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Abstract

AlM: To investigate the effects of hepatitis B virus x gene
and its protein product HBxAg on apoptosis in hepatocyte
line HL-7702.

METHODS: The reconstituted plasmid pcDNA3-x was
established through recombination DNA technique; pcDNA3-
X was transfected into HL-7702 cells by lipid-mediated
trasfection. Positive clones were screened by G418, and HL-
7702/HBx cells were analysed by the RT-PCR to confirm the
steady expression of X gene in HL-7702 cells. The apoptosis
rate in HL-7702 cells was determined by flow cytometry,
TUNEL technology, electronic microscope. At the mean time,
pcDNA3-X was transfected transiently into HL-7702 cells,
and total RNA from HL-7702 cells was extracted 24, 48, 72,
96 and 120 h after the transient transfection, and semi-
guantitative analysis was performed by RT-PCR to detect
the expression of HBV X gene. Furthermore, apoptosis rate
in HL-7702 cells was determined by flow cytometry analysis
at the different times.

RESULTS: RT-PCR analysis showed that HBV X gene could
be expressed stably in HL-7702 cells. Both flow cytometry
and TUNEL technology revealed that the apoptosis rates of
HL-7702/HBx cells were much higher than those of HL-7702/
pcDNA3 and HL-7702 cells. Furthermore, the apoptotic
phenomena and apoptotic body were observed in HL-7702/
HBx cells under electronic microscope, but not in HL-7702/
pcDNA3 and HL-7702 cells. In the experiment of transient
transfection, RT-PCR reveals that X gene was expressed most
at 72 h after transfection; and the apoptosis rate reached
the highest at the same time. After that, the apoptosis rate
was reduced with the decrease of the X gene expression.

CONCLUSION: HBV X gene and X protein can promote the
apoptosis in hepatocyte. And there exist a quantity-effect
relationship between the X gene expression and apoptosis
rate in hepatocyte.
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INTRODUCTION

Chronic Hepatitis B virus (HBV) infection is associated with
a high incidence of liver disease, including hepatitis and
hepatocellular carcinoma (HCC)!*3. Based on epidemiologic
studies involving chronic HBV infection, it is estimated that
the relative risk of developing HCC for HBV carriers may be
100- to 200-fold higher than that for non-carrierg.

HBV genome has four open reading frames (ORFs),
including envel ope genes coding region (pre-sl, pre-s2 and s
genecoding region), precore (pc) geneand core (€) genecoding
region, polymerase (p) gene coding region, X gene coding
region. X geneisthe smallest open reading frame of HBV. X
gene codes for a 16.5-ku protein (X protein, HBx), which is
made of 154 amino acids. HBx isamultifunctiond viral regulator
that modulates transcription, cell responsesto genotoxic stress,
protein degradation, and signaling pathways®. Besides, it may
affect DNA repair, cell cycle control, and apoptosis®?.

To explore the effection of HBV X gene and its protein
product on apoptosis, we transfected X gene into hepatocyte
lineHL-7702, and observed its role on cell apoptosis by flow
cytometry, TUNEL technology and electronic microscope.

MATERIALS AND METHODS

Biological and chemical materials

Restriction end onucleases, T4 DNA ligase, reversetranscription
system, G418 and Transfast transfection reagent were obtained
from Promega Biotech (USA). Vector PUCMT was purchased
from Shanhai Sangon Co. (China). RNA isolation kit wasfrom
Jingmei Biotech Co. (China). TUNEL reagent was obtained
from Beijing Zhongshan Co. (China). The plasmid PCDNA3
was from Invitrogen Co. (USA).

Construction of HBx expression vector

TheHBV X DNA fragment was amplified by polymerase chain
reaction (PCR) using the HBV carrier’ s serum as atemplate.
The sequences of primers for the PCR were asfollows: 5’ -
ATGCAAGCTTATGGCTGCTAGGCTGTACTG-3 and5’ -
TGCGAATTCTTAGGCAGAGGTGAAAAAGTTG-3 . The
PCR was carried out asfollows:. pre-denaturation at 95 °C for
5 min, 30 amplification cycles (denaturation at 94 “C for 45 s,
annealing at 61 C for 35 s, and extension at 72 “C for | min).
After the PCR product was added an A-tailing, it was connected
with vector puCmT to construct the middle vector puCmT-X.
According to the sequencing result of pUCmT, the positive clone
was selected to extract plasmid. Then the plasmid was digested
with EcoR | and Hind 111 and ligated into pcDNA3 to establish
the recongtituted plasmid pcDNA3-X, which was confirmed by
regtriction end onucleasses digestion and direct DNA sequencing.

Steady expression of HBx and apoptosis ananlysis

Céll culture and DNA transfection HL-7702 cells were
cultured in RPMI 1640 supplemented with 200 mL/L FBS.
The cellsin logarithmic glowth were separately transfected
with pcDNA3-X and pcDNA3 plasmids, by lipid-mediated
trasfection using Transfast transfection reagent with atotal of
2 g of DNA per well in a 6-well plate. G418 was added to
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select the resistant clones after 48 h. After 2-wk selection,
positive clones that were named HL-7702/HBx and HL-7702/
pcDNA3 were isolated and further expanded.

RT-PCR analysis Total RNA was extracted separately from
the cells of each group (HL-7702/HBX, HL-7702/pcDNA3,
HL-7702) with RNA isolatione kit, and RT-PCR was carried
out. Using 5 ni. of RT product astemplate, X gene and b-actin
were amplified together by PCR. The sequence of X gene
primersfor RT-PCR were as described above. The primers of
b-actin were: 5- GGCATCGTGATGGACTCCG-3' and5' -
GCTGGAAGGTGGACAGCGA-3 . PCR was carried out as
follows: Pre-denaturation for 5 min at 95 °C; 32 amplification
cycles (denaturation at 94 °C for 35 s, annealing at 65 C for
35, and extension at 72 °C for | min).

Flow cytometric analysis The cells of three groups were
harvested with trypsin, resuspended in PBS (1x10° cells/mL),
and analyzed for cell apoptosis rate by flow cytometry.
TUNEL technology The cellsof three groupswere separately
seeded into the wells of 96-well plate. When cells nearly full
confluent, they were fixed for 1 hat 37 °C. Tunel assay was
performed following the manufacturer’ sinstructions. Finally,
the cellswere analyzed under amicroscope. The apoptosiscells
which had blue-black nucleuswere counted among 3 000 célls.
Electronic microscope observation A total of 1x10°cells of
HL-7702/HBx or HL-7702/PcDNA3 or HL-7702 were
digested, centrifuged, fixed and analyzed for cell apoptosis
under an el ectronic microscope.

Instantaneous expression of HBx and apoptosis ananlysis

I nstantaneous transfection HL-7702 cells were cultured in
RPMI 1640 supplemented with 200 mL/L FBS. The cellsin
logarithmic glowth were separately transfected with pcDNA3-
X and pcDNA3 plasmids with Transfast transfection reagent
with atotal of 2 ng of DNA per well in a 6-well plate.
RT-PCR semi-quantitative analysis At the time of 24, 48,
72, 96, 120 h of post-transfection, RNA from the cells of 3
groups were separately extracted and transcribed reversely to
cDNA. The RT reaction contained 2.5 ng RNA, 2 ni of
10xbuffer, 4 m. of MgCl2, 2 mL of dNTP (10 mmol/L), 0.5 nL
of RNasin, 0.6 "L AMV (24 U/nL). A 20 ni total RT reaction

volume was obtained by adding sterile water, and RT was
carried out at 42 °C for L hand 95 C for 5 min. Then using
5 nmL RT product as template, X gene and b-actin were
amplified together by PCR as described above. The semi-
quantitative analysis for the expression of HBV X gene was
performed through the luminosity contrast between X gene
and b-actin at the different time under ultraviolet ray. This
experiment was repeated under the same conditions 3 times.

Flow cytometric analysis At the 5 different times, the cells of
3 groupswere harvested by trypsinization, resuspended in PBS
(1x10° cdlsmL), and andyzed for cell apoptosisby flow cytometry.

RESULTS

pcDNA3-X vector construction

A 465 bp HBV X gene was amplificated from HBV genomic
DNA and subcloned into the expression vector pcDNA3, with
which the pcDNA3-X was constructed. The sequence of X
gene in the plasmid was coincident with that reported before
asidentified by restriction endonucleases digestion (Figure 1)
and confined by DNA direct sequencing (Figure 2).

500 bp

Figure 1 The reconstituted plasmid pcDNA3-X confirmed by
restriction endonucleases digestion. Lane 1: 1 Kb DNA ladder;
Lane 2: digestion product of pcDNA3-X; Lane 3: digestion prod-
uct of pcDNAS3.

Steady expression of HBx gene in HL-7702 cells
After pcDNA3-X plasmids were transfected into HL-7702
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Figure 2 The direct sequencing result of pcDNA3-X (HBV X gene was inserted from 10 bp to 474" bp).
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cells, the cellswereisolated by G418 selection. HBV X mRNA
was detected in HL-7702/HBx cells by RT-PCR which
suggested that pcDNA3-X plasmids were expressed steadily
in eukaryotic cells (Figure 3).

4321

Figure 3 Detection of HBV X gene expression in transfected
HL-7702 cells by RT-PCR. 1: 100 bp DNA ladder; 2: HL-7702/HBx
cells; 3: HL-7702/PcDNA3 cells; 4: HL-7702 cells.

Effects of HBx steady expression on cell apoptosis

Flow cytometric analysis The apoptosisrate of HL-7702/HBx
cells was 23%, while no apoptosis of cells was found in the
HL-7702/pcDNA3 and HL-7702 cells (Figure 4).

TUNEL analysis Of 3000 HL-7702/HBx cells counted, 589
cells underwent apoptotic cell death, while in the HL-7702/
pcDNA3 and HL-7702 cells only 36 and 29 cells underwent
apoptotic cell death, respectively. Apoptosiswas significantly
increased in HL-7702/HBXx cells compared with the other two
groups (using SAS software, c?test: P1, P2<0.01, Figure 5).
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Figure 4 Flow cytometric analysis of apoptosis of HL-7702
cells. A: HL-7702/HBx cells; B: HL-7702/pcDNAS3 cells; C: HL-
7702 cells.

Figure 5 TUNEL analysis of apoptosis of HL-7702 cells. A:
HL-7702/HBx cells (x400). The cells showing blue-dark nuclear
staining were apoptotic cells. B: HL-7702/PcDNA3 cells (x400),
no apoptotic cells were seen.

Figure 6 Cell apoptosis observed under electronic microscope.
A: HL-7702/pcDNAS3 cells (x4 800). B: Typical apoptosis were
found in HL-7702/HBx cells (x6 000). C: apoptotic body was
found in HL-7702/HBXx cells (x4 800). D: assemblage of hetero-
chromatin and edema of mitochondria were found in HL-7702/
HBx cells (x4 800).
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500 bp

Figure 7 Semi-quantitative analysis of instantaneous expres-
sion of X gene by RT-PCR. Lane 1: 100 bp ladder; Lane 2: 24 h
after transfection; Lane 3: 48 h after transfection; Lane 4. 72 h
after transfection; Lane 5: 96 h after transfection; Lane 6: 120 h
after transfection.

Electronic microscope analysis Under electronic microscope,
typical apoptosis phenomenawerefound in HL-7702/HBx cdlls:
the outward appearance of cells ook like plum blossom; the
membrane existed entirely; stainable feature concentrate into
blocks and break down; the decreased density of cytoplasm;
endoplasmic reticulum looked like bubbles (Figure 6B). And
apoptotic body (Figure 6C), assemblage of heterochromatin and
edemaof mitochondria (Figure 6D) werefound in some apoptotic
cells, While none of apoptotic phenomenawere observed in the
HL-7702/PcDNA3 and HL-7702 cells (Figure 6A).

Effects of HBx instantanous expression on cell apoptosis
RT-PCR semi-quantitativeanalyss Theresult of RT-PCR can
be seen in Figure 7. The luminosity contrasts between X gene
and b-actin at the different timesis described in Table 1. The
results suggest that HBV X genewas expressed the first day after
transfection, and most strongly expressed 72 h after transfection.
After that, the expression of HBV X gene decreased with time.

Table 1 The luminosity contrasts between X gene and b-actin
at the different times

The time after  First Second Third Average
transfection(h) time time time
24 1.3234 1.2823 1.3333 1.3130
48 1.2396 1.3433 1.3568 1.3132
72 1.5884 1.6212 1.6345 1.6147
96 1.2814 1.3612 1.3245 1.3224
120 1.3224 1.3041 1.3012 1.3092

Flow cytometricanalysis Asshownin Figure 8A-E, theapoptos's
phenomena were observed thefirst day after transfection, and
reach the highest at 72 h, then dropped again.

Thelink between apoptosisrate and X gene expression A
two-axis broken line graph was drawn in order to determine
the association between HBV X gene expression and cell
apoptosis rate (Figure 9).
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Figure 9 A two-axis broken line graph. The abscissa repre-
sents the days after transfection, and the two axis of ordinate
are the relative figure of X gene expression and apoptosis rate:
1: X gene expression; 2: apoptosis rate.
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Figure 8 Flow cytometric analysis of apoptosis of HL-7702 after
transient transfected with HBV X gene. A: 24 h after transfec-
tion (the apoptosis rate is 7.17%); B: 48 h after transfection (the
apoptosis rate is 7.40%); C: 72 h after transfection (the apoptosis
rate is 14.13%); D: 96 h after transfection (the apoptosis rate is
12.77%); E: 120 h after transfection (the apoptosis rate is 12.11%).
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DISCUSSION

TheHBX proteinisasmall polypeptide encoded by mammaian
hepadnaviruses that is essential for viral infectivity and is
thought to play arole in development of hepatocellular
carcinoma during chronic hepatitis B virus infection!®?. It is
known to be a transactivator of transcriptional elements that
regulates the expression of a variety of genes associated with
the growth, differentiation, survival and the apoptosis of cells.
However, therole of the hepatitis B virus protein HBx in liver
cell proliferation and apoptosis remains controversial. A
number of studies have revealed that HBx protein exerts dual
activity on cell apoptosig!.

On one hand, HBx protein can block apoptosis through the
following ways: (1) upregulatesthe activity of NF-kappa B!*Z
and activates NF-kappa B to translocate into nuclei of
hepatocellular carcinoma cellg*3*4: (2) upregulates the
expression of FasL in hepatomacells, which contribute to tumor
escape from immune surveillance of the body!*>*¥; (3) abrogates
Bcl-2-mediated protection against Fas apoptosisin the liver!*;
(4) decreases the expression of Bid*®; (5) inhibits caspase 3
activity™; (6) inhibitstransforming growth factor beta-induced
apoptosis through the activation of phosphatidylinositol 3-
kinase pathway!?.

On the other hand, increasing evidence here suggested that
HBXx may exert a proapoptotic effect on hepatocytes and in
the liver of HBXx transgenic mice®?-34, HBx protein has been
shown to induce or sensitize cells to apoptotic killing by
proapoptotic stimuli, such as etoposide and tumor necrosis
factor al®?%231 Terradillos et al reported that HBx induced
apoptosis in a p53-independent mannert®, but Chirillo et al
reported p53-dependent apoptotic killing of cells by HBx[?,
However, arecent study could not substantiate that HBx has
any detectable effect on p53 activity or location’!, In addition,
HBXx can also lead to several activities, including stimulation
of Ras, activition of Src kinases, transcriptional activation of
myc genes, congtitutive activation of INKs, and loss of cell
cycle checkpoint controls, thereby leading to cell apoptosis?.
Moreover, HBx could interact with mitochondria, cause loss
of mitochondrial membrane potential™ and mitochondrial
aggregation at the nuclear periphery®Y, leading to cell death.

The dual activity of HBx protein on cell death suggests
that the expresson of HBx geneand itsphysiologicd roleinviral
pathogenesis are not simple and might be tightly regul ated*Y.
It seemsthat HBx may have evolved strategiesto block and/or
induce apoptosis depending on the cellular environment!!
and infection stage. Thus, HBx protein may play an opposite
role in the different cellular environments and different
infection stages.

Here, we constructed the HL-7702/HBx cellswhich could
espress HBV X gene steadily and found that X gene ableto
promote cell apoptosis. In addition, adose-dependent apoptotic
function of HBx was demonstrated in transient transfections
of liver cell lines. There existed quantity-effect relationship
between the X gene expression and apoptosis rate, suggesting
that the more X gene expression, the higher apoptosisratein
liver cells.

However, the precise role of HBx-mediated apoptosisis
till unkown. It has been proposed that induction of apoptosis
by HBx can actually facilitate propagation of viral infection
by permitting efficient particle release from cells while
minimizingthe antivira inflammatory responsg®. Alternatively,
it isalso possiblethat stimulation of apoptosis by HBx might
promote release of hepatocyte growth factors, enhancing
regenerative responses andincreasing the level of uninfected
hepatocytes for new infection, ultimately leading to liver cell
transformation!®*224, And the apoptotic effects of HBx by
naturally occurring mutations might render the hepatocytes
susceptible to uncontrolled growth and contribute to multistep

hepatocarcinogenesis associated with HBV -infection. Further
study isrequired to explore the mechanisms and roles of HBx-
mediated apoptosis.
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