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Objective: We aimed to investigate HBx genetic elements correlated with hepatitis B virus (HBV) -related
hepatocellular carcinoma (HCC) and their impact on (a) HBV replicative efficiency, (b) HBx binding to
circular covalently closed DNA (cccDNA), (c) apoptosis and cell-cycle progression, and (d) HBx structural
stability.
Methods: This study included 123 individuals chronically infected with HBV: 27 with HCC (77.9% (21/27)
genotype D; 22.1% (6/27) genotype A) and 96 without HCC (75% (72/96) genotype D; 25.0% (24/96)
genotype A). HepG2 cells were transfected by wild-type or mutated linear HBV genome to assess pre-
genomic RNA (pgRNA) and core-associated HBV-DNA levels, HBx-binding onto cccDNA by chromatin
immunoprecipitation-based quantitative assay, and rate of apoptosis and cell-cycle progression by
cytofluorimetry.
Results: F30V was the only HBx mutation correlated with HCC (18.5% (5/27) in HCC patients versus 1.0%
(1/96) in non-HCC patients, p 0.002); a result confirmed by multivariate analysis. In vitro, F30V deter-
mined a 40% and 60% reduction in pgRNA and core-associated HBV-DNA compared with wild-type (p
<0.05), in parallel with a significant decrease of HBx binding to cccDNA and decreased HBx stability. F30V
also decreased the percentage of apoptotic cells compared with wild-type (14.8 ± 6.8% versus
19.1 ± 10.1%, p <0.01, without affecting cell-cycle progression) and increased the probability of HBx-Ser-
31 being phosphorylated by PI3K-Akt kinase (known to promote anti-apoptotic activity).
Conclusions: F30V was closely correlated with HBV-induced HCC in vivo, reduced HBV replicative
efficiency by affecting HBx-binding to cccDNA and increased anti-apoptotic HBx activity in vitro. This
suggests that F30V (although hampering HBV's replicative capacity) may promote hepatocyte sur-
vival, so potentially allowing persistent production of viral progeny and initiating HBV-driven
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hepatocarcinogenesis. Investigation of viral genetic markers associated with HCC is crucial to identify
those patients at higher risk of HCC, who hence deserve intensive liver monitoring and/or early anti-
HBV therapy. R. Salpini, Clin Microbiol Infect 2019;25:906.e1e906.e7
© 2018 Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and Infectious

Diseases.
Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of
cancer death worldwide [1]. The lifetime risk of developing HCC is
10- to 100-fold greater for chronic hepatitis B virus (HBV) carriers
than non-infected individuals. In contrast with hepatitis C virus, a
substantial number of HBV-infected individuals develop HCC
without signs of liver damage [2], highlighting the existence of
intrinsic HBV-mediated pro-oncogenic mechanisms. Among HBV
proteins, HBx represents one of the central players of liver onco-
genesis and could be an attractive therapeutic target for HCC sup-
pression [1,3].

HBx is a 154-amino-acid protein (17 kDa) [4,5] characterized by
two functional domains: the N-terminal domain (amino acids
1e50) endowed by anti-apoptotic effect, and the C-terminal
domain with pro-apoptotic activity and involved in transactivation
mechanisms [6,7]. Considering these dual properties, it has been
postulated that the capability of HBx to induce HCCmay depend on
the equilibrium between the anti-apoptotic N-terminal and the
pro-apoptotic C-terminal domains [7e9].

Deletions of the HBx C terminus are the most frequently re-
ported HBx modifications associated with HCC. A higher rate of
truncated HBx has been described in hepatocarcinoma cells rather
than in untransformed hepatocytes, highlighting the potential role
of these deletions and, in turn, of the N-terminal domain, in tumour
development [8,10]. Furthermore, some point mutations (particu-
larly K130M/V131I) in the HBx C terminus have been implicated in
affecting the functions of the HBx C terminus and HCC onset [11,12].
Conversely, there is a paucity of information available on the impact
of mutations within the N-terminal domain in oncogenic trans-
formation of hepatocytes.

In this light, our study is aimed at evaluating the correlation of
HBx mutations, particularly in the N-terminal domain, with HBV-
induced HCC in vivo, and their impact on (a) HBV replicative and
transcriptional efficiency, (b) HBx-binding to circular covalently
closed DNA (cccDNA), (c) apoptosis and cell-cycle progression and,
(d) HBx structural stability.

Materials and methods

Study population

This study included 123 chronically HBV-infected patients: 27
patients with HBV-related HCC and 96 consecutive patients with no
clinical evidence of cirrhosis and HCC (as reference group), fol-
lowed in different Italian and French clinical centres. The distri-
bution of HBV genotype D and genotype A in HCC and non-HCC
patients was comparable (77.9% (21/27) and 22.1% (6/27) in in-
dividuals with HCC versus 75% (72/96) and 25% (24/96) in non-HCC
patients, respectively), minimizing the possible influence of HBV
genotypes in the analysis of HBx mutations.

TheHBV-relatedHCCcaseswere included in the studyaccording to
a radiological or histological diagnosis of hypervascular liver tumour
mass (one ormore liver cancer nodules) in patients with chronic HBV
infection. No patients (0/123) had a co-infection with human immu-
nodeficiency virus, hepatitis delta virus or hepatitis C virus.
Approval by the Ethics Committee was not necessary because
the study was based on anonymized viral DNA samples obtained
from clinical routines (legislative decrees 211/2003 (art.6,9) and
196/2003).

Population-based sequencing of the HBx region

The population-based sequencing of the HBx region was per-
formed on the 123 plasma samples, following a home-made pro-
tocol reported in the Supplementary material (Appendix S1).

Association of mutations with HCC

HBx sequences were used to assess the association of specific
HBx mutation(s) with HBV-related HCC. Mutations were defined
according to the reference sequence of each specific HBV genotype
(reference sequences: X65259.1 for genotype D and X02763.1 for
genotype A). The prevalence of each HBx mutation was calculated
in both HCC and non-HCC patients. Statistically significant differ-
ences in the prevalence of HBx mutations between the two groups
of patients were assessed by Fisher's exact test.

The prevalence of HBx mutations associated with HCC was also
calculated in two independent data sets of HBx sequences: the
former obtained by GenBank and consisting of 40 HBx sequences
from chronically HBV-infected patients with HCC (only genotypes D
and A) [13,14], the latter obtained from The Hepatitis B virus
Database (HBVdb) [15] and comprising 2428 HBx sequences (only
genotypes D and A).

A logistic regression analysis was also performed using the
statistical software IBM SPSS (v.19), considering the following var-
iables: gender, age, nationality, HBV-DNA, hepatitis B “e” antigen
(HBeAg) status, alanine aminotransferase (ALT), HBV genotype and
HBx mutation(s) associated with HCC. After stepwise elimination
for optimized Akaike information criterion, only variables showing
a p-value <0.200 in univariate analysis were included in multi-
variate analysis.

Cell cultures

HepG2 cells were cultured in a T25 flask (Costar; Corning, NY,
USA) at a density of 5 � 105 cells/mL in Dulbecco's modified Eagle's
medium (high glucose; Sigma, St Louis, MO, USA) supplemented
with 100 U/mL penicillinþ 100mg/L streptomycin, 2mMGlutaMAX
and heat inactivated 10% fetal bovine serum. Cells were grown in a
37�C humidified atmosphere containing 5% CO2.

Transfection experiments and quantification of HBV replicative
parameters

The HBx mutation F30V associated with HCC was introduced
into a 1.0� genome-length HBV genotype D, HBeAg-negative clone
by site-directed mutagenesis. Wild-type (WT) and mutated clones
were transfected into HepG2 cells using theMirrus Bio-trans-IT-LT1
(Mir2300A). All transfections included 0.1 mg green fluorescence
protein (GFP) expression vector to assess transfection efficiency.
Both cell lysates and supernatants were harvested at 48 and
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72 hours post-transfection. Three experiments, each in triplicate,
were performed to test the effects of F30V (with respect to WT-
HBx) on intracellular core-associated HBV DNA and HBV pre-
genomic RNA (pgRNA) quantified by real-time PCR using pro-
tocols described in the Supplementary material (Appendix S2).

cccDNA-specific chromatin immunoprecipitation-based quantitative
assay

Chromatin immunoprecipitation (ChIP)-based quantitative
assay was used to evaluate the amount of F30V-HBx (with respect
Table 1
Characteristics of study population (n ¼ 123)

Patients (n ¼ 27)
with HCC (%)

Patients (n ¼ 96)
without HCC (%)

p

Patient characteristics
Male, n (%) 24 (88.9) 74 (77.1) 0.28
Italian nationality, n (%) 19 (70.4) 64 (66.7) 0.81
Age (years), median (IQR) 67 (54e70) 50 (38e63) <0.001
HBeAg negative, n (%) 21 (77.8) 68 (70.8) 0.62
HBV-DNA (log IU/mL),
median (IQR)

4.1 (2.6e5.9) 5.0 (3.9e6.7) 0.04

ALT (IU/L), median (IQR) 59 (28e107) 45 (31e90) 0.57
HBV genotype, n (%)
D 21 (77.9) 72 (75) 1
A 6 (22.1) 24 (25)

HCC characteristics, n (%)
Single nodule HCC 15 (55.6)
Multifocal-HCC 6 (22.2)
Unknown 6 (22.2)

Tumour size
<2 cm 3 (11.1)
2e5 cm 4 (14.8)
>5 cm 8 (28.6)
Unknown 12 (44.4)

a-fetoprotein at
HCC (ng/mL),
median (IQR)

520 (9e11 216)

HCC treatment
Chemoembolization 7 (25.9)
Surgery 5 (18.5)
Thermoablation 2 (7.4)
None 3 (11.1)
Unknown 10 (37.0)

Liver status
Diagnosis of cirrhosis 14 (51.9)

ChildePugh Classification
A 11 (40.7)
B 6 (22.2)
C 3 (11.1)
Unknown 7 (25.9)

Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus; HCC, hepa-
tocellular carcinoma; IQR, interquartile range.

Table 2
Multivariate analysis: factors associated with hepatocellular carcinoma

Variablesa Univariate analysis

Crude OR (95% CI)

Gender (female versus maleb) 0.42 (0.12e1.53)
Age (for 1 year increase) 1.06 (1.02e1.11)
Nationality (foreign versus Italianb) 0.84 (0.33e2.13)
HBeAg 1.44 (0.53e3.95)
HBV-DNA, log10 IU/ml 0.77 (0.61e0.98)
ALT, U/L 1.00 (0.99e1.01)
HBV Genotype (A versus Db) 0.86 (0.31e2.372)
HBx-F30V 21.59 (2.4e194.519)

Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus; HCC, hepatocellula
a The logistic regression analysis was performed on 123 chronically HBV-infected patie

of sample collection, nationality, HBeAg status, HBV-DNA log10, ALT, HBV genotype, HB
b Reference group.
to WT-HBx) bound onto cccDNA according to the protocol reported
in the Supplementary material (Appendix S3). Two independent
experiments were performed.

Cell-cycle and apoptosis analysis

At 72 hours post-transfection, 106 cells were harvested and
permeabilized using 2 mL of 70% ethanol overnight at 4�C. The next
day, cells werewashed with PBS and incubated for 1 hour at 37�C in
the presence of propidium iodide (50 mg/L) and of RNAase (250
mg/L) (Life Technologies). Propidium iodide was used to concomi-
tantly differentiate phases of cell cycle and apoptotic cells based on
cellular DNA content by flow cytometry (BD FACSCalibur; BD,
Franklin Lakes, NJ, USA) [16]. Apoptotic cells were recognized as a
distinct hypoploid cell population (sub-G1 peak) as a result of cell
shrinkage, nuclear condensation and internucleosomal fragmen-
tation. Debris, residuals of necrotic cells (with minimal DNA fluo-
rescence and reduced diameter compared with apoptotic cells) and
doublets were excluded from the analysis. The percentage of cells
in sub-G1 peak, G0/G1, S and G2/M phases was assessed by MODFIT
and confirmed by FLOWJO softwares.

The results are reported as the mean of three independent ex-
periments. The statistical relevance of the change in both cell cycle
and apoptosis was evaluated using a test of proportions based on
Pearson test.

In silico prediction of three-dimensional structure of HBx

The three-dimensional structure of HBx was predicted in silico
using a reference-validated HBx model [17] as a custom-added
modelling constraint elaborated by I-TASSER [18].

The fold-stability change (DDG) between WT and F30V mutants
was calculated by STRUM, with DDG(WTemutated) <0 indicating a
reduced stability in the presence of themutation [19]. Furthermore,
the probability of phosphorylation at HBx position 31 by phos-
phatidylinositol-4,5-bisphosphate 3-kinase protein kinase B (PI3K-
Akt) (a process known to be implicated in HBV anti-apoptotic ac-
tivity, and hence to be associated with neoplastic transformation)
[20e22], was calculated for WT-HBx and F30V-HBx by two pre-
diction algorithms: SCANSITE [23] and NETPHOS [24], both aimed at
identifying amino acid motifs phosphorylated by Ser/Thr-kinases
(details reported in the Supplementary material, Appendix S4).

Results

Patients' characteristics

This study included 27 individuals with a diagnosis of HBV-
related HCC. Most were male (88.9%, 24/27), with a median age of
Multivariate analysis

p Adjusted OR (95% CI) p

0.714 0.45 (0.10e1.9) 0.285
0.003 1.05 (1.02e1.08) 0.003
0.720 1.7 (0.50e5.72) 0.402
0.478 0.51 (0.12e2.11) 0.354
0.03 0.78 (0.60e1.01) 0.07
0.688 1.00 (0.99e1.01) 0.74
0.767 1.21 (0.30e4.89) 0.79
0.006 20.02 (2.05e195.00) 0.001

r carcinoma; IQR, interquartile range.
nts with or without HCC. The following variables were considered: gender, age, year
x mutation associated with HCC (F30V).



(a)
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Fig. 1. Impact of F30V-HBx mutant on hepatitis B virus (HBV) replication. Production
of intracellular pre-genomic RNA (pgRNA) (a) and core-associated HBV DNA (b)
measured at 48 hours following transfection of full-length linear monomer of HBV
genotype D wild-type (WT) or F30V-mutated into HepG2. pgRNA and core-associated
HBV DNA were measured by real-time PCR. (c) Cross-linked chromatin was immu-
noprecipitated with a relevant control IgG or specific anti-HBx antibodies and analysed
by real-time PCR with HBV circular covalently closed DNA (cccDNA) selective primers.
The amount of pgRNA, core-associated HBV-DNA and HBX-bound cccDNA was
expressed as percentage considering the amount of the wild-type as 100%. Histograms
show mean values from three experiments, each led in triplicate in (a) and (b), and
from two experiments in (c); bars indicate Standard Deviation. p values were deter-
mined using Student's t test. *p <0.05, **p <0.01.
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67 years (interquartile range (IQR) 54e70 years) (Table 1). At HCC
diagnosis, median HBV-DNA and ALT were 4.1 (IQR 2.6e5.9) logIU/
mL and 59 (IQR 30e110) U/L, respectively (Table 1). Notably, 40.7%
(11/27) of patients received an HCC diagnosis in a condition of low-
grade liver disease (ChildePugh class A) (Table 1). As expected, at
HCC diagnosis, most patients showed elevated a-fetoprotein (AFP)
levels with median serum AFP 519 (IQR 9e11 216) ng/mL (Table 1).
In most patients, liver imaging showed the presence of a single-
nodule HCC with a median size of 5.0 (IQR 2.5e7.6) cm for each
tumour (Table 1). Among 17 patients undergoing HCC treatment,
trans-catheter arterial chemoembolization was the most used
strategy for HCC treatment (in 25.9% (7/27) of patients) whereas in
5/17 the progression of HCC required a surgical resection (Table 1).

Association of HBx mutation F30V with HBV-related HCC

Analysing all HBx positions occurring in the HCC and non-HCC
populations, one specific HBx mutation was significantly correlated
withHCC: F30V, localized in theHBxN terminus (see Supplementary
material, Fig. S1). In particular, 18.5% (5/27) of HCC patients versus
1.0% (1/96) of non-HCC patients harboured a virus with F30V (p
0.002). Notably, AFP levels at HCC diagnosis were higher in patients
with F30V than in those without this mutation (median AFP 2600
(IQR 756e10 950) versus 56 (IQR 5e6508) ng/mL).

Multivariate analysis confirmed the independent association of
F30V with a higher probability of developing HCC (adjusted OR
20.0, 95% CI 2.1e195.0; p 0.001), after correction for patients' de-
mographics, HBeAg status, HBV genotype, serumHBV-DNA and ALT
(Table 2).

In an independent data set of 2428 HBx sequences (only geno-
types D and A) obtained from a publicly available HBVdb [15], the
prevalence of F30V was 4.5% (109/2428), thus excluding the poly-
morphic nature of thismutation. Conversely, in an independent data
set of 40 HBx sequences specifically isolated from patients with HCC
and retrieved from GenBank, the prevalence of F30V was compa-
rable to that observed in our cohort of HCC patients (12.5% (5/40)
versus 18.5% (5/27), p 0.51), supporting its association with HCC.

The presence of K130M/V131I (already known to increase HBV
oncogenic potential) was also investigated in HCC and non-HCC
groups, as well as their co-occurrence with F30V. K130M/V131I
were found in 53% (14/27) of patients with HCC and in 37.5% (36/96)
of non-HCC patients (p 0.3). The co-occurrence of F30V and K130M/
V131I was never found, suggesting divergent genetic pathways
contributing to HCC development.

HBx-F30V inhibits HBV transcription and replication activity in vitro

HBx is known to up-regulate cccDNA transcription [4,25]. Hence,
the impact of HBx-F30V on HBV replicative and transcriptional
parameters was evaluated. After transfecting HepG2 cells with a
WT or mutated linear HBV genome, the amount of pgRNA and
intracellular core-associated HBV-DNA (Fig. 1a,b) was quantified at
48 hours post-transfection. HBx-F30V determined a 40% reduction
in pgRNA levels (p <0.05) and a 60% reduction in core-associated
HBV-DNA (p <0.01) compared with WT, suggesting a detrimental
impact of F30V on HBV transcriptional and replicative capacity.

HBx-F30V hampers HBx capability to bind cccDNA

HBx can potentiate the expression of viral genes by its direct
recruitment onto cccDNA [4,25], so we investigated whether F30V
can affect HBx recruitment onto cccDNA. Using cccDNA ChIP assay,
we showed a significant decrease of HBx-binding to cccDNA in the
presence of F30V (Fig. 1c), that parallels with a reduced HBV tran-
scription and replication.
Cell cycle and apoptosis

In order to support the association of F30V with HBV-induced
hepatocarcinogenesis, we investigated the impact of this muta-
tion on apoptosis and on cell-cycle progression by flow cytometry.
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F30V decreased the percentage of apoptotic cells comparedwith
WT-HBx (14.8 ± 6.8% versus 19.1 ± 10.1%, p <0.01) (Fig. 2a; see
Supplementary material, Fig. S2). Conversely, by analysing cell-
cycle progression, the percentage of cells in the different phases
of the cell cycle was comparable between F30V and WT (Fig. 2b).
These results suggest that F30V, by increasing anti-apoptotic HBx
activity, can enhance hepatocyte survival, providing the basis for
oncogenic transformation of hepatocytes.
Impact of HBx-F30V three-dimensional structure: implications for
anti-apoptotic effect

By in silico prediction of three-dimensional HBx structure,
amino acid position 30 lies in a coil region of the HBx N terminus,
known to act as a negative regulatory domain (Fig. 3). In line with
(a)

(b)

Fig. 2. Percentage of cells in apoptosis (a) and in different phases of cell cycle (b). HepG2 cell
including wild-type (WT) and mutated HBx. 106 cells were harvested at 72 hours post-trans
were washed with PBS and incubated for 1 hour at 37�C in the presence of propidium iodide
apoptosis and in G0/G1, S and G2/M cell-cycle phases was assessed by flow-cytometry (BD
mean of three independent experiments. The statistical relevance of the change in both cellu
Abbreviations: WT, wild-type; CC, cell controls not transfected.
the replicative defect, the introduction of F30V determined a
reduction in HBx stability (DDG(WTeF30V) ¼ e1.2 Kcal/mol).

Moreover, recent studies demonstrated that the phosphoryla-
tion of HBx-Ser-31 by PI3K-Akt is implicated in increasing HBx anti-
apoptotic activity [20e22]. Interestingly, F30V increased the in sil-
ico probability of Ser-31 phosphorylation by PI3K-Akt with respect
to WT (F30V 0.54 versus WT 0.48 and F30V 0.76 versus WT 0.72
according to SCANSITE and NETPHOS, respectively). This increased
phosphorylation of HBx-Ser-31 might explain the decreased rate of
apoptosis observed in vitro in the presence of F30V, supporting its
role in promoting hepatocyte survival.

Discussion

This study has identified and characterized a specific HBx ge-
netic element (F30V) significantly correlated with HBV-induced
s were transfected with hepatitis B virus (HBV) genotype D full-length linear monomers
fection and permeabilized using 2 mL 70% ethanol overnight at 4�C. The next day cells
(PI) (50 mg/L) and of RNAase (250 mg/L) (Life Technologies). The percentage of cells in
FACSCalibur) and analysed by MODFIT and FLOWJO softwares. The results are reported as
lar cycle and apoptosis was evaluated using a test of Proportions based on Pearson Test.



Fig. 3. Three-dimensional structure of wild type HBx and in presence of F30V mutation. Wild-type (WT) and mutated three-dimensional HBx were predicted by using a homology-
modelling approach, based on Van Hemert et al., 2012 [17] and constructed by I-TASSER.
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HCC in vivo. To date, the investigation of HBx mutations associated
with HCC onset has been mainly conducted in Asian studies
[12,26,27]. To our knowledge, this is the first European study
addressing this issue.

F30V was detected in 18.5% of HCC patients and only in 1% of
non-HCC patients. The low prevalence of F30V in non-HCC patients
supports the fact that this mutation cannot be considered a poly-
morphism. In line with this concept, the analysis of 2428 HBx se-
quences obtained from a publicly available database HBVdb [15]
showed an overall F30V prevalence of 4.5%. The association of F30V
with HCC is further corroborated from an independent data set of
40 HBx sequences specifically isolated from patients with HCC and
retrieved from GenBank, showing a prevalence comparable to that
observed in our cohort of HCC patients.

The association of mutations at HBx position 30 with neoplastic
transformation of hepatocytes has been previously reported in an
Asian study, analysing60HCC tumour tissuesandparatumour tissues
fromChina, further reinforcing the involvementof thisHBx residue in
mechanisms mediating the oncogenic potential of HBV [28].

F30V resides in the highly conserved N-terminal domain known
to be indispensable for transforming activity and negative regula-
tion of pro-apoptotic activity and known to overcome oncogene-
induced senescence [6,8,9]. From in vitro experiments, F30V can
reduce the rate of apoptotic cells suggesting its role in promoting
anti-apoptotic activity with respect to WT-HBx. Prevention of
apoptosis has been proposed as a mechanism contributing to the
multi-step hepatocarcinogenetic process as it can avoid the elimi-
nation of damaged hepatocytes [29].

Furthermore, F30V is adjacent to the serine at HBx position 31. A
previous study has shown that the phosphorylation of HBx position
31 by PI3K-Akt is a mechanism mediating HBx anti-apoptotic
properties and, in turn, cell survival [21,22]. In line with this
finding, a recent study has reported that HBx isoforms, more prone
to be phosphorylated at Ser-31 by PI3K-Akt, are associated with a
higher risk of HCC development [20]. By in silico analysis, we found
that HBx-F30V increases the likelihood of Ser-31 being phosphor-
ylated by PI3K-Akt. It is conceivable that F30V emergence may
favour Ser-31 phosphorylation, so enhancing HBx anti-apoptotic
activity.

Overall findings support the hypothesis that HBx genetic vari-
ability may favour the shift from pro-apoptotic to anti-apoptotic
HBx activity, thus explaining the dual HBx function (either as
pro-apoptotic or as anti-apoptotic protein) reported in the litera-
ture [7,30].

Conversely, F30V has no impact on capacity of HBx to modulate
cell-cycle progression. Indeed, the percentages of cells in the
different phases of the cell cycle were comparable in the presence
or absence of F30V, suggesting that the HBx-induced transit
through G1 to S phase does not seem to be a mechanism respon-
sible for the association of F30V with HCC [31].

In our cohort of HCC patients, F30V never co-occurred with
K130M/V131I (known to favour host cell proliferation by inducing
cell-cycle progression) [11], suggesting two divergent evolutionary
pathways contributing to HCC development: the former acting on
apoptosis inhibition and the latter on cell-cycle progression
[11,30,32].

Our in vitro experiments also showed that HBx-F30V is less
effective in supporting HBV replication and in transactivating HBV
genes with respect to HBx-WT. This has been supported by ChIP-
based quantitative assay, showing an impaired HBx-binding to
cccDNA and by structural analysis revealing decreased HBx stability
in the presence of F30V.

Overall findings suggest that, although hampering HBV repli-
cative capacity, F30V may enhance hepatocyte survival by
increasing anti-apoptotic HBx activity, thus allowing persistence of
an intrahepatic viral reservoir and long-term production of infec-
tious progeny. Furthermore, by lowering the level of HBV replica-
tion, this mutation may also favour HBV evasion of the immune-
response, further facilitating viral persistence. At the same time,
this may pose the basis for clonal selection of hepatocytes har-
bouring this viral variant, favouring the development of liver cancer
[11].

In conclusion, HBx mutation F30V is closely correlated with
HBV-induced HCC in vivo, reduced HBV replicative efficiency by
affecting HBx-binding to cccDNA and increased anti-apoptotic HBx
activity in vitro. This suggests that F30V (although hampering the
replicative capacity of HBV) may promote cell survival, supporting
its involvement in initiating mechanisms underlying HBV-driven
hepatocarcinogenesis. The investigation of such viral genetic ele-
ments provides the basis for the identification of viral biomarkers
that can predict HCC onset. This is crucial to identify individuals at
higher HCC risk who may deserve intensive HCC monitoring, and/
or early anti-HBV therapy. This represents an unmet medical need,
answering the issue ‘assess host genetic and viral markers to
determine prognosis and optimize patients’management’ raised by
the EASL Guidelines (www.easl.eu).
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