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Abstract

AIM: To investigate the antiviral effect of beta-L-
enantiomer of 2',3’-didehydro-2’,3’-dideoxyadenosine
(B-L-D4A) on 2.2.15 cells transfected with the hepatitis B
virus (HBV) genome.

METHODS: Lamivudine (3TC) as a positive control.
Then, HBV DNA in treated 2.2.15 cells and the Hepatitis
B surface antigen (HBsAg) in the culture supernatants
were detected to determine the inhibitory effect of p-L-
D4A. At the same time, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was used to detect
the survival ratio of 2.2.15 cells.

RESULTS: B-L-D4A has a dose-dependent inhibitory
effect on HBV DNA replication; this effect was apparent
when the concentration was above 1 mol/L. When B-L-
D4A was at the highest concentration, 100 mol/L, the
HBsAg inhibition ratio was above 50%. The Therapeutic
index (TI) of B-L-D4A was above 2.1.

CONCLUSION: B-L-D4A has a dose-dependent
inhibitory effect on the replication of HBV DNA and the
secretion of HBsAg at low toxicity.

© 2008 WJG. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) is a pattially double-stranded DNA
virus, which is able to induce acute or chronic infection in
humans'". Chronic HBV infection can last a lifetime, causing
persistent hepatitis that frequently progresses to more-
severe liver diseases”, including cirrhosis and hepatocellular
carcinoma””, Chronically infected patients also serve as
sources of HBV transmission.

Traditionally approved therapies against HBV include
treatment with alpha interferon and lamivudine (3TC).
However, the efficacy of alpha interferon is limited by
undesirable side effects, low sustained tesponse rate and
high cost®”. While lamivudine (3TC) is well-tolerated and
less costly, resistance emerges in approximately 20% of
patients receiving monotherapy per year!”,

Adefovir-dipivoxil prodrug (ADV) and entecavir
(ETV) are recently approved anti-HBV therapeutics.
While these two agents produce multilog suppression of
serum HBV DNA, they cause only modest rates of HBV
surface antigen seroconversion and, thus, require long-
term administration to control disease in most patientsm.
ADV retains clinical efficacy against lamivudine-resistant
mutants'”, but selects the mutations rtN236T and
rtA181V!", In addition, treatment with ADV is reported
to be associated with dose-limiting nephrotoxicitym].
Entecavir shows reduced susceptibility to lamivudine-
resistant mutants zz vitro and clinically, and an accelerated
development of entecavir resistance mutations (rtI169T,
rtM250V, £tS2021 and ttT184S/G) in lamivudine-resistant
patients“z’m. Therefore, more effective and safer therapies
are needed for the treatment of chronic HBV infections.

B-L-D4A is an L-enantiomer of the natural nucleoside
deoxyadenosine. The structure of B-L-D4A is shown in
Figure 1. In this report, we detected the efficacy of [-L-
D4A against HBV replication i vitro.

MATERIALS AND METHODS

Materials

2.2.15 cells and 3TC were kindly provided by Professor
Yung-Chi Cheng (Yale University) and plasmid P3.6 was
offered by Professor Wang Yuan (Shanghai Institute of
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NH: Figure 1 Chemical structure of 3-L-D4A.
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Biochemistry, Chinese Academy of Sciences). -L-D4A
was synthesized by the Department of Pharmacology
of Wuhan University. G418 and MTT were purchased
from Sigma (USA) and DMEM was from Gibco (USA).
Fetal bovine serum was purchased from Hyclone (USA),
random primers were purchased from Takara (Japan) and
DIG-labeled dUTP was purchased from Roche (Germany).
An EIA Kit for the detection of HBsAg was purchased
from Kehua (Shanghai). HBV DNA fluorescent quantified
PCR (FQ-PCR) Kit was purchased from Biotronics (USA).

Methods

Cell culture: 2.2.15 cells were maintained in DMEM
(supplemented with 10% fetal bovine serum, 200 g/mL
G418, 2 mmol/L glutamine, 50 U of penicillin per
milliliter and 50 pg of streptomycin per milliliter) at 37°C
and 5% CO2. The medium was changed every three days.

Intracellular HBV DNA analysis: 2.2.15 cells were
digested by parenzyme, seeded at a density of 1 X 10°
cells per well on 24-well plates and maintained in 1.5 mL
DMEM at 37°C and 5% CO:z for 48 h. Then, 2.2.15 cells
were treated with freshly prepared medium containing
B-L-D4A or 3TC. The following concentrations were used:
0.0001, 0.001, 0.01, 0.1, 1, 10, 100 mol/L. Negative control
cells were treated with DMEM only. Media were changed
every three days; on day 8, both the supernatants and cells
werte collected and stored at -20°C.

Then, the cells were lysed at room temperature with
1 mL of lysis buffer [50 mmol/L Tris-HCl (pH 7.4), 150
mmol/L NaCl, 5 mmol/L MgClz, 0.2% Nonidet P-40].
Removal of cellular debris was accomplished by a 5-min
microcentrifuge spin at 16000 r/min. Lysates were then
incubated with 20% PEG 8000 and 1 mol/L NaCl at room
temperature for 2 h, followed by a 1-min microcentrifuge
spin at 16000 t/min. The resulting pellets containing
HBV core particles were resuspended in solution added
with proteinase K [10 mmol/L Tris (pH 7.6), 10 mmol/L
EDTA, 0.25% SDS, 1 mg/ml. proteinase K] at 56°C for
2 h, followed by extraction with phenol-chloroform and
ethanol precipitation. Nucleic acids were dissolved in
ddH20, electrophoresed through 1% agarose, transferred
to a positively charged nylon membrane and hybridized to
a probe, which was prepared from a full-length HBV DNA
genome template excised from plasmid P3.6 and DIG-
labeled using a random primer. Then, the membrane was
incubated with anti-DIG and developed with NBP/ BCIP.

The concentration of extracted HBV DNA was also
determined by real-time fluorescent quantitative Polymerase
Chain Reaction(FQ-PCR). The inhibition ratio was
calculated according to the following formula: inhibition
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ratio = (HBV DNA concentration of negative control -
HBV DNA concentration of experimental group)/HBV
DNA concentration of negative control X 100%. Then, the
50% inhibition concentration (ICs0) was calculated according
to the Reed-Muench method"*.

Detection of HBsAg: 2.2.15 cells were treated with
antiviral compounds and lysed as described above. The
collected supernatants were detected using an EIA Kit for
the detection of HBsAg according to the manufacturer’s
instructions, and A4s0o was observed. Inhibition ratio
to HBsAg (%) = (A4s0 of negative control -A4so of
experimental group) / (Asso of negative control -Asso of
blank control) X 100%.

Analysis of cellular toxicity: MTT assays were used to
detect the survival rates of 2.2.15 cells!"”. Briefly, 2.2.15
cells were seeded at a density of 1 X 10° cells per well
on 24-well plates and treated with media containing [3-L-
D4A or 3TC of different concentrations. The following
concentrations were used: 1000, 500, 250, 125, 62.5 and
31.25 mol/L. Three days later, the supernatants were
discarded and 2 mL of MTT (1 mg/mL) was added
pet well. After incubation at 37°C and 5% CO: for 4 h,
the supernatants were discarded and 2 mL of acidified
isopropanol (isopropanol:HCI = 500:1.68) was added
per well. The survival ratio of 2.2.15 cells (%) = (Asno
of experimental group/Asmn of negative control) X
100%. Then, the 50% toxicity dose (TDso) was calculated
according to the Reed-Muench method.

Evaluation of treatment: Therapeutic index (TI) =
TDs0/ICs0. If the TT is above 2.1, the compound is high in
efficacy and low in cellular toxicity. If T1 is between 2 and 1,
the compound is both considerably effective and toxic. If
TI is below 1, the compound is low in efficacy, but high in
cellular toxicity.

Statistics analysis
All statistics were analyzed using SPSS10.0, and differences
were considered significant when the P value was < 0.05.

RESULTS

B-L-D4A inhibits the replication of HBY DNA
To investigate the potential of B-L-D4A to inhibit HBV
viral replication, HBV DNA was isolated from treated
2.2.15 cells and detected by Southern hybridization.
Figure 2 shows that the production of HBV DNA lessened
following treatment of cells with 3-L-D4A; this effect
became more notable as the dose of B-L-D4A increased. A
similar phenomenon was observed in cells treated with 3TC.
The concentration of HBV DNA in 2.2.15 cells was
determined by real-time fluorescent quantitative PCR. As
shown in Figure 3, B-L-D4A had an apparent inhibitory
effect on the concentration of HBV DNA (P > 0.05 when
compared to that of 3TC). Calculated according to the
Reed-Muench method, the ICso values of B-L-D4A and
3TC were 0.61 mol/L and 0.30 mol/L, respectively.
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Figure 2 Southern analysis of the HBV DNA extracted from 2.2.15 cells. Lane
control: HBV DNA extracted from untreated 2.2.15 cells; Lane 1-7: HBV DNA
extracted from 2.2.15 cells treated with B-L-D4A; Lane 8-14: HBV DNA extracted
from 2.2.15 cells treated with 3TC.

100 _e— p-L-D4A
—=-3TC

60 -
40 |-

20 -

Inhibition ratio (%)

0 — 1 1 1 1
° ‘QQQ‘\ N 530\ Q O QM A% DAEI\N

Compound concentration (umol/L)

Figure 3 The inhibition ratio to HBV DNA.
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Figure 4 The inhibition ratio to HBsAg.

B-L-D4A inhibits the secretion of HBsAg

Following treatment of 2.2.15 cells with antiviral
compounds for eight days, HBsAg was detected in the
medium. As shown in Figure 4, when the concentration
of B-L-D4A was 100 mol/L, the HBsAg inhibition ratio
was above 50%. However, the HBsAg inhibition ratio with
3TC was less than 40% even at the highest concentration.

Cellular toxicity of B-L-D4A

The cellular toxicity of both compounds was not evident
at drug concentrations below 125 mol/L. The survival
ratios were less than 50% when the drug concentrations
were as high as 1000 mol/L, with both compounds.
Calculated according to the Reed-Muench method, the
TDso values of B-L-D4A and 3TC were 417 mol/L and
243 mol/L, respectively.

Table 1 TIs of B-L-D4A and 3TC

Group 1Cso (nmol/L) TDso (umol/L) Tl
B-L-D4A 0.61 417 683
3TC 0.30 243 810

TI: Therapeutic index.

Evaluation of treatment

Table 1 shows the Tls for both 3-L-D4A and 3TC were
above 2.1. This means that these two compounds are high
in efficacy and low in cellular toxicity.

DISCUSSION

HBYV infection is one of the most prevalent viral diseases
in the world and more than 350 million people are
chronically infected"*"”, with about 1 million deaths
annually". In order to screen anti-HBV compounds,
researchers often purify HBV DNA polymerase. However,
the purification procedure is very complicated and the
quantity of polymerase is not satisfying”*". 2.2.15 cells
can stably replicate HBV DNA and express HBsAg; thus,
they can be used as an ideal cell model to screen the 7 vitro
antiviral efficacy of medicines”"*,

In this study, we found that 3-L-D4A has a dose-
dependent inhibitory effect on HBV DNA replication
that is apparent when the concentration is above 1 mol/L.
However, the inhibition of the secretion of HBsAg was not
as pronounced as that of HBV DNA replication. When
B-L-D4A was at the highest concentration, 100 mol/L,
the HBsAg inhibition ratio was slightly above 50%. The
TI of B-L-D4A shows that it is high in efficacy and low in
toxicity, which indicates that -L-D4A is a promising anti-
HBV compound.

B-L-D4A is a new type of L-nucleoside for which the
natural counterpart is deoxyadenosine. Although there
have been reports about L-nucleosides since 1960s, it was
only after about 30 years that the merits of L-nucleoside
became widely recognized™ !, Previous studies revealed
the bioactivities and securities of L-nucleoside analogues
were superior to their counterpart enantiomers'” ", B-L
3/(2R, 5S)-1,3-oxathiolane-cytidine (lamivudine, 3TC), a
typical L-nucleoside, was reported to be about 50 times
more effective than its D-enantiomer™ ™",

The mechanism of action of B-L-D4A is speculated to
be inhibition of HBV DNA polymerase and termination
of DNA replication. In order to confirm this speculation,
further study is necessary. It also remains to be seen whether
B-L-D4A is effective against lamivudine-resistant HBV
mutants and whether it will lead to HBV mutants resistant
to 3-L-D4A. Besides, much work remains to be done to gain
a better understanding of the metabolism, toxicology and
pharmacokinetic parameters of this compound. Our studies
to date suggest B-L-D4A deserves further development as a
potential treatment for chronic HBV infection.
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in humans, and there are an estimated 350 million persistently HBV-infected
carriers worldwide. Such prevalence of HBV demands the discovery of new
effective therapeutics for the treatment of acute and chronic infections.
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There have been articles studying the antiviral effects of Entecavir and Adefovir,
which are analogs of deoxyguanosine and deoxyadenosine, respectively. While
these two agents produce pronounced suppression of serum HBV DNA, they
cause only modest rates of HBV surface antigen seroconversion and even induce
resistant mutants. Thus, there is an urgent need to develop a new potent anti-HBV
drug.

Innovations and breakthroughs
In this study, we find that B-L-D4A has a dose-dependent inhibitory effect on the
replication of HBV DNA and the secretion of HBsAg at low toxicity.

Applications
The results of this study confirm the in vitro antiviral effect of B-L-D4A, which
indicates it is a promising new drug against HBV infection.

Terminology
B-L-D4A is an L-enantiomer of its natural nucleoside-deoxyadenosine.
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This study aimed to investigate the antiviral effect of B-L-D4A on 2.2.15 cell line
by comparing with 3TC. They found B-L-D4A has concentration-relative inhibitory
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