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ARTICLE INFO ABSTRACT

The hepatitis B virus X protein (HBV-X) is a multifunctional regulatory protein associated with the pathogenesis
of liver disease in chronic HBV infection. Basal core promoter mutations (BCP), associated with the clinical
course of chronic HBV infection, affect HBV-X at 130-131 positions. The role of these mutations on HBV-X
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Genotype F ) biological activity remains largely unknown. The aim of this study was to analyze the impact of the presence of
iasoaltz: promoter mutation different amino acids at 130-131 positions of HBV-X on the biological activity of the protein. Transient ex-
Aﬁt:phagy pression of wild type and mutant F1b and F4 HBV-X increased cell mortality by the induction of apoptosis in

human hepatoma cells. The wild type and mutant HBV-X differentially modulate the expression of pro-apoptotic
(Bax) and anti-apoptotic (Bcl-2 and Bcl-X) regulatory proteins of the Bcl-2 family. Furthermore, the expression of
HBV-X variants of both subgenotypes induced autophagy of human tumoral hepatocytes. In conclusion, HBV-X
variants of the Latin American HBV F genotype promotes human hepatocytes death by the induction of apoptosis
and autophagy. The results of this work describe some of the molecular mechanisms by which HBV-X variants
contribute to the pathogenesis of liver diseases in the infected liver and help to the biological characterization of

genotype F, responsible of the majority of HBV infections in Argentina.

1. Introduction

The hepatitis B virus (HBV) chronically actually infects approxi-
mately 257 million people worldwide (WHO, 2017). Chronic infection
is associated with the development of severe liver diseases, including
cirrhosis and hepatocellular carcinoma (HCC). HBV belongs to the
Hepadnaviridae family and can be classified into ten genotypes (A to J)
and multiple subgenotypes with characteristic geographic distribution
(Kramvis, 2014; Sunbul, 2014). The viral genome consists of a 3.2 kb
partially double-stranded DNA with four overlapping open reading
frames that codify for: envelope (S/Pre-S1/Pre-S2), core (C/pre-C),
polymerase (P) and X (HBV-X) proteins (Norder et al., 2004).

HBV-X is a 154 amino acid multifunctional protein with transcrip-
tional transactivator activity on a number of cellular and viral pro-
moters. It has been associated with the pathogenesis of HBV related
diseases, especially in the occurrence of HCC in chronic patients
(Chemin and Zoulim, 2009; Kew, 2011). By interacting with various

transcription factors or components of signal transduction pathways,
HBV-X regulates a wide variety of cellular genes modulating gene
transcription, protein degradation, signal transduction, cell prolifera-
tion, cell cycle progress, DNA repair, senescence, as well as apoptosis
and autophagy (Ma et al., 2011; Tang et al., 2006).

Apoptosis, or programmed cell death, is a highly regulated process
that has a vital role in organ development and clearance of diseased or
damaged cells. The deregulation of apoptosis is involved in a wide
range of pathological processes, including development of HCC
(Schattenberg et al., 2011). Numerous studies have shown that HBV-X
can modulate programmed cell death with a dual effect, either by in-
hibiting or stimulating apoptosis. It has been reported that HBV-X in-
duces apoptosis by causing loss of mitochondrial membrane potential
(Shirakata and Koike, 2003), inducing Fas ligand gene expression (Yoo
and Lee, 2004), increasing Bax translocation to the mitochondria (Kim
et al., 2008), activating caspase 8 (Kuo et al., 2012), perturbing in-
tracellular calcium homeostasis (Chami et al., 2003) or by interaction
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with cellular FLICE inhibitory protein (Kim and Seong, 2003). By
contrast, in other studies HBV-X could also inhibit apoptosis by in-
creasing NF-xB activity, activating the PI3 K pathway or inhibiting
caspase 3 activity. These controversial results can be explained con-
sidering that HBV-X can modulate pro-apoptotic or anti-apoptotic
pathways depending on culture conditions, cellular types and protein
expression levels (Rawat et al., 2012).

Autophagy, an evolutionaly conserved intracellular catabolic pro-
cess, involves the formation of a double membrane structure, called
autophagosome, which engulfs long-lived cytoplasmic macromolecules
and damaged organelles, and delivers them to lysosomes for degrada-
tion and recycling (Jackson, 2015). This mechanism plays an important
role in maintaining cellular homeostasis, as prevents the accumulation
of protein aggregates and damaged organelles in the cell. The dys-
function of autophagy has been implicated in multiple diseases, in-
cluding neurodegenerative diseases, muscle diseases, cancer, cardiac
diseases, and infectious diseases (Levine and Kroemer, 2008). Autop-
hagy has also been implicated in innate and adaptive immune responses
against intracellular microbial pathogens (Desai et al., 2015). However,
many viruses have evolved mechanisms to use this pathway to benefit
their own replications. For example, several single-stranded RNA
viruses such as poliovirus, coronavirus, dengue virus, and hepatitis C
virus induce the accumulation of autophagic vacuoles and use these
membrane vesicles to enhance their replication (Jackson, 2015; Ke and
Chen, 2014; Panyasrivanit et al., 2009; Richards and Jackson, 2013). In
contrast, other viruses such as herpes simplex virus-1, cytomegalovirus,
and Kaposi’s sarcoma herpes virus have evolved mechanisms to sup-
press autophagy for its own survival (Deretic and Levine, 2009). Fur-
thermore, recent studies showed that HBV could also enhance and use
autophagy for its DNA replication, and this enhancement of autophagy
might be mediated by HBV-X (Liu et al., 2014; Sir et al., 2010b; Yang
et al., 2015; Zhang et al., 2014; Zhou et al., 2016). The persistent ac-
tivation of autophagy in infected hepatocytes during chronic infection
may play an important role in HBV pathogenesis.

Among the naturally occurring mutations associated with the clin-
ical course of chronic HBV infection, appear the basal core promoter
(BCP) mutations. The most common at the BCP are A1762T and
G1764A, that occur in tandem (Buckwold et al., 1996). This double
mutation reduces preCore RNA transcription and hence HBeAg ex-
pression. In addition, it moderately increases genome replication
through up-regulation of pgRNA levels (Tong and Revill, 2016). BCP
mutations are selected during the natural course of chronic HBV in-
fection and its emergence is associated with pathogenesis. Numerous
studies have demonstrated that BCP mutations are frequently present in
patients with chronic hepatitis, fulminant hepatitis and HCC and, to a
lesser extent, in inactive carriers and immunocompromised patients
(Liu et al., 2004; Parekh et al., 2003). In addition, there is a high cor-
relation between the occurrence of these mutations and the later de-
velopment of cirrhosis and HCC in chronic patients (Chen and Yang,
2011; Wei et al., 2017). Due to the overlapping open reading frames in
the HBV genome, BCP mutations also affect the X gene, and conse-
quently, HBV-X aminoacidic sequence (Kidd-Ljunggren et al., 1997).
The A1762T/G1764A double mutation, involves the K130 M and V1311
changes in HBV-X. Despite the numerous studies conducted on the BCP
region, linking these mutations to the pathogenesis of liver disease, very
few studies have focused on analyzing the role of BCP mutations in
relation to HBV-X biological activity. Because of the multiple functions
assigned to this protein, amino acid changes at HBV-X might affect its
biological activity and, consequently, its role in the pathogenesis of
chronic infection.

The aim of this study was to analyze the impact of different amino
acids at 130-131 positions of HBV-X on the biological activity of the
protein. In particular, the effect of HBV-X variants on cell death by
apoptosis and/or autophagy induction in human hepatocytes was stu-
died. Also, apoptotic signal transduction pathways modulated by these
protein variants were characterized.
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2. Materials and methods
2.1. Samples

Serum samples from patients with chronic subgenotypes F1b and F4
HBV infections were studied (the most prevalent subgenotypes in our
region). Samples with known wild type sequence at 1762-1764 (A-G,
amino acids K/V in 130-131 of HBV-X) and with mutations at the BCP
(T-A, amino acids M/I in 130-131 of HBV-X) were included in the
study. Written informed consent to participate in this study was ob-
tained from all patients.

2.2. PCR and cloning

HBV DNA was extracted from 200 pl of serum using QIAamp DNA
Mini kit (Qiagen, Germany), according to the manufacturer’s instruc-
tions. The X gene was amplified by PCR using the following primers:
sense 5 AGCCACCATGGCTGCTCGGTTGTGC 3’ and antisense 5’
ATTAGGCAGAGGTGAAAAAG 3’. The PCR was performed with 10 pl of
DNA in a 50 pl reaction mixture containing 10X buffer, 200 uM dNTPs,
2mM MgCl,, 25pmol of each primer and 2.5U Taq polymerase
(Invitrogen, USA). The amplification conditions were: an initial dena-
turation step at 94 °C for 3 min, then 94 °C for 1 min, 55 °C for 1 min,
72 °C for 2 min for 36 cycles and a final extension at 72 °C for 10 min.
The PCR products were inserted into the pGEM-T Easy vector (Promega,
USA). The genes were excised from the plasmid with EcoR1 (Promega,
USA) and subcloned into the mammalian expression vector pcDNA3.0
(Invitogen, USA) to generate the pcDNA3-X K/V and pcDNA3-X M/I
plasmids. The sequence and correct orientation of the X gene was
confirmed by sequencing analysis (Macrogen Inc., Seoul, Korea) using
sense and antisense primers.

2.3. Cell culture

Human hepatoma cell lines HepG2 and Hep3 B were cultured in
minimal Eagle’s medium (MEM, GIBCO) supplemented with 10% fetal
bovine serum (Natocor), 2 mM glutamine (GIBCO), 0.15% sodium bi-
carbonate, 1 mM nonessential aminoacids (Gibco) and 1 mM sodium
pyruvate (GIBCO). Hepatocellular carcinoma cell line Huh-7 was cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM, Sigma, USA)
supplemented with 10% fetal bovine serum, 1 mM nonessential ami-
noacids, 0.15% sodium bicarbonate and penicillin (100 IU/ml) and
streptomycin (100 pg/ml) (GIBCO). Cells were maintained at 37 °C in a
humidified atmosphere containing 5% CO,.

2.4. Transfections

Plasmids pcDNA3-X K/V and pcDNA3-X M/I containing full length
wild type (KV) and mutant (MI) HBV-X of subgenotypes F1b and F4
were used for transfection. Nude vector pCDNA3 was used as control.
To perform the transient transfection, cells were grown to 50-60%
confluence. Transfections were carried out using X-treme gene HP
transfection reagent (Roche, Germany) with a construct concentration
of 0.1 ug DNA and reagent:DNA radios of 2:1 for HepG2 and Huh-7 cell
lines and 1:1 for Hep3B. Cells were maintained at 37 °C in 5% CO,.
After 5h incubation, transfection mixtures were replaced with fresh
medium and incubated for 48 h.

2.5. RT-PCR

Total RNA of transfected cells was isolated with Trizol reagent
(Invitrogen, USA), according to the manufacturer’s instructions, and
retrotranscribed into ¢DNA with Random Hexamer Primers
(Biodynamics)  using = Moloney =~ Murine  Leukemia  Virus
Retrotranscriptase enzyme (M-MLV RT, Invitrogen, USA). The cDNA
was used as template for amplification of HBV-X mRNA with primers
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sense 5° TTGTGCTGCCAACTGGATC 3’ and antisense 5’
GGCAGAGGTGAAAAAGTTGC 3. The PCR was performed as described
in section 2.2. The PCR products were subjected to electrophoresis in
1% agarose gel, stained with ethidium bromide, visualized under UV
light and photographed.

2.6. Trypan blue staining

Forty-eight hours post-transfection both adherent and detached cells
were harvested, resuspended in culture medium and stained with an
equal volume of 0.4% trypan blue solution for 3 min. The number of
total, viable (unstained) and dead cells (blue stained) was counted
under an inverted microscope (Olympus, Japan) using a hemocyt-
ometer, and the percentage of death cells was determined.

2.7. Analysis of DNA fragmentation

DNA fragmentation assays were performed using a phenol/chloro-
form extraction method modified by Powell and Gannon (2002).
Briefly, 48 h post-transfection, approximately 5 x 10 adherent and
detached cells were harvested and washed twice with phosphate-buf-
fered saline (PBS). The cell pellet was resuspended in 0.6 ml of lysis
buffer (50 mM Tris-HCl pH 8, 100 mM NacCl, 10 mM EDTA pH 8, 0.5%
SDS and 100 pg/ml proteinase K) and incubated for 3 h at 55 °C. DNA
was extracted with an equal volume of phenol, pH 8.0, followed by
extraction with chloroform:isoamyl alcohol (24:1). The aqueous phase
was precipitated with 2 vols of ice-cold ethanol and 0.1 vols of 3M
sodium acetate, pH 5.5, at —80 °C for 30 min. The precipitated DNAs
were collected by centrifugation at 13,000g for 15 min at 4 °C. They
were washed with 70% ethanol, air-dried and resuspended in 30 pl of
TE (10 mM Tris-HCl pH 8 and 1 mM EDTA pH 8) buffer. The DNA
samples were electrophoresed on 1% agarose gel at 50 V for 3 h. The
gels were stained with ethidium bromide, visualized under UV light and
photographed.

2.8. Acridine orange and ethidium bromide staining

After transfections, cells were harvested, washed with PBS and re-
suspended in 1 ml PBS containing 4 ug/ml acridine orange (Sigma,
USA) and 4 pg/ml ethidium bromide (Sigma, USA). The cell suspension
was immediately dispensed onto slides, viewed under fluorescent mi-
croscopy (Leitz Dialux 20, Germany) and photographed. Distinctive
fluorescence patterns were observed according to the state of the cells:
viable, bright green fluorescent nuclei with an organized structure;
early apoptotic, nuclei containing green chromatin were highly con-
densed or fragmented; late apoptotic, bright orange chromatin with
nuclei highly condensed and fragmented; necrotic, diffuse orange nu-
clei. To calcute the percentage of apoptotic cells for each sample, ten
photographs were counted and the percentage of early and late apop-
totic cells was determined.

Percentage of apoptotic cells

total number ofearly apoptotic cells

total ber of lat toti 11
_ + total number of late apoptotic cells . 100

total number of cells counted

2.9. Western blot analysis

For total protein extraction, adherent and detached cells were har-
vested, washed with PBS and resuspended in lysis buffer [20 mM Tris,
1 mM EDTA, 150 mM NacCl, 1% Triton X-100, 1 mM PMSF and protease
inhibitor cocktail (Sigma, USA)]. The cells were lyzed by 3 freeze/
thawing cycles. Lysates were centrifuged and supernatants were har-
vested. Total protein content was determined using Bradford protein
assay reagent (Sigma, USA). Equal amounts of protein were loaded on
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12% SDS-polyacrylamide gels and transferred to PVDF Inmobilon-P
membranes (Millipore, USA) by electroblotting at 100 V for 60 min.
The membranes were blocked in 5% non-fat milk in T-TBS (0.1%
Tween-20, 20 mM Tris and 150 mM NaCl, pH 7.6) for 1 h at room
temperature, followed by overnight incubation with the primary anti-
body at 4 °C. The membranes were washed and incubated with the
horseradish peroxidase-conjugated secondary antibody for 1 h at room
temperature. Proteins were visualized using an enhanced chemilumi-
nescence (ECL) system (GE Healthcare, UK) by autoradiography. The
quantification of the bands was performed using ImageJ analysis soft-
ware (Wayne Rasband, NIH, United States).

Primary antibodies used: monoclonal antibody anti-Bcl-2 (1:250,
Santa Cruz Biotechnology), monoclonal antibody anti-Bax (1:500,
Santa Cruz Biotechnology), polyclonal antibody anti-Bcl-XL (1:500,
Santa Cruz Biotechnology) and monoclonal antibody anti-f-actin
(0.5 ug/ml, Sigma). Secondary antibodies: polyclonal antibody anti-
mouse (1:10000 for Bcl-2 and Bax; and 1:30000 for (-actin, Santa Cruz
Biotechnology) and polyclonal antibody anti-rabbit (1:10000 for Bcl-
XL, Santa Cruz Biotechnology). B-actin detection was used as the total
protein loading control.

2.10. Transmission electron microscopy (TEM)

Forty-eight hours after transfection, approximately 5 x 10° cells
were scraped, washed twice with PBS and fixed for TEM with 2%
glutaraldehyde in phosphate buffer (80 mM Na,HPO, and 25 mM
NaH,PO,, pH 7.4) at 4 °C for 2 h. The fixing solution was removed and
the cell pellet was washed with phosphate buffer every 30 min at 4 °C.
The cells were post-fixed in 1% osmium tetroxide and embedded in
Araldite (Huntsman Advanced Materials). Thin sections (about 1 pm)
were stained with toluidine blue and observed by light microscopy in
order to select fields. Ultrathin sections were mounted on 200 mesh
copper grids and stained with uranyl acetate and lead citrate. The grids
containing the sections were observed on a Jeol JEM 1200EX II trans-
mission electron microscope (Servicio Central de Microscopia
Electrénica, Universidad Nacional de La Plata) at 80 kV and photo-
graphed (ES500W Erlangshen CCD Gatan).

2.11. Statistical analysis

All experiments were performed three times. Statistical significance
was determined using a two-tailed Student t test. A value of p < 0.05
was considered to be statistically significant. Results were expressed as
mean =+ standard deviation. All analyses were performed using
GraphPad Prism 5.01 software (GraphPad Software, San Diego, CA,
USA).

3. Results

3.1. HBV-X K/V and HBV-X_M/I are expressed in transfected human
hepatoma cells

In order to analyze whether hepatoma transfected cells expressed
wild type (KV) and mutant (MI) F1b and F4 HBV-X, 48 h post-trans-
fection, the X gene mRNA was amplified by RT-PCR. As is shown in
Fig. 1, HBV-X mRNA was detected in the three cell lines transfected
with F1b (Fig. 1A) and F4 (Fig. 1B) HBV-X K/V and HBV-X M/I. In
contrast, non-transfected cells (NT), control cells transfected with
pcDNA3.0 empty vector (Ct), as well as the negative control (—)
showed no HBV-X mRNA expression. These findings confirm that as a
result of transient transfection, X gene mRNA transcription occurs for
both subgenotypes in the three studied cell lines.

3.2. HBV-X K/V and HBV-X_M/I increase the mortality of hepatoma cells

To investigate the effect of HBV-X K/V and HBV-X_M/I expression
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Fig. 1. HBV-X mRNA detection in non-transfected cells (NT), in cells transfected with control plasmid (Ct), F1b (A) and F4 (B) wild type HBV-X (KV) and mutant HBV-X (MI) by RT-PCR.

(—): negative control; MW: molecular weight.
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Fig. 2. HBV-X K/V and HBV-X_M/I increase mortality in human hepatoma cells. Cells were transfected with a control plasmid, F1b (A) and F4 (B) wild type and mutant HBV-X, and cell

mortality was determined by trypan blue exclusion assay. Shown values represent the mean

p < 0.0001.

on the viability of hepatoma human cells, 48 h after transfection cell
mortality was analyzed by the trypan blue exclusion assay. Compared
to control transfected cells, the expression of HBV-X K/V and HBV-
X_M/I significantly increased cell mortality in all three cell lines
(Fig. 2). In cells expressing F1b viral proteins (Fig. 2A), the percentage
of dead cells increased 340% and 380% when wild type and mutant
HBV-X were expressed in HepG2, 504% and 417% in Hep3B, and 512%
and 427% in Huh-7. When comparing the effects induced by the ex-
pression of both protein variants in each cell line, the wild type protein
induced significantly higher mortality percentages than the mutant
HBV-X for Hep3B. Meanwhile, in cells transfected with both F4 HBV-X
(Fig. 2B), the increase in mortality was 467% and 542% for HepG2,
590% and 438% for Hep3 B and 343% and 290% for Huh-7, all
transfected with wild type and mutant HBV-X, respectively. No sig-
nificant differences in cell mortality induction were observed between
wild type and mutant HBV-X in the three cell lines.

Based on the detected increases in cell mortality, the death me-
chanism induced by wild type and mutant HBV-X expression was
analyzed by the examination of apoptosis by different methods.

3.3. HBV-X K/V and HBV-X_M/I induce apoptotic cell death

To determine whether HBV-X K/V and HBV-X M/I expression in-
duced apoptotic typical morphological changes in hepatoma cells, 48 h
after transfection cells were observed under contrast phase microscopy
and photographed. The observation of cellular morphology revealed
that cells expressing F1b (Fig. 3A) and F4 (Fig. 3B) HBV-X K/V and
HBV-X MI showed significant morphological changes, including cell
shrinkage, loss of contact with neighboring cells, chromatin con-
densation and margination to the nuclear membrane, plasma mem-
brane blebbing and apoptotic bodies, all compatible with programmed
cell death. Control transfected cells showed the typical morphology of

+

standard deviation of three independent experiments. *p < 0.05; **p < 0.005 and ***

each cell line.

An important feature of apoptotic cell death is the fragmentation of
cellular DNA into characteristic oligonucleosomal fragments, multiples
of 200 base pairs. As illustrated in Fig. 4, the expression of F1b (Fig. 4A)
and F4 (Fig. 4B) HBV-X K/V and HBV-X MI induced DNA fragmenta-
tion in the three human hepatoma cells (white arrows), compared to
control transfected cells where no DNA ladder was detected. No dif-
ference in the intensity of DNA fragmentation was observed when HBV-
X _K/V and HBV-X_M/I were compared, in all cases.

To further confirm the occurrence of apoptosis, transfected cells
were stained with acridine orange and ethidium bromide and visualized
under fluorescent microscopy. In the three cell lines, a significant de-
crease in the number of viable cells and a significant increase in early
apoptotic, late apoptotic and necrotic cells was observed in F1b and F4
HBV-X K/V and HBV-X_M/I expressing cells (Supplementary Fig. S1).
In cells transfected with F1b viral proteins, the percentage of apoptotic
cells (early and late apoptotic cells) increased 376% and 430% in
HepG2, 936% and 820% in Hep3 B and 967% and 867% in Huh-7 for
wild type and mutant HBV-X, respectively. Meanwhile in cells trans-
fected with F4 HBV-X variants, the apoptotic cells augmented 77% and
117% in HepG2, 357% and 291% in Hep3 B and 380% and 229% in
Huh-7 transfected with HBV-X K/V and HBV-X M/I, respectively. The
comparative analysis between HBV-X K/V and HBV-X M/I ability to
induce apoptosis revealed that in Huh-7, the induction was significantly
higher in cells expressing the wild type protein compared to cells with
mutant HBV-X for both subgenotypes (Fig. 5).

Taken together, these results demonstrate that F1b and F4 wild type
and mutant HBV-X can induce apoptosis in three different human he-
patoma cell lines.
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Hep3B

Huh-7

Fig. 3. HBV-X K/V and HBV-X_M/I induce typical apoptotic morphological changes in human hepatoma cells. Control, F1b (A) and F4 (B) HBV-X_K/V and HBV-X_M/I transfected cells
were observed under contrast phase microscopy and photographed (200 x magnification). Shown results are from one experiment that is representative of three independent similar ones.
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Fig. 4. HBV-X K/V and HBV-X_M/I induce DNA fragmentation in human hepatoma cells. DNA was extracted from control (Ct), F1b (A) and F4 (B) HBV-X_K/V and HBV-X_M/1 transfected
cells and electrophoresed on an agarose gel. Arrows show the DNA fragments. MW: molecular weight. Shown results are from one experiment that is representative of three independent
similar ones.

3.4. HBV-X K/V and HBV-X_M/I modulate the expression of Bcl-2 family viral proteins. In cells expressing the F1b viral proteins, the levels of
proteins Bcl-2 decreased in transfected Hep3 B and Huh-7, however they sig-
nificantly increased in HepG2 that expressed wild type and mutant

To examine if regulatory apoptotic signal transduction pathways HBV-X. Whereas, in cells transfected with both F4 HBV-X variants Bcl-2

were affected by HBV-X with different amino acids at 130/131 posi- levels were significantly down-regulated in Huh-7 cells. No significant
tions, the expression of pro-apoptotic (Bax) and anti-apoptotic (Bcl-2 differences in Bcl-2 expression were observed in transfected HepG2 and
and Bcl-X) members of the Bcl-2 regulatory family of proteins was Hep3B. On the other hand, the expression of Bcl-X showed a significant
analyzed by Western Blot (Fig. 6). Bax levels were down-regulated in increase in all F1b and F4 HBV-X transfected cells. The comparative
F1b and F4 HBV-X K/V and HBV-X_M/1 expressing cells. The reduction analysis between HBV-X K/V and HBV-X_M/I ability to modulate Bcl-2
in Bax expression was greater in HBV-X transfected Hep3 B and Huh-7 proteins revealed no significant differences in the expression of the pro
compared to HepG2, particularly in those cells that expressed both F4 and anti-apoptotic Bcl-2 proteins in each cell line.
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Fig. 5. HBV-X K/V and HBV-X_M/I induce apoptosis in human hepatoma cells. Control, F1b (A) and F4 (B) HBV-X_K/V and HBV-X_M/I transfected cells were stained with acridine orange
and ethidium bromide and observed under fluorescent microscopy. The percentage of early, late and total (early + late) apoptotic cells was quantified. Shown values represent the

mean *

These findings show that F1b and F4 wild type and mutant HBV-X
can differentially modulate the expression of pro and anti-apoptotic Bcl-
2 proteins in different human hepatoma cell lines, conducing them to
apoptotic cell death.

3.5. HBV-X K/V and HBV-X_M/I induce the formation of autophagic
vacuoles

In order to analyze whether HBV-X K/V and HBV_M/I expression
can also induce autophagy in human hepatoma cells, the presence of
autophagic vacuoles (autophagosomes and autolysosomes), was de-
tected at the ultrastructural level by transmission electron microscopy.
In comparison to control transfected cells whose autophagic vacuoles
were rarely observed, an increased number of autophagic vacuoles,
including autophagosomes (double-limiting membrane compartments
with cytoplasmic material and/or organelles) and autolysosomes
(single-limiting membrane compartments containing cytoplasmic ma-
terials at various stages of degradation), was detected in F1b (Fig. 7A)
and F4 (Fig. 7B) HBV-X K/V and HBV_M/I expressing cells in the three
hepatoma lines. Additionally, no difference in the type and number of
autophagic structures was observed when cells expressing F1b and F4
wild type and mutant HBV-X were compared in each cell line.

These results suggest that wild type and mutant HBV-X from the
autochthonous genotypes can induce the autophagic process in

standard deviation of three independent experiments. * p < 0.05; ** p < 0.005 and *** p < 0.0001.

different human hepatoma cells.
4. Discussion

In the present study, we analyzed the impact of the presence of
different amino acids at 130-131 positions of HBV-X on the biological
activity of the protein, related to cell death. Particularly, we studied the
ability of HBV-X variants to induce apoptosis and autophagy in human
hepatocytes, and characterized apoptotic signal transduction pathways
of apoptosis regulation affected by different HBV-X variants.

In this work we selected genotype F samples, particularly sub-
genotypes F1b and F4, the most prevalent subgenotypes in our region
(Barbini et al., 2013). These subgenotypes, likely originated in Amer-
indian populations, are responsible for most of the new acute and
chronic infections in our country, and have been scarcely studied so far.
Moreover, growing evidence showed a close association of subgenotype
F1b with more severe course of chronic HBV infections (Ching et al.,
2016; Gounder et al., 2016; Livingston et al., 2007). This study is the
first to characterize the biological activity of HBV-X and its variants
from local subgenotypes F1b and F4.

To date numerous studies have assessed the impact of HBV-X ex-
pression on the modulation of the apoptotic pathway, but the results of
these studies have been variable. HBV-X was shown to induce (Chirillo
et al., 1997; Kim et al., 2008; Kim and Seong, 2003; Miao et al., 2006),
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standard deviation of three independent experiments. * p < 0.05; ** p < 0.005 and *** p < 0.0001.
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Fig. 7. HBV-X K/V and HBV-X_M/I induce the formation of autophagic vacuoles. Representative transmission electron micrographs of hepatoma cells transfected with a control vector,
F1b (A) and F4 (B) HBV-X K/V and HBV-X M/I. Arrows indicate representative autophagic vacuoles. Inset: enlargement of autophagic vacuoles in the electron micrograph.

inhibit (Diao et al., 2001; Pan et al., 2001) or have no effect on apop-
tosis (Madden et al., 2000; Yun et al., 2002). In addition, some studies
demonstrated that HBV-X does not directly induce apoptosis in certain
cell types, but instead sensitizes these cells to pro-apoptotic stimuli (Su
and Schneider, 1997; Wang et al., 2004). Probably the discrepancy
about HBV-X apoptotic activities reflect differences in cell types studied
and experimental systems used for these analyses. On the other hand,
there are evidences that indicate that HBV-X expression levels are also
important for the activity of this protein. HBV-X shows low expression
levels during the early stages of HBV infection, which contributes to
transcriptional activation and virus replication. In contrast, high levels
of HBV-X are seen during the late stages of HBV infection. It is possible
that HBV-X is able to inhibit apoptosis at an early stage during hepa-
tocyte infection to facilitate HBV replication, and later it can activate
apoptosis to contribute to virus spread (Murakami, 2001). The dis-
crepant HBV-X activities reported on apoptosis may reflect concentra-
tion dependent effects at different stages of natural HBV infection.
However, either stimulation or inhibition of apoptosis could lead to
malignant transformation of hepatocytes and development of HCC.
Inhibition of apoptosis would allow the accumulation of potentially
transforming mutations (Arbuthnot et al., 2000), while enhanced
compensatory hepatocyte proliferation, in response to a pro-apoptotic
activity, may lead to the selection of premalignant hepatic cells (Koike
et al., 1998).

In this work, we demonstrate that F1b and F4 wild type and mutant
HBV-X expression has the ability to induce apoptosis in three human
hepatoma cell lines. These results are in agreement with previous stu-
dies where the viral protein was transiently expressed in HepG2 (Lin
et al., 2005; Tang et al., 2012), Hep3 B (Miao et al., 2006) and Huh-7
(Kanda et al., 2004) cells. Therefore, our results confirm previous in
vitro studies in relation to HBV-X ability to induce apoptotic hepatocyte
death, and add a piece of knowledge into genotype F, one of the less
characterized HBV genotypes.

Despite the existence of articles analyzing HBV-X apoptotic activity,
very few have studied the impact that mutations and genotypes might
have on its biological activity. The only work considering these vari-
ables was conducted by Kanda and co-workers (2004), who analyzed
whether HBV genotypes A, B, C and D or BCP mutations affected HBV-
X-induced apoptosis in Huh-7 cells. Apoptosis studies using different
assays revealed no differences in the pro-apoptotic activity of HBV-X,
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regarding different genotypes and HBV-X variants. However, in the
present study, Huh-7 was the only cell line that showed significant
differences in the percentage of apoptotic induction between wild type
and mutant HBV-X from both analyzed subgenotypes. Quantification of
apoptotic cells revealed a significant increase in the percentage of
apoptosis in cells expressing HBV-X K/V in relation to HBV-X_M/I for
both subgenotypes. These results suggest that in Huh-7 cells the ex-
pression of wild type HBV-X has a greater effect on apoptosis induction
than mutant HBV-X. The observed differences between both studies
might be associated with the experimental systems and the protein
expression levels achieved in the two assays. Additionally, it should be
noted that both studies examined different viral genotypes, suggesting
that HBV-X biological activity may vary according to the genotype.

The tumor suppressor gene p53 is a transcription factor central in
the maintenance of genomic integrity by controlling cell response to
stresses, including DNA damage and nucleotide deprivation (Fridman
and Lowe, 2003). An increase in p53 leads to the expression of pro-
apoptotic proteins, which prompt cells to undergo apoptosis. Several
studies showed that HBV-X can interact with p53 inhibiting its pro-
apoptotic function, as well as induce hepatocyte apoptosis through a
p53-dependent pathway (Truant et al., 1995; Wang et al., 1994). The
different human hepatoma cell lines used in this work are characterized
by having different p53 status. HepG2 express wild type p53 protein,
Hep3 B have a partially deleted gene with no p53 expression and Huh-7
express a mutant form of p53 protein that show higher expression levels
and a longer half-life, leading to its accumulation in the cell nucleus
(Bressac et al., 1990). According to the results of this work, the fact that
both HBV-X variants can induce apoptosis in cells with different p53
phenotypes, suggests that wild type and mutant forms of the protein are
able to trigger the apoptotic process independently of the p53 status of
each cell line.

Apoptosis can proceed through two signaling pathways: the ex-
trinsic, or death receptor pathway and the intrinsic or mitochondrial
pathway. Activation of the intrinsic pathway is regulated by the Bcl-2
family proteins, which include both pro-apoptotic and anti-apoptotic
members (Chipuk et al., 2010). In the present study, we demonstrated
that wild type and mutant HBV-X differentially regulate the expression
of pro and anti-apoptotic Bcl-2 family proteins, finally conducing to
apoptotic cell death. These findings revealed the involvement of the
intrinsic pathway in HBV-X K/V and HBV-X M/I induced apoptosis.
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Additionally, no difference in the expression of pro and anti-apoptotic
proteins was observed when comparing the effects of both HBV-X
variants within the same subgenotype, indicating that F1b and F4 HBV-
X _K/V and HBV-X_M/I modulate Bcl-2 proteins in a similar way.

The results obtained in this study show that HBV-X variants de-
creased the abundance of the pro-apoptotic protein Bax, and increased
the expression of the anti-apoptotic protein Bcl-X, although the final
fact is the induction of apoptosis in the hepatoma cells. It is worth
mentioning that the Bcl-2 family proteins include numerous pro and
anti-apoptotic members, and the final destiny of a cell, in this case
death by apoptosis, depends on the balance of all pro and anti-apoptotic
proteins participating in this signaling pathway. Furthermore, the ac-
tivity of the proteins of the Bcl-2 family also depends on their sub-
cellular localization, on their post-translational modifications and on
binding partners. Therefore, these results reflect only a small fraction of
the complex network of interactions that exist between the Bcl-2 family
proteins. In addition, it must be considered that Bcl-2 proteins are not
the only regulators of apoptosis and other downstream regulatory
pathways could be differentially activated by the distinct forms of HBV-
X.

On the other hand, there is evidence that HBV-X can also induce
apoptosis through the extrinsic pathway, upon up-regulation of proteins
related to the Fas/FasL signaling pathway, and through activation of
caspase 8 (He et al., 2013; Tang et al., 2012). Kuo and co-workers
(2012) reported that HBV-X expression in Chang cells induces apoptosis
through the simultaneous activation of the extrinsic and intrinsic
pathways, through an increase in the expression of pro-apoptotic pro-
teins (Bax and Bad), in the release of cytochrome ¢ and increasing the
levels of cleaved caspase 9 (intrinsic pathway) and caspase 8 (extrinsic
pathway). In the present study, we demonstrate that in Huh-7 cells the
percentage of apoptotic cells induced was higher in HBV-X K/V ex-
pressing cells in relation to HBV-X_M/I expressing ones. However, no
significant differences in the expression of pro and anti-apoptotic Bcl-2
proteins were observed between both HBV-X variants in this cell line. It
is possible that particularly in Huh-7 cells, HBV-X might also activate
the extrinsic apoptotic pathway, and the differences observed in the
activation of apoptosis are the result of variations in the levels of in-
duction of the extrinsic pathway between both variants of HBV-X.

On the other hand, it is known that through self-degradation of
cellular components, autophagy does not only provide nutrients to
maintain vital cellular functions during starvation, but also removes
superfluous cells or damaged organelles and invasive pathogens (Levine
and Kroemer, 2008). However, many viruses have developed numerous
strategies to avoid autophagic degradation or utilize aspects of host
autophagy for their own advantage (Desai et al., 2015). One of the
characteristic features of autophagy is its dynamic regulation. Cellular
autophagic activity is usually low under basal conditions, but can be
markedly up-regulated by numerous stimuli, such as viral replication or
production of certain viral proteins (Mizushima et al., 2010). Given that
the autophagosome is an intermediate structure in a dynamic pathway,
the number of autophagosomes observed at any specific time point is a
function of the balance between the rate of their generation and the rate
of their conversion into autolysosomes. Thus, autophagosome accu-
mulation may represent either autophagy induction or, alternatively,
suppression of steps in the autophagy pathway downstream of autop-
hagosome formation.

In the present study, the observation of F1b and F4 HBV-X K/V and
HBV-X_ M/I expressing cells by transmission electron microscopy re-
vealed an increase in the number of autophagic vacuoles (autophago-
somes and autolysosomes). These results demonstrate the ability of
HBV-X to induce autophagy in hepatoma cells. The fact that an increase
in the number of both, autophagosomes and autolysosomes was ob-
served, indicates that both HBV-X variants promote autophagy in
human hepatoma cells. In addition, no difference in the type and
number of the autophagic structures was observed in cells expressing
wild type and mutant HBV-X for both subgenotypes, indicating that
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both protein variants can modulate this process in a similar way. It
should be noted that this work is the first to demonstrate that the au-
tochthonous F genotype HBV-X induces autophagy in human hepato-
cytes.

Discrepant results related to HBV-X autophagic modulation have
also been reported. An initial report about the effect of HBV on au-
tophagy suggested that HBV-X sensitized cells to starvation-induced
autophagy via upregulation of beclin 1 expression (Tang et al., 2009).
Sir and co-workers (2010) demonstrated that HBV can enhance au-
tophagic response in cell cultures, mouse liver, and during natural in-
fection. They proposed that the enhancement of the autophagic re-
sponse was dependent on HBV-X, through upregulation of PI3KC3.
However, this enhancement in the autophagic response was not cou-
pled to an increase of autophagic protein degradation. Recent studies
have also demonstrated the induction of HBV-X-mediated autophagy
through regulation of the PI3 K/Akt-mTOR pathway and by activating
DAPK protein kinase in HepG2 and Chang cells, respectively (Wang
et al., 2013; Zhang et al., 2014). On the other hand, Liu et al. (2014)
showed that HBV-X expression enhanced the accumulation of autop-
hagic vacuoles and also of proteins commonly degraded through au-
tophagy. The authors proposed that HBV-X suppress rather than sti-
mulated autophagy through a repressive effect on lysosomal function.

Based on these results it is proposed that HBV would have a dual
effect on the regulation of the autophagic pathway. On one hand, HBV
could induce autophagy to increase viral DNA replication. In this re-
spect, multiples studies have indicated that induction of autophago-
somes contributes to virus production, and inhibition in autophago-
some formation suppresses virus replication (Sir et al., 2010a; Tian
et al.,, 2011). Additionally, the increase in the number of autophago-
somes might play a key role in the acquisition of virus envelope, sup-
porting the idea that autophagosome-derived membranes could be used
as a source of membranes for viral envelopment (Li et al., 2011). On the
other hand, HBV might also inhibit later stages of autophagy, sup-
pressing lysosomal activity, as a survival mechanism to escape direct
destruction and thus avoid the generation of antigenic peptides and/or
attenuate antigen presentation.

Thus, HBV-X-mediated activation of autophagy in hepatic cells of
chronically infected patients may play an important role in HBV pa-
thogenesis, increasing virus production and maintaining the viability of
infected cells. Furthermore, the observation that autophagy is required
for HBV DNA replication raises the possibility of targeting this pathway
for the treatment of HBV-infected patients.

In conclusion, our study demonstrates that wild type and mutant
HBV-X of the most prevalent subgenotypes in our country (F1b and F4),
induces cell death by apoptosis and autophagy in human hepatoma
cells. Activation of apoptosis in three hepatocyte cell lines with dif-
ferent biologic characteristics is mediated, at least in part, by the
modulation of expression levels of pro and anti-apoptotic proteins of
the Bcl-2 family. These results support the involvement of the intrinsic
apoptotic pathway in HBV-X K/V and HBV-X M/I induced apoptosis.
The continuous induction of apoptosis and autophagy in hepatocytes
expressing HBV-X variants during the course of chronic infections
might play an important role in the pathogenesis of HBV, contributing
to the development of severe liver diseases and HCC in chronically
infected patients.

Even though the precise mechanisms of HBV pathogenesis are not
completely understood, the results presented in this study help to de-
scribe some of the molecular mechanisms by which different HBV-X
variants contribute to the pathogenesis of disease in the infected liver.
Furthermore, these results contribute to the biological and molecular
characterization of genotype F, indigenous of Latin America, and re-
sponsible for the majority of HBV chronic infections in Argentina.
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