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Abstract Hepatocellular carcinoma is the fifth most common
tumor and the third cause of death for cancer in the world.
Among the main causative agents of this tumor is the chronic
infection by hepatitis viruses B and C, which establish a
context of chronic inflammation degenerating in fibrosis, cir-
rhosis, and, finally, cancer. Recent findings, however, indicate
that hepatitis viruses are not only responsible for cancer onset
but also for its progression towards metastasis. Indeed, they are
able to promote epithelial-mesenchymal transition, a process of
cellular reprogramming underlying tumor spread. In this man-
uscript, we review the currently known molecular mechanisms
by which hepatitis viruses induce epithelial-mesenchymal tran-
sition and, thus, hepatocellular carcinoma progression.
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Epidemiology and pathogenesis of hepatocellular
carcinoma

Hepatocellular carcinoma (HCC), being the most common
subtype of liver cancer (70 to 85 %), is the fifth most frequent
neoplasm, affecting more than half a million people each year
worldwide [1]. The highest frequencies of HCC are found in
developing countries (East and Southeast Asia and Middle
and Western Africa), although the incidence is rising in de-
veloped western countries too [2–4]. These geographical dif-
ferences are explained by both different prevalence of risk
factors and ethnical factors [5].

In most cases, hepatocarcinogenesis arises in the setting of
chronic liver damage and inflammation, which leads to fibro-
sis and, ultimately, to cirrhosis [6]. Among the main causes
underlying chronic liver damage are toxicity from heavy
alcohol consumption and from dietary aflatoxins, metabolic
disorders like diabetes, non-alcoholic fatty liver disease, he-
reditary hemochromatosis, porphyria cutanea tarda, hereditary
tyrosinemia, α1 anti-trypsin deficiency, and immunological
disorders such as primary biliary cirrhosis and autoimmune
hepatitis [3, 5]. The leading risk factor for HCC, however, is
represented by chronic viral hepatitis. About 80 % of cases of
HCC arise following chronic infection by hepatitis B virus
(HBV) or hepatitis C virus (HCV) [7]. Some studies also
report hepatitis D virus (HDV) infection as a potential risk
factor for HCC [8–11].

Hepatitis viruses can induce HCC through different mech-
anisms, such as activation/inactivation of cellular genes due to
viral genome integration, modulation of cell signaling and
metabolic pathways, alteration of cell growth and apoptosis,
transcriptional and translational regulation, epigenetic regula-
tion, induction of oxidative stress, and modulation of the host
immune response [5, 6, 12–15]. The two latter aspects play a
major role in viral-induced hepatocarcinogenesis since viral
infection elicits an immune response which often fails to clear
the virus but, in turn, creates a continuous cycle of hepato-
cytes’ death and compensatory regeneration, inflammation,
and tissue repair, which promote liver fibrosis, cirrhosis, and
cancer [5, 6, 12, 13]. This chronic activation of the immune
system driven by hepatitis viruses worsens the condition of
oxidative stress by dysregulating cell signaling and metabo-
lism [6]. Several reports indicate the existence of a link be-
tween hepatitis virus infection and oxidative damage: In
humans, chronic infection of the liver is associated with
increased content of 8-hydroxydeoxiguanosine, a DNA mod-
ification caused by reactive oxygen species (ROS) [16, 17],
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while in transgenic mice, expressing either HBV- or HCV-
increased oxidative stress correlates with HCC development
[16, 18–20]. Oxidative stress, in turn, activates the MAPK
cascade and the hepatic stellate cells which promote cell
proliferation and fibrogenesis [16] .

Surgical resection, liver transplantation, and local abla-
tion are the main curative treatment options for hepatocel-
lular carcinoma, even though therapies should be individ-
ualized depending on tumor stage, and only few patients
with early stage disease are eligible for these therapeutic
approaches [21, 22]. For advanced stage HCC patients,
instead, the therapies are mainly palliative or symptomatic,
apart from the treatment with sorafenib. The latter is a
multikinase inhibitor of the vascular endothelial growth
factor receptor (VEGFR), platelet-derived growth factor
receptor (PDGFR), and Raf, targeting cell proliferation,
apoptosis, and angiogenesis [23]. The rationale for its
approvement in the treatment of unresectable HCC relies
on frequent activation of these tyrosine-kinases in HCC
[24]. The response to sorafenib, however, is low, with less
than 3 months of survival prolongation [24] and patients
may develop resistance [25]; thus, the finding of further
therapeutic approaches is urgently needed.

Due to the high vascularity of liver, HCC is prone to
metastasize, mainly at the intrahepatic level and at the extra-
hepatic one, with lungs, bones, lymph nodes, and adrenal
glands being most frequently involved [26]. Metastases are
among the main causes of ineffectiveness of the current ther-
apies, making HCC the third cause of cancer-related death in
the world [27].

Epithelial-mesenchymal transition: a mechanism
of cancer progression

A crucial mechanism in cancer progression and metastasis,
which is known to be also directly induced by hepatitis
viruses, is epithelial-mesenchymal transition (EMT).

EMT is a process in which epithelial cells undergo a
transcriptional reprogramming and dramatic morphological
changes and acquire a mesenchymal phenotype characterized
by more migratory properties. Epithelial cells compose orga-
nized layers in which cells are adherent to each other: this is
due to the arrangement of different kinds of cell-cell junctions
(i.e., adherens junctions, desmosomes, and tight junctions)
which limit their motility and prevent their detachment. More-
over, some protein complexes (such as Par and Crumbs)
associate with the junctions and allow epithelial cells to ac-
quire an apicobasal polarity [28]. On the contrary, mesenchy-
mal cells are elongated in shape, not polarized, and lack
intercellular interactions. This enables them to cross extracel-
lular matrix and stromal tissues and to disseminate through the
circulatory system [29–31].

At the molecular level, the changes occurring during
EMT are explained by the loss of epithelial markers and
the gain of mesenchymal ones. A major event in EMT is
the downregulation of E-cadherin promoted by a number
of transcription factors, among which are those belonging
to the families of SNAIL, TWIST, and ZEB [32, 33].
Another mechanism by which E-cadherin is downregulat-
ed, as observed in different kinds of tumors, is the hyper-
methylation of its promoter induced by DNA methyltrans-
ferases (DNMTs) [34]. Other hallmarks of EMT are the
increased expression of protein factors involved in re-
organization of cytoskeleton and motility, such as FSP1,
α-SMA and vimentin [33], the increased production of
metalloproteinases for matrix degradation [35], and the
cytoplasm-to-nucleus translocation of β-catenin, a protein
that not only connects cadherins to cytoskeleton but also
regulates gene expression associated with EMT [33].
Once in the nucleus, β-catenin binds to the high-
mobility group domain factors Tcf/LEF and activates the
expression of some mesenchymal markers such as fibro-
nectin and matrix metalloproteases [36, 37], some repres-
sors of epithelial differentiation, such as CDX1 and
ENC1, beside a number of genes regulating cell prolifer-
ation, survival, and invasiveness [37].

A mediator of EMT is represented by ROS, which are
known to play a role in the hepatocarcinogenesis, as stated
above. Indeed, ROS can activate the MAPK cascade, thus
supporting proliferation; they can regulate transcription fac-
tors involved in tumor progression (including Snail) and genes
promoting invasion (such as metalloproteases); and they can
induce cytoskeletal remodeling, an event which takes place in
EMT [38].

Based on the biological context in which it takes place,
EMT can be classified into three subtypes. Type 1 EMT
physiologically occurs during embryo implantation, embryo
development, and organogenesis. Type 2 EMToccurs both in
the physiological response to injury during wound healing and
tissue repair and in the pathological setting of organ fibrosis.
Type 3 EMT is a process associated with metastatic cancer: it
allows neoplastic cells to become motile and invasive and
leave the primary epithelial tumor site to reach, through the
bloodstream, different body districts where they form a sec-
ondary tumor [28, 30, 39]. Since after the colonization the
secondary tumor cells resemble the tumor from which they
originate and no longer show mesenchymal features, the
reverse process is thought to occur, namely mesenchymal-
epithelial transition (MET) in which mesenchymal cells revert
to an epithelial phenotype [39, 40].

A growing body of literature reports a pivotal role for EMT
in the invasiveness of HCC based on both experimental data
and analyses on HCC human samples, mostly correlating the
expression of Snail and Twist and the repression of E-cadherin
with the poorest prognosis [41–44].
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In the following sections, we review the currently known
molecular mechanisms by which hepatitis B and C and Delta
viruses can promote HCC progression and metastasis.

Hepatitis B virus and epithelial-mesenchymal transition

Hepa t i t i s B v i ru s (HBV) i s a membe r o f the
Hepadnaviridae family. Ten HBV genotypes (A-J) have
been described having different geographical distribution,
with genotypes C and D more frequently associated with
the development of HCC [45, 46].

The HBV genome is a relaxed circular and partially
double-stranded DNA molecule of about 3.2 kb with four
overlapping open reading frame (ORF) encoding the viral
proteins S, C, P, and X. The ORF S contains three start sites
which generate the synthesis of three different sized surface
proteins (small, middle, and large) of the envelope (HBsAg).
The ORF C encodes for both the secreted precore (HBeAg)
and the core (HBcAg) proteins of the nucleocapsid [47]. The
ORF P generates the viral polymerase which shows DNA
polymerase, reverse transcriptase, and RNaseH activities
[48]. Finally, the ORF X encodes for the HBx protein, which
not only seems to be important for viral replication but is also
known to modulate a number of processes in the host cell such
as transcription, signal transduction, cell cycle progression,
and apoptosis [49].

Replication of the HBV genome occurs within the nucleus
of the infected hepatocytes, where it integrates into the host
genome, thus disrupting gene functionality and making cells
more susceptible to malignant transformation [47]. On the
other hand, integration in the host genome could also result
in truncated or mutated viral proteins which may direct onco-
genesis as well [50].

Several papers report the ability of HBV to promote HCC
invasiveness through induction of EMT. A major role in this
process has been attributed to the viral HBx protein, which
was found, since the early 2000 to disrupt cell-cell junctions
and cell-extracellular matrix interactions and to promote cell
migration [51, 52].

Among the mechanisms by which HBx protein can trigger
EMT, there is the activation of signal transducers and activa-
tors of transcription (STAT) proteins, and specifically STAT5
[53] and STAT3 [54]. STAT proteins are a family of seven
proteins (STAT1–4, 5a, 5b, and 6) activated by several cyto-
kines and growth factors by means of tyrosine phosphoryla-
tion. After dimerization, they move to the nucleus where they
serve as transcription factors [55, 56]. STAT proteins were
found persistently activated in a number of cancers, including
HCC [55], and have been also associated with tumor invasion
and metastasis [57].

STAT5b was found activated in human samples from pa-
tients affected by aggressive HBV-associated HCC with an

adverse clinical outcome. In vitro experiments on HBx-
transfected hepatoma cells showed this activation to be at least
in part due to HBx protein and to trigger a switch from
epithelial to mesenchymal cell morphology together with the
loss of E-cadherin and gain of vimentin [53]. More recently,
HBx protein has been linked to the activation of STAT3,
which in turn promotes EMT in cultured liver cells by upreg-
ulating the EMT-related transcription factor Twist [54].

HBx protein can trigger EMT by activating other signal
transduction pathways, such as the ones mediated by c-Src
and PI3K/AKT/GSK-3b respectively [58, 59]. The proto-
oncogene c-Src is a non-receptor tyrosine kinase involved in
the progression of a variety of tumors. When transfected into a
human HCC cell line, HBx protein was found to significantly
increase c-Src activity, thus increasing cell invasiveness and
inducing changes in cell morphology and in the expression of
epithelial and mesenchymal markers, which were reversed
upon c-Src inhibition [59].

The PI3K/AKT/GSK-3b pathway, by regulating cell cycle
at multiple levels, is a well-known mechanism of tumor pro-
gression [60]. It was recently demonstrated that HBx protein
can activate this pathway, resulting in the stabilization of the
transcription factor Snail at the protein level. This contributes
to promote EMT and tumor invasion both in vitro and in vivo
[58]. The same AKT/GSK-3b pathway is activated by FAT10,
an oncogene belonging to the family of the ubiquitin-like
modifiers, which is upregulated in HCC and other cancers
[61, 62], and whose expression was found to positively cor-
relate with invasive colon cancer [63]. Increased expression of
FAT10 was observed in HBV-associated HCC patients and
was shown to correlate with poor prognosis [64]. Moreover,
FAT10 over-expression was able to promote EMT in vitro, as
deduced by cell invasiveness, decreased expression of E-
cadherin, and increased expression of both N-cadherin and
vimentin [64].

Finally, HBx protein can induce EMT through epigenetic
mechanisms. This viral protein was found to regulate E-
cadherin expression through hypermethylation of the promot-
er [65], histone deacetylation of the gene, and suppression of
miRNA-373, a positive regulator of E-cadherin expression
[66]. Furthermore, HBx protein can affect the expression of
miRNA-148a which was shown to suppress EMT in vitro and
to inhibit HCC metastasis in vivo by targeting the transcrip-
tion factor hematopoietic pre-B cell leukemia transcription
factor-interacting protein (HPIP) and its downstream AKT/
ERK/FOXO4/ATF5 pathway, culminating in mTOR regula-
tion [67].

Besides the aforesaid molecular mechanisms of EMT in-
duction, other less strong or less characterized correlations
between HBV infection and HCC invasiveness have been
reported. A potential link may exist between EMT in HBV-
associated HCC and the expression of the stemness marker
antigen CD133 [68], the increased expression of the
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polymeric immunoglobulin receptor (pIgR) [69] and the in-
creased expression of T cell lymphoma invasion and metasta-
sis 2 (TIAM2) gene [70].

Hepatitis C virus and epithelial-mesenchymal transition

HCV is a member of the Flaviviridae family. Six genotypes
(HCV1 to HCV6) with different geographical pattern are
known, each being actually further classified into subtypes
[71]. It has been demonstrated that different genotypes spe-
cifically and differentially regulate host gene expression, and
this probably may account for different clinical manifestations
of the disease [71–74].

The HCV genome is a positive-sense, single-stranded
RNA molecule of about 9.6 kb. It carries a single ORF
encoding a precursor polyprotein which is cleaved into three
structural (core, E1, and E2) and seven non-structural (p7,
NS2, NS3, NS4A, NS4B, NS5A, and NS5B) proteins [75, 76]
by both viral and cellular proteases.

E1 and E2 are two envelope glycoproteins determinant
for HCV infection since they allow the binding of the virus
to the host cell’s receptor and its endocytosis-mediated
entry [77, 78].

The HCV core protein is required to form nucleocapsid and
protect the viral genome. It consists of three domains with
different functions. The domain I binds RNA, thus ensuring
the assembly of the capsid. The domain II interacts with lipids
and membrane proteins, and the domain III is essential for the
stability of immature core protein but it is removed from the
mature protein [79].

The p7 protein is an ion channel participating in capsid
assembly and envelopment, and together with the NS2, it is
required for progeny production [80]. NS2/3 is an
autoprotease performing the intramolecular cleavage between
NS2, probably involved in modulating host cell gene expres-
sion and apoptosis, and NS3 [81]. NS3-4A serine protease is a
non-covalent dimer: NS3 has both a helicase and a serine
protease domain. NS4A has a cofactor function. Together,
they induce four proteolytic cleavages on the HCV
polyprotein that included their self-cleavage [82]. NS4B is
involved in the formation of a membranous platform in which
viral replication takes place [83] . NS5A seems to have no
enzymatic activity, but it takes part in several but still unclear
viral and cellular processes [84]. NS5B is a RNA-dependent
RNA polymerase, an essential protein for viral RNA replica-
tion [85]. NS3, NS4A, NS4B,NS5A, and NS5B proteins form
a replicase complex necessary for the production of viral
proteins and RNA [75].

HCV replicates in the cytoplasm, and its RNA genome
does not integrate into the host one. HCC, however, may arise
as a consequence of complex interactions between viral and
cellular proteins, affecting a number of different cell processes

such as cell cycle, apoptosis, signal transduction, lipid metab-
olism, transcription regulation, and immune response [86, 87].
Moreover, HCV also plays a role in the later stages of
hepatocarcinogenesis by promoting invasiveness and metas-
tasis through induction of EMT. The ability of HCV to trigger
EMT has been demonstrated in vitro in both infected human
primary hepatocytes and human hepatoma cells [88, 89]. In
Bose et al., both HCV genotypes tested, namely 1a and 2a,
were similarly successful in repressing the epithelial marker
E-cadherin, in upregulating mesenchymal markers (vimentin,
snail, slug, twist, and nuclear β-catenin) and in inducing
morphological changes in the cells [88].

Recently, Iqbal et al. identified osteopontin as a mediator of
HCV-induced EMT, migration, and invasiveness in cultured
hepatoma cells [89, 90]. Osteopontin (OPN) is a secreted
protein interacting with integrins and CD44 cell surface re-
ceptors, which is known not only to mediate signal transduc-
tion but also to influence tumor microenvironment, thereby
favoring cancer progression and invasion [91, 92]. HCV not
only causes OPN activation through Ca(2+) signaling and
ROS increase [90] but also stimulates its expression and
secretion, thus resulting in the activation of cellular kinases
such as FAK, Akt, and Src. The latter event mediates E-
cadherin repression, N-cadherin upregulation, and increased
cell migration and invasion [89].

In a number of papers, specifically, the HCV core protein
has been reported as responsible of EMT promotion. One way
by which the HCV core protein can induce EMT is by involv-
ing the TFG-β signaling. TGF-β can signal through both a
canonical SMAD-dependent and other non-SMAD pathways
(such as the ones mediated by MAP kinases, Wnt, NF-kB,
Notch, AKT, and others). In the SMAD pathway, upon bind-
ing to its receptors, TFG-β recruits SMAD2/3, and after
SMAD2 phospohorylation and SMAD4 recruitment, this
complex moves to the nucleus where it mediates transcrip-
tional regulation of target genes. In normal cells, TFG-β
functions as an inhibitor of proliferation, blocking cell cycle
progression by decreasing the expression of c-Myc and
cyclin-dependent kinases and by increasing that of cyclin-
dependent kinase inhibitors. Moreover, TFG-β is also known
to induce apoptosis [93, 94]. TFG-β, however, can switch
from being a tumor suppressor to being a tumor promoter
especially in advanced cancer, triggering metastasis through
activation of EMT [95, 96].

HCV core protein derived from HCC was found to
attenuate the cytostatic and the pro-apoptotic effect of
TGF-β on both mouse and human primary hepatocytes
and on the human hepatoma cell line Huh7. In contrast,
the core protein was able to induce EMT through TGF-β
activation in the same cell systems, as demonstrated by
the acquisition of a spindle-like cell morphology, the
increased mesenchymal markers alpha smooth muscle
actin (α-SMA) and vimentin, and the decreased epithelial
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marker E-cadherin. All these effects were shown to be medi-
ated by decreased activation of Smad3 [97], which was found
to physically interact with the core protein [98].

HCV core protein may also epigenetically promote
EMT. Indeed, in human hepatoma cells, it was shown
to repress the expression of FSRP1, a modulator of the
Wnt//β-catenin pathway which is involved in several
cancers as well as in EMT. The core protein supports
the methylation through DNA methyltransferase-1
(Dnmt1) and the deacetylation through histone
deacetylase-1(HDAC1) of the SFRP1 promoter, and this
results in SFRP1 silencing, which in turn induces EMT,
as proved by the downregulation of E-cadherin; the up-
regulation of the mesenchymal markers β-catenin, fibro-
nectin, and twist; and by the increased migratory and
invasive potential of the cells [99]. All these effects were
reversed by Dnmt1 knockdown and SFRP1 overexpres-
sion, which also reduced tumor growth and aggressive-
ness in a in vivo model of HCC [99]. Furthermore,
in vitro evidences support that the HCV core protein,
in particular, belonging to the virus genotype 1b re-
presses E-cadherin expression by hypermethylating its
promoter [14, 34]. This epigenetic modification is likely

achieved, thanks to the ability of the core protein to
activate DNMT1 and DNMT3b expression [34, 100].

A role for HCV core protein in EMT induction was
also demonstrated in cholangiocarcinoma, another type
of HCV-associated liver cancer. Here, the invasiveness
and the metastatic potential accompanied by E-cadherin
decrease and fibronectin and vimentin increase were
correlated to core-dependent activation of LOXL2
[101], which is emerging as promoter of EMT through
its interaction with and stabilization of the EMT-related
transcription factor Snail [102, 103].

Also, some non-structural HCV proteins, namely
NS3-NS4A, and NS5A, have been found to promote
EMT. Verga-Gérard et al. showed NS3A-4A to induce
EMT through the enhancement of TGF-β signaling
[104].

In Akkari et al., NS5A was found to induce EMT by
increasing levels of the mesenchymal markers N-
cadherin and vimentin through the activation of
TWIST2 [105]. Moreover, NS5A strengthens the action
of the oncogene RAS and of the cytokine TGF-β in
disrupting cell polarity and promoting cell transforma-
tion, migration, and metastasis [105].

STAT3

STAT5b

PI3K/AKT
c-Src

Epigene�cs (DNA methyla�on, 
histone deacetyla�on, miRNAs)

TGF-β signaling

Epigene�cs (DNA methyla�on, 
histone deacetyla�on)

Ras

TGF-β signaling

Fig. 1 Scheme illustrating the EMT induction by hepatitis viruses HBV, HCV, and HDV through different molecular pathways. The resulting loss of cell
polarity and intercellular junctions enables tumor cells to cross extracellular matrix to spread and metastasize
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Hepatitis D virus and epithelial-mesenchymal transition

Hepatitis delta virus (HDV) is a defective RNA virus whose
infection only occurs in individuals previously or simulta-
neously infected with HBV. The first case is known as co-
infection, while the second as super-infection. The presence of
both viruses induces a more severe disease than HBV infec-
tion alone [106, 107]. HDV is a small spherical particle
discovered for the first time in 1970s by Rizzetto and col-
leagues [108]. The external coat of the virus contains the HBV
large, medium, and small B surface antigens (HBsAg) and
wraps a nucleocapsid formed by a circular single-stranded
negative RNA complexed to about 200 molecules of hepatitis
D antigen (HDAg) per genome. The receptor on the host cell
is thought to be the same of HBV since the two viruses share
their coat protein. After entering in the hepatocyte, the viral
complex RNA-HDAg translocates into the nucleus. HDV is
not equipped with a own RNA polymerase that is why it needs
the RNA polymerase of the host cell [107].

Only two isoforms of a unique protein are known to be
translated from the HDV genome, namely the large-HDAg
(L-HDAg) and the small-HDAg (S-HDAg). These isoforms
only differ in length by 19 amino acids and are produced by
RNA editing: when a stop codon UAG in the S-HDAg is
changed in UGG through adenosine deamination, the L-
HDAg is generated. The S-HDAg is necessary for viral rep-
lication; on the contrary, the L-HDAg, although required for
virus assembly, seems to inhibit RNA replication [107, 109].

Eight HDV genotypes with different distribution in the
world have been identified [107, 110]. Moreover, due to the
high evolutionary rate of HDV genome, each genotype can be
further classified in quasispecies co-existing in the same pa-
tient [107]. A recent study has demonstrated that certain
quasispecies with high replicative potential are more capable
of inducing EMT by increasing the expression of mesenchy-
mal markers such as vimentin, Twist, and Snail and by de-
creasing the expression of the epithelial cell-cell adhesion
molecule E-cadherin, as observed when used to transfect
hepatoma cells.

In more detail, the L-HDAg was shown to be more in-
volved than the S-HDAg in EMT promotion since cells
transfected with the L-HDAg exhibit significative alteration
of the above cited EMT markers while cells transfected with
the S-HDAg do not [111]. Moreover, TGF-β, another factor
implicated in liver fibrosis and cirrhosis [112] and in EMT
[28], results to be more produced in the culture medium of
cells transfected with L-HDAg than in cells transfected with
S-HDAg. These in vitro data are supported by clinical obser-
vation that HDV quasispecies with lower EMT-inducing ac-
tivity are associated with disease remission [111]. Moreover,
since HDV, like HCV, was shown to induce DNMT3b ex-
pression in Huh-7 liver cancer cells [113], one might speculate
that also HDV may promote EMT epigenetically.

Conclusions

Hepatitis viruses, especially HBV and HCV, are the main
causative agents of hepatocellular carcinoma onset, and more
recently, they have been also recognized as mediators of
cancer progression. Indeed, several evidences both at the
experimental and clinical level show that hepatitis viruses
are capable of promoting epithelial-mesenchymal transition
and metastasis through the activation of different pathways
(Fig. 1).

Currently, the most effective approaches to HCC treatment
are represented by surgical resection, liver transplantation, and
local ablation even though their application is limited to
patients with early stage tumors. As for advanced stage
HCC, instead, therapies are mainly palliative or symptomatic,
except for the use of sorafenib, whose efficacy not only relies
on its anti-angiogenetic activity but also on its newly discov-
ered ability to interfere with EMT at different levels
[114–117]. Sorafenib, in fact, was reported to suppress
TGF-β signaling, activated in EMT, by blocking the down-
stream phosphorylation of Smad2/3 and STAT3 [114, 117].
Moreover, it was found to epigenetically regulate EMT-
associated genes through reversing the state of histone acety-
lation and methylation on the promoters of TGF-β1, Snail,
and snail homolog-2 (Slug) and through inhibiting the switch
from E-cadherin to N-cadherin [117].

It should be noted, however, that the response to Sorafenib
is low [24], and acquired resistance to this drug is often
observed [25].

A better understanding of the molecular bases of cancer
progression should be useful to develop new therapeutic ap-
proaches for the treatment of advanced disease. Studying in
more detail and directly targeting the pathways involved in
virus-induced EMT should be useful for blocking or slowing
the progression of hepatitis viruses-related HCC.
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