Rare Polymerase Variants of Hepatitis B Virus

of drug-resistant variants reduces considerably the
effect of the drug [Honkoop et al., 1997b; Allen et al.,
1998; Chayama et al., 1998; Niesters et al., 1998; Liaw
et al., 1999; Ono-Nita et al., 1999a,b]. Lamivudine-
resistant variants have unique amino acid substitutions
in the Tyr-Met-Asp-Asp (YMDD) motif of the reverse
transcriptase. One class of the variants, Tyr-Val-Asp-
Asp (YVDD) variant, is usually associated with addi-
tional amino acid substitutions in the B domain of the
reverse transcriptase, L528M. The other variant, Tyr-
Ile-Asp-Asp (YIDD) variant, only occasionally exhibits
this additional mutation. The YVDD variant associated
with L528M shows the highest replication rate in the
presence of lamivudine [Gutfreund et al., 2000; Ono-
Nita et al., 2001].

YMDD variants emerge after a certain period of
lamivudine therapy. This suggests that variants evolve
during such therapy because the rate of nucleotide
substitutions of the reverse transcriptase of HBV is
quite high, though still controversial [Orito et al., 1989;
Melegari et al., 1998]. However, some patients show
relatively early emergence of drug-resistant strains,
suggesting the existence of such strains prior to therapy.
Viruses exist in the sera of infected patients as quasi-
species. It is assumed that some of the quasispecies are
inactive biologically because a proportion of these vari-
ants have stop codons that are thought to be fatal for the
virus life cycle. Whether all the remaining variants
without stop codons actually replicate in hosts is not
known. To date, it has been difficult to analyse rare
variants, for example, drug-resistant variants, before
therapy, because they exist as rare quasispecies among
thevastmajority of wild-type virus. Previousstudies that
reported the presence of lamivudine-resistant variants
in patients who received no lamivudine therapy
[Kobayashi et al., 2001; Kirishima et al., 2002] did not
determine the exact nature of such variants.

The aim of the present study was to detect these rare
variants by using polymerase chain reaction (PCR) with
peptide nucleic acid (PNA) clamping as reported pre-
viously [Kirishima et al., 2002]. PNA is a DNA analogue
in which the ribose-phosphodiester backbone of DNA
has been replaced by N-(2-aminoethyl) glycine linkages
[Nielsen et al., 1991; Cherny et al., 1993; Egholm et al.,
1993; Zhong et al., 1999]. The PNA anneals strongly to
DNA like a complementary DNA, but with higher
affinity. The annealing of the PNA to the target sequ-
ence prevents amplification of DNA in the PCR if the
amplification conditions are appropriately optimised.
We investigated nucleotide and amino acid sequences
of resistant viral variants of HBV including YMDD vari-
ants that have amino acid substitutions in the YMDD

motif of reverse transcriptase by using two-stage PCR -

with PNA clamping.

MATERIALS AND METHODS
Patients

Sixty-two Japanese adult patients with acute or
chronic HBV infection before or without lamivudine
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therapy were studied. These patients were negative for
hepatitis B e antigen (HBeAg), but positive for anti-
hepatitis B e antibody (anti-HBe). We preferentially
selected these anti-HBe positive patients because recent
reports [Kobayashi et al., 2001; Kirishima et al., 2002)
showed that YMDD variants were often detected in anti-
HBe positive patients. Nineteen of our patients were
treated with lamivudine. All serum samples analysed in
this study were collected prior to therapy with informed
consent and stored at —80°C. All patients were negative
for markers of hepatitis C virus (HCV) and HIV. The
clinicopathological profiles of these patients are shown
in Table I.

Blood Analysis

Hepatitis B surface antigen (HBsAg) was determined
by enzyme immunoassay (Roche Diagnostics, Basel,
Switzerland). HBeAg and anti-HBe were tested by
radioimmunoassay (Abbott Diagnostics, Chicago, IL).
HBV DNA was measured by branched DNA signal
amplification technology (Chiron Corp., Emeryville,
CA), and the results were expressed as 10° genomic
equivalents (Meq) per millilitre. The lower limit of the
assay was 0.7 MEg/ml. Antibody against HCV was
tested by the third-generation enzyme immunoassay
(Roche Diagnostics). HBV genotype was determined
using the method of Naito et al. [2001].

Detection of YMDD Variants by Two-Stage
PCR With PNA Clamping and Restriction
Fragment Length Polymorphism (RFLP)

HBV DNA was extracted from 100 ul of serum using
SMITEST (Genome Science Laboratories, Tokyo,
Japan) and dissolved in 20 ul of HyO. Nested PCR was
performed using a first primer set (PLF1 and BR123)
and a second PCR primer set (PLF2 and PLR2). Nucleo-
tide sequences of primers and the sequence of PNA used
in this study are listed in Table II. PNA-mediated PCR
clamping was optimised by changing the PNA annealing

TABLE I. Clinicopathological Features of Anti-HBe
Positive Patients

No lamivudine

Variable therapy (n =62)
Age (years) 48.5+10.0
Sex (M/F) 48/14
Alanine aminotransferase (IU/L)? 55 (21-7,941)
HBV DNA (Meg/ml)

ND 6

<0.7 34

>0.7 to <100 17

>100 5
Genotype (B:C:F:ND) 5:51:1:5
Clinicopathologic diagnosis

Chronic hepatitis 26

Liver cirrhosis 8

Hepatocellular carcinoma 19

Acute hepatitis 1

Fulminant hepatitis 6

Normal 2

“Median (range).
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TABLE II. Primers and Peptide Nucleic Acid (PNA) Used in the Present Study

Primer Nucleotide sequence Nucleotide
PLF1 Sense: 5'-GGTATGTTGCCCGTTTGTCC-3' 4584717
BR123 Antisense: 5-TTCCAATTACATATCCCAT-3 895-877
PLF2 Sense: 5-CCTATGGGAGTGGGCCTCAG-3' 637656
PLR2 Antisense: 5'-CCAATTACATATCCCATGAAGTTAAGGGA-3' 893-865
YNSspl Sense: 5-TTTCCCCCACTGTTTGGCTTTCAGTAATAT-3' 711740
BR109 Antisense: 5'-AAGGGAGTAGCCCCAACGTT-3’ 870-851
TMApaLl Antisense: 5-CAGACTTGGCCCCCAATACCACATCGTGCA-3 769-740
PNA552 Antisense: HoN-CACATCATCCATATAACT-CONH 750-733

Nucleotide sequence position numbers are those of Norder et al. [1994].

temperature from 68 to 75°C and the PNA concentration
from 1.25 to 10 uM. Optimised PCR with PNA clamping
was performed in a total volume of 25 pl, consisting of
reaction buffer (100 mM Tris-HCI, [pH 8.3], 50 mM KC],
and 15 mM MgCly), 0.2 mM of each ANTP, 1 ul of the
DNA solution, 12.5 pmol of each primer set, 150 pmol of
PNA 552, and 1 U of Tag DNA polymerase (Gene Tagq,
Wako Pure Chemicals, Tokyo, Japan) with 0.2 pg of anti-
Tag high (Toyobo Co., Osaka, Japan). The amplification
conditions included initial denaturation at 95°C for
4 min, 25 cycles of amplification (denaturation at 95°C
for 45 sec, PNA annealing at 73°C for 2 min, annealing
and extension of primer at 63°C for 50 sec), followed by
final extension at 63°C for 7 min. Detection of YVDD and
YIDD variants was performed using primers TMApaLl
and YNSspl, respectively, as described previously
[Chayama et al., 1998].

The error rate of the Taq DNA polymerase was
estimated to be 1.76 x 107° per site by amplifying about
100 copies of plasmid using the same conditions
described above, followed by cloning and sequencing.

Cloning and Sequence Analysis of Rare
Polymerase Variants

In this study, 1 ul of the above second PCR product
amplified by two-stage PCR with PNA was amplified
using primers PLF2 and BR109. Thirty-five cycles of
PCR (94°C for 1 min; 58°C for 1 min; 72°C for 1.5 min)
were performed after 4 min of initial denaturation at
94°C, followed by final extension for 7 min at 72°C. PCR-
amplified DNA was purified after 2% agarose gel
electrophoresis and cloned into pGEM-T Easy Vector
(Promega Co., Madison, WI). Sequencing was performed
using the ABI PRISM™ 310NT Genetic analyser
(Applied Biosystems, Tokyo, Japan) with Big Dye ter-
minator version 3.0 Cycle Sequencing Ready Reaction
Kit (Applied Biosystems). Sequences of independent
clones from five of 62 anti-HBe patients were deter-
mined and analysed.

RESULTS

" Detection of YMDD Variants in Serum Samples
From 62 Anti-HBe Patients by Two-Stage
PCR With PNA Clamping

By adding PNA in two-stage PCR and optimising the
amplification conditions for suppression of wild-type
virus, we were able to detect YVDD variants mixed in a

larger amount of wild-type sequences. We used clones
with nucleotide sequences corresponding to YMDD
wild-type and YVDD variant as described previously
[Chayama et al.,, 1998]. The nucleotide sequences of
these plasmids in these motifs are TAT ATG GAT GAT
and TAT GTG GAT GAT, respectively. As shown in
Figure 1, YMDD variants were detected when mixed
with the same amount of wild-type in the absence of
PNA. In contrast, by introducing PNA, only 102 copies of
YMDD variants were detected when mixed with 10°
copies of wild-type. In fact, our method detected the
YMDD variant mixed with the wild-type at a ratio of
1:10,000, and was 10,000-fold more sensitive than
conventional RFLP without PNA (Fig. 1).

Using this method, YVDD variants were detected in
only one of 62 (1.6%) serum samples from anti-HBe
patients. Further analyses of nine serial serum samples
obtained from this patient revealed that another sample
before the start of lamivudine therapy was positive for
YVDD variants. Unexpectedly, the patient was later
treated with lamivudine and showed a good response to
the therapy during at least 23 months, and HBV DNA
was not detected by two-stage PCR with PNA clamping
after such treatment (data not shown).

Analyses of Nucleotide and Amino Acid
Sequences of Clones Obtained From a Serum
Sample of a Patient who Possessed YVDD Variant

We examined quasispecies in one of the two serum
samples that tested positive for the YVDD variants by
cloning and sequencing after amplification of HBV DNA
by two-stage PCR with PNA clamping. Analyses of
amino acid sequences of 43 clones showed the presence
of multiple rare variants such as YRDD and YMDN that
had not been previously reported (Fig. 2). Identified
nucleotide substitutions showed preferential transi-
tions, particularly transitions from G to A (Fig. 2A).
Thirty-seven of 43 clones had nucleotide substitutions of
methionine and asparagine residues but none had
substitutions of tyrosine residues. Only one of 43 clones
sequenced had the YVDD sequence. This variant did not
have the L528M mutation that has been reported to be
often associated with the YVDD variant (Fig. 2B).
Thirteen of 43 clones had YIDD amino acid sequences.
However, nucleotide sequences of these YIDD variants
(TAT ATA GAT GAT) (Fig. 2A) differed from the
reported lamivudine-resistant variants (TAT ATT
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Fig. 1. Detection of the Tyr-Met-Asp-Asp (YMDD) variant by two-stage polymerase chain reaction (PCR)
with pegtide nucleic acid (PNA). 10'~10° copies of Tyr-Val-Asp-Asp (YVDD) variant plasmid were mixed
with 10° or 10° copies of wild-type plasmid. After amplification using primers PLF2 and TMApalL I, the
amplified DNA was digested with restriction enzyme Apall and separated in a 3% agarose gel. The
restriction frag,ment length polymorphism (RFLP) method involving PCR with the PNA clamping could
detect only 10° copies of YVDD variants in the presence of 10% copies of the wild-type hepatitis B virus
(HBV). Remarkably, PNA completely blocked 10° copies of wild-type HBV in the presence of 10!—10° copies
of the mutant type (YVDD variants).
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Fig. 2. Nucleotide (A) and amino acid (B) sequences of 43 clones obtained from a serum sample of a
patient who possessed YVDD variant before the start of lamivudine therapy. Dark boxes indicate
nucleotide and amino acid sequences where the PNA was assumed to anneal to the wild-type sequence of
the YMDD motif. Nucleotide and amino acid sequences of 16 clones amplified without PNA are also shown.
Created stop codons in the overlapping envelope (S) gene are labeled with asterisks.
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GAT GAT) and were undetectable by RFLP because the
amplified DNA fragment from this sequence using
primers for the detection of the lamivudine-resistant
YIDD variant (YNSspl) did not produce an Sspl
restriction site. These YIDD variants had stop codon(s)
in the overlapping HBs gene, suggesting that all 13
YIDD variants might be biologically inactive. Eight of
these 13 clones had an additional stop codon just
adjacent to the YMDD motif. Similarly, Tyr-Ile-Asn-
Asp (YIND) and Tyr-Ile-Asn-Asn (YINN) variants had
stop codons in the HBs gene. Figure 2B shows the amino
acid sequences surrounding the YMDD motif. There are
a few amino acid substitutions in this area, and some of
them had an additional stop codon (Fig. 2B).

We also determined the nucleotide sequences of DNA
fragments amplified using similar amplification condi-
tions without PNA. Although six of 43 clones obtained
after amplification with PNA had the wild-type YMDD
sequence, all 16 clones obtained without PNA did not
have any nucleotide and amino acid substitutions in the
YMDD motif (Fig. 2).

Analyses of Nucleotide and Amino Acid
Sequences of Clones Obtained From Four of 62
Anti-HBe Patients With Chronic HBV Infection

We then examined the nucleotide and amino acid
sequences of 41 clones obtained from four of 62 patients
with chronic HBV infection, by cloning and sequencing
after two-stage PCR with PNA. As shown in Figure 3,
multiple YMDD variants with nucleotide and amino
acid substitutions were identified in Patient 1. In
contrast, none of ten clones obtained from Patient 2
had amino acid substitutions in the YMDD motif. There
were many stop codons in the overlapping S gene in
clones obtained from Patient 1, but none of 10 clones
obtained from Patient 2 had any stop codon in the
polymerase and S gene (Fig. 3). Further analyses of
nucleotide and amino acid sequences of clones from
remaining two patients (Patients 3 and 4) showed pre-
viously unknown variants such as Tyr-Met-Asn-Asn
(YMNN). Many stop codons in the overlapping S gene
were noted in clones obtained from Patient 3, but none
of 11 clones obtained from Patient 4 had any stop codon
(data not shown). Of 41 clones analysed, only ten clones
had a wild-type sequence. Interestingly, none of the
41 clones had amino acid substitution of the tyrosine
residue of the YMDD motif. Only two of these 41 clones
had amino acid substitution of the serine residue, just
one amino acid upstream of the YMDD motif, despite
the fact that PNA was designed to anneal to the
nucleotide sequence of this serine residue. Guanine to
adenine transition was predominant in Patients 1, 3,
and 4, but only a thymine to cytosine transition was seen
in Patient 2 (Fig. 3).

Estimated Mis-Incorporation Rate of Taq DNA
Polymerase Employed in This Study

We also studied the error rate of Tag DNA polymerase
employed in this study by using cloned HBV plasmid
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DNA under exactly the same conditions. We sequenced
6,665 bases from 31 clones (215 bases of each clone)
and found only ten nucleotide substitutions. They
included seven C to T substitutions (six were at the
same position), two G to A and one T to C substitution at
different positions. All of these substitutions were
situated outside the PNA annealing site. The estimated
mis-incorporation rate was only 1.76 x 1075 substitu-
tions per site.

DISCUSSION

Viruses, especially RNA viruses and retroviruses,
exist in the hosts as quasispecies. HBV, despite being
a DNA virus, replicate via an RNA intermediate
[Summers and Mason, 1982; Miller et al., 1984; Will
et al., 1987; Bavand and Laub, 1988] as retroviruses.
HBYV shows high-mutation frequency [Orito et al., 1989]
partly because of the lack of proof-reading enzymes that
assure fidelity of DNA replication [Holland et al., 1982].
The only method to analyse the quasispecies has been
cloning of the genome of these viruses, with or without
PCR amplification, and nucleotide sequencing. In this
process, only major strains can be detected but no
studies have focused on rare strains. For example, even
analysis of the hypervariable region of the HCV revealed
the existence of only a limited number bf species
[Koizumi et al., 1995; Pawlotsky et al., 1998]. The fact
that amino acid sequences of the rare YMDD variants
identified in this study had never been reported suggests
that previous studies had observed only the relatively
abundant strains. The importance of such rare strains
during emergence of drug-resistant strains or vaccine
escape variants remains to be elucidated [Carman et al.,
1990; Fujii et al., 1992; Okamoto et al., 1992, Waters
et al., 1992; Zuckerman, 2000]. Further studies using
two-stage PCR with PNA clamping as described in this
study should clarify such issues.

Mis-incorporation by Taq DNA polymerase must be
taken into account in such analyses. We studied the
error rate of Tag DNA polymerase and found that
the mis-incorporation rate was only 1.76 x107° sub-
stitutions per site. Furthermore, no substitutions were
found in the PNA annealing site from clones amplified
with PNA in the conditions described herein. These
results indicate that almost all variants identified in this
study actually exist in all five of the patients studied in
the present study.

Drug-resistant variants usually emerge after a cer-
tain period of antiviral therapy [Honkoop et al., 1997;
Allen et al., 1998; Chayama et al., 1998; Niesters et al.,
1998; Liaw et al., 1999; Ono-Nita et al., 1999a,b]. It is
debatable whether these strains actually existed prior
to antiviral therapy were selected by antiviral drugs
[Melegari et al., 1998] or whether resistant strains
evolved from non-resistant virus by nucleotide substitu-
tion(s) during replication under pressure from the drug.

In this study, both the YVDD, which is reported to be
resistant to lamivudine, and YIDD variants were identi-
fied in one patient before the start of lamivudine
therapy. The detection rate of variants in this study is
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Fig. 3. Nucleotide (A) and amino acid (B) sequences of clones obtained from two patients with anti-HBe
(Patients 1 and 2). Created stop codons in the overlapping envelope (S) gene are labeled with asterisks.

quite different from those reported in previous studies.
For example, Kirishima et al. [2002] used the same PNA
method to detect the YMDD variant and found four of 18
subjects were positive for the variant. Since our method
has similar or even better sensitivity than that of
Kirishima et al., this difference might be due to different
background of the patients’. The YVDD variant was
detected in only one of 43 clones obtained from this
patient (Fig. 2). Since RFLP showed that only part of the
amplified DNA was digested with the enzyme Apal.l,
the prevalence of YVDD variants in this patient was
assumed to be very low. Furthermore, the variant
detected was distinct from the double mutation variant

(M552V and L528M) that had been reported to have the
strongest resistance to lamivudine [Gutfreund et al.,
2000; Ono-Nita et al., 2001]. This might explain the
excellent response to lamivudine in this patient. Alter-
natively, such variants might be defective viruses that
lack the ability to replicate because of mutations in a
different area that was not analysed in the present
study. The data, however, show that care should be
taken when interpreting results of detection of YMDD
variants, especially when the sensitivity of the assay is
very high. Whether such variants can evolve to drug-
resistant variants needs to be studied in a larger number
of patients, as the amount of HBV DNA fluctuates in
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patients. Variants with the amino acid sequence YIDD
identified in this patient had stop codon(s) in the
overlapping HBs gene. Whether these variants, includ-
ing the remaining newly identified sequences with stop
codon(s) in the overlapping HBs gene, can replicate with
trans-complementation by co-existing intact virus needs
further studies. The enzymatic activity of reverse
transcriptase/DNA polymerase in these variants, espe-
cially those without the HBs stop codon, should also be
studied further.

One of the interesting findings of this study was that
certain transition patterns were predominant in some
patients. For example, 55 of 59 nucleotide substitutions
in a patient who possessed YVDD variant before the
start of lamivudine therapy were guanine to adenine
transitions (Fig. 2A). In contrast, only a thymine to
cytosine transition was identified in Patient 2 (Fig. 3A).
A possible relationship between amino acid sequence/
function of polymerase and patterns of nucleotide
substitutions in these patients should be investigated.
Amino acid substitutions in clones obtained from five
patients were also distributed unevenly in the YMDD
motif. None of 84 clones analysed from five patients had
amino acid substitutions in the tyrosine molecule in this
motif, and only two of 84 clones had amino acid sub-
stitution of the serine molecule just upstream of the
YMDD motif. This uneven distribution of amino acid
substitutions might be related to the function of the
polymerase. Whether these rare polymerase variants
are actually functional is important for designing new
antiviral nucleotide analogs.

In conclusion, rare viral quasispecies were identified
by using a sensitive method. The method might be
further applied to study other nucleotide substitutions
of other viruses. Analyses of rare variants might be
useful for further understanding of the mechanism for
emergence of drug-resistant HBV variants and for
developing strategies for new antiviral drugs.
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G to A Hypermutation of Hepatitis B Virus

Chiemi Noguchi,"? Hiromi Ishino,! Masataka Tsuge,' Yoshifumi Fujimoto,> Michio Imamura,'? Shoichi Takahashi, '

and Kazuaki Chayama'?3

G to A hypermutation of the human immunodeficiency virus type 1 (HIV-1) is induced by
a deaminase APOBEC3G and is related to host antiviral defense. APOBEC3G has also been
found to reduce the replication of HIV-1 by an unknown mechanism. This enzyme also
reduces the production of hepatitis B virus, although the mechanism for this action has not
been clearly elucidated. The hypermutated hepatitis B virus (HBV) is rarely found in usual
sequencing analyses. Using peptide nucleic acid mediated by polymerase chain reaction
clamping, we detected the hypermutated HBV DNA in 1 of 8 patients with acute HBV
infection and 4 of 10 with chronic HBV infection. In the latter group, hypermutated ge-
nomes were found only in eAb-positive patients. As much as 72.5% of G residues were
mutated in the hypermutated clones. G to A substitutions were predominant in almost all
clones sequenced compared with other substitutions. G to A mutated viral genomes also were
found in HepG2—derived cell lines that continuously produced HBV into the supernatant.
Both alpha and gamma interferon reduced virus production in these cell lines, but they did
not alter the frequency of the hypermutation. Transcripts of APOBEC3G, as well as some
other deaminases, were found in these cell lines. In conclusion, our results show that part of
the minus strand DNA of HBV is hypermutated both in vitre (HepG2 cell lines) and in vive.
The role and mechanism of hypermutation in reducing HBV replication should be further

investigated to understand the anti-HBYV defense system. (HEPATOLOGY 2005;41:626-633.)

epatitis B virus (HBV) is a small enveloped

DNA virus that replicates in hepatocytes in a

noncytolytic manner. Chronic infection with
the virus often leads to chronic hepatitis and liver cirrho-
sis. Hepatocellular carcinoma arises in chronic carriersata
higher frequency than noninfected individuals.!-4

Abbreviations: HBV, hepatitis B virus; HIV-1, human immunodeficiency virus
type 1; APOBEC3G, apolipoprotein B mRNA-editing enzyme, catalytic polypep-
tide-like 3G; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B early antigen;
PCR, polymerase chain reaction; PNA, peptide nucleic acid.
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The replication cycle of the HBV includes pregenome
RNA synthesis and reverse transcription, resulting in the
production of the minus strand DNA, which serves as a
template of the plus strand DNA.5 The life cycle of this
virus resembles that of the human immunodeficiency vi-
rus 1 (HIV-1), which also replicates through reverse tran-
scription.$

Recent reports showed that a cytosine deaminase
APOBEC3G (apolipoprotein B mRNA-editing en-
zyme, catalytic polypeptide-like 3G), which is pack-
aged in HIV-1 virions, induces G to A hypermutation
to a nascent reverse transcript of HIV-1, which con-
tributes in part to the innate antiviral activity.7-10 The
antiviral activity of APOBEC3G is species specificil:12
and may represent the different actions of the pro-
tein.!>14 The virion infectivity factor encoded by len-
tivirus genomes associates with APOBEC3G to
prevent the enzyme from being packaged into virions
and triggers its proteasomal degradation.!5-18 The neg-
ative strand DNA of the HBV might be a target of such
antiviral deaminase activity. In fact, naturally occur-
ring HBV genomes bearing the hallmarks of retroviral
G to A hypermutation have been reported in clones
obtained from 2 HBV carriers.!? Both of these clones
represented subgenomes arising from reverse transcrip-
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tion of packaged spliced mRNA. However, such hyper-
mutated genomes have otherwise never been reported,
nor deposited in DNA databases. Moreover, whether
such hypermutated sequences are generated in liver
cells or in leukocytes is unknown.

Inhibition of HBV replication by APOBEC3G was
observed recently in a transient transfection system.20
However, no induction of hypermutations to the HBV
genome was observed. Instead, prevention of pre-genome
RNA packaging was observed.

The aims of the current study were to determine the
frequency of viral genomes with G to A substitutions in
HBYV carriers and patients with acute HBV infection, and
to determine whether the hypermutated sequences are
generated in hepatic cell lines. We identified such hyper-
mutated viral genomes in 5 of 18 HBV carriers and pa-
tients with acute HBV infection and the expression of
known deaminases that are potentially responsible for the
hypermutation in cultured hepatoma cell lines.

Materlals and Methods

Serum Samples. Serum samples from 18 adult Japa-
nese patients with HBV infection were studied. At the
time of the study, 8 of these patients had acute HBV
infectionand tested positive for immunoglobulin M anti—
hepatitis B coreantibody. The remaining 10 patients were
chronic carriers, All serum samples were stored at —80°C
until examined. All patients were negative for serum
markers of both hepatitis C virus and HIV-1 infection,
and none was on antiviral treatment.

Serological Markers of HBV Infection. Hepatitis B
surface antigen (HBsAg) was detected by enzyme immu-
noassay (Roche Diagnostics, Basel, Switzerland), and
hepatitis B early antigen (HBeAg) as well as anti-HBe
were detected by radioimmunoassay (Abbott Diagnostics,
Abbote Park, IL). HBV DNA was determined by tran-
scription-mediated amplification and hybridization-pro-
tection assay (Chugai Diagnostics, Tokyo, Japan), and
the results were expressed as log genome equivalents per
milliliter. The lower detection limit of this assay is 3.7 log
genome equivalents/mL (equivalent to 5,000 copies/mL).
The antibody against hepatitis C virus was tested for by
the third-generation enzyme immunoassay (Roche Diag-
nostics).

Analysis of HBV DNA in Cell Lines Thar Stably
Produce HBV. Two cell lines known to produce wild-
type HBV and one cell line known to produce lamivu-
dine-resistant HBV (with mutations of L528M and
MS552V) were created by transfecting 1.4 genome length
sequences of HBV to HepG2 cell lines. These cell lines
produced HBV that showed a similar sedimentation in
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sucrose density gradient centrifugation to HBV extracted
from the serum of carriers (M. Tsuge et al., manuscriptin
preparation) and could infect human hepatocyte chimeric
mice {manuscript in preparation). These cell lines were
grown in Dulbecco’s modified Eagle’s medium supple-
mented with 10% (vol/vol) fetal bovine serum ac 37°C
and 5% CO,. Cells were seeded to semiconfluence in
6-well tissue culture plates and then treated with media
containing interferon alpha or gamma. After 3 days of
interferon treatment, the cells were harvested and lysed
with 250 pL lysis buffer (10 mmol/L Tris-HCI [pH 7.4],
140 mmol/L NaCl, 0.5% [vol/vol] NP-40) followed by
centrifugation for 2 minutes at 15,000g. Replicative in-
termediate of the HBV was immunoprecipitated and sub-
jected to Southern blot analysis and quantitative analysis
by light cycler. The effect of lamivudine was analyzed
similarly, except that cells were harvested after 5 days of
treatment.

Detection of Hypermutated Clones by Polymerase
Chain Reaction With PNA Clamping, Cloning, and
Seguencing. HBV DNA was extracted from 100 pL se-
rum or culture supernatant by SMITEST (Genome Sci-
ence Laboratories, Tokyo, Japan) and was dissolved in 20
L HyO. The first round of polymerase chain reaction
(PCR) was performed with an outet primer set (PLF1 and
BR112 [Table 1]) and a second-round PCR with an inner
primer set (PLF2 and PLR2 [Table 1]). The peptic nu-
cleicacid (PNA) oligonucleotide, initially designed to de-
tect lamivudine-resistant variant genome,?! was an 18-
mer (PNA 552 [Table 1]} that exactly matched the 18-
nucleotide sequence of the original YMDD sequence of
DNA polymerase/reverse transcriptase, which contained
GG and TG sequences (AGT TAT ATG GAT GAT
GTG). The PCR with PNA clamping was performed in a
total volume of 25 L, consisting of a reaction buffer (100
mmol/L Tris-HCl [pH 8.3], 50 mmol/L KCl and 15
mmol/L MgCl), 0.2 mmol/L each of dNTPs, 1 L of the
DNA solution, 12.5 pmol each primer, 150 pmol PNA
552, and 1 unit of Taq DNA polymerase (Gene Taq,
Wako Pure Chemicals, Tokyo, Japan) together with 0.2
ug ant-Taq high (Toyobo Co., Osaka, Japan). The am-
plification conditions included an initial denaturation at
95°C for 4 minutes and 25 cycles of amplification (dena-
turation at 95°C for 45 seconds, PNA annealing at 73°C
for 2 minutes, annealing and extension of primer at 63°C
for 50 seconds), followed by a final extension at 63°C for
7 minutes. Part of the X gene was amplified with an outer
primer pair (HBV1 and HBV2) and an inner primer
(PLF2 and HBV2) (Table 1) for the first- and second-
round amplifications, respectively. The amplification for
the first-round PCR included initial denaturation at 95°C
for 4 minutes and 25 cycles of amplification (denatur-
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Table 1. Oligonucleotides and PNAs Used in the Current

Study
Primer Sequence
HBV amplification
PLF1 5'-GGT ATG TIG CCC GTT TGT CC-3’
BR112 5°-TTC CGT CGA CAT ATC CCA T-3’
PLF2 5'-CCT ATG GGA GTG GGC CTC AG-3’
PLR2 5'-CCA ATT ACA TAT CCC ATG AAG TTA AGG GA-3'
HBV1 5'-CCG GAA AGC TTG AGC TCT TCT TIT TCA CCT CTG CCT AAT CA-3’
HBV2 5'-CCG GAA AGC TTG AGC TCT TCA AAA AGT TGC ATG GTG CTG
G-3’
BR109 5-AAG GGA GTA GCC CCA ACG TT-3'
PNA
PNA552  H2N-CAC ATC ATC CAT ATA ACT-CON2H
PNA552V  H2N-CAC ATC ATC CAC ATA ACT-CON2H
Amplification of mRNAs of deaminases

APOla 5'-CAG AGC ACC AT: ACT TCT-3'
APO1d 5'.ATT GTG GCC AGT GAG CTT CA-3’
APO2a 5'-AGA AGG AAG AGG CTG CTG TG-3'
APO2b 5'.AGA ACG GCT GCC TGC CAA CT-3'
APO2¢ 5'-GAA GGC TGG CAG GAT GGT GT-3'
APO2d 5'-CAG GTG ACA TTG TAC CGC AG-3'
APO3Aa  5'-TCT TAA CAC CAC GCC TTG AG-3'
APO3Ad  5'-GAA GAT GCG CAG TCT CAC GT-3°
APO3Ba  5'-AGA GCG GGA CAG GGA CAA GC-3'
APO3Bb  5'-GCG TAT CTA AGA GGC TGA AC-3'
APO3Bd  5'-CGA AGG ACC AAA GGG TCA TT-3’
APO3Be  5'-ACA AGT AGG TCT GGC GCC GT-3’
APO3Ca  5'-AGG ACG CTG TAA GCA GGA AG-3'
APO3Cb  5°-CCG ATG AAG GCA ATG TAT GG-3’
APO3Cc  B'-GTC GTC GCA GAA CCA AGA GA-3'
APO3Cd  5'-GAT GTG TAC CAG GTG ACC TG-3'
APO3Da  5'-CTG GGA CAA GCG TAT CTA AG-3'
APO3Dd  5'-AGT CTG AGA TGA AGA GGT GG-3'
APO3Fa  5'-CTT GGG TCC TGC CGC ACA GA-3’
APO3Fd  5'-TCATCC TTG GCC GGC TAG TC-3'
APO3Ga 5'-GAC TAG CCG GCC AAG GAT GA-3’
APO3Gb  5'-CAC AGT GGA GCG AAT GTA TC-3'
APO3Ge  5'-GTT CGG AAT ACA CCT GGC CT-3'
APO3Gd  5'-ACT CCT GGT CAC GAT GCA GC-3'

ation at 95°C for 45 seconds, PNA annealing at 73°C for
2 minutes, primer annealing at 60°C for 1 minute, and
extension of primer at 63°C for 4 minutes), followed by
the final extension at 63°C for 7 minutes. The second-
round amplification was performed under the same con-
ditions without a primer extension for 3 minutes. The
estimated error rate of the Tag DNA polymerase was
1.76 X 1073 per site in amplifying approximately 102
copies of plasmid under the same conditions as described
previously and cloning and sequencing.?! Products (1 uL
each) of the second-round of PNA PCR were subjected to
PCR with primers PLF2 and BR109 for 35 cycles (94°C,
1 minute; 58°C, 1 minute; 72°C, 1.5 minutes) after initial
denaturation at 94°C for 4 minutes and followed by the
final extension at 72°C for 7 minutes. Amplicons were
purified by electrophoresis on 2% (wt/vol) agarose gel and
cloned into pGEM-T Easy Vector (Promega, Madison,
WI) with the standard method, and then transformed
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into Escherichia coli M 109 (Takara Shuzo Co., Otsu,
Japan). Sequencing was performed in the ABI PLISMTM
310NT Genetic analyzer (Applied Biosystems, Tokyo,
Japan) with Big Dye terminator version 3.0 Cycle Se-
quencing Ready Reaction kit (Applied Biosystems). Ten
independent clones from each serum sample of patients or
supernatant of cell cultures were sequenced for analysis
and compared for nucleotide sequences obtained by di-
rect sequencing of PCR products. Hypermutation was
defined as clones with a statistically significant number of
G to A substitutions.

Sequence Analysis. Nucleotide sequences were
aligned and parameters of hypermutation were evaluated
with Hypermut Program Package?? (hetp://www.hiv.lan-
Lgov/HYPERMUT/hypermut.html). We used nucleo-
tide sequences obtained by direct sequencing as reference
sequences and tentatively labeled clones with a statistically
significant (P < .05 by Fisher’s exact test) number of G to
A substitutions as “hypermutated.”

Detection of mRNA of Known Deaminases by Re-
verse Transcription and PCR. Total RNA was ex-
tracted from HepG2 cell lines by using cell-to-cDNATI
kit (Ambion, Austin, TX). The extracted RNA was re-
verse transcribed with random primer and M-MLV re-
verse transcriptase (ReverTra Ace, TOYOBO, Osaka,
Japan) at 42°C for 60 minutes according to the instruc-
tions provided by the manufacturer. Synthesized cDNAs
were used to detect mRNAs of known deaminases using
primers listed in Table 1. Each of these primers was care-
fully designed to amplify only the target member of the
APOBEC families. Amplification of specific deaminases
was confirmed by amplifying each deaminase cDNA by
using cDNAs obtained from organs reported to be posi-
tive for the expression of each deaminase. The amplicons
were analyzed in 2% agarose gel, and the nucleotide se-
quences were confirmed by direct sequencing,

Results

Frequent Detecrion of G ro A Substitured HBV
Genomes by PCR With PNA Clamping in Patients
With Acute or Chronic Hepatitis B Virus Infection.
Using PCR with PNA clamping, clones with multiple G
to A substitutions were found (Table 2). In contrast, only
small numbers of other substitutions were identified in
these clones. A hypermutated genome of HBV was found
in 1 of B patients with acute HBV infection and 4 of 10
patients with chronic HBV infection (Table 2). We
cloned and sequenced more than 20 clones without PNA
and found no hypermutated clones. Among patients with
chronic HBV infection, hypermutated clones were iden-
tified only in eAb-positive patients (Table 2). Figure 1
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Table 2. Nucleotide Substitutions of Clones Amplified by PCR With PNA Clamping and Clinical Features of Patients With
Acute and Chronic Hepatitis B Virus Infections

No. of Substitutions®

Patient Gt A Other No. of Clonest Pre-coret CP§ eAg eAh HBYV DNA ALT
Al 27 3 8 (1) G A/G 42 0 5.1 2517
A2 13 4 8 G A/G 78 88 6.1 3,778
A3 12 2 5 AG A/G 190 o] <37 1,417
A4 1 0 4 G A/G 58.3 0 45 2,550
A5 11 3 9 G A/G 170 o] 83 175
A6 7 7 9 AG Mixed 260 ] 7.8 28
AT i 2 4 G Mixed 0.1 99.4 4.1 2,295
A8 1 1 3 A T/A 0.7 91 7.1 6,183
C1 152 2 10 (10) A T/A Q.3 100 55 394
c2 44 12 9 (4) NG T/A 18.2 734 6.2 340
c3 30 4 10 (1) NG T/A 0.3 97 13 53
C4 23 1 3 G A/G 140 0 59 2,770
c5 22 1 8 (1) A T/A 04 95 6.5 105
C6 19 9 9 NG Mixed 200 0 82 113
c7 18 5 7 G T/A 170 0 6.6 31
c8 17 1 7 G A/G 200 0 1.7 92
c9 12 4 7 G T/A 180 0, >8.8 56
c-10 6 4 7 A AG 2.5 95 8.3 267

“Total number of nucleotide substitutions in 10 clones compared with sequences obtalned by direct sequencing.
{Number of different clones of 10 clones sequenced. Figures in parentheses represent the number of clones with hypemmutation (those with a statistically significant

number of G to A substRutions).
$Nucleotide sequence of codon 28 of pre-core proteln (nucleotide 1896).

§Nucleotide sequence of basic core promoter (nucleotides 1762 and 1764). Mixed represents mixture of A/G and T/A.

illustrates hypermutations found in an eAb-positive pa-
tent with chronic HBV infection (C-1 in Table 2). As
much as 72.5% (29 of 40) of G residues were mutated in
such hypermutated clones. Hypermutation was found in
both the envelope/polymerase region (Fig. 1A) and x re-
gion (Fig. 1B) of HBV genome obtained from this pa-
tient. Preference of G to A mutation was similar with
those reported in HIV-1; that is, G residues in GA se-
quences were the most frequently hypermutated (Fig, 2).

In contrast, the G residues in CxG context were less fre-
quently substituted (Fig. 2). Numerous G to A nucleotide
substitutions were identified in clones lacking a statisti-
cally significant number of G to A hypermutations (Table
2). The number of such substitutions was apparently
greater than “other substitutions” (Table 2). There was no
relationship between the degree of hypermutation and
serum alanine aminotransferase concentration or HBV

DNA level (Table 2).

Fig. 1. G to A hypermutations detected in sequences of HBV DNA in sera extracted from an HBe antibody-positive HBV carrier (Patient C-1, Table
2) by PCR with PNA clamping. (A} DNA sequence alignment in the HBs antigen/polymerase region of the HBV. The nucleotide sequences that were
obtained by direct sequencing were used as a reference sequence (top line). The target sequence of PNA annealing Is undesiined, (B) DNA sequence
alignment in the x region of the HBV.
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Fig. 2. Preferred nucleotide contexts of G to A hypermutation in 10 clones from patient C-1 (Table 2). The preferred nucleotide letter one letter
after (left), one letter before (middle), and two places before (right, x = any) the target G residue. Open bars: number of occurrences of each context
in the sequence analyzed. Gray bars: number of G residues mutated to A. The percentage in parentheses represents the rate of mutated G

residues.*P < .05, *** < 001 (Fisher's exact test or chi-square test).

G to A Hypermutation in HBV-Producing Cell
Lines. We established HepG2 cell lines that continu-
ously produced HBV into the medium and examined the
frequency of hypermutation. Hypermutated clones were
identified in one of these cell lines (Table 3 and Fig. 3).
The preference of G to A mutation was similar to that
found in serum samples obtained from patients {data not
shown). Various levels of HBsAg, HBeAg, and HBV
DNA were released into the medium from these cells
(Table 3). No relationship was found between the fre-
quency of the hypermutated genome and intracellular in-
termediates of HBV DINA and HBsAg and HBeAg levels
(Table 3). Figure 4 shows replicative intermediates of the
HBYV produced in these cell lines detected by Southern
blot analysis (Fig. 4). No noticeable difference was ob-
served between a cell line with hypermutated genomes
and those without hypermutated genomes (lanes 1 and 2
in Fig. 4).

G ro A Hypermutation During Antiviral Trear-
ment. We treated the cell lines with alpha and gamma
interferon and lamivudine. Both interferons reduced
HBYV DNA production from these cells in a dose-depen-
dent manner (Fig. 5). The frequency of G to A hypermu-
tation did not increase in those treated cell lines (Fig. 6),
suggesting that G to A hypermutation is not responsible

Table 3. Nucleotide Substitutions of Clones Amplified by
PCR With PNA Clamping in Three Cell Lines That Produce
the Hepatitis B Virus

No. of
Substitutions®
- No. of
Cell Line Gto A Other Clonest elg HB8s Ag HBV DNA
Cell line 1 102 ¢] 10(7) 17 4.7 5.2
Cell line 2 19 ¢] 7 10 49 4.6
Cell line 3 21 1 6 14 2.8 4.6

*Total number of nucleotide substitutions in ten clones compared with se-
quences of the transfected clone.

tNumber of different clones of 10 clones sequenced. The figure in parentheses
represents the number of clones with hypermutation (those with a statistically
significant number of G to A substitutions). Codon 28 of the pre-core gene of the
transfected clone was wild (Trp), and nucleotides 1762/1764 were T/A.
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for antiviral defense through these interferons. Treatment
of a cell line with lamivudine resulted in marked reduc-
tions in the production of HBV in the supernatant as well
as intracellular viral intermediates (Fig. 7) and completely
abolished identification of G to A substitution (Fig. 6). A
similar reduction of detection of hypermutated clones was
observed in serum samples obtained from patients who
were treated with lamivudine (data not shown).

Expression of Deaminases in HepG2 Cell Lines.
We examined the expression of known deaminases to see
whether any such enzymes are active in HepG2 cells. As
shown in Fig. 8, mRNA expression of 5 of 8 of these
deaminases was detected, although the expression level of
some deaminases was very low. mRNA of Apobec3G, a
key enzyme for the hypermutation of HIV-1, was ex-
pressed in HepG2 cells, but the cDNA of this enzyme was
only found by nested PCR. The expression level of the
mRNA was similar in HBV-producing cells with various
levels of hypermutations of HBV as well as parent HepG2
cells (detected by only nested PCR).

Discussion

In this study, we detected the mutated HBV genomein
some patients by using PCR with PNA clamping, PNA is
a DNA analog in which the ribose-phosphodiester back-
bone of DNA has been replaced by N-(2-aminoethyl)
glycine linkages.?? The PNA anneals strongly to DNA
like a complementary DNA, but with higher affinity.2?
The annealing of the PNA to the target sequence thus
prevents amplification of the target DNA in the PCR. In
our previous study,?! we attempted to block the amplifi-
cation of lamivudine-sensitive wild-type YMDD motif
strain and detected a very small amount (1/10,000) of
YMDD motif mutant. Because the target sequence of this
system contained many Gs with GA and GG (AGT TAT
ATG GAT GAT GTG), we assumed that we could detect
very rare hypermutated genomes.

Because we did not detect any hypermutated sequence
without PNA, we assumed that the rate of the hypermu-
tated genome is very low. This low frequency of hyper-
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fig. 3. G to A hypemutations detected In sequences of the HBV DNA (produced by HBV DNA-transfected cell lines to the supernatants). The
nucleotide sequences of the transfected clone were used as a reference sequence (top fine). DNA sequence alignments In the HBs antigen/
polymerase region of cell line 1 (A) and cell line 2 (B) of the HBY. Numbers in parentheses are numbers of clones.

mutated genomes accounts for the lack of reports of such
sequences with only one exception until recently,!? in
which the presence of two clones of hypermutated se-
quences in spliced genomes was reported. One may as-
sume that the rare hypermutated genome might be
produced in peripheral blood mononuclear cells because
the HBV genome was previously found in such cells.2428
However, we showed that these genomes are found in
HBV-transfected cell lines. Our results clearly demon-
strate that hypermutation actually occurs in hepatocytes.
The reason(s) for such a low frequency of hypermutation

L2 3

Fig. 4. Southern blot analysis of the HBV DNA extracted from cell lines
that stably produce HBV into the supematant. Two YMDD wild-type virus
sequences (lanes 1 and 2) and one YVDD mutant virus sequence (lane
3) were transfected Into the HepG2 cell line.

is not clear. The low expression level of deaminases in
hepatocytes might account for the low frequency. In fact,
we observed a very low expression level of APOVEC3G
(transcripts was only detected by nested PCR [Fig. 8]) in
HepG2 cell lines.

Recently, Turelli et al.2029 suggested that overexpres-
sion of APOBEC3G inhibits the replication of HBV by
preventing encapsidation of the virus. However, they did
not observe an increase in G to A hypermutation. In con-
trast, Rosler et al.? reported that G to A substitutions
significantly increased in HepG2 cells when co-trans-
fected with APOBEC3G ¢DNA. They found only 50 G
to A substitutions by cloning 223 clones,* suggesting that
the frequency of G to A substitutions is rare despite over-
expression of APOBEC3G. Our preliminary data suggest
that overexpression of APOBEC3G does not produce a

R1E

HEY UNA {25 S eagrys 0.}
5

Il

)

IFR& e ]

Fig. 5. Effects of interferon alpha and gamma on production of HBV
DNA by cell line 1. Experiments were performed in duplicate with
increasing amounts of each interferon.
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Fig. 6. Nucleotide sequence substitutions around YMDD motif of
reverse transcriptase detected by PCR with PNA clamping after treating a
HepG2 cell line (cell line 2 in Table 3). The nucleotide sequence of the
transfected clone was used as a reference sequence (top line). Cells
were treated with interferons and lamivudine as shown in Figs. 5 and 7,
respectively.

noticeable increase in HepG2 cells by our detection
method (C. Noguchi and K. Chayama, unpublished
data). However, the method employed to detect hyper-
mutation is not quantitative. Moreover, no antibody to
detect APOBEC3G is available. Measurement of activity
of this enzyme might be necessary to address this issue.
Because the patterns of hypermutations found in pa-
tients as well as cell lines are in agreement with strong
dinucleotide preferences of a retroviral genome31-3% edited
by APOBEC3G,? we assume that hypermutations
might also be induced by a similar enzyme. As pointed out
by Turelli et al.*? another deaminase including
APOBEC3F might be responsible for the generation of
hypermutation. We actually detected the expression of
deaminases in HepG2 cell lines. The expression levels of
these deaminases are very low because they were detected
by only two-stage PCR with one exception (only
APOBEC3F was detected by a single-stage PCR).

[

SEBY GiNa sl

@

peaed

et
]

wh T en s
T datvudian | £ Mf

Fig. 7. Effects of lamivudine on production of HBY DNA by celi line 1.
After 5 days of lamivudine treatment, the HBV DNA in core particles was
immunoprecipitated and quantitated by real-time PCR. Data are mean =
SD of 4 independent experiments.
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Fig. 8. Agarose gel electrophoresis of mRNAs of known deaminases
amplified by reverse transcription-polymerase chain reaction. Lane 1:
molecuiar weight size marker; lane 2: APOBEC1; lane 3: APOBEC2; lane
4: APOBEC3A; lane 5: APOBEC3B; lane 6: APOBEC3C,; lane 7:
APOBEC3D; lane 8: APOBEC3F; lane 9: APOBEC3G; lane 10: molecular
weight size marker. Only mRNA of APOBEC3F was detected by one-stage
PCR. To confirm the predictability of the assay, 3 negative mRNAs in
Hep3G (APOBEC1, 3A and 3D) were amplified by using mRNAs from
tissues known to express it. Lanes 11 and 12: APOBEC1 and APOBEC3A
from the ileum; lane 13: APOBEC3D from the duodenum. All detected
¢DNAs were cloned, and nucleotide sequences were confirmed.

However, other possibilities should not be ignored.
For example, some viral proteins might prevent such ed-
iting activity of deaminase by associating with this en-
zyme, as virion infectivity factor does in HIV-1-infected
cells. Possibly the edited HBV genomes are degraded in
liver cells rapidly by removal of the U residues by uracil
DNA glycocylase followed by cellular nucleases.?¢

We found hypermutated genomes only in patients
positive for eAb. The G to A nucleotide substitution of
codon 28 of pre-core protein, which induces premature
stop of this protein and basal core promoter mutations
(A1762T/G1764A), might be related to the clearance of
eAg.?® Further studies should be conducted to investigate
the relationship between G to A substitutions in these
regions by deaminase(s), production of eAg, and replica-
tion efficacy of the virus.

A recent study showed that the amount of HBV DNA
reduction occurs noncytopathologically through the ac-
tion of cytokines, especially interferon alpha/beta and
gamma.?”?8 We thus examined whether interferon can
alter the occurrence of hypermutation. However, the re-
sults showed no increase in the number of hypermutation
in HepG2-derived cell lines treated by interferon alpha
and gamma (Fig. 6). Thus, the antiviral action of the
mechanism responsible for G to A substitution in liver
cells is likely to be independent of the action of interferon.

In conclusion, numerous innate intracellular defense
systems exist, and the precise pathways of such systems are
not fully understood. The role of editing of the HBV
genome in such defense systems should be further inves-
tigated to understand the natural antiviral mechanisms
and to develop an antiviral strategy against HBV.
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Fa7A4WVAELTA, B, C, D, E®ZT®
SHEESMONTWS, LaL, BHEKD50%,
ZHITF40 10 ~20%, BYEFEED510%IEBE
FFge 4 VA (HBV) b CRIFLR 7 4 VA (HCV)
b negative ThH B Z &b, WhWwbIEA-ERRT
KA WADEETHDTRZVWALEEZLOLNT
X7, W4, GEIFLYA VA (GBV-C /HGV),
TT w4 WA (TTV), % EPHRVTEESN,
EEABEOIEAERFLY AV ADEHE LT
EXNTWEH, ThbDy 4 VAICBITAHFE
DFBHICOWTOMERIL R, BENTHS.
KIZEIESN/A-SENY A4 VA (SENV) bFEAE
RSHM EIFAOBERY 4 VAT whbER
N7=ps, WL %5dDTIdEVv. FRTIE,
NED Y4 NV ADBIETFHEE, BEERE, ﬁ% i3
FHEZES P OICERT S, £LT, EF,
HBsAgFett, HBcAbME®D FF—» b IFBE~E
LS als, LIy FABRIFRERET S
FLSHERS S LIIEERENSL Lot
occult HBV DEERIEFHICOWT LR A MA .

A. GBV-C/HGV

1995 4E-1996 12 H 1 T, KED2ODE R -
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R V- TSI EA-ERFREEMENS
SFru—= v FEICLDHBRNA Y VA
REsh, #nFNGBYA4VAC (GBVLC), G
HEF£7 A VA (HGV) Lagashizlv, WE
LY REF &, RY) FaFAf o7 3 ) ERES
T AL, LLIEVHREEZELTNSS
e, W%‘ﬁ§ﬂ~0)f74' WATHAHZ EHHIH
L7-. &%, GBV-C/HGV » %\ i3, BIZHGV &
Ef s b, GBV-C/HGV X, HCVERLU 7 5
¥ 4 v AR (Flaviviridae) &L, #79.4kb
PohbIARE TSI AERNATANATH A,
TAE, HGV IZIX3BEDEEZTE (Gl, G2, G3)
REEL, AHEH6GLENET 7 A8, G2
RRfBl, G3ME 7V 7HEILVDNRTWVS
HGV R # D# 50% - SimE A h, FEFFIRE
Yy EAEOHGV-RNABHRNEHLDOTEY
T e, BRERBEmEEANTSLEXONDY.
JEA-CREBHFREIIOVWTITo &4 OB
HCiE, BUFA7FIF0F (0%), BEFEE
78 BIF 11 4] (14.1%) ZHGV RNA %%l L7z9.
¥ 7=, bAETIEEIME D 1-2%5 HGV-RNA 5
HTHhBHIEIHBE LA, LaL, HGVEHED
HR, BEAEZRETAI L R, FEzo
THIERIZERMT, FEERENSVEEION
L. 0%, FEABEELOBEIZEVE V) HE



PHRE, &5HIZHGV-RNADRFED F#lllaT
BewnZ LRI EN, BERIFRTA VA
DFRIEEHFE TV 2w,

B. TTV

TTVix, 1997 %12 Nishizawa® 52 & ) &4
WKRIESN, BRORBRE o2 BEOSI =y
WV (TT) 6, [TTOANVR] g shi-.
TTViET N —-7% % 72 weREH3.9kb 2
Lb1AKETA ST AEDNA A VAT, ¥—
a4 WAR (Circoviridae) IZBT 5. ER§ERE
Bk, A, EEENLCBY, EICMRE
BRI, CERIFFREBEORGED AR, ERIFFR
DHFDRBREREZLEELETVE, ZOR
Okamoto” 52L& Y, TTV OEBELTFHEEDRE
HENh, EbDTHRETEENEL, ZHOTT
54 THEETHIEPHELMICSNEO, R
TR ELI6DF ) 54 THEEL TV 5.
RERSH LN D DI, BARADKATE 10%75*
BRLTWwAEMRTHMIA (laBle 1bH) &
nTw5b,

FEACEIBHITRBICELT, 4DORF1D
primer Z v 7=k (1, 2H#M) 12X 2HE
Tit, BERFR276F36 (11%), BHEFEE
78 B 9B (11.5%) (CTTV DNA Z#i L7z
A8, EENTH 258380 (12%) IZTTV
DNABHEDEMIFFEL -2 ENHW, TTV
DFE~NOEBEOTREIREVEEZ NS, &
512, TIVORBERL POA R LTELL DY
FADBPENFERIN T2, Fo18307-0
FEBRTIIRERIRILTLHLODOFRIEEEL T
VI F 7, TTVIRREMEPIIEREICKRD S
nNaZenrt, BELECHEE R ETHEL
TWAAREN S ), BEEREZFIEEI LTy
HEREMLEAON L. LA T, BIE,
TTVIE, HWREEOEERTIANVAE L TIEE
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MHEDS L, BRLZ s TWwiwn.

C. SENV

SEN® A WA (SENV) %, &, HIVRGE
DORFMOEDEREZEOMBE,» SRAE SN M
3.8kb D 1 AMBRDNAYA VA TH LY, %
FRC L D BETFRIESAOFENRESATY
B9 FEERICIE, TTVICEML TWwa8,
TTVoO7a b ¥4 7LD TIE, EERST
1255%, T 3/ EEEHITIL3T%IEEDOMREM LA
R, BREERIEIEE AT 5.

SENV-A & SENV-E3JE A-ERIfF B E &k
MEIZBOTHE, EDICEVIRBETENIEA
ERo ool FAERBMBEFKL
SENV-D & SENV-H B4 DB 5 OE T3 19,
By I 7% 51 SENV B3 D 585 14 286 17 86 Bl
(30%) <, Fe#mz v bu—Hlo 97 Fld 34
(3%) EHEBIHMEFATEAD LN, F 1,
436 FIDBRIMME 2 BT 5 SENVBHERIZ18%TH
o7z, F/z, FAEREMBEFLEEDSENV
EFRL, MIEFRATZEZ S 2o ER & H
BLAEILE, o722 &5, SENV A 4T
KOBET AV ATHDHUEEMEE R L7

L2 L, SENVDIEHEN, HREOFHEEL S
FOEGRVETHIESLS, SENV A LM E
CIEAERFREEREIIBWTR UREICETRE
FTHECIMED ARSI TnbI ERs, ¥
AEBIFFEBIZEA L T, SENVEENERERY A1V
ATHHIEEFTRMIRT T — 53V E L.

D. MOk

VT4, HBsAgletk, HBcAbBHED K+ —»h56
FFiEs L72BEIs, LYYy b BEIFR%
BETAHIENPG, 72&z2, FF—0DHBsAg»*
BEUETH->TH FFr—ofFMEMEPIZE HBY
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DNAZHEET A Z EHHLMISNAB®, 21
T, WEEIZL » T, Torbenson HiX, HBsAgid
RRETH A, MiEDHDHVIEIHEARKICBITS
HBV DNA Bt TH 5IKE %, occult HBV &
E#L719. occult HBV EBREIZEL Tid, Bl
BoXH %, BEORENFRELRZE, BHh2R
MTFCIEIEBRICHBEICRY ) 575, BEOBRKIC
BWC, EFOXSLEEXATAMCELTE,
MEEMTEZ LR L2 >TWwA. occult HBV &
B NDHBV DNAEWXEMSRZPCRTIRZ 6
NABEDEYANAETH A0, occult
HBV BREDZHTICIE, BREOPCRT v 4 A
VETHY, avyIix—var (BEHE) %k
NTHZELLEETHA.

BRSHEFA,» SEELZEIS, occult HBV
Bifeb ), BEICOLAEDEL I EHH 520,

¥ 7=, occult HBV B¥xid, BEBHFRERSE
WZBWT, MiEFO HBsAg A HAKATHET
BIEE, HHWIE, VA4 VRAEEIIL - THE
Lz Lichboh 280 H5. 61T, B
FCRFFBEEL L UHCVEEREEFIZBNTY
BRI occult HBV Bt iE S h T\ 2122,
FaDXBLUSEBETFHEBED primer & W7
WEfcix, JEBIECRIFHEICE VT, HBcAbR
WETIZ21FF 56 (24%), HBcAbBEHER T
215 261 (9.5%) \“HBV DNAZ®RiEi L7
(£1). F7-, HBsAgHXPITIX, 9BIF 45l
(44%) ASHBV DNA BT, BEFAD I H 26
Tl HBsAgiHRBICHEM Lz (R2).
DL, BIBEDOT A NVADRKRHEREIC
DVTIRILERZENDEIATH BN,
occult HBV 2SR #3848, W, MyEl%z &%

%1 FEBIECHIFFEERICSH T S HBYV DNA BREHI

fEF  FE #5)  anti-HBs antiHBc  ## HBV DNA
(x1) X gene S gene

1 66 M - - LC + -
2 54 F + - LC + +
3 75 M - 100% CH + +
4 79 M - 95% LC + +
5 55 F - 90% LC + +
6 82 F + 83% CH + -
7 82 F + 61% LC + +

2 HBsAgHEBIICE T 5 HBV DNA D%

EG FE %5  *genotype anti-HBc  #M#& HBV DNA
(x 200) X gene S gene

1 47 M C 23% -CH + +
2 56 F C 83% CH - -
3 58 M ND 30% CH - -
4 62 M B 61% CH - -
5 44 F C 40% CH - -
6 48 M C 16% CH + -
7 57 M F 72% CH - -
8 71 F ND 89% CH + =
9** 55 M ND 48% LC + -

* HBsHURE LA O MK
* HBs HURIH KR IZFHA LIER]
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BLTHBVEEORERED o Tnb I L, BR
AHOFEROBERERY I B L, FEOER
)BT LD LR, BERMICEELRM
BThHoHETHEZ DDA, FEBIECHRIFHRAL
BiFboccult HBYDESIZOoWT Y, &%, B
BET, HRENT, TEMN%R, HBV DNA DK
H %47\, HBV DNA DL NV TOHKE &
JARE L DREIZ DWW THI Z ATV Z &R
BREDFEEPYIC B LEBbN5S.
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