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1. ABSTRACT

The core promoter of hepatitis B virus (HBV) is
crucial in viral replication. Our previous investigation in
clinical serum samples indicated that deletions in the viral
core promoter (from nucleotide 1758 to 1777 and 1749 to
1768 respectively) may lead to increase in viral replication.
We propose to characterize these deletion mutants in a cell-
based system that supports HBV replication. Replicative
HBV genome developed in our laboratory was used as
template to generate deletions in viral core promoter
corresponding to those found in clinical samples. These
deletion constructs were used to transfect HepG2 cells,
which then support the subsequent infection of cells from
these deleted but replicative genomes. The effect of
deletion on the viral replication was measured by
comparing the amount of hepatitis B virus surface antigen
(HBsAg) secreted in the culture medium with that from
cells transfected with the wild type HBV genome. The
amount of secreted HBsAg in cells transfected with
deletion mutants was significantly lower than those
transfected with the wild type genome. Our results provide
a new system for molecular characterization of mechanism
of HBV replication. Contrary to the increased replication
observed in clinical samples, the reduced viral replication
in genomes carrying deletions in the core promoter
suggests a complex regulatory mechanism of viral
replication which may involve other elements in the viral
core promoter.

2. INTRODUCTION

Hepatitis B is one of the world’s most common
and serious infectious diseases. Approximately 350 million

people are chronic carriers of hepatitis B virus (HBV) and
are at risk of developing a wide range of liver diseases
including hepatocellular carcinoma (HCC) (1)

HBV is a DNA virus that replicates through an
RNA intermediate, the 3.5-kb pregenomic mRNA. The
core promoter (1591-1822 of the HBV genome, with the G
of the EcoRI restriction site as nucleotide 1) plays an
important role in viral replication, particularly in the
production of 3.5 kb pregenomic RNA (2, 3).

Naturally occurring mutations have been
observed during HBV infection due to its replication
through a low fidelity reverse transcriptase. These mutants
are either capable of escaping neutralization by HB
vaccines or are resistant to antiviral agents (4, 5). Some
newly discovered variants are located within functional
domains of viral proteins and are now linked to various
stages of liver disease, including the acute hepatitis and the
development of HCC (6).

Mutations in the core promoter notably an A
to T change at position 1762 together with a G to A change
at position 1764 are frequently detected in patients with
fulminant liver diseases but were recently also found in
anti-HBe positive asymptomatic carriers (7, 8). These
mutations are reported to also affect the viral replication in
various ways (9, 10). Other mutations reportedly
implicated in the seroconversion from HBeAg positive
to anti-HBe positive status include the precore stop
codon mutation, which converts the codon 28 (W) to a
stop codon thereby abolishing the translation of HBeAg
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Table 1. List of Oligonucleotide Primers for Deletion PCR
Deletion 1 (1758-1777)
Fragment A 5’-GCGGCCGCACGTCGCATGGAGACCACCG-3’
Fragment B 5’- CCAATTTATGCCTACAGCCTCCTAACCTCTCTCCCCAACT–3’
Fragment C 5’-AGTTGGGGGCGGAGGTTAGGAGGCTGTAGGCATAAATTGG-3’
Fragment D 5’-GCGGCCGCGAATTCCACTGCATGGCCTGAGG-3’
Deletion 2 (1749-1768)
Fragment A 5’-ACGTCGCATGGAGACCACCG-3’,
Fragment B 5’-GCCTACAGCCTCCTAGTACAACTCCCCCAACTCCTCCCACT-3’,
Fragment C 5’-AGTGGGAGGAGTTGGGGGAGTTGTACTAGGAGGCTGTAGGC-3’,
Fragment D 5’-TCGGCCGCGAATTCCACTGCATGGCCTGAGG-3’ .

Figure 1. Generation of Replicative HBV Genomes.
Wild type HBV genome in pBR325 was used as template.
The region 1600-1900 contained the core promoter as well
as the overlapping transcription termination region (11).
Deletions were generated by a sequential PCR method (see
Fig. 2). Replicative genomes were cloned by a two-step
PCR strategy (12).

(13). Similar to the mutations in the core promoter, the
precore stop codon mutation has been found in patients
with fulminant hepatitis or chronic active hepatitis (14).

We have recently reported a cross-sectional
analysis of mutation pattern in the core promoter from
Singapore HBV carriers (15). High HBV replication level
as measured by serum HBV DNA level (around 228.16 pg
ml-1) as well as HBsAg level (around 140 µg/ml) was found
in three patients. Interestingly, deletions within the same
region (nucleotide 1758-1777) of the viral core promoter
were found in all three samples. As other mutations
occurring concurrently on these viral genomes may impact
on the observed viral load (16), the relationship between
the viral DNA level with the deletions in the core promoter
would need to be further assessed.

We report here our molecular analysis of such a
correlation using a cell-based HBV replication system. Our
results indicated that replicative HBV genomes containing
deletions in the viral core promoter, corresponding to those
found in the clinical samples displayed decreased viral
replication level as measured by their respective HBsAg
level in culture medium. Nevertheless, such a cell-based
HBV replication system should be helpful in future
molecular characterization of other naturally occurring
mutations/deletions in HBV genome.

3. MATERIALS AND METHODS

3.1. Construction of Replicative HBV Genome with
Deletion in Core Promoter

The HBV genome-containing pBR325 plasmid
(ATCC, USA) was used as template. The HBV genome

was cloned in pBR325 at EcoRI site and starting nucleotide
of the viral genome was defined as 1 and the ending
nucleotide as 3215 (WT, Figure  1).

To generate deletion mutant constructs, two pairs
of primer were designed for two separate rounds of PCR.
The primer sequences are shown in table 1.

HBV genomes carrying such deletions in
pBR325 were used as template to generate by PCR the first
fragment (1600-3215/1), with deletions in viral core
promoter (1749-1768 and 1758-1777 respectively). The
wild type HBV genome in pBR325 was in turn used as
template to generate by PCR the second fragment (3215/1-
1900), with a wild type transcription termination region
(1600-1900). In-frame ligation of each of the first
fragments (carrying respective deletion in viral core
promoter) with the common wild type second fragment into
mammalian expression vector pcDNA3.1 (Invitrogen,
USA) resulted in respective replicative HBV genomes
(Figure  1).

3.2. Transfection of HepG2 Cells and Measurement of
Secreted HBsAg

The HepG2 cells (ATCC, USA) were cultured in
Dulbecco’s modified Eagle medium (DMEM) from Gibco
BRL (Life Technologies, USA) containing 10% fetal calf
serum (FCS) from Pierce (USA) at 37oC in 5% CO2/95%
air at 95% relative humidity. 2 µg of each of the constructs
with deletions in the viral core promoter, as well as the wild
type HBV genome in pcDNA3.1 vector were transfected
separately into HepG2 cells using Effectene transfection
reagent (Gibco BRL, Life Technologies, USA). Each
transfection was carried out in two independent
experiments. Three days after transfection, culture medium
was collected and 200 µl were used for the measurement of
HBsAg (Auszyme kit, Abbott Laboratories, USA).

4. RESULTS AND DISCUSSION

Deletions in the viral core promoter have been
identified in HBV carriers with high viral DNA levels in
our recent study (15). To assess the significance of such
a finding, a cell-based system which supports HBV
replication was used in this study. The system was based
on transfecting a replicative HBV genome into HepG2
cells prior to the onset of subsequent infection of other
cells. The successful infection of HepG2 cells has been
shown by the large amount of secreted
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Table 2. Semi-Quatitative Measurement of Secreted HBsAg
Type of HBV Construct Percentage of Secreted HBsAg
Wild type HBV genome 100
HBV genome with deletion 1749-1768 3.8
HBV genome with deletion 1758-1777 5.5

Figure 2. Generation of deletion in viral core promoter by sequential PCR. Oligonucleotide primers were designed for each
deletion mutant. Specifically, oligonucleotide primers B and C being perfectly complementary to each other, allowing the
elimination of the region between these two primers in subsequent PCR. The first round of PCR involved pairing of primers A
and B, C and D separately. The pairing of primers A and D in the second round of PCR, using the mixture of first round PCR
product as template, resulted in the generation of desired deletions.

virions in the culture medium, as examined under electron
microscope (17). Such replicative genome has been
successfully used to analyze various HBV mutants (12). In
the case of vaccine escape mutants, replicative genome
carrying such mutation created by site-directed mutagenesis
has been shown to display altered viral antigenicity after
transfecting HepG2 cells (12).

Deletions in the viral core promoter, corresponding to those
found in the clinical samples (1749-1768 and 1758-1777
respectively), were generated by asequential PCR strategy
(Figure  2). This was followed by a two-step PCR and
ligation into mammalian expression vector pcDNA3.1 to
generate replicative HBV genomes with deletions in their
respective viral core promoter (Figure  1). Sequencing of
these constructs revealed no other mutations in other part of
the viral genomes (data not shown).

To assess the role of the deletions in core
promoter on the viral replication, each of these replicative

HBV genome constructs (wild type, deletion 1 and deletion
2) was used to transfect HepG2 cells. Transfection for each
construct was carried out in two independent experiments.
The respective culture medium was collected for
comparative measurement of the viral replication. Based on
the reported correlation between the secreted HBsAg and
HBV DNA level in HBV-producing 2.2.15 cells and other
clinical studies (18, 19), the culture medium was semi-
quantitatively assessed for the amount of HBsAg by ELISA
assay (Auszyme, Abbott Laboratories, USA).

Results shown in Table 2 indicated a significant
decrease of secreted HBsAg for both deletion 1 and
deletion 2 HBV genomes, as compared with the wild type
HBV genome.

While in sharp contrast to our previous
observation (15), our molecular analysis suggested that the
deletions in viral core promoter were not involved in the
high viral load found in three clinical samples. As our



Cell-based System and HBV Replication 

2004

cross-sectional analysis focused mainly on the mutation
pattern at the precore residue 28 and 1762/1764, it remains
possible that mutations in other part of the core promoter in
these three samples have contributed to the enhanced viral
load.

Taken together, our data have provided molecular
information on the role of core promoter deletions in HBV
replication. While our results could be validated by
including other measurements such as HBV DNA level,
The cell-based system for HBV replication should be a
valuable tool for molecular characterization of other
deletion/mutations not only in the core promoter, but also
in other regions of the HBV genome.
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