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Abstract

AIM: To construct eukaryotic expression plasmids of
full-length Hepatitis B Virus (HBV) genotype C genome,
which contain lamivudine-resistant mutants (YIDD,
YVDD) or wild-type strain (YMDD), and to observe
the expression of HBV DNA and antigens [hepatitis
B surface antigen (HBsAg) and hepatitis B e antigen
(HBeAg)] of the recombinant plasmids in HepG2 cells.
METHODS: Three HBV full-length genomes were
amplified from the plasmids pMD18T-HBV/YIDD,
pMD18T-HBV/YVDD and pMD18T-HBV/YMDD, using
PCR. Three recombinant plasmids were generated by
inserting each of the PCR products into the eukaryotic
expression vector pcDNA3.1 (+), between the
EcoRI and HindIl sites. After being characterized by
restriction endonuclease digestion, and DNA sequence
analysis, the recombinant plasmids were transfected
into HepG2 cells. At 48 and 72 h post-transfection,
the levels of intracellular viral DNA replication were
detected by real-time PCR, and the expression of
HBsAg and HBeAg in the cell culture supernatant was
determined by ELISA.

RESULTS: Restriction endonuclease digestion and
DNA sequence analysis confirmed that the three

recombinant plasmids were correctly constructed. After
transfecting the plasmids into HepG2 cells, high levels
of intracellular viral DNA replication were observed,
and HBsAg and HBeAg were secreted into the cell
culture supernatant.

CONCLUSION: Eukaryotic expression plasmids
pcDNA3.1 (+)-HBV/YIDD, pcDNA3.1 (+)-HBV/YVDD
or pcDNA3.1 (+)-HBV/YMDD, which contained HBV
genotype C full-length genome, were successfully
constructed. After transfection into HepG2 cells, the
recombinant plasmids efficiently expressed HBV DNA,
HBsAg and HBeAg. Our results provide an experimental
basis for the further study of HBV lamivudine-resistant
mutants.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Hepatitis B Virus (HBV) infection has become one
of the most serious health problems worldwide. In
China, HBV prevalence is especially high. Presently,
eight genotypes of HBV (A-H) have been identified,
based on divergence over the entire genomic sequence
of = 8%!"". Different HBV genotypes have specific
geographical distributions™”. According to previous
studies, genotypes B and C are predominant in China'®".
In Heilongjiang Province in northern China, HBV
genotype C is dominant™”.

Lamivudine, a potent, non-toxic inhibitor of HBV
replication in chronically infected patients, is currently
one of the most effective anti-HBV drugs in the clinic.
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Unfortunately, it has been found that long-term use
of lamivudine leads to emergence of HBV YMDD
mutants, which has been demonstrated to be associated
with lamivudine resistance!™'". In YMDD vatiants, the
methionine of the YMDD motif in HBV polymerase
is substituted with either isoleucine, designated as
YIDD, or valine, designated as YVDD. Much clinical
data has indicated that patients who have developed
HBV YMDD mutations show deterioration of their
physical condition, and rebound of virus load in their
serum!” ™, In this study, we constructed the eukaryotic
expression plasmids of HBV genotype C full-length
genome, which contained wild-type, YVDD mutation
or YIDD mutation, respectively. All these recombinant
plasmids were shown to be able to express HBV DNA
and antigens 2 vitro.

MATERIALS AND METHODS

Materials

Platinum Pfx DNA polymerase, T4 DNA ligase,
and Lipofection 2000 reagent were purchased
from Invitrogen (Carlsbad, CA, USA). Restriction
endonucleases EcwRI and HindIll were purchased from
New England Biolabs (Beijing, China). Dulbecco’s
modified Eagle’s medium (DMEM) was purchased
from GIBCO BRL (Gaithersburg, MD, USA). PCR
primers were synthesized by Shanghai Sangon Biological
Engineering, Technology and Services (Shanghai, China).
DNA sequencing was performed by Invitrogen (Beijing,
China). Enzyme immunoassay kit was purchased from
Shanghai Kehua Biochemical Laboratory (Shanghai,
China). Quantitative HBV PCR Fluorogence Diagnostic
Kit was purchased from PG Biotechnology (Nanjing,
China). Axygen DNA Mini kit was purchased from
Axygen Biosciences (Union City, CA, USA). The
recombinant plasmids pMD18T-HBV were constructed
in our laboratory. The HBV genotype C full-length
genome of wild-type strain or YIDD, YVDD mutants
were obtained from serum of chronic HBV patients, and
inserted into the vector pMD18T. The expression vector
pcDNA3.1 (+), HepG2 cells and Escherichia coli DH5q
were maintained in our laboratory.

Construction of the recombinant plasmids

The HBV full-length genome of wild-type HBV DNA,
YVDD or YIDD mutants was amplified from the
plasmids pMD18T-HBYV, by PCR using a primer set that
consisted of a sense primer: 5TACCATGGCCCTTTT
TCACCTCTGCCTAATC-3', and an antisense primer:
5'CGAGCTCTTCAAAAAGTTGCATGGTGCTGG
-3'. Amplification was performed for 30 cycles using
the Platinum Pfx DNA Polymerase. The PCR hot-start
procedure was as follows: 95°C for 6 min, 94°C for 40 s,
68°C for 3 min, plus 1 min after each 10 cycles, and 68°C
for 10 min. The HindIIl/EwRI-digested PCR products
were ligated into HindIIl/EcoRI-digested pcDNA3.1
(+) vector using T4 DNA ligase. The recombinant
plasmids were then transformed into Escherichia coli (E.
coliy DH5a and confirmed by restriction endonuclease
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digestion and DNA sequence analysis. The sequences
were aligned using the Gene Runner version 3.05
(Hastings Softerware Inc., Hastings, NY, USA).

Cell culture and transfection

HepG2 cells were cultured in DMEM, supplemented
with 10% fetal calf serum, penicillin (100 U/mL)
and streptomycin (100 g/mL) at 37°C in a humidified
incubator with 5% CO,. HepG2 cells in the exponential
phase of growth were strictly counted and seeded onto
24-well culture plates with 1.0 X 10° cells/well. After 24 h,
cells at 80%-90% confluence were transfected with the
recombinant plasmids using Lipofection 2000 reagent,
following the manufacturer’s guidelines. The transfected
cells and supernatants were then harvested after 48
or 72 h. Vector pcDNA3.1 (+) was used as a mock
transfection control.

Assays of hepatitis B surface antigen (HBsAg) and
hepatitis B e antigen (HBeAg)

At 48 or 72 h post-transfection, the culture supernatant
was collected, centrifuged at 3000 r/min for 5 min to
remove cellular debris, and transferred to a clean tube
for further analysis. The expression levels of HBsAg
and HBeAg were separately assayed using an enzyme
immunoassay kit. According to the instructions, a ratio
of sample/negative (S/N) = 2.1 was considered as a
positive response to HBsAg or HBeAg antigen.

Real-time fluorimetry PCR analysis of HBY DNA
Real-time fluorimetry PCR using TaqMan probe
was performed to quantify HBV DNA at 48 or 72 h
post-transfection. HBV DNA was extracted from
the intracellular core particles using Axygen DNA
Mini kit, and then examined by Quantitative HBV
PCR Fluorogence Diagnostic kit. According to the
instructions, an HBV DNA level = 5.0 X 107 copies/
mL was considered as a positive response.

Statistical analysis

All experiments were performed at least three times. All
data were indicated as mean * SD. Data analysis was
performed by SPSS 10.0 software (Spss Inc., Chicago,
IL, USA).

RESULTS

Construction and characterization of recombinant plas-
mids pcDNA3.1 (+)-HBV/C-YMDD, YIDD or YVDD

As shown in Figure 1A, the PCR products had the
expectant molecular weight (3.2 kb). The target genes
were cloned to the expression vector pcDNA3.1 (+),
and transformed into E. ¢o/i DH5a, which generated
the reconstructed plasmids pcDNA3.1 (+)/HBV/
C-YMDD, YIDD or YVDD. After amplification by
E. coli, the recombinant plasmids were extracted from the
positive clones, and then characterized by digestion with
testriction enzymes HindIll/EwR 1 (Figure 1B, lanes 2-4)
and EwR [ (Figure 1C, lanes 2-4). Vector pcDNA3.1 (+),
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Figure 1 A: Electrophoresis of PCR results of HBV genotype C full-length genomes. M: Marker; lanes 1-3: PCR products of YMDD, YIDD and YVDD, respectively; B:
Electrophoresis of digestion with EcoR 1 /Hind Il M: marker; lane 1: pcDNA3.1 (+)/EcoR 1 ; lane 2: pcDNA3.1 (+)/HBV-YMDD/EcoR 1 /Hind1Il; lane 3: pcDNA3.1 (+)/
HBV-YIDD/EcoR I /HindIIl; lane 4: pcDNA3.1(+)/HBV-YVDD/EcoR 1 /Hind1Il; C: Electrophoresis of digestion with EcoR 1 . M: marker; lane 1:pcDNA3.1 (+)/EcoR T ;
lane 2: pcDNA3.1 (+)/HBV-YMDD/EcoR 1 ; lane 3: pcDNA3.1 (+)/HBV-YIDD/EcoR 1 ; lane 4: pcDNA3.1 (+)/HBV-YVDD/EcoR 1 .

used as a negative control, was also digested with
EcR 1 ;jwhich yielded a product of approximate 5.4 kb
in size (Figure 1B and C, lane 1). The digested products
of the recombinant plasmids were visualized on
7 g/L agarose gel (Figure 1B), which demonstrated
that recombinant plasmids were digested to 5.4 and 3.2
kb DNA fragments, which corresponded to the lined
vector pcDNA3.1 (+) (5.4 kb) and the target gene HBV
full-length genome (3.2 kb), respectively. As shown in
Figure 1C, the fragment digested from the recombinant
plasmids by EwR 1 was approximate 8.6 kb in size, as
expected.

DNA sequence analysis of recombinant plasmids

DNA sequence analysis of positive clones confir-
med the result. The inserted HBV full-length
genome had the correct reading frame and length.
Compared with the sequence of the recombinant
plasmids that contained wild-type strain (Figure 2A),
it was clearly shown that, in the HBV YIDD
mutant (Figure 2B), the 741th base G mutated to
T, and in the HBV YVDD mutant (Figure 2C),
the 739th base A mutated to G. These mutations resulted in
replacement of the methionine residue (amino acid 204) by
isoleucine (rtM204 ), or valine (rtM204 V), respectively.

Extracellular expression of HBsAg and HBeAg

At 48 or 72 h post-transfection, culture supernatants
were collected. The expression levels of HBV HBsAg
and HBeAg were then detected by ELISA. According
to the instructions, an S/N ratio = 2.1 was considered
as positive HBeAg response. As shown in Table 1, our
results indicated that each of the recombinant plasmids
could express the antigens, HBsAg and HBeAg in
HepG2 cells. The blank control group had a negative
HBsAg and HBeAg response.

Intracellular expression of HBY DNA

At 48 or 72 h post-transfection, HepG2 cells were
harvested and real-time fluorimetry PCR was then
performed. As shown in Table 2, the three transfection
groups could be considered as positive (all = 5.0 X 10>
copies/mL), which indicated that HBV DNA was

expressed efficiently. The blank control group was
negative.

DISCUSSION

Lamivudine, a potent inhibitor of HBV replication
has been the main therapeutic option for treatment
of chronic hepatitis B. It functions by interfering with
HBYV reverse transcriptase activity, and leads to a marked
decrease in serum HBV DNA levels, a significant
increase in the rate of HBeAg seroconversion, as well
as improvement in serum alanine aminotransferase
(ALT) levels"™ and liver histopathological parameters'®
Several data have revealed that lamivudine can efficiently
promote the treatment of hepatitis B in the short term.
However, the long-term effectiveness of lamivudine is
hampered by the development of viral resistance! ™"
Lamivudine resistance is associated with mutations
in the highly conserved YMDD motif of the reverse
transcriptase, in which, methionine 204 is replaced by
either isoleucine (rtM204 I, YIDD variant) or valine
(rtM204V, YVDD variant).

It has been reported that the rate of HBV YMDD
mutation increases with the duration of lamivudine
therapy, with an increase from 15% in one year to
38% and 53% after two and three years of treatment,
respectively"®. Our previous research has also indicated
that in northern China, the YMDD mutation rate is
approximate 56.3% after four years of lamivudine
treatment”. YMDD mutations not only result in a
reduction in the susceptibility to lamivudine, but also
cause virological and biochemical breakthrough, which
are represented as rebound of HBV DNA and ALT
levels"”*". Moreover, acute exacerbation of hepatitis and
hepatic failure may occur after the emergence of YMDD
mutants. Therefore, the antiviral treatment of YMDD
mutants has become a crucial issue in the clinic.

HBYV genotypes have distinct geographical
distributions and are potential factors that affect virus
replication, virus variation, clinical course, and therapy
of HBYV infection. In northern China, genotype C is
predominant, and accounts for 77%-88% of cases
of chronic hepatitis B, Sugiyama reported that the
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Figure 2 Sequence analysis of wild-type strain and YMDD mutants (YIDD,
YVDD). A: Wild-type strain: 739th base is A; 741th base is G. B: YIDD mutant:
741th base G mutated to T. C: YVDD mutant: 739th base A mutated to G.

replication capacity of HBV in transfected Huh7 cells
varied among genotype A and B, as well as C and D, with
genotype C having the highest replication capacity™'.
HBYV genotype C is associated with more severe
histological liver damage and low-grade responses to
interferon therapy[zz]. Moreover, patients with genotype
C show poor responses to embolization therapy and may
die from hepatic failure because of rapid hepatocellular
carcinoma (HCC) progression™. Another study has
reported that HBV genotype C has more rapid selection
of lamivudine resistance than genotype B!'".Therefore,
further studies of HBV YMDD mutants with genotype
C are of great significance.

To date, many i vitro studies on lamivudine resistance
have been reportedmm. In most of these, recombinant
plasmids containing HBV full-length or fragment genome
were constructed first, and then expressed in liver-derived
cell lines. For example, Gunther e/ a/ have reported an
original and efficient method of amplifying full-length
HBV genomes by PCR™. Chen ¢/ a/ have described a
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pcDNA3.1 (+)
pcDNA3.1 (+)-
HBV/C YMDD
pcDNA3.1 (+)-
HBV/C YIDD
pcDNA3.1 (+)-  10.30 £0.065 10.37 £ 0.205 5.03+0.132 5.30 +0.117
HBV/CYVDD

0.33+0.028 0.37+0.094 0.39+0.046 0.38 +0.050
314+0.069 347+0413 872+0.059 8.77+0.256

6.77£0.099 826+0.334 2.06+0.318 2.18+0.028

The ratio of sample/negative (5/N) = 2.1 was considered as positive
HBsAg and HBeAg response.

Clone 48 h 72 h
pcDNA3.1 (+)" - -
pcDNA3.1 (+)-HBV/C YMDD 3.57 + 0.084 3.80 +0.078
pcDNA3.1 (+)-HBV/C YIDD 6.85 +0.143 6.90 +0.038
pcDNA3.1 (+)-HBV/C YVDD 17.64 + 0.240 18.55 +0.127

The HBV DNA levels = 5 x 10’ copies/mL was considered as positive
HBV DNA response. 'The results were negative.

method of constructing baculovirus recombinants that
contain multiple HBV lamivudine-resistant mutations,
introduced by successive rounds of site-directed
mutagenesis in laboratory strains'®. However, in all
these studies, cither one type of HBV YMDD mutant
or wild-type strains was included in the plasmids without
specification of HBV genotype. Therefore, to date, serial
plasmids that contain a specific HBV genotype, such as
genotype C, and lamivudine-resistant sequences, which
allow systematic studies on the combined effects of HBV
genotype together with lamivudine-resistant mutations,
have not been reported.

In this study, we successfully constructed a series
of eukaryotic expression plasmids that contained
genotype C HBV strain with either wild-type, YVDD
or YIDD mutation, namely the plasmids pcDNA3.1
(+)-HBV/C-YMDD, pcDNA3.1 (+)-HBV/C-YVDD
and pcDNA3.1 s(+)-HBV/C-YIDD, respectively. In
order to achieve high-level expression 7 vitro, the Kozak
sequence, ACCATGGCC-which has been found to
contribute to the fidelity and efficiency of initiation and
expression™-was coupled to the 5' end of the sense
primer. Moreover, to further assure high fidelity, the PCR
analyses were performed following a hot-start protocol
and using high-fidelity enzymes. After transfecting the
constructed plasmids into HepG2 cells, we analyzed the
expression levels of HBsAg and HBeAg by ELISA, and
the replication level of HBV DNA by real-time PCR. It
was found that both HBV DNA and the antigens were
expressed in the transfected cells, but not in the negative
control cells transfected with pcDNA3.1 (+). As shown
in Table 1, all the recombinant plasmids could express
HBsAg in HepG2 cells. At 48 and 72 h, the expression
levels of HBeAg were 8.723 £ 0.0585 and 8.77 £ 0.250,
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respectively, in YMDD strains and 5.03 = 0.132 and 5.3
1+ 0.117 in YVDD mutants. However, HBeAg expression
levels in YIDD mutants were only 2.06 £ 0.318 and 2.18
1+ 0.028 at 48 and 72 h, respectively. This difference was
probably caused by the emergence of BCP mutations
(A1762T/G1764A) in YIDD mutants, while this
mutation was not present in YVDD mutants. Our
observation is consistent with previous reports that BCP
mutation can result in a decrease in HBeAg levels™.
In addition, HBV DNA expression levels of each of
the recombination plasmids were = 10° copies/mL
in HepG2 cells (Table 2), which indicates that the three
recombinant plasmids can be expressed efficiently.
Successful construction of the three eukaryotic plasmids
pcDNA3.1 (+)-HBV/C-YMDD, pcDNA3.1 (+)-HBV/
C-YVDD and pcDNA3.1 (+)-HBV/C-YIDD, provides
an experimental basis for the establishment of stable
expression system of HBV genotype C lamivudine-
resistant mutants. The results may contribute to futute in
vitro antiviral studies of HBV genotype C lamivudine-
resistant mutants.
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Background

HBV infection remains a major public health problem worldwide. Lamivudine
is currently one of the most effective anti-hepatitis B virus (HBV) drugs in use
clinically. However, the long-term use of lamivudine leads to the emergence
of lamivudine-resistant mutants (YMDD mutants). It was reported that the
rate of YMDD mutations was up to 70% after three years of treatment. The
development of YMDD mutants has hampered anti-HBV therapy.

Research frontiers

In vivo and in vitro studies on the HBV drug-resistance mechanism have been
of great interest. In vivo studies have mainly focused on the rate, types and
detection method of YMDD mutation. However, there is still little known about
the effects of YMDD mutations in vitro.

Innovations and breakthroughs

Appropriate and effective eukaryotic expression plasmids that are able to
efficiently express HBV DNA and antigens are necessary for further in vitro
investigations. However, to date, serial plasmids that contain a specific
HBV genotype, such as genotype C, and a certain lamivudine-resistance
mutation, which allow systematic studies of the combined effects of HBV
genotype, together with lamivudine-resistance mutations, have not been
reported. In this study, authors successfully constructed eukaryotic expression
plasmids pcDNA3.1 (+)-HBV/C-YMDD, pcDNA3.1 (+)-HBV/C-YVDD and
pcDNA3.1 (+)-HBV/C-YIDD, which contained genotype C HBV strain with either
wild-type, YVDD or YIDD mutations, respectively, and had the ability to express
HBV DNA and antigens in vitro with a high capacity.

Applications

The successful construction of three eukaryotic plasmids, pcDNA3.1 (+)-HBV/
C-YMDD, pcDNA3.1 (+)-HBV/C-YVDD and pcDNA3.1 (+)-HBV/C-YIDD,
provides an experimental basis for the establishment of a stable expression
system of HBV genotype C lamivudine-resistant mutants. The results may
contribute to further in vitro antiviral studies of HBV genotype C lamivudine-
resistant mutants. This could include establishing a stable expression system
for HBV genotype C lamivudine-resistant mutants for studying the mechanism
of HBV lamivudine resistance.

Terminology
HBV genotype C is predominant in China, and is associated with more severe

histological liver damage, lower response to anti-HBV treatment, and more
rapid development of lamivudine resistance.

Peer review

The paper describes a technique for constructing eukaryotic expression
plasmids of HBV genotype C with lamivudine-resistant mutants. This is an
interesting topic and the manuscript is well written.
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