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SUMMARY. Pathogen-specific miRNA profiles might reveal
potential new avenues [or therapy. To identify miRNAs
directly associated with hepatitis B virus (HBV) in hepato-
cytes, we performed a miRNA array analysis using uroki-
nase-type plasminogen activator (uPA)-severe combined
immunodeliciency (SCID) mice where the livers were
highly repopulated with human hepatocytes and human
immune cells are absent. Mice were inoculated with
HBV-infected patient serum samples. Eight weeks after
HBV infection, human hepatocytes were collected from
liver tissues. and miRNAs were analysed using the Toray
3D array system. The effect of miRNAs on HBV replica-
tion was analysed using HBV-transfected HepG2 cells.
Four miRNAs, hsa-miR-486-3p, hsa-miR-1908, hsa-miR-
675 and hsa-miR-1231 were upregulated in mouse and

human livers with HBV infection. These miRNAs were
associated with immune response pathways such as
inflammation mediated by chemokine and cytokine sig-
nalling. Of these miRNAs. hsa-miR-1231, which showed
high homology with HBV core and HBx sequences. was
most highly upregulated. In HBV-transfected HepG2 cells.
overexpression of hsa-miR-1231 resulted in suppression
of HBV replication with HBV core reduction. In conclu-
sion, a novel interaction between hsa-miR-1231 and
HBV replication was identified. This interaction might be
useful in developing new therapeutic strategies against
HBV.

Keywords: HB core. hepatitis B virus. hsa-miR-1231.
human hepatocyie chimeric mouse. microRNA.

INTRODUCTION

Hepatitis B virus (HBV) is a member of the Hepadnaviridae
family. which contains a group of hepatotropic small DNA
viruses that infect their respective animal hosts [1-3].
Once HBV inlects human hepatocytes, the HBV genome
translocates into the nucleus. Some genome copies are
converted into a covalently closed circular DNA (cccDNA)

Abbreviations: HBc, hepatitis B core: HBsAg. hepatitis B surface
antigen; HBV, hepatitis B virus; miRNA. microRNA: RI, replication
intermediates.
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form and organized into a minichromosome with histone
and nonhistone proteins [4-8]. HBV cccDNA ulilizes the
cellular transcriptional machinery to produce all viral
RNAs including the pregenomic RNA [9], and these gene
products regulate viral replication and pathogenesis by
regulating host gene expression [10.11].

MicroRNAs (miRNAs) are small noncoding RNAs of 21-
25 nucleotides in length, processed [rom hairpin-shaped
transcripts [12]. MiRNAs can bind the 3’-untranslated
regions (UTRs) of messenger RNAs and downregulate
gene expression by cleaving messenger RNA or inhibiting
translation. Several miRNAs associated with HBV infec-
tion, HBV replication and hepatocarcinogenesis have
recently been identitied [13-19]. However. the direct influ-
ence of HBV inlection on miRNA expression is still
unclear.

MicroRNAs are currently being investigated for their
therapeutic potential in antiviral therapy. As several stud-
ies have demonstrated that hsa-miR-122. which is specifi-
cally and abundantly expressed in hepatocyles. supportied
hepatitis C virus (HCV) replication by improving RNA
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stability [20-24]. small molecules or siRNAs which are
able to knock down miR-122 expression have been
explored as a new therapeutic agent for HCV eradication.

A similar microRNA-based antiviral approach is also
sought for the treatment of chronic hepalitis B, as it is diffi-
cult to eradicate HBV genomes converted into cccDNA or
minichromosomes under present anliviral therapies. To
develop new strategies for complete eradication of the viral
genome [rom hepatocytes, it is important Lo clarify the direct
associations between hepatic miRNAs and HBV inlection,

In this study. miRNA microarray analysis was performed
using human hepatocyte chimeric mouse livers Lo assess
the direct impact of HBV infection on miRNA expression.
We successfully demonstrated that HBV inlection attenu-
ated the expression of miRNAs under immunodeficient
conditions Lo protect early viral propagation. A novel inter-
action between hsa-miR-1231 and HBV replication was
identified.

MATERIALS AND METHODS

Human serum inoculum

Serum samples were obtained from a carrier inflected with
HBV genotype C alter obtaining written informed consent
for the donation and evaluation of blood samples. Inocu-
lum was positive for HBs and HBe antigens with high-level
viremia (HBV DNA: 7.1 log copies/mL). The experimental
protocol conformed to the ethical guidelines of the
Declaration of Helsinki and was approved by the Hiro-
shima University Hospital ethical committee (Approval ID:
D08-9).

Human hepatocyte chimeric mice experiments

Human hepatocyte chimeric mice (PXB mice). in which
human hepatocytes were transplanted into uPA™*/SCID*/*
mice, were purchased from Phoenix Bio (Hiroshima. Japan).
Mouse experiments were performed in accordance with the
guidelines of the local committee for animal experiments at
Hiroshima University.

Six chimeric mice. in which more than 90% of the liver
tissue was replaced with human hepatocytes, were divided
into itwo experimental groups. Group A contained three
uninfected mice. Group B consisted of three mice that were
inoculated via the mouse tail vein with human serum con-
taining 6 x 10° copies of HBV. Serum HBV DNA titres
were quantified every 2 weeks by real-time PCR. and
human albumin levels were measured using the Human
Albumin ELISA Quantitation kit (Bethyl Laboratories Inc..
Montgomery, TX, USA) as described previously [25]. Eight
weeks after inoculation, all three infected mice were
sacrificed. Infection. extraction of serum samples and sacri-
fice were performed under ether anaesthesia as described
previously [26].

miRNA microarray analysis

Human hepatocyles were f{inely dissected from the mouse
livers and stored in liquid nitrogen alter submerging in
RNAlater®™ solution (Applied Biosystems. Foster City. CA.,
USA). Experimental sample RNAs were isolated using
RNeasy Mini Kit (Qiagen. Valencia. CA, USA) and analysed
using TORAY 3-D Gene Chip human miRNA ver. 12.1
(TORAY, Chiba. Japan).

Data analysis

Gene expression profiles were analysed using GeneSpring
GX 10.0.2 software (Tomy Digital Biology. Tokyo, Japan).
Expression ratios were normalized per chip to the 50th per-
centile. To determine whether there were miRNAs differen-
tially expressed among samples. we performed two Welch's
t-tests (P < 0.01) on this prescreened list of miRNAs with
Benjamini and Hochberg's correction. Complete linkage
hierarchical clustering analysis was applied using Euclid-
ean distance.

Pathway analysis

The miRNA target genes were predicted by the online data-
base miRWalk (hitp://www.umm.uni-heidelberg.de/apps/
zmf/mirwall/index.html). Target prediction was performed
using 3'-UTR sequences of mRNAs, and the probability
distributions were calculated using the Poisson distribution
[27]. The mRNAs with P values <0.01 were considered sig-
nificant. To improve the accuracy of target gene selection.
the predicted genes were screened using other prediction
programs, including miRanda (August 2010 release),
miRDB (April 2009 release) and TargetScan version 5.1
(Whitehead Institute for Biomedical Research. Cambridge.
MA, USA). Genes that were predicted by at least two alter-
nate programs were selected. Pathway analysis was per-
formed by PANTHER version 8.1 (http://www.pantherdb.
org/) Lo determine the effects of the predicted targetl genes on
pathways.

Quantification of miRNAs

Small RNAs were exiracted [rom liver tissues or HepG2
cells with mirVana™ miRNA Isolation Kit (Applied Biosys-
tems) and reverse-transcribed according to the manufac-
turer’s instructions. The selected miRNAs were quantified
with TagMan® MicroRNA Assays (Applied Biosystems)
using the 7300 Real-Time PCR System (Applied Biosys-
tems). and the expression of RNUG6B served as a control.

Quantification of mRNAs

Total RNA was extracted from HepG2 cells transfected with
control miRNA or miR-1231 expression plasmid using

© 2014 John Wiley & Sons Lid
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RNeasy Mini Kit and reverse-transcribed (RT) using
ReverTra Ace (TOYOBO, Osaka, Japan) with random primer
according o the manufacturer’s instructions. The selected
cDNAs were quantified by realtime PCR. Differences
between groups were examined for statistical significance
using Student's t-lest. The primer sequences were as [ol-
lows: GAPDH forward 5'-ACAACAGCCTCAAGATCATCAG-
3’ and reverse 5-GGTCCACCACTGACACGTTG-3': Mx1
forward 5'- TTCGGCTGTTTACCAGACTCC-3’ and reverse
5'- CAAAGCCTGGCAGCTCICTAC-3"; 2'-5' oligoadenylate
synthetase 1 (OAS1) forward 5'- ACCTGGTTGTCTTCCTCA
GTCC-3' and reverse 3'- GAGCCTGGACCTCAAACTTCAC-
3", double stranded RNA dependent protein kinase (PKR)
forward 5- TGGCCGCTAAACTTGCATATC-3' and reverse
5= AGTTGCTTTGGGACTCACACG-3'; and SOCS1 forward
5'-ACGAGCATCCGCGTGCACTT-3’ and reverse 5-AAGAGG
CAGTCGAAGCTCTC-3".

Plasmid construction

The construction of wild-type HBV 1.4 genome length,
pTRE-HB-wi, was described previously [25]. The nucleotide
sequence of the cloned HBV genome was deposited into
GenBank AB206817. The HBc and HBx genes, amplified
from pTRE-HB-wt, were cloned into pcDNA3 and
p3xFLAG-CMV10 vectors and designated pcDNA-HBc and
p3FLAG-HBx, respectively. The human miR-1231
precursor expression plasmid (HmiR0554-MRO04) and the
control miRNA plasmid (CmiR0O001-MRO1), which was a
miRNA-scrambled control clone, were commercially pro-
duced (GeneCopoeia™, Rockville, MD, USA).

Transfection of HepG2 cell lines with the plasmids

The HBV expression plasmid was transfected into HepG2
cells with conirol miRNA or miR-1231 expression plas-
mid using TransIT-LT1 (Mirus, Madison, WI, USA)
reagent according to the manuflacturer's instructions. 24—
48 h after transfection, core-associated HBV DNA and
HBV RNA were exiracted and quantified by real-time
PCR or RT real-time PCR, respectively {28]. For identify-
ing targets within the HBV genome, HBc or HBx expres-
sion plasmids were lransiently transfected with miR-1231
expression plasmid into HepG2 cells. Twenty-four hours
after transfection. the cells were harvested (o perform
Western blot analysis.

Analysis of HBV replication intermediates

Quantitative analysis of HBV replication intermediates was
performed as described previously [29]. The HBV-specific
primers used for amplification were 5'-TTTGGGCATGGAC-
ATTGAC-3' and 5-GGTGAACAATGTTCCGGAGAC-3'. The
lower detection limit of this assay was 300 copies.

© 2014 John Wiley & Sons Ltd
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Western blot analysis

Cell lysates. prepared with RIPA like buffer [50 mu Tris-HCl
{pH 8.0), 0.1% SDS, 1% NP-40. 150 mm sodium chloride,
and 0.5% sodium deoxycholate] containing protease inhibi-
tor cocklail (Sigma-Aldrich, Tokyo, Japan), were separated
on 5-20% {wt/v) SDS-polyacrylamide gels (Bio-Rad Labora-
tories, Inc.. Tokyo, Japan). Immunoblotting was performed
with anti-FLAG M2 monoclonal antibody (Sigma-Aldrich)
or anti-HBV core monoclonal antibody HB91 {(Advanced
Life Science Institute Inc., Sailama, Japan) or anti B-aclin
monoclonal antibody (Sigma-Aldrich) followed by incuba-
tion with horseradish peroxidase-conjugated sheep anti-
mouse immunoglobulin (GE Healthcare, Buckinghamshire,
UK). Expression of HBc protein was quantified based on the
densities of the immunoblot signals by Quantity One®
soltware (Bio-Rad Laboratories, Inc.).

RESULTS

miRNA expression alterations associated with HBV
infection

To analyse the influence of HBV infection on human he-
patocytes, miRNA microarray expression profiles were
compared between groups A (mice without HBV infection)
and B (mice with HBV inlection). Among the 900 miRNAs
on the microarray, 10 miRNAs showed a more than 2.0-
fold change with HBV infection. Five of the 10 miRNAs
were upregulated. and the remaining five were downregu-
lated (Fig. S1). Because immunily was severely suppressed
in the chimeric mice, changes in miRNA expression are
thought to be closely associated with HBV infection, and
the upregulated miRNAs might play a protective role
against HBV infection. Thus, we focused on these 5 upreg-
ulated miRNAs.

Comparison of expression of the 5 upregulated miRNAs
in hwman liver tissues

To verify the microarray resulis. quantitative analysis of
miRNAs was performed using liver tissues from the chime-
ric mice. Three of the 5 miRNAs were significantly upregu-
lated by HBV infection (Fig. 1). Expression changes in the
other 2 miRNAs (hsa-miR-675 and hsa-miR-1908) showed
a similar trend but were not significant due to individual
variation. Therelore, [urther quantitative analysis was per-
formed using human liver tissues. Nine liver tissue samples
were obtained [rom patients with chronic hepatitis B
(N = 3). chronic hepatitis C (N = 2) or alcoholic liver dys-
function (N = 4}, and miRNA expression levels were com-
pared. Expressions of all miRNAs excepl for miR-886-5p
were significantly higher in liver tissues with chronic hepa-
titis B than in those with other liver diseases (Fig. 2).
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Fig. 1 Upregulation of microRNA by HBV infection. Signal intensities of live upregulated miRNAs were compared between
HBV-infected and noninfected mouse livers. All 5 miRNAs were significantly upregulated by HBV infection. P values were

calculated by the Mann—-Whitney U-test.

Associations between signalling pathways and the
upregulated miRNAs

To analyse the influence of miRNA upregulation on sig-
nalling pathways. pathway analysis was performed. How-
there are obstacles in analysing the
association between miRNAs and pathways. such as the
lack of reliable miRNA target prediction algorithms. dif-
ferences in the results among target prediction systems.
and the small number of validated target genes. To
improve the reliability of the targets. we perlormed the
pathway analysis in combination with four prediction
tools (miRWalk, TargetScan. miRanda and miRDB). Alter
this operation, 482 targets were predicted (hsa-miR-
1231: 203 targets. hsa-miR-1908: 3 targets. hsa-miR-
486-3p: 251 targels. hsa-miR-675: 25 targets). and
these 482 targets were submitted to the PANTHER clas-
sification system [for pathway analysis. As shown in
Table 1. several immunological pathways such as inflam-
mation mediated by chemokine and cytokine signalling
pathway. and the interleukin signalling pathway were
identilied. but it was diflicult to identily characteristic
pathways.

ever, several

Suppression of HBV replication with miR-1231
overexpression

Because hsa-miR-1231 was most the highly upregulated
among these four miRNAs and had a high homology with
the HBV genome. we [ocused on hsa-miR-1231. Using GEN-
ETYX ver. 8.2.1 (GENETYX. Tokyo, Japan). the hsa-miR-
1231 sequence was predicted to hybridize at the HB core and
X regions of the HBV genome (Fig. 3). To analyse the influ-
ence of hsa-miR-1231 on HBV replication. changes in HBV
replication intermediates were evaluated using an in vitro
HBV replication model. As shown in Fig. 4a, HBV replication
intermediates were signilicantly reduced by hsa-miR-1231
overexpression, and the suppression of HBV RNA and HBc
proteins were also observed by hsa-miR-1231 overexpres-
sion (Figs 4b.c). Thus. HBV replication was concluded to be
inhibited by hsa-miR-1231 at the post-transcriptional level.

Specific regulation of HBV-related protein levels with
hsa-miR-1231 overexpression

As the preceding results indicated an association between
the production of HBV-related protein or HBV particles and

© 2014 John Wiley & Sons Ltd
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Fig. 2 Comparison of microRNA expression in clinical liver tissues. Quantilication of miRNAs was performed by real-time
PCR using nine human liver tissues obtained from the patients who had chronic hepatitis B (N = 3), C (N = 2) or alcoholic
liver dysfunction (N = 4). Expression levels of four miRNA were signilicantly higher in the chronic hepatitis B patients
than in those of other liver diseases. The results of miR-886-5p levels were not statistically significant. P values were

assessed by Mann—-Whitney U-test.

hsa-miR-1231 expression. [urther analysis was performed
to identify the region hybridized by hsa-miR-1231. As
shown in Fig. 5. HBc protein expression was remarkably
reduced by hsa-miR-1231 expression, but no reduction
in HBx protein was observed. These results indicate that
hsa-miR-1231 might interact with HBV core mRNA and
suppress HBV replication by inhibiting HBV core protein
production.

The effects of hsa-miR-1231 on the expression of
interferon-stimulated genes

Alternatively. hsa-miR-1231 might suppress HBV replica-
tion through activation of the interferon signalling path-
way. We thus evaluated mRNA expression ol interferon-
stimulated genes (ISGs) with or without hsa-miR-1231
overexpression. None of the examined ISGs (MxA. PKR.
0OAS-1 and SOCS1) were regulated by hsa-miR-1231
expression (Fig. S3). These results suggest that hsa-miR-
1231 suppresses HBV replication at the post-transcriptional
level but not through the activation of interferon signalling.

© 2014 John Wiley & Sons Ltd

DISCUSSION

Previously, we have demonstrated that human hepatocyte
chimeric mice can be chronically infected with hepatitis B
and C viruses [25.30,31]. This mouse model [acilitates
analysis of the effect of viral infection under immunodefi-
cient conditions. In the present study. we performed miR-
NA array analysis using this mouse model and obtained
miRNA expression profiles rellecting the direct influence of
HBV infection on human hepatocytes. Furthermore, we
found a novel mechanism for HBV replication mediated by
hsa-miR-1231.

To avoid contamination with mouse tissue, human
hepatocyte chimeric mice were used in which liver tissue
was largely (>90%) replaced by human hepatocytes.
‘Although it is feasible to use microarray analysis in this
chimeric mouse model [32]. signals from miRNA array
analysis may be inlluenced by cross-hybridization with
mouse miRNA from a small amount of contaminated
mouse-derived cells because of the high homology
between the human and mouse genomes. To compensale
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Table 1 Pathways associated with the 4 miRNAs

upregulated by HBV inlection

for contamination, mice that were negative lor HBV infec-
tion were set up as negative controls.

Only 5 miRNAs showed more than 2.0-fold upregulation
with HBV infection under miRNA array analysis using chi-
meric mouse livers (Fig. S1). Comparing these results with
our previous study using patient sera, only hsa-miR-486-
3p showed a similar change in sera from chronic hepatitis
B patients. but no upregulation of the other 4 miRNAs
was observed [15]. These resulls suggesl that miRNA
expression in sera from chronic hepatitis B patients might
be regulated not only by HBV infection but also by human
immune responses. In addition, it might be diflicult to ana-
lyse changes in expression of miRNAs that are expressed at
low levels in human hepatocytes, including hsa-miR-1231,
using human serum,

To identily targets of miR-1231. we searched using four
prediction systems. Although 632 target genes were
identified (data not shown), and involvement of a number
of pathways was indicated (Table S1). critical targets asso-
ciated with human immunity or HBV replication could not
be idenlilied. Interferon signalling was also a potential
mechanism of HBV suppression. but several ISG mRNAs
were not induced by hsa-miR-1231 overexpression in vitro
(Fig. $2). Therefore. we concluded that hsa-miR-1231 does
not suppress HBV replication via interferon signalling.

To examine the possibility that miR-1231 directly regu-
lates HBV replication by interacting with HBV-related
mRNAs, we searched for hsa-miR-1231-binding motifs and
found two candidale sequences in the HBV core and X
genes (Fig. 3). As shown in Fig. 5. one target in the HBV
core region could hybridize with hsa-miR-1231, and HBc
expression was found to be suppressed by hsa-miR-1231
overexpression. The hsa-miR-1231-binding motif in the
HBV core region was conserved in more than 90% of the
HBV sequences in GenBank. regardless of HBV genotype
(data not shown). Thus, we speculate that hsa-miR-1231
binds to the HBc target region and suppresses HBc produc-
tion to inhibit HBV replication.

nt1520

Number of Ratio of
Pathway gene hils  genes %
Inflammation mediated by 11 2.60
chemokine and cytokine signalling
pathway (PO0031)
Angiogenesis (PO0005) 10 2.30
Integrin signalling pathway 9 2.10
(PO0034)
Gonadotropin releasing hormone 7 1.60
receptor pathway (P06664)
Whnt signalling pathway (PO0O057) 7 1.60
Parkinson disease (P00049) 7 1.60
EGF receptor signalling pathway 7 1.60
(PO0018)
Alzheimer’s disease—presenilin 6 1.40
pathway (P0O0004)
PDGF signalling pathway (P0O0047) 6 1.40
B-cell activation (PO0010) 6 1.40
Interleukin signalling pathway 5 1.20
(PO0036)
Huntington disease (PO0029) 5 1.20
FGF signalling pathway (PO0021) 5 1.20
Cadherin signalling pathway 5 1.20
(PO0012)
VEGF signalling pathway 4 0.90
(PO0O0O56)
Toll receptor signalling pathway 4 0.90
(POD054)
T-cell activation (PO0053) 4 0.90
Ras pathway (P04393) 4 0.90
Heterotrimeric G-protein signalling 4 0.90
pathway-Gi alpha and Gs alpha-
mediated pathway (PO0026)
Endothelin signalling pathway 4 0.90
(PO0019)
(@) HBx region
nt1500
HBV genome
miR-1231
(b)
!
HBVgenome 5 GCA CU CU CCGC ACAG
NI
miR-1231 3 CGU GA CA GGCG GGUC

Fig. 3 Alignment of hsa-miR-1231 (o HBV
genome. Alignment of hsa-miR-1231 to
the HBV genome was performed. MiR-

G 5 1231 sequence was predicted to hybridize
al the HBV core (a) and HBV X region (b).

© 2014 John Wiley & Sons Ltd
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Fig. 5 Identification of miR-1231 target region in HBV
genome. To determine the target for miR-1231, HBc or
HBx expression plasmid was transfected into HepG2 cells
with miR-1231 expression plasmid. and changes in protein
levels were analysed by Western blot. HBc protein levels
were reduced by miR-1231 expression (a). but HBx protein
levels were not reduced (b).

© 2014 John Wiley & Sons Ltd
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To confirm the association between hsa-miR-1231 and
HBV replication. we also iried 10 suppress hsa-miR-1231
expression using a miRNA inhibitor in vitro. However, no
significant effects of miR-1231 inhibition on HBV replica-
tion were observed in vitro. As mentioned previously,
expression levels of hsa-miR-1231 are quite low in HepG2
cells and human hepatocytes, and therefore. significant
effects of hsa-miR-1231 inhibition could not be observed.
The level of hsa-miR-1231 aclivily was also a factor. As
shown in Fig. 4, HBV replication intermediates and HBc
expression were significantly suppressed by hsa-miR-1231
overexpression, but the reduction rate was quite small
even when 5-fold volume of hsa-miR-1231 plasmid and a
volume of HBV expression plasmid were transfected into
HepG2 cells. Therefore, it was difficult to observe changes
in HBV replication by miRNA inhibition when HBV was
replicating vigorously.

In conclusion, we performed miRNA array analysis
using human hepatocyte chimeric mice and were able to
analyse the direct effects of HBV infection without the con-
founding eflects of the lymphocyte immunological
response. We obtained evidence that hsa-miR-1231 was
upregulated in response to HBV infection in human he-
patocytes, whereupon hsa-miR-1231 suppressed replication
ol HBV.
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Background: Serum HBV RNA is detectable during
nucleoside/nucleotide analogue therapy as a result of
unaffected RNA replicative intermediates or interrupted
reverse transcription. We studied the predictive value of
serum HBV RNA for initial virological response during
nucleoside analogue therapy.

Methods: Serum HBV RNA was quantified before and
at 12 and 24 weeks of lamivudine or entecavir therapy.
Serum HBV DNA was measured every 4-12 weeks during
treatment to define initial virological response.

Results: Serum HBV RNA was detectable in 21 of 52
(40%) consecutive patients with a mean of 5.2 log cop-
ies/ml (maleffemale 35/17, mean age of 60 years with a
range of 31-82, 44% HBeAg-positive, and 26 with lami-
vudine and 26 with entecavir} before treatment. Serum

HBV RNA level at week 12 in patients with an interval
from detectable to undetectable serum HBV DNA level
<16 weeks was significantly lower than those with an
interval 216 weeks (3.8 +3.8 versus 6.6 +3.5 log copies/
ml, P=0.013). After adjustment for serum HBV DNA level
at week 12, serum quantatitive HBsAg level at week 12
and pretreatment ALT level, low serum HBV RNA level
at week 12 predicted a shorter interval to undetectable
serum HBV DNA level (adjusted hazard ratio =0.908, 95%
Cl 0.829, 0.993, P=0.035).

Conclusions: Low serum HBV RNA level at week 12 of
nucleoside analogue therapy independently predicts ini-
tial virological response in treated chronic hepatitis B
patients. Serum HBV RNA levels may thus be useful for
optimizing treatment of chronic hepatitis B.

Introduction

Although effective vaccines against HBV infection
have been available for more than three decades,
HBV infection remains a global health problem. It
is estimated that more than 350 million people are
chronic carriers of HBV worldwide [1,2]. In the
United States, 1.2 million individuals have chronic
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HBV infection [3]. HBV infection causes a wide spec-
trum of clinical manifestations, ranging from acute
or fulminant hepatitis to various forms of chronic
liver disease, including inactive carrier state, chronic
hepatitis, cirrhosis and even hepatocellular carci-
noma [2,4,5].
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