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Abstract

AIM: To explore the anti-hepatitis B virus (HBV) effects
of Boehmeria nivea (B. nivea) root extract (BNE) by
using the HepG2 2.2.15 cell model system.

METHODS: Hepatitis B surface antigen (HBsAg),
hepatitis B virus e antigen (HBeAg), and HBV DNA
were measured by using ELISA and real-time PCR,
respectively. Viral DNA replication and RNA expression
were determined by using Southern and Northern blot,
respectively.

RESULTS: In HepG2 2.2.15 cells, HBeAg (60%, P < 0.01)
and particle-associated HBV DNA (> 99%, P < 0.01)
secretion into supernatant were significantly inhibited
by BNE at a dose of 100 mg/L, whereas the HBsAg was
not inhibited. With different doses of BNE, the reduced
HBeAg was correlated with the inhibition of HBV DNA.
The anti-HBV effect of BNE was not caused by its
cytotoxicity to cells or inhibition of viral DNA replication
and RNA expression.

CONCLUSION: BNE could effectively reduce the HBV
production and its anti-HBV machinery might differ from
the nucleoside analogues.
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INTRODUCTION

Hepatitis B virus (HBV) has infected more than 4 million
people worldwide. About 20% of patients infected with
HBYV may lead to chronic hepatitis, liver cirrhosis, and
hepatocarcinoma. HBV, belonging to the Hepadnaviridae
family, is a non-cytopathic DNA virus with an icosahedral
capsid that replicates zia reverse transcription of an RINA
intermediate!". Although the molecular biology aspects
of the HBV genome have been described in detail, the
mechanisms of viral packaging and transport remain to
be elucidated”. Nevertheless, HBV-DNA-transfected cells
and virus infection animal models have aided the efforts to
reveal the mechanism behind the HBV replication cycle.
These results led to the identification of the first antiviral
agents targeting the reverse transcription processm.

Chronic hepatitis type-B patients are clinically treated
with interferon alpha (INF-q) and nucleoside analogue
lamivudine (3TC), adefovir or entecavir™, which are
analogues of reverse-transcriptase inhibitors'™”. INF-g,
inhibits viral replication and acts as an immuno-modulator.
However, its disadvantages include limited effectiveness
(40% response rate)”!, low efficacy with respect to
cost, and serious side effects. For 3TC, its inhibition is
reversible, and continuous treatment often leads to the
development of drug-resistant HBV variants (70% of
patients after 4 years of treatment)”. Both adefovir and
entecavir are used against 3TC-resistant viruses; however,
resistances to these two drugs have been reported in
lamivudine-resistant patients“oflz]. The use of combination
therapy, such as INF-a plus 3TC, 3TC plus adefovir and
3TC plus entecavir, may yield additive or synergistic effects
or reduce the emergence of resistance, though serious side
effects and unsatisfactory efficacy still present problems.
Undeniably, there is a demand for new and improved
therapies.

The large repertoire of herbal compounds may show
potential in developing new ways to combat previously
considered “incurable” diseases, provided that these
compounds (or often, mixtures of compounds) could
satisfy current government regulations. At present,
alternative or traditional medical resources are used by
more than 80% of the population in developing countries
and by an increasing number of people in other parts of
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the globe™¥. Complementary and alternative therapies for
chronic hepatitis are also intensively explored and the results
appear promising'”. Patients with chronic liver diseases are
treated with some medicinal herbs exhibiting strong anti-
ton including daphnoretin from Wikstroemia
indica"”, costunolide and dehydrocostus lactone from
Saussurea lappa Clarks"”. osthole from Angelica pﬂbwfemm],
and the extracts of genus Phyllanthus of the Euphobiaceae

familym. Furthermore, genus Phyllanthus exhibited a positive

viral activities

effect on the clearance of serum HBsAg in clinical trials
conducted on chronic HBV infections, and a synergistic
effect when administered with IFN-a”". B. 7ivea has been
distributed and used therapeutically in China and Taiwan
for diuretic, antipyretic, and hepatoprotective purposes.
Recently, it has been reported that root extracts of B. nivea
exhibited hepatoprotective activities against CCls-induced
liver injuries, and anti-oxidant effects on FeClz-ascorbate-
induced lipid peroxidation in rat liver homogenate[zﬂ

To investigate the anti-viral mechanism of B. nivea
extract (BNE), HBV-producing hepatoma HepG2 2.2.15
cells, which secrete HBsAg, HBeAg and complete Dane
particlesml, were chosen for the evaluation of the anti-
HBYV effect of BNE. Here, we assess anti-HBV activities
of BNE by measuring HBsAg, HBeAg, HBV DNA in
supernatant, and replication intermediate HBV DNA and
HBV RNA within the cells.

MATERIALS AND METHODS
Preparation of BNE

To prepare the B. nivea plant extract utilized in our
experiments, the roots of the plants were collected and
dried. One hundred gram of the dried roots was cut into
pieces approximately 0.5 cm in length before boiling them
in 1 L of 200 mL/L ethanol (1:10 ratio) under reflux for
3 h. The decoction was filtered through a 0.22-pum filter
and lyophilized. The lyophilized powder was dissolved in
normal PBS and adjusted to stock concentration (100 g/L)
prior to application to the cells.

Cell lines and culture

The HepG2 2.2.15 cell line was kindly provided by Dr. Ho
MS (Academia Sinica, Taipei, Taiwan, China), and Human
hepatoma HepG2 cells were obtained from American Type
Culture Collection (ATCC). These cells were maintained
in MEM (Eagle) plus 100 mL/L fetal bovine serum
(FBS) supplement with 1.5 g/L sodium bicarbonate, 0.1
mmol/L non-essential amino acids, 1.0 mmol/L. sodium
pyruvate, and 100 units/mL penicillin G and 100 mg/L
streptomycin. A final concentration of 200 mg/L. G418
was contained in the medium for the maintenance of
HepG2 2.2.15 cells. Before the experiment, the cell count
was adjusted to 1 X 10°/ml, and cell viability to higher
than 85% by trypan blue exclusion test.

Drug treatment protocols

For drug treatment, 1 X 10° cells of HepG2 2.2.15 were
seeded in a 12-well plate and allowed to grow for 3 d before
treatment with different concentrations of BNE. Cells were
refed with drug-containing fresh medium every 3 d for up
to 12 d in time-dependent experiment. In Southern and
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Northern blot assay, the culture condition was the same as
described above (10 mg/L 3TC were also added), and in

which time of drug treatments were only for 1 d.

Analysis of cytotoxicity

HepG2 2.2.15 cells were used for determining cytotoxicity
of BNE. Cells were inoculated onto a 96-well plate at a
density of 1 x 10" cells per 100 pL prior to drug treatment.
BNE was added at concentrations of 0.1, 1, 10, and 100
mg/L and the cells were refed with drug-containing fresh
medium every 3 d for up to 12 d. After drug treatment, the
cytotoxicity was measured based on the reduction of MTT
(Sigma, St. Louis, USA) in mitochondria®”,

Determination of HBsAg and HBeAg levels by ELISA
Conditioned medium was collected and the HBsAg and
HBeAg levels were determined semi-quantitatively using
ELISA assay [SURASE B-96 (TMB), General Biologicals
corp., Taiwan, China] according to the manufacturer’s
instructions.

Supernatant HBV DNA extraction and analysis by
quantitative real-time PCR

The supernatant HBV DNA was extracted from
conditioned medium as previously described” and stored
in -20°C prior to real-time PCR analysis. The quantity of
HBV DNA in culture medium was quantified with the
ABI 7500 Sequence Detection System by using HBV
RealQuant PCR kit (General Biologicals Corp., Taiwan,
China) according to the manufacturer’s instructions.
Briefly, the PCR programming was performed with an
initial denaturing steps at 50°C for 2 min and 95°C for 10
min, followed by 45 amplification cycles at 95C for 15 s
and annealing/extending at 58°C for 1 min.

The 50% effective concentration (ECso), defined as the
drug concentration that reduces the level of HBV DNA
in the culture medium by 50%, was calculated by four
parameter logistic curve equation.

Southern and Northern blot detection of HBY DNA and
mRNA in HepG2.2.15 cell

HepG2 2.2.15 cells were cultured in MEM medium and
treated with 0.1, 1, and 10 mg/L BNE for 1 d. Cells were
lysed with 0.8 mL of 0.01 mol/L Ttis-HCl (pH 8.0), 0.05
mol/L NaCl, 5 mL/L NP-40, 1 mmol/L EDTA at room
temperature for 10 min as previously described””. For the
Southern hybridizations, 20 pg of total DNA was digested
with HindIll, electrophotesed on a 14 g/L agarose gel,
and then transferred to nylon membrane. The probe for
hybridization was synthesized from PCR amplification of
a plasmid containing the full-length HBV genome (kindly
provided by Dr. Ho MS, Academia Sinica, Taipei, Taiwan,
China), and then the probe was labeled with digoxigenin-
dUTP (DIG) by the DIG-high Prime DNA labeling and
Detection Starter kitllaccording to the manufacturer’
s protocol (Roche, Basel, Switzerland). The membrane
was hybridized with HBV probe at 50°C overnight. For
Northern blot analysis, total RNA was isolated from
BNE-treated and untreated HepG2 2.2.15 cells by using
the TRIZOL kit (Invitrogen, CA, USA). A total of 20 pg
of RNA was resolved in 12 g/L. denatured gel and then
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transferred onto the nylon membrane and the membrane
was hybridized with DIG-labeled HBV DNA fragment
described above. For hybridization of glyceraldehyde-3-
phosphate dehydrogenase (G3PDH), the full-length HBV
DNA probe was removed from the membrane by washing
twice at 37°C in 0.2 mol/L NaOH containing 1 mL/L
sodium dodecyl sulfate (SDS) solution for 15 min and then
re-hybridized with DIG-labeled probe for G3PDH.

Statistical analysis

Data were expressed as mean = SE of three independent
experiments. Statistical analysis was performed using
Student’s #test. A P value less than 0.05 was considered
statistically significant.

RESULTS

Effects of BNE on secreted HBsAg, HBeAg and HBV DNA
from HepG2 2.2.15 cultures

Anti-HBV activity of BNE was investigated by using
HepG2 2.215 cells, which can secrete HBV particles.
When HepG2 2.2.15 cells were treated with various
concentrations of BNE, secretion of HBeAg, but not
HBsAg, was significantly suppressed compared to vehicle
controls (Figure 1A and B). The suppression of HBeAg
was dose-dependent and approximately 20% of inhibition
was observed in cells treated with 10 mg/L BNE.
Moreover, a significant suppression of HBeAg secretion
(approximately 60%) was observed in cells treated with
100 mg/L. BNE (Figure 1B).

We also measured the amount of viral DNA secreted
in the medium (supernatant HBV DNA) by using real-time
PCR. As shown in Figure 1C, supernatant HBV DNA
was dramatically decreased compared to vehicle control,
since the first day of treatment, in 10 and 100 mg/L
BNE-treated culture medium. Although the amounts of
supernatant HBV DNA increased while cells continued to
grow during the experiment, approximately 95% inhibition
of DNA secretion was observed in the 12-d culture treated
with BNE (10 mg/L) (Figute 1C). Notably, these results
showed that the production of HBsAg and HBeAg was
only slightly suppressed by 10 mg/L. BNE, but supernatant
HBYV DNA levels were dramatically suppressed by BNE at
the same dose.

Cytotoxic effects of BNE on HepG2 2.2.15 cells
Suppression of HBV production by BNE might be a
result of its cytotoxicity, and this possibility was examined
in HepG2 2.2.15 cells by using MTT assay. No apparent
cytotoxicity was detected in HepG2 2.2.15 cells up to
12 d after exposure to BNE at different concentrations
(0.1, 1, 10 and 100 mg/L) (Figure 2), suggesting that the
suppression of supernatant viral DNA levels by BNE was
not caused by its cytotoxicity.

Determination of the effective concentration of BNE anti-
HBYV activity

The effective concentration of BNE to suppress 50%
of secreted HBV DNA (ECso) was determined with
various concentrations of BNE on d 1. The suppression
of secreted HBV DNA was shown in a dose-dependent
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Figure 1 Effects of BNE on secreted HBsAg, HBeAg and HBV DNA from HepG2
2.2.15 cell cultures. A: HBsAg level; B: HBeAg level; C: Viral DNA. The dotted line
presents the limitation of this kit (3000 copies/mL). Data are expressed as mean
+ SE of three independent experiments. °P < 0.05; °P < 0.01 vs the corresponding
controls (Student's t-test).

manner with BNE treatment (70% at 0.1 mg/T. and 100%
at = 10 mg/L) (Figure 3); accordingly, the ECso was 0.0462
mg/I.. Here, the concentration of BNE (10 mg/L) used
for the study of anti-HBV activity was about 200-fold of
ECso.

Effects of BNE on intracellular HBV DNA replication and
transcription in HepG2 2.2.15 cells

To address the mechanism of inhibition by BNE in
HepG2 2.2.15 cells, we analyzed the viral mRNA after 24 h
exposure to BNE by Northern blot using full-length HBV
genome as a probe (Figure 4A) and intracellular relaxed
circular (RC) and single-stranded (SS) forms of HBV
DNA by Southern blot in parallel (Figure 4B). The levels
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Figure 2 Cytotoxic effects of BNE on HepG2 2.2.15 cells. Data are expressed as
mean + SE of three independent experiments (MTT assay).

of viral mRNA were not affected in either BNE-treated
or 3TC-treated cells (Figure 4A). Moreover, Southern blot
results indicated that BNE did not suppress intracellular
RC and SS forms of HBV DNA. In Contrast, an apparent
inhibition of intracellular RC and SS forms of HBV DNA
was observed in 3TC-treated cells, which was significantly
different from the BNE group (Figure 4B). These results
suggested that BNE did not apparently decrease viral
DNA replication and viral mRNA expression in HepG2
2.2.15 cells, and that the anti-HBV mechanism of BNE
seemed to be different from that of 3TC.

DISCUSSION

In this study, we first demonstrated that BNE had anti-
HBYV activity of inhibiting the supernatant HBYV DNA
levels in a dose-dependent manner in HepG2 2.2.15
cells without blocking HBsAg secretion. This inhibition
was caused neither by the toxicity of BNE to HepG2
2.2.15 cells, nor by blocking HBV gene expression and
replication. The significant inhibition of supernatant HBV
DNA levels was observed at a concentration greater than
10 mg/L of BNE in HepG2 2.2.15 cells. In addition,
BNE could also dose-dependently inhibit the secretion
of HBeAg. Although BNE had higher inhibitory ability
on HBeAg secretion at 100 mg/L than that at 10 mg/L,
it still could efficiently inhibit secreted HBV DNA at the
latter concentration. This result might be due to the fact
that BNE comprise multiple compounds, and the effective
concentration of those compounds to inhibit secreted
HBV DNA was lower than that of the compounds
required for inhibition of HBeAg,

Currently, 3TC and other nucleoside analogues have
been shown to inhibit HBV replication both iz vitro and
in viva®** A previous study had reported that 3TC, a
viral polymerase inhibitor, reduced episomal DNA (RC
and SS form), whereas HBV-specific RNAs were not
affected in HepG2 2.2.15 cells™. Tn this study, we could
not find any apparent reduction of HBV-specific RNAs
or intracellular SS and RC DNA in response to BNE, and
that these data revealed that the anti-HBV mechanism of
BNE might be different from 3TC that targeted the viral
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Figure 3 Determination of the effective concentration of BNE anti-HBV
activity. Cells were treated for 24 h. Data are expressed as mean + SE of three
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Figure 4 Effects of BNE on intracellular HBV DNA replication and transcription in
HepG2 2.2.15 cells. Cells were treated for 1 d. A: Northern analysis; B: Southern
analysis.

polymerase. Since the HBV mRNAs were transcribed
from the integrated DNA, it was not unexpected that
HBV-specific transcripts were not affected by BNE
treatment. The finding that supernatant HBV DNA rather
than HBsAg and HBeAg was dramatically inhibited by
10 mg/L BNE after 24-h treatment might come from
the possibility that exported virions have outer protein
coats or HBsAg without packaging DNA. Though the
mechanism of anti-viral effects by BNE remains unclear,
we deduced that BNE might block coating and secretion
of HBV containing nucleocapsids or destabilize HBV
DNA containing nucleocapsids.

Whether the HBV-inhibiting effects of BNE could be
contributed to a single component, or multiple components,
is currently unknown. In order to explore the active
compound for anti-HBV activity, we have attempted to
analyze the chemical composition of BNE by HPLC. Very
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little, if any, nucleotide analogues were detected (data not
shown). Fractionation experiments of BNE are currently
being executed in our laboratory. Recently, Herteroaryldihy
dropyrimidines (HAP)[ZS], Bis-ANS™, and alkylated imino
sugarsmm have been found to block the viral production
by interference with either nucleocapsid assembly or
nucleocapsid maturation, and these compounds might
have the potential to be developed as non-viral polymerase
targeting antiviral drugs.

In conclusion, the BNE, together with other medicinal
herbs that exploit different action modes to inhibit
HBYV, could be administered in combination with other
polymerase inhibitors or cytokines, providing possibly a
novel HBV treatment strategy to the current therapies.
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