
ted by photodynamic therapy [J]. Biochimica et Bio-
physica Acta (BBA) - Reviews on Cancer, 2007,
1776(1) :86-107.

FARRUKH M R,NISSAR U A, AFNAN Q,et al. Ox-
idative stress mediated Ca®" release manifests endo-
plasmic reticulum stress leading to unfolded protein re-
sponse in UV-B irradiated human skin cells [J]. Jour-
nal of Dermatological Science,2014,75(1) :24-35.
GORBUNOV N V,KIANG ] G. Up-regulation of au-
tophagy in small intestine Paneth cells in response to
total-body y-irradiation [J]. The Journal of Pathology:
A Journal of the Pathological Society of Great Britain
and Ireland,2009,219(2) :242-252.

CHEN Y,AZAD M B,GIBSON S B. Superoxide is the
major reactive oxygen species regulating autophagy
[J]. Cell Death &. Differentiation, 2009,16(7):1040-
1052,

CHAURASIA M,GUPTA S.DAS A, et al. Radiation
induces EIF2ZAK3/PERK and ERNI1/IREl mediated
pro-survival autophagy [J]. Autophagy,2019,15(8):
1391-1406.

RIR IR At BRARAE S5, W ) 3- PR B A
58 0 G W 988 0 S 0T T SRR AR T B ORI LT ). R
ReAg 2R (B2 D ,2016,41(1) :9-18.

GAO L,ZHENG H,CAI Q,et al. Autophagy and Tu-
mour Radiotherapy [J]. Advances in Experimental
Medicine and Biology,2020,1207:375-387.
AT X L R A AL A AT SMMC-7721 4
Mtz R RE Jr 9 R i L) ], ) PRk 52,2022, 29(2)
342-348.



FEHE,KER, MET, S BREE LT B 5 X BT 48 i 5 58 1 B &

Effect of Papaverine on Radiosensitivity of Hepatocellular Carci-
noma Cells by Regulating Autophagy

WEI Kexuan,ZHANG Huaying.,LIN Chunxiang,SONG Qiulu,ZHAO Wei" "
(Department of Radiation Oncology, Wuming Hospital Affiliated of Guangxi Medical University, Nanning, Guangxi, 530199, Chi-

na)

Abstract: In order to explore the mechanism of Papaverine (PPV) and autophagy in the radio-sensitivity of
primary hepatocellular carcinoma, HepG2 and Huh7 cells were irradiated by X-ray,and the cells were divided
into Negative Control (NC) group,Papaverine (PPV) group and simple Irradiation (IR) group. The prolifer-
ation of cells was detected by CCKS8 test,the migration of cells was detected by scratch test, the radio-sensi-
tivity of cells was detected by clone formation test,and the expression of LC3B and ATG7 mRNA was detec-
ted by real-time quantitative PCR (RT-PCR). Western blot was used to detect the expression of autophagy-
related markers LC3B,p62,p-PI3K/PI3K,p-AKT/AKT,p-mTOR/mTOR protein. The results showed that
compared with NC group,papaverine could significantly inhibit the proliferation of hepatocellular carcinoma
HepG2 and Huh7 cells (P<C0. 05). Papaverine could inhibit the migration ability of hepatocellular carcinoma
cells (P<C0.05). Papaverine could significantly decrease the expression of LC3B and ATG7 mRNA (P <<
0. 05) ,decrease the protein expression of LC3- [ /LLC3- 1 and increase the protein expression of p62,p-PI3K,
p-AKT and p-mTOR. In addition, papaverine can also improve the effect of radiotherapy on hepatocellular
carcinoma cells. It is suggested that papaverine inhibits autophagy of HepG2 and Huh7 cells through PI3K/
AKT/mTOR pathway,thereby inhibiting the proliferation and migration of liver cancer cells and improve the
radio-sensitivity of liver cancer cells.

Key words: papaverine; hepatocellular carcinoma;autophagy;radio-sensitivity; proliferation; migration
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