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The role of autophagy and oxidative stress in hepatitis B virus infection and hepatocellular carcinoma
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[Abstract] Hepatitis B virus is a hepatotropic partially double-stranded DNA virus, and its chronic infection
remains a global public health challenge, with clinical eradication remaining a significant obstacle. Substantial
evidence has confirmed that Hepatitis B virus infection can activate host cellular autophagy and oxidative stress
responses. Further evidence suggests that these two processes play pivotal pathological roles in hepatitis B virus
persistence and hepatocellular carcinoma (HCC) pathogenesis, exhibiting a complex interplay through bidirectional
regulatory mechanisms. This review systematically dissects the molecular regulatory networks of autophagy and
oxidative stress during Hepatitis B virus infection and subsequent HCC development, with particular emphasis on the
interaction mechanisms between autophagy and the nuclear factor E2-related factor 2/Kelch-like ECH-associated
protein-1 antioxidant pathway. The aim is to provide novel theoretical foundations for targeted therapies in chronic
hepatitis B and HCC.
[Key words] Hepatitis B virus; Hepatocellular carcinoma; Autophagy; Oxidative stress; Nrf2-Keap1 pathway
Fund program: National Natural Science Foundation of China (82272313)
DOI:10.3760/cma.j.cn331340-20250426-00053

i WHO fli 11,2019 4E 23R 29 A 2.96 1218 1 HBV &
B LRAEAA 150 TR E BB 82 AT, hE
YA T B ) 0 B e TR s, FR E BUAE Sk HBV &
PB4 8 600 J1 P, H A T2 HBV B B 677 2
WALHE S AT (IFNa-2b F12R & B IFNa-2a) FAZ T
(BR) 2SI (NAs) S 405 25 25 9, LA B % 22 425 %0 1 HBV
B R, SR, B 285 KB #9897, B 7 S A

PLSE 20 B HBV cceDNA, 3 B0 2 0 LI R AR BR . FLAE T
T BE L RESZ N HBV n] B8 OGS . A, M2 Y HBV
S BEE R IN HCC 19 4 A2 KUK . BRI, #8558 TR 97 SR s LA
el C TN R AEJEIFB7 1k HCC KR KH L,

W S o L | ORI R A3 I R AR DL G i
WG I FE 20 I A A Il R Pl 5 |EAET . AR
FEAE T 2000 4 D08 AR R UG, A7 W 32 T2 A, 47 10



B 377 2 £ e i o

a5 2025 45 10 A5 52 &5 5 1 Inter ] Epidemiol Infect Dis, October 2025, Vol. 52,No.5 .337 -

B R S =N NN 3 Sy AR i N (SR
T 521 N A A AR B R TS B AL AR A A1 DR s SRR R
FIGE SR IRPE S B [ 0 ) RE 2R L 5 2 R 1 K
B2 VIAE 5G| 3 S5 05 8 A SO A B R IR A B
PEVERR SR AR DO A GRAT YRR AR O 1l S
FFNESERG 55 . WF5E 2 HBV RE6% 845 1 22 40 M Ay 1 s i it
T [ W AH 56 4 F IR RE S B R HBV A9 42 045 9% 1% 46 3 0 2%

o ARSCRETELN I A [ WES HBV YL Hi5 Mg ik g 2 [
(W HEL AR L, DALl &R 4R s 45 3R 7 4@ A0 R £

— HBV 51

LHBV X} B Wiz i Y i 4%

Haraf s FLE A HBV LR & E, a0 R 3R bt e
HI S X (Pre-S) HBx 25 [ LA Ko/ 2 T8 BT I, 40 o] 52 i [ 158 11
ANTFI B B o ELR S e s R DL AL 1, A R 4R B B HBV 2
JH PR ULKL 62 4 Y0 P R #4461 . HBx 2 [ A] il
TS I B R 5 L BB (1S (adenosine monophosphate-
activated protein kinase, AMPK )3l % 3k J& 2 B W , 7R 0] 5 Pre-
S —KE, 8t A [ A5 5 g ] e i N R R AR
&K 1 (mammalian target of rapamycin complex 1, mTORC1) [
TGPk, AT A B mTORCT X B W i 400 11 P, A6 7 Wt 200 i T
BT HBx 5 Beclin 17111 2 % B Wk WL 3 g &2 & 14 1
(PI3KC3-C1) AH G 3 A2 v 22 i TR A /80 S8 12 AH 6 3 F1 i

Mitochondria

HBx

Nucleus

: (1)Stepl : [ 1

(1) Pre-S

(death-associated protein kinase, DAPK) ¥ & B W& 1t 4h
HBx I8 R85 c-mye (8 25 B B0 i 75 98 L D[R] 5 366 P9 ) A A
F L4 microRNA-192-3p (447 RNA) [ % 3% ; i miR-192-
3p Al AR X GEBE MR E (X-linked inhibitor of
apoptosis protein, XIAP)mRNA # 3° £ #11% X (3UTR) , i i
W4 NF-kB 15 5 38 % 52 0 Beclin-1 (3635, NI 2 5 A W (1)
P4, HBx Ed M6 miR-192-3p, [HIEMER 7% XIAP 93D
il , U 134 Beclin-1 FF75 5 { WD, J) 4 BF 52 % 9, HBx 34 v[
33 V59 3 1 4 (reactive oxygen species, ROS) I 7 £ JK i
A bk, bt B 0] #E 5 ROS/e-Jun 24 2 K Ui ¥ (c-Jun N-
terminal kinase, JNK )i #§ A 28 1E B Wi (AT Bl BFAR 2115,
HBx 4 1 LA 38 5 5 i 5 I A 1 R A 2o Rt 5% W) 1) W), T 7E
W R T ol v ) 3 /N 2 T DR A HE AR A, T
#m A R A F R EE AR (unfolded protein
response, UPR) , it i ATG5-12-16L & & AR i £ Wi Felo,

2. [ WET T HBV & il 1%

(1) A WXt HBV 4 46 B9 5% 1

g 2 W1, o FH ) W00 7)) 3- FF 5k IR B2 0 (3-MIA ) B0 A1)
FH siRNA @ fIC [ W OG5 SE B 5, 41 i 9 HBV DNA 11 &2 il K
SERRE U, E— BSR4 RNA
(pgRNA) [y £ 25 3 B, 0044 19 Wk F28 %oF 400 1 P9 peRINA 1 8 7K

FRMANK, HREREAR T AN pgRNA 1 R

® ® @ ® -
: complex

e @GR
© G
. Beclinl S
—._.( } STEP2
@ XU PI3KC3-C1
-8 GO

v o
SHBs .,. .,. _® ATGS/2A -STEP3

U AR U6 5 Step2 « B WEREVL Y A ; Step3 « 7 W 40 L 97 5K I JE ) 1 WA ; Stepd . T4 HBV [ MERE g 1% F 7 B4 5 (2) HBV 5210

AL B 3O i s Mitochondria : 28 47 {4 ; Endoplasmic reticulum ; P 5 ¥ ; Nucleus : 411 Jfi A% ; PTP . 38 3% i ¥ L ; VDAC . HL R AR 8P B 25 73 3 ; Pre-S:

A S X s VEGF-A . IfiL 4% P9 iz £ K I F A AKTL: 2 ¥ B1;mTORCI .
T2 DG B L 5 c-mye - 85 28 R 75 0 A IR ) 25k PR ; XTAP . X

TN R E AL A 1, AMPK . B 11 80 8% B2 15 1k 28 A5 ; DAPK . 3B
A T INK  e-Jun &

R R S 8 5 PIBKC3-C 1 ; TIT 2 W s 7ok L e

3RS AR 1 UPR . RT3 R AR Nef2 % T E2 HI56 T 2, ROS TG T A
Bl 1 HBV 2 [ WS



+338 - [ e 3077 0 2 A5 Yool 2 24 i 2025 4

210 H% 52 555 5 W Inter ] Epidemiol Infect Dis, October 2025, Vol. 52,No.5

X FE W] A AT AR
HBV DNA # & il
(2) AT HBV B 7
W & B, M RNA T 3 £ AR 0Bk A5 Atgl2 5

AL AR pgRNA AL % AR 2 A% AKX 52 8 A

Atgl6L1 2P HBV .04 11 (HBeAg) 15 W32 B, He w5
L2 A R A A8 i R R AR B B0 SR

BB G AC% TR, A F Ll B £ Y HBV .0 H A
5 Atgl2 R TEZEALIX SR A AtgS-12/16L1 & AW H H.AE I,
D3 —IPURHE 58 Ao BG4 B X B A A e A T 8
V18 05 4 A% TR ST (B 4% I A0 5 UL I PAY o 3 AL B i 79
BAK ), KB E WEHLHI X HBV 354340 15 (R 5 0k 1Y
) ZE G T {H AN 5 0 B R OB 1 R ORI,
FEVOGI R  HBV NREHUR 5 A Wibrid & 1 LC3 fA7E
oA 7, 9t B E Z N TEE o AR GAR A S8R A Ik
LA R e HBV A6 6 Ak ok A 4 Ak 1 158 ke 5t i S 4 8- 10,

Al L W R AT A 2 FL A E HBV 58 15 0RL 1) B2

ZSUMENEXRIER

KA F E2 #156HF 2(nuclear factor E2-releted factor 2,
Nif2) 76 22 Rl L SURIAN P )2 323k, w4 R o 40 4 4
FER g F A, FERAZS R Nef2 5 M I 2 11 Kelch BEFR 4L
AW B LE A 1 (Kelch-like ECH-associated protein-1,
Keapl) 4 4, JG & 8 it H Kelch &5 #3855 Nrf2 B9 Neh2 45 #4
WO AE T, K Nef2 S 52 70 M5 bR 9E 0z R AL g, A
T4 o) HL e S 3%k 2 AL B AR 1 T Keapl M9H9 52 R AR 2
AR P E N2 N Keapl 5490 B, 3 A 410 A% - 8005 T
Tt A AL L . A UFTE R A NI S S 2 R S PR R
9 Bk % 7E HBV e g 72 o i W48 3 ROS K F-Th i o
B, #R5% HBV Qa5 & S0 0 3 A S 88 1] 7 L b3 Bt i
B P i 2 BB 46 0k ) BBk 24 BT F 8 3R

1.HBx FlIoR R M HT 7 755 ROS 2E Ik

W53 2 B, HBx i i 2 {0 TR R TR 5 AN (el 4K
M I B 3 3) AELAE T, T i 2 A R L R
Ca i B, [R] 52 Wi 35 375 3o U FL 1 B, J5c 200 B 2 b 0 i o 4%
PR LA, 5 2RI ROS P2 A 0310k 26 T 40 R A ok 23
S0 T I (1 B RRR SR, 5 o S5 I R S O UPRM,
S S0P 45 2 Y Ca® BRI E I, 0 — A 1 3k ORIk
4 ROS,

2.HBV ¥l Nref2-Ht A f 0 7T 4 3 #% DL 2 ROS T~

S F Nef2-0 AL S 014308 3 76 J1FIDE 724 (£ 2k Ak S
T b 25 0o 5 P 0 T A D BV Q00 o] 3 425 3% 08 B 2 A —
F2 A5 AR RS HBx IR 3R T i 2 e S50 R 3k 7 o
95 B U8 T 2K A Y RTIOE c-Raf S8, WX X F HBV A 31

Nref2 0% B, Nef2 — BRI , 2 AR RS 3 — &5
O A B AL RN TE AT I 20 B AR B DR R A S, Rl A
HBV 235 g 4 i v, 5k £ 4 e R 3 B TR 9 A B T3 Bk ok
i ROS, Wl Ak 0 (519 (R L 1)

=.H® 25 HCC £ Bitig

A FFEFRIR B JGR A 1i5 A G R 22 11 (mixed lineage
kinase domain-like, MLKL) 43 34 48 [ W 1% #4 , M1 90 il HCC
W) %4 OMLKL 7824 AMPKol AR (IBERREY 1B 22 8] 19 1 452
¥, MIHEs, AMPKal 19 L@ fRfL . 7€ HCC &,
MLKL £E 3056 F 038 3 HCC % 2 J Tk 56 45 FH 0, B4

B 138 UG 1 (sulfiredoxin-1, SRXN1) 4331 75 8 14 F1 25 Tk
P E HCC B4 fusg g . SRXN 0 il 5 375 il 4 A 90 % A4 1
Wt S 1 R0, A BT SEIESE 7 HCC B BEK 7 W 2
%, 59 57 41 UMt HBV MG HCC 384 Mo 44U B g
HHOCHE A Beclinl A1 ATGS 1938 3K /K- BEAR , [8] F 1 Wis /K P B
IR, I H BT A BIFFE AT, I OB AE 1 7 T AEAE il
A WFFE 2 A AT HCC /Y & A, AT BF 5% 22 WA L mT 4
il HCC 4 HE R ; 768 AE 1957391, 1 Wik 1) 49 b o i v 400 ol o
iE , LR Wi 25 05 11 E R 9 40 B 7 A S kiR 0 TG 1k vk )
g 3o AR T B

mM.ROS & HCC % %

ROS 52 Wi 3k PR 241 RN 2R /& DNA 1) 58 % 1, & HCC &2k
WEENE, AIEHEEW  HBV Y41+ DNA (19 & k17 15
5 DNA HEEIT AT 3¢ HR ik BT A B AR T HBV e 40
Ji 2 5 DNA &% i 28 & 500 40 8 10 0 ¥ 8 S (ATM-
Chk2 ) #8522 AR 20 B f T 20 9 B AR R4 3
DI/\M%(@&‘*%MEL) THE 9 ROS 7K A] LS5 | K& 7

B, T80 DNA hoCHE s A8 BUE , TRV AR (1 1 38 54 v] L3
ok BT A 0 S 0 0 11 PR 3% B2 I A 3 Ok K i

JEEIFREIIRE B, AL, BEWTRY RS T RR A 3 A
DNA #4581 F IR A b iy — A F FE . AT HBV 5 8 %
ROS 7K 1y 5 Wi LA & ROS 7K F-Xf DNA # 4 T8 1 i) 5 W 1
R HE . JUT 4 HBV A6 HCC #F & A Y 6 Ik 8 4
DNA, Hi T HBV JEH4U N HREE 3 T4 45 19 DNA g
T IO o 2 TR, {H 4 2t R R 1 A A L1k R i
6 SR WFFE TP AR SR 5, WK P R B G B | T
5l RN & A A, 18 HCC Y % e kAR Hp | A8 Ak 107 9 ) B
3 161 4 6 I A 6

hEiE

HBV 0] LU [ W45 010 R 5 R dE sl i . A
W W] L2 5 HBV W& i K B3 2, 78 HCC I AE i Jr i
FI A7 A2 5 T8I M 72 HCC M, 1 Wi dod 0 25 4 o 1 T, 36



[ e 30 77 0 2 4% Y 27 2% i 2025 4 10 158 52 %55 5 1 Inter ] Epidemiol Infect Dis, October 2025, Vol. 52,No.5

-339-

B AL 5 BR A 5 0 5 450 495 400 L2 T I 0 LA A AR 0 4
FH o R ke ] DU b S A0 B e AR 0 3R OK O R RE BRI
PR T T W0 R B

AVEEE P HBV B 5B % 1A 4 ROS /KT i 7] Rt —
NMEZEESHWE B, RN FPE X — 35 0] LLE i
T 4 R AP L R A5 B AMEE . 25T Ik HBY S R Y ROS
IR (9 T AT A B e T A PR A BL R A B2 45, B AT R S
it 1 B G0 R E B BT Rk, IRk, 7E CHB A HCC 93677
TS R 8 25 P AT 4 IR, SUFRERS ST CHB Y
TEATR M L S HCC AT sk il
AT 1 2 149 75 WIS A7 26 il 25 5

) 28 i R
2 % x #t

[1] Jeng WJ, Papatheodoridis GV, Lok ASF. Hepatitis B[J]. Lancet,
2023, 401(10381): 1039-1052. DOI: 10.1016/S0140-6736(22)
01468-4.

[2] Cui F, Shen L, Li L, et al. Prevention of chronic hepatitis B after 3
decades of escalating vaccination policy, China[J]. Emerg Infect
Dis, 2017, 23(5): 765-772. DOI: 10.3201/eid2305.161477.

[3] Nassal M. HBV cccDNA: Viral persistence reservoir and key
obstacle for a cure of chronic hepatitis B[J]. Gut, 2015, 64(12):
1972-1984. DOI: 10.1136/gutjnl-2015-309809.

[4] Deretic V.
immunometabolism [J]. Immunity, 2021, 54 (3): 437-453. DOI:
10.1016/j.immuni.2021.01.018.

[5] Wang X, Lin Y, Liu S, et al. O-GlcNAcylation modulates HBV

Autophagy in  inflammation infection and

replication through regulating cellular autophagy at multiple levels
[JI. FASEB J, 2020, 34 (11):14473-14489. DOI: 10.1096/f}.
202001168RR.

[6] Kim J, Kwon H, Kalsoom F, et al. Ca®*calmodulin-dependent
protein kinase Il inhibits hepatitis B virus replication from
cccDNA via AMPK' activation and AKT/mTOR suppression [J].
Microorganisms, 2022, 10(3): 498. DOI: 10.3390/microorganisms
10030498.

[7] Wang J, Chen J, Liu Y, et al. Hepatitis B virus induces autophagy
to promote its replication by the axis of miR-192-3p-XIAP through
NF kappa B signaling[J]. Hepatology, 2019, 69(3):974-992. DOI:
10.1002/hep.30248.

[8] Zhong L, Shu W, Dai W, et al. Reactive oxygen species-mediated
c-Jun NHj-terminal kinase activation contributes to hepatitis B
virus x protein-induced autophagy via regulation of the Beclin-1/
Bel-2 interaction [J]. J Virol, 2017, 91 (15)e: 00001-17. DOI:
10.1128/JV1.00001-17.

[9] Zhou T, Jin M, Ding Y, et al. Hepatitis B virus dampens autophagy
maturation via negative regulation of Rab7 expression [J]. Biosci
Trends, 2016, 10(4):244-250. DOI: 10.5582/bst.2016.01049.

[10] Li Q, Wen W, Wang Y, et al. Autophagy-related protein 5 (ATGS)

(BST2) to

stimulate  HBV  replication through antagonizing the antiviral

interacts with bone marrow stromal cell antigen 2

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

activity of BST2[J]. J Med Virol, 2024, 96(5): €29659. DOI: 10.
1002/jmv.29659.
Liu GY, Sabatini DM. mTOR at the nexus of nutrition, growth,
ageing and disease [J]. Nat Rev Mol Cell Biol, 2020, 21 (4): 183-
203. DOL: 10.1038/s41580-019-0199-y.
Wang X, Hu H, Hu B, et al. Dihydromyricetin inhibits hepatitis B
virus replication by activating NF-kB, MAPKs, and autophagy in
HepG2.2.15 cells[J]. Mol Biol Rep, 2023, 50(2): 1403-1414. DOL:
10.1007/511033-022-07971-4.
Zahoor M, Farhan H. Crosstalk of autophagy and the secretory
pathway and its role in diseases [J]. Int Rev Cell Mol Biol, 2018,
337: 153-184. DOI: 10.1016/bs.iremb.2017.12.004.
Thiruvengadam R, Venkidasamy B, Samynathan R, et al.
Association of nanoparticles and Nrf2 with various oxidative stress-
mediated diseases[J]. Chem Biol Interact, 2023, 380:110535. DOI:
10.1016/j.¢hi.2023.110535.
Bender D, Hildt E. Effect of hepatitis viruses on the Nrf2/Keapl-
signaling pathway and its impact on viral replication and
pathogenesis|J]. Int J Mol Sci, 2019, 20(18): 4659. DOI: 10.3390/
1jms20184659.
Liu B, Fang M, He Z, et al. Hepatitis B virus stimulates G6PD
expression through HBx-mediated Nrf2 activation [J]. Cell Death
Dis, 2015, 6(11):e1980. DOI: 10.1038/cddis.2015.322.
Zou LY, Zheng BY, Fang XF, et al. HBx co-localizes with COXIII
in HL-7702 cells to upregulate mitochondrial function and ROS
generation[J]. Oncol Rep, 2015, 33(5):2461-2467. DOI: 10.3892/
0r.2015.3852.
Reina S, Guarino F, Magri A, et al. VDAC3 As a potential marker
of mitochondrial status is involved in cancer and pathology [J].
Front Oncol, 2016, 6:264. DOI: 10.3389/fonc.2016.00264.
Casciano JC, Bouchard MJ. Hepatitis B virus X protein modulates
cytosolic Ca®* signaling in primary human hepatocytes [J]. Virus
Res, 2018, 246:23-27. DOI: 10.1016/j.virusres.2018.01.001.
Kalantari L, Ghotbabadi ZR, Gholipour A, et al. A state-of-the-art
review on the NRF2 in hepatitis virus-associated liver cancer|[]].
Cell Commun Signal, 2023, 21(1):318. DOIL: 10.1186/s12964-023-
01351-6.
Yu X, Feng M, Guo J, et al. MLKL promotes hepatocarcinogenesis
through inhibition of AMPK-mediated autophagy[J]. Cell Death
Differ, 2024, 31(8):1085-1098. DOI: 10.1038/s41418-024-01314-5.
Lubyova B, Tikalova E, Krulova K, et al. ATM-dependent
phosphorylation of hepatitis B core protein in response to
genotoxic stress|[J]. Viruses, 2021, 13(12): 2438. DOI: 10.3390/
v13122438.
Huang R, Chen H, Liang J, et al. Dual role of reactive oxygen
species and their application in cancer therapy[J]. J Cancer, 2021,
12(18): 5543-5561. DOI: 10.7150/jca.54699.
Rao Q, Guo M, Sun J, et al. Sulfiredoxin-1 promotes the growth of
hepatocellular carcinoma by inhibiting TFEB-mediated autophagy
and lysosome biogenesis [J]. Exp Cell Res, 2024, 441(2):114169.
DOL: 10.1016/j.yexcr.2024.114169.
(W h H 191 .2025-04-26)



