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an estimated total of over 40 million carriers [2]. Many per-
Abstract sons with chronic hepatitis may develop hepatocellular car-

Hepatocellular carcinoma (HCC) is one of the most prevalent can-
cers which are found in many Asian and African countries. There
are several risk factors that may develop to HCC. Along with sev-
eral other factors contributing to HCC, hepatitis B virus (HBV) in-
fection also accounts for a major cause. HBV infection represents
a major health problem worldwide. Among all of HBV genes, HBx
is believed to play a prominent role in carcinogenesis, although the
actual mechanism is not yet fully understood. The HBx gene of
HBYV is the most common open reading frame that may undergo
mutations and may develop into HCC. This review summarizes the
current knowledge about the most important roles of HBx gene that
may lead to the development of HCC.
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Introduction

Hepatitis B, a liver disease caused by hepatitis B virus
(HBV), is a major health problem across worldwide. WHO
estimates that (fact sheet No. 204, updated July 2013) about
two billion people have been infected with the HBV whereas
more than 240 million are suffering from chronic liver infec-
tions. About 600,000 people die every year from the conse-
quences due to hepatitis B infection [1]. Depending on the
geographical prevalence of hepatitis B carrier state in gen-
eral population, countries are categorized into high (8% or
more), intermediate (2-7%) or low (< 2%) HBV endemicity.
India belongs to intermediate range of HBV endemicity with
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cinoma (HCC). About 50-60% HCC is due to HBV infection
[3]. HCC is the fifth most common cancer in men and the
nineth in women and is the second most common cause of
death from cancer worldwide [4]. The prevalence of HCC is
high in Eastern and South-Eastern Asia, Middle and Western
Africa as compared with other regions like Europe, North
and South America [5, 6].

HBYV which belongs to the hepadnaviridae family is a
small enveloped virus of about 42 nm in diameter. Hepadna-
viruses are those that can cause liver infection in humans and
animals [7]. The natural host of HBV is humans, whereas
the other host range includes apes, woodchucks, squirrels,
ducks and cranes [8]. HBV virions contain an outer lipopro-
tein envelope and a nucleocapsid core within the envelope.
The core consists of partially double stranded relaxed cir-
cular DNA of about 3.2 kb in size and a polymerase protein
that can synthesize viral DNA in infected cells. There are
four partially open reading frames (ORFs) which encode the
polymerase protein (P gene), core antigen (C gene), surface
antigens (Pre S/S) and X proteins (X gene) [9-11].

The virus particles get attached to the host cell through
the surface receptors. The nucleocapsid containing relaxed
circular DNA (RC DNA) is released into cytoplasm and is
transported into the nucleus, where it is repaired to form
covalently closed circular DNA (cccDNA). The cccDNA
is then transcribed to form subgenomic RNA (sgRNA) and
pregenomic RNA (pgRNA). This pgRNA is encapsidated
together with P protein and is reversely transcribed to form
negative strand DNA. The plus strand synthesis from nega-
tive strand results in the generation of new RC DNA. The
nucleocapsid containing RC DNA can be used for intracellu-
lar cccDNA amplification or they are enveloped and released
as virions [12-14].

Features of HBx Gene
HBx gene is the smallest of all the four partially overlapping

ORFs of HBV. It encodes a polypeptide of 154 amino acids
with a molecular weight of 17 kDa. It is commonly pres-
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ent in the cytoplasm and to a lesser extent in the nucleus of
hepatocytes. The three-dimensional structure of HBx is not
much known due to the lack of results from X-ray crystallog-
raphy and nuclear magnetic resonance studies. Among dif-
ferent species of mammalian Hepadnavirus, the comparative
analyses of HBx gene sequences showed areas of high con-
servation like potential coiled-coil motif and presumptive
helical domains in amino and carboxy terminal region [15,
16]. There is also some evidence for the linkage of cysteine
residues in the N terminus of HBx gene/protein with cysteine
residues in the C terminus through disulfide bonds and the
phosphorylation of HBx when expressed in insect cells and
Hep G2 cells (a human hepatoblastoma cell line) [17].

Even though functions of HBx protein are not fully un-
derstood, it is known to have a key role in the development
of HCC [17].

Association Between HBx Gene and p53 and
Role in Apoptosis

Tumor suppressor genes, also called anti-oncogenes are a
class of genes that are normally involved in regulating cell
growth but that may become cancer-causing when damaged.
More than 50% of human hepatocarcinoma cases showed
mutation of p53 gene, which is located in the short arm of
chromosome 17 [18].

Another mechanism by which HBx can mediate HCC
is through its effects on apoptosis. HBx protein is known
to have both pro-apoptotic and anti-apoptotic effects. The
anti-apoptotic activity of HBx protein may be induced by
its association with p53, the tumor suppressor gene by in-
hibiting p53 mediated apoptosis. The inhibition may be due
to the failure of action of p53 to upregulate genes such as
p21WAFI, Bax or Fas in presence of HBx. These are the
genes which are involved in apoptosis and are upregulated
during p53 mediated apoptosis. HBx protein can form a
complex with p53 by binding to its C-terminus region and
thus sequesters p53 in the cytoplasm and preventing it from
entering into the nucleus and inactivating p53 mediated ac-
tivities like apoptosis and blocks transcriptional transactiva-
tion [19, 20].

It is considered that HBx antigen (HBx Ag) may be a
protein kinase having auto phosphorylating activity and the
phosphorylation of HBx Ag in human hepatoma cells may
contribute to HCC. Although the targets for phosphorylation
of HBx Ag are not known, phosphorylation of tumor sup-
pressor gene products and cell cycle proteins are recognized
to alter their activities in controlling cell growth [21, 22].

Role of HBx in Transcriptional Transactivation

The studies on HBx transgenic mice indicated evidences of
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hepatocarcinogenic effects of the gene. HBx transgenic mice
showed the characteristics of malignant carcinoma through
a series of changes in liver beginning with pre-neoplastic le-
sions, then to benign adenomas and finally the development
of HCC [23, 24]. Not all mice developed HCC and reports
indicate that the HBx expression above certain threshold
level may cause the transformation to HCC [25]. HBx can
act as a transcriptional transactivator that can upregulate the
expression of certain proto oncogenes like c-Myc, and c-Jun,
transcriptional factors like NF-kB, AP-1, AP-2, TATA bind-
ing protein and ATF/cAMP response element binding pro-
tein and also other viral genes like enhancers in the nucleus.
Among these HBx can directly or indirectly affect NF-kB
and AP-1 activity which may lead to acceleration of cell
cycle progression, increased proliferation and finally may
contribute to control of apoptosis [26, 27]. HBx can func-
tion as a transcriptional activator through its interaction with
nuclear transcription factors and controlling of cytoplasmic
signal transduction pathways like Ras, Raf, mitogen activat-
ed protein kinase, Janus family tyrosine kinases-signal trans-
ducer and activators of transcription, focal adhesion kinase
and protein kinase cascade pathways [28, 29]. The transcrip-
tional activation has a major role in the replication of the
virus and the activation of signaling pathways may cause the
transactivation of signaling cascades and oncogenes capable
of proliferation of hepatocyteswhich may lead to HCC [30].

HBx in Regulation of Cell Signaling Pathways

There are certain signal transduction pathways that appear to
be affected by HBx like stress-activated protein kinases/Jun
amino-terminal kinases, extracellular signal regulated ki-
nases, PKB/Akt, Ras-Raf-mitogen activated protein kinase,
signal transducer and activators of transcription and Janus
family tyrosine kinases and focal adhesion kinase. HBx can
activate this cell signaling pathway but the role of HBx on
this effect is not defined clearly, but it is assumed that they
have a role in hepatocyte proliferation, apoptosis and regula-
tion of cell growth control [31, 32].

Role of HBx in Nucleotide Excision Repair
(NER)

The interaction of HBx with p53 causes the inhibition of
cellular functions such as NER. HBx binding with p53 in-
hibits the interaction between p53 and DNA repair proteins
XPB and XPD which are part of TFIIH transcription-NER
complex that are involved in inducing apoptosis. This in turn
will lead to the disruption of p53 mediated apoptosis and
inhibits p53 dependent DNA repair efficiency [33]. Thus the
alteration of DNA repair mechanism which can be mediated
directly or indirectly through the inhibition of p53 may con-
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tribute to carcinogenesis [34].

Conclusion

The evidences from various experimental studies revealed
HBYV is associated with HCC by its presence in the tumor
cell and also the role of HBV infection in the development
of HCC. Although many studies assume HBx gene plays a
crucial role in developing HBV infection to HCC, the exact
role of HBx gene and its influence in HBV mediated HCC
are still unclear. Thus future researches will aim in develop-
ment of new strategies that help in improved means of early
detection and treatment of HCC.

Conflict of Interest

The authors declare no conflict of interest or commercial af-
filiation related to this study.

Financial Support

The work was supported by Science Engineering and Re-
search Board, Department of Science and Technology, Govt.
of India (SR/FT/LS-61/2011).

References

1. WHO Factsheet No. 204: http://www.who.int/media-
centre/factsheets/fs204/en/.

2. Aggarwal R, Naik SR. Prevention of hepatitis B infec-
tion: the appropriate strategy for India. Natl Med J India.
1994;7(5):216-220.

3. Wong C, Goh KL. Chronic hepatitis B infection and
liver cancer. Biomed Imaging Interv J. 2006;2(3):e7.

4. International Agency for Research in Cancer (IARC):
The Globocan 2012 - Cancer Fact Sheet: http://globo-
can.iarc.fr/pages/fact sheets cancer.aspx.

5. Cha C, Dematteo RP. Molecular mechanisms in hepa-
tocellular carcinoma development. Best Pract Res Clin
Gastroenterol. 2005;19(1):25-37.

6. Lok AS. Prevention of hepatitis B virus-related hepato-
cellular carcinoma. Gastroenterology. 2004;127(5 Suppl
1):S303-309.

7. Ganem D, Prince AM. Hepatitis B virus infection--nat-
ural history and clinical consequences. N Engl J Med.
2004;350(11):1118-1129.

8. Seeger C, Mason WS. Hepatitis B virus biology. Micro-
biol Mol Biol Rev. 2000;64(1):51-68.

9. Ganem D. Assembly of hepadnaviral virions and subvi-
ral particles. Curr Top Microbiol Immunol. 1991;168:61-

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

83.

Robinson WS, Lutwick LI. The virus of hepatitis, type B
(first of two parts). N Engl J Med. 1976;295(21):1168-
1175.

Summers J, O’Connell A, Millman I. Genome of hepati-
tis B virus: restriction enzyme cleavage and structure of
DNA extracted from Dane particles. Proc Natl Acad Sci
U S A. 1975;72(11):4597-4601.

Feitelson M. Hepatitis B virus infection and pri-
mary hepatocellular carcinoma. Clin Microbiol Rev.
1992;5(3):275-301.

Beck J, Nassal M. Hepatitis B virus replication. World J
Gastroenterol. 2007;13(1):48-64.

Grimm D, Thimme R, Blum HE. HBV life cycle and
novel drug targets. Hepatol Int. 2011;5(2):644-653.
Colgrove R, Simon G, Ganem D. Transcriptional activa-
tion of homologous and heterologous genes by the hepa-
titis B virus X gene product in cells permissive for viral
replication. J Virol. 1989;63(9):4019-4026.

Kodama K, Ogasawara N, Yoshikawa H, Murakami S.
Nucleotide sequence of a cloned woodchuck hepatitis
virus genome: evolutional relationship between hepad-
naviruses. J Virol. 1985;56(3):978-986.

Bouchard MJ, Schneider RJ. The enigmatic X gene of
hepatitis B virus. J Virol. 2004;78(23):12725-12734.
Levine Al. p53, the cellular gatekeeper for growth and
division. Cell. 1997;88(3):323-331.

Lin Y, Nomura T, Yamashita T, Dorjsuren D, Tang H,
Murakami S. The transactivation and p53-interacting
functions of hepatitis B virus X protein are mutually
interfering but distinct. Cancer Res. 1997;57(22):5137-
5142.

Wang XW, Gibson MK, Vermeulen W, Yeh H, Forrester
K, Sturzbecher HW, Hoeijmakers JH, et al. Abrogation
of p53-induced apoptosis by the hepatitis B virus X
gene. Cancer Res. 1995;55(24):6012-6016.

WulY, Zhou ZY, Judd A, Cartwright CA, Robinson WS.
The hepatitis B virus-encoded transcriptional trans-acti-
vator hbx appears to be a novel protein serine/threonine
kinase. Cell. 1990;63(4):687-695.

Cyert MS, Thorner J. Putting it on and taking it off:
phosphoprotein phosphatase involvement in cell cycle
regulation. Cell. 1989;57(6):891-893.

Kim CM, Koike K, Saito I, Miyamura T, Jay G. HBx
gene of hepatitis B virus induces liver cancer in trans-
genic mice. Nature. 1991;351(6324):317-320.

Ullrich SJ, Zeng ZZ, Jay G. Transgenic mouse models
of human gastric and hepatic carcinomas. Semin Cancer
Biol. 1994;5(1):61-68.

Koike K. Hepatitis B virus HBx gene and hepatocar-
cinogenesis. Intervirology. 1995;38(3-4):134-142.

Pang R, Tse E, Poon RT. Molecular pathways in hepato-
cellular carcinoma. Cancer Lett. 2006;240(2):157-169.
Park NH, Song IH, Chung YH. Chronic hepatitis B in he-

Www.gastrores.org 3



Mathew M et al

Gastroenterology Research.2014;7(1):1-4

28.

29.

30.

31.

patocarcinogenesis. Postgrad Med J. 2006;82(970):507-
515.

Feitelson MA, Duan LX. Hepatitis B virus X antigen
in the pathogenesis of chronic infections and the de-
velopment of hepatocellular carcinoma. Am J Pathol.
1997;150(4):1141-1157.

Kew MC. Hepatitis B virus x protein in the pathogenesis
of hepatitis B virus-induced hepatocellular carcinoma. J
Gastroenterol Hepatol. 2011;26(Suppl 1):144-152.
Feitelson MA, Lee J. Hepatitis B virus integration,
fragile sites, and hepatocarcinogenesis. Cancer Lett.
2007;252(2):157-170.

Arbuthnot P, Capovilla A, Kew M. Putative role of hep-
atitis B virus X protein in hepatocarcinogenesis: effects

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

32.

33.

34.

on apoptosis, DNA repair, mitogen-activated protein ki-
nase and JAK/STAT pathways. J Gastroenterol Hepatol.
2000;15(4):357-368.

Arbuthnot P, Kew M. Hepatitis B virus and hepatocel-
lular carcinoma. Int J Exp Pathol. 2001;82(2):77-100.
Elmore LW, Hancock AR, Chang SF, Wang XW, Chang
S, Callahan CP, Geller DA, et al. Hepatitis B virus X
protein and p53 tumor suppressor interactions in the
modulation of apoptosis. Proc Natl Acad Sci U S A.
1997;94(26):14707-14712.

Prost S, Ford JM, Taylor C, Doig J, Harrison DJ.
Hepatitis B x protein inhibits p53-dependent DNA
repair in primary mouse hepatocytes. J Biol Chem.
1998;273(50):33327-33332.

www.gastrores.org



