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Abstract
Hepatocellular carcinoma (HCC) is one of the leading 
causes of death induced by cancer in the modern world 
and majority of the cases are related to chronic hepati-
tis B virus (HBV) infection. HBV-encoded X protein (HBx) 
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is known to play a pivotal role in the pathogenesis of 
viral induced HCC. HBx is a multifunctional protein of 
17 kDa which modulates several cellular processes by 
direct or indirect interaction with a repertoire of host 
factors resulting in HCC. HBX might interfere with sev-
eral cellular processes such as oxidative stress, DNA 
repair, signal transduction, transcription, protein degra-
dation, cell cycle progression and apoptosis. A number 
of reports have indicated that HBx is one of the most 
common viral ORFs that is often integrated into the 
host genome and its sequence variants play a crucial 
role in HCC. By mutational or deletion analysis it was 
shown that carboxy terminal of HBx has a likely role in 
protein-protein interactions, transcriptional transactiva-
tion, DNA repair, cell, signaling and pathogenesis of 
HCC. The accumulated evidence thus far suggests that 
it is difficult to understand the mechanistic nature of 
HBx associated HCC, and HBx mediated transcriptional 
transactivation and signaling pathways may be a major 
determinant. This article addresses the role of HBx in 
the development of HCC with particular emphasis on 
HBx mutants and their putative targets.
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Core tip: The available evidence supports a well-defined 
for the hepatitis B virus-encoded X protein (HBx) pro-
tein in viral-induced hepatocellular carcinoma. The 
progression cell cycle, transactivation potential, com-
promised DNA repair, inhibition the tumor suppressor 
gene and senescence-related factors are few of the key 
pathways by which HBx is known to promote patho-
genesis. The activation and inhibition of cellular calcium 
and tyrosine kinase signaling pathways are some of the 



other pathways modulated by HBx expression. Individ-
ually charged amino acids (K-130, V-131, D-120, 121) 
and or steches of amino acids (132-140) present in the 
carboxy-terminus of HBx protein seems to enhance the 
protein’s ability to deregulates cellular processes.
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INTRODUCTION
Throughout the world, hepatocellular carcinoma (HCC) 
is the sixth most commonly occurring cancer and is the 
third leading cause of  death due to its complex nature[1]. 
Majority of  the HCC cases occur as a result of  Hepati-
tis B virus (HBV) infection[2]. HCC is more common in 
Asia-Pacific region and Africa. Due to high frequency of  
reported HBV cases, persistent HBV exposure triggers 
progression of  HCC. More than 50% of  the sufferers 
of  HCC have history of  HBV infection[2]. The esti-
mated annual worldwide incidence is around 500000 and 
1000000. In the last two decades, annual incidence in the 
United States has also increased by 80%[3]. HBV is the 
smallest ds DNA virus known to infect humans. It is the 
archetype of  the hepadnavirus family and similar viruses 
infecting different hosts such as ducks (DHBV), ground 
squirrels (GSHV), and woodchucks (WHV). HBV ge-
nome encodes four proteins which include the envelope 
protein (S/Pre-S), the core protein (C/pre-C), the poly-
merase (P), and the X protein (HBx). On the basis of  
variation within the nucleotide sequence it is classified 
into eight genotypes named A-H[4]. Among them, B and 
C are mostly located in East Asia including China[5]. The 
HBx transcript is translated into a multifunctional protein 
which can regulate the activities of  host cellular genes[6]. 
HBx triggers viral and cellular promoter indirectly by 
interaction with nuclear transcription factors[7-9]. Addi-
tionally, HBx is found to be involved in the activation of  
numerous signal transduction cascades that are linked to 
cell proliferation and survival[10]. HBx mutants, especially 
those with mutations in the COOH-terminal have been 
implicated in HCC[11]. Therefore, strategies involving 
targeting of  HBx could help to achieve a significant level 
of  therapeutic effect by inhibition of  its functions which 
interferes with the cellular machinery and disrupts ho-
meostasis. 

HBX 
HBx is a 154-amino acid regulatory protein with a mo-
lecular mass of  approximately 17 kDa. As amino acid 
sequence of  this gene is not homologous to any known 

protein, it was assigned the name “HBx”[12]. It is one of  
the most conserved proteins among different HBV sub-
types and is found in almost all viruses of  Hepadnaviridae. 
It is mostly localized within the cytoplasm and upto some 
extent in the nucleus of  hepatic cells. HBx protein also 
play an important regulatory role in viral replication and 
subsequent infection[13]. HBx protein consists of  two 
functional domains[14]. The amino-terminal domain is 
mapped to the first 50 amino acids including the dimer-
ization region which is required for dimerization activity. 
The C-terminal transactivation domain is located between 
amino acid 53 and 142 which interacts with Xenopus an-
ti-photoreceptor-1 (XAP-1)/UV-damaged DNA binding 
protein (UVDDB) and p53[15,16]. HBx is multi-functional 
protein that can transactivate viral and cellular promoters 
and enhancers through protein-protein interactions with 
several well defined targets (Figure 1). Instead of  binding 
directly with DNA, HBX activates transcription by get-
ting involved with several nuclear transcription factors like 
RNA polymerase binding protein (RBP5), transcriptional 
factor IIB (TFIIB), transcriptional factor IIH (TFIIH), a 
subunit of  RNA polymerase, cAMP response element-
binding protein (CREB), CREB1-binding protein (CBP)/
p300, activating transcription factor 2 (ATF-2), activating 
protein (AP)-2, AP-1, and nuclear factor kappa B (NF-
κB)[17,18]. Moreover, HBx can modulate cytoplasmic signal 
transduction pathways including Ras-Raf-mitogen activat-
ed protein kinase (Ras-Raf-MAPK), Janus kinase/STAT 
(JNK/STAT), focal adhesion kinase (FAK), proline-rich 
tyrosine kinase 2 (Pyk2), protein kinase C (PKC) and Src-
dependent phosphatiylinositol-3 kinase (PI3K/Akt)[17,18]. 
Activation through transactivation of  cellular signaling 
molecules can lead to hepatic cells proliferation. In addi-
tion, it has the tendency to directly inactivate or indirectly 
down-regulate various tumor suppressors, such as p53, or 
senescence-related factors[17,18].

ROLE OF HBX PROTEIN-INDUCED 
HEPATOCARCINOGENESIS
HBx interferes with nucleotide excision repair
One of  the key factors playing a role in the commence-
ment and development of  HCC is DNA damage and 
accumulation of  errors[19]. Previously, we and others have 
shown that HBx protein inhibits DNA repair pathway. 
Acidic amino acids residues 120 and 121 of  HBx were 
found to be critical for interaction with TFIIH and 
modulation of  DNA repair process. It has been shown 
by in vitro and in vivo studies that HBx expression did not 
affect cell growth and tumor formation unless coupled 
with other factors such as exposure to hepatocarcino-
gen (diethynitrosamine) or UV irradiation[20]. HBx is 
not directly implicated in cancer progression but plays a 
major role as a promoting factor in HCC development. 
HBx protein is also known to interfere with nucleo-
tide excision repair (NER) pathway through both p53-
dependent and independent mechanisms. Studies have 
demonstrated that HBx protein inhibits cell cycle control 
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checkpoints and facilitate accumulation of  host muta-
tions by interfering with NER[21-23]. HBx exerts these 
effects by binding to several proteins involved in DNA 
repair pathways and inhibiting their repair capacity. HBx 
de-regulated factors include human homologue of  UV-
DDB, XPB and XPD components of  TFIIH. These are 
essential components for NER in both p53-proficient 
andp53-deficient hepatocytes[24,25]. HBx has been shown 
to repress XPB and XPD indirectly and inhibit the DNA 
binding properties of  the transcription factor Sp1[22,26,27]. 
It has been earlier noted that HBx inactivates p53 and 
also impair DNA repair. The COOH-terminus of  p53 
serves as a scaffold for HBx binding which ultimately 
results in the localization of  p53 from nucleolus to cyto-
plasm. This leads to uncontrolled cell cycle progression 
and DNA repair. HBx also represses transcriptional ac-
tivity of  p53 by disrupting cross talk among several cel-
lular factors[28]. Furthermore, it also disrupts interaction 
of  p53 with TFIIH resulting in compromised TFIIH in-
duced helicase activity during assembly of  the DNA re-
pair complex[29,30]. HBx binding to the carboxy (COOH) 
terminal domain of  p53 is known block its association 
with XPB and XPD. 

Effects of HBx proteins on anti- and pro-apoptotic 
pathways
HBx contributes to the progression of  HCC by affect-
ing apoptosis in different ways. HBx has been shown to 
either inhibit or have no effect on apoptosis[31-33]. Such 

contradictory manifestations are likely due to the differ-
ential pattern of  HBx expression and depend upon the 
cell types involved. It has been suggested that increased 
quantity of  HBx promote apoptosis, whereas low levels 
inhibits this phenomenon[34]. One of  the examples of  its 
anti-apoptotic feature involves complex formation and 
sequestration of  p53 in the cytoplasm and blocking its 
entrance into the nucleus[35-38]. As a result, p53 fails to 
up-regulate its various downstream effector molecules 
like Bax, p21, or Fas, which are required in the apoptotic 
pathway thus leading to increased cell survival[35]. HBx 
also prevents p53-induced apoptosis through HBx-P3K-
Akt-Bad pathway, by inhibiting caspase 3 function, asso-
ciated with H-ras oncogene by induction of  phosphatidyl 
inositol-3 kinase and AKt pathway[39]. Increase in the 
concentration of  anti-apoptotic protein survivin is an-
other example in this category which acts by p38/MAPK 
pathway[40]. HBx upregulation of  survivin expression 
was found to be HURP-dependent. Another molecule 
which is highly expressed in hepatocellular carcinoma 
and mediates actions of  HBx opposite to that of  p53 
is cyclooxygenase-2 (COX-2)[41]. Activation of  COX-2/
PGE2 pathway leads to elimination of  p53-induced 
apoptosis imposed by HBX expression. In contrast, it 
is demonstrated by cell culture studied in HeLa, Hep3B, 
and HepG2 cells that HBx induces apoptosis directly by 
inducing cytoplasmic cytochrome c, caspase-3-like activ-
ity and nuclear fragmentation. HBx induced apoptosis 
is evident in HBx transgenic livers, primary hepatocytes 
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Figure 1  Schematic depicting the potential contributions of hepatitis B virus -encoded protein in different cellular processes. It influences the apoptosis, 
transcription, DNA repair and epigenetic changes as well as affecting transactivation mechanism. MAPK: Mitogen activated protein kinase; TGF: Transforming growth 
factor; IL: Interleukin; PKC: Protein kinase C; ATF: Activating transcription factor; NF-κB: Nuclear factor kappa B; ASPP: Apoptosis-stimulating protein of p53; ERK: 
Extracellular signal-regulated kinases; JNK: Janus kinase; HIF: Hypoxia-inducible factor.
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retinoic acid receptor-beta two (RAR-β2) in human HCC 
cells by hypermethylating its promoter through DNA 
methyltransferase 1 and 3a. HBx abolishes the crucial 
potent effect of  retinoic acid to down-regulate G1-
checkpoint regulators such as p16, p21, and p27. This 
ultimately leads to activation of  E2F1 and the generation 
of  HCC tumor[59].

Telomerase activity
Induction of  Telomerase plays an important role in trans-
formation of  cancer cells as studies have shown that ma-
jority of  hepatocellular carcinomas display a high level of  
telomerase activity[60]. Several studies were carried out to 
establish the role of  HBx in telomerase but such effects 
has been controversial. HBx can increase the telomerase 
activity in cells transfected by virus, protein-positive HCC 
tissues or cultured HCC cells by increasing expression of  
TERT[61]. These studies demonstrate that HBx induced 
C-myc have a role in the process of  telomerase activation 
and prolonging the life-span of  normal cells. On the 
other hand Su et al[62] and his coworkers have shown that 
HBx inhibit telomerase activity and suggested that the 
controversial results could be attributed to various iso-
forms of  HBx. They found that the transcriptional sup-
pression of  human telomerase achieved by HBx isoform 
is by increased binding of  MAZ to its promoter[63,64]. 
However, more data is required to authenticate the func-
tion of  telomerase in HBx induced HCC.

Trans-activating mechanisms of HBx
It is widely acknowledged that HBx protein acts as a po-
tent transactivator and can affect various viral and cellular 
promoters and enhancers[65]. It regulates transcriptional 
activity basically via direct protein-protein interaction. 
The transactivation functions of  HBx is exercised in 
cytoplasm by signaling pathways, and in the nucleus by 
DNA-binding proteins[66]. A wide variety of  cellular and 
viral genes, class Ⅱ and Ⅲ promoters/enhancers, and 
proto-oncogenes such as c-jun, c-fos, and c-myc are upregu-
lated by HBx. Besides, it activates number of  transcrip-
tional factors and genes like NFκB, AP-1, ATF/cAMP 
and CREB in the nucleus[67,68]. The repertoire of  genes 
and proteins which are linked with proliferation of  cells 
also include interleukin-8 (IL-8), tumor necrosis factor 
(TNF), transforming growth factor (TGF)-β1, and early 
growth response factor (EGRF)[69]. In cytoplasm HBx ac-
tivates signal transduction cascades involving RAS/RAF/
MAPK, JAK/STAT, and Src kinases[27,70]. Induction of  
RAS/RAF/MAPK by HBx leads to activation of  AP-1 
and NFκB transcription factors which causes the de-reg-
ulation of  various checkpoints which control the cell cy-
cle[71,72]. HBx may also affect angiogenic pathways which 
play an important role in HCC development. HBx can in-
duce up-regulation of  vascular endothelial growth factor 
(VEGF) besides upregulating metalloproteinases (MMPs, 
MMP2, MMP9 and MMP14) which can be instrumental 
in promoting invasion and metastasis[73]. Apart from this, 
there are several other ways by which HBx induces HCC 

and in mice having p53 null mutation. Down-regulation 
of  C-myc expression by HBx increased the response of  
PLC/PRF/5 cells to TNF-α induced apoptosis[42,43]. 
TRAIL-induced apoptosis mediated by HBx has also 
been shown in the hepatocytes[44]. A recent report shows 
that only the complete HBx protein, and not the one 
with the truncated C-terminus, induces apoptosis, which 
further indicate that the COOH-terminal region is neces-
sary for its pro-apoptotic functions[45].

Epigenetic modification
The importance of  epigenetic modification in hepato-
cellular carcinoma was revealed when researchers found 
out that the methylation of  at least one tumor suppres-
sor gene was present in majority of  tumors studied. 
However, its prevalence in HBx induced HCCs is not 
clear[46]. Additional studies have shown that HBx can in-
duce epigenetic changes and inactivate tumor suppressor 
genes and/or activate oncogenes thereby promoting the 
development of  HCC[47]. Moreover, these hyper meth-
ylated genes show direct role in cell growth, cell cycle 
regulation, dedifferentiation, apoptosis and xenobiotic 
metabolism[48], altogether which contributes to HBV-
related HCC progression. HBx may modify transcription 
of  DNA methyltransferase (DNMT)1 and DNMT3 
and may act as potentially critical epigenetic deregulat-
ing agent. These epigenetic changes induced by HBx in 
several tumor suppressor genes have been highlighted. 
For example, HBx represses the E-cadherin (a tumor 
suppressor gene) by inducing DNMT1 transcription[49,50] 
and also influences Wnt signaling pathway. Such repres-
sive effect is brought about by Lysine-30 located in the 
transactivating domain of  HBx. HBx induces hyper-
methylation of  p16 which show positive correlation 
with HCC[51,52]. Activation of  DNMT1 transcription by 
HBx results in hypermethylation of  p16 and ultimately 
its repression[53]. This activation is mediated by pRb-
E2f  pathway. Genomic hypomethylation and regional 
hypermethylation of  the tumor promoter gene IGFBP-3 
are known contributors of  HCC. Promoter region of  
IGFBP is hypermethylated by DNMT1, DNMT3A1 
and DNMT3A2[53]. Activation of  Ras signaling pathway 
is responsible for Induction of  DNMT1[54]. Tumor sup-
pressor p53 also display a key role in regulation of  the 
DNMTs expression. It regulates apoptosis by interacting 
with apoptosis-stimulating protein of  p53 (ASPP)1 and 
ASPP2 family of  proteins[55,56]. ASPP2 has a much im-
portant role than ASPP1 in HBx protein induced HCC. 
Promoter hypermethylation of  glutathione S-transferase 
P1, which helps in mounting a protective state against 
injury from oxidant carcinogens, is shown to be medi-
ated by HBx. In summary the data is consistent with 
the hypothesis that epigenetic events induced by HBx 
play an important role in the pathogenesis of  HCC, 
and also that of  several other tumors. It is assumed that 
epigenetic down-regulation of  retinoic acid receptor-
beta 2 (RAR-β2) by HBx protein is an important step in 
HCC progression[57,58]. HBx decreases the expression of  
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like stimulation of  a number of  signaling pathways asso-
ciated with enhancing motility and overall survival chance 
of  tumor cells, up-regulation of  inflammatory mediators 
and an increased possibility for men to develop liver can-
cer by influencing androgen receptor pathway. There are 
many reports which advocate that COOH-terminal of  
HBx is critical for its transactivational activity and that it 
regulates cell proliferation and viability[74]. Deletion of  its 
COOH-terminal has been documented in patients with 
chronic HBV infection[36]. The carcinogenic potential of  
C-terminus truncated HBx has also been implicated in 
Wnt signaling pathways which may have influence upon 
the development of  HCC[68].

EFFECT OF HBX ON MICRO RNA 
EXPRESSION ASSOCIATED WITH HCC
MicroRNAs are noncoding RNAs which are involved 
in the regulation of  gene expression. Additionally, they 
play crucial roles in numerous pathobiological processes 
including tumor formation. Therefore, their possible 
role in the causation of  hepatocellular carcinoma is not 
unexpected. However, the question as to how HBx ac-
tually regulates miRNA expression during HCC has no 
easy answer. However, Wu et al[75] in 2014 have shown 
that HBx down regulates microRNA-15b via fucosyl 
transferase 2 induced Globo H (a cancer-associated 
carbohydrate antigen) expression ultimately influencing 
HCC proliferation. In a recently published article Zhang 
et al[76] 2013 have found that miR-205 is down regulated 
in 33 samples of  HCC tissues in contrast to adjacent 
healthy areas of  the liver. They suggested that miR-205 
could be a potential tumor-suppressive gene in case of  
HCC. According to them, HBx inhibit tumor suppres-
sor miR-205 and increases hepato carcinogenesis by 
hypermethylation of  miR-205 promoter. Wei et al[77] have 
demonstrated HBx induces epigenetic repression of  
miR-132 by methylation of  DNA and suggested that it 
could be a promising biochemical marker for HCC. They 
have also shown that miR-101 is down regulated by HBx 
which was in turn induced by HBX targeting the methyl 
transferase 3A (DNMT3A) gene. In a mouse model of  
liver cancer, it was observed that miR-148a is repressed 
by HBx and this leads to cancer growth and eventual 
metastasis. Expression of  miR-148a in hepatoma cells 
reduces hematopoietic pre-B cell leukemia transcription 
factor-interacting protein. This caused the suppression 
of  AKT and extracellular signal-regulated kinases (ERK) 
induced mammalian target of  rapamycin inhibition in-
volving AKT/ERK/Fork head box protein O4/ATF5 
pathways[78]. Recently Qiu et al[79] have highlighted that 
HBx downregulates PDCD4 by upregulation of  miR-21. 
HBx suppresses EGFR by miR-7 which confirms the 
role of  HBX-miR-7-EGFR as a critical signaling pathway 
in controlling cell growth in HCC[80]. HBx perturbs the 
in vitro expression of  miRNA in cancerous hepatocytes 
of  the host liver, especially by down regulating the mi-16 
family. Its suppression was c-Myc mediated and is a nec-

essary requirement for the HBx-induced transformation 
of  HepG2 cells in vitro[81]. Another microRNA, miR-152 
is frequently down-regulated during HBx expression 
and it is also known to regulate DNMT1 in HBV-related 
HCC. Additionally, tumor-suppressive role of  miR-152 in 
the epigenetic irregularity of  HBV-related HCC has been 
observed[82]. Wild-type HBx and the high proliferation-
inducing mutant HBx can influence the expression pro-
file of  miR-338-3p and miR-551b by its down regulation 
in L02 cells. Here, the cell growth inhibition occurs by 
direct modulation of  cyclinD1, cyclinG1, and E2F[83,84]. 
In another study showing linkage of  mi RNA with HBx, 
it was found that HBx could inhibit apoptosis of  HepG2 
cells through down-regulation of  miR-192 which induces 
apoptosis of  HepG2 cells[85].

MUTATIONS OF HBX
In the HCC tissue samples, negative with hepatitis B 
surface antigen, there seem to be a preferential accumu-
lation of  X transcripts suggesting the possible role of  
HBX in neoplastic transformation[86]. Several mutants 
of  HBx have been isolated from hepatic tissues and sera 
taken from sufferers of  HCC[87,88]. The incidence of  HBx 
mutations in such circumstances have been found to be 
reasonably high which underscores the point that the 
HBx mutants after all may be highly significant in the 
pathogenesis of  hepatocellular carcinoma[89,90] (Table 1). 
Deletions of  3’ is one of  the most frequently reported 
mutations of  HBx, and such mutations are more fre-
quently observed in hepatocarcinoma cells rather than 
untransformed liver cells which highlights the potential 
role of  these mutations in tumor development. Pous-
sin et al[91] have analyzed the HBx expression correlation 
in tumorous vs non-tumorous tissues of  human origin. 
They observed that HBV X gene was truncated at its 3’ 
end in five out of  nine tumors from the liver and only 
one out of  eight liver tissues with no tumors. A high rate 
of  mutation was revealed in X genes from three tumors 
upon Sequence analysis. This was in contrast to the lower 
rate of  mutation observed in the X genes of  adjoining 
non tumorous tissues. In an investigation carried out 
by Tu et al[45], sera and tissues were taken from tumor as 
well as healthy liver regions of  patients with HBV related 
HCC. They conducted a detailed analysis of  the structure 
and functioning of  HBx sequences. With the exception 
of  one, six out of  seven tumor samples showed that the 
HBx sequences in these tissues and especially those har-
vested from HBV integrant have a deletion at COOH-
terminal part. Many of  these shortened sequences were 
divested of  their transcriptional capacity. Additionally, 
their function of  acting as a brake to cell division and 
transformation seemed to be compromised. In fact 
COOH shortened HBX improved the transforming char-
acter of  ras and myc oncogenes[45]. Centromere protein A 
(CENP-A) is known to be frequently over-expressed in 
HCC. A positive correlation between HBx COOH termi-
nus mutation and expression of  CENP-A has been docu-
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mented in HCC tissues[92]. Carboxy-terminal truncated 
HBx were frequently detected in HCC tissues by Ma et 
al[93]. They found that the truncated HBx is able to effec-
tively transform immortalized liver cell line. Differential 
expression of  key genes implicated in the control of  cell 
cycle and apoptosis have been observed by them. Based 
on these studies, it can be concluded that the length of  
COOH terminus truncation is important for HBx’s tran-
scription activity. The truncated HBx exhibiting deletion 
within 14 amino acids had no effect on its transactivation 
property[94]. Thus it could be concluded that the last 14 
amino acids at the carboxy terminus of  HBx does not 
contribute towards transactivation activity[94]. HBx is di-
vided into six regions of  which A, C, and E regions show 
a more conserved state. To decipher the regions of  HBx 
which have a significant role in transactivation, Kumar 
et al[94] effected a range of  10 deletion mutants and four 
single point mutants which related to corresponding con-
served cysteine residues. The mutant gene expression was 
also examined by the use of  HBx specific monoclonal 
antibody. It was found by them that deletion of  region 
A which happens to be extremely conserved did not in 
anyways affect transactivation. Also the non-substitution 
of  the N terminal cysteine produced no difference to 
transactivation. Removal of  the regions C and D how-
ever led to an important loss of  function. Kumar et al[94] 

inferred and stated that residues 132-140 of  region E and 
C137 seemed to be crucial for transactivation. They also 
showed that a fusion cassette containing residues 58-140 
proved to be an efficient transactivator, suggesting an im-

portant role of  these residues in transcriptional activity[94]. 

C-terminal deletional mutant of  HBx (deleted at nucleo-
tides 382-400) was shown to down-regulate a miRNA 
(miR338-3p) in HBx infected cells which prolonged cell 
proliferation and increased the risk of  HCC develop-
ment[83,84]. Wnt-5a is correlated with the HCC develop-
ment. HBx mutants deprived of  thirty amino acids from 
their C-terminus induced the expression of  Wnt-5a gene 
by more than 10 folds in Huh7 cells. However, the ex-
pression of  Wnt-5a was suppressed when the same cells 
were transfected with HBx mutant deleted with forty 
amino acids from the same C-terminus. Such changes in 
Wnt-5a expression levels were also observed in patients 
with HCC when compared with appropriate non-tumor-
ous counterparts. This suggests that HBx mutants might 
play a role in the development and progression of  HCC 
through the Wnt-5a pathway as HBx showed negative 
correlation with Wnt-5a[95]. Sirma et al[74] studied the influ-
ence of  HBx and its natural mutants on cellular growth, 
proliferation and survival. They explained that the loss of  
antiproliferative and apoptotic role of  HBx by the natural 
mutants may propel the hepatocytes to go into uncon-
trollable cell division and probably help in malignant 
transformation which could ultimately lead to HCC.

Some point mutations have also been implicated in 
affecting the functions of  HBx and HCC development. 
HBx with point mutations K130M/V131I has been 
shown to induce hypoxia-inducible factor 1α which has 
a role in the development of  solid tumors under hypoxic 
environment conditions in HCC. A novel HBx associated 

Table 1  Hepatitis B virus -encoded X protein mutants and their role in liver injury and hepatocellular carcinoma 

No. Putative mutation Function/significance of the mutation Ref.

1 Insert mutation at position 204 Associated with the nuclear localization of HBx protein [88]
2 Mutations at aa 127, 130, and 131 HBx deletions may be implicated in HCC [89]
3 Distal COOH-terminal region deletion COOH-terminal truncated HBx plays critical role in the HCC carcinogenesis 

via the activation of cell proliferation
[45,93]

4 HBx-A31 mutation Development of this mutant represent a strategy of escape immune 
surveillance and thus may contribute to the process of multiple-step HCC

[101]

5 Truncation mutation at 3′ end of HBx Potential role in HBV related HCC [91]
6 Point mutations at X gene codons 130 (AAG - ATG) 

and 131 (GTC - ATC)
Modification in the transactivation function of HBx [102,103]

7 Deletion from 382 to 401 base pairs (HBxDelta127) HBxÄ127 promotes hepatoma cell growth through activating SREBP-1c 
involving 5-LOX

[96,104]

8 HBx M130K and V131I (T-A) mutations in HBV 
genotype F

Associated with severe liver damage and HCC, can acts as prognostic marker 
for HCC

[49]

9 aa 52 to 65 and 88 to 154 Regions are important for augmentation function of HBX in HBV replication [105]
10 Five types of “hot-spot” mutations of genotype B or C Affects antiproliferation and transactivation of genotype B or C of HBx [106]
11 A1762T/G1764A Associated with development of HCC in Thai patients [107]
12 and G1899A mutations

Natural HBx mutant truncated 27 amino acids at the 
COOH terminal

Promotes cell proliferation [108]

13 TP53 R249S mutation, genetic variations in HBx Associated with diagnosis of HCC or liver cirrhosis [109]
14 A truncated mutant (residues 58-140) of the HBx Participate in transactivation function [94]
15 Nucleotide change of codon 38 in the X gene of 

hepatitis B virus genotype C
Codon-38 change in genotype C is an independent risk factor for HCC 
development

[110]

16 Ser-101, Met-130 
Mutation 

Have differential effect on the expression of cyclin dependent kinase inhibitor [111]

17 HBx 120 and 121 Inhibits DNA repair [112]

aa: Amino acid; A31: Alanine 31; M-130: Methionine 130; I: Isoleucine; V: Valine; Ser: Serine(S); Met: Methionine; R: Arginine; LOX-5: Arachidonate 
5-lipoxygenase; SREBP: Sterol Regulatory Element-Binding Protein; HBV: Hepatitis B virus; HBx: HBV-encoded X protein; HCC: Hepatocellular carcinoma.
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mutation at amino acids L30F/S144A was recorded in 13 
out of  44 HCC tissue samples[96]. Chen et al[88] highlighted 
more than 50 varying type of  mutations involving the 
HBx gene. They found that HBx mutation in tissue and 
serum (12 and 9 sites respectively) showed significant 
association with HCC. This point to a possible role in 
HCC development. Insertion mutation at position 204: 
Insert 204AGGCCC was found to be coexisting with 
point mutation at 260 (G-->A) and 264 (G/C/T-->A). 
This opened a significant window in the understanding 
of  HBX mutation in that, it also pointed that the nuclear 
localization of  HBx protein in tumorous hepatocytes was 
closely associated with the afore mentioned characteristic 
alignment of  HBx. The above mutation seems to have 
connection with the nuclear localization of  HBx protein, 
suggesting a link with HCC development. With the help 
of  innovative laser capture micro dissection technology, 
Iavarone et al[89] consistently identified mutations at aa 
127, 130 and 131, though they are not able to find any 
clear point mutation profile between tumor and healthy 
tissue samples. On the other hand, deletion in HBx gene 
which was detected in several sufferers was more com-
monly associated with tumor derived sequences (6/18). 
This is in contrast to healthy tissue derived sequences in 
which the no is less (1 out of  20). The researchers con-
cluded that there is a consistent presence of  characteristic 
HBx encoding sequences in clonally proliferating cells. 
This strengthens the hypothesis that HBx deletions may 
be critically involved in the development of  liver cancer. 
Another study which identified mutations linked with the 
progression of  HCC is mutation of  nucleotides T1653, 
T1689, and/or T1762/A1764. Double mutant T1762/
A1764 along with the adjacent T1766/A1768 mutation 
was found to significantly elevate the risk of  HCC in 
HBV-infected patients[90]. Recently, a natural mutant of  
HBx (HBxDelta127) was discovered with shortening of  
27 amino acids at the COOH-terminal (deletion of  382 
to 401 bp). This can potentially induce growth and pro-
liferation of  hepatoma cells. HBx Delta127 significantly 
enhanced the transcription of  FAS in human hepatoma 
HepG2 and H7402 cells by activating SREBP-1c which 
in turn activates 5-LOX[97]. In an important discovery it 
was revealed that cancer associated HBx variants clearly 
blunted transactivation and proapoptotic functions. 
Although their ability to block p53-mediated apoptosis 
remained unaltered, suggesting that mutations in HBx 
may contribute to the development of  HCC. This result 
is consistent with the hypothesis that certain mutations in 
HBx and p53 (at codon 249) may cooperate in contribut-
ing to liver carcinogenesis[98]. Diet incorporated fungal 
aflatoxin B1 has been instrumental in the causation of  
HCC in Africa and China region, yet how HBx mutants 
interplay with toxins is still not known. Exposure to afla-
toxin B1 can result in induction of  mutation in the p53 
gene, a G to T transversion in codon 249 (p53ser249 
mutation) inactivates the tumor suppressor gene. This 
mutation is found in majority of  HCC patients in regions 
having high aflatoxin β1 exposure[99]. It was shown by 
Belloni et al[100] that HBV mutants that lack the ability to 

express HBx are replication deficient. Such replication 
incompetence is restored by exogenously expressing HBx 
transcomplements. Several evidences suggest that muta-
tions in HBx contribute heavily towards the development 
of  HCC. However, in what profound and exact manner 
these structural and point mutation affects functions and 
behavior of  HBX need to be further explored.

CONCLUSION
HBx modulates a variety of  cellular activities such as 
transcription, cell cycle progression, DNA damage re-
pair, cell proliferation, and apoptosis. The localization of  
HBx is consistent with its dual specificity role. HBx pre-
dominantly localizes in the cytoplasm and to some extent 
within the nucleus and mitochondria. This dynamic cellu-
lar distribution and compartmentalization could attribute 
to HBx multiple functions at different stages of  viral in-
fection and HCC progression. Although extensive study 
has been done to elucidate the implications of  HBx in 
hepatocellular carcinoma, its precise role in carcinogenic 
manifestations is yet to be deciphered completely and is 
appropriate to be the main focus of  the future studies. 
The difficulty in addressing its role arises due to the lack 
of  convenient and clinically relevant models to study viral 
replication. However, shedding some light on its indirect 
effects, it can be concluded that HBx helps in the pro-
gression of  HCC since it can modulate cellular micro-
environment by acting on transcription factors, cell cycle 
regulators, apoptosis and DNA repair mechanisms. This 
conclusion can be further supported by the fact that the 
duck HBV, that lacks an X open reading frame, does not 
induce cancer in ducks. Thus, HBx represents one of  the 
central players of  oncogenesis in liver and could be an 
attractive therapeutic target for HCC suppression. HBx 
mutants especially those with mutation in the COOH-
terminal end have been implicated in HCC, therefore 
therapeutic strategies targeting HBx could be effective at 
multiple stages of  HCC development.
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