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Hepatitis B virus (HBV) infection is a major cause of acute and chronic liver disease, with an estimated 400 million people
chronically infected worldwide. Chronic HBV infection is associated with the development of liver disorders such as
hepatitis, cirrhosis, and hepatocellular carcinoma (HCC). The hepatitis B virus X protein (HBx) is a small virally encoded
multifunctional regulator protein that has been implicated in HBV-associated liver pathogenesis. In this review, the various
roles of HBx will be briefly discussed with respect to the pathogenesis of HBV infection. Understanding the function of
HBx during HBV replication and its effect on HBV-mediated liver pathogenesis may lead to new therapeutic options for
controlling HBV-associated liver disease.

INTRODUCTION
Hepatitis B virus (HBV) belongs to the Hepadnaviridae family
of viruses and has a highly compact genome that is only 3.2
kilobases in length. This genome contains four overlapping
open reading frames including the S, C, P, and X genes that
encode the viral surface proteins (envelop), core protein
(capsid), polymerase, and X protein (HBx), respectively. The S
gene encodes a family of surface antigens (large, middle, and
small) embedded in the envelope of HBV. The C gene codes for
the core protein, which forms the nucleocapsid wherein viral
replication occurs. The P gene encodes the viral polymerase,
which has reverse transcriptase, RNase H, and DNA polymerase
activities. After infection, HBV DNA enters into the host nucleus
and forms covalently closed circular DNA (cccDNA) which serves
as the template for viral transcription (Seeger 2007).
HBV infection is strongly associated with a variety of liver
diseases such as acute or chronic inflammation, liver cirrhosis,
and hepatocellular carcinoma (HCC) (Seeger 2007; Robinson
1994; Seeger 2000; Kremsdorf 2006; Brechot 2004). Among the
HBV-encoded proteins, the HBV X protein (HBx) is multifunctional
and serves as a key regulator of many activities such as HBV
infection, genome replication, epigenetic regulation of virus and
host, and liver pathogenesis (reviewed in Seeger 2007; Bouchard
2004; Feitelson 1997; Zheng 2009) (Figure 1).
Many signaling pathways are involved directly or indirectly
in the multifunctional activities of HBx. Some of these
representative pathways regulated by HBx are summarized in
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Figure 2. It is unclear whether these signaling pathways occur
simultaneously or independently in infected hepatocytes;
however, their activation by HBx may explain HBV-associated
liver pathogenesis.
No cellular or viral proteins other than HBx have been
reported to exert such a variety of functions to date. Evidence
is rapidly accumulating that suggests controversial pleiotropic
functions for HBx, including those involved in pro-apoptosis
and tumorigenesis (anti-apoptosis). These multiple functions
of HBx are probably related to differences in HBx expression
levels, relative amount of host regulatory proteins, or unidentified
mechanisms. It remains to be determined whether these
multifunctional effects of HBx are physiologically relevant in the
natural course of HBV infection. In this overview, recent progress
related to the study of HBx function in viral infection, host
regulation, and HBV pathogenesis will be reviewed.

HBX IN VIRUS REPLICATION
The essential role of HBx in HBV replication was first reported
in woodchuck hepatitis B virus(Chen 1993; Zoulim 1994), and
further studies showed the central activity of HBx during viral
replication using cellular systems and a mouse model (Tang
2005; Keasler 2007).
HBx is a known transactivator that activates a variety of
cellular and viral transcriptional elements including the HBV
enhancers/promoters and transcription factors (Michael 2004).
It has been shown to interact with several components of the
basal transcriptional machinery including TFIIB, TFIIH, the RPB5
subunit of RNA polymerases, and the TATA-binding protein (TBP)
(Michael 2004). HBx also stimulates the RNA pol I- and pol IIIdependent promoters (Aufiero 1990). These HBx-regulated
transcriptional activities are linked to stimulate a variety of

bdjn.org

Eun-Sook Park and Kyun-Hwan Kim

Pleiotropic functions of HBx
Virus
Replication

Regulation of
Apoptosis

- Viral transactivator
-

Ca2+ signaling

- cccDNA

Epigenetic
control

Hepatocellular
carcinoma (HCC)

- Pro-apoptotic pathway - HBV-induced HCC
* Promoter methylation
; Tumor suppressionrelated genes
* Histone modification
- Anti-apoptotic pathway * miRNA
* Death receptor
* Mitochondrial
* p53

* Apoptosis pathway
* Proliferation signaling
* p53

- Liver homeostasis
* Liver regeneration

- Inhibition of apoptosis
- Cell proliferation
- Invasion and Metastasis
- Malignant transformation
- Silence of Tumor
suppressor genes

- Viral replication
* cccDNA
FIGURE 1 I Roles of HBx in viral pathogenesis. HBx is involved in several signaling pathways associated with (1) virus replication, (2) regulation of
apoptosis, (3) epigenetic control, and (4) hepatocellular carcinoma.
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FIGURE 2 I Signaling pathways regulated by HBx. HBx regulates several signaling pathways that are involved in HBV-mediated liver disease and HBV
replication.

signaling pathway such as Src, Ras, NF- B, and NF-AT, which
are directly or indirectly related to HBV pathogenesis and
replication. The interaction of HBx with DNA damage binding
protein 1 (DDB1) is also involved in the stimulation of viral
replication by enhancing the transcription of viral RNAs (Leupin
2005).
HBx appears to stimulate virus replication through several
mechanisms. For example, HBx has been shown to stimulate
viral replication via the activation of the Ca2+ dependent signaling
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pathway in HepG2 cells (Bouchard 2001). HBx triggers the
release of Ca2+ from mitochondria into the cytosol, which in turn
activates the Ca2+-dependent Pyk2 kinase, and phosphorylated
Pyk2 subsequently activates Src kinase, which stimulates virus
replication by activating the HBV polymerase (Bouchard 2001).
(Figure 2).
HBx also influences epigenetic control of nuclear HBV
transcription from cccDNA by modulating the recruitment of
chromatin-modifying enzymes onto the viral minichromosome
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(Belloni 2009). In fact, HBx expression is required for epigenetic
modification of HBV cccDNA, leading to the initiation of HBV
RNA transcription in HepaRG cells (Lucifora 2011). Because
the cccDNA serves as a template for transcription of the HBV
pregenomic RNA used for viral DNA synthesis, the functional
inhibition of HBx-mediated epigenetic control of cccDNA may
effectively suppress HBV replication.
HBx also stimulates virus replication by triggering autophagy
through the binding-mediated activation of phosphatidylinositol
3-kinase class III (PI3KC3) (Sir 2010). Collectively, it is evident
that HBx has several important functions needed to stimulate
viral replication, and these essential roles highlight HBx as a
potential target for the control of HBV infection.

HBX IN THE REGULATION OF APOPTOSIS
Apoptosis, or programmed cell death, is a highly regulated
process that has a vital role in both organ development and
clearance of dysregulated or damaged cells (Elmore 2007).
A large number of studies have assessed the impact of HBx
expression on the regulation of apoptosis, but it is not clearly
understood whether HBx induces or inhibits the growth of human
hepatocytes during the natural course of HBV infection, evidence
suggests that HBx can both induce and inhibit cellular apoptosis.
The major mechanism of HBx-induced apoptosis involves the
death receptor and mitochondrial pathway (Figure 2). Evidence
suggests that expression of HBx induces cellular apoptosis by
up-regulating death receptors (Wang 2004), sensitizing liver
cells to apoptotic stimuli (Kim 2003; Su 1997), and inactivation
of cellular FLIPs, the most potent inhibitor of the death receptor
(Kim 2003). Alternatively, HBx induces apoptosis via disturbance
of mitochondrial functions such as the loss of mitochondrial
membrane potential (Terradillos 2002), mitochondrial aggregation
(Takada 1999), increase of intracellular Ca 2+ concentrations
(Chami 2003), and downregulation of the expression of the
mitochondrial anti-apoptotic molecule Bcl-xL (Miao 2006).
Finally, HBx induces apoptosis in a p53-dependent (Chirillo 1997)
as well as p53-independent manner (Su 1997; Terradillos 1998).
While all these reports clearly suggest the apoptotic function of
HBx, it is still controversial whether apoptosis induced by HBx
expression is directly related to HBV-mediated liver disease.
Many viruses have evolved genes that effectively block
or suppress the apoptosis of host cells leading to persistent
infection, either by fine-tuning the environment for efficient viral
replication or by allowing infected cells to escape from the host
immune response. Several viral proteins have been shown to
block apoptosis pathways, including E1B and E3 of adenovirus,
core protein of hepatitis C virus (HCV), large T antigen of
Simian Virus 40 (SV40), CrmA of cowpox virus, E6 of Human
Papillomavirus (HPV), and LMP1 of Epstein-Barr virus (EBV).
HBx performs its anti-apoptotic function by interfering with
several pathways. However, since HBx also activates cell cycle
progression and proliferation, it is not straightforward to confirm
whether the observed anti-apoptotic activities of HBx are direct
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or indirect. HBx inhibits apoptosis by activating cell proliferation
through the SAPK/JNK (Diao 2001), NF- B (Pan 2001) and
PI3K (Lee 2001) pathways, or by directly inhibiting apoptosis
mediwWators such as caspase-3 (Gottlob 1998) and p53 (Elmore
1997).
Rapidly accumulating data indicates that HBx exerts effects
for both pro-apoptosis and anti-apoptosis. These seemingly
contradictory functions of HBx are probably the result of varied
experimental subsets, different environmental conditions or as of
yet unidentified mechanisms. It also remains to be determined
whether the pro- and anti-apoptotic effects of HBx are
physiologically relevant in the course of natural HBV infection.
Since a delicate balance between cell apoptosis and proliferation
is critical for normal liver homeostasis, dysregulation of this
balance by several factors including HBV infection is strongly
associated with liver disease. Therefore, the similar imbalances
in hepatocytes mediated by HBx may be responsible for HBVassociated liver pathology.

HBX IN EPIGENETIC CONTROL
HBx performs epigenetic modifications on both viral DNA
(cccDNA minichromosome) and the host chromosome. The novel
function of HBx as an epigenetic modifier has only been recently
observed (Figure 2).
Many studies have demonstrated that epigenetic changes
can contribute to HBV-induced HCC development. HBx induces
promoter hypermethylation of some genes involved in tumorsuppressing activity including p16INK4A (Jung 2007; Park
2011), E-cadherin (CDH1) (Lee 2005; Liu 2006) and the insulinlike growth factor binding protein 3 (IGFBP-3) (Park 2007),
by upregulating the expression of DNA methyltransferases
(DNMTs). In parallel, several studies show that HBx does
not directly influence the expression of DNMTs but instead
increase recruitment of DNMT1 and/or DNMT3A to the loci of
specific genes to induce changes in methylation status and
expression levels. These include the ankyrin repeat-containing,
SH3 domain-containing, and proline-rich region-containing
protein 2 (ASPP2) (Zhao 2010), metallothionein 1F (MT1F), and
interleukin-4 receptor (IL-4R) (Zheng 2009). HBx also induces
hypomethylation of targeted promoters that leads to significantly
elevated expression of certain genes, including several genes
related to tumor promotion, such as retinal dehydrogenase 1
(ALDH1), plasma retinol-binding protein precursor (RBP), cellular
retinol-binding protein I (CRBP1) (Tong 2009), and cadherin 6
(CDH6) (Zheng 2009).
Another documented effect of HBx is aberrant histone
modification that could be related to HCC. For example, HBx
upregulates the IL-8 and proliferating cell nuclear antigen (PCNA)
genes through histone acetylation (Cougot 2007). IL-8 is upregulated
in a variety of cancers and PCNA is a known component of cellular
complexes involved in DNA replication and repair. HBx is also
known to induce histone methyltransferase (HMT) that leads to the
transactivation of c-myc oncogene (Tian 2013).
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FIGURE 3 I HBx inhibits liver regeneration via epigenetic regulation of urokinase-type plasminogen activator (uPA). A. Inhibition of liver regeneration
by HBx and restoration of liver regeneration by supplementation with exogenous uPA in the HBV mouse model. B. Model for the explanation of HBxinduced inhibition of liver regeneration and methylation analysis of uPA promoter by bisulfide sequencing. RML, right median lobe; RLL, right liver lobe; PC,
posterior caudate lobe; AC, anterior caudate lobe. *p < 0.01, **p < 0.001. Adapted from Park et al. (Hepatology 2013;58:762-776).

Very interestingly, HBx was also reported to alter the
host microRNA (miRNA) profile through the upregulation or
downregulation of specific miRNAs that are associated with HCC
development. Many host miRNAs are reported to be correlated
with HBV-induced HCC. This relationship between HBx and
the host miRNA profile suggests that HBx-mediated regulation
of gene expression might occur through the miRNA-related
mechanisms of epigenetic control (Tian 2013).
Recent studies have shown that HBx regulates HBV
replication through epigenetic control of cccDNA. Nuclear HBx
is recruited to the HBV minichromosome along with cellular
histone acetyltransferases such as CBP/p300 and PCAF/GCN5,
and the histone deacetylases HDAC1 and hSirt1 (Belloni 2009).
These results suggest that HBx may control HBV replication
via epigenetic regulation of viral cccDNA. HBx also increased
levels of modified histone H3 (methylated, phosphorylated, and
acetylated) bound to cccDNA during HBV replication in HepG2
cells, suggesting that HBx stimulates viral gene expression and
replication through chromatin remodeling (Luo 2013).
Very recently, HBV pathogenesis induced by HBx-mediated
epigenetic control was comprehensively studied (Park 2013).
The liver has a unique ability to fully regenerate through
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dynamic processes (Fausto 2006; Michalopoulos 2007), and
this regenerative potential of the liver is important for metabolic
homeostasis. HBV infection causes acute or chronic liver damage
by dysregulating hepatocyte proliferation and liver regeneration.
HBx is suggested to be associated with the inhibition of liver
cell proliferation triggered by partial hepatectomy (Tralhao
2002), and more recently the molecular mechanism describing
HBx inhibition of liver regeneration was reported using liver cell
lines and a mouse model (Park 2013) (Figure 3). This model
involves HBx-regulated expression of the urokinase plasminogen
activator (uPA), an enzyme essential for the activation of
hepatocyte growth factor (HGF). HBx inhibits liver regeneration
by suppressing uPA expression through epigenetic control on the
uPA promoter through the recruitment of DNMT3A2, leading to
promoter hypermethylation.
Evidence shows that the aberrant epigenetic events induced
by HBx play important roles on the pathogenesis of several
HBV-related diseases. Unraveling the molecular mechanisms
underlying the dysregulation of liver regeneration by HBV
infection will extend the understanding of pathophysiology
of virus-mediated liver disorders, and ultimately provide new
treatment options for patients with liver disease.
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HBX AND HEPATOCELLULAR CARCINOMA(HCC)
Hepatocellular carcinoma (HCC) is one of the most prevalent
malignancies worldwide, and the majority of cases are related to
HBV infection. Among viral proteins, HBx is thought to play a role
in the development of HCC following chronic infection. Previous
studies have reported a correlation between high level of HBx
expression and the development of HCC in transgenic mice (Kim
1991; Koike 1994), indicating that HBx may have an important
role in liver carcinogenesis. The pathogenesis of chronic
infections, particularly in relation to HBx, and the development
of HCC have been extensively reviewed in the literature (Seeger
2007; Robinson 1994; Kremsdorf 2006; Brechot 2004; Feitelson
1997).
HBx interacts with many signaling pathways that directly or
indirectly contribute to HCC development (Figure 2). HBx can
inhibit apoptosis, enhance the invasive and metastatic potential
of infected cells, promote cell proliferation, silence the function
of tumor suppressor genes, and induce malignant transformation
(Figure 1). HBx interacts with the p53 tumor suppressor and
disrupts its function (Feitelson 1993; Wang 1994). HBx also
modulates the transcriptional activation of AP-1, AP-2, and NFB (Lucito 1992; Natoli 1994), and upregulates the Ras/Raf/ERKs,
PI3K-Akt, and JAK/STAT signaling pathways (Doria 1995; Shih
2000; Lee 1998).
Epigenetic changes induced by HBx, including aberrations
in DNA methylation, histone modification, and microRNA
expression, also promote the development of HCC. Epigenetic
modification by HBx in host DNA probably alters the expression
of both oncogenes and tumor suppressor genes, contributing to
HCC pathogenesis.

CONCLUSIONS
Despite numerous studies on the HBx protein, the exact function
and influence of HBx on liver pathogenesis under physiological
conditions or during the natural course of HBV infection are
still largely undefined. The specific roles of HBx are still under
intense investigation for understanding HBV replication and the
molecular pathogenesis of HCC.
HBx expression is essential for viral replication and is clearly
involved in liver disease. HBx is also often integrated into the
host chromosome, possibly inducing HBx-related liver damage
even after the viral clearance. HBx is therefore an important
therapeutic target, likely throughout the full course of infection.
If compounds that functionally interfere with HBx are developed,
they should be effective not only for inhibiting virus gene
expression and replication, but also for promoting resolution
of the chronic carrier state. Most importantly, therapeutic
targeting of HBx could reverse some of the epigenetic changes
that contribute to the development of HCC, so inhibiting the
epigenetic function of HBx could prevent the development of
HBV-induced liver cancer.
Although the HBx protein is known to interact with numerous
cellular proteins disrupting their normal endogenous function,
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the common structural features or binding domains in HBx have
not been identified because the protein structure of HBx has yet
to be solved. Characterizing the structure/function relationships
of HBx-host target complexes should provide greater insight into
the exact nature of HBx-mediated cellular deregulation, and lead
to many opportunities to circumvent the HBx-mediated events
leading to HBV-associated liver pathogenesis.
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