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Abstract
Chronic infection of hepatitis B virus (HBV) or/and hepatitis C virus (HCV) is one of major risk factors in the 
development of the hepatocellular carcinoma. Recent studies had shown the capacity of viral proteins in inducing 
the presence of the population of so-called the cancer stem cells (CSC). The integration of HBV S  and X  gene in 
the host genome indicates its direct oncogenicity. In addition, the presence HBV and HCV proteins were shown to 
modulate intracellular molecular pathways and epigenetic modification. This review summarizes current literature 
regarding direct oncogenic properties of HBV and HCV in the initiation of CSC both in in vitro  and in vivo  studies.
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INTRODUCTION
Chronic infection of viral hepatitis B or C is a major risk factor for the development of hepatocellular 
carcinoma (HCC). In fact, global distribution of HCC is associated with the prevalence of hepatitis viruses: 
hepatitis B virus (HBV) or hepatitis C virus (HCV). The infection of endemic HBV is the major cause 
of HCC in eastern Asia and sub-Saharan Africa for around 70%, while in Europe and North American 
countries, the infection of HCV ranges from 50% to 70% of all cases[1-3]. In addition, due to different 
oncogenic mechanisms of viruses, as well as various genetic host background and long-term development of 
the disease, viral-related HCCs show high heterogeneity. 

Hepatocarcinogenesis is multifactorial, consisting of various steps in a long-term course. At its initiation, 
disturbance in the molecular and cellular pathways might result in the malignant transformation from 
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normal to malignant cells. Natural pathogenesis of hepatitis viruses usually involve a sequentially damaging 
process. It starts with cellular immunological response, triggering DNA damage, mitochondrial dysfunction, 
and endoplasmic reticulum stress, thus resulting in liver fibrosis, cirrhosis and finally HCC. On the other 
hand, in the initial step, infection of viral hepatitis can play a significant role in the switch of the fate of the 
cells by directly triggering the appearance of the cancer stem cells (CSC) [Figure 1]. 

CSC is the highest-ranking cell population in cancer with the tumorigenic capacity to initiate cancer. It 
has the capability to divide and differentiate to partially or fully-differentiated cancer cells that comprise 
the majority of cancer mass. This hierarchy model shows that CSC population is unique, with protective 
mechanism to be responsible for the maintenance and propagation of the tumor[4]. These cells act as the 
main players in the highest level of the cancer hierarchy and may still have stem cells properties such as self-
renewal and ability to multiple cell types. Non-tumorigenic cells are thought to compose the bulk of tumors 
but have little capacity to contribute to cancer progression[5,6]. 

The first evidence of CSC in HCC was demonstrated by the isolation of the side population in vitro[7,8] 
showing the involvement of CSC in drug resistance. The search and identification method of hepatic CSC 
progressed by performing sphere colony formation and more commonly, by using CSC markers. 

Various markers of CSC from established HCC cell lines and primary tumors had been identified and 
validated by in vivo xenograft assay. Cell protein markers CD133 (PROM1)[9-11], CD90 (THY-1)[12,13], epithelial 
cell adhesion molecule (EpCAM)[14,15], CD24[16], CD13 (ANPEP)[7,17] are the most common method to define 
a hepatic CSC population. Until now, at least 12 different phenotypical CSC markers had been proposed. 
The combination of these CSC markers was further used to characterize several subpopulations in a CSC 
population, resulting in a wide variety of CSC phenotypes. 

To understand the mechanism of early initiation of HCC, the oncogenic role of HBV and HCV proteins in 
hepatic CSC has been started to be explored. They were analyzed by determining the extent of up-regulation 
and the presence of various hepatic CSC markers, after the exposure of viral proteins into hepatic cells. In 
addition, these findings were also supported by functional analysis such as cell aggressiveness, migration, 
and more importantly, by xenograft in vivo model, several published data was shown in Table 1.
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Figure 1. The oncogenicity of viral hepatitis in the development of hepatocellular carcinoma. HBV: hepatitis B virus; HCV: hepatitis C virus; 
TGF: transforming growth factor; HCC: hepatocellular carcinoma; ER: endoplasmic reticulum



ONCOGENICITY OF VIRAL HEPATITIS IN HEPATIC CSC ACQUISITION TRAITS
HBV
HBV, a member of Hepadnaviridae family, is a partially double-stranded DNA virus with 3.2 kb genome 
size. HBV genome encodes four overlapping open reading frames (ORFs: S, C, P, and X)[18]. Up to now, most 
of the studies in literature focused on the involvement of HBV S and X proteins in the initiation oncogenesis. 

ORF S with three translational start sites Pre-S1, Pre-S2, and S, encodes for large, middle and small surface 
protein (HBs), respectively, which acts as the main factor in the natural pathogenesis of the virus. The 
accumulation of HBs antigen (HBsAg) in hepatocytes triggers cellular inflammation and oxidative stress 
driving a sustained prolonged liver injury until the development of HCC. 

On the other hand, direct oncogenic effect of HBV in the development of HCC is closely related with the 
integration of the HBV DNA sequence into the host genome. HBV DNA integration was considered as a 
strong oncogenic effect in hepatocarcinogenesis. A recent study reported that in HCC patients with occult 
hepatitis B, HBV DNA integration was found in around 75% of cases, in which the inserted viral genes were 
mainly X and PreS/S, followed by C and P sequences[19].

A HBV-transgenic mouse model with the insertion of whole S gene region expressed high level of HBsAg, 
showing inflammation and appearance of glass ground hepatocytes. Interestingly, the damage induced pre-
neoplastic lesion and finally HCC in major number of animals[20], indicating a direct oncogenic contribution of 
this gene. Our time-course study in this HBV-transgenic mouse showed a progressive increase of the expression 
of CSC and hepatic progenitor marker during the course of hepatocarcinogenesis, up to 18 months. The 
expression of several markers such as CD133, EpCAM, and CK19 were significantly increased along liver 
injury. Further, there was a significant correlation between CSC markers and diagnosis[21]. Furthermore, it 
was recently demonstrated that PreS1 of the S gene activated the expressions of CSC markers CD133, CD117, 
and CD90 in normal hepatocytes and HCC cells. It indicated the new role of PreS1 as a new oncoprotein to 
play a key role in the appearance and self-renewal of CSC during HCC development[22]. 

ORF X encodes for HBx, which has pleiotropic functions as an important regulator in viral life cycle, a 
transcriptional activator, and a stimulator in the cytoplasmic signal transduction pathway. In HCC clinical 
specimens, high HBx expression was correlated with the expansion of EpCAM or OV6 progenitor cells, 
aggressive clinicopathological features[23,24] and activated β-catenin signalling[25]. In depth, a direct in vitro 
model had shown that the insertion of HBx induced the pluripotent stem cell transcription factors Oct4, 
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Table 1. Several studies on the effect of viral hepatitis in the acquisition of cancer stem cells traits

    Gene Experimental model     CSC marker         Functional analysis     Ref.
HBV Pre-S1 Cell lines L02, HepG2, Huh7 CD133, CD117, CD90 Facilitation of growth and migration; 

induction of tumorigenesis
[22]

Pre-S1/Pre-S2/S Transgenic mouse Tg(Alb1-
HBV)Bri44

CD133, EpCAM, CK19, CD34 Follow-up of hepatocarcinogenesis [21]

X Cell line HepG2 OCT4, Nanog, Klf4, EpCAM Stimulation of cell growth and migration [25]

Cell lines 4pX-1 (from 
AML12), HepAD38

EpCAM Active DNA demethylation [29]

HCV SGR Cell lines FCA4 (from Huh7), 
GS5 (from Huh7.5)

CD133, AFP, CK19 Tumorigenicity [36]

Core Cell lines PHH, THH (from 
IHH)

c-Kit Sphere formation, tumorigenicity [35]

NS5A Transgenic mice NS5A TG 
(FVB strain), Tlr4-/-

Nanog, CD133 Liver damage and tumor formation [38,42]

CSC: cancer stem cells; HBV: hepatitis B virus; HCV: hepatitis C virus; EpCAM: epithelial cell adhesion molecule; OCT4: octamer-binding 
transcription factor 4; AFP: alpha-fetoprotein



Nanog, Klf4, as well as CSC markers EpCAM and β-catenin. The presence of HBx proteins stimulated cell 
growth and migration[25]. This in vitro data were then confirmed by using HBx transgenic mice where a high 
number of EpCAM cells with characteristics of human progenitor cells was observed[23]. Transformation of 
rat oval cells with HBx and the subsequent injection in nude mice treated with aflatoxin B1 in vivo, gave rise 
to tumor that expressed markers of adult hepatocytes as albumin and CK18, undifferentiated marker alpha-
fetoprotein (AFP), and oncoprotein c-Myc[26]. 

The truncation of HBx protein in the C-terminal region (HBx-ΔC) is a common event because of HBV X 
sequence integration in the genome. A recent study had shown that HBx-ΔC promoted the appearance 
of a CD133 hepatic CSC subset and confer cancer and stem cell-like features in HCC[27]. It is associated 
with cancer cell invasiveness and reduction of apoptotic response, tumorigenicity, chemoresistance, and 
migration[27,28].

Regardless of the data provided, the exact mechanism by which HBV proteins altered the early fate of the 
cells was still unclear. Several studies had shown that DNA demethylation could be a major mechanism in 
the increase of the expression of CSC markers in normal hepatocytes[29], also correlated with HBV DNA 
integration[30] and the axis of HBx-DLL3 (Delta-like 3) of Notch receptor[31]. In the last study, the treatment 
of HBV-transformed cells with a histone deacetylase inhibitor induced DLL3 expression[31]. In a recent 
2018 study, it was shown that in the very early stage of HCC, the global DNA methylation 5hmC and 5fC 
contents were decreased significantly. It was found to be correlated with HBV infection, decreased ten-eleven 
translocation enzyme activity and uncoordinated expression of DNA methylation-related enzymes[32]. 

HCV
HCV, a member of flaviviridae family, is a single stranded RNA virus with 9.6 kb genome size. HCV genome 
is processed into structural proteins core, E1, and E2, and non-structural (NS) proteins p7, NS2, NS3, NS4A, 
NS4B, NS5A, and NS5B[33]. Since HCV being an RNA virus cannot integrate into human genome, at the 
beginning, the mechanism in HCV-related HCC pathogenesis is supposed exclusively to indirect via chronic 
inflammation and oxidative stress. Subsequently, it leads to fibrosis and eventually cirrhosis as observed 
in the other HCC etiologies[34]. However, current literature in experimental models also showed direct 
oncogenic effect of the HCV proteins, including on the involvement of the CSC.

A previous study showed that HCV-infected hepatocytes transformed into sphere formation with a number 
of epithelial-mesenchymal transition (EMT) and CSC markers, including high level of the stem cell factor 
receptor c-Kit. These spheres were potent in promoting tumor growth in immunodeficient mice. However, 
these spheres were highly sensitive to cell death from the treatment of sorafenib, a multikinase inhibitor, 
and stattic, an inhibitor of the Stat3 molecule[35]. Furthermore, by inserting HCV sub-genomic replicon in 
cultured cells, the acquisition of CSC traits, including an enhanced expression of doublecortin and CaM 
kinase-like-1, Lgr5, CD133, AFP, CK19, Lin28, and c-Myc, was demonstrated. Conversely, curing of the 
replicon from these cells diminished the expression of these factors. In vivo analysis of liver tissues from 
HCV-positive patients and liver tissue microarrays supported these observations[36].

It had been shown that HCV core and NS proteins, can induce cell transformation in vitro and in vivo mice 
transgenic model[37]. By using intercross breeding of transgenic mouse models, HCV NS5A protein induced 
the toll-like receptor 4 (TLR4). This induction mediated liver damage and tumor formation in synergy with 
alcohol-induced endotoxemia. Consequently, the expression of stem cell marker Nanog and the presence of 
CD133/Nanog-positive cells were observed[38]. 

This study was then continued by in vivo animal study of NS5A mice fed with high in cholesterol and 
saturated fat diet (HCFD). Liver tissues of these HCFD mice had increased levels of TLR4, Nanog, 
phosphorylated signal transducer and activator of transcription (pStat3), and Twist1. Further analysis of 
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isolated tumor-initiating stem-like cells (TISCs) with the phenotype of CD133+ CD49f+ showed that TISCs 
expressed higher levels of stemness genes and Twist1[39]. 

It was known that HCV core protein induces the upregulation of transforming growth factor beta 1 (TGFβ1), 
showing a direct role in fibrogenesis[40]. A recent study on HCV core protein demonstrated that the TISCs 
obtained from the model had the capacity to recruit and activate fibroblasts in a xenograft, exhibited 
by high expression of fibrogenesis and EMT markers. It showed that in HCV infection, preneoplastic or 
tumorigenic state of the hepatocytes influenced the network for the tumor environment[41], presumably 
with the involvement of the hepatic cells stemness. As seen in NS5A transgenic mouse, a study in HCV 
core transgenic mouse with HCV core insertion showed a corresponding result. The TISCs isolated from 
this mouse were tumorigenic both in vitro and in vivo and the TLR4-Nanog pathway was necessary for the 
maintenance of tumorigenic properties[42]. 

The Wnt/β-catenin pathway might be the major or one of the major molecular mechanisms involved in the 
oncogenicity of HCV. The activation of this pathway was noted in transgenic expressions of both HCV core 
and NS5A proteins. Pharmacological inhibition or loss of the Wnt/β-catenin signal represses TISCs growth 
in vitro, and decreases the accumulation of TISCs in vivo[43]. 

Regarding the core protein, since HCV core is closely related with TGF-β pathway, it is expected that TGF-β 
is involved in the induced CSC population. A previous study showed that CSC generation by HCV core protein 
was dependent on the endoglin (CD105), a TGF-β receptor complex. Besides the increase of CSC proteins anti-
apoptosis and proliferation are enhanced during infection or ectopic expression of HCV core[44]. 

As in HBV, epigenetic mechanisms such as DNA methylation could give a hint on the molecular mechanism 
of the oncogenicity HCV. It was shown that demethylation of CpGs induced Sal-like protein 4, an embryonic 
stem cell transcriptional regulator. This re-expression was noticed in subgroups of HCC associated with 
HBV or HCV infection[45].

RELEVANCE OF CSC MARKERS IN CLINICOPATHOLOGICAL FEATURE OF HCC
The complexity of HCC showed that the heterogeneity is not limited among patients (intertumoral 
heterogeneity) but also within the same person (intratumoral heterogeneity). Cell morphology, molecular 
profile, and expression of specific markers can be used to stratify and classify discrete tumor subtypes[46]. 
Consequently, HBV and/or HCV infection contributes to phenotypic and molecular characteristics in 
hepatic cell populations, including the CSC.

Multiple clinical studies had shown that the high expression of CSC marker CD133 in HCC tissues, in 
particular in the cytoplasm, is correlated with a poor prognosis[47-51]. In addition to prognosis, CD90 is high-
expressed in HCC nodule[52] and is correlated with HCC differentiation grades[53,54]. 

Protein analysis showed that the levels of hepatic CD133 were higher in HBV+ than those in HBV- HCC 
tissues[22], pointing to the oncogenicity of the PreS1. Recent data showed that in HBV-related HCC cases, 
CD133 in combination with the level of serum AFP, HCC could be subclassified into four subtypes, with 
different clinicopathological features and various prognosis. A high expressions of both CD133 and serum 
AFP was associated with a relatively poor prognosis[55]. 

However, a previous study in endemic HBV area showed that CD133 expression in HCC was negatively 
associated with the presence of HBsAg[56]. A histological analysis of human tissue found a positive 
correlation between HBV and CD90[57] but since co-staining of the CSC markers and the HBV proteins was 
not performed, it remains unclear if and how HBV alters the physiology of CD90+ and CD133+ CSC.
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Recent data also showed a correlation between HBV and CSC EpCAM. High expression of HBx in human 
HBV-related HCC was also correlated with the expansion of EpCAM HCC cells; EpCAM expression was 
detected more frequently with HBV than with other etiologies. Further, in chemotherapy treated patients, 
EpCAM was strongly expressed, indicating its association with treatment resistance[24].

In contrast to the clear direct oncogenicity of HBV, the association between clinical and pathological 
characteristics and CSC markers in HCV-related HCC is still very limited. Recently it was demonstrated 
that CSC spheres induced by HCV were highly sensitive to cell death from sorafenib. It can be a basis for the 
development of new targeted therapies against hepatic CSC[35,58].

PERSPECTIVES
While the pathogenesis of HBV and HCV proteins in the development of HCC has been intensely 
investigated, information on their significance in the initiation of hepatic CSC is still very limited. It is 
because the theory of CSC in HCC is still relatively new and further evidence must be demonstrated. 
Moreover, even though this hypothesis is exciting, CSC theory in HCC is debatable and controversial. 
Recent studies had indicated that in gastrointestinal cancers, the so-called CSC should be defined as tumor-
initiating cells/TISCs. These cells were not pluripotent, but bi- or multipotential to give rise to diverse tumor 
types and tumor initiation potential in mouse models[59]. The complexity of the liver, as well as the limitation 
in the experimental models, still limit the proof of the CSC concept. Further, genomic diversity and genetic 
characteristic of the virus (genotypes, subgenotypes, and quasispecies) significantly contribute to different 
clinical outcome and viral susceptibilities[33]. 

In addition to the type of the virus, another point to be considered is the state of the hepatic cells during viral 
exposure. A recent study had shown that the susceptibility of the hepatic cells to HCV was different during 
cellular maturation course. In this study, an epigenetic transduction by pluripotency factors reprogrammed 
mature cells into hepatic oval (progenitor) cells. In this progeny stage, cells lost their susceptibility to HCV 
infection and viral RNA replication. Upon hepatic differentiation, however, a permissiveness to HCV RNA 
replication was re-obtained. In contrast to HCV, in HBV infection, viral susceptibility was maintained along 
the course. It indicated that during hepatic maturation process, cells receptor susceptibility are specific to 
particular virus[60].

Even though basic in vitro studies and studies in transgenic animals, as well as clinical data from HCC 
patients, had shown expanded evidence on “stemness” oncogenicity of HBV and HCV, the mechanism 
of how viral particle induces hepatocarcinogenesis is still unclear and open for discussion. We presume 
that there would not be a single answer because of the complexity and heterogeneity of both virus and 
host factors. Finding strong evidence on this field will keep us busy for some time but the application of 
potentiality of this trip is intriguing.
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