
Oncotarget3931www.oncotarget.com

Free episomal and integrated HBV DNA in HBsAg-negative 
patients with intrahepatic cholangiocarcinoma

Teresa Pollicino1,2, Cristina Musolino3, Carlo Saitta1, Gianluca Tripodi3, Marika 
Lanza3, Giuseppina Raffa1,3, Francesca Casuscelli di Tocco3, Chiara Raggi4,7, Maria 
Consiglia Bragazzi5, Adalberto Barbera2,6, Giuseppe Navarra2,6, Pietro Invernizzi4,8, 
Domenico Alvaro5, and Giovanni Raimondo1,3

1Division of Clinical and Molecular Hepatology, University Hospital of Messina, Italy 
2Department of Human Pathology, University of Messina, Italy
3Department of Clinical and Experimental Medicine, University of Messina, Italy 
4Humanitas Research and Clinical Center, Rozzano, Milan, Italy 
5Department of Translational and Precision Medicine, Sapienza University, Rome, Italy 
6Division of Surgical Oncology, University Hospital of Messina, Italy
7Present address: Department of Experimental and Clinical Medicine, University of Florence, Italy
8Present address: Division of Gastroenterology and Center for Autoimmune Liver Diseases, Department of Medicine and 
Surgery, University of Milano – Bicocca, Milan, Italy

Correspondence to: Teresa Pollicino, email: tpollicino@unime.it
Keywords: hepatitis B virus; covalently closed circular HBV DNA; HBV DNA integration; intrahepatic cholangiocarcinoma; occult 
HBV Infection

Received: March 25, 2019    Accepted: May 20, 2019    Published: June 11, 2019
Copyright: Pollicino et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 
3.0 (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

ABSTRACT

There is evidence that chronic hepatitis B virus (HBV) infection is associated 
with an increased risk of intrahepatic cholangiocarcinoma (ICC) development, and it 
has been hypothesized an etiological role of HBV in the development of this tumor. 
Very little is known about occult HBV infection (OBI) in ICC. Aims of the study were 
to investigate the OBI prevalence and to characterize the HBV molecular status at 
intrahepatic level in OBI-positive cases with ICC. 

Frozen liver tumor specimens from 47 HBV surface-antigen-negative patients 
with ICC and 41 paired non-tumor liver tissues were tested for OBI by 4 different 
HBV-specific nested PCR. Covalently closed circular HBV DNA (HBV cccDNA) and viral 
integrations were investigated in OBI-positive cases. 

HBV DNA was detected in tumor and/or non-tumor specimens from 29/47 
(61.7%) ICC patients. HBV cccDNA was found in tissues from 5/17 (34.5%) cases 
examined. HBV integration was detected in 4/10 (40%) tumor tissues tested and 
involved HBx and HBV-core gene sequences in 3 and 1 cases, respectively. Viral 
integration occurred: (a) 9,367 nucleotides upstream of the cat-eye-syndrome 
critical region protein-5-isoform coding sequence; (b) within the cystinosin isoform-
1-precursor gene; (c) within the thromboxane-A-synthase-1 gene; (d) within the 
ATPase phospholipid transporting 9B gene.

Occult HBV infection is highly prevalent in patients with ICC. Both free viral 
genomes and integrated HBV DNA can be present in these cases. These results suggest 
an involvement of HBV in the carcinogenic process leading to ICC development even 
in cases with occult infection.
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INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is 
the second most frequent primary liver cancer after 
hepatocellular carcinoma (HCC) [1]. The cell of origin 
of cholangiocarcinoma is still a matter of debate; adult 
hepatocytes or cholangiocytes or stem/progenitor cells 
located in the canals of Hering or peribiliary glands have 
been considered as potential candidates. Recent reports 
demonstrated how ICC is specifically enriched of cells 
expressing markers of stem cells and co-expressing 
markers of the hepatocytic and cholangiocytic lineages 
[2–4]. In addition, common genomic traits between ICC 
and HCC have been identified [5–7], and gene signatures 
of poorly prognostic ICC are similar to those observed in 
poor-prognosis HCC with stem-like molecular signatures, 
suggesting that these distinct subgroups of liver tumors 
may share a common stem cell origin [8, 9]. It is well 
established that hepatitis B virus (HBV) is the main 
etiologic factor of HCC development [10]. In analogy, 
accumulating evidence indicates that chronic HBV 
infection is also associated with an increased risk of ICC 
development and suggests an etiological role of HBV even 
in the development of this tumor [11–13]. In this context, 
it is worth mentioning that the International Agency for 
Research on Cancer has recently identified ICC as an 
additional tumor positively linked to HBV.

HBV maintains its pro-oncogenic properties also 
when it is present in the liver of HBV surface antigen 
(HBsAg) negative patients in the so-called occult 
HBV infection (OBI) phase that is characterized by the 
long-lasting persistence at intrahepatic level of viral 
genomes that, despite a potentially conserved replication 
competence, are strongly suppressed in their activities 
[14]. Indeed, a large body of evidence indicates that OBI 
is highly prevalent in cases with HCC [14–16], whereas 
only a few and anecdotic reports exist on a possible 
involvement of OBI also in cases with ICC [17]. The aims 
of this study were to investigate the prevalence of OBI and 
to characterize the molecular status of the occult viruses in 
tumor and non-tumor liver specimens from ICC patients.

RESULTS

We investigated the presence of HBV DNA 
sequences in liver tissue specimens from 47 HBsAg-
negative patients with ICC by nested PCR and the use 
of 4 primer sets, each specific for preS/S, pre-C-Core, 
Pol, and X viral genomic regions, respectively. As we 
previously reported and as also recommended by others, 
we considered cases in which sequences of at least 2 
different HBV genomic regions were detected as occult 
HBV-positive cases. In this way, 29 of the 47 patients with 
ICC (61.7%) were positive for occult HBV, and paired 
tumor and non-tumor tissues were available from 27 of the 
29 patients.

HBV DNA sequences were revealed in the tumor 
tissue of 20 cases, 10 of which showed the presence of 
viral sequences also in the corresponding non-tumor tissue 
(non-tumor specimens were unavailable from 2 of the 20 
cases), whereas in 9 cases viral DNA was found only in 
the non-tumor specimen. In particular, 6 cases showed 
positive reactivity for 2 or more tested HBV genomic 
regions both in tumor and non-tumor specimens, 9 cases 
only in tumor samples, and 12 cases only in non-tumor 
specimens (Table 1). In addition, 2 of the 6 cases from 
which only tumor tissue was available tested positive for 
occult HBV, showing positivity for 3 regions in 1 case, 
and for 2 regions in the remaining case (Table 1). As a 
note, a single HBV genomic region was detected in tumor 
(7 cases) or non-tumor (2 cases) tissue specimens in nine 
additional cases (preS/S in 3 cases; pre-C-Core in 1 case; 
Pol in 3 cases; X in 2 cases). The prevalence of OBI 
did not differ with sex or age. We found no correlation 
between OBI and ICC histologic characteristics (grading, 
necrosis, perineural and vascular invasion, lymphatic 
metastases; data not shown). Both the patients showing 
anti-HBV antibody positivity were found to be occult 
HBV infected, as well as 3/4 anti-HCV positive subjects.  

Paired tumor and non-tumor liver specimens for 
further molecular analysis were available from 17 of 27 
OBI patients. By applying a highly sensitive and specific 
approach, HBV cccDNA was detected in tissue specimens 
from 5 of the 17 (34.5%) OBI patients. Among these 5 
patients, cccDNA was found both in tumor and non-tumor 
specimens in 1 patient, and only in non-tumor tissue in 
4 patients. In particular, 2 patients showed positivity for 
all 4 HBV genomic regions tested by PCR (1 in both 
tumor and non-tumor tissue and 1 only in non-tumor 
tissue) and 3 showed positivity for 3 HBV genomic 
regions. Furthermore, the Alu-PCR technique was applied 
to investigate the presence of HBV DNA integration in 
tumor tissues from 10 ICC patients. HBV integrants were 
detected in 4 of 10 cases examined and included a) a viral 
sequence containing the enhancer I/X promoter in two 
cases, b) a 5′-truncated HBx gene sequence including 
the enhancerII/basal core promoter in one case and c) a 
fragment of the core gene sequence in the remaining case. 

The analysis of the integration sites revealed 
that a) the HBV sequence including the HBV enhancer 
I/X promoter was located 9,367 nucleotides upstream 
of the host genomic sequence encoding the cat eye 
syndrome critical region protein 5 isoform (CECR5); b) 
the core gene fragment (246 nucleotides long) was located 
within the cystinosin isoform 1 (CTNS) precursor coding 
sequence; c) the 5′-deleted X gene including the 
enhancerII/basal core promoter region was located within 
the coding sequence of the thromboxane A synthase 1 
(TBXAS1); d) virus sequence including the HBV enhancer 
I/X promoter was located within the coding sequence 
of the ATPase Phospholipid Transporting 9B (ATP9B) 
(Figure 1).
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The GenBank accession numbers of HBV-host 
integration sequences are the following: MK905389, 
MK905390, MK905391, MK905392.

DISCUSSION

Although in more than 50% of cases ICC arises de 
novo without any identifiable risk factor and in the context 
of apparently normal livers, a significant association of 
ICC development with chronic HBV and HCV infections 
has recently emerged [11–13, 18, 19]. In accordance 
with the epidemiology of these viruses, the association 
with HCV is evident in Western countries and in Japan  
[20–22], whereas HBV is clearly a major risk factor 
for ICC occurrence in China, South Korea and Taiwan  
[11, 23, 24]. This scenario exactly reflects the 
epidemiology of hepatitis viruses as well as the geographic 
distribution of HBV- and HCV-related HCC.

We found a very high prevalence of OBI in ICC 
patients from different Italian regions. According to 

the same criteria of at least 2–4 positive HBV genomic 
regions tested, by PCR this prevalence is comparable with 
that reported in several studies investigating OBI in HCC 
cases [25–27]. In particular, such a prevalence is very 
similar to that found in a previous study that examined 
a large cohort of HBsAg-negative patients from different 
Italian regions with both HCV-related and cryptogenic 
HCC [14]. Furthermore, in the present study we observed 
that HBV can be present in ICC as episomal cccDNA as 
well as integrated into the host’s genome. Altogether, these 
data indicate that HBV is highly prevalent in patients with 
primary liver cancers (ICC as well as HCC). Considering 
that the HBsAg prevalence in the Italian general 
population is estimated to be lower than 1% since at least 
the beginning of this century [28], our results might lead to 
speculate that HBV is a major hepatocarcinogenic player 
even in areas where it is not endemic. Indeed, our results 
are quite unexpected and their novelty leads to some 
considerations and to imagine new possible routes for 
future research in this field. Na+-dependent taurocholate 

Table 1: Distribution of 29 patients with ICC based on the number of positively amplified HBV genomic regions in 
Tumor (T) and Non-Tumor (NT) liver specimens by 4 different primer sets

No. of HBV positive 
regions in T/NT 4/4 3/4 2/4 4/0 0/4 1/4 2/3 0/3 2/1 1/2 2/0 0/2 3/NA 2/NA
No. of cases 3 1 1 2 1 2 1 2 1 1 6 6 1 1

NA: not available.

Figure 1: HBV DNA integrations detected in tumour samples from patients with intrahepatic cholangiocarcinoma. 
Dotted box: genomic coding sequence. Open box: HBV sequence. Bold arrow: open reading frame orientation. The nucleotide (nt) positions 
at the beginnings and ends of HBV and host genome sequences are indicated. Abbreviations: BCP, basal core promoter; bp, base pair; 
CECR5, cat eye syndrome critical region protein 5 isoform; CTNS, cystinosin isoform 1 precursor; TBXAS1, thromboxane A synthase 1; 
ATP9B, ATPase Phospholipid Transporting 9B.
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transporter (NTCP, gene SLC10A1) is currently considered 
the transporter involved in HBV entrance in hepatocytes. 
As a consequence, only cells expressing NTCP could 
be infected. Adult mature cholangiocytes do not express 
NTCP and therefore this is against a possible origin of 
HBV positive (including OBI positive) ICC from adult 
cholangiocytes. Though, it cannot be ruled out that 
other transporters expressed in cholangiocytes might be 
involved in HBV entry under peculiar circumstances. 
During the differentiation of resident stem/progenitor 
cells toward adult hepatic cells, NTCP starts to be 
expressed in the stage of hepatoblasts, cells with a 
bipotential differentiative capacity toward the hepatocytic 
or cholangiocytic lineage [29, 30]. The observation that a 
significant proportion of ICC cells co-express markers of 
the hepatocytic or cholangiocytic lineage [2–4] suggests 
that these cells (bipotential progenitors) could be infected 
by HBV, thus representing the cell of origin of ICC. 
Therefore, it could be hypothesized that the neoplastic 
transformation of HBV-infected bipotential progenitors, 
typically blocking the processes of cell differentiation, 
promotes the development of a neoplasm enriched in 
cancer stem cells (i.e. cholangiocarcinoma [4–6]) rather 
than HCC that, in contrast, originates almost exclusively 
in cirrhotic livers from adult infected hepatocytes. Indeed, 
more than 90% of the analyzed ICC samples were from 
patients without liver cirrhosis. As an alternative, the 
trans-differentiation of adult HBV-infected hepatocytes 
into cells of the biliary lineage could be taken into 
consideration for the origin of ICC-OBI.

Indeed, the presence of HBV DNA in a considerable 
number of ICC specimens might suggest that these tumors 
derive from the transformation of hepatocyte precursors 
prone to infection with HBV, and potentially support its 
replication cycle. It has been suggested that hepatocyte 
precursor cells may transform into HCC or trans-
differentiate into cells of the biliary lineage, which can 
acquire a malignant phenotype generating ICC. 

Future research would clarify whether these 
different liver cancers share a common molecular origin 
and whether (and how) the oncogenic properties of HBV 
are involved in their development. In addition, the finding 
of viral DNA integration into genes known to be involved 

in cancerogenesis [31–34] strongly suggest extending the 
studies on HBV integration also to patients with ICC, 
both with overt and occult infection, by the use of the 
most sensitive and specific technical approaches such 
as the next generation sequencing based methods. These 
studies might provide fundamental information on the 
pathogenesis of ICC and the possible role exerted by HBV 
integrants in promoting this cancer. 

MATERIALS AND METHODS

Patients

Frozen liver tumor specimens from 47 HBsAg-
negative patients with ICC (23 men and 24 women; 
mean age 63.8 ± 10.9 years) and 41 paired non-tumor 
liver tissues were studied. The patients had consecutively 
undergone surgical resection between 2009 and 2015 in 
three Italian liver centres located in distinct geographic 
areas of the country (Milan, Rome, and Messina). Liver 
specimens had been frozen and stored in liquid nitrogen 
immediately after surgery and never thawed before 
this study. Furthermore, expert pathologists performed 
histological diagnosis of ICC and co-existence of HCC 
features or combined hepatocellular- cholangiocarcinoma 
have been excluded in all the cases. Liver histology 
examination of non-tumor tissues showed minimal 
changes (F0-F1 at Metavir score) in 23/41 cases, chronic 
hepatitis (F2-F3) in 14/41, and cirrhosis (F4) in 4/41 cases. 
Four of the 47 patients (8.5%) were antibody to hepatitis 
C virus (anti-HCV) positive (Table 2). Data on circulating 
anti-HBV antibodies were available in 12 cases. Two of 
them (16.7%) were antibody to HBV core antigen (anti-
HBc) positive (both of whom were also positive for 
antibody to HBsAg [anti-HBs]), while the remaining 10 
cases were negative for all HBV serum markers. None 
of the patients had primary sclerosing cholangitis. Four 
of the 41 (9.8%) patients from whom non-tumor liver 
tissues were available for histological evaluation had non-
alcoholic steatohepatitis. The study protocol was approved 
by local ethical committees, performed according to the 
principles of the Declaration of Helsinki, and informed 
consent was obtained from all patients.

Table 2: Demographic and histological characteristics of 47 HBsAg-negative patients with ICC

Male sex, n (%) 23 (48.9)
Age (mean ± SD, years) 63.8 ± 10.9
Anti-HCV positive patients, n (%) 4 (8.5)

Non-tumor liver histology† (Metavir score) 
  F0-F1 n. (%)
  F2-F3 n. (%)
  F4       n. (%)

23 (56.1)
14 (34.1)
4 (9.8)

†Non-tumor tissues available from 41 patients.
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HBV DNA analyses

All frozen tumor specimens were tested for occult 
HBV DNA through previously described methods based 
on nested PCR amplification [14, 35]. Briefly, DNA was 
extracted from each specimen by means of the Master-
Pure TM DNA Purification Kit (epicentre, Madison, 
WI, USA). All liver DNA extracts were analysed for the 
presence of HBV genomes by performing four different 
in-house nested PCR amplification assays to detect 
preS-S, pre-C-Core, Pol, and X viral regions, respectively. 
Appropriate negative and positive controls were included 
in each PCR experiment. In particular, the following 
negative controls were included in each test (i) liver DNA 
extracts from specimens known to be HBV DNA negative; 
(ii) DNA-free reaction buffer; (iii) water. In addition, to 
eliminate false negative results, beta-globin was used as 
a housekeeping gene. The lower detection limit of our 
nested PCR amplification was 10 genome equivalents/mL 
for all primer sets used. Moreover, Southern blot analysis 
and direct sequencing of all amplified HBV sequences 
confirmed the specificity of the reactions. The cases that 
showed positivity in at least 2 different viral genomic 
regions were considered HBV DNA positive [35].

Detection of HBV Covalently Closed Circular 
DNA

HBV cccDNA was tested in OBI positive patients 
from whom paired tumor and non tumor liver specimens 
were available. The Hirt procedure was used to isolate 
HBV cccDNA [36]. Briefly, liver biopsy samples were 
homogenized with a Tissue ruptor device in 500 µl 
homogenization buffer, lysed in the presence of 2% 
SDS, precipitated by an overnight incubation in high salt 
buffer (final concentration 0.5 M KCl), and centrifuged. 
Viral DNA in the supernatant was extracted with phenol/
chloroform followed by an ethanol precipitation. The 
Hirt-extracted DNA was treated with T5 exonuclease 
(New England Biolabs) to digest linear and relaxed 
circular DNA (rcDNA) according to the manufacturer’s 
instructions. Nested PCR for HBV cccDNA detection 
was performed as previously described [14]. In particular, 
the primers used [sense primers HBV P23 and HBV P25, 
located within the single-stranded region of rcHBV, used 

together with the antisense primers HBV P24 and HBV 
P26 (Table 3)] were selected to discriminate between 
rcDNA and cccDNA present in the infected cells. The 
limit of sensitivity of nested PCR for cccDNA detection 
was 10 genome equivalents/mL.

Detection of HBV DNA integration into the host 
genome

We assayed the presence of integrants in the liver 
DNA extracts testing positive for HBV sequences, 
including those reacting positive for only one of the four 
different HBV genomic regions analyzed. HBV DNA 
insertion into the hepatocyte genome was investigated 
by applying the Alu-PCR technique in accordance 
with described methods [37]. Briefly, amplification 
was carried out in a final volume of 50 µl, containing 
100 ng of genomic DNA as a template, 10 pM of Alu 
primer and 100 pM of HBV primers designed for three 
distinct viral genomic regions (Core, X and preS/S). A 
hot start technique was used and one unit of uracil DNA 
glycosylase was added to each tube after the first 10 cycles 
of amplification; the tubes were incubated for 30 minutes 
at 37° C and heated for 10 minutes at 94° C to break the 
DNA strands at apurinic dUTP sites. A ‘touchdown’ PCR 
technique was then employed for a total of 40 cycles. Five 
microliters of the amplified products were subjected to 
nested PCR with internal primers. In order to confirm the 
specificity and increase the sensitivity of the PCR results, 
Southern Blot analysis was performed on all the amplified 
products following standardized procedures. Nucleotide 
sequences of the PCR products containing viral-host 
junctions were determined by direct sequencing and the 
use of the BigDye Terminator Cycle Sequencing Ready 
Reaction Kit (Applera, Foster City, CA, USA) according 
to the manufacturer’s instructions. The sequencing 
products were resolved in an automatic DNA sequencer 
(ABI PRISM 3500 Dx Genetic Analyzer; Applera). 
Samples that tested negative after PCR amplification on 
agarose gel, but subsequently tested positive for HBV 
DNA integration by Southern Blot analysis were cloned 
into the PCR-TOPO vector (Invitrogen, Milan, Italy). 
Single clones were selected for sequencing, as described 
above. Nucleotide sequences were assessed using the 

Table 3: Oligonucleotides used as PCR primers to detect HBV cccDNA

Name Nucleotide sequence Position†
Sense primers HBV P23

HBV P25‡
5′-CTGAATCCTGCGGACGACCC-3′
5′-GTCTGTGCCTTCTCATCTGCC-3′

1441–1460
1551–1571

Antisense primers HBV P24
HBV P26‡

5′-CCCAAGGCACAGCTTGGAGG-3′
5′-AGAGATGATTAGGCAGAGGTG-3′

1889–1869
1846–1826

†Nucleotide positions of the primers are numbered from the unique HBV EcoRI site, and the nomenclature is according to 
Galibert et al. [38]
‡Applied in the second round of amplification of the nested PCR.
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BLAST search system. HBV integrated sequences were 
then better characterized using the CLUSTAL W program.
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hepatocellular carcinoma; HBV: hepatitis B virus; HBsAg: 
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to HBV core antigen; anti-HBs: antibody to HBsAg; 
cccDNA: covalently closed circular DNA; rcDNA: 
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TBXAS1: thromboxane A synthase 1; ATP9B: ATPase 
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Author contributions

TP and GRai designed the study and the experiments. 
CR, MCB, AB, GN, PI and DA provided patients’ data and 
collected specimens. GT, ML, GRaf and FCdT performed 
the experiments. TP, CS, PI, DA and GRai analyzed the 
data. TP, CS and GRai wrote the manuscript. TP, CM, CS, 
GT, ML, Graf, FCdT, CR, MCB, AB, GN, PI, DA and 
GRai edited and approved the manuscript.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

FUNDING

This study was supported by the grant AI444-240 
from Bristol-Myers Squibb and by a grant from Gilead 
Sciences, Fellowship Program 2015.

REFERENCES

 1. Rizvi S, Gores GJ. Pathogenesis, diagnosis, and management 
of cholangiocarcinoma. Gastroenterology. 2013; 145:1215–
29. https://doi.org/10.1053/j.gastro.2013.10.013. [PubMed] 

 2. Iida H, Hata M, Kakuno A, Hirano H, Yamanegi K, Yamada 
N, Ohyama H, Terada N, Yasui C, Yamanaka N, Nakasho 
K. Expression of hepatocyte markers in mass-forming 
peripheral and periductal-infiltrating hilar intrahepatic 
cholangiocarcinomas. Oncol Lett. 2011; 2:1041–46. https://
doi.org/10.3892/ol.2011.405. [PubMed] 

 3. Cardinale V, Renzi A, Carpino G, Torrice A, Bragazzi MC, 
Giuliante F, DeRose AM, Fraveto A, Onori P, Napoletano 
C, Franchitto A, Cantafora A, Grazi G, et al. Profiles of 
cancer stem cell subpopulations in cholangiocarcinomas. 
Am J Pathol. 2015; 185:1724–39. https://doi.org/10.1016/j.
ajpath.2015.02.010. [PubMed]

 4. Banales JM, Cardinale V, Carpino G, Marzioni M, Andersen 
JB, Invernizzi P, Lind GE, Folseraas T, Forbes SJ, Fouassier 
L, Geier A, Calvisi DF, Mertens JC, et al. Expert consensus 
document: Cholangiocarcinoma: current knowledge and 
future perspectives consensus statement from the European 
Network for the Study of Cholangiocarcinoma (ENS-CCA). 
Nat Rev Gastroenterol Hepatol. 2016; 13:261–80. https://
doi.org/10.1038/nrgastro.2016.51. [PubMed] 

 5. Sekiya S, Suzuki A. Intrahepatic cholangiocarcinoma can 
arise from Notch-mediated conversion of hepatocytes. J 
Clin Invest. 2012; 122:3914–18. https://doi.org/10.1172/
JCI63065. [PubMed] 

 6. Marquardt JU, Andersen JB, Thorgeirsson SS. Functional 
and genetic deconstruction of the cellular origin in liver 
cancer. Nat Rev Cancer. 2015; 15:653–67. https://doi.
org/10.1038/nrc4017. [PubMed] 

 7. Oikawa T. Cancer Stem cells and their cellular origins in 
primary liver and biliary tract cancers. Hepatology. 2016; 
64:645–51. https://doi.org/10.1002/hep.28485. [PubMed] 

 8. Roskams T. Liver stem cells and their implication in 
hepatocellular and cholangiocarcinoma. Oncogene. 2006; 
25:3818–22. https://doi.org/10.1038/sj.onc.1209558. 
[PubMed] 

 9. Sia D, Villanueva A, Friedman SL, Llovet JM. Liver 
cancer cell of origin, molecular class, and effects on patient 
prognosis. Gastroenterology. 2017; 152:745–61. https://doi.
org/10.1053/j.gastro.2016.11.048. [PubMed] 

10. Galle PR, Forner A, Llovet JM, Mazzaferro V, Piscaglia 
F, Raoul JL, Schirmacher P, Vilgrain V, and European 
Association for the Study of the Liver. Electronic address: 
easloffice@easloffice.eu, and European Association for 
the Study of the Liver. EASL Clinical Practice Guidelines: 
management of hepatocellular carcinoma. J Hepatol. 2018; 
69:182–236. https://doi.org/10.1016/j.jhep.2018.03.019. 
[PubMed]

11. Fwu CW, Chien YC, You SL, Nelson KE, Kirk GD, Kuo 
HS, Feinleib M, Chen CJ. Hepatitis B virus infection and 
risk of intrahepatic cholangiocarcinoma and non-Hodgkin 
lymphoma: a cohort study of parous women in Taiwan. 
Hepatology. 2011; 53:1217–25. https://doi.org/10.1002/
hep.24150. [PubMed] 

12. Li M, Li J, Li P, Li H, Su T, Zhu R, Gong J. Hepatitis B 
virus infection increases the risk of cholangiocarcinoma: 
a meta-analysis and systematic review. J Gastroenterol 
Hepatol. 2012; 27:1561–68. https://doi.org/10.1111/j.1440-
1746.2012.07207.x. [PubMed] 

13. Zhou HB, Hu JY, Hu HP. Hepatitis B virus infection and 
intrahepatic cholangiocarcinoma. World J Gastroenterol. 
2014; 20:5721–29. https://doi.org/10.3748/wjg.v20.
i19.5721. [PubMed] 

14. Pollicino T, Squadrito G, Cerenzia G, Cacciola I, Raffa 
G, Craxì A, Farinati F, Missale G, Smedile A, Tiribelli 
C, Villa E, Raimondo G. Hepatitis B virus maintains 
its pro-oncogenic properties in the case of occult HBV 

www.oncotarget.com
https://doi.org/10.1053/j.gastro.2013.10.013
https://www.ncbi.nlm.nih.gov/pubmed/24140396
https://doi.org/10.3892/ol.2011.405
https://doi.org/10.3892/ol.2011.405
https://www.ncbi.nlm.nih.gov/pubmed/22848265
https://doi.org/10.1016/j.ajpath.2015.02.010
https://doi.org/10.1016/j.ajpath.2015.02.010
https://www.ncbi.nlm.nih.gov/pubmed/25892683
https://doi.org/10.1038/nrgastro.2016.51
https://doi.org/10.1038/nrgastro.2016.51
https://www.ncbi.nlm.nih.gov/pubmed/27095655
https://doi.org/10.1172/JCI63065
https://doi.org/10.1172/JCI63065
https://www.ncbi.nlm.nih.gov/pubmed/23023701
https://doi.org/10.1038/nrc4017
https://doi.org/10.1038/nrc4017
https://www.ncbi.nlm.nih.gov/pubmed/26493646
https://doi.org/10.1002/hep.28485
https://www.ncbi.nlm.nih.gov/pubmed/26849406
https://doi.org/10.1038/sj.onc.1209558
https://www.ncbi.nlm.nih.gov/pubmed/16799623
https://www.ncbi.nlm.nih.gov/pubmed/16799623
https://doi.org/10.1053/j.gastro.2016.11.048
https://doi.org/10.1053/j.gastro.2016.11.048
https://www.ncbi.nlm.nih.gov/pubmed/28043904
https://doi.org/10.1016/j.jhep.2018.03.019
https://www.ncbi.nlm.nih.gov/pubmed/29628281
https://www.ncbi.nlm.nih.gov/pubmed/29628281
https://doi.org/10.1002/hep.24150
https://doi.org/10.1002/hep.24150
https://www.ncbi.nlm.nih.gov/pubmed/21480326
https://doi.org/10.1111/j.1440-1746.2012.07207.x
https://doi.org/10.1111/j.1440-1746.2012.07207.x
https://www.ncbi.nlm.nih.gov/pubmed/22694354
https://doi.org/10.3748/wjg.v20.i19.5721
https://doi.org/10.3748/wjg.v20.i19.5721
https://www.ncbi.nlm.nih.gov/pubmed/24914333


Oncotarget3937www.oncotarget.com

infection. Gastroenterology. 2004; 126:102–10. https://doi.
org/10.1053/j.gastro.2003.10.048. [PubMed] 

15. Bréchot C, Thiers V, Kremsdorf D, Nalpas B, Pol S, 
Paterlini-Bréchot P. Persistent hepatitis B virus infection 
in subjects without hepatitis B surface antigen: clinically 
significant or purely “occult”? Hepatology. 2001; 34:194–
203. https://doi.org/10.1053/jhep.2001.25172. [PubMed] 

16. Yotsuyanagi H, Hashidume K, Suzuki M, Maeyama S, 
Takayama T, Uchikoshi T. Role of hepatitis B virus in 
hepatocarcinogenesis in alcoholics. Alcohol Clin Exp 
Res. 2004 (Suppl Proceedings); 28:181S–85S. https://doi.
org/10.1111/j.1530-0277.2004.tb03240.x. [PubMed] 

17. Li Y, Wang H, Li D, Hu J, Wang H, Zhou D, Li Q, Jiang X, 
Zhou H, Hu H. Occult hepatitis B virus infection in Chinese 
cryptogenic intrahepatic cholangiocarcinoma patient 
population. J Clin Gastroenterol. 2014; 48:878–82. https://
doi.org/10.1097/MCG.0000000000000058. [PubMed] 

18. Fiorino S, Bacchi-Reggiani L, de Biase D, Fornelli A, 
Masetti M, Tura A, Grizzi F, Zanello M, Mastrangelo L, 
Lombardi R, Acquaviva G, di Tommaso L, Bondi A, et 
al. Possible association between hepatitis C virus and 
malignancies different from hepatocellular carcinoma: A 
systematic review. World J Gastroenterol. 2015; 21:12896–
953. https://doi.org/10.3748/wjg.v21.i45.12896. [PubMed] 

19. Zhou Y, Zhao Y, Li B, Huang J, Wu L, Xu D, Yang J, 
He J. Hepatitis viruses infection and risk of intrahepatic 
cholangiocarcinoma: evidence from a meta-analysis. BMC 
Cancer. 2012; 12:289. https://doi.org/10.1186/1471-2407-
12-289. [PubMed] 

20. Donato F, Gelatti U, Tagger A, Favret M, Ribero ML, Callea 
F, Martelli C, Savio A, Trevisi P, Nardi G. Intrahepatic 
cholangiocarcinoma and hepatitis C and B virus infection, 
alcohol intake, and hepatolithiasis: a case-control study in 
Italy. Cancer Causes Control. 2001; 12:959–64. https://doi.
org/10.1023/A:1013747228572. [PubMed] 

21. Yamamoto S, Kubo S, Hai S, Uenishi T, Yamamoto T, 
Shuto T, Takemura S, Tanaka H, Yamazaki O, Hirohashi 
K, Tanaka T. Hepatitis C virus infection as a likely etiology 
of intrahepatic cholangiocarcinoma. Cancer Sci. 2004; 
95:592–95. https://doi.org/10.1111/j.1349-7006.2004.
tb02492.x. [PubMed] 

22. Shaib YH, El-Serag HB, Davila JA, Morgan R, McGlynn 
KA. Risk factors of intrahepatic cholangiocarcinoma in the 
United States: a case-control study. Gastroenterology. 2005; 
128:620–26. https://doi.org/10.1053/j.gastro.2004.12.048. 
[PubMed] 

23. Tao LY, He XD, Qu Q, Cai L, Liu W, Zhou L, Zhang 
SM. Risk factors for intrahepatic and extrahepatic 
cholangiocarcinoma: a case-control study in China. Liver 
Int. 2010; 30:215–21. https://doi.org/10.1111/j.1478-
3231.2009.02149.x. [PubMed] 

24. Lee TY, Lee SS, Jung SW, Jeon SH, Yun SC, Oh HC, Kwon 
S, Lee SK, Seo DW, Kim MH, Suh DJ. Hepatitis B virus 
infection and intrahepatic cholangiocarcinoma in Korea: a 

case-control study. Am J Gastroenterol. 2008; 103:1716–20.  
[PubMed] 

25. Covolo L, Pollicino T, Raimondo G, Donato F. Occult 
hepatitis B virus and the risk for chronic liver disease: a 
meta-analysis. Dig Liver Dis. 2013; 45:238–44. https://doi.
org/10.1016/j.dld.2012.09.021. [PubMed] 

26. Pollicino T, Saitta C. Occult hepatitis B virus and 
hepatocellular carcinoma. World J Gastroenterol. 2014; 
20:5951–61. https://doi.org/10.3748/wjg.v20.i20.5951. 
[PubMed] 

27. Wong DK, Huang FY, Lai CL, Poon RT, Seto WK, Fung J, 
Hung IF, Yuen MF. Occult hepatitis B infection and HBV 
replicative activity in patients with cryptogenic cause of 
hepatocellular carcinoma. Hepatology. 2011; 54:829–36. 
https://doi.org/10.1002/hep.24551. [PubMed] 

28. Stroffolini T, Gaeta GB, Mele A. AASLD Practice 
Guidelines on chronic hepatitis B and HBV infection in 
Italy. Hepatology. 2007; 46:608–09. https://doi.org/10.1002/
hep.21841. [PubMed] 

29. Cardinale V, Wang Y, Carpino G, Mendel G, Alpini G, 
Gaudio E, Reid LM, Alvaro D. The biliary tree—a reservoir 
of multipotent stem cells. Nat Rev Gastroenterol Hepatol. 
2012; 9:231–40. https://doi.org/10.1038/nrgastro.2012.23. 
[PubMed] 

30. Oikawa T, Wauthier E, Dinh TA, Selitsky SR, Reyna-Neyra 
A, Carpino G, Levine R, Cardinale V, Klimstra D, Gaudio 
E, Alvaro D, Carrasco N, Sethupathy P, Reid LM. Model 
of fibrolamellar hepatocellular carcinomas reveals striking 
enrichment in cancer stem cells. Nat Commun. 2015; 
6:8070. https://doi.org/10.1038/ncomms9070. [PubMed] 

31. Watkins G, Douglas-Jones A, Mansel RE, Jiang WG. 
Expression of thromboxane synthase, TBXAS1 and the 
thromboxane A2 receptor, TBXA2R, in human breast 
cancer. Int Semin Surg Oncol. 2005; 2:23. https://doi.
org/10.1186/1477-7800-2-23. [PubMed] 

32. Minami D, Takigawa N, Kato Y, Kudo K, Isozaki H, 
Hashida S, Harada D, Ochi N, Fujii M, Kubo T, Ohashi K, 
Sato A, Tanaka T, et al. Downregulation of TBXAS1 in an 
iron-induced malignant mesothelioma model. Cancer Sci. 
2015; 106:1296–302. https://doi.org/10.1111/cas.12752. 
[PubMed] 

33. Liu Y, Yang S, Li MY, Huang R, Ng CS, Wan IY, 
Long X, Wu J, Wu B, Du J, Mok TS, Underwood 
MJ, Chen GG. Tumorigenesis of smoking carcinogen 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone is related 
to its ability to stimulate thromboxane synthase and 
enhance stemness of non-small cell lung cancer stem cells. 
Cancer Lett. 2016; 370:198–206. https://doi.org/10.1016/j.
canlet.2015.10.017. [PubMed] 

34. Chang J, Tan W, Ling Z, Xi R, Shao M, Chen M, Luo Y, 
Zhao Y, Liu Y, Huang X, Xia Y, Hu J, Parker JS, et al. 
Genomic analysis of oesophageal squamous-cell carcinoma 
identifies alcohol drinking-related mutation signature and 
genomic alterations. Nat Commun. 2017; 8:15290. https://
doi.org/10.1038/ncomms15290. [PubMed] 

www.oncotarget.com
https://doi.org/10.1053/j.gastro.2003.10.048
https://doi.org/10.1053/j.gastro.2003.10.048
https://www.ncbi.nlm.nih.gov/pubmed/14699492
https://doi.org/10.1053/jhep.2001.25172
https://www.ncbi.nlm.nih.gov/pubmed/11431751
https://doi.org/10.1111/j.1530-0277.2004.tb03240.x
https://doi.org/10.1111/j.1530-0277.2004.tb03240.x
https://www.ncbi.nlm.nih.gov/pubmed/15318109
https://doi.org/10.1097/MCG.0000000000000058
https://doi.org/10.1097/MCG.0000000000000058
https://www.ncbi.nlm.nih.gov/pubmed/24356457
https://doi.org/10.3748/wjg.v21.i45.12896
https://www.ncbi.nlm.nih.gov/pubmed/26668515
https://doi.org/10.1186/1471-2407-12-289
https://doi.org/10.1186/1471-2407-12-289
https://www.ncbi.nlm.nih.gov/pubmed/22799744
https://doi.org/10.1023/A:1013747228572
https://doi.org/10.1023/A:1013747228572
https://www.ncbi.nlm.nih.gov/pubmed/11808716
https://doi.org/10.1111/j.1349-7006.2004.tb02492.x
https://doi.org/10.1111/j.1349-7006.2004.tb02492.x
https://www.ncbi.nlm.nih.gov/pubmed/15245596
https://doi.org/10.1053/j.gastro.2004.12.048
https://www.ncbi.nlm.nih.gov/pubmed/15765398
https://www.ncbi.nlm.nih.gov/pubmed/15765398
https://doi.org/10.1111/j.1478-3231.2009.02149.x
https://doi.org/10.1111/j.1478-3231.2009.02149.x
https://www.ncbi.nlm.nih.gov/pubmed/19840244
https://www.ncbi.nlm.nih.gov/pubmed/18557716
https://doi.org/10.1016/j.dld.2012.09.021
https://doi.org/10.1016/j.dld.2012.09.021
https://www.ncbi.nlm.nih.gov/pubmed/23146778
https://doi.org/10.3748/wjg.v20.i20.5951
https://www.ncbi.nlm.nih.gov/pubmed/24876718
https://www.ncbi.nlm.nih.gov/pubmed/24876718
https://doi.org/10.1002/hep.24551
https://www.ncbi.nlm.nih.gov/pubmed/21809355
https://doi.org/10.1002/hep.21841
https://doi.org/10.1002/hep.21841
https://www.ncbi.nlm.nih.gov/pubmed/17661422
https://doi.org/10.1038/nrgastro.2012.23
https://www.ncbi.nlm.nih.gov/pubmed/22371217
https://www.ncbi.nlm.nih.gov/pubmed/22371217
https://doi.org/10.1038/ncomms9070
https://www.ncbi.nlm.nih.gov/pubmed/26437858
https://doi.org/10.1186/1477-7800-2-23
https://doi.org/10.1186/1477-7800-2-23
https://www.ncbi.nlm.nih.gov/pubmed/16250911
https://doi.org/10.1111/cas.12752
https://www.ncbi.nlm.nih.gov/pubmed/26211743
https://www.ncbi.nlm.nih.gov/pubmed/26211743
https://doi.org/10.1016/j.canlet.2015.10.017
https://doi.org/10.1016/j.canlet.2015.10.017
https://www.ncbi.nlm.nih.gov/pubmed/26518146
https://doi.org/10.1038/ncomms15290
https://doi.org/10.1038/ncomms15290
https://www.ncbi.nlm.nih.gov/pubmed/28548104


Oncotarget3938www.oncotarget.com

35. Raimondo G, Allain JP, Brunetto MR, Buendia MA, Chen 
DS, Colombo M, Craxì A, Donato F, Ferrari C, Gaeta GB, 
Gerlich WH, Levrero M, Locarnini S, et al. Statements 
from the Taormina expert meeting on occult hepatitis B 
virus infection. J Hepatol. 2008; 49:652–57. https://doi.
org/10.1016/j.jhep.2008.07.014. [PubMed] 

36. Hirt B. Selective extraction of polyoma DNA from infected 
mouse cell cultures. J Mol Biol. 1967; 26:365–69. https://
doi.org/10.1016/0022-2836(67)90307-5. [PubMed] 

37. Saitta C, Tripodi G, Barbera A, Bertuccio A, Smedile A, 
Ciancio A, Raffa G, Sangiovanni A, Navarra G, Raimondo 

G, Pollicino T. Hepatitis B virus (HBV) DNA integration 
in patients with occult HBV infection and hepatocellular 
carcinoma. Liver Int. 2015; 35:2311–17. https://doi.
org/10.1111/liv.12807. [PubMed] 

38. Galibert F, Mandart E, Fitoussi F, Tiollais P, Charnay 
P. Nucleotide sequence of the hepatitis B virus genome 
(subtype ayw) cloned in E. coli. Nature. 1979; 281:646–50. 
https://doi.org/10.1038/281646a0. [PubMed] 

www.oncotarget.com
https://doi.org/10.1016/j.jhep.2008.07.014
https://doi.org/10.1016/j.jhep.2008.07.014
https://www.ncbi.nlm.nih.gov/pubmed/18715666
https://doi.org/10.1016/0022-2836(67)90307-5
https://doi.org/10.1016/0022-2836(67)90307-5
https://www.ncbi.nlm.nih.gov/pubmed/4291934
https://doi.org/10.1111/liv.12807
https://doi.org/10.1111/liv.12807
https://www.ncbi.nlm.nih.gov/pubmed/25677098
https://doi.org/10.1038/281646a0
https://www.ncbi.nlm.nih.gov/pubmed/399327

