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Abstract. — OBJECTIVE: To investigate
the difference in expression level of hepati-
tis B virus (HBV) X gene, and to further study
the difference of HBV X protein (HBx) at varied
expression levels in apoptosis regulation of he-
patocellular carcinoma cells. The recombinant
plasmid rPX with HBV enhancer 1 (Enhi), X
gene promoter, X gene and polyA tail were con-
structed, respectively.

PATIENTS AND METHODS: HepG2 cells were
transiently transfected with the recombinant
plasmids and control vector pGEM®-7Zf (+) by
virtue of Fugene®HD; reverse transcription PCR
(RT-PCR) and Western blotting were applied to
analyze the transcription and expression of HBV
X gene as well as the difference in the expres-
sion level in multiple groups. The activity of the
transfected cells in each group was detected
by using the methyl thiazolyl tetrazolium (MTT)
method for 6 consecutive days after transfec-
tion. A flow cytometer was utilized to measure
the cell apoptosis rate.

RESULTS: The RT-PCR results showed that
messenger RNA expression of HBV X gene was
detected in all HepG2 cells transfected by dif-
ferent recombinant plasmids, of which the re-
lationships of the expression levels were rCX-
>rEX1 and rEX2> rPX (p<0.05). Only HepG2/rCX
cells in each group of transfected cells showed
HBx expression by Western blot. MTT method
revealed that there were notable differences be-
tween HepG2/rCX, HepG2/rEX1, HepG2/rPX and
HepG2/pGEM®-7Zf (+) (p<0.05). The apoptosis
rates of HepG2/rCX, HepG2/rEX1 and HepG2/
rPX were significantly higher than that of HepG2/
pPGEM®-7Zf (+) (p<0.05).

CONCLUSIONS: HBx can promote cell apop-
tosis. Results of this research also indicate that
there is a significant difference in the pro-apop-
totic role of HBx when its expression is regulat-
ed by different promoters, and such a difference
may be a part of the complex pathogenic mecha-
nisms of HBV and hepatocellular carcinoma.
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Introduction

Hepatitis B virus (HBV) infection is wide-
spread around the world, and as one of the high-
risk infectious diseases influencing people’s
health, it can increase the incidence rate of hepa-
tocellular carcinoma'-. The disorder of cell apop-
tosis plays an important role in the occurrence of
hepatocellular carcinoma, and current research-
es*® have found that HBV X protein (HBx) has
a close association with the disease; therefore,
it is necessary to provide an experimental basis
for the pathogenesis of hepatocellular carcinoma,
especially the HBx and cell apoptosis, so as to
further investigate the relationship between HBx
and hepatocellular carcinoma. In this research, by
constructing recombinant plasmids in which the
expression of HBV X gene was regulated by dif-
ferent promoters, the differences in the expression
levels of HBV X gene were observed, and the dif-
ferences in the regulatory effects of HBx at varied
expression levels on apoptosis of hepatocellular
carcinoma cell HepG2 were further investigated,
thus providing a theoretical basis for elaborating
the mechanism of HBx in triggering hepatocellu-
lar carcinoma.

Materials and Methods

Vectors, Strains and Cells
Cloning vector pPGEM®-7Zf (+) was purchased
from Promega Corporation, (Madison, WI, USA),
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and vectors paywl.2 and paywl.2m which con-
tained 1.2 copies of the wild-type HBV genome
were stored in this laboratory. Escherichia coli
JM109 was purchased from TaKaRa (Otsu, Shi-
ga, Japan) PEGFP-CI1 plasmid and HepG2 cells
were preserved in this laboratory. The study was
approved by the Ethics Committee of Xiangyang
No.l People’s Hospital, Hubei University of
Medicine.

Major Reagents

Taq DNA polymerase, restriction enzyme (Hin-
dIlIl, Kpnl, Ncol, Apal, BamlIIl, Sphl and BspHI),
T4 DNA ligase and DNA Marker (2000 bp and
15000 bp) were purchased from TaKaRa (Otsu,
Shiga, Japan) Co., Ltd. E.Z.N.A.® Gel Extraction
kit was bought from Omega Bio-Tek, (Norcross,
GA, USA). The plasmid extraction kit was pur-
chased from Qiagen (Hilden, Germany). The
transfection reagent fuGENE® HD was bought
from Roche (Basel, Switzerland), and TRIzol kit
from Invitrogen (Carlsbad, CA, USA). Rabbit an-
ti-human HBx polyclonal antibody, rabbit anti-hu-
man glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) monoclonal antibody and secondary
goat-anti-rabbit antibody [horseradish peroxi-
dase (HRP)-labeled] were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). The
measurement kit of apoptosis flow cytometer was
bought from eBioscience (San Diego, CA, USA).

Construction of Recombinant Plasmids
in which the Expressions of HBV X Gene
Were Regulated by Different Promoters
The cytomegalovirus (CMV) promoter,
HBV X gene and polyadenylic acid (polyA)
were connected and then inserted into pGEM®-
7Zf(+) Vector to construct the recombinant
plasmid rCX; plasmid payw1.2 which contained
1.2 copies of the wild-type HBV genome and
paywl.2 in which the mutation of the eighth
codon of corresponding X gene was terminated
were used as the templates; polymerase chain
reaction (PCR) was used to amplify HBV en-
hancer 1 (Enhl), X gene promoter, X gene and
polyA tail which were inserted into pGEM®-
7Zf(+) Vector to construct the recombinant
plasmids rEX1 and rEX2. Double-enzyme di-
gestion method was applied to isolate the frag-
ments containing the X gene promoter, X gene
and polyA tail from payw1.2, and they were in-
serted into pGEM®-7Zf(+) Vector to construct
the recombinant plasmid rPX. Colony PCR and
sequencing were adopted for identification.

Cell Transfection

2 ug recombinant plasmids rCX, rEX1, rEX2
and rPX, as well as pGEM®-7Zf (+) Vector, were
taken respectively to transfect the HepG2 cells in
accordance with the kit instructions. The method
is as follows: OPTIMEM culture medium and fu-
GENE"HD was kept at room temperature before
being used. 2 pug plasmid were mixed with 100
ul OPTIMEM, followed by the addition of 8 pl
fuGENE®"HD. After keeping at room temperature
for 15 minutes, transfection mixture was gently
mixed with the cells. After that, cells were cul-
tured in 6-well plate at 37°C in an incubator.

Detection of Gene Transcription Via
Reverse Transcription PCR (RT-PCR)

The cells and HepG2 transfected by the 5 kinds
of plasmids were cultured for another 48 hours;
TRIzol reagent was used to extract the total RNA
in the cells, and RT-PCR was conducted to detect
the X gene expressions of different plasmids. The
primer sequences are shown in Table 1.

Detection of HBx Expressions

8 pg recombinant plasmids rCX, rEX1, rEX2
and rPX, as well as pGEM®-7Zf (+) Vector, were
taken respectively to transfect the HepG2 cells;
the total proteins of the cells were extracted 48
hours after transfection, and Western blotting was
performed to measure the HBx expressions in the
transfection groups.

Detection of Cell Growth Conditions in
Transfection Groups via Methyl Thiazolyl
Tetrazolium (MTT)

HepG2/rCX, HepG2/rEX1, HepG2/rEX2,
HepG2/rPX, HepG2/pGEM®-7Zf (+) on day 2
after transfection and control HepG2 cells were
seeded into a 96-well plate at 1x10° cells/well, re-
spectively; 10 uL MTT (5 mg/mL) were added to
each well in 1-6 days later, and further cultured
at 37°C for 4 h. After the culture was terminated,
the supernatant in the wells was absorbed and dis-
carded carefully, and 150 uL dimethyl sulfoxide
(DMSO) were added to each well and shaken for
10 minutes, followed by measurement of optical
density at the wavelength of 490 nm (OD,).
Detection of Cell Apoptosis

The transfected cells and the control HepG2
cells were taken 48 hours after transfection for
Annexin V/propidium iodide (PI) staining, and
the flow cytometer was utilized to detect the apop-
tosis rates of the cells.
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Figure 1. Identification of recombinant plasmids via
colony PCR. M: marker; 1-5: Colony PCR for rEX1; 6-10:
colony PCR for rEX2; A-E: colony PCR for rCX; F-I: colony
PCR for rPX.

Statistical Analysis

The data were presented as mean + standard de-
viation, and Statistical Product and Service Solu-
tions (SPSS) 19.0 software (IBM, Armonk, NY,
USA) were used. According to the results of ho-
mogeneity of variance test, ANOVA was conduct-
ed for intergroup comparison, and least significant
difference (LSD)-¢ test was used as post-hoc test.
p<0.05 suggested that the difference was statisti-
cally significant.

Results

Construction and ldentification
f Recombinant Plasmids

The bacteria of 4 kinds of transfected recom-
binant plasmids (positive clone) were selected
for colony PCR, of which the products under-
went 1% agarose gel electrophoresis. The results
(Figure 1) showed that the sizes of the electro-
phoresis bands were consistent with the predic-
tions, indicating that the recombinant plasmids
rCX, rEX1, rEX2 and rPX had been constructed
successfully. Sequencing analysis was conduct-
ed for the inserted fragments and partial vector
sequences in the recombinants, and the results
revealed that the connection sites and reading
frames were correct, and the detected sequences
were identical to the known ones.

Table I. Primer sequences.

Detection of HBx Messenger RNA
(mRNA) Expressions and Expression
Differences Among the Plasmid
Transfection Groups via RT PCR

The RT-PCR electrophoresis results for HepG2/
rCX, HepG2/rEX1, HepG2/rEX2, HepG2/rPX,
HepG2/pGEM®-7Zf(+) and HepG2 cells are
shown in Figure 2. No HBV X gene expressions
were detected in HepG2/pGEM®-7Zf(+) control
group and HepG2 blank group, while those ex-
pressions were detected in HepG2/rCX, HepG2/
rEX1, HepG2/rEX2 and HepG2/rPX, of which the
gray scale values of the transcription bands were
(1.189+0.102), (0.877+0.043), (0.840+0.028)
and (0.669+0.051), respectively; comparing the
grayscale value of transfection group rCX with
those of transfection groups rEX1, rEX2 and rPX,
p<0.05; comparing transfection groups rEX1 and
rEX2 with transfection group rPX, p<0.05; com-
paring the grayscale values between rEX1 and
rEX2, p>0.05. The relationships of the expres-
sion levels among the groups were HepG2/rCX-
>HepG2/rEX1 and HepG2//rEX2>HepG2/rPX.

Detection of HBx Expressions
via Western Blotting

It was found through Western blotting that
among the transfection groups and the control
group, the HBx expression was only detected in
HepG2/rCX cells, and no corresponding X pro-
tein band was found after the total protein loadin-
gs of HepG2/rEX1 and HepG2/rPX cells were
increased to the maximum. This might be caused
by the low expression level; meanwhile, the X ge-
ne-mutated HepG2/rEX2 cells could not express
X protein, and both the blank group and the con-
trol group did not contain X gene. Thus, X protein
expression was not detected (Figure 3).

Detection of Impact of HBx on Cell
Proliferation via MTT Method

MTT method was applied to measure the OD,,,
values of HepG2/rCX, HepG2/rEX1, HepG2/

Gene Primer sequence Amplification product
HBx Upstream: 5’-GCTCAAGCTTCCATGGCTGCTAGGCTGTGC-3’ 465 bp
Downstream: 5’-GGGGTACCTTAGGCAGAGGTGAAAAAGTTGC-3’
GAPDH Upstream: 5’-GGA AGG TGA AGG TCG GAG TC-3’ 842 bp
Downstream: 5’-GAC CAC CTG GTG CTC AGT GT-3’
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Figure 2. Detection of HBV X gene expressions via
RT-PCR. M: DL2000, 1: HepG2/rCX, 2: HepG2/rEX1, 3:
HepG2/rEX2, 4: HepG2/rPX, 5: HepG2/pGEM®-7zf(+), 6:
HepG2. There was no expression of HBX gene in control
group HepG2/pGEM-7zf(+) cells and blank control HepG2
cells. HBX gene expression was observed in HepG2/rCX,
HepG2/rEX1, HepG2/rEX2, and HepG2/rPX groups. Com-
parison of expression levels of HBX in different groups were:
HepG2/rfCX>HepG2/rEX1, HepG2//rEX2>HepG2/rPX.

rEX2, HepG2/rPX, HepG2/pGEM®-7zf (+) and

HepG?2 cells, which reflected the number of viable

cells. The results indicated that OD,; was incre-

ased along with the extension of time within 6

days. On the sixth day, the OD,, values of the 6

kinds of cells were (0.741+0.013), (0.947+0.017),

(1.292+0.095), (1.186+0.119), (1.313+0.098) and

(1.415+0.121), respectively; t-test was perfor-

med for pairwise comparisons, and the results are

shown below.

1) By comparing the OD,  values of tCX, rEX1
and rPX transfection groups with that in
pGEMP®-7zf(+) transfection group, p<0.05;

2) Through pairwise comparison of OD, va-
lues among rCX, rEX1 and rPX transfection
groups, p<0.05;

3) By comparing the OD, values betwe-
en tEX2 and pGEM®-7zf (+) transfection
groups, p>0.05;

4) By comparing the OD,, value of pGEM"-
7zf (+) transfection group with that of blank
group HepG2, p>0.05.

Those results suggested that HBx could inhi-
bit the growth of hepatocellular carcinoma cell

HepG2, and the higher the HBx expression level

Figure 3. Detection of HBx expressions via Western
blotting. 1. HepG2/rCX; 2. HepG2/rEX1; 3. HepG2/rEX2 4.
HepG2/rPX; 5. HepG2/pGEM®-7zf (+); 6. HepG2. Expres-
sion of HBV X protein was detected in HepG2/rCX cells, but
not in HepG2/rEX1, HepG2/rPX cells, HepG2/rEX2, blank
group and control group.

was, the more significant the role of inhibiting cell
growth would be (Figure 4).

Detection of Impact of HBx on Cell
Apoptosis via Flow Cytometry

In order to further determine the impact of HBx
on cell apoptosis, the flow cytometry was conducted
for HepG2/rCX, HepG2/rEXI1, HepG2/rEX2,
HepG2/rPX, HepG2/pGEM®-7zf (+) and HepG2
cells. It was indicated in the results that the cell
apoptosis rates in those groups 48 hours after tran-
sfection were (22.497% =+ 0.018%), (10.199% =+
0.010%), (5.211% + 0.559%), (7.352% + 0.733%),
(5.107% = 0.388%) and (4.611% + 0.380%), re-
spectively, by comparing the apoptosis rates of
rCX, rEX1 and rPX transfection groups with that in
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Figure 4. Cell growth curves for HepG2/rCX, HepG2/
rEX1, HepG2/rEX2, HepG2/rPX, HepG2/pGEM®-7zf(+)
and HepG2. HepG2/rCX, HepG2/rEX1, HepG2/rEX2,
HepG2/rPX, HepG2/GEM-7zf (+) and control HepG2 cells
were transfected into 96-well plates at 1x103 cells/well on
the second day after transfection. Then, 10 ml MTT (5 mg/
ml) were added into each well every day from day 1 to day
6. After cell culture at 37°C for another 4 hours, supernatant
was carefully discarded, and 150 ml DMSO were added into
each well. Absorbance was measured at 490 nm wavelength
after shaking for 10 minutes. Results showed that HBx inhib-
ited the growth of hepatoma HepG2 cells in an expression
level-dependent manner.
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pGEMP®-7zf(+) transfection group, p<0.05; throu-
gh pairwise comparison of apoptosis rates among
rCX, rEX1 and rPX transfection groups, p<0.05;
by comparing the apoptosis rates between rEX2
and pGEMP®-7zf(+) transfection groups, p>0.05;
by comparing the apoptosis rate of pGEM®-7zf(+)
transfection group with that of HepG2 blank group,

p>0.05. The above results manifested that HBx
could accelerate the occurrence of HepG2 apopto-
sis, and the terminated mutation of HBV X gene
could offset the pro-apoptotic effect. Moreover,
the higher the HBx expression level was, the more
notable the pro-apoptotic effect would be (rCX>
rEX1>rPX) (Figure 5).
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Figure 5. Impact of HBx on cell apoptosis via flow cytometry. From left to right in the top row: HepG2/rCX: 23.1%, HepG2/
rEX1: 10.1% and HepG2/rPX: 7.0%; from left to right in the bottom row: HepG2/rEX2: 5.2%, HepG2/pGEM®-7zf(+): 4.8%
and HepG2: 4.6%. HepG2 cells were transfected with 8 pg of recombinant plasmids rCX, rEX1, rEX2, rPX, and pGEM-7zf(+)
vectors. 48 hours after transfection, each group of cells and control HepG2 cells were stained with Annexin-V/PI, and cell apop-
tosis rate of each cell was measured by flow cytometry. Results showed that HBV X protein promoted the apoptosis of HepG2

cells in a expression level-dependent manner.
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Discussion

The effects of HBx on cell apoptosis in different
reports are not consistent; HBx can not only indu-
ce but also suppress the cell apoptosis, which may
be determined by the cells it acts on 7. Some au-
thors® held that, in addition to the basis of experi-
mental conditions and cell types, the HBx level in
the cells can decide the direction of its regulation
on apoptosis. Possible mechanisms of HBx-indu-
ced cell apoptosis include: (a) HBx can induce
cells from G1 phase to S phase, and promote its
apoptosis’; (b) HBx increases sensitivity of cells
to p53-mediated apoptosis!'?; (¢) HBx can upregu-
late the expression of Fas and FasL on the surface
of hepatocytes, and promote hepatocyte apoptosis
through the Fas/FasL death receptor pathway'';
(d) HBx promotes TNFa-mediated cell apoptosis
by activating MEKKI1/JNK signal transduction
pathway and promoting the accumulation of on-
coprotein myc in the nucleus, therefore increasing
the sensitivity of cells to TNFa; (e) in the early
stage of apoptosis, HBx is overexpressed; Ca2+
in the cytoplasm is increased; mitochondrion
structure and function are changed; PT channel
is opened; cytochrome oxidase C and other proa-
poptotic factors are released, and caspase cascade
reaction is activated, which in turn induces apop-
tosis '2. In this research, the recombinant vectors
in which the expressions of HBV X gene were re-
gulated by different promoters were constructed,
so as to study the difference in the impacts of
hepatocellular carcinoma cell line HepG2 tran-
siently transfected by them on cell apoptosis, and
to investigate the role of HBx in the pathogenic
mechanisms of HBV and hepatocellular carcino-
ma. The results of this research indicated that the
expressions of HBV X gene could be detected in
the HepG2/rCX, HepG2/rEX1, HepG2/rPX and
HepG2/tEX2 transfection groups via RT-PCR,
which conforms to the results of most studies at
present. However, the Western blotting results in-
dicated that the HBx expression was only detected
in the HepG2/rCX transfection group; the reason
might be that the HBx expression levels in the
HepG2/rEX1 and HepG2/rPX transfection groups
were so low that they could not be detected; in
transfection group HepG2/ rEX2, terminated mu-
tation occurred in the eighth codon of the HBV
X gene; as a result, the HBx expression was not
detected. Four types of transcription products of
HBYV (including HBXx) are regulated by two enhan-
cers, namely Enhl and Enh2; Enhl is embedded
in P gene, whose downstream part is overlapped

with X promoter, thereby enhancing the X, C and
S promoters; Enh2 is located in X gene. Su et al'?
have reported that the two enhancers can stren-
gthen the activity of HBV promoter in many cell
lines, and the enhancers exert a synergistic effect.
HBx expression is mainly regulated by Enhl; it is
mainly manifested that Enh1 can increase the tran-
scriptional activity of X promoter by combining
with multiple tissue-specific transcription factors;
therefore, the extrinsic factors that can strengthen
the transcription factor expressions can also indi-
rectly increase the HBx expression by virtue of
Enhl. For example, insulin and interleukin-6 (IL-
6) can elevate the X gene expression by increasing
that of the transcription factor, activator protein-1
(AP-1)*15, Tumor necrosis factor can promote the
HBx expression by stimulating the generation of
free radicals, thus enhancing the transactivating
functions of HBx'®!7, and 1L-6 can improve the
HBx expression by means of stimulating HBV
Enhl and X gene promoter'®. In this research, the
HBx expression was detected only when HBx
was regulated by the strong promoter CMV, but
it was not detected under the regulation of its X
promoter and (or) Enhl, for which the possible
reason was the low HBx expression level due to
lack of stimulation of tumor necrosis factor and
IL-6 during experiments in vitro. In further expe-
riments, the HBx expression level can be elevated
by adding stimulating factors that can regulate it
(including tumor necrosis factor) into correspon-
ding cell culture. These stimulating factors may
regulate the HBx expression through regulation
of HBV enhancer and promoter activities, thereby
controlling the effect of HBV on cell proliferation
or apoptosis. It could be observed from this expe-
riment that HBx played a role in promoting cell
apoptosis in both low- and high-expression states;
when the terminated mutation of the eighth codon
of HBV X gene was triggered, the pro-apoptotic
effect of the gene also disappeared. Moreover,
the pro-apoptotic effect of HBx was related to its
expression level, and the higher the HBx expres-
sion level was, the more notable the pro-apopto-
tic effect would be. For some of the patients with
liver failure, the cause of the disease is the mass
necrosis of hepatocytes resulted from massive re-
plication of HBV DNA; HBx may have a certain
function in the mechanism besides the immune
factors because HBV replication has a positive
correlation with HBx expression'®*. Correspon-
dingly, the HBx is also highly expressed during
the massive replication of HBV, and its pro-apop-
totic effect is becoming evident, thereby leading
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to apoptosis of more cells and playing a certain
role in the progression of liver failure. However,
the regulation of apoptosis by HBX is bidirectio-
nal, whether blocking or inducing apoptosis de-
pends on the cell type, the living environment of
the cell and the stage of infection. In this work,
only one hepatoma cell line HepG2 was used, and
other types of cells should be used to analyze the
mechanism of apoptosis and proliferation regula-
ted by HBx, in which case the effects of TNF or
IL-6 stimulation on HBx expression, cell prolife-
ration and apoptosis were observed.

Conclusions

HBx expression is at a low level under the re-
gulation of self-promoters and HBV enhancers;
the exogenous pathogenic factors for liver injury
may regulate the HBx expression by controlling
the activities of HBV enhancers and promoters, so
as to regulate the impact of HBV on cell apopto-
sis. It is further indicated that the pathogenesis of
HBV-induced hepatocellular carcinoma is com-
plex; in addition to the role of the virus, various
pathogenic factors causing pathological changes
of hepatocytes may play a role in the occurrence
of hepatocellular carcinoma. As a result, reducing
relevant risk factors of liver injury to keep the
HBx expression at a correspondingly low level
may be significant in lowering the occurrence of
hepatocellular carcinoma.

Funding

This study was supported by the Science and Technolo-
gy Project of Xiangyang Science and Technology Bureau
([2014]9-10) and The Scientific Research Project of Hubei

Provincial Education Department (B2015489).

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

1) lavarone M, Coromeo M. HBYV infection and hepato-
cellular carcinoma. Clin Liver Dis 2013; 17: 375-397.

2) Lwu dJ, Kao JH. Hepatitis B virus-related hepato-
cellular carcinoma: epidemiology and pathogenic
role of viral factors. J Chin Med Assoc 2007; 70:
141-145.

3) CHen O, CHen DS. Interaction of hepatitis B virus,
chemical carcinogen, and genetic susceptibility:

5912

9)

10)

11)

12)

13)

14)

15)

16)

multistage hepatocarcinogenesis with multifacto-
rial etiology. Hepatology 2002; 36: 1046-1049.

Kim DG. Differentially expressed genes associa-
ted with hepatitis B virus HBx and MHBs protein
function in hepatocellular carcinoma. Methods Mol
Biol 2006; 317: 141-155.

Kew MC. Hepatitis B virus x protein in the patho-
genesis of hepatitis B virus-induced hepatocel-
lular carcinoma. J Gastroenterol Hepatol 2011;
1:144-152.

HuanG JF, Guo YJ, ZHao CX, Yuan SX, WANG Y, TANG
GN, ZHou WP, Sun SH. Hepatitis B virus X pro-
tein (HBx)-related long noncoding RNA (IncRNA)
down-regulated expression by HBx (Dreh) inhibits
hepatocellular carcinoma metastasis by targeting
the intermediate filament protein vimentin. Hepa-
tology 2013; 57: 1882-1892.

Qiao DD, YanG J, Let XF, Mi GL, Li SL, Li K, Xu CQ,
Yang HL. Expression of microRNA-122 and mi-
croRNA-22 in HBV-related liver cancer and the
correlation with clinical features. Eur Rev Med
Pharmacol Sci 2017; 21: 742-747.

RawaT S, BoucHarRD MJ. The hepatitis B virus (HBV)
HBx protein activates AKT to simultaneously re-
gulate HBV replication and hepatocyte survival. J
Virol 2015; 89: 999-1012.

BANDOPADHYAY M, SARKAR N, DATTA S, Das D, PAL A, Pa-
NIGRAHI R, BANERJEE A, PANDA CK, DAs C, CHAKRABARTI S,
CHAKRAVARTY R. Hepatitis B virus X protein mediated
suppression of miRNA-122 expression enhances
hepatoblastoma cell proliferation through cyclin
G1-p53 axis. Infect Agent Cancer 2016; 11: 40.

Knoie S, FUrsT K, THomAs S, VILLANUEVA BASELGA S,
StoLL A, ScHaerer S, Putzer BM. Dissection of cell
context-dependent interactions between HBx and
p53 family members in regulation of apoptosis: a
role for HBV-induced HCC. Cell Cycle 2011; 10:
3554-3565.

He P, Znou G, Qu D, ZnanG B, WanG Y, Li D. HBx
inhibits proliferation and induces apoptosis via
Fas/FasL upregulation in rat renal tubular epithe-
lial cells. J Nephrol 2013; 26: 1033-1041.

Casciano JC, BoucHarp MJ. Hepatitis B virus X pro-
tein modulates cytosolic Ca2+ signaling in primary
human hepatocytes. Virus Res 2018; 246: 23-27.

Su H, Yee JK. Regulation of hepatitis B virus gene
expression by its two enhancers. Proc Natl Acad
Sci U S A1992; 89: 2708-2712.

ReN JH, Tao Y, ZHANG ZZ, CHeN WX, Cal XF, CHeN K,
Ko BC, Song CL, Ran LK, Li WY, HuanG AL, CHEN J.
Sirtuin 1 regulates hepatitis B virus transcription
and replication by targeting transcription factor
AP-1. J Virol 2014; 88: 2442-2451.

OnNo H, Kaneko S, KosavasHi K, Murakami S. Human
hepatitis B virus enhancer 1 is responsive to hu-
man interleukin-6. J Med Virol 1997; 52: 413-418.

Kim WH, HonGg F, JARuGa B, ZHANG ZS, FaN SJ, LIANG
TJ, Gao B. Hepatitis B virus X protein sensitizes pri-
mary mouse hepatocytes to ethanol- and TNF-al-
pha-induced apoptosis by a caspase-3-dependent
mechanism. Cell Mol Immunol 2005; 2: 40-48.



Expressions of HBV X gene regulated by different promoters and their effects on cell apoptosis

17)

18)

Kong F, You H, ZHAo J, Liu W, Hu L, Luo W, Hu W,
TanG R, ZHeng K. The enhanced expression of de-
ath receptor 5 (DR5) mediated by HBV X protein
through NF-kappaB pathway is associated with
cell apoptosis induced by (TNF-a related apopto-
sis inducing ligand) TRAIL in hepatoma cells. Virol
J 2015; 12: 192.

Lan T, CHANG L, Wu L, Yuan YF. IL-6 plays a crucial
role in HBV Infection. J Clin Transl Hepatol 2015;
3:271-276.

19)

20)

Leurin O, BonTRON S, ScHaerrer C, STruBiN M. Hepa-
titis B virus X protein stimulates viral genome re-
plication via a DDB1-dependent pathway distinct
from that leading to cell death. J Virol 2005; 79:
4238-2845.

MurpHy CM, Xu Y, LI F, Nio K, Reszka-Bianco N,
L X, WuY, YuY, XionG Y, Su L. Hepatitis B vi-
rus X protein promotes degradation of SMC5/6
to enhance HBV replication. Cell Rep 2016; 16:
2846-2854.



