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Abstract

AIM: To investigate the possible mechanism for HBV X
gene to induce apoptosis of hepatocyte HL-7702 cells.

METHODS: HBV X gene eukaryon expression vector
pcDNA3-X was established and transfected into HL-7702
cells by lipid-mediated transfection, including transient
and stable transfection. Positive clones were screened
by incubating in the selective medium with 600 pg/mL
G418 and named HL-7702/HBV-encoded X protein (HBx)
cells. The expressions of Fas/FasL, Bax/Bcl-2, and c-myc
mRNA were measured by semi-quantitative RT-PCR in
HL-7702/HBx and control group, respectively.

RESULTS: RT-PCR analysis confirmed that HBV X gene
was transfected into HL-7702 cells successfully. By semi-
quantitative RT-PCR analysis, Bax and c-myc mRNA levels
in HL-7702/HBx cells of transient transfection were
significantly higher than those in control, FasL and c-myc
mMRNA levels in HL-7702/HBx cells of stable transfection
were significantly higher than those in control, whereas
the Bcl-2 mRNA levels in HL-7702/HBx cells of transient
and stable transfection were significantly lower than those
in control.

CONCLUSION: HBV X gene may promote the apoptosis
of hepatocytes by regulating the expressions of Fas/FasL,
Bax/Bcl-2, and c-myc gene in a dose-dependent manner.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

HBYV X gene is the smallest open reading frame of HBV,
codes for a 16.5-ku protein (X protein, HBx) consisted of
154 amino acids. Previous studies showed that HBV X
gene and HBx modulate apoptosis of hepatocytes and
play an important role in HBV-associated liver disease!"l.
HBYV X gene could inhibit apoptosis of hepatocytes
in several ways and contribute to the generation of
hepatocellular carcinoma (HCC). It was reported that
HBx displays a pro-apoptotic function and induces
apoptosis of liver cells®®l. But the relationship between
this function of HBx and HBV-associated liver disease
remains obscure. So far no molecular mechanism or target
for HBx-mediated apoptosis has been clearly elucidated.
In this study, we transfected X gene into hepatocyte line
HL-7702 by transient and stable transfection. Thus, cell
lines that expressed different levels of HBx were established.
To explore the possible mechanism for HBx to modulate
apoptosis, we investigated the effect of HBx on expressions
of apoptosis-associated genes in hepatocytes. The expressions
of Fas/FasL, Bax/Bcl-2, and c-myc mRNA were measured
by semi-quantitative RT-PCR in HL.-7702/HBx and control
group, respectively.

MATERIALS AND METHODS

Materials

PcDNA3 expression vector and HBV X gene eukaryon
expression vector pcDNA3-X were previously constructed
and stored. The normal hepatic cell line HI.-7702 was
provided by Cell Bank of Chinese Academy of Sciences.
Reverse transcription system, DNA purification system,
G418, and TransFast™ transfection reagent were obtained
from Promega Biotech. Total RNA isolation kit was
purchased from Jingmei Biotech Company. PCR primers
were synthesized by Shanghai Biotechnology Company.
RPMI-1640 was bought from Gibco BRL Company.

Transfection and expression of HBV X gene in HL-7702

Cell culture and DINA transfection HI.-7702 cells were
cultured in RPMI-1640 supplemented with 20% FBS. The
cells in logarithmic growth were sepatately transfected with
pcDNA3-X and pcDNA3 plasmids using lipid-mediated
transfection technique according to the protocol for
transient or stable transfection of adherent cells. About
2 mL transfection mixture containing 5 Ug plasmid DNA,
15 UL TransFast™ reagent and RPMI-1640 was added
to a 25-mm? culture plate. At 48 h post-transfection, all
cells were trypsinized. Cells for transient transfection were
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transferred to a 25-mm? culture plate and cultured in
RPMI-1640 supplemented with 20% FBS for 72 h.
Cells used for stable transfection were cultured in the
selective medium with 600 plg/ml. G418 for 2 wk. Then,
drug-resistant individual clones were isolated and transferred
to a 96-well plate for further amplification in the presence
of selective medium. Cells that transiently transfected with
pcDNA3-X and pcDNA3 were named as HL.-7702/HBx"
and HL-7702/pcDNA3", respectively. Cells that stably
transfected with pcDNA3-X and pcDNA3 were named as
HL-7702/HBx® and HL-7702/pcDNA3®, respectively.
HL-7702 was used as control.

Determination of X gene expression by RT-PCR
analysis Total RNA was extracted separately from the
cells of each group with a RNA isolation kit, and RT-PCR
was carried out. B-Actin served as an internal control, 2 UL
of RT product was used as template, X gene and B-actin
were amplified together. The sequence of B-actin primers
was 5-’GGCATCGTGATGGACTCCG-3’ and 5’-
GCTGGAAGGTGGACAGCGA-3’. The sequence of X
gene primers was: 5~ ATGCAAGCTTATGGCTGCT-
AGGCTGTACTG-3’ and 5-TGCGAATTCTTAGGCA-
GAGGTGAAAAAGTTG-3. The expected amplification
fragment length of B-actin and X gene was 607 and 467 bp,
respectively. PCR was catried out as follows: pre-denaturation
at 95 C for 5 min, 32 amplification cycles (denaturation at
94 C for 35 s, annealing at 65 C for 35 s, and extension at
72 °C for 1 min), and a final extension at 72 ‘C for 7 min.

Effect of HBV X gene on apoptosis-associated gene mRNA
expression in hepatocytes by transient and stable transfection
RT-PCR for Fas/FasL, Bax/Bcl-2, and c-myc Total RNA
was extracted from HL-7702/HBx, HL-7702/PcDNA3,
and HIL-7702 according to the RNA isolation kit instructions.
The content and purity of total RNA were determined by
spectrophotography. RNA (260/280 was between 1.8 and
2.0) was further used for reverse transcription reaction,
which was carried out according to the reverse transcription
kit instructions. Two microgrammes of total RNA was used

in each reverse transcription reaction and the final volume
was 20 UL. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control and amplified
together with target genes. PCR was performed in 50 UL
reaction volume containing 5 UL 10XPCR buffer, 5 UL
2 mmol/L. MgCl,, 1 UL 10 mmol/L dNTP, 1 UL 20 pmol/pL
target gene sense and anti-sense primers, 0.4 pL 12.5 pmol/pL
GAPDH primer pair, 2 UL RT product, 1.5 U Tag DNA
polymerase. The specific sets of primers and the target gene
amplification conditions are shown in Table 1. All initial
denaturations were at 94 “C for 5 min. Finally an additional
extension step at 72 ‘C for 7 min was done.

Result determination The PCR products were electrop-
horesed on 2% agarose gel and visualized by ethidium
bromide staining. Bioimaging system was used to detect
the densities of bands of the PCR products. The ratio of
target gene density to GAPDH density was respectively
used to represent the relative expression level of Fas/FasL,
Bax/Bcl-2, and c-myc mRNA. The semi-quantitative
detection was analyzed five times.

Statistical analysis

All data were expressed as mean®SE. The significance for
the difference between the groups was assessed with SPSS
10.0 by one-way ANOVA. P<0.05 was considered
statistically significant.

RESULTS

Expression of HBV X gene mRNA in HL-7702 cells

HBV X gene mRNA was detected in HL.-7702/HBx" and
HL-7702/HBx® cells by RT-PCR. The expected band was
found between 400 and 500 bp in both kinds of transfected
cells (Figure 1). The relative level of HBV X gene mRNA
in HI.-7702/HBx" was higher than that in HI.-7702/HBx®
by about 2.5-folds (0.815£0.013 »s 0.308+0.021), indicating
that HBV X gene mRNA could be expressed in HL-7702
after transient or stable transfection, and cell lines that
expressed different levels of HBx were established.

Table 1 Primer sequences for PCR and amplification conditions for each target gene

Primer Sequence Amplification conditions Product
(base)
Fas 5-TCAGTACGGAGTTGGGGAAG-3’ Denaturation at 94 °C for 45s, 207
5-CAGGCCTTCCAAGTTCTGAG-3 annealing at 63 ‘C for 30 s and synthesizing
at 72 °C for 1 min for 35 cycles
FasL 5-GATGATGGAGGGGAAGATGA-3 Denaturation at 94 C for 45s, 203
5-TGGAAAGAATCCCAAAGTGC-3’ annealing at 58 ‘C for 30 s and synthesizing
at 72 °C for 1 min for 30 cycles
Bax 5-TTTGCTTCAGGGTTTCATCC-3 Denaturation at 94 °C for 45s, 246
5-CAGTTGAAGTTGCCGTCAGA-3’ annealing at 58 ‘C for 30 s and synthesizing
at 72 °C for 1 min for 30 cycles
Bel-2 5-CGACGACTTCTCCCGCCGCTACCGC-3 Denaturation at 94 °C for 45s, 318
5-CCGCATGCTGGGGCCGTACAGTTCC-3’ annealing at 67 ‘C for 30 s and synthesizing
at 72 °C for 1 min for 30 cycles
c-myc 5-TTCGGGTAGTGGAAAACCAG-3’ Denaturation at 94 ‘C for 45s, 203
5-CAGCAGCTCGAATTTCTTCC-3 annealing at 58 ‘C for 30 s and synthesizing
at 72 °C for 1 min for 28 cycles
GAPDH 5-ACCACAGTCCATGCCATCAC-3 Changed according to different target genes 452

[}

-TCCACCACCCTGTTGCTGTA-3
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Figure 1 RT-PCR analysis of HBV X gene mRNA expression in HL-7702. M:
100-bp DNA ladder; lane 1: HL-7702T; lane 2: HL-7702/pcDNA3T; lane 3: HL-
7702/HBXT; lane 4: HL-7702/HBX; lane 5: HL-7702/pcDNAS3S; lane 6: HL-77025.

Effects of HBV X gene on apoptosis-associated genes mRNA
expression in HL-7702 by transient transfection

Fas/FasL mRNA As shown in Figures 2A, B, and 3A,
both Fas mRNA and FasL. mRNA were expressed in
HL-7702 of each group. Both of their expression levels
had no significant differences among the three groups,
indicating that HBx had no effect on Fas and FasL expression
in normal hepatocytes though it was expressed at a relatively
high level after transient transfection.

Bcl-2/Bax mRNA Both Bax and Bcl-2 mRNA were
expressed in HL-7702 after transient transfection (Figures 2C,
D, and 3B). As it could be seen from Figures 2C, 3B, and
C, the expression level of Bax mRNA in HL-7702/HBx"
was higher than that in HL.-7702 or in HL-7702/pcDNA3"
(0.614%£0.014 »s 0.536+0.009 or 0.494%0.015, P<0.01).
The expression level of Bcl-2 mRNA in HL-7702/HBx"
was lower than that in HL-7702 or in HL-7702/pcDNA3"
(0.81110.010 »s 1.2431£0.033, P<0.01) (0.811£0.010 »s

0.901£0.014, P<0.05). There was also a significant
difference in Bcl-2 mRNA expression level between the
two control groups (0.901+0.014 »s 1.243+0.033, P<0.01;
Figures 2D, 3B, and D). The data indicated that HBx could
induce the pro-apoptotic factor Bax expression in normal
hepatocytes and inhibit the anti-apoptotic factor Bcl-2
expression.

c-myc mRNA c-myc mRNA was expressed in both
HL-7702 and HL-7702/pcDNA3, and there was no
significant difference between them. The expression level
of c-myc mRNA was significantly higher in HL.-7702/HBx",
suggesting that HBx was able to promote the c-myc expression
in normal hepatocytes (0.719%£0.020 »s 0.569£0.020,
P<0.01, 0.719£0.020 »s 0.630£0.012, P<0.05; Figures 2E
and 3C).

Effects of HBV X gene on apoptosis-associated gene mRNA
expression in HL-7702 by stable transfection

Fas/FasL mRNA The expression levels of Fas mRNA
had no significant difference among the three groups
(Figures 4A and 5A). There was no significant difference in
FasL. mRNA expression between HL-7702 and HBV X
gene expressing stable cell line HL-7702/HBx®. The
expression of Fasl. in HL.-7702/HBx® was significantly
higher than that in HL-7702/pcDNA3% (0.261£0.043 vy
0.217£0.012, P<0.01), suggesting that HBx at a low level
could improve the FasL expression, which was different
from the effect of HBx at a relatively higher level as shown
in the former part (Figures 4B, 5A, and B).

Bax/Bcl-2 mRNA HBV X gene stably expressed in
HI-7702/HBx® seemed to have no effect on Bax mRNA
expression (Figures 4C, 5B, and C). The expression level
of Bcl-2 mRNA had no significant difference between the
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Figure 2 Relative expression levels of apoptosis-associated gene mRNA in
HL-7702 of different transiently transfected groups assessed by RT-PCR. A:
Relative Fas mRNA expression levels; B: relative FasL mRNA expression
levels; C: relative Bax mRNA expression levels; D: relative Bcl-2 mRNA

HL-7702 HL-7702/pcDNA3T HL-7702/HBXT

expression levels; E: relative c-myc mRNA expression levels. 2P<0.05 vs
HL-7702/HBXT, °P<0.01 vs HL-7702/HBX", P<0.01 vs HL-7702, P<0.01 vs
HL-7702/pcDNA3T, P>0.05 between random two groups.
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Figure 3 RT-PCR results of apoptosis-associated gene mRNA expression in
HL-7702 of different transiently transfected groups. A: RT-PCR results of Fas/
FasL mRNA expression; B: RT-PCR results of Bax/Bcl-2 mRNA expression;

two control groups, HL-7702 and HL-7702/pcDNA3®, but it
was lower in HL-7702/HBx" (0.300£0.028 »s 0.498%0.035,
P<0.01; 0.300£0.028 »5 0.420%0.032, P<0.05; Figures 4D,
5B, and D), suggesting that HBx could downregulate Bcl-2
expression in normal hepatocytes.

c-myc mRNA Similar to the effect of HBV X gene transient
transfection, c-myc was expressed in both HL-7702 and
HL-7702/pcDNA3®, and there was no significant difference
between them. The expression level of c-myc mRNA was
significantly higher in HL-7702/HBx®, suggesting that even
a low level of HBx was able to upregulate the c-myc expression
in normal hepatocytes (0.603+0.035 »s 0.449£0.023 or
0.461£0.022, P<0.01; Figures 4E and 5C).

DISCUSSION

HBYV infection is a major cause of chronic hepatitis, cirrhosis,
and hepatocellular carcinoma and accounts for one million

bp
b
—452 P
—318 ~452
246 203

C: RT-PCR results of c-myc mRNA expression; M: 100-bp DNA ladder; lane
1: HL-7702; lane 2: HL-7702/pcDNA3T; lane 3: HL-7702/HBX"; a: Fas; b: FasL;
c: Bax; d: Bcl-2; e: c-myc.

deaths annually. HBx is a multifunctional protein that is
implicated in the pathogenesis of HBV-associated liver
disease by regulating gene transcription, causing cell
proliferation, suppressing DNA repair and inducing cell
deathll. The role of HBx in carcinogenesis and its
transactivation function have been well documented®. The
role of HBx in liver cell proliferation and apoptosis is still
controversial. A number of studies have revealed that HBx
exert dual activity on cell apoptosis®!.

On the one hand, HBx has an anti-apoptosis function in
different ways and plays an important role in the development
of HCC. HBx can activate and upregulate transcription
factor NF-xB". It induces Fas-ligand in human hepatoma
cells, which contributed to the apoptosis of T cells, thus the
hepatoma cells might escape from immune surveillance!"”.
There is evidence that HBx blocks apoptosis via downregulating
expression of Bid in human hepatocellular carcinomal™!.
The distal C-terminal domain of HBx, independent of its
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Figure 4 Relative expression levels of apoptosis-associated gene mRNA in
HL-7702 of different stably transfected groups assessed by RT-PCR. A:
Relative Fas mRNA expression levels; B: relative FasL mRNA expression
levels; C: relative Bax mRNA expression levels; D: relative Bcl-2 mRNA
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expression levels; E: relative c-myc mRNA expression levels. P<0.05 vs
HL-7702/HBxS; ®P<0.01 vs HL-7702/HBxS, ¢P<0.01 vs HL-7702, P>0.05
between random two groups.
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Figure 5 RT-PCR results of apoptosis-associated gene mRNA expression in
HL-7702 of different stably transfected groups. A: RT-PCR results of Fas/FasL
mRNA expression; B: RT-PCR results of Bax/Bcl-2 mRNA expression; C:

transactivation activity, is complexed with p53 in the
cytoplasm and partially prevents its nuclear entry and
ability to induce apoptosis!". On the other hand, HBx
induces or sensitizes cells to apoptotic killing by pro-apoptotic
stimuli®®l. The possible mechanisms may include uptregulating
the expression of Fas and Fas-ligand in hepatocytes!'>'¢l,
inducing cell death by causing loss of mitochondrial
membrane potential and mitochondrial aggregation at the
nuclear periphery!"'® antagonizing the anti-apoptosis
function of the normal level of p53"” abrogating the
apoptosis-inhibitory function of c-FLIP and enhancing the
death-inducing signal®, inducing TNF-0 expression and
sensitizing liver cells to TNF-0-mediated apoptosis even
below the threshold concentration?? affecting the
apoptosis control function of Bcl-2 family members by
interaction with mitochondria!. The above data suggest
that the possible mechanism for HBx to regulate cell
apoptosis is a “network” implicated with multiple factors
and various pathways, and the exact mechanism remains
obscure.

Fas and FasL are regarded as the most important factors
that switch on the Fas/FasL-mediated apoptosis. The Bcl-2
family proteins play an important role in modulating cell
survival and apoptosis. Bcl-2 and Bax act as an anti-apoptotic
factor and a pro-apoptotic factor respectively. The proportion
of apoptosis-inducing forces and apoptosis-inhibiting forces
determines the cells’ response to death-inducing signals and
their final fate®**. C-myc, usually acting as a proto-oncogene
and exerting a dual activity on cell proliferation and apoptosis,
is also involved in apoptosis regulation. We have previously
demonstrated that the apoptosis rate in HBx-expressing cells
by transient or stable transfection is much higher than that
in control groups, suggesting that there is a quantity-effect
relationship between HBx expression and apoptosis rate,
and that HBx can induce apoptosis in normal hepatocytes,
during which the expression level of HBV X gene may
play a vital role. This study aimed to investigate the
possible mechanism for HBV X gene to induce apoptosis
of hepatocytes. Thereby, we established cell models that
expressed different levels of HBV X gene by transfecting
HBYV X gene into HL-7702 through transient and stable
transfection, and studied the effect of HBx on the mRNA
expression of apoptosis-associated genes.

We found that HBx at a relatively higher level could
induce the pro-apoptotic factor Bax expression in normal

1c2c3c M1d 2d 3d

C Mle 2e3e

bp

bp
:‘3‘% ~452
246 203

RT-PCR results of c-myc mRNA expression; M: 100-bp DNA ladder; lane 1:
HL-7702; lane 2: HL-7702/pcDNA3S; lane 3: HL-7702/HBxS; a: Fas; b: FasL; c:
Bax; d: Bcl-2; e: c-myc.

hepatocytes and inhibit the anti-apoptotic factor Bcl-2
expression, though it had no effect on Fas and FasL
expression. However, HBx at a low level could improve
FasL expression, while it had no effect on Bax. The data
show that HBx may induce the apoptosis of HL-7702 by
reinforcing the death signal of Fas-FasL pathway and
increasing the proportion of pro-apoptotic forces and
anti-apoptotic forces in Bcl-2 family members. The dose
of HBx may decide which is the chief pathway. The c-myc
expression in HL-7702 significantly increased after transient
or stable transfection with X gene expression vector, which
is consistent with previous reports®®?. C-myc protein could
sensitize cells to apoptotic killing in certain conditions, such
as during exposure to TNF-0 ot other factors?3. Thus,
c-myc may also act as an important medium in HBx-mediated
apoptosis. Su ¢ 2/, found that the combination of HBx
and c-myc increases the sensitivity of WT 3T3 cells to
TNF-a killing by about 10-fold. They also demonstrated
that cell killing by HBx plus TNF-o is suppressed by
activation of NF-kB, but can be overridden by a high level
of c-myc protein.

Our results show that different levels of HBV X gene
expression have different effects on apoptosis-associated
gene expression. Wang ¢# a/P!, studied the effects of
regulatory endoplasmic HBx expression on hepatic cell
apoptosis and found that low HBx expression cannot induce
apoptosis. Thereby, the effect of HBx on apoptosis may
be dose dependent. We hypothesize that there may be a
threshold concentration for HBx to induce apoptosis, only
that beyond the threshold can exert a pro-apoptosis function.
Further studies are needed to confirm it.

In conclusion, HBx may induce apoptosis in part via
regulating the expression of apoptosis-associated genes. HBV
X gene expression may play a vital role, although the
underlying mechanism may be complicated and crisscrossing.
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