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Abstract

AIM: To explore the effects of the nucleoside analogues
B-L-D4A and B-LPA on hepatitis B virus (HBV) promoters.

METHODS: Four HBV promoters were amplified by
polymerase chain reaction (PCR) and subcloned into
the expression vector pEGFP-1. The four recombinants
controlled by HBV promoters were confirmed by
restriction analysis and sequencing. Human hepatoma
HepG2 cells transfected with the recombinant plasmids
were treated with various concentrations of B-L-D4A
and B-LPA. Then, enhanced green fluorescent protein
(EGFP)-positive cells were detected by fluorescence
microscopy and using a fluorescence activated cell sorter
(FACS).

RESULTS: Four HBV promoters were separately obtained
and successfully cloned into pEGFP-1. Expression of
EGFP under the control of the surface promoter (Sp) and
the X promoter (Xp) was inhibited by p-L-D4A in a dose-
dependent manner, while expression of EGFP under the
control of the core promoter (Cp) and Xp was inhibited
by B-LPA in a dose-dependent manner.

CONCLUSION: The two novel nucleoside analogues
investigated here can inhibit the activities of HBV
promoters in a dose-dependent manner. These findings
may explain the mechanisms of action by which these
two novel compounds inhibit HBV DNA replication.
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INTRODUCTION

Hepatitis B virus (HBV) is the leading cause of chronic
hepatitis in the world". According to the World Health
Otrganization, over 350-million people (5% of the wotld
population) are chronically infected with HBV. Although
safe and effective vaccination for HBV is available in
developing countries™™, there is still no effective treatment
for the millions of chronically infected individuals'.
Consequently, long-term infection with chronic HBV
could lead to cirrhosis and hepatocellular carcinoma'™’.
In light of these facts, it is evident the discovery and
development of novel antiviral agents for the treatment of
HBYV is an extremely important undertaking,

The number of formally approved anti-HBV drugs
is limited. The necessity for new compounds acting on
a variety of molecular targets within the viral replicative
cycle is crucial. Thus, it remains important to discover new
antiviral drugs, and to investigate new potential targets
such as uncoating, transcription, packaging, excretion, or
synthesis of cccDNA®,

In our previous work!""™ we synthesized two novel
nucleoside analogues, B-L-D4A and B-LPA (Figure 1),
and studied their inhibitory actions against HBV as well
as their cytotoxicities. B-L-D4A and B-LPA possess
potent inhibitory effects on the replication of HBV
(ECs0 = 0.2 and 0.01 umol/L, respectively) with little
cytotoxicity (ICso = 200 and 50 pmol/L, respectively) ot
mitochondrial toxicity. Their TI values are 1000 and 5000,
respectively. Therefore, they are expected to be developed
as new clinical anti-HBV drugs. Our previous work also
showed these two compounds possessed significant anti-
HBV effects at the transcription level by inhibiting the
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production of HBV RNA. Therefore, we supposed the
two compounds might act by inhibiting the activities of
HBYV promoters.

Complementary DNA for the Aeguorea victoria green
fluorescent protein (GFP) produces a fluorescent product
when expressed in prokaryotic or eukaryotic cells. Because
exogenous substrates and cofactors are not required
for this fluorescence, GFP expression can be used to
monitor gene expression and protein localization in living
organjsmslld"m]. pEGEFP-1 is a promoterless EGFP vector,
which can be used to monitor transcription from different
promoters and promoter/enhancer combinations inserted
into the Multiple Cloning Site located upstream of the
EGFP coding sequencem’lsj. Hence, we chose pEGFP-1
as an expression vector to monitor the activities of HBV
promoters. In this study, we explored the effects of our
two novel nucleoside analogues on HBV promoters to
uncover the mechanism underlying their anti-HBV effects.

MATERIALS AND METHODS

Materials

B-L-D4A and B-LPA were synthesized by ourselves with
the help of the Pharmaceutic College of Wuhan Univer-
sity, and identified by infrared, mass spectra. and nuclear-
magnetic resonance. Lamivudine was provided by Profes-
sor Cheng YC (School of Medicine, Yale University, New
Haven, CT, USA). These compounds were dissolved in
phosphate-buffered saline (PBS). The expression vector
pEGEFP-1 was purchased from BD ClonTech. Plasmid
p3.611 was a kind gift from Prof. Wang Yuan (Institute
of Biochemistry and Cell Biology, Shanghai Institute for
Biological Sciences, Chinese Academy of Sciences). E. coli
(Dh5a) and human hepatoma HepG2 cells were preserved
by our institute. Fetal bovine serum (FBS) and Dulbecco’s
modified Eagle’s medium (DMEM) were purchased from
Hyclone Corp. All other reagents used were of analytical
grade.

Polymerase chain reaction (PCR)

The desired four fragments were HBV preS gene promoter
(preSp), Sp, Cp (including enhancer II) and Xp (including
enhancer 1)"*), PCR was employed to amplify the four
fragments from p3.6 I, a plasmid containing the HBV com-
plete genome (adr subtype). Specific primers were designed
by us and synthesized at Sangong Company (Shanghali,
China). The primers used ate listed in Table 1. The lower-
case nucleotides indicate the recognition sites for restriction
endonucleases Acc65 I and Age 1 (Fermentas, USA). PCR
products were separated by agarose gel electrophoresis.
Fragments of interest were withdrawn and directly ligated
into pGEM-T vector (Promega, USA). Positive clones were
then screened by virtue of a blue/white screening system
and sequenced after small-scale extraction. The four positive
plasmids were cleaved by Acc65 [ and Age [, and fragments
containing the HBV promoters were purified.

Construction of EGFP expression vectors controlled by
HBV promoters
The expression vector pEGEFP-1 was digested by Acc65 |
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Figure 1 Structures of B-L-D4A and B-LPA.

Target Primer sequences Product size (bp)

preSp F5'-GACAAAggtaccAAACCATATTATCC-3' 229
R5"-GAGGAccggtAACAGAAAGATTCGT-3

Sp F5'-GATTGgtaccTCAACCCCAACAAG-3’ 458
R5"-GAAAAAccggtCCTGTAACACGAG-3’

Cp  F5-CCACCggtaccTGCCCAAGGTCTTA-3’ 302
R5'-TCCAAAccggtTATACGGGTCAATG-3

Xp F5'-GTATggtaccGAATTGTGGGTCTTTTG-3 445

R5-ACGTAAACAccggtCGTCCCGCGC-3'

and Age I and vector fragments were collected. Then, the
fragments containing HBV promoters were mixed with
vector fragments at a ratio of 5 to 1, and these fragments
wete ligated using T4 DNA ligase (Promega, USA) at 16°C
overnight. The ligated products were used to transform
E. coli (Dh5ay). Plasmids extracted from E. co/i were ana-
lyzed by restriction enzymes and sequencing, and finally,
the four promoter-controlled EGFP expression vectors
pEGFP-Sp, pEGFP-preSp, pEGFP-Cp and pEGFP-Xp

were produced.

Expression assays

HepG2 cells were incubated in DMEM medium with 10%
(vol/vol) FBS at 37°C in a moist atmosphere containing
5% COz2/95% air. The cells were inoculated at a density
of 3 X 10°/mL per well in 24-well tissue culture plates.
Twenty-four hours after plating, the four expression vec-
tors were transfected into HepG2 cells (1 ug DNA per
well) on different plates using Lipofectamine2000 (Invit-
rogen), according to manufacturer’s instructions (one well
was left as a negative control group, which was needed
as reference for FACS). After a 6 h incubation, the trans-
fected cells were treated with various concentrations of
B-L-D4A (0.08 umol/L in 4 wells, 0.4 pmol/L in 4 wells,
2 umol/L in 4 wells, 10 umol/L in 4 wells). Four wells of
cells were treated with lamivudine at 1 pmol/L as a com-
parative group, and 3 wells were not treated with any drug
as a positive control group (that is, a blank control). The
cells were grown in the presence of drugs for 42 h. EGFP-
positive cells were detected using an inverted fluorescence
microscope (ZEISS, Axiovert40) with an excitation wave-
length of 488 nm. Then, all cells were digested with 0.25%
trypsin; digestion was terminated by FBS and the cells
were re-suspended in 500 uL. of PBS per well before being
subjected to flow cytometry (Becton Dickinson) analysis.
The same experiments were performed with 3-LPA.
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Figure 2 The HBV promoters obtained from PCR were separated by agarose
gel electrophoresis. Lane 1: Marker; Lane 2: preSp; Lane 3: Sp; Lane 4: Cp;
Lane 5: Xp.

Statistical analysis

Data are expressed as mean + SD. Each experiment was
repeated at least three times. Differences were considered
statistically significant when P < 0.05, as analyzed by one
way analysis of variance and Tukey’s post-hoc test. The
analysis was conducted using the SPSS12.0.

RESULTS

Validation of cloning

After ligation of promoter fragments into pGEM-T vec-
tor, PCR products (Figure 2) were sequenced by Bioasia
(Shanghai, China). Using BLAST searches of Entrez
(NCBI), the sequencing results were proved to be consis-
tent with the template (p3.61l). The four recombinants
pEGFP-Sp, pEGFEP-preSp, pEGFP-Cp and pEGFP-Xp
were identified by restriction enzymes (Figure 3).

Detection of EGFP-positive cells

EGFP-positive cells could be seen by fluorescence mi-
croscopy among HepG2 cells transfected with pEGEFP-Sp,
pEGFP-Cp and pEGFP-Xp, but few could be seen among
HepG2 cells transfected with pEGEFP-preSp (Figure 4).
These findings suggested HBV promoters could control
the expression of EGFP.

FACS analysis

The percentage of EGFP-positive cells in each well was
obtained by FACS. 3-L-D4A inhibited the expressions of
EGFP under the control of Sp (Figure 5, one represen-
tative picture was chosen from each group) and Xp in a
dose-dependent manner, but had no effect on the expres-
sion of EGFP under the control of preSp and Cp; by
contrast, B-LPA inhibited the expression of EGFP under
the control of Cp and Xp in a dose-dependent manner,
but had no effect on the expression of EGFP under the
control of preSp and Sp; lamivudine could not inhibit the
expression of EGFP under the control of any HBV pro-
moter. The results are summarized in Tables 2 and 3.

DISCUSSION

HBYV infection remains a major public health problem

www.wjgnet.com

5000 bp

400 bp

Figure 3 Restriction analysis of recombinant vectors. Lanes 1, 2: Marker;
Lanes 3, 4: pEGFP-Sp before and after being digested by Acc65 I and Age I ;
Lanes 5, 6: pEGFP-Cp before and after being digested by Acc65 I and Age I ;
Lanes 7, 8: pEGFP-Xp before and after being digested by Acc65 I and Age I ;
Lanes 9, 10: pEGFP-preSp before and after being digested by Acc65 I and Age I .

worldwide. Antiviral treatment of chronic Hepatitis B
currently relies on immune modulators such as interferon
alpha and its pegylated form, and viral polymerase
inhibitors which belong to the nucleoside and nucleotide
analog family[M. Unfortunately, interferon alpha therapy is
associated with several side effects, and the response rate
for those receiving treatment has been unsatisfactory™*’,
Because of the slow kinetics of viral clearance and
spontancous viral genome variability, viral mutants
resistant to nucleoside analogs may be selected”™. Thus,
drugs targeting other unique viral targets are needed.

Our results indicate 3-1-D4A and B-LPA can inhibit
the activities of HBV promoters in a dose-dependent man-
ner. On the other hand, expression of EGFP was not in-
hibited by lamivudine. This shows lamivudine has no effect
on HBV promoters and suggests the anti-HBV effects of
the two novel nucleoside analogues are mediated by mech-
anisms different from those used by lamivudine. HBV, a
causative agent of hepatitis and hepatocellular carcinoma,
contains a 3.2-kb partially double-stranded DNA genome.
Upon infection of a host, the viral genome is transcribed
to generate a 3.5-kb pregenomic RNA used as a template
for viral replication. The pregenomic/core promoter is
responsible for the synthesis of this 3.5-kb pregenomic
RNA; therefore, regulation of this promoter is important
in the viral life cycle™. The 3.5-kb RNA also serves as a
template for the synthesis of polymerase and nucleocapsid
core protein. In addition to the 3.5-kb RNA, three more
transcripts are generated from the HBV genome. The large
surface antigen is synthesized from a 2.4-kb RNA, and the
major and middle antigens are synthesized from 2.1-kb
transcripts. The X-gene product (HBx) is synthesized from
the smallest 0.8-kb RNA®. The transcriptions of these
RNAs are governed by the pre-S, surface, and X promot-
ers, respectively™ !, Thus, HBV promoters are crucial
for HBV transcription and play an important role in the
HBYV replicative cycle. Our previous study shows that [3-L-
D4A and B-LPA possess potent inhibitory effects on the
replication of HBV in vitro with little cytotoxicity or mito-
chondrial toxicity, and can inhibit the expression of HBV
antigens at high concentrations'"'”; these findings can be
explained by a model in which the two compounds inhibit
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Figure 4 Forty-eight hours after transfection, EGFP positive cells were detected by fluorescence microscopy (x 100). A: HepG2 cells transfected with pEGFP-Sp; B:
HepG2 cells transfected with pEGFP-Cp; C: HepG2 cells transfected with pEGFP-Xp; D: HepG2 cells transfected with pEGFP-preSp.
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Figure 5 B-L-D4A inhibited the expression of EGFP in HepG2 cells transfected with pEGFP-Sp, as determined by FACS analysis. A: HepG2 cells not transfected with
pEGFP-Sp, not treated with drug, the percentage of EGFP-positive cells was 0; B: HepG2 cells transfected with pEGFP-Sp, not treated with drug, the percentage was
21.42%; C: HepG2 cells transfected with pEGFP-Sp, treated with Lamivudine at 1 umol/L, the percentage was 21.14%; D-G: HepG2 cells transfected with pEGFP-Sp,
treated with B-L-D4A at various concentrations (0.08, 0.4, 2, 10 umol/L), the percentages were 18.76%, 17.31%, 15.53%, 13.65% respectively.

EGFP-positive cells (%)

EGFP-positive cells (%)

Dosage (umol/L) n (mean + SD) Inhibition rate (%) Dosage (umol/L) n (mean + SD) Inhibition rate (%)
Sp Xp Sp Xp Cp Xp Cp Xp
Control 3 2126+025 1852+1.25 0.0 0.0 Control 3 13.99+029 1858 +0.39 0.0 0.0
(Lamivudine) 4 21.00+043 1837+1.01 12 0.8 (Lamivudine) 4 1380+0.63 1846 0.49 13 0.6
0.08 4 1876+041° 1647+049° 118 11.1 0.002 4 1298+0.16° 17.54+0.31° 7.2 5.6
0.4 4 1731+041° 1568+036° 186 15.3 0.01 4 11.96+0.75° 16.18+0.21° 145 12.9
2 4 1554+048° 1354+059° 269 26.9 0.05 4 10.88+043"° 14.63+037° 2.2 21.3
10 4 1133+032° 10.84+081"° 467 415 1 4 879+056° 11.94+137° 37.7 35.7

"P < 0.01 vs Blank control. EGFP: Enhanced green fluorescent protein.

the activities of HBV promoters, as shown in the present
study. Thus, HBV promoters may be molecular targets of
these two compounds. To confirm this, DNase I footprint-

°P < 0.01 vs Blank control. EGFP: Enhanced green fluorescent protein.

ing assays should be performed in the future. Two main
points are worthy of mention here. First, although HBV
promoters are crucial to the HBV life cycle, no research on

www.wjgnet.com
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anti-HBV drugs using promoters as molecular targets has
been reported to date. Therefore, our effort to explore the
effects of these two novel nucleoside analogues on HBV
promoters is valuable and necessary. Second, four EGEFP
expression vectors containing different HBV promoters
were successfully constructed by us. These vectors offer
us the ability to monitor the activities of HBV promoters
and provide an effective way to detect the effects of novel
anti-HBV drugs on HBV promoters. Compared with the
chloramphenicol acetyltransferase (CAT) reporter gene,
the EGFP reporter gene has more advantages. Analysis
of EGFP expression easier and there is no pollution from
radiation. In summary, we have shown that B-L-D4A can
inhibit the activities of Sp and Xp promoters, and that
B-LPA can inhibit the activities of Cp and Xp promoters,
in dose-dependent manners. These findings may help us to
explain the mechanisms of action of these two novel com-
pounds.

COMMENTS

Background

Hepatitis B virus (HBV) infection remains a global health problem. Currently,
antiviral treatment of chronic Hepatitis B relies on interferon alpha and nucleoside
analogs that inhibit viral polymerase. However, interferon alpha therapy has many
side effects, while the use of nucleoside analogs can lead to the emergence of
resistant viral mutants. Thus, development of novel antiviral agents against HBV is
an extremely important undertaking.

Research frontiers

All of the approved chemotherapeutic drugs for the treatment of HBV hepatitis are
nucleoside analogs targeting HBV DNA polymerase. Drugs targeting other unique
viral targets are needed.

Innovations and breakthroughs

Although HBV promoters are crucial to HBV's life cycle, research on anti-HBV
drugs targeting HBV promoters has not yet been reported. Therefore, our efforts
to explore the effects of two novel nucleoside analogues on HBV promoters are
valuable and necessary.

Applications

This work may help to explain the mechanisms underlying the anti-HBV actions of
f3-L-D4A and B-LPA, which possess potent inhibitory effects on the replication of
HBV, with little cytotoxicity or mitochondrial toxicity. Therefore, they are expected
to be developed as new clinical anti-HBV drugs.

Terminology

Green fluorescent protein (GFP) was firstly used as a marker of gene expression
by Chalfie (Science 1994; 263: 802-805), and later developed as an EGFP reporter
gene, which uses GFP to monitor gene expression and protein localization in living
organisms.
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The authors explored nucleoside analogues -L-D4A and B-LPA's effects on HBV
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