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Abstract. Hepatocellular carcinoma (HCC) is a major
malignant disease worldwide, and chronic hepatitis B virus
(HBV) infection is one of the primary causes for this type of
cancer. Hepatitis B virus X protein (HBx) is a non-structural
protein encoded by the viral genome that has significant
effects on the pathogenesis of HCC. With the development
of high-throughput assays and technologies, the abnormal
HBx-induced expression of certain cellular proteins with
assorted biological functions has been investigated. These
target proteins identified by various methods include specific
proteins associated with the cellular cytoskeleton, which
contribute to HBx-induced hepatocarcinogenesis. In addition,
the cytoskeletal proteins deregulated by HBx are involved in
cell morphogenesis, adhesion, migration and proliferation.
This review aims to summarize the current understanding
of the expression profiles of HBx-associated cytoskeletal
proteins, as well as their complex functions and underlying
mechanisms in hepatocarcinogenesis. Considering that
the potential therapeutics for various types of tumors may
function through the stabilization of cytoskeletal proteins
in order to restrict cellular movement and limit intracel-
lular processes, clarifying the mechanisms underlying
protein-associated cytoskeleton dysregulation by HBx may
provide novel possibilities and potent therapeutic targets for
HBV-associated HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) is a major malignant disease
globally, and patients with chronic hepatitis B virus (HBV)
infection are at high risk of HCC development (1). The HBV
genome contains four overlapping open reading frames
(ORFs) that encode the viral surface proteins, core protein,
viral polymerase and X protein (HBx) (2). Among these viral
proteins, the surface proteins form the viral envelope, the core
protein comprises the nucleocapsid and the viral polymerase
is necessary for replication of the virus (1,2). HBx, encoded by
the smallest ORF, is a non-structural viral protein consisting
of 154 amino acids with a molecular weight of 17 kDa (1).
Previous studies have indicated that HBx is a regulatory
protein that benefits viral replication via interaction with
numerous cellular proteins (2,3). Furthermore, HBx has an
important role in HBV-mediated HCC progression by inter-
acting with transcription factors, activating cellular signaling
pathways or inducing aberrant epigenetic changes in order
to alter cellular gene expression patterns and to contribute
to hepatocarcinogenesis through various underlying mecha-
nisms (4-6). In addition, HBx mutants, in particular those with
a COOH-terminal deletion have been implicated in HCC and
observed to participate in hepatocarcinogenesis (7).

With the development of high-throughput assays and
technologies, including DNA array assays (8,9), oligo-
nucleotide microarray assays (10,11), cDNA microarray
technology (12,13), ChIP-chip and expression microarray
profiling (14-16), the abnormal changes in expression of
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various cellular proteins with biological activity induced by
HBYV (in particular by HBx) have been investigated. Of these
target genes or proteins, those associated with the cellular
cytoskeleton have been demonstrated to contribute to HBx
induced hepatocarcinogenesis (9-15). The cytoskeleton is
a structure that comprises several intracellular proteins that
maintain cell shape, supply structural support and control
cellular movement (17,18). The cytoskeleton has three principal
components: Microfilaments (or actin filaments), intermediate
filaments and microtubules (17). The proteins associated with
these cytoskeletal components participate in a number of
cellular processes, including cell morphogenesis, adhesion,
migration and proliferation (17,18). Therefore, an improved
understanding of the role and underlying mechanisms of
cytoskeletal genes and proteins in HBx-associated hepatocar-
cinogenesis may facilitate the identification of potential targets
for the control and treatment of HBV-induced HCC. This
review aims to summarize current knowledge of the cytoskel-
etal proteins that are deregulated by HBX, in addition to their
complex functions and associated underlying mechanisms in
hepatocarcinogenesis.

2. The proteins associated with the cytoskeleton that are
deregulated by HBx contribute to cellular morphological
changes

Morphogenesis of mammalian cells involves marked
changes in cell shape, mediated by rearrangements of
cytoskeletal components (18). One important feature of the
cytopathic effects (CPEs) mediated by viral infection is
morphological changes in the host cells. Previous studies
have demonstrated that HBV infection is able to induce
CPEs in hepatocytes, with a ground glass appearance in the
human liver/promoter-driven urokinase-type plasminogen
activator/severe combined immunodeficiency mouse model
or in cultured HeLa cells (19,20). Further studies reported
that HBV-replicating HepG2 cells exhibited morphological
changes and had the appearance of membrane rufflings and
lamellipodia-like structures (21). The proteins belonging
to the Rho GTPase family function as molecular switches
and cycle from a GDP-bound inactive form to a GTP-bound
active form (22). These proteins include ATP-dependent
RNA helicase A, Ras-related C3 botulinum (Rac) and cell
division control protein 42 (Cdc42), which are implicated
in regulating the assembly and organization of the cyto-
skeleton and are involved in cell morphogenesis (21,22).
Through implementing a cell-based HBV replication system,
the shape change of cells infected with this virus has been
proposed to be associated with the constitutively activated
Rac substrate 1 (Racl) (21). Notably, the interaction of Racl
nucleotide exchange factor (BPIX) with HBx via an SRC
homology 3 (SH3) domain-binding motif controlled the
activation of endogenous Racl to induce membrane ruffling
during HBV infection (21).

In addition, HBx expressing HepG2 cells have been
observed with long pseudopods (23). Furthermore, the
morphological changes observed in hepatoma cells expressing
HBx are associated with the microfilament bundles aligning
along the pseudopods, and microtubules orienting towards the
pseudopods (24). The Rho GTPase family proteins, including
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Rac and Cdc42, are involved in these HBx-induced cellular
polarized morphologies with pseudopods (24). Taken together,
these findings indicate that the Rho GTPase family proteins
serve an important role in HBx-induced morphogenesis with
the appearance of membrane ruffling and pseudopods during
HBYV infection (Fig. 1). However, the precise mechanisms
underlying the HBx-regulated activity of Rho GTPase family
proteins remain to be elucidated and require further study.
Epithelial-mesenchymal transition (EMT) has been
increasingly recognized as a significant event in the develop-
ment of HCC (25). EMT is the process by which epithelial
cells undergo morphogenetic changes to acquire features of
a fibroblastoid or mesenchymal cellular phenotype during
the process of cancer progression (25-27). During EMT,
the expression of E-cadherin, an epithelial cell-cell adhe-
sion molecule, is downregulated, whilst the expression of
the mesenchymal cell adhesion molecule N-cadherin is
upregulated in a process known as the cadherin switch (25).
Sequentially, the cytoskeletal actin component -catenin is
released from the cellular membrane to enter the cytoplasmic
pool (25-27). Following this, cytosolic f-catenin may be
degraded or translocated into the nucleus (25). Additionally,
enhanced expression of the cytoskeletal protein vimentin
has been observed during the process of EMT in tumor
cells (25,26). A previous study has demonstrated that the
hepatocytes observed in well-differentiated HCC samples
are associated with E-cadherin at the plasma membrane,
whereas the loss of E-cadherin expression is exhibited in
poorly differentiated HCC (26). In addition, the nuclear
translocation of f-catenin is accompanied by reduced
E-cadherin expression levels. Furthermore, the expression
levels of vimentin are also increased in poorly differenti-
ated HCC tissue samples (26,27). Whilst a high load of
HBYV replication inhibits the EMT of HCC cells (28), HBx
is considered to contribute to the promotion of EMT. HBx
may be able to induce an EMT phenotype in hepatoma
cells, with decreased E-cadherin expression levels as well
as an upregulation of vimentin and N-cadherin (29). In
addition, B-catenin is primarily observed in the cytoplasm
and nuclei of HBx-transfected cells (30). Furthermore, HBx
has been demonstrated to induce EMT in human hepatoma
cells by activating proto-oncogene tyrosine-protein kinase
(c-Src) (29), or by modulating the signal transducer and
activator of transcription (STAT) 3 signaling pathway in
order to activate Twist (31). HBx stimulation of the STAT5b
signaling pathway, or the epigenetic silencing of secreted
frizzled-related proteins 1 and 5 using hypermethylation,
was also correlated with EMT in HBV-associated HCC tissue
samples (32,33). In addition, the stabilization of Snail protein
via the activation of the phosphatidylinositol 3-kinase/protein
kinase B/glycogen synthase kinase-3f3 (PI3K/AKT/GSK-3()
signaling pathway is involved in HBx induced EMT (34).
The underlying mechanisms involved in the cytoskeletal
protein expression alterations associated with EMT, and those
that are deregulated by HBx, have previously been investi-
gated in various studies (35-42). HBx has been demonstrated
to downregulate E-cadherin via a range of mechanisms,
including methylation of the E-cadherin promoter through
DNA methyltransferase 1 activation (35), histone deacety-
lation of E-cadherin via recruitment of the mSin3A/histone
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Figure 1. HBx has a role in the morphogenesis, adhesion, migration and proliferation of hepatoma cells. HBx is a multifunctional factor that primarily induces
the change of cell morphogenesis with the appearance of lamellipodia, membrane ruffling, pseudopods and EMT. The abnormality of HBx-mediated cell
adhesion relies on the disruption of cell-cell adhesion and cell-extracellular matrix adhesion. The enhanced movement or migration of HCC cells mediated
by HBx is primarily dependent on mesenchymal and amoeboid migration. In addition, cytoskeletal proteins, including LASP-1 and Capn4, are involved
in HBx-associated HCC cell migration. Increased HBx-promoted HCC proliferation is associated with various cytoskeletal proteins, including LASP-1,
PAKI, B-catenin and URGI1. HBx, hepatitis B virus X-protein; HCC, hepatocellular carcinoma; Cdc42, cell division control protein 42; fPIX, Rho guanine
nucleotide exchange factor 7; Rac, Ras-related C3 botulinum toxin; EMT, epithelial-mesenchymal transition; Src, proto-oncogene tyrosine-protein kinase Src;
STATS5b, signal transducer and activator of transcription 5B; SFRP, secreted frizzled-related protein 1; PAKI, serine/threonine p21-activated kinases; URG11,
upregulated gene 11; LASP-1, LIM and SH3 domain protein 1; Capn4, calpain small subunit 1; MT1, membrane type 1; MMP, matrix metalloproteinase; RhA,

ATP-dependent RNA helicase A; RhoC, Ras homolog gene family, member C.

deacetylase 1 complex to the E-cadherin promoter (36) or
the downregulation of microRNA-373 in HCC cells (36). In
addition, HBx was determined to upregulate the expression
of B-catenin in various ways. Firstly, HBx has been reported
to stabilize cytoplasmic (3-catenin through glycogen synthase
kinase 3f3 suppression, which occurs via the activation of Src
kinase (37). Secondly, it has been demonstrated that HBx
upregulates P-catenin by attenuating its interaction with
silent mating type information regulation 2 homolog 1 (38).
Thirdly, HBx activates the [3-catenin promoter and acceler-
ates [-catenin expression through increasing upregulated
gene 11 (URGI11) expression levels (39,40). Hsieh et al (41)
demonstrated that HBx binds adenomatous polyposis coli,

displacing p-catenin from its degradation complex. Addition-
ally, it has been revealed that HBx inhibits the expression of
HBX-related long noncoding RNA downregulated expression
by HBx to upregulate vimentin expression (42). EMT is a
complex process mediated by various genes (26). The majority
of published studies have focused primarily on known
EMT-associated genes mediated by HBx in HBV-associated
HCC (Fig. 1); however, a precise network of EMT-associated
genes regulated by HBx has yet to be generated. Therefore,
further studies are required to clarify the impact of HBx on
the expression of EMT-associated genes at the genome-wide
level, in order to find key targets for the clinical treatment of
HBV-associated HCC.
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3. The cellular cytoskeletal proteins associated with cell
adhesion

Tight cell-cell and cell-extracellular matrix (ECM) connec-
tions are required for the formation of a polarized and stable
epithelial cell (43). Cell-cell adhesion is attained as a result
of various structures, including adherens junctions, tight
junctions and desmosomes (43). A family of transmembrane
glycoproteins known as cadherins mediates the adherens
junctions (44). A complex of numerous proteins mediates
the anchorage of cadherins to adherens junctions, including
actinin, vinculin and catenins (43,44). The role of HBx in the
disruption of cell-cell adhesion has not yet been elucidated;
however, Lara-Pezzi et al (44) demonstrated that HBx is
able to dissociate cadherin/catenin complexes to induce the
disruption of adherens junctions in an Src kinase-dependent
manner (Fig. 1).

Cell-ECM adhesion is predominantly regulated by
various adhesion receptors, including integrins, to form
focal adhesions (45). Integrins are heterodimeric transmem-
brane adhesion receptors composed of 18 a-subunits and 8
[-subunits, and may recognize specific peptide motifs located
in ECM components, including fibronectin, vitronectin,
laminin, hyaluronan and collagen (46,47). HBV replication
reduces the formation of focal adhesions and the actin concen-
tration at the cell periphery, resulting in a significant reduction
of adhesion to laminin in cells infected with HBV (48). Addi-
tionally, a decrease in cell adhesion to collagen is observed
in HBV-replicating cells, as well as cells transfected with
HBx (49). Furthermore, HBx has been demonstrated to interact
with the focal adhesion protein vinexin-f3 via binding to the
SH3 domain, and the decrease of cell adhesion dynamics
to the ECM may be associated with an interaction between
vinexin-f3 and HBx (49). HBx-expressing cells also demon-
strate decreased adhesion to fibronectin, which correlates
with decreased expression levels of the HBx-induced a5 inte-
grin subunit (50). Additionally, a decrease in the expression
levels of the collagen/laminin receptor al integrin subunit
in cells expressing HBx has been observed (50). However,
HBx-expressing cells exhibit a higher capacity to adhere to
hyaluronan in a CD44-dependent manner (24). Together,
these changes in the cell-ECM association mediated by HBx
contribute to the cell adhesion abnormalities observed in HCC
(Fig. 1) (49,50). Further understanding of the molecular mech-
anisms underlying HBx-mediated disruption of the celllECM
connection may facilitate the discovery of novel therapeutic
strategies.

4. The cellular cytoskeletal proteins associated with cel-
lular migration

Tumor cells at various differentiation levels demonstrate
migration and motility in numerous ways (51-53). In
well-differentiated tumor cells, stable cell-cell contact forms a
cohesive multicellular unit and cells undergo collective migra-
tion, forming what is known as a sheet-like structure (52).
When tumor cells undergo EMT and acquire a mesenchymal
phenotype, cell-cell contacts disintegrate and cells are able to
migrate individually (51,52). Depending on the strength of the
adhesion between the tumor cells and ECM, individual cells
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may undergo amoeboid or mesenchymal migration (51). In
the case of mesenchymal movement, cells form focal adhe-
sions with ECM components and the movement of tumor
cells is primarily dependent on the degradation of ECM (52).
During amoeboid movement, focal adhesions between cells
and components of the ECM are not formed, and the cell
may migrate through the space between the ECM compo-
nents (51,52). In addition, tumor cells are able to switch from
mesenchymal movement to amoeboid movement in response
to microenvironmental stimulation, in a process known as
mesenchymal-amoeboid transition (53).

As aforementioned, HBx is responsible for inducing the
process of EMT in HCC cells, promoting their invasion and
migration (29,31,32). Furthermore, upon the progression of
HCC, numerous types of ECM-degrading enzymes, including
matrix metalloproteinases (MMPs), are upregulated and acti-
vated by HBx to induce ECM degradation (54-57). Firstly, these
findings indicate that HCC cells expressing HBx are associ-
ated with an increase in membrane-type 1 (MT1)-MMP and
MMP-2 expression levels (54,55). Secondly, the HBx-induced
migratory phenotype in hepatoma cells is associated with
the activation of MMP-3 (56). Thirdly, HBx induces MMP-9
expression via the activation of extracellular signal-related
kinases (ERKs) and the PI3K/AKT signaling pathways (57).

The upregulation of MMP-9 and MMP-14, mediated by
HBx, is associated with the increased activation of the nuclear
factor kB (NFxf) signaling pathway in HepG2 cells (58). In
addition, HBx has been demonstrated to stabilize amplified
in breast 1 protein to enhance MMP-9 promoter activity
and increase MMP-9 expression levels (59). Furthermore,
Xia et al (60) suggested that HBx upregulates forkhead box
protein M1 (FoxM1) expression through the ERK/cAMP
response element-binding protein signaling pathway in order to
facilitate MMP-2, -7 and -9 expression. In addition, C-terminal
truncated HBx is implicated in HBV-associated HCC and
correlated with hepatocarcinogenesis (7). Sze et al (61) demon-
strated that C-terminal truncated HBx was able to activate
MMP-10 via c-Jun transcriptional activity. As HBx-associated
MMPs serve key roles in inducing ECM degradation to
improve cell migration (Fig. 1), it is possible to exploit the
inhibition of these MMPs by using blocking antibodies or
small molecule inhibitors as potentially effective therapeutic
strategies to control abnormal cell migration mediated by
HBYV infection.

Amoeboid movement depends on cellular polarization
through the formation of anterior pseudopodia in order to
move the cell forward (51,52). HBx-induced cell migra-
tion is associated with the formation of a pseudopodium
and the redistribution of activated 1 subunits, CD44 and
ezrin-radixin-moesin (ERM) proteins, particularly moesin,
to the tips of the pseudopodium (24). This study also demon-
strated that Rho GTPase family proteins, including Rac and
Cdc42, were involved in cell polarization with pseudopodia,
and that CD44 and ERM proteins redistribute in HBX
expressing cells (24). Ezrin, a member of the ERM protein
family, has also been observed to be overexpressed in patients
with HBV-associated HCC, and contribute to a higher migra-
tion and invasion capacity in hepatoma cells (62). Among
the molecules in the Rho GTPase family, Racl could be
activated by the replication of HBV, resulting in the abnormal
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migration of HBV-replicating cells (63). Additionally, RhoA
has been demonstrated to be activated by HBx to promote cell
migration (64). RhoC, a member of the Rho subfamily, is also
involved in the migration of HBV-associated HCC cells, and
HBx-mediated overexpression of FoxM1 or Ets-1 is respon-
sible for upregulation of RhoC (60,65,66). Due to the roles of
Rho GTPase family proteins in HBx-induced cell migration,
these proteins may also be viable targets for HBV-associated
HCC therapy.

In addition to the aforementioned proteins, increased
expression levels of certain cell migration-associated proteins,
including Ras GTPase-activating-like protein, annexin A2 and
protein disulfide-isomerase A3 were identified by a proteomics
study of HBV-expressing HepG2 cells, with the majority of
these proteins being cytoskeletal (67). LIM and SH3 domain
protein 1 (LASP-1) is a cytoskeletal protein that localizes to
numerous dynamic actin assembly sites, including focal adhe-
sions, pseudopodia, lamellipodia and membrane ruffles, and
by reacting with various other cytoskeletal proteins, it is also
involved in HBx-induced cell migration (23). HBx-mediated
upregulation of LASP-1 expression occurs partially through
the PI3K signaling pathway (23). In addition, previous studies
indicated that HBx increases the expression levels of calpain
small subunit 1 (Capn4), a protein belonging to the calpain
family of calcium-dependent proteases, which is involved in
focal adhesion dynamics (68,69); it was revealed that Capn4 is
involved in HepG2 cell migration, and the increased activation
of NF«kp/p65 was demonstrated to be crucial in the regulation
of Capn4 expression (68,69).

5. The cellular cytoskeletal proteins associated with cellu-
lar proliferation

Despite advancements in methods of detecting the dysregula-
tion of cytoskeleton-associated proteins mediated by HBx,
the role of these proteins during HCC cell proliferation is still
poorly understood (9-15). Xu et al (70) suggested that HBx
may upregulate serine/threonine p21-activated kinase 1, which
is involved in the regulation of cytoskeletal dynamics and the
protection of cells from anoikis, in order to promote the growth
of tumors in mice. HBx also promotes cell proliferation via the
upregulation of LASP-1, and inhibits the expression of LASP-1
to decrease the accumulation of HBx bearing cells at the G2/M
phase of the cell cycle (23). Furthermore, 3-catenin serves an
essential role in the hepatoma cell proliferation induced by
HBx (71). URGII is a protein that is associated with [3-catenin
expression in HBx-associated HCC cells (39), which is able
to stimulate cell growth and cell cycle progression in vitro.
In addition, URGI1 stimulates anchorage-independent cell
growth in soft agar and HBx-mediated tumor formation in
severe combined immunodeficiency mice (72). Considering
the vital role of cytoskeletal proteins in cell proliferation
(Fig. 1), further studies are required in order to elucidate how
HBx-associated cytoskeletal proteins regulate cell prolifera-
tion during HBV infection.

6. Conclusion

Inconclusion,HBV-associated hepatocarcinogenesisis regarded
as a multifactorial process; however, the exact underlying
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mechanisms remain to be established. Previous studies have
suggested that HBx-mediated cytoskeletal proteins are involved
in hepatocarcinogenesis and participate in cell morphogenesis,
adhesion, migration and proliferation via various mechanisms
(Fig. 1). Although the roles of a number of cytoskeletal genes
and proteins mediated by HBx have not been determined, the
reviewed studies provide insights into the function of these
factors in the development of HBV-associated HCC. Chemo-
therapeutic agents that are able to induce stabilization of
cytoskeleton-associated proteins to restrict movement, as well
as limit intracellular processes, have been studied as potential
therapeutic agents for certain tumors (46,73). Therefore, it is
possible that clarifying the underlying regulatory mechanisms
of cytoskeleton-associated proteins during HBV infection may
facilitate the identification of novel potential therapeutic targets
for HBV-associated HCC.
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