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Table 2
Mutation rates during the non-treatment observation period and
during subsequent ribavirin monotherapy

NSS5A NS5B

During non-treatment observation period

Total 0.6x10% = 024 x 107 —
SVR 14x107? 0.46 x 107
]
NR 0.28 x 102 * 0.14 x 107 t

During subsequent ribavirin monotherapy

Total 29x107 — 1.3x107 ~
SVR 8.8x 107 2.2x 107
}
NR 0.38 x 10 0.96 x 102

Note that the difference in NS5A mutation rate between SVR and NR
patients was greater during ribavirin treatment than that during the non-
treatment observation (control) period (23-fold vs. 5-fold). *P=0.02
(paired ¢ test). TP=0.02 (paired ¢ test). £P=0.04 (unpaired ¢ test). §P=0.
0005 (unpaired ¢ test).

the same patients (Table 2, P=0.02 for both NS5 regions).
Of all nucleotide mutations, 72.1% in the NS5A region and

85.5% in the NS5B region were transition mutations.

Percentages of transition mutations for all mutations are
detailed in Table 3. Mutations from C to T and from G to A
were frequent (Table 3). Synonymous mutations occurred
more frequently than non-synonymous mutations in both
regions, comprising 80.6% of all NS5A mutations and
73.5% of all NS5B mutations. No significant correlation
was found between gene mutation rates and the subject’s
serum ribavirin concentration at the end of four weeks of
ribavirin monotherapy.

Next, the relationship between mutations during ribavirin
therapy and virological response to combination therapy was
evaluated. The sustained viral response rate was 24.9% (10/34)
(Table 1). The proportion of patients who had mutations in

Table 3
Transition mutations during the non-treatment observation period and
during subsequent ribavirin monotherapy

CtoT TtoC Gto A Ato G Others®
During non-treatment observation period
NS5A (%) 222 333 222 1.1 11.2
NS5B (%) 28.5 57.1 0 14.3 0
During subsequent ribavirin monotherapy
NS5A (%) 18.6 9.3 25.6 18.6 279
NS5B (%) 38.5 20.5 102 16.3 14.5

Data are expressed as a percentage of all mutations observed in each region.
* Transversion mutations were included in this column,

the NS5A region during ribavirin monotherapy was signifi-
cantly higher in SVRs than in NRs (8 out of 10 vs. 2 out of 24
patients, respectively, P<0.0001, Fisher’s exact test).
Correspondingly, gene mutation rates in the NS5A region
were significantly higher in SVRs than in NRs: 8.8 X 10~ */site/
year vs. 0.38X 10 %site/year, respectively (P=0.0005)
(Table 2). In the NS5B region, although statistically significant
differences were not observed, the gene mutation rate tended to
be higher in SVRs than in NRs: 2.2 X 10~ ¥/site/year vs. 0.96 X
10~ %site/year, respectively (Table 2). The proportion of
patients with mutations in the NS5B region did not significantly
differ between SVRs and NRs.

3.3. Non-synonymous mutations and virological response
to IFN/ribavirin combination therapy

In the NS5A region, non-synonymous mutations were
found in 19.4% of all nucleotide mutations observed during
ribavirin monotherapy. Alterations in deduced amino acid
residues by non-synonymous mutations are illustrated in
Fig. 2, which shows all 10 patients who had nucleotide
mutations during ribavirin monotherapy. In a pairwise
comparison between pre- and post-ribavirin monotherapy,
amino acid alterations were found in 5 of these 10 patients.
Non-synonymous mutations were found exclusively in
SVRs. In other words, 5 out of the 8 patients who achieved
SVR status had 1 or 3 non-synonymous mutations; 2 of
these 5 patients had amino acid alterations accompanied
with an increase in the number of amino acid mutations in
the interferon sensitivity determining region (ISDR). In
contrast, all nucleotide mutations detected in NRs were
synonymous mutations. dN/dS tended to be higher in SVRs
than in NRs (P=0.25, Fig. 3).

In the NS5B region, non-synonymous mutations were
detected in 3 out of the 10 SVRs and in 2 out of the 24 NRs.
The proportion of patients with non-synonymous mutations
did not significantly differ between the two response groups.
dN/dS also did not significantly differ between the SVRs
and the NRs (P=0.77, Fig. 3). Of the 9 amino acid
mutations detected in the NS5B region, two were located in
the functional domain of the RdRp, one was located in
domain C (D310N), and one was located in domain D
(R3458S). As shown by the crystal model of the NS5B-RdRp
in Fig. 4, amino acid mutations were primarily located on
the molecular surface; none occurred in the nucleotide
groove or in the tunnel.

3.4. Genetic changes during the non-treatment
observation period

Gene mutation rates in the NS5A and NS5B regions
during the non-treatment observation period were calculated
as 0.60X 10~ %/site/year and 0.24 X 10~ %/site/year, respect-
ively, rates which were significantly lower than the mutation
rates observed during ribavirin monotherapy (Table 2).
Next, the relationships between viral mutation rates during
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Fig. 2. Amino acid sequence alignments in the NS5A region obtained pre- and post-ribavirin monotherapy. The figure contains data for all 10 patients
out of 34 with nucleotide mutations occurring during ribavirin monotherapy. Amino acid residues are indicated by the standard single-letter codes,
and dashes indicate identical amino acid residues, with the consensus sequence and HCV-J shown at the top. Outcomes of combination therapy are
shown on the right side. In a pairwise comparison between pre- and post-ribavirin monotherapy sera, amino acid alterations were found in 5 of 10
patients. Non-synonymous mutations were exclusively found in SVR patients.

the non-treatment observation period and viral responses to
subsequent IFN/ribavirin therapy were evaluated. Interest-
ingly, gene mutation rates in the NS5A region during the
non-treatment observation period were significantly higher
in SVRs than in NRs: 1.4 X 10~ ¥site/year vs. 0.28 X 10 ™%
site/year, respectively (P=0.04). However, it should be
noted that the relative difference in NS5A mutation rates
between SVRs and NRs during ribavirin treatment was
larger than the relative difference between SVRs and NRs
during the non-treatment observation period (23-fold vs.
5-fold, P=0.01).

Similarly, gene mutation rates in the NS5B region were
higher in SVRs (0.46 X 10~ */site/year) than in NRs 0.14X
10“2/site/year), although these differences were not
statistically significant. Seven of the nine patients who had
mutations occurring during the non-treatment observation
period also had mutations during ribavirin monotherapy.
However, 53% (8/15) of the patients with mutations during
ribavirin monotherapy had no gene mutations during the
non-treatment observation period.

4. Discussion

In the present study, we identified HCV gene mutations
occurring during ribavirin monotherapy and found that the
mutation rate was associated with the virological response
to subsequent IFN/ribavirin combination therapy. Since the
mutation rate was significantly higher during ribavirin
monotherapy than during non-treatment observation periods

in the same patients, at least some of the mutations observed
during ribavirin treatment were likely an effect of ribavirin
administration. Therefore, ribavirin appears to act as a
mutagen during clinical treatment, and this mutagenic effect
correlates with improvements in the virological response
rate resulting from the synergistic use of ribavirin with IFN.

Recently, several in vitro and animal studies [9-11,
18,19] have provided evidence that ribavirin has mutagenic

NS5A NS5B
dN/dS 1 dN/dS 1
0.8 0.8
e
06 06 ®
0.4 0.4
® @
@
0.2 0.2
f .
SVR NR SVR NR

Fig. 3. Ratio of dN (nonsynonymous substitution) to dS (synonymous
substitution) distances for the NS5A and NS5B regions. All 10 patients
with nucleotide mutations in the NS5A region and all § patients with
nucleotide mutations in the NS5B region during ribavirin monotherapy
are shown in this figure. All pairwise dN/dS ratios were calculated using
MEGA ver. 2.1 for each subject. dN/dS in the NS5A region tended to be
higher in SVR patients than in NR patients (NS5A: P=0.25, NS5B:
P=0.77).
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Double-stranded
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@sVR
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Fig. 4. Crystal structure of HCV NS5B-RNA dependent RNA
polymerase. The molecular model of NS5B was constructed using
1QUYV from the Protein Data Bank. A space-filling representation of
each atom is shown. Graphics were generated using Rasmol 2.7.2.1.
View of a cross section of the RdRp at level of nucleotide tunnels (A)
and the surface (B) are illustrated. Single stranded HCV RNA enters
the enzyme through a groove at the top of the finger domain, and NTP
(or ribavirin triphosphate; RTP) enters the enzyme through the right
lower NTP tunnel (between the fingers and the thumb). The
substitutions observed in SVR patients only, NR patients only, and
both sets of patients are shown in red, blue, and magenta, respectively.

activity. Other studies have found that ribavirin increases
the mutation rate in a full-length HCV ¢DNA plasmid [20]
and in an HCV replicon [21]. However, none of these
studies were human studies; no study to date has
documented that ribavirin has mutagenic activity in the
clinical setting. In the absence of clinical data, the
association between the mutagenic activity of ribavirin
and the clinical and virological responses to IFN/ribavirin
combination therapy remains unknown. Detecting gene
mutations induced by ribavirin and analyzing their
association with clinical responses to IFN/ribavirin therapy
are extremely difficult because HCV with error mutations
may be immediately eliminated by the concurrently
administered IFN. Although issues regarding the mutagenic
effects of ribavirin remain controversial, the inclusion of
four weeks of ribavirin monotherapy immediately before

IFN/ribavirin combination therapy in our protocol enabled
us to clarify the association between gene mutations induced
by ribavirin and the ensuing virological response to the
subsequent IFN/ribavirin therapy.

Interestingly, the correlation between mutation rate and
virological response to therapy was more evident in the
NS5A region, including the ISDR, than in the NS5B region.
From our previous analysis of the full-length HCV genome
[13,22], NS5A sequences were more variable than NS5B
sequences among different clones. Therefore, it seems likely
that the stronger relationship observed between mutation
rates in the NS5A region and SVR status was due to the
relatively greater inherent variability of the NS5A region
compared with the NS5B region. Even in the NS5A region,
however, serial amino acid mutations rarely occur in the
same patients during untreated periods [23]. Hence, our
ribavirin monotherapy results suggest that in some patients,
ribavirin induces mnon-synonymous mutations which
increase sensitivity to IFN. In turn, this increased
susceptibility to IFN could lead to SVR status. Conversely,
no functionally important mutations were detected in the
NS5B region. Since a ribavirin-induced non-synonymous
mutation at a functionally important site in the NS5B region
is likely to lead to viral death, even without concurrent IFN
administration, the substitutions observed in this critical
region are more probably the results of positive or negative
selection.

The patients who had gene mutations during the non-
treatment observation period were prone to also having
mutations during ribavirin monotherapy as well and were
more likely to achieve SVR status. These correlations
suggest that ribavirin easily induced HCV mutations in such
patients. Although mutations could have occurred in the
absence of ribavirin, the difference in mutation rates
between SVRs and NRs was significantly larger during
ribavirin treatment than during the non-treatment obser-
vation period (23-fold vs. 5-fold, P=0.01). The observation
that in more than half of the patients, mutations occurred
only during ribavirin monotherapy and were not detectable
during the non-treatment observation period suggests that
mutagenic effects of ribavirin synergistically potentiating
the virological response to IFN may play an important role
in achieving SVR status.

Gene mutations in the NS5A and/or NS5B regions during
ribavirin monotherapy did not occur in all patients in the
present study, suggesting that the intensity of the mutagenic
effects of ribavirin differed among individual patients.
Additionally, some patients who did not have gene mutations
in these regions during the non-treatment observation period
or during ribavirin monotherapy nonetheless still achieved
SVR, suggesting that the synergistic efficacy of ribavirin may
not result solely from the mutagenic activity of this agent.
Alternatively, ribavirin may have possibly induced
mutations during the period of IFN/ribavirin combination
therapy in these patients, but as previously discussed, the
concurrent IFN might have eliminated the HCV containing
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these mutations before the mutations were able to be
detected. Additionally, our data did not address the
significance of the impact that mutations in regions other
than NS5 may have had on viral response to therapy.

HCV populations in vivo consist of a quasispecies
nature. Our previous cloning analysis detected small
number of minor clones in specimens, which were
determined as ISDR-wild type by direct sequencing [24].
Hence, it should be noted that our criteria for mutation could
not completely distinguish between de novo mutation and
selection of a minor clone.

In the present study, we found that ribavirin also
expressed antiviral activity by reducing viral load, pre-
sumably because we used a highly quantitative assay for
HCV-RNA measurement [17]. However, contradictory
results have been reported previously [1-3]. Since the
present study identified only a small reduction in viral load,
further investigation is needed to confirm our result.

In conclusion, our data demonstrate that clinical
administration of ribavirin induces mutations in HCV
genes and suggest that, in some patients, mutagenesis may
be one of the mechanisms responsible for the synergistic
efficacy of ribavirin in IFN/ribavirin combination therapy.
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Abstract

Breakthrough hepatitis remains the major issue in long-
term lamivudine therapy for chronic hepatitis B. How-
ever, the emergence of drug-resistant hepatitis B virus
(HBV) is not always accompanied by a relapse of hepa-
titis. To elucidate factors predictive of breakthrough hep-
atitis, 53 patients with genotype C of HBV on long-term
lamivudine therapy were analyzed. HBV reappeared dur-
ing therapy in 19 patients with a cumulative incidence of
15% at 1 year, 34% at 2 years, and 60% at 3 years. With-
in this group, breakthrough hepatitis developed in 12
patients (63%). A polymerase gene domain B mutation
{rt180M} emerged in 13 patients, and domain C muta-
tions (rt204l, rt204V) were found in 19 patients. The
rt180M mutation was associated with breakthrough hep-
atitis (p < 0.05) with a positive predictive value of 85%
and a negative predictive value of 83%. Patients with the
rt180M mutation had higher HBV-DNA levels during viral
breakthrough compared to patients with rt180wt (p <
0.05). The mutational pattern of rt204 was not associated
with breakthrough hepatitis. In conclusion, genotypic as-
says for the rt180M mutation after viral breakthrough

may be useful in predicting the risk of breakthrough hep-
atitis and in deciding when to initiate alternative or ad-
ditive nucleoside analogue therapy.

Copyright © 2005 S. Karger AG, Basel

Introduction

Lamivudine, a nucleoside analogue, is now widely
used as primary therapy for chronic hepatitis B virus
(HBV) infection [1]. The initial clinical response is usu-
ally favorable with high rates of HBV suppression, nor-
malization of serum alanine transaminase (ALT) levels,
loss of detectable serum HBe antigen, as well as histo-
logic improvement [2-7]. However, short-term therapy
cannot completely eliminate the HBV pool in the liver
[8], and cessation of therapy usually leads to withdrawal
hepatitis [9-11]. Consequently, long-term therapy is re-
quired in the majority of patients to maintain the sup-
pressive effects of lamivudine.

Unfortunately, long-term therapy has drawbacks as
well. Response rates may gradually decrease due to the
emergence of drug-resistant HBV. This resistant virus
form is characterized by amino acid mutations in the cat-
alytic domains of the polymerase gene. Two mutations
are frequently observed in association with lamivudine
resistance: a mutation of methionine to isoleucine or va-
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line in codon 204 of the catalytic domain C, and a muta-
tion of leucine to methionine in codon 180 of the cata-
lytic domain B [12]. The emergence of these mutations
leads to the reappearance of HBV-DNA (viral break-
through) and the relapse of hepatitis (breakthrough hepa-
titis) [13] at cumulative rates of 14-32% at 1 year and
38-49% at 2 years [2, 4, 5, 14, 15].

However, biochemical changes do not always correlate
with drug resistance. In some cases of viral breakthrough
during long-term lamivudine therapy, patient ALT levels
remain unaffected, and these patients continue to exhib-
it histologic improvement [12, 15]. Conversely, there are
also patients who develop a severe flare-up of their hepa-
titis or even frank decompensation when viral resistance
emerges [6, 16-20]. The risk of hepatitis B relapse thus
becomes an important issue in patients undergoing long-
term treatment with lamivudine. While various factors
such as pretreatment HBV-DNA levels, ALT levels, pres-
ence of HBe antigen, and certain genotypes, may be as-
sociated with the emergence of resistant viral strains, fac-
tors predictive of a patient’s clinical outcome have not
yet been defined. Given the wide variability in patient
responses to viral breakthrough and the potential morbid-
ity and mortality associated with the worst outcomes,
identifying pretreatment factors predictive of break-
through hepatitis could be very relevant to clinical prac-
tice.

Finally, when analyzing treatment resistance, it is also
important to consider the HBV viral genotype. Viral ge-
notype may have some bearing on patient outcomes with
long-term lamivudine therapy. For example, patients in-
fected with genotype A who develop viral breakthrough
while on lamivudine tend to have higher HBV-DNA lev-
els than patients who harbor other HBV genotypes such
as D. Investigators have recently shown that the pattern
of polymerase gene mutation leading to lamivudine resis-
tance may be different for genotype A [21]. A double mu-
tation of methionine to valine in codon 204 and leucine
to methionine in codon 180 was prevalent in genotype A,
while a methionine to isoleucine mutation in codon 204
occurred more frequently in genotype D. These differ-
ences in mutational patterns may be linked to an associa-
tion between genotype and HBV-DNA levels after viral
breakthrough.

Currently, the most prevalent HBV genotype in Japan
is genotype C [22]. Genotype C is reported to be associ-
ated with a more aggressive clinical course and increased
resistance to interferon therapy when compared to geno-
type B [23-25]. Given the pertinence of genotype in la-
mivudine resistance, differentiating the clinical signifi-
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cance of the various polymerase gene mutations in geno-
type C becomes critical.

The aim of the present study is to elucidate factors as-
sociated with breakthrough hepatitis during long-term la-
mivudine therapy in HBV genotype C infections. Muta-
tions in domains B and C of the polymerase gene, core
promoter gene and precore gene were analyzed to deter-
mine if specific mutational patterns might be associated
with different clinical outcomes.

Patients and Methods

Therapeutic Protocol

Fifty-three patients with chronic hepatitis B genotype C who
were consecutively started on long-term lamivudine monotherapy
between August 1999 and November 2003 at Musashino Red Cross
Hospital were analyzed retrospectively. There were 32 males and
21 females; mean age was 48.8 = 11.8 years. At the start of thera-
py, all patients had detectable levels of HBV-DNA in their blood
by polymerase chain reaction (PCR), as well as elevations in serum
ALT levels. All patients were also found not to have either hepati-
tis C or human immunodeficiency virus antibodies in their blood.
No patient received interferon or any other antiviral agents during
the study or within 6 months of initiating lamivudine therapy. Pa-
tients were treated with a single oral dose of 100 mg of lamivudine
every day; median duration of lamivudine therapy was 689 (range
207-1,736) days. All patients remained on lamivudine therapy
throughout the course of study except those who developed break-
through hepatitis. Informed consent was obtained from each pa-
tient included in the study and the study protocol conforms to the
ethical guidelines of the 1975 Declaration of Helsinki as reflected
in a priori approval by the institution’s human research commit-
tee.

Quantification of HBV-DNA

Blood samples were obtained at the start of therapy and then
once every month during therapy. The serum level of HBV-DNA
was determined using transcription-mediated amplification and
hybridization protection assays (Fujirebio Inc., Tokyo, Japan) that
have a detection range of 3.7-8.7 log genome equivalents (LGE)/ml
[26].

Definitions

Viral breakthrough was defined as an elevation of more than
| LGE/ml of HBV-DNA accompanied by mutations in the poly-
merase gene on 3 consecutive determinations during monthly test-
ing after a period of HBY-DNA suppression. No case that met this
definition experienced a spontaneous decline in HBV-DNA there-
after. Breakthrough hepatitis was defined as a sustained elevation
in serum ALT levels on 2 consecutive determinations 2 weeks apart
in concert with viral breakthrough.

Analysis of Precore and Core Promoter Mutations

Mutations in the precore and core promoter regions were ana-
lyzed at baseline. The A1762T and G1764A mutations in the basic
core promoter [27] were detected by a commercially available en-
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zyme-linked specific probe assay (Smitest HBV core promoter mu-
tation detection kit, Genome Science Laboratory, Tokyo). The
G1896A stop codon mutation in the precore region was detected
by an enzyme-linked mini sequence assay (Smitest HBV Pre-C
ELMA, Roche Diagnostics, Tokyo). Use of both of these assays has
been described previously [28].

Analysis of Lamivudine-Resistant HBV

Blood samples at the time of viral breakthrough were analyzed
for mutations in the HBV polymerase associated with lamivudine
resistance using INNO-LiPA HBV DR analysis (Innogenetics,
Inc., Ghent, Belgium) {29, 30]. Briefly, DNA isolated from the se-
rum was amplified by nested PCR and used for hybridization to
the LiPA strips. The probes on the INNO-LiPA HBV DR strip
cover the amino acids of codon 180 (wild-type leucine (L) and
mutant methionine (M)) and codon 204 (wild-type methionine
and mutants valine (V) and isoleucine (I)). The amino acid posi-
tions on the HBV polymerase gene are numbered for consistency
with the newly established standardization of nomenclature for
lamivudine-resistance mutations rt180M and rt204V/I (originally
designated as L528M or L526M and MS552V/I or M550V/I)
[31].

Statistical Analysis

For statistical analysis the STAT View software package was
used. Categorical data were analyzed using Fisher’s exact test. Con-
tinuous variables were compared with Student’s t test. A Kaplan-
Meier estimate and the log-rank test were used to calculate the
median time to and the significance of viral breakthrough, as well
as the median time to and the significance of breakthrough hepati-
tis. Cox’s proportional hazard model and stepwise logistic regres-
sion analysis were used for multivariate analysis. A p value of <0.05
was considered statistically significant.

Results

Patient Characteristics, Pretreatment Variables and

Clinical Course

Prior to initiation of lamivudine therapy, the mean
HBV-DNA level was 7.1 £ 1.1 LGE/ml, and the mean
ALT was 215 + 285 U/L. Of a total of 53 patients infect-
ed with genotype C of HBV, 30 patients had detectable
HBeAg in their serum (56.6%). A precore stop codon mu-
tation was detected in 21 patients (42%), and core pro-
moter mutations were detected in 44 patients (88%). The
median treatment period was 689 (range 207-1,736)
days.

During therapy, detectable levels of HBV-DNA fell
below 4 LGE/ml in 42 (79.3%) patients. Viral break-
through occurred in a total of 19 patients; in these pa-
tients, the median time to viral breakthrough was 473
(range 224-1,128) days. The cumulative incidence of vi-
ral breakthrough was 15% at 1 year, 34% at 2 years, and
60% at 3 years (fig. 1).

HBV Mutant and Hepatitis under
Lamivudine
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Fig. 1. The cumulative rate of viral breakthrough and breakthrough
hepatitis. Kaplan-Meier plot of time to viral breakthrough and time
to breakthrough hepatitis in 53 patients treated with lamivudine.

Among those 19 patients who developed viral break-
through, 12 patients (63%) also developed breakthrough
hepatitis. The median time to hepatitis after viral break-
through was 111 days. The other 7 patients remained in
biochemical remission. The cumulative incidence of
breakthrough hepatitis was 4% at 1 year, 17% at 2 years,
and 45% at 3 years (fig. 1).

Pretreatment variables including age, gender, pres-
ence of HBe antigen, HBV-DNA levels, ALT levels, and
precore and core promoter mutations were analyzed.
These variables were not found to be associated with
viral breakthrough or with breakthrough hepatitis (ta-
ble 1).

Variables at 24 Weeks of Treatment

HBYV DNA levels after 24 weeks of lamivudine thera-
py correlated significantly with eventual viral break-
through. At week 24 of therapy, HBV-DNA levels were
above 4 LGE/ml in 23 patients. Moreover, there was a
significant difference in time to viral breakthrough be-
tween those whose HBV-DNA levels were above and
those whose levels were below 4 LGE/ml after 24 weeks
of therapy (p = 0.007, Kaplan-Meier log-rank test; fig. 2a).
Patients with HBV-DNA levels above 4 LGE/ml had a
3.5-fold higher probability of viral breakthrough com-
pared to the other patients (Cox’s proportional hazard
model, 95% CI 1.33-9.34, p = 0.012). In contrast, the
HBV-DNA levels above 4 LGE/ml at week 24 were not
associated with breakthrough hepatitis (fig. 2b).
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Table 1. Pretreatment variables in

association with viral breakthrough and
breakthrough hepatitis
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Resistance-Associated Mutations, HBV-DNA Levels

after Viral Breakthrough

At the time of viral breakthrough, a polymerase gene
mutation in domain B (rt180M) was detected in 13 pa-
tients, and a mutation in domain C was detected in 19
patients (rt2041 in 10, rt204V in 6 patients and a mixture
of 112041 and rt204V in 3 patients). Six patients had a
single rt2041 mutation; 4 patients had rt180M/rt204I
double mutations; 6 patients had rt180M/rt204V double
mutations; and 3 patients had rt180M/rt2041/V (mix-
ture) double mutations. The emergence of the rt180M
mutation was significantly associated with breakthrough
hepatitis: breakthrough hepatitis occurred in 11 of 13 pa-
tients with the rt180M mutation, while only 1 of 6 pa-
tients with rt180wt (baseline wild-type) developed sig-
nificant biochemical changes (p=0.01, Fisher’s exact test;
table 2). The positive predictive value of the presence of
rt180M was 85%, and the negative predictive value was

Fig. 2. The cumulative rate of viral breakthrough and breakthrough
hepatitis according to HBV-DNA levels after 24 weeks of lamivu-
dine therapy. Patients were divided into 2 groups according to
HBV-DNA levels after 24 weeks of lamivudine therapy. Kaplan-
Meier plots of time to viral breakthrough (a) and time to break-
through hepatitis (b) are shown. Log-rank tests show that higher
HBV-DNA levels after 24 weeks of lamivudine therapy are associ-
ated with the more rapid development of viral breakthrough (p =
0.007) but not with breakthrough hepatitis.

Viral breakthrough
no(n=34) yes(n= 19)

Breakthrough hepatitis
no(n=41) yes(n=12)

Gender (male/female)
Age, years
ALT, U/l

HBeAg positive/negative

HBV-DNA, LGE/ml
CP mutations (M/W)
PC mutation (M/W)

22/12 10/9 16/25 57
4981119 47.1x11.8 49.2+11.5 474133
255+338 141128 230+314 159148

17/17 6/13 22/19 8/4

70%1.1 73x1.1 7111 72%12

25/6 19/0 32/6 12/0

14/17 7/12 15/23 6/6

HBeAg = Hepatitis Be antigen; CP = core promoter; PC = precore; M = mutant type;
W = wild type. There were no variables that had a statistically significant association with
viral breakthrough or with breakthrough hepatitis.
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Fig. 3. The association between domain B mutations and HBV-
DNA levels after viral breakthrough. After viral breakthrough, pa-
tients with the rt180M mutation had higher peak levels of HBV-
DNA (p = 0.027) and larger increases of HBV-DNA (p = 0.044)
compared to patients with rt180wt.

Table 2. Mutational patterns of the polymerase gene in association
with breakthrough hepatitis

Mutational pattern Breakthrough hepatitis

no(n=7) yes(n=12) pvalue

rt180M/rt180wt 2/5 11/1 0.01
rt2041/rt204V/1t204V+1 5/2/0 5/4/3 NS
rt204V (yes/no) 2/5 7/5 NS
rt2041 (yes/no) 5/2 8/4 NS

NS = Not significant.

83%. Patients with the rt180M mutation had a 27.5-fold
higher probability of breakthrough hepatitis compared to
those patients with rt180wt (logistic regression analysis,
95% CI 2.00-378.93, p = 0.013). In contrast, mutational
patterns of 11204 were not associated with breakthrough
hepatitis: only 8 of 13 patients with rt240V mutation and
5 of 10 patients with rt240I developed breakthrough hep-
atitis (p = 0.35, Fisher’s exact test; table 2).

HBYV Mutant and Hepatitis under
Lamivudine

During viral breakthrough, patients with the rt180M
mutation had a larger increase in HBV-DNA levels (3.7
+ 1.2vs. 2.4 £ 1.2 LGE/ml, p = 0.044) and higher peak
values of HBV-DNA (7.0 = 1.3 vs. 5.5 + 1.2 LGE/ml,
p= 0.027) compared to those patients with rt180wt

(fig. 3).

Discussion

In this study, we found that the rt180M mutation in
domain B of the HBV polymerase gene was significantly
associated with breakthrough hepatitis during long-term
lamivudine therapy in patients with chronic hepatitis B
from genotype C. The positive predictive value of this
mutation for breakthrough hepatitis was 85%, and the
negative predictive value was 83%. The rt180M mutation
was always detected as a double mutation with an rt204
mutation. Moreover, it was linked to higher subsequent
levels of HBV-DNA during viral breakthrough compared
to similar episodes in patients with a single rt204 muta-
tion. Conversely, the mutational patterns of rt204, name-
Iy 112041 or 11204V, were not significantly associated with
breakthrough hepatitis. Thus, the development of an
rt180M mutation in patients on long-term lamivudine
therapy might be a useful predictor for breakthrough hep-
atitis. As such, the presence of this mutation may also be
helpful in deciding whether or not to proceed with alter-
native or additive nucleoside analogues as salvage
therapy.

Lamivudine plays an important role in the treatment
of patients with chronic hepatitis B. Short-term treatment
is insufficient for clearing the virus [8], while long-term
treatment is associated with the development of drug-re-
sistant HBV. These strains of drug-resistant HBV do not
always precipitate a relapse of hepatitis {12, 15], but the
mechanism and predictive factors for the differing clini-
cal outcomes have not been identified.

Previous studies examined factors such as genotype
[21], ALT levels [32-34], HBV-DNA levels prior to ther-
apy [21, 33-35], the degree of decline in HBV-DNA lev-
els during therapy [17, 36, 37], the presence of HBeAg
[32, 35, 38], and the presence of core promoter mutations
[39]. While all of these factors have been found to be re-
lated to the appearance of resistant virus strains, the data
are inconsistent, and the ultimate role of these factors re-
mains controversial [36]. Moreover, how these and other
factors are related to different clinical outcomes after the
reappearance of HBV has not been clucidated. This study
attempts to identify those predictive factors for break-
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through hepatitis during long-term lamivudine therapy
that may have an important impact on clinical out-
comes.

We found that pretreatment variables, such as muta-
tions in the core promoter and precore genes, HBY DNA
levels, ALT levels, and the presence of HBe antigen, were
not associated with viral breakthrough or with break-
through hepatitis. This finding leads us to believe that
identifying high-risk patients prior to initiating lamivu-
dine therapy may not be possible. All cases with break-
through had mutation in the core promoter, but the dif-
ference did not reach statistical significance possibly due
to the small number of patients with the wild-type se-
quence in the core promoter. Further study including a
larger number of patients with the wild-type sequence in
core promoter may be necessary to elucidate the signifi-
cance of the mutation in the core promoter in break-
through.

However, when patients were analyzed after 24 weeks
of lamivudine therapy, we found that HBV-DNA levels
were significantly associated with the development of vi-
ral breakthrough, a finding consistent with previous re-
ports [17, 36, 37]. Additionally, higher rates of spontane-
ous mutations in the viral genome are likely to be associ-
ated with higher replication levels [40], leading to the
emergence of resistant HBV. Given these findings, mon-
itoring for HBV-DNA levels at 24 weeks may be useful
in targeting patients at higher risk for viral breakthrough
but not necessarily for breakthrough hepatitis.

When parameters at the time of viral breakthrough
were analyzed, the rt180M mutation was significantly as-
sociated with the occurrence of breakthrough hepatitis.
Among those we studied the rt180M was the sole maker
that was associated with breakthrough hepatitis, there-
fore close monitoring and detection of this mutation may
be useful clinically in the prediction of breakthrough hep-
atitis.

The mechanism underlying the association of rt180M
mutation with breakthrough hepatitis is not well under-
stood. Usually, the rt204V/I mutant virus is less efficient
at replication than the rt204wt virus. However, in tissue
culture, the mutants with both B and C domain mutations
(rt180M and rt2041/V) have higher reverse transcriptase
activity and replication capacity than those single C-do-
main mutants (rt 180wt and rt2041/V). Domain C rt204
is located in the conserved YMDD motif of the RNA-de-
pendent RNA polymerase and is involved in nucleotide
binding [41], while domain B is involved in template po-
sitioning [42]. Since these two domains interact in the
molecular model of HBV reverse transcriptase [43], it

386 Intervirology 2005;48:381-388

might be speculated that the rt180M mutation interacts
with the rt204 mutations. In essence, in double mutants,
the B-domain mutation rt180M may compensate for the
replication defective C-domain mutants [44], thus ac-
counting for the higher reverse transcriptase activity and
replication capacity compared to single C-domain mu-
tants. These in vitro findings are consistent with our find-
ings that patients with both B and C domain mutants
were associated with higher HBV-DNA levels during vi-
ral breakthrough than those with single C-domain mu-
tants. It has also been suggested that cellular immune re-
sponsiveness to HBV may increase after suppression of
viremia when using antiviral therapy such as lamivudine
[45]. Thus, when viral breakthrough occurs in patients
whose cellular immunity has been relatively restored, a
relapse of hepatitis may occur. Additionally, the amino
acid position 180 may be a more vulnerable target to the
restored immune system, a possibility that needs to be
examined by further study.

In conclusion, the results of this study offer potential-
ly important clinical ramifications for patients infected
with genotype C hepatitis B who are on long-term lami-
vudine therapy. The quantification of HBV viremia after
24 weeks of lamivudine therapy may predict patients who
are at a higher risk for viral breakthrough. Closer moni-
toring may thus be warranted in those patients with HBV-
DNA levels of >4 LGE/ml. When viral breakthrough does
occur, genotypic assays for the rt1 80M mutation should
be performed since this mutation may be predictive of
hepatitis relapse.

It is our belief that using both a quantitative assay for
HBYV viremia at 24 weeks and genotypic assays for poly-
merase mutant detection after viral breakthrough may
serve as an effective means of monitoring long-term la-
mivudine therapy in chronic hepatitis B genotype C pa-
tients. Together, the results from these assays can provide
useful information that may influence the decision to ini-
tiate early induction of salvage therapy.

Nakanishi et al.

—584 -



References

1 Lok AS, Heathcote EJ, Hoofnagle JH: Manage- 13 Chayama K, Suzuki Y, Kobayashi M, Tsubota tween hepatitis B viruses of genotypes B and
ment of hepatitis B: 2000 - Summary of a A, Hashimoto M, Miyano Y, Koike H, Koida C. Japan HBV Genotype Research Group.
workshop. Gastroenterology 2001;120:1828- I, Arase Y, Saitoh S, Murashima N, Ikeda K, Hepatology 2001;33:218-223.

1853, Kumada H: Emergence and takeover of 25 Sumi H, Yokosuka O, Seki N, Arai M, Ima-

2 Lai CL, Chien RN, Leung NW, Chang TT, YMDD motif mutant hepatitis B virus during zeki F, Kurihara T, Kanda T, Fukai K, Kato
Guan R, Tai DI, Ng KY, Wu PC, Dent JC, long-term lamivudine therapy and re-takeover M, Saisho H: Influence of hepatitis B virus ge-
Barber J, Stephenson SL, Gray DF: A one-year by wild type after cessation of therapy. Hepa- notypes on the progression of chronic type B
trial of lamivudine for chronic hepatitis B. Asia tology 1998;27:1711-1716. liver disease. Hepatology 2003;37:19-26.
Hepatitis Lamivudine Study Group. N Engl J 14 Schalm SW, Heathcote J, Cianciara J, Farrell 26 Sakugawa H, Kobashigawa K, Nakayoshi T,
Med 1998;339:61-68. G, Sherman M, Willems B, Dhillon A, Moorat Yamashiro T, Maeshiro T, Tomimori K, Kin-

3 Suzuki Y, Kumada H, Ikeda K, Chayama K, A, Barber J, Gray DF: Lamivudine and alpha jo F, Saito A, Mukaide M: Monitoring low lev-
Arase Y, Saitoh S, Tsubota A, Kobayashi M, interferon combination treatment of patients el hepatitis B virus by a newly developed sensi-
Koike M, Ogawa N, Tanikawa K: Histological with chronic hepatitis B infection: A ran- tive test. Hepatol Res 2003;26:281-286.
changes in liver biopsies after one year of lami- domised trial. Gut 2000;46:562-568. 27 Kurosaki M, Enomoto N, Asahina Y, Sakuma
vudine treatment in patients with chronic hep- 15 Lau DT, Khokhar MF, Doo E, Ghany MG, I,Tkeda T, Tozuka S, [zumi N, Marumo F, Sato
atitis B infection. J Hepatol 1999;30:743- Herion D, Park Y, Kleiner DE, Schmid P, Con- C: Mutations in the core promoter region of
748. dreay LD, Gauthier J, Kuhns MC, Liang TJ, hepatitis B virus in patients with chronic hepa-

4 Dienstag JL, Schiff ER, Wright TL, Perrillo Hoofnagle JH: Long-term therapy of chronic titis B. J Med Virol 1996;49:115-123.

RP, Hann HW, Goodman Z, Crowther L, et al: hepatitis B with lamivudine. Hepatology 2000; 28 Asahina Y, Izumi N, Uchihara M, Noguchi O,
Lamivudine as initial treatment for chronic 32:828~834. Nishimura Y, Inoue K, Ueda K, Tsuchiya K,
hepatitis B in the United States. N Engl J Med 16 Liu CJ, Chen PJ, Lai MY, Kao JH, Chen DS: Hamano K, Itakura J, Miyake S: Core promot-
1999;341:1256-1263. Hepatitis B virus variants in patients receiving er/pre-core mutations are associated with lami-

5 Liaw YF, Leung NW, Chang TT, Guan R, Tai lamivudine treatment with breakthrough hep- vudine-induced HBeAg loss in chronic hepati-
DI, Ng KY, Chien RN, Dent J, Roman L, Ed- atitis evaluated by serial viral loads and full- tis B with genotype C. J Hepatol 2003;39:
mundson S, Lai CL: Effects of extended lami- length viral sequences. Hepatology 2001;34: 1063-1069.
vudine therapy in Asian patients with chronic 583-589. 29 Stuyver L, Van Geyt C, De Gendt S, Van Rey-
hepatitis B. Asia Hepatitis Lamivudine Study 17 Zoliner B, Schafer P, Feucht HH, Schroter M, broeck G, Zoulim F, Leroux-Roels G, Rossau
Group. Gastroenterology 2000;119:172-180. Petersen J, Laufs R: Correlation of hepatitis B R: Line probe assay for monitoring drug resis-

6 Leung NW, Lai CL, Chang TT, Guan R, Lee virus load with loss of e antigen and emerging tance in hepatitis B virus-infected patients dur-
CM, Ng KY, Lim SG, Wu PC, Dent JC, Ed- drug-resistant variants during lamivudine ing antiviral therapy. J Clin Microbiol 2000;
mundson S, Condreay LD, Chien RN: Extend- therapy. J Med Virol 2001;65:659-663. 38:702-707.
ed lamivudine treatment in patients with 18 Liaw YF, Chien RN, Yeh CT, Tsai SL, Chu 30 Lok AS, Zoulim F, Locarnini S, Mangia A,
chronic hepatitis B enhances hepatitis B e an- CM: Acute exacerbation and hepatitis B virus Niro G, Decraemer H, Maertens G, Hulstaert
tigen seroconversion rates: Results after 3 years clearance after emergence of YMDD motif F, De Vreese K, Sablon E: Monitoring drug
of therapy. Hepatology 2001;33:1527-1532. mutation during lamivudine therapy. Hepatol- resistance in chronic hepatitis B virus (HBV)-

7 SuzukiY, Arase Y, Ikeda K, Saitoh S, Tsubota ogy 1999;30:567-572. infected patients during lamivudine therapy:
A, Suzuki F, Kobayashi M, Akuta N, Someya 19 Honkoop P, de Man RA, Niesters HG, Schalm Evaluation of performance of INNO-LiPA
T, Miyakawa Y, Kumada H: Histological im- SW: Clinical impact of lamivudine resistance HBV DR assay. J Clin Microbiol 2002;40:
provements after a three-year lamivudine ther- in chronic hepatitis B. J Hepatol 1998;29:510- 3729-3734.
apy in patients with chronic hepatitis B in 511. 31 Stuyver LJ, Locarnini SA, Lok A, Richman
whom YMDD mutants did not or did develop. 20 Kim JW, Lee HS, Woo GH, Yoon JH, Jang JJ, DD, Carman WF, Dienstag JL, Schinazi RF:
Intervirology 2003;46:164-170. Chi JG, Kim CY: Fatal submassive hepatic ne- Nomenclature for antiviral-resistant human

8 Moraleda G, Saputelli J, Aldrich CE, Averett crosis associated with tyrosine-methionine-as- hepatitis B virus mutations in the polymerase
D, Condreay L, Mason WS: Lack of effect of partate-aspartate-motif mutation of hepatitis region. Hepatology 2001;33:751-757.
antiviral therapy in nondividing hepatocyte B virus after long-term lamivudine therapy. 32 Nafa S, Ahmed S, Tavan D, Pichoud C, Berby
cultures on the closed circular DNA of wood- Clin Infect Dis 2001;33:403-405. F, Stuyver L, Johnson M, Merle P, Abidi H,
chuck hepatitis virus. J Virol 1997;71:9392—- 21 Zollner B, Petersen J, Puchhammer-Stockl E, Trepo C, Zoulim F: Early detection of viral re-
9399. Kletzmayr J, Sterneck M, Fischer L, Schroter sistance by determination of hepatitis B virus

9 Honkoop P, de Man RA, Niesters HG, Zonder- M, Laufs R, Feucht HH: Viral features of la- polymerase mutations in patients treated by
van PE, Schalm SW: Acute exacerbation of mivudine resistant hepatitis B genotypes A and lamivudine for chronic hepatitis B. Hepatolo-
chronic hepatitis B virus infection after with- D. Hepatology 2004;39:42-50. gy 2000;32:1078-1088.
drawal of lamivudine therapy. Hepatology 22 Orito E, Ichida T, Sakugawa H, Sata M, 33 Yuen MF, Sablon E, Hui CK, Yuan HJ, De-
2000;32:635-639. Hortike N, Hino K, Okita K, Okanoue T, lino craemer H, Lai CL: Factors associated with

10 Chien RN, Liaw YF: Short-term lamivudine S, Tanaka E, Suzuki K, Watanabe H, Hige S, hepatitis B virus DNA breakthrough in pa-
therapy in patients with chronic hepatitis B. Mizokami M: Geographic distribution of hep- tients receiving prolonged lamivudine therapy.
Intervirology 2003;46:362-366. atitis B virus (HBV) genotype in patients with Hepatology 2001;34:785-791.

11 Yotsuyanagi H, Yasuda K, lino S: Short-term chronic HBV infection in Japan. Hepatology = 34 Ben-Ari Z, Daudi N, Klein A, Sulkes J, Papo
lamivudine for the treatment of chronic hepa- 2001;34:590-594. O, Mor E, Samra Z, Gadba R, Shouval D, Tur-
titis B. Intervirology 2003;46:367-372. 23 KaoJH, Chen PJ, Lai MY, Chen DS: Hepatitis Kaspa R: Genotypic and phenotypic resis-

12 Lok AS, McMahon BJ: Chronic hepatitis B: B genotypes correlate with clinical outcomes in tance: Longitudinal and sequential analysis of
Update of recommendations. Hepatology patients with chronic hepatitis B. Gastroenter- hepatitis B virus polymerase mutations in pa-
2004;39:857-861. ology 2000;118:554-559. tients with lamivudine resistance after liver

24 Orito E, Mizokami M, Sakugawa H, Michitaka transplantation. Am J Gastroenterol 2003;98:

K, Ishikawa K, Ichida T, Okanoue T, Yotsu-
yanagi H, Iino S: A case-control study for clin-
ical and molecular biological differences be-

151-159.

HBYV Mutant and Hepatitis under
Lamivudine

Intervirology 2005;48:381-388 387

— 585~



35

36

37

Suzuki F, Tsubota A, Arase Y, Suzuki Y, Aku-
ta N, Hosaka T, Someya T, Kobayashi M,
Saitoh S, Tkeda K, Matsuda M, Satoh J, Taka-
gi K, Kumada H: Efficacy of lamivudine ther-
apy and factors associated with emergence of
resistance in chronic hepatitis B virus infection
in Japan. Intervirology 2003;46:182—189.
Ciancio A, Smedile A, Rizzetto M, Lagget M,
Gerin J, Korba B: Identification of HBV DNA
sequences that are predictive of response to la-
mivudine therapy. Hepatology 2004;39:64—
73.

Puchhammer-Stockl E, Mandl CW, Kletzmayr
J, Holzmann H, Hofmann A, Aberle SW,
Heinz FX, Watschinger B, Hofmann H: Mon-
itoring the virus load can predict the emer-
gence of drug-resistant hepatitis B virus strains
in renal transplantation patients during lami-
vudine therapy. J Infect Dis 2000;181:2063-
2066.

38

39

40

41

42

Akuta N, Suzuki F, Kobayashi M, Tsubota A,
Suzuki Y, Hosaka T, Someya T, Saitoh S,
Arase Y, Ikeda K, Kumada H: The influence
of hepatitis B virus genotype on the develop-
ment of lamivudine resistance during long-
term treatment. J Hepatol 2003;38:315-321.
Lok AS, Hussain M, Cursano C, Margotti M,
Gramenzi A, Grazi GL, Jovine E, Benardi M,
Andreone P: Evolution of hepatitis B virus
polymerase gene mutations in hepatitis B e an-
tigen-negative patients receiving lamivudine
therapy. Hepatology 2000;32:1145-1153.
Gunther S, Fischer L, Pult I, Sterneck M, Will
H: Naturally occurring variants of hepatitis B
virus. Adv Virus Res 1999;52:25-137.

Poch O, Sauvaget I, Delarue M, Tordo N: Iden-
tification of four conserved motifs among the
RNA-dependent polymerase encoding ele-
ments. EMBO J 1989;8:3867-3874.
Jacobo-Molina A, Ding J, Nanni RG, Clark
AD Jr, Lu X, Tantillo C, Williams RL, et al:
Crystal structure of human immunodeficiency
virus type 1 reverse transcriptase complexed
with double-stranded DNA at 3.0 A resolution
shows bent DNA. Proc Natl Acad Sci USA
1993;90:6320-6324.

388

Intervirology 2005;48:381-388

—586—

43

44

45

Allen MI, Deslauriers M, Andrews CW, Tip-
ples GA, Walters KA, Tyrrell DL, Brown N,
Condreay LD: Identification and characteriza-
tion of mutations in hepatitis B virus resistant
to lamivudine. Lamivudine Clinical Investiga-
tion Group. Hepatology 1998;27:1670~1677.
Ono SK, Kato N, Shiratori Y, Kato J, Goto T,
Schinazi RF, Carrilho FJ, Omata M: The poly-
merase L528M mutation cooperates with nu-
cleotide binding-site mutations, increasing
hepatitis B virus replication and drug resis-
tance. J Clin Invest 2001;107:449-455.

Boni C, Bertoletti A, Penna A, Cavalli A, Pilli
M, Urbani S, Scognamiglio P, Boechme R,
Panebianco R, Fiaccadori F, Ferrari C: Lami-
vudine treatment can restore T cell responsive-
ness in chronic hepatitis B. J Clin Invest 1998;
102:968-975.

Nakanishi et al.



Intervirology

Intervirology 2005;48:59-63

DOI: 10.1159/000082096

Development of Hepatocellular
Carcinoma after Interferon Therapy in

Chronic Hepatitis C

Is It Possible to Reduce the Incidence by Ribanirin and IFN Combination Therapy?

Namiki lzumi Asahina Yasuhiro Masayuki Kurosaki Yuko Onuki
Yuki Nishimura Kazunari Inoue Ken Ueda Kaoru Tsuchiya

Hiroyuki Nakanishi

Masakatsu Uchihara Shozo Miyake

Division of Gastroenterology and Hepatology, Musashino Red-Cross Hospital, Tokyo, Japan

KeyWords
Chronic hepatitis C - Hepatocellular carcinoma -
interferon - Ribavirin

Abstract

Objectives: Although the incidence of hepatocellular car-
cinoma (HCC) has been shown to be reduced after inter-
feron (IFN) monotherapy in chronic hepatitis C, the risk
factors for the development of HCC have not been fully
understood. The aim of this study is to investigate the
risk factors for the development of HCC after IFN in
chronic hepatitis C as well as whether the incidence of
HCC will be reduced by ribavirin and IFN combination
therapy or not. Methods: 495 patients with chronic hepa-
titis C and which received IFN monotherapy were fol-
lowed and the incidence and risk factors for the develop-
ment of HCC were examined. On the other hand, in the
patients which received ribavirin and IFN combination
therapy, the sustained response rate was assessed and
the reduction rate of HCC development was predicted.
Results: Multivariate analysis by the Cox proportional
hazard model revealed that the risk factors for HCC
development were age, male gender, severe fibrosis and
outcome of IFN therapy. On ribavirin and IFN combina-

tion therapy, the sustained response rate reached 17.3%
in genotype 1b and 74% in genotypes 2a and 2b infec-
tion, thus reducing 20% of the estimated incidence of
HCC. Conclusion: To reduce the incidence of HCC in
chronic hepatitis C, improvement of the sustained re-
sponse rate is an essential issue, and ribavirin and IFN

combination therapy shows to be promising.
Copyright© 2005 S. Karger AG, Basel

Introduction

Hepatitis C virus (HCV) infection is a major risk factor
for the development of both liver cirrhosis and hepatocel-
lular carcinoma (HCC) [1]. Recent epidemiological data
highlight the fact that HCC associated with long-term
HCYV infection in a serious health care problem in regions
such as Japan where HCV is widely endemic [2]. In
Japan, HCV infection consists of 80% of the cause of
hepatocellular carcinoma.

Interferon (IFN) monotherapy has been performed
since 1992 in Japan for the treatment of hepatitis C which
results in viral eradication in approximately 20-30% of
the patients who received at least 6 months’ treatment [3].
The viral eradication rate has been shown to be closely
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associated with genotype and viral load as well as viral
mutation in genotype 1b infection [4]. An important ques-
tion is whether IFN therapy is effective in reducing the
incidence of HCC in the patients with chronic hepatitis C.
Kasahara et al. [5] reported that the incidence of HCC
was reduced by IFN in sustained responders; thus, im-
proving the response rate is an essential issue to reduce
the incidence of HCC.

Rivabirin and IFN combination treatment has been
used in patients with chronic hepatitis C, which showed
improvement of the sustained response rate from IFN
monotherapy {6]. In Japan, this combination therapy is
allowed for the treatment of patients with chronic hepati-
tis C at a limited duration of 24 weeks; however, the sus-
tained response has been shown to improve especially in
genotype 1b infection.

In the present study, the incidence and risk factors of
the development of HCC after interferon therapy were
examined. The reduction of occurrence in HCC was pre-
dicted after 24 weeks’ treatment with ribavirin and IFN
combination therapy.

Patients and Methods

IFN Monotherapy Study

The first IFN monotherapy study included 495 consecutive
patients with chronic hepatitis C in whom 24 weeks of IFN mono-
therapy was carried out from January 1994 to December 2001. The
clinical characteristics of the patients are shown in table 1. The mean
age is 52.3 years, and the HCV genotype was examined using the
mixed-primer method {7]. Plasma level of HCVRNA was measured
by amplicore monitor (version 2, Roche, Basel). The histological
findings were classified according to established international crite-
ria [8]. The median dosage of administered IFN was 640 MU, and
sustained virological response (SVR) was defined as mnegative
HCVRNA 6 months after interferon therapy and 155 patients
achieved SVR. Otherwise, the patients were defined as non-respond-
ers. This study was in accordance with the Helsinki Declaration of
1975 (revised in 1983) and written informed consent was obtained
from all the patients included in this study.

The diagnosis of HCC was established by CT scan during hepatic
arteriography (CTHA) and arterio-portography via the superior mes-
enteric artery as well as needle biopsy of the nodule. Development of
HCC was observed in 30 patients during the observation period.

Ribavirin and IFN Combination Study

In 227 patients with chronic hepatitis C from December 2001 to
November 2002, ribavirin and IFN combination therapy were car-
ried out, Ribavirin was administered 800 mg per day in the patients
having body weight 60 kg or more, and 600 mg with less than 60 kg.
IFNo-2b of 6 MU was administered everyday during the initial two
weeks followed by 3 times per week for remaining 22 weeks. The
clinical characteristics are shown in table 2. The therapy was discon-
tinued in 12 patients because of anemia, appetite loss, depression,
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Table 1. Clinical characteristics of the patients who received IFN
monotherapy

Gender

Male 282

Female 213
Age (mean * SE) 52.3+0.57
Genotype

1b 249

2a 63

2b 39

Unknown 141
HCVRNA level, kIU/ml (median 470) 1.1t0>850
Liver biopsy

Fl 132

F2 184

F3 123

F4 35
Total dose of IFN, MU (mean £ 53) 498+53
Outcome of [FN therapy

SVR 155

NR 312
Development of HCC

Yes 30

No 464

and skin rash. Dose reduction of ribavirin was necessary in 21
patients because of anemia. Thus, the outcome of the combination
therapy was assessed in 215 patients.

Statistical significance was assessed by Student’s t test, x? analysis
with Yates’ correction, and Kaplan-Meier method using the log-rank
test as indicated. Multivariate analysis was carried out by the Cox
proportional hazard model.

Results

The development of HCC was observed in 31 patients
after IFN monotherapy. The clinical characteristics of the
patients which developed HCC was evaluated by univar-
late analysis. A statistically significant difference was
noted in age, gender, genotype, fibrosis of the liver and
outcome of interferon therapy. The serum HCVRNA lev-
el before treatment and the serum ALT level were not dif-
ferent between the two groups (table 3).

The incidence of HCC after interferon therapy was
compared according to the fibrosis score of the liver. The
incidence of HCC was 0.3% per year in the patients with
F1 and 1.1% per year in F2; however, it was 3.8% in the
F3 groups. The development of HCC was significantly
higher in the patients in the F3 and F4 groups than those
in the F1 and F2 groups (Kaplan-Meier method, log-rank
test, p< 0.01; fig. 1).
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Fig. 1. Incidence of HCC was 0.1% in patients with fibrosis score F1,
1.1% in F2 and 3.8% in F3 (Kaplan-Meier method).

Table 2. Clinical characteristics of the patients received ribavirin
and IFN combination therapy
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Fig. 2. Incidence of HCC was compared between sustained virologi-
cal responder and non-responder patients. HCC development was
significantly higher in the non-responders than in the sustained viro-
logical responders after [IFN monotherapy.

Table 3. Comparison of the patients with or without development of
HCC after IFN therapy (univariate analysis)

Gender

Male 126

Female 101
Age (mean * SE) 584+1.2
Genotype

1b 181

2a 30

2b 15

Mixed 1
HCVRNA level, kIU/ml (median 680) 67 to>850
Liver biopsy

F1 86

F2 75

F3 64

F4 2
Outcome of IFN therapy

SVR 61

NR 154

Withdrawal 12

The incidence of HCC was compared between sus-
tained responders and non-responders. The incidence of
HCC in sustained responders was 0.2% per year in the
sustained responders; however, it was 3.9% per year in the
non-responders. This difference was statistically signifi-
cant (fig. 2).

Multivariate analysis using Cox hazard model was
done. Age, gender, fibrosis of the liver and outcome of
interferon were found to be independent risk factors (ta-

Development of Hepatocellular Carcinoma

Development of HCC Yes(n=31) No(n=464) »p
Gender
Male 22 260 <0.05
Female 9 204
Age 60+1.2 52+0.6 <0.001
Genotype
1b 22 228 <0.01
2a and 2b 1 102
HCVRNA level, kIU/ml 512+£34 496+ 18 n.s.
Liver biopsy
Fl and F2 7 309 <0.001
F3and F4 23 135
ALT, U/ 125£8.3 118+20 n.s.
Outcome of IFN therapy
SVR 3 152 <0.01
NR 28 312

ble 4). Among these risk factors, age, gender and fibrosis
of the liver cannot be changed. Thus, to reduce the inci-
dence of HCC, the improvement of sustained virological
response is an important issue.

Since the end of 2001, ribavirin and IFN combination
therapy for 24 weeks has been allowed in Japan, and 235
patients have been treated. The sustained virological
response rate in genotype 1b dividing them according to
their HCVRNA level before treatment. In the patient
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Fig. 3. Outcome of ribavirin and IFN combination therapy. =
Sustained response; {5 = relapse; [] = null response.

Table 4. Risk factors for the development of HCC after IFN mono-
therapy (Cox proportional hazard model)

Variable Odds ratio 95%CI p

Age (>56 vs. <55) 7.5 2.3-14.6  <0.005
Gender (male vs. female) 1.9 1.1-27.4 <0.05
Fibrosis (F3 and F4 vs. F1 and F2) 3.7 1.8-18.6 <0.01
Outcome of IFN (NR vs. SVR) 2.8 1.2-23.6 <0.05

group with a HCVRNA level higher than 850 kIU/ml, the
sustained virological response rate was 0% by interferon
monotherapy, while it was 14.0% by ribavirin and inter-
feron combination therapy for 24 weeks. Similarly, it was
3.7% with a HCVRNA level from 500 to 850 kIU/ml on
monotherapy, but it was 16.1% on combination therapy.
The sustained virological response rate was 13.1% on
monotherapy in those with a HCVRNA level from 100 to
500 kI'U/ml, while it was 18.8% on combination therapy.
However, a relapse rate, i.e. reappearance of HCVRNA
after discontinuation of combination therapy, of 40-50%
was observed in each group, and null response, i.e. no
achievement of negative plasma HCVRNA during com-
bination treatment, of around 30% was observed in each
group. In the patients with genotype 2a and 2b infection, a
sustained virological response was achieved in 74%
(fig. 3).

Since the incidence of HCC reduced from 3.9% per
year in non-responders to 0.2% per year in sustained viro-
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logical responders, the incidence of HCC after treatment
has been estimated to be reduced from 3.1 to 2.8% per
year overall with 24 weeks’ treatment with rivabirin and
IFN combination therapy.

Discussion

HCC is the most life-threatening problem in the long-
term course of chronic hepatitis C. The rising incidence of
HCC has been pointed out not only in Japan but in the
United States [9] and Europe [10]. Therefore, prevention
of the development of HCC is an important issue in the
clinical setting. In the present study, we analyzed the inci-
dence and risk factors of HCC after IFN monotherapy in
patients with chronic hepatitis C. The risk factors for the
development of HCC were found to be age, male gender,
fibrosis of the liver, and outcome of IFN therapy. Kasaha-
ra et al. [5] reported that the incidence of HCC was
reduced by IFN in sustained responders, which is consis-
tent with our data. They also reported that age, male gen-
der and severe fibrosis of the liver were risk factors for the
development of HCC. Imai et al. [11] reported similar
risk factors for the development of HCC after IFN mono-
therapy in HCV-infected patients. Therefore, the liver
fibrosis score is likely to be one of the most important risk
factors for the subsequent development of HCC in HCV-
infected patients, even following IFN therapy. Our data
demonstrating that the degree of hepatic fibrosis is an
independent risk factor for the development of HCC asso-
ciated with HCV infection is certainly consistent with this
supposition. Among these risk factors, age, male gender
and fibrosis score of the liver cannot be changed before
IFN therapy; thus, to reduce the incidence of HCC,
improvement of the sustained response rate is an essential
issue in patient care of HCV infection.

Recently, HCC-free survival could be obtained by IFN
in patients with chronic hepatitis C, and the gain in HCC-
free survival was greater when a patient was younger and
fibrosis of the liver was more advanced [12]. The gain in
HCC-free survival was calculated as difference between
expected HCC-free survival with sustained virological
response and that without. In this setting, improvement
in achieving a sustained response is the central issue. Fur-
thermore, the risk of death from liver-related disease was
significantly reduced not only in sustained virological
responders but also in biochemical responders in chronic
hepatitis C [13].

Although the incidence of HCC has not been investi-
gated after ribavirin and IFN combination therapy, HCC
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development seems to be reduced by combination thera-
py by improving the sustained response rate, especially in
genotype 1b infection. In the present study, the incidence
of HCC is estimated to be reduced from 3.1 to 2.8% per
year by combination therapy for 24 weeks. However, the
sustained virological response rate has been shown to
improve in genotype 1 infection by extended combination
therapy for 48 weeks or by peginterferon-alfa-2b instead
[14]. Thus, to reduce the incidence of HCC, extended
treatment with ribavirin and IFN for 48 weeks is neces-
sary in genotype 1b infection.

In the patients with HCV infection, the recurrence rate
of HCC in the liver is as high as 20% per year, even after
complete curative treatment was given to the primary
HCC nodule [15]. The recurrence rate and prognosis was
improved after elimination of hepatitis C virus RNA by
IFN [16]. Furthermore, previous IFN therapy was shown
to reduce the multicentric recurrence of HCC and im-
prove the patients’ survival in chronic HCV infection

[17]. The rate of first recurrence of HCC was similar in
patients treated with IFN and in untreated patients, but in
the patients treated with IFN after curative treatment was
given to the primary HCC nodule, the rate of second or
third recurrence was lower than in the untreated group
[15]. Moreover, IFN therapy enhanced patient survival
after treatment of the HCC nodule.

From these results, it is concluded that IFN reduced
the risk of the development of HCC when a sustained
virological response was achieved in chronic hepatitis C.
To reduce the risk of the development of HCC, it is an
essential issue to improve the sustained response rate by
prolonged ribavirin and IFN combination therapy.
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G to A Hypermutation of Hepatitis B Virus

Chiemi Noguchi,"? Hiromi Ishino,' Masataka Tsuge,' Yoshifumi Fujimoto, Michio Imamura,"? Shoichi Takahashi 2

and Kazuaki Chayama'23

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 i% vitre (HepG2 cell lines) and i vivo.
The role and mechanism of hypermutation in reducing HBV replication should be further

investigated to understand the anti-HBV 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 carriers at a
higher frequency than noninfected individuals.!4

Abbreviations: HBV, hepatitis B virus; HIV-1, human immunodeficiency virus
type I; APOBEC3G, apolipoprotein B mRNA-editing enzyme, caialytic polypep-
tide-like 3G; HBsAg, hepatitis B surfuce 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.7-19 The
antiviral activity of APOBEC3G is species specifict?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.’31® 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-
murated 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.

Materials 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 core antibody. 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,
Abbott 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 That Stably
Produce HBV. Two cell lines known to produce wild-
type HIBV and one cell line known to produce lamivu-
dine-resistant HBV (with mutations of 1L528M and
M552V) 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. T'suge et al., manuscript in
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 at 37°C
and 5% CO,. Cells were seeded to semiconfluence in
G-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.

Detecrion of Hypermurared Clones by Polymerase
Chain Reaction With PNA Clamping, Cloning, and
Sequencing. 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 outer 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 pL, consisting of a reaction buffer (100
mmol/L Tris-HCl [pH 8.3}, 50 mmol/L KCl and 15
mmol/L MgCly), 0.2 mmol/L each of dNTPs, 1 uL 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
g anti-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
HBY amplification
PLFL 5'-GGT ATG TTG 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
PNAS52  H2N-CAC ATC ATC CAT ATA ACT-CON2H
PNAB52V  H2N-CAC ATC ATC CAC ATA ACT-CON2H
Amplification of mRNAs of deaminases

APOla 5'-CAG AGC ACC ATG ACT TCT-3'
APO1d 5'-ATT GTG GCC AGT GAG CTT CA-3’
APO2a 5'-AGA AGG AAG AGG CTG CTG TG-3"
APG2b 5'-AGA ACG GCT GCC TGC CAA CT-3'
APO2¢c 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  5'-GTC GTC GCA GAA CCA AGA GA-3'
APO3Cd  5'-GAT GTG TAC CAG GTG ACC TG-3'
APQ3Da  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'
AP03Ga  5'-GAC TAG CCG GCC AAG GAT GA-3'
APO3Gb  5'-CAC AGT GGA GCG AAT GTA TC-3’
APQ3Ge  5'-GTT CGG AAT ACA CCT GGC CT-3'
APQ3Gd  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 Taq DNA polymerase was
L.76 X 1075 per site in amplifying approximately 102
copies of plasmid under the same conditions as described
previously and cloning and sequencing,?! Products (1 L
each) of the second-round of PNA PCR were subjected to
PCR with primers PLF2 and BR109 for 35 cycles (94°C,
I 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 geland
cloned into pGEM-T Easy Vector (Promega, Madison,
WI) with the standard method, and then transformed
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into Escherichia coli JM 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?? (http://www.hiv.lan-
Lgov/HYPERMUT/hypermut.html). We used nucleo-
tide sequences obtained by direct sequencing as reference
sequencesand tentatively labeled clones with a statistically
significant (P < .05 by Fisher’s exact test) number of G to
A substitutions as “hypermutated.”

Dertection 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 Detection of G to A Substituted 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 8 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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