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Abstract

Hepatocellular carcinoma (HCC) is the fifth
most common cancer in the world and the third
most common cause of cancer-related death.
Chronic hepatitis B virus (HBV) infection has
been identified as a major risk factor for HCC.
Evidence suggests that the HBV X protein
(HBx) plays a crucial role in the carcinogenesis
of HCC. HBx is a multifunctional regulator
that plays a key role in the occurrence, devel-
opment, invasion and metastasis of cancers.
Due to its important roles in the development
of HCC, the research on the HBx protein has
become a hot topic in recent years. This review
describes the latest advances in understanding
the role of the HBx protein in hepatocarcino-
genesis.
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5T, i THCCYH LU % 9 2 (hepatitis virus,
HBV). AT 497 % (hepatitis B virus, HCV).
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tein kinases, MAPK), & 1 J###C(protein kinase C,
PKC)™, # X -1«B(nuclear factor kB, NF-kB), MV
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PS3XDNAIIMEZ Dk, 140 st A2k 40140
IR

5 HBxRIMRILEESHER

P I 27 I 5 i AR S AR N . N A Ji AR 2
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lases, HDACs), 8 A F — L8 55 K &) FE i 15 oA
(AL AN, 5 IR AL T bt
A SCERAEHB x ) LA i i #EHB VLA 1145 34
JRDNA(covalently closed circular DNA, cccDNA)
(Y B8R A 27 AR S R FEA e TP, e Ay
HB x FJ 3 1 M5 A% 2% (¥ 47 2 5 g 3L AR
HBVH: D [ s L M2 il e

6 HBXERRZ

BT TR I e £ 2 A 2R R M P AR
BH R IHBxFE N 5RA2, $/RHBx 5842 5 iHE
R R A R e T R A R R 4938242401
BN k2K FTHBx RAZ /K (HBxDeltal27), fJ LA
0 3V A ] R S TR 4 S B - Le(sterol regu-
latory element binding protein 1¢, SREBP-1c)Ai¢
R PR A0 1 A K T LR R L S AR
HBx 1] LI# 35 22k 5 H A(centromere protein A,
CENP-A)EIATH i, MCENP-ATERTE L2 )
o e 5 4N S A AR OGP, HBx % AE HHCC
AHIRME IR FLERAE T — N IR A RBT5THC C
FR) AR AL,

7 HBx{B#ATRBRRR 5B

W RTEVE 2 D, M4 G -2(cyclooxy-
genase-2, COX-2) N Hip=#yidk i 23k 59. 44 Az
PARANSEIG Hr 3 IE SEH BB 75 5 I R 4R B
I - 1A C O X-2 [ 1 AT LAt 32E ik 788 4 it P 42
R EHR. GRS SR 2 S 8UE B 7R
(R g At o e B, HBx b1 3 5 4 2 i O 38
A B I RS . I BATTIR IR AR+
LS W ST RS T —Ff o i) R

8 1P

LT RM IR R L N2 W ES
5 R R R, HBx LR iz fe v R % T &
A, SR1T0 55T HBx 5 TR & A Rk JRA LIS
I, AR Z b, Bk, T
ZMLEEIA, Al T ARHBXER (LT T 1R
FH. eAbh, BATI & o RS 6 5 T AT 5
kL B ARG A HT i 2 2B (KR 5 R RS AE, A
I PR £ 5 FF 98 AH DG 10 JFF 4 75 7 42 s 1) 1 s B2 i
EEPALIE

9 ZEXE

1 Cazzagon N, Trevisani F, Maddalo G, Giacomin A,
Vanin V, Pozzan C, Del Poggio P, Rapaccini G, Di

WCJD | www.wjgnet.com

10

11

12

13

14

Nolfo AM, Benvegnu L, Zoli M, Borzio F, Giannini
EG, Caturelli E, Chiaramonte M, Foschi FG, Cabib-
bo G, Felder M, Ciccarese F, Missale G, Svegliati
Baroni G, Morisco F, Pecorelli A, Farinati F; for the
ITA.LL.CA Group. Rise and fall of HCV-related he-
patocellular carcinoma in Italy: a long-term survey
from the ITA.LI.CA centres. Liver Int 2013 May 9.
[Epub ahead of print] [PMID: 23758775 DOI: 10.1111/
liv.12208]

Fares N, Péron JM. [Epidemiology, natural history,
and risk factors of hepatocellular carcinoma]. Rev
Prat 2013; 63: 216-217, 220-222 [PMID: 23513788]
Taneja SS. Re: Cancers with increasing incidence
trends in the United States: 1999 through 2008. |
Urol 2012; 188: 1120-1121 [PMID: 22971362 DOI:
10.1016/j.juro.2012.06.090]

Matsuda Y, Ichida T. Impact of hepatitis B virus X
protein on the DNA damage response during hepa-
tocarcinogenesis. Med Mol Morphol 2009; 42: 138-142
[PMID: 19784739 DOI: 10.1007 /s00795-009-0457-8]
Rawat S, Clippinger AJ, Bouchard MJ. Modulation
of apoptotic signaling by the hepatitis B virus X
protein. Viruses 2012; 4: 2945-2972 [PMID: 23202511
DOI: 10.3390/ v4112945]

Bouchard MJ, Navas-Martin S. Hepatitis B and C
virus hepatocarcinogenesis: lessons learned and
future challenges. Cancer Lett 2011; 305: 123-143
[PMID: 21168955 DOI: 10.1016/j.canlet.2010.11.014]
Gearhart TL, Bouchard MJ. The hepatitis B virus
X protein modulates hepatocyte proliferation
pathways to stimulate viral replication. | Virol
2010; 84: 2675-2686 [PMID: 20053744 DOI: 10.1128/
JV1.02196-09]

Ma ], Sun T, Park S, Shen G, Liu J. The role of hepa-
titis B virus X protein is related to its differential
intracellular localization. Acta Biochim Biophys Sin
(Shanghai) 2011; 43: 583-588 [PMID: 21693548 DOI:
10.1093/abbs/ gmr048]
TangH,DaL,MaoY,LiY,LiD, XuZ, LiF, Wang Y,
Tiollais P, Li T, Zhao M. Hepatitis B virus X protein
sensitizes cells to starvation-induced autophagy
via up-regulation of beclin 1 expression. Hepatol-
ogy 2009; 49: 60-71 [PMID: 19065679 DOI: 10.1002/
hep.22581]

Xu ], Yun X, Jiang J, Wei Y, Wu Y, Zhang W, Liu Y,
Wang W, Wen Y, Gu ]. Hepatitis B virus X protein
blunts senescence-like growth arrest of human he-
patocellular carcinoma by reducing Notchl cleav-
age. Hepatology 2010; 52: 142-154 [PMID: 20578140
DOI: 10.1002/hep.23613]

Zhang H, Wu LY, Zhang S, Qiu LY, Li N, Zhang X,
Zhang XZ, Shan CL, Ye LH, Zhang XD. Anti-hepa-
titis B virus X protein in sera is one of the markers
of development of liver cirrhosis and liver cancer
mediated by HBV. | Biomed Biotechnol 2009; 2009:
289068 [PMID: 19746176 DOI: 10.1155/2009/289068]
Arzumanyan A, Reis HM, Feitelson MA. Patho-
genic mechanisms in HBV- and HCV-associated
hepatocellular carcinoma. Nat Rev Cancer 2013; 13:
123-135 [PMID: 23344543 DOI: 10.1038 /nrc3449]
Neuveut C, Wei Y, Buendia MA. Mechanisms
of HBV-related hepatocarcinogenesis. | Hepatol
2010; 52: 594-604 [PMID: 20185200 DOI: 10.1016/
jjhep.2009.10.033]

Benhenda S, Cougot D, Buendia MA, Neuveut C.
Hepeatitis B virus X protein molecular functions and
its role in virus life cycle and pathogenesis. Adv
Cancer Res 2009; 103: 75-109 [PMID: 19854353 DOI:

2013-08-28 | Volume 21 | Issue 24 |



SR, F. HBxHH B AR BIBARERE

2401

15

16

17

18

19

20

21

22

23

24

25

26

10.1016/S0065-230X(09)03004-8]

Kim SY, Lee PY, Shin HJ, Kim do H, Kang S, Moon
HB, Kang SW, Kim JM, Park SG, Park BC, Yu DY,
Bae KH, Lee SC. Proteomic analysis of liver tissue
from HBx-transgenic mice at early stages of hepato-
carcinogenesis. Proteomics 2009; 9: 5056-5066 [PMID:
19813210 DOI: 10.1002/ pmic.200800779]

Kew MC. Hepatitis B virus x protein in the patho-
genesis of hepatitis B virus-induced hepatocel-
lular carcinoma. | Gastroenterol Hepatol 2011; 26
Suppl 1: 144-152 [PMID: 21199526 DOI: 10.1111/
j.1440-1746.2010.06546.x]

Gong P, Zhang X, Zhang ], Zhang ], Luo H, Wang
Z. Hepatitis B virus X protein in the proliferation of
hepatocellular carcinoma cells. Front Biosci (Land-
mark Ed) 2013; 18: 1256-1265 [PMID: 23747881]
Yuan W, Huang T, Yu J, Zeng L, Lian B, He Q, Li
Y, Zhang X, Zhou F, Xie L. Comparative analysis
of viral protein interaction networks in Hepatitis B
Virus and Hepatitis C Virus infected HCC. Biochim
Biophys Acta 2013 Jun 14. [Epub ahead of print] [PMID:
23774196 DOI: 10.1016/j.bbapap.2013.06.002]

Tan Y]. Hepatitis B virus infection and the risk of
hepatocellular carcinoma. World | Gastroenterol 2011;
17: 4853-4857 [PMID: 22171125 DOI: 10.3748/wjg.
v17.144.4853]

Hu CT, Cheng CC, Pan SM, Wu JR, Wu WS. PKC
mediates fluctuant ERK-paxillin signaling for he-
patocyte growth factor-induced migration of hepa-
toma cell HepG2. Cell Signal 2013; 25: 1457-1467
[PMID: 23524339 DOI: 10.1016/j.cellsig.2013.03.011]
Zhang Q, Gong R, Qu J, Zhou Y, Liu W, Chen M,
Liu Y, Zhu Y, Wu J. Activation of the Ras/Raf/MEK
pathway facilitates hepatitis C virus replication via
attenuation of the interferon-JAK-STAT pathway.
J Virol 2012; 86: 1544-1554 [PMID: 22114332 DOI:
10.1128/JVI1.00688-11]

Zhang X, You X, Wang Q, Zhang T, Du Y, Lv N,
Zhang Z, Zhang S, Shan C, Ye L, Zhang X. Hepa-
titis B virus X protein drives multiple cross-talk
cascade loops involving NF-«B, 5-LOX, OPN and
Capn4 to promote cell migration. PLoS One 2012;
7: €31458 [PMID: 22355367 DOI: 10.1371/journal.
pone.0031458]

Zhou Y, Wang S, Ma JW, Lei Z, Zhu HF, Lei P, Yang
7S, Zhang B, Yao XX, Shi C, Sun LF, Wu XW, Ning
Q, Shen GX, Huang B. Hepatitis B virus protein
X-induced expression of the CXC chemokine IP-10
is mediated through activation of NF-kappaB and
increases migration of leukocytes. | Biol Chem 2010;
285: 12159-12168 [PMID: 20164184 DOI: 10.1074/
jbc.M109.067629]

Mukbherji A, Janbandhu VC, Kumar V. HBx protein
modulates PI3K/ Akt pathway to overcome geno-
toxic stress-induced destabilization of cyclin D1 and
arrest of cell cycle. Indian | Biochem Biophys 2009; 46:
37-44 [PMID: 19374252]

Zhang F, Wang Q, Ye L, Feng Y, Zhang X. Hepatitis
B virus X protein upregulates expression of calpain
small subunit 1 via nuclear factor-kappaB/p65 in
hepatoma cells. ] Med Virol 2010; 82: 920-928 [PMID:
20419804 DOI: 10.1002/jmv.21753]

Lee MH, Na H, Na TY, Shin YK, Seong JK, Lee MO.
Epigenetic control of metastasis-associated protein
1 gene expression by hepatitis B virus X protein
during hepatocarcinogenesis. Oncogenesis 2012; 1:
€25 [PMID: 23552838 DOI: 10.1038/ oncsis.2012.26]

(49

TEE
Jaishideng®

WCJD | www.wjgnet.com

27

28

29

30

31

32

33

34

35

36

37

38

Bui-Nguyen TM, Pakala SB, Sirigiri RD, Xia W,
Hung MC, Sarin SK, Kumar V, Slagle BL, Kumar
R. NF-kappaB signaling mediates the induction of
MTAT1 by hepatitis B virus transactivator protein
HBx. Oncogene 2010; 29: 1179-1189 [PMID: 20010875
DOI: 10.1038/ onc.2009.404]

Zhang Z, Miao L, Lv C, Sun H, Wei S, Wang B,
Huang C, Jiao B. Wentilactone B induces G2/M
phase arrest and apoptosis via the Ras/Raf/ MAPK
signaling pathway in human hepatoma SMMC-7721
cells. Cell Death Dis 2013; 4: e657 [PMID: 23744357
DOI: 10.1038/ cddis.2013.182]

Wagner-Britz L, Wang ], Kaestner L, Bernhardt I.
Protein Kinase Ca and P-Type Ca Channel CaV2.1
in Red Blood Cell Calcium Signalling. Cell Physiol
Biochem 2013; 31: 883-891 [PMID: 23817128 DOI:
10.1159/000350106]

Bai X, Wang ], Zhang L, Ma J, Zhang H, Xia S,
Zhang M, Ma X, Guo Y, Rong R, Cheng S, Shu W,
Wang Y, Leng J. Prostaglandin E2 receptor EP1-
mediated phosphorylation of focal adhesion kinase
enhances cell adhesion and migration in hepatocel-
lular carcinoma cells. Int | Oncol 2013; 42: 1833-1841
[PMID: 23525457 DOI: 10.3892/1j0.2013.1859]

Bock CT, Toan NL, Koeberlein B, Song le H, Chin
R, Zentgraf H, Kandolf R, Torresi J. Subcellular
mislocalization of mutant hepatitis B X proteins
contributes to modulation of STAT/SOCS signaling
in hepatocellular carcinoma. Intervirology 2008; 51:
432-443 [PMID: 19321929 DOI: 10.1159/000209672]
He P, Zhang D, Li H, Yang X, Li D, Zhai Y, Ma
L, Feng G. Hepatitis B virus X protein modulates
apoptosis in human renal proximal tubular epithe-
lial cells by activating the JAK2/STAT3 signaling
pathway. Int | Mol Med 2013; 31: 1017-1029 [PMID:
23483208 DOI: 10.3892/ijmm.2013.1295]

Wang Y, Lu Y, Toh ST, Sung WK, Tan P, Chow
P, Chung AY, Jooi LL, Lee CG. Lethal-7 is down-
regulated by the hepatitis B virus x protein and tar-
gets signal transducer and activator of transcription
3. ] Hepatol 2010; 53: 57-66 [PMID: 20447714 DOI:
10.1016/j.jhep.2009.12.043]

Kim KH. [Pro-apoptotic function of hepatitis B
virus X protein]. Korean | Hepatol 2010; 16: 112-122
[PMID: 20606495 DOI: 10.3350/ kjhep.2010.16.2.112]
Liang X, Liu Y, Zhang Q, Gao L, Han L, Ma C,
Zhang L, Chen YH, Sun W. Hepatitis B virus sen-
sitizes hepatocytes to TRAIL-induced apoptosis
through Bax. ] Immunol 2007; 178: 503-510 [PMID:
17182590]

Wang F, Xia X, Wang ], Sun Q, Luo ], Cheng B.
Notchl signaling contributes to the oncogenic ef-
fect of HBx on human hepatic cells. Biotechnol Lett
2013; 35: 29-37 [PMID: 22986536 DOI: 10.1007/
$10529-012-1048-7]

Liu H, Yuan Y, Guo H, Mitchelson K, Zhang K, Xie L,
Qin W, LuY, Wang ], Guo Y, Zhou Y, He F. Hepati-
tis B virus encoded X protein suppresses apoptosis
by inhibition of the caspase-independent pathway.
J Proteome Res 2012; 11: 4803-4813 [PMID: 22871131
DOI: 10.1021/ pr2012297]

Xie QH, He XX, Chang Y, Jiang X, Lin JS. [HBx gene
down-regulates miR-192 expression and inhibits
apoptosis of human hepatoma cell line HepG2].
Zhonghua Ganzangbing Zazhi 2011; 19: 857-860
[PMID: 22433310 DOI: 10.3760/cma.j.issn.1007-3418.
2011.11.015]

miZA2E

M % A1 HBx
BR8N, ST
T 09 K AL T
VAR 3] F4F 6 9h
iR, AHBVAR £ A
S 0 T2 T s A
A —EE L.

2013-08-28 | Volume 21 | Issue 24 |



2402 ISSN 1009-3079 (print) ISSN 2219-2859 (online)  HFAEA BTG 2013FE8F288H 552186 5245
[ TaRaR=Xie 39 HulL, ChenL, Yang G, Li L, Sun H, Chang Y, Tu DOI: 10.1002/jcp.24387]
AL EN 4 Q, Wu M, Wang H. HBx sensitizes cells to oxi- 48  Zhu YZ, Zhu R, Shi LG, Mao Y, Zheng GJ, Chen Q,
&, R, dative stress-induced apoptosis by accelerating Zhu HG. Hepatitis B virus X protein promotes hy-
AT R BT the loss of Mcl-1 protein via caspase-3 cascade. permethylation of p16(INK4A) promoter through
A S1 3% AR IR 49 BF Mol Cancer 2011; 10: 43 [PMID: 21504623 DOI: upregulation of DNA methyltransferases in hepa-
R, RARE 10.1186/1476-4598-10-43] tocarcinogenesis. Exp Mol Pathol 2010; 89: 268-275
Sl ']‘f""f’ﬁﬁ F% 40 Kim HJ, Kim SY, Kim J, Lee H, Choi M, Kim JK, [PMID: 20620135 DOI: 10.1016/j.yexmp.2010.06.013]
AL Ahn JK. Hepatitis B virus X protein induces apopto- 49  Park SH, Jung JK, Lim JS, Tiwari I, Jang KL. Hepa-
sis by enhancing translocation of Bax to mitochon- titis B virus X protein overcomes all-trans retinoic
dria. IUBMB Life 2008; 60: 473-480 [PMID: 18481805 acid-induced cellular senescence by downregulat-
DOI: 10.1002/iub.68] ing levels of pl6 and p21 via DNA methylation. |
41  Clippinger AJ, Gearhart TL, Bouchard MJ. Hepatitis Gen Virol 2011; 92: 1309-1317 [PMID: 21325480 DOI:
B virus X protein modulates apoptosis in primary 10.1099/vir.0.029512-0]
rat hepatocytes by regulating both NF-kappaB and 50  Zheng DL, Zhang L, Cheng N, Xu X, Deng Q, Teng
the mitochondrial permeability transition pore. XM, Wang KS, Zhang X, Huang J, Han ZG. Epi-
J Virol 2009; 83: 4718-4731 [PMID: 19279112 DOI: genetic modification induced by hepatitis B virus
10.1128/JVI1.02590-08] X protein via interaction with de novo DNA meth-
42 Vlatkovi¢ N, Boyd MT, Rubbi CP. Nucleolar con- yltransferase DNMT3A. ] Hepatol 2009; 50: 377-387
trol of p53: a cellular Achilles' heel and a target [PMID: 19070387 DOI: 10.1016/j.jhep.2008.10.019]
for cancer therapy. Cell Mol Life Sci 2013 May 18. 51  #JE, f[#A, #hE, (oA, HBx N HEEkre B
[Epub ahead of print] [PMID: 23685903 DOI: 10.1007/ RIRTEHIPRrER. HEAEAEbZE 2012; 20:
s00018-013-1361-x] 41-46
43 Jebelli JD, Hooper C, Garden GA, Pocock JM. 52 Kim JK, Chang HY, Lee JM, Baatarkhuu O, Yoon
Emerging roles of p53 in glial cell function in health Y], Park JY, Kim do Y, Han KH, Chon CY, Ahn
and disease. Glia 2012; 60: 515-525 [PMID: 22105777 SH. Specific mutations in the enhancer II/core
DOI: 10.1002/ glia.22268] promoter/ precore regions of hepatitis B virus sub-
44  Vousden KH, Lane DP. p53 in health and dis- genotype C2 in Korean patients with hepatocellular
ease. Nat Rev Mol Cell Biol 2007; 8: 275-283 [PMID: carcinoma. | Med Virol 2009; 81: 1002-1008 [PMID:
17380161 DOI: 10.1038 /nrm2147] 19382267 DOI: 10.1002/jmv.21501]
45  Yoon Y], Chang HY, Ahn SH, Kim JK, Park YK, 53 Liu L, Li Y, Zhang S, Yu D, Zhu M. Hepatitis B vi-
Kang DR, Park JY, Myoung SM, Kim do Y, Chon rus X protein mutant upregulates CENP-A expres-
CY, Han KH. MDM2 and p53 polymorphisms are sion in hepatoma cells. Oncol Rep 2012; 27: 168-173
associated with the development of hepatocellular [PMID: 21956590 DOI: 10.3892/ 0r.2011.1478]
carcinoma in patients with chronic hepatitis B virus 54  Yu H, Zhu R, Zhu YZ, Chen Q, Zhu HG. Effects of
infection. Carcinogenesis 2008; 29: 1192-1196 [PMID: mutations in the X gene of hepatitis B virus on the
18390844 DOI: 10.1093/ carcin/bgn090] virus replication. Acta Virol 2012; 56: 101-110 [PMID:
46  Lim W, Kwon SH, Cho H, Kim S, Lee S, Ryu WS, 22720699]
Cho H. HBx targeting to mitochondria and ROS 55 Wang Q, Zhang WY, Ye LH, Zhang XD. A mutant of
generation are necessary but insufficient for HBV- HBx (HBxDeltal27) promotes hepatoma cell growth
induced cyclooxygenase-2 expression. | Mol Med via sterol regulatory element binding protein 1c in-
(Berl) 2010; 88: 359-369 [PMID: 19940973 DOI: volving 5-lipoxygenase. Acta Pharmacol Sin 2010; 31:
10.1007/500109-009-0563-z] 367-374 [PMID: 20173757 DOI: 10.1038/aps.2010.5]
47  ZaidiSK, Van Wijnen AJ, Lian JB, Stein JL, Stein GS. 56 i £, BeRU, Bk, 50400, SR ATEHIHI7E

(49

TEE
Jaishideng®

Targeting deregulated epigenetic control in cancer.
J Cell Physiol 2013; 228: 2103-2108 [PMID: 23589100

WCJD | www.wjgnet.com

T A G 7T BT STk . SR ALl
2009; 17: 158-163

iR WiE B 1EEA

2013-08-28 | Volume 21 | Issue 24 |



