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Figure 5. Outcome of 216 persons with Liver discase (HBV carriers are omitted) identified among the inhabitants a follow-up after 12 years.
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Figure 6. Outcome of 6 HBV carriers identified among the inhabitants in a follow-up after 12 years.

also an HBV-related asymptomatic healthy carrier in 2002.
The other person who was an HBV- and HCV-related
asymptomatic healthy carrier as well as the remaining person
with chronic hepatitis B and C in 1990 had unknown liver
disease in 2002.

Discussion

Hepatitis C is a global health problem caused by HCV
infection. However, there is a great geographic difference in

the prevalence of HCV infection. Memon and Memon
reviewed the literature on the epidemiology of HCV infection
from 1991 to 2000 (14). In healthy volunteer blood donors,
the incidence of anti-HCV is 0.05% in Germany (15), 0.01%
in Northern Ireland (16), 0.03% in Italy (17), 0.088% in
Scotland (18}, 0.35% in the UK (19), 0.17-0.5% in USA
(20-22), 0.78% in Auwstralia (23), 0.93-1.2% in Spain (24,25},
0.16-2.2% in Japan (26-29), and up to 24.8% in Egypt (30).
The incidence of infection as determined by anti-HCV in
healthcare professionals dealing with blood and blood
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products is ever higher in each country (31-41). Furthermore,
certain groups of individuals such as intravenous drug users
have an increased risk of acquiring HCV infection
irmespective of their geographical location (14). However, in
Japan, it had been reported that there were some areas where
the general incidence of HCV infection is extremely high in
persons who are not intravenous drug users (7-11,42-47). In
Japan the incidence of anti-HCV in local residents is 19.7%
(403/2,046) in H village in Fukuoka prefecture (42), 14.1%
(158/1,122) in Iki Island in Nagasaki prefecture (43), 17.7%
(77/435) in Area-O of town T in Akita prefecture (44),
20.7% (49372,382) in N city in Yamagata prefecture (45),
229% (671/3,117) in the southern part of Japan (46), 23.6%
(120/509) in H town in Fukuoka prefecture (7), and 28.5%
(82/288) in Y town in the Setonaikai sea (47). The most
likely reason for the high prevalence of HCV infection in
these areas is considered lo be fatrogenic infection through
insufficient sterilization of needles and/or syringes for treatment
in the same clinic (7,42,44).

We conducted a follow-up survey after 12 years for the
509 inhabitants who were examined for liver disease in an
HCYV hyperendemic area (7). In terms of the area (H town),
we previously reported that medical treatment was considered
to be a causative route of HCV transmission (8}, that most
HCYV carriers died from HCC or liver cirrhosis (11}, and that
the prevalence of various extrahepatic manifestations in HCV
carriers was higher than in those without HCV (12,13). As
shown in Fig. 5, after 12 years, of the 39 residents with chronic
hepatitis C, 7 suffered from liver cirthosis and 8 developed
HCC. That is, in 12 years, the incidence of HCC that originated
from chronic hepatitis C was 20.5% (1.7% annual rate). Four
out of 5 persons with liver cirrhosis who were diagnosed in
1990 had died from HCC during these 12 years. In other words,
the incidence of HCC that originated from liver cirrhosis was
80% (6.7% annual rate). The 1.7% annual rate of HCC
developing from chronic hepatitis C and the 6.7% annual rate
of HCC developing from liver cirrhosis in H town's general
population closely resemble the rate of HCC that develops in
HCV-infected patients who consulted the hospital, which has
been reported up to the present time. The incidence of HCC
that originates from chronic hepatitis C and liver cirrhosis in
examination of patients who consulted the hospital is reported
to be 2 and 7-8% respectively, in Japan (3,4). Ikeda et al
reported that the appearance rate of HCC in 349 patients only
with positive anti-HCV was 21.5% in the 5th year, 53.2% in
the 10th year, and 75.2% in the 15th year (4). This is the first
report of the natural course of HCV infection in ‘the general
population’.

Of the 69 persons who died, the mortality rate caused by
" HCC or liver cirrhosis was 44 and 53%, respectively, among
25 persons with positive anti-HCV, and 19 with positive HCV
RNA. The HCV or HBV carriers had significantly higher
mortality rates from liver cirrhosis and HCC than those who
were not carriers (P<0.00001). We reported that the ALT value
and HCV RNA were associated with deaths due to HCC or
liver cirrhosis by multivariate analyses (11). In other words,
eradicating persistent HCV infection or normalizing the ALT
value would lead to controlling the development of HCC.

On the other hand, during the 12-year observation period,
2 (1.4%) of the 143 inhabitants without HCV infection became
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infected with HCV, The appearance rate of new HCV-infected
residents was 0.12%/year in this area. In our previous report
of the same subjects from 1990 to 1995, the seroconversion
rate of HCV was 0.28%/year (8). Of 287 subjects negative at
the first examination in 1990, 4 became positive by 1995 (8).
Medical treatment is considered the cansative route of HCV
transmission. We consider that not only medical treatment
for HCV carriers but education of medical staff who work in
H town, such as doctors, dentists, nurses, and dialysis staff, is
required in order to prevent new infection and to acquire
correct knowledge of liver disease.

Recently, IFN therapy in patients with chronic hepatitis
and liver cirrhosis was shown to be associated with a reduced
incidence of HCC (48). Yoshida et al reported on data from a
large surveillance program of patients with chronic hepatitis C
(49). In multivariate analysis, IFN therapy was associated
with a reduced risk for HCC compared with untreated controls
(adjusted risk ratio, 0.516).

We prospectively studied 509 consecutive residents in a
HCV hyperendemic area of Japan for 12 years. In conclusion,
the early detection and treatment for HCC should be carried
out as HCV carriers are aging. As Yoshizawa reported (2),
persistent HCV carriers should receive aggressive IFN therapy
to eradicate HCV, or anti-inflammatory therapies to suppress
the development of HCC, or HCC should be diagnosed at the
early stage for early treatment and prolonged life span. We
should eradicate of HCC as a national goal.
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{ Editorial on page 601 |

Background. Increasing evidence indicates that iron cy- -

totoxicity plays an important role in the pathogenesis of
chronic hepatitis C (CHC). However, the biochemical
effects of iron reduction therapy on CHC remain to be
confirmed in a controlled study. This study aimed to test
whether iron removal by repeated phlebotomy im-
proves serum alanine aminotransferase (ALT) levels in
patients with CHC. Methods. Patients were randomly
assigned to an iron reduction therapy or control group.
The patients in the treatment group received 3-month
iron reduction therapy by biweekly phlebotomy, while
the patients in the control group were followed up for 3
months with regular blood tests alone. Results. Thirty-
three patients completed the 3-month treatment, while
29 patients received the complete follow-up. The serum
ALT levels were reduced from 118 * 79 to 73 * 391U/
L in the treatment group, but did not change in the
control group (106 = 45 versus 107 * 48IU/L). Post-
treatment enzyme activity was decreased significantly
from the baseline. Furthermore, it was significantly
lower than the 3-month control level. Although 5 pa-
tients withdrew from the study, none was affected by
any side effects of repeated phlebotomy that required
them to discontinue the treatment. Conclusions. This

Received: May 22, 2003 / Accepted: November 7, 2003
Reprint requests to: M. Yano

short-term controlled trial demonstrated the biochemi-
cal efficacy and safety of iron reduction therapy for
patients with CHC.,

Key words: oxidative stress, free radicals, phlebotomy

Introduction

Without treatment, chronic hepatitis C (CHC) may re-
sult in hepatic cirrhosis or may be complicated by hepa-
tocellular carcinoma. At present, interferon (IFN) is
the only antiviral agent known to clear hepatitis C virus
(HCV) RNA. A number of factors contribute to pre-
dicting the response to IFN, including the gender and
age of the patient, the disease stage, viral load, and
HCYV genotype.! Ribavirin, an antiviral nucleotide ana-
logue, reduces the viral load of patients, resulting in an
enhanced response with IFN when combined.? Re-
cently, it was reported that the use of pegylated IFN
improved the response rate of CHC.>6 When pegylated
IFN is combined with ribavirin, the elimination rate
might be increased to 50%.78 However, IFN mono-

" therapy or combination therapy is not completely effec-

tive and the majority of patients with CHC do not
receive any benefit from these antiviral agents. There-
fore, alternative therapies are required.

Iron reduction therapy for CHC was first introduced
in practice based on the histochemical detection of iron
deposits in the liver,’ and then on the detection of lyso-
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somal iron stores in hepatocytes.” The remarkable
reduction in the serum levels of ALT activity by phle-
botomy suggests that iron-induced oxidative stress is
involved in the pathogenesis of CHC. Over the last few
years, evidence has accumulated indicating that free
radicals and subsequent lipid peroxidation play an im-
portant role in CHC.!'-! Individuals infected with HCV
may be sensitive to iron-induced oxidative stress, which
is regulated qualitatively by the ferrous ion. Since a
report from Japan,”’ trials have been performed in
Europe and the United States to test whether iron re-
duction therapy enhances the IFN effects on viral clear-
ance.!®" Jt is generally agreed that iron reduction
improves the biochemical parameters of CHC, but
there is some controversy as to whether IFN treatment
following iron reduction therapy enhances viral clear-
ance. Unfortunately, phlebotomy for CHC is not autho-
rized in Japan because of the lack of control studies on
Japanese patients. Therefore, this multicenter, prospec-
tive, randomized, controlled trial was performed on
Japanese patients nationwide.

Materials and methods

Laboratory tests

Laboratory tests included serum ALT activities, albu-
min concentration, and complete blood counts, includ-
ing hemoglobin, using standard automated analyzers.
The serum ferritin levels were measured by
enzyme immunoassay. Quantitative detection of HCV-
RNA was performed by Amplicor monitor HCV assay
{Roche Diagnostic Systems, Basel, Switzerland}. Blood
tests were performed monthly in the control group and
biweekly in the phlebotomy group, Blood for tests was
drawn just before phlebotomy was performed each
time.

Patients

All patients were positive for circulating HCV-RNA
and had abrormal serum ALT activities at entry.
Exclusion criteria at entry were (1) previous antiviral or
immunosuppression therapy within 6 months; (2) dec-
ompensated liver cirrhosis; (3) laboratory values below
the following: (a) hemoglobin concentration 13.0g/dl
for males and 11.0g/dl for females, (b) platelet count
70000/mm?, (c) serum albumin 3.7 g/d}; (4) severe com-
plications such as renal, cardiac, pulmonary, or hemato-
logical disease; and (5) pregnancy. From October 2000
to March 2002, 67 patients (44 males and 23 females)
who consented to the phlebotomy protocol entered the
study. They were randomized into phlebotomy and con-
trol groups.

571

Iron reduction protocol

In the phlebotomy group, 22 patients underwent treat-
ment by standard methods, i.e., ursodeoxycholic acid
(UDCA) and/or Stronger Neo-Minophagen C (SNMC)
for more than 3 months before entry, 10 by UDCA, 4 by
SNMC, and 8 by both. Similarly, in the control group, 19
patients underwent treatment by these methods for
more than 3 months, 10 by UDCA, 1 by SNMC, and 8
by both. These treatments were continued during the
study period with the same doses and intervals as during
the prestudy period. The patients in the treatment
group received 3-month iron reduction therapy by phle-
botomy, while those in the control group were followed
up for 3 months with monthly blood tests. Phlebotomy
of 200ml in volume for the female patients less than
50kg in body weight or 400ml for other patients was
repeated biweekly until the serum ferritin level reached
the endpoint of 10ng/ml, which is recognized as the
level indicating a subclinical iron-deficient state. When
the hemoglobin level fell below 10g/dl, phlebotomy
was discontinued until recovery of the anemia via
erythropoiesis.

Ethics

This study was approved by the ethics committees of
each institute and all patients provided written in-
formed consent to participate.

Statistics

Data are expressed as means * SD. Statistical analyses
were performed using StatView 4.0 (Abacus Concepts,
Berkeley, CA, USA). P < 0.05 was taken to indicate
significance. Continuous variables were analyzed using
the unpaired or paired two-tailed t test. Binary variables
were analyzed using the %2 test and Fisher’s exact test.

Results -

Effects

Thirty-three patients completed the 3-month treatment,
while 29 patients underwent the complete follow-up for
3 months. There were no differences in patient back-
ground between the treatment and control groups
(Table 1). The blood volume drawn from the treated
patients over 3 months was 1780 = 680ml. The serum
ALT levels were reduced from 118 = 79 to 73 + 391U/
| in the treatment group, but did not change in the
control group (106 * 45 versus 107 * 481U/). Post-
treatment enzyme activity was decreased significantly
from the baseline (paired t test, P < 0.01). Furthermore,
it was lower than the 3-month control level (unpaired t
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test, P < 0.01). HCV-RNA levels did not change in
either group (557 = 413 versus 608 * 443, treatment
group; 434 * 314 versus 471 * 336, control group).
The endpoint of a serum {ferritin level of 10ng/ml,
which is recognized as a level indicating a subclinical
iron-deficient state, was reached within 3 months in 8 of
the 33 treated patients. A comparison between the 8
patients who achieved iron reduction to the subclinical
iron-deficient state and the 25 patients who did not is
summarized in Table 2. Low serum ferritin concentra-
tion was the only predictor of achieving iron depletion
in 3 months. The pretreatment serum ferritin levels of
. patients who achieved iron reduction were lower than
those of patients who did not achieve iron reduction
(129 = 78 versus 309 £ 173 ng/ml, unpaired t test, P <
0.01). Similar to the posttreatment serum ferritin levels,
the posttreatment serum ALT activity and hemoglobin
concentration and the blood volume removed differed
between the two groups (51 = 17 versus 81 + 411U/ for
ALT, P < 0.01; 114 = 1.5 versus 13.3 = 1.3¢g/dl for
hemoglobin, P < 0.05; 1300 + 500 versus 1900 = 700ml
for blood, P < 0.05).

Table 1. Clinical parameters in the phlebotomy and control
groups

Phlebotomy  Control P value

Number of patients 33 29

Apge (years) 56 +11 57T*12 0.50
Gender (M/F) 21412 20/9 0.66
Hb (g/dl) 14712 14412 0.55
ALT (1UA) 116 = 79 106 = 45 0.61
Ferritin (ng/ml) 256173 290214 035
HCV-RNA (KIU/ml) 557 £ 413 434 +314 043

There were no differences between the two groups for any parameter
ALT, alanine aminotransferase; HCV, hepatitis C virus

M. Yano et al.: Iron reduction therapy for chronic hepatitis C

Side effects

Five patients withdrew from the study, three in the
treatment group (all males; 37, 61, and 72 years old) and
two in the control group (both females, 51 and 78 years
old), because of the patient’s noncompliance, namely,
failure to regularly visit the hospital. None of them was
affected by any side effect of repeated phlebotomy that
required them to discontinue the study. One patient
experienced vagal reflex with transient faintness, brady-
cardia, and systolic blood pressure of 80mmHg that
responded promptly to a drip infusion of saline.

ALT (JU/L)
200

* P<0.01
** p<0.01

160+

1201 {

80+

401
| . J*#

0 T T T T

Months

Fig. 1. Changes in serum alanine aminotransferase (ALT)
levels in the 3-month treatment. The serum levels of ALT
were reduced significantly by the 3-month iron reduction
therapy (@—@; 118 = 79 to 73 % 39IU/), but did not change
throughout the observation period of 3 months (lM—MN; 106 *
45 vs. 107 + 481UA). The post-treatment level differed not
only from the baseline level (*, paired £ test, P < 0.01), but also
from the post-3-month level of the control group (**, unpaired
1 test, P << 0.01)

Table 2. Comparisons between the groups of treated patients that achieved or did not

achieve iron reduction

Achieved Did not achieve P value
Number of patients 8 25
Age (years) - 56 =12 57+x11 0.83
Gender (M/F) 4/4 17/8 0.36
Pretreatment .
Hemoglobin (g/dl) 140+ 12 149 1.1 0.13
ALT (XU 97+ 79 122 + 79 0.45
Ferritin (ng/ml) 129 £ 78 309 £ 173 0.009
After 3 months of treatment
Hemoglobin (g/dl) 114 £ 1.5 13313 0.003
ALT (IUN) 51+ 17 81 + 41 0.049
Ferritin (ng/ml) 80x17 53 =351 0.019
Blood removed (ml) 1300 = 500 1900 = 700 0.043
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Discussion

This multicenter, prospective, controlled trial in Japa-
nese patients confirmed the results of pilot studies
showing that body iron removal by phlebotomy induces
an improvement in the serum ALT activity in CHC'?
In this study, many patients had preexisting treatments,
i.e., UDCA and/or SNMC. The proportion of such pa-
tients was not different in the two groups, and the treat-
ments were continued during the study period with the
same doses and intervals as during the prestudy period
in both groups. The likelihood that these treatments
modified the serum ALT levels in the phlebotomy
group was very low because the treatments were also
continued in the control group, in which ALT levels did
not change.

Since the initial report from Japan,' there have been
many other reports demonstrating that iron removal
from patients with CHC as a premedication before IFN
treatment provides biochemical benefits.'*® Most of
the studies, however, were on Caucasian patients,
who have different genetic and nutritional factors than
Asian patients. For example, 5%-10% of Caucasian
individuals are heterozygous for C282Y, a major muta-
tion of HFE, the primary hemochromatosis gene2 In
contrast, the mutation is very rare in Asian populations,
including Japanese.?>? Furthermore, in studies in which
the effect of IFN alone was compared with that of
postiron reduction IFN, the first phase of iron reduction
before IFN was not controlled sufficiently. Considering
the fact that most patients with CHC have fatty meta-
morphosis® and are highly predisposed to diabetes mel-
litus,?" a prospectively designed controlled study may
be required to evaluate iron reduction therapy. In fact,
dietary iron restriction alone or combined nutritional
therapy with a low-calorie diet improves the biochemi-
cal parameters of CHC patients.**® The present, pro-
spective, controlled trial definitively showed that iron
reduction therapy per se may have significant potential
to improve the biochemical parameters of CHC pa-
tients, regardless of the genetic background of iron
overload disorders or calorie intake.

This study also demonstrated that the treatment pe-
riod is critical for obtaining the maximum effect of iron
reduction therapy. An endpoint of 10ng/m! of serum
ferritin induces mild iron deficiency anemia in most
patients with CHC, in whom high iron bioavailability is
highly required for stimulated erythropoiesis, resulting
in effective elimination of the available precursor ele-
ment for free radical generation. Higher posttreatment
levels of serum ALT were found in the subgroup of
patients with higher ferritin levels and higher hemoglo-
bin concentrations. We designated these patients as a
group that did not achieve iron reduction: they did not
suffer intolerable side effects, but could not attain an

573

iron-deficient state due to the short-term treatment pe-
riod and a larger amount of iron accumulation in the
liver before the treatment period. We expect that a
longer treatment period for this group would result in a
similar effect to that in the group that achieved iron
reduction.

A S5-years iron-reduction treatment induced an ap-
parent sldwdown in the histological progression of
14 patients with CHC3! Another long-term combina-
tion therapy consisting of iron reduction and a low-iron
diet not only suppressed the histological progression
but also normalized the hepatic 8-hydroxy-2'-
deoxyguanosine levels, which might be related to sup-
pression of the malignant change to hepatocellular
carcinoma in treated patients.” In these long-term stud-
ies of iron reduction therapy there were no major side
effects requiring special medical attention. Long-term
phlebotomy in elderly patients without disorders of
other organs is generally considered to be safe based on
these results and the experience with therapies for
hemochromatosis.

The repeated phlebotomy applied here for CHC has
been a standard treatment for hemochromatosis.® In
hemochromatosis, a large amount of iron can be re-
moved safely by phlebotomy through the removal of
iron-rich hemoglobin, provided that the procedure is
performed postprandially in a supine position. This pos-
ture avoids either faintness in a vagotonic individual or
peripheral circulation collapse. Almost all our patients
tolerated the iron reduction therapy as well as hemo-
chromatosis patients. Although not noted in similarly
treated of hemochromatosis patients, iron depletion in
CHC patients induced a remarkable reduction in the
sertm ALT levels. Therefore, when a patient is found to
have an active form of CHC, iron reduction therapy
should be recommended as an alternative to antiviral
agents.® Once iron reduction therapy for CHC is autho-
rized in Japan, great benefit might be provided for pa-
tients who need adjuvant therapy other than IFN.

During this study, a nurse was accidentally pricked
with a needle while drawing HCV-RNA-positive blood.
Six months follow-up failed to detect any biochemical
abnormality suggesting the onset of acute hepatitis.
HCV-positive blood is infectious, and caution is re-
quired during all medical procedures. Medical staff
should be fully aware of the potential risks.
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Background. Breakthrough hepatitis (BTH), defined

as a flare of transaminases alanine aminotransferase
[ALT]) can occur during lamivudine monotherapy for
hepatitis B virus (HBV) infection. There have been
many reports of lamivudine-resistant mutations within
the C domain of the viral reverse transcriptase; how-
ever, the appearance of these mutants is not necessarily
correlated with BTH during lamivudine therapy. Meth-
ods and Results. Entire serial HBV genomic sequences
before and during lamivedine therapy for 4 patients
with BTH and 1 patient without BTH were analyzed
and showed changes in the pre-S region. These changes
may be associated with ALT flares. Further investiga-
tion in a cohort of 36 patients with a median treatment
period of 25 months showed that 21 patients had a rise
in HBV-DNA titer, of whom 18 had BTH. Univariate
statistica] analyses showed that possible prognostic indi-
cators for the occurrence of BTH were pre-S deletions
(P = 0.03) and L180M/M204L mutations (P = 0.04).
By multivariate Cox regression analyses, significant
variables were pre-S deletions (hazard ratio, 0.17; 95%
confidence internal (CI), 0.044-0.66) and precore muta-
tions (hazard ratio, 5.70; 95% CI, 1.74-18.71) prior to
the commencement of lamivudine monotherapy. Inter-
estingly, BTH occurred after the selection of the wild-

type species in the pre-S region during lamivudine -

monotherapy. Conclusions. These results suggest that
patients with HBV pre-S deletion mutants should be
monitored carefully during lamivudine therapy.

Key words: hepatitis B virus, lamivudine, breakthrough
hepatitis, pre-S deletion mutation, precore mutation
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Introduction

A current therapeutic approach for chronic hepatitis B
virus (HBV) infection focuses on inhibiting the reverse
transcriptase enzyme, using lamivudine. Unfortunately,
lamivudine-resistant strains frequently occur during
therapy, varying from 16% to 43% of patients after 1 .
year of treatment.! Resistance involves the selection
of major mutations in the tyrosine-methionine-
aspartate-aspartate-aspartate (YMDD) motif within
the C domain of the viral reverse transcriptase, and in
the conserved B domain. These mutants have been clas-
sified into two groups: group I, with B and C domain
mutations (E180M + M204V); and group II, with a C
domain mutation (M204L).? The appearance of these
mutants is not necessarily correlated with alanine
aminotransferase (ALT) flares during lamivudine
therapy.

There is little information on the prevalence of the
mutations in patients with lamivudine resistance in rela-
tion to changes in the pre-S region of the HBV genome
and other areas during a flare of serum ALT levels
while they are on treatment (the flare indicates break-
through hepatitis [BTH]). In this study, the molecular
events associated with the emergence of drug-resistant
strains in patients treated with lamivudine were investi-
gated. Sequential serum samples from 36 patients were
analyzed to determine which variables, e.g., HBV DNA
levels, pre-S mutations, and precore’ mutations were
prognostic indicators for BTH.

Patients and methods

Patients

Thirty-six Japanese patients (26 men and 10 women;
median age, 46 years; range, 20-70 years), chronically

_ infected with HBV and treated with lamivudine were
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examined. The patients were recruited from Nagoya
City University Hospital, Chukyo Hospital, and
Kurume University Hospital between 1996 and 2002.
The subjects provided their written informed consent.
Only HBV genotype C was examined; 17 patients
(47%) had liver cirrhosis, with the remainder of the
patients having chronic hepatitis. Patients who were
coinfected with human immunodeficiency virus type 1
were excluded. Median pretreatment ALT and HBV
DNA levels were 1161U/ (range, 20-10341U/) and
7.2IU/1 (range, 4.1-8.81U/N), respectively.

Follow up and definitions

All patients were followed up with monthly clinical ex-
amination and routine laboratory tests. The upper limit
of normal for ALT activity was 40IU/. Virological
breakthrough was considered to have occurred when
there was re-elevation of detectable serum HBV DNA.
Breakthrough hepatitis (BTH) was defined as the re-
elevation of HBV DNA and a rise in ALT levels of
more than 80TU/ (two times the upper limit of normal)
during lamivudine therapy.

Met}_:ods

Lamivudine was administered at a dosage of 100mg/
day. The median duration of lamivudine therapy was
25 months (range, 16-44 months). Serum hepatitis B
surface antigen (HBsAg), hepatitis B envelope antigen
(HiBeAg), anti-HBe (as measured by chemilumi-
nescence enzyme immuno assay (CLEIA), HBV DNA
levels, and ALT were tested monthly. HBY DNA was
measured by a highly reproducible and sensitive HBV
real-time detection direct test (HBV RTD-Direct test;
SRL Inc., Tokyo, Japan), which combines the use of a
DNA extraction system based on magnetic beads
coated with polyclonal anti-HBs.? This procedure has a
dynamic range of 0.7-8.0 log international units (IU)
per ml.

Nucleic acids were extracted from 100yl of serum by
using a QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany). Fourteen complete genomes from five pa-
tients (four patients with BTH during treatment) were
amplified by polymerase chain reaction (PCR) with sev-
eral primer sets, as previously described.* PCR products
were sequenced directly by the dideoxy method, using
a BigDye Terminator cycle sequencing kit in an ABI
Prism 3100 Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA) according to the manufacturer’s
instructions.

Pre-S deletion mutants were distinguished by sizes
smaller than that expected (amplicons of 658 bp encom-
passing the entire pre-S1/52 gene) on electrophoresis,
and confirmed as not being products of artifacts in

PCR. Pre-S deletion mutants were considered to be
present when the size of amplicons was shorter by more
than 2% than that expected for wild-type HBV.S In
some cases, various small-size amplicons were detected
in the presence or absence of full-sized amplicons.
For the 14 patients with changes suggestive of pre-S
deletions (or smaller amplicons), a fragment of 1.4kbp
from the pre-S region, including the YMDD motif, was
cloned into the TOPO TA cloning vector (Invitrogen
Corp., Carlsbad, CA, USA). Plasmids were amplified in
Escherichia coli TOP10 (Promega, Madison, WI, USA)
and purified by the Qiagen procedure. All sequencing
reactions were performed with the above protocol.

Liver cirrhosis was determined by ultrasonography
(coarse liver architecture, nodular liver surface, and
blunt liver edges) and evidence of hypersplenism (sple-
nomegaly on ultrasonography), and a platelet count of
less than 100000/mm? Confirmation by a fine-needle
biopsy of the liver was performed as required.

Statistical analyses

Data were analyzed with the SAS 8.02 (SAS, Cary,
NC, USA) and BMDP 7.0 (SPSS; Chicago, IL, USA). -
Univariate tests included Fishers’ exact test, the 42 with
Yates’ correction, and log-rank ratios. Multivariate
analysis, using Cox’s regression, with the outcome vari-
able being BTH, examined the dependent variables,
which included sex; age; liver histology; HBeAg; pre-
treatment ALT levels; HBV DNA levels; HBsAglevels;
and HBV mutations in the polymerase gene, precore,
core promoter, and pre-S regions. Regression diagnos-
tics were performed to ensure the integrity of the
models constructed. It was found that a maximum of
two dependent variables could be modeled.

‘Results

Virological and biochemical responses

The levels of HBV DNA and ALT decreased in all
patients during lamivudine therapy. Serum ALT levels
were normalized in 33 patients (92%) within 12 weeks
of therapy. Of the 28 HBeAg-positive patients, 8 lost
HBeAg. Among these 8 patients, 4 acquired anti-HBe,
During follow-up for 2 median treatment period of 25
months, a rise in HBV-DNA titer occurred in the 21
patients with mutations in the YMDD motif during
treatment, and BTH was observed in 18 of these
patients (Table 1). Interestingly, loss of HBV DNA
(<0.7 log IU/ml) in the group without virological break-
through was significantly higher than that in those
with breakthrough (P < 0.0001). This means that both
pre-S wild and deletion clones were suppressed during
treatment,
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Table 1. Results of lamivudine therapy in patients

Patients
Variables (n = 36) pretreatment,
HBeAg seronegative; number (%) 8/28 (29%)
HBeAg seroconversion; number (%) 4/28 (14%)
Virological breakthrough (BT) 21 (58%)
Biochemical breakthrough hepatitis (BTH) 18 (50%)
M2041/V mutations 19 (53%)
L180M/M2041/V mutations 10 (28%)

Loss of HBV DNA, number (%)*
Without reappearance during treatment
With reappearance during treatment

Pre-S deletion mutations®

Basic core promoter mutations

(T1762, A1764)"
- Precore mutation (A1896)®

12/15 (80%)*
1721 (5%)*
14 (39%)
21 (58%)

7 (19%)

* P < 0.0001 _
*Detection limit of as low as 0.7 log,, IU/ml
tAt baseline

Genotype C.LHBs

HS0_LHSs.Pre
HS56_LHBS.M2041I
KS13_LHBs ,BTH
K5-0_LHBs.Pre
K5-7_LHBS .M2041
K5-13_LHES.BTH
KMO_LHBS.Pre
KM10_LHBS.M2041
EM12_LHBs.BTH
K4-0 LHBa.Pre
K4-3_LHBs.M2041
K4-12_LHBs . BTH
KHO_LHBs.Pre
¥H12_LHBg

For four patients with BTH and one patient without
BTH, the entire HBV genome, at three time points,
appearance of YMDD mutants, and
BTH, was determined. Interestingly, of the four BTH
patients, three had pre-S deletions, which included the §
promoter region, which is related to HBsAg expression
before treatment; before ALT elevation, the pre-S dele-
tion clones changed to wild-type (no deletion; Fig. 1).
Figure 2 shows the sequential changes in serum ALT
and HBV DNA levels, HBsAg, HBeAg, and precore
(nucleotide [nt] 1896)/core promoter sequences (nt
1762,1764) and pre-S deletions during the emergence of
YMDD variants in case 1 (Fig. 2A, B) and case 3 (Fig.
2C, D). In both cases, after the selection of pre-S wild
clones, HBsAg expression and HBV DNA increased,
followed by ALT elevation and BTH. Interestingly,
when lamivudine therapy was replaced by interferon
(IFN) therapy (at month 13), ALT re-elevation oc-
curred, with both pre-5 and YMDD wild clones appear-
ing at month 17 in case 1. The wild clones were then
suppressed by adding IFN to lamivudine (Fig. 2A, B). In

. e receptor :
1 MGGWSSKPROGMGTHLSVHY PLGF FPDHOLPPAFGANSNN PDWDFY PNKDHWEEARQVGA 60

Genotype C.LHBs
HS0)_LHBs.Pre
HSE_LHBs.M204T
HS13_LHBs . BT
K5-0_LHBS.Pre
K5-7_LHEg ,M2041
K5-13_LHBs.BTH
KMQ_LHBS. Pre
¥M10_LEBs.M2041
KM12_LHBs.BTH
K4-0_LHBs.Pre
¥4-9_LHBg.M2041
X4-12_L}Bs . BTH
KH)_LHBs.Pre
KH12_ LHBs

Genotype C.LHES
HS0_LEBs.Pre
HSE_L¥Bs M2041
#513_LHBs . BTH
K5-0_LHAs.Pre
K5-7_LHBg .M2041
K5-13_LH3s.BTH
KMO_LHES.Pre
KM10_LHBg .M2041
KM12_LEBa._BTH
K4-0_LHBs.Pre
K4+9_LHBS.M2041
K4-12_LHBa.BTH
XHG_LHBs . Pre
KH12_LHBEs
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120 Fig. 1. Changes of serial amino-acid se-
129 quences in large S regions during treat-
120 ment. Four patients with breakthrough
120 hepatitis (BTH), and one patient without
130 BTH, had their hepatitis B virus (HBV)
full genomes determined at three points:
pretreatment, appearance of YMDD mu-
1% tants,and BTH (or endpoint). Of the four
160 BTH patients, three had pre-S deletions,
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..... 80
__________ 190 (HBsAg) expression. Prior to alanine
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................... 180 out BTH (control), there was no change
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§:Wild type (16M: during JFN)
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Fig. 2A-D. The sequential changes in serum ALT and HBV DNA levels, HBsAg, hepatitis B envelope antigen (HBeAg), and
precore (nucleotide [nt] 1896)/core promoter sequences (nt 1762, 1764) and pre-S deletions (pre-S$ del) during the emergence of
YMDD variants in (A, B) case 1 and (C, D) case 3. ALT elevation (BTH) occurred during treatment. The X axis represents the
months after the start of lamivudine treatment. The arrows indicate the time points when sera were obtained for analyzing full-
length amplification of HBV gonome. YMDD, wild-type HBV strain; YIDD, HBV variant with isoleucine-to-methionine
substitution at amino-acid 204 of the reverse transcriptase domain of the hepatitis B polymerase gene. The electrophoresis gels
of polymerase chain reaction (PCR) results are also shown. IFN, interferon; C.Q.1, cut-off index; Tx, lamivudine therapy; M,
months (in B and D)

case 3, BTH by pre-S wild clones with YMDD mutants
was treated with glycyrrhizin  (Stronger Neo-
Minophagen C; Minophagen, Tokyo, Japan) with nor-
malization of ALT. Figure 3 shows the sequential
changes in the pre-S deletions, YMDD motifs, core pro-
moter, and precore mutations in relation to the clinical

course of three patients with pre-S deletions. These
three patients with BTH had core promoter mutations
before treatment; however, no changes occurred during
treatment. The precore sequence (nt 1896) in three pa-
tients was wild-type during follow-up. The L180M/
M2041I (double mutation) of the polymerase region oc-
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p .
. gene  YMDD motif JX gene
[pre-st [s2] sgene ] acP
1762 1764 1896
108 nt del
Baseline _v_ YMDD M M W
Case 1 6Mof Tx M2041 M M
{LC} Y
13 Mof Tx
R M2041 M w
(BTH) M
) 144 nt del
Baseline —v———— YMDD M M W
Case2  7TMofTx _V""_" M2041 M M W
{Le) .
13 M of Tx hghas M2041 M M W
(BTH)
_ 138 nt del
Baseline -—-—-v_ YMED M M W
Case3 10Mof Tx M2041 M M
(CH)
12 M of Tx £ 180M, M2041 M M W
(BTH)

curred in only one patient at the time of BTH (Fig. 3).
In surnmary, based on serial HBV full genomic analyses
in five patients, it appears that the reversion from pre-S
deletion mutants to wild types may be associated with
BTH, as shown as in Fig. 4. For one patient without
BTH (control), no change in the pre-S region was noted
during treatment.

Frequency of pre-S deletion mutants

Pre-S deletion mutants were found in the pretreatment
sera of 14 out of 36 (39%) patients. The length of pre-S
deletions ranged from 31 to 306bp. There were no
smaller deletions (less than 33bp} in this study. Dele-
tions in frame were present in 12 of the 14 (86%) pa-
tients. The deletions in preS1, preS2, and both preS1
and preS2 occurred in 6 (43%), 3 (21%), and 5 (36%),
patients, respectively. Deletions of the CCAAT-box in
the S-promoter region’ were found in 8 of the 14 (57%)
pre-S deletion mutants. PreS2 deletions were clustered
in the 5'-terminal half of the preS2 region.

Figure 5 shows the 14 patients that had pre-S deletion
mutants before treatment. In this group, 11 patients had
BTH. Interestingly, 9 of the 11 patients with BTH lost
the pre-S deletion during treatment, ie., pre-S wild
clone became dominant. Hence, changes to wild type
may also be associated with BTH.

Statistical analyses

Univariate analyses indicated that BTH was signifi-
cantly associated with pre-S deletions (P = 0.03) and
L180M/M204L mutations (P = 0.04; Table 2). In the

ALT HBY ONA
— 166 T8
—— 36 40
——r—— 180 8.6

105 nt del
—_— 14 74

16 4.1

Fig. 3. Sequential changes in pre-S dele-
tions, YMDD motifs, core promoter, and
precore mutations in relation to the clini-

161 13

—_— 101 59 cal course of three patients with BTH.
Tx, lamivudine therapy; del, deletions;
0 34 M, mutants, W, wild; LC, cirrhosis;
132 15 CH, chronic hepatitis; BCP, basic core
T promoter
HBY genes mutations Status of HBY
Pre-S deletion
Pre-treatment =~ —,— YMDD  Lower HBs Az production
J, (retention)
Appearance of YIDD —V— Y0
—— YHDD
(ALT normal) = oo HBV DNA ¢
4 HBs Ag production ¢
ALT elevation Pres wudYIDD HBs Ag secretion 4
(BTH) HBV DNA t

Fig. 4. Schema of BTH. Based on cloning analyses in pre-$
and YMDD motif regions, patterns of pre-S and the YMDD
motif were changed by BTH during treatment; note replace-
ment of pre-S wild-type, then HBsAg production (or secre-
tion), followed by elevation of HBV DNA and ALT

Table 2. Univariate statistics (log rank test), showing the rela-
tionship of various clinical variables with BTH

Variables P Value
L180M/M204L/V mutations 0.04
Hepatitis B ¢ antigen 0.59
Hepatitis B surface antigen 0.22
ALT levels 0.26
Sex 077
Age 0.78
HBV DNA levels 0.76
Precore mutations 0.07
Basic core promoter mutations 0.73
Liver cirrhosis 0.18
Pre-S deletion mutations 0.03

—151—



774 Y. Tanaka et al.: Prognostic indicators of BTH in lamivudine therapy for HBYV infection

No. Before During treatment (BTH or end point)
BTH 1 deletion wild =
2 deletion>w wild
3 deletion>w wild
4 defetion wild
5 deletion wild
[3 wild>del wild>del | Loss of Pre-S deletion
7 wild>del wild .
8 wild=del wild 91 (82%)
9 wild>del wild
10 wild>del wild>del
11 wild>del wild _
12 wild wild>de]
13 wild wild>del
14-18 wild wild
Non-BTH I wild>del wild>del
2 wild>del wild
3 wild=>del wild

Fig. 5. Loss of pre-S deletion mutants during lamivudine
treatment, Fourteen patients had pre-S deletion mutants be-
fore treatment (some of them were mixed type). Of these
patients, 11 had BTH. Loss of pre-S deletion mutants was
found in 9 patients (82%). The changes from pre-S deletion to
wild type may be associated with BTH. del, deletions; w, wild

Table 3. Multivariate model, relating BTH to statistically
significant variables

Hazard ratio

Variables P Value (95% confidence interval)

Pre-S deletions in 1.00 (Referent group)
BTH group

Pre-S deletions in 0.0035 0.7 (0.044-0.66)
non-BTH group

Precore mutations 1.00 (Referent group)
in BTH group

Precore mutations 0.0085 5.70 (1.74-18.71)

in non-BTH group

multivariate model, the L180/M204L mutation was
not statistically significant. However, pre-S deletions
remained statistically significant (P = 0.0035), and
precore mutations acquired significance (P = 0.0085;
Table 3).

Discussion

YMDD mutants can cause elevation of HBV DNA;
however, there is a time lag between the appearance of
the YMDD mutants and ALT flares during lamivudine
therapy. In this study, the molecular and statistical sug-
gested one mechanism of the ALT flares; the presence
of pre-S deletion mutants before treatment, followed by
the selection of the wild-type species in the pre-S region.

Patients infected with HBV genotype B, especially
Bj, tend to have earlier HBe seroconversion, followed
by normalized ALT and a good prognosis.®® Thus, this

study focused on the more problematic genotype C. In
our cohort, 17 patients (47%) had liver cirrhosis, and
pre-S deletion mutants were present in the pretreat-
ment sera of 14 patients (39%). This result is consonant
with another recent study in chronic HBV patients, in
which those with liver cirrhosis and/or hepatocellular
carcinoma (P < 0.01) and those with HBV genotype
C (P < 0.001) had an association with pre-S deletion
mutants.’®

When the wild types were selected by lamivudine
monotherapy, serum HBsAg and HBV DNA increased,
followed by ALT elevation (BTH) in some cases. This

.may be caused by the immune response to pre-S wild

clones with T-cell and B-cell epitopes. Minami et al.$
have shown that antibodies against the pre-S2 region
were negative; however, the antibody response against
the pre-S1 epitopes coincided with the appearance of
the variant virus. These findings suggest an activated T-.
cell and B-cell response during hepatic inflammation. A
recent study showed that nonclassical natural killer T
(NKT) cells mediated acute hepatitis. This implies that
the large S protein may be an immune target of NKT
cells.t - '
Kajiya et al.”? showed that transfection of PCR prod-
ucts containing the pre-S mutant sequences resulted in
increased amounts of intracellular replicative interme-
diates, but decreased secretion of HBsAg and HBeAg,
suggesting the accumulation of non-enveloped viral
core particles within the cells. The deletion sequence
in the pre-S2 region coincides with human leukocyte
antigen-restricted T- and B-cell epitopes. In vitro,
HBsAg was retained in hepatocytes, and the synthesis
and secretion of major surface antigen decreased for
most of the pre-S mutants.512 Pre-S mutants prevailed
with the evolution of chronic HBV, probably under
immune pressure.’* Pre-S mutants usually give rise to a
decrease in major S transcripts and an inverse increase
in pre-S1 transcripts, leading to the relative overex-
pression and the subsequent accumulation of large sur-
face proteins in the cytoplasm,! raising the possibility
that the emergence of pre-S mutants may contribute to
the inverse relationship between the serum level of
HBsAg and the intrahepatic accumulation of HBsAg in
chronic infection. Hence, it is possible that the accumu-
lation of non-enveloped viral core particles occurs
within the cells and that complete viral particles from
pre-S deletion mutants would then decrease in serum.
Multivatiate analysis in the present study showed that
the absence of BTH was also significantly associated
with precore mutation (P = 0.0085). This observation is
supported by recent reports that in HBV genotype C
patients, the emergence rate of YMDD motif mutants
in HBeAg-positive patients was statistically significantly
higher than that in the HBeAg-negative patients.! In
the present study, most HBe Ag-positive patients had no
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mutation in precore nt 1896. By contrast, the frequent
emergence of viral resistance with long-term lamivu-
dine monotherapy in HBeAg-negative precore mutant
HBYV chronic liver disease is followed by increasing
viremia levels, culminating in the development of bio-
chemical breakthrough.” Thus, the relationship be-
tween the presence of the precore mutation and the
emergence rate of the YMDD motif during lamivudine
therapy remains unclear.

In conclusion, the reversion from pre-S deletion mu-
tants to wild types during lamivudine monotherapy may
be associated with BTH. The course of BTH resembles
that of acute exacerbations in chronic HBV infection,
with increasing levels of active viral replication, which
trigger the immune response, culminating in episodes of
ALT flares. Such flares may be caused by the immune
response to pre-S wild clones with T-cell and B-cell
epitopes. As many patients with liver cirrhosis, and
genotype C patients, had pre-S deletion mutants, cau-
tion should be exercised when lamivudine is used to
treat HBV, This study also raises other questions as to
the dynamics between the changes in pre-S§ and BTH.
Such dynamics can be studied further using an HBV
replication system in vitro.
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Interferon monotherapy for patients with chronic hepatitis C and
normal serum aminotransferase levels at commencement of treatment
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Background. Approximately 30% of patients with
chronic hepatitis C have normal serum alanine amino
transferase (ALT) levels. While interferon (IFN)
monotherapy is approved for patients with chronic
hepatitis C infection, the effectiveness of such therapy
for chronic hepatitis C patients with normal ALT levels
at commencement of treatment remains poorly under-
stood. Methods. Ninety-four individuals (M/F, 54:40;
median age, 46 years) with normal ALT levels (< 501U/
1) at the commencement of treatment who were positive
for both anti-hepatitis C virus (HCV) and serum HCV-
RNA were studied. Among this group, 18 individuals
(M/F, 9:9; median age, 50 years) had had persistently
normal ALT levels for at least 3 months prior to treat-
ment. All patients received their first course of IFN
therapy in this study. Results. Forty-three (45.7%) of 94
individuals had lost serum HCV-RNA at 6 months after

 cessation of therapy (complete response; CR). The pro-
portion of patients with genotype 2a and HCV-RNA
level over 1Meqg/ml who showed CR was significantly
lower in those with normal ALT levels than in those
with elevated ALT levels (23.8% vs 55.6%; P = 0.0189).
Two patients who had persistently normal ALT levels
and HCV-RNA level over 1Meg/ml were non-
responders (NR) and had ALT flare-ups after IFN
therapy. Patients with HCV-RNA levels of less than
1Meqg/ml did not show differential responses based on
ALT levels. Conclusions. Our data suggest that IFN
therapy is effective for patients with normal ALT levels
and less than 1 Meq/ml HCV-RNA. Thus, such patients
should be considered for curative IFN therapy.

Key words: interferon, chronic hepatitis C, normal ALT
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Introduction

Antiviral treatment for patients with chronic hepatitis
C virus (HCV) infection has generally been limited to
those with significantly abnormal serum transaminase
activity. Results of interferon (JFN) monotherapy in
patients with normal serum alanine amino transferase
(ALT) levels were the basis for the conclusions of the
1997 Consensus Conference that these patients should
not be treated.! Thirty of 52 patients treated in seven
studies, for whom data were available, had de novo
elevations of ALT levels during therapy, and some pa-
tients continued to have ALT elevation after IFN was
discontinued.*® Approximately 30% of patients with
chronic hepatitis C have normal ALT levels.? It is true
that if ALT levels are persistently normal, the possibil-
ity of significant and progressive liver disease tends to
be low, but a significant proportion of patients with
persistently normal ALT levels show some histological
signs of fibrosis—the degree of which is usually mild but

© is sometimes more marked—and in rare cases, cirrhosis

may be present.! IFN treatment is effective for pa-
tients with chronic hepatitis C, reducing ALT levels,
improving histological activity,® and eliminating
HCV-RNA.15 However, the effectiveness of IFN
therapy for patients with normal ALT remains poorly
understood. Few studies have compared patients with
elevated ALT levels and matched patients with normal
ALT levels with respect to assessing sustained virologi-
cal response rates.! Moreover, the changes in ALT lev-
els after IFN therapy in patients with normal ALT
levels before treatment is not clear.

The aim of this retrospective study was to determine
the incidence of sustained virological response after
IFN therapy and the changes in ALT levels after
therapy in patients with normal ALT levels at com-
mencement of therapy.
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Genetic Heterogeneity of the Precore and the Core
Promoter Region of Genotype C Hepatitis B Virus
During Lamivudine Therapy
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It has been reported that spontaneous or inter-
feron (IFN)-induced hepatitis B e (HBe} serocon-
version has usually been associated with the
development of a stop codon in the precore
region, However, the difference between lamivu-
dine-induced seroconversion and spontaneous
or {FN-induced seroconversion is not known.
The aim of this study was to investigate the
correiation between the evolution of the precore
and core promoter mutations and lamivudine-
induced seroconversion. Forty-five patients with
chronic hepatitis B virus {HBV) infection who
weretreated with lamivudinefor morethan 1vyear
were enroiled. The nucleotide sequence of the
precore and core promoter region was determin-
ed before and aftertreatment with lamivudine for
1 year. Among 29 patients who were hepatitisB e
antigen {HBeAg)-positive before treatment, 12
(41.3%) lost HBeAg during the course of treat-
ment for 1 year. Of these, eight patients (66.7%)
still had precore wild type HBV after 1 year. After
1 year, reversion to precore wild type HBV was
detected in 11 {64.7%)} of 17 patients who had
precore mutant HBV before treatment. Twelve
{70.6%) of 17 patients who were persistently
HBeAg-positive had precore wild type HBV
before and after treatment for 1 year. Despite
the loss of HBeAg, two thirds of the patients still
had precore wild type HBY after the 1-year treat-
ment. 1t is suggested that lamivudine-induced
seroconversion differs from spontaneous or IFN-
induced seroconversion in the change of nucleo-
tides in the precore region. The reversion in the
precore region may be caused by the difference
of drug-susceptibility to lamivudine. The antiviral
effect of lamivudine may be more effective in the
precore mutant HBV than in the precore wild type
HBV. J. Med. Virol. 72:26-34, 2004,

© 2004 Wiley-Liss, Inc. )

© 2004 WILEY-LISS, INC.

KEY WORDS: chronic hepatitis B; antiviral
. effect; reversion; lamivudine-
resistant HBV strains

INTRODUCTION

Hepatitis B virus (HBV)} infection is a serious world-
wide problem. The number of people with chronic HBV
infection is 350 million globally [Lee, 1997]. The clinical
consequences of HBV infection are various, ranging
from becoming an asymptomatic carrier to developing
fulminant hepatic failure. Chronic HBV infection is one
of the major causes of cirrhosis and hepatocellular
carcinoma in endemic areas [Lee, 1997].

Until recently, interferon (IFN)} was the only effective
antiviral agent for chronic HBV infection but its efficacy
was limited [Hoofnagle et al., 1988; Lok et al., 1993; Lau
et al., 1997]. Lamivudine, a potent inhibitor of HBV
replication by suppressing HBV-DNA polymerase, has
become the main therapeutic option for the treatment of
chronic hepatitis B. Previous studies have shown that
lamivudine led to a median 4-log decrease in serum

Abbreviations: HBV, hepatitis B virus; IFN, interferon; ALT,
alanine aminotransferase; HBeAg, hepatitis B e antigen; anti-
HBe, antibody o hepatitis B e antigen; G, guanine; A, adenine;
LGE, log genome equivalents; PCR, polymerase chain reaction;
nt, nucleotide.

*Correspondence to: Reiichiro Kuwahara, The Second Depart-
ment of Medicine, Kurume University School of Medicine, 67
Asahi-Machi, Kurume 830-0011, Japan.

E-mail: ray@med kurume-u.acjp

Accepted 26 June 2003

DOI 10.1002/jmv.10558

Published online in Wiley InterScience

(www.interscience.wiley.com)

—155—



Changes in the Precore Region and Lamivudine

HBV-DNA levels and to an improvement in serum
alanine aminotransferase (ALT) levels [Dienstag et al.,
1995], and lamivudine treatment increased signifi-
cantly the rate of e-seroconversion [Dienstag et al,
1999; Lai et al., 1998; Schiff et al., 1998] as well as
leading to histological improvement [Lai et al., 1998;
Dienstag et al., 2003]. The emergence of lamivudine-
resistant strains is a major drawback of lamivudine
treatment. Nevertheless, lamivudine is of great benefit
for patients with chronic hepatitis B since it prevents
progression to cirrhosis [Lai et al., 1998] and acute
- exacerbation leading to hepatic failure.

The loss of hepatitis B e antigen (HBeAg) or the
presence of antibody to hepatitis B e antigen (anti-HBe)
was considered to be associated with decreasing levels
of viral replication and HBV-DNA, and also as a move
towards disease remission or resolution [Hoofnagle
et al., 1981). Spontaneous or IFN-induced seroconver-
sion from HBeAg to anti-HBe has usually been asso-
ciated with the development of a stop codon in the
precore region [Carman et al., 1989; Omata et al., 1991,
Karasawa et al., 19951 It has been reported that the
precore mutant HBV, which has a mutation from

guanine (G) to adenine (A) at nucleotide 1896 resulting

in conversion of tryptophane to a stop codon at 28 in

"HBeAg, replaces precore wild type HBV during or after
e-seroconversion. HBeAg is derived from a cleavage in
the translation product in the precore region and core
gene {Carman et al,, 1989]. The mutation results in a
premature translational stop codon and failure in
HBeAg production or cessation of its secretion [Okamoto
et al., 1990]. HBe-seroconversion induced by lamivudine
appeared to be different from spontaneous or IFN-
induced e-seroconversion. For example, spontaneous
or IFN-induced e-seroconversion follows a transitory
exacerbation of hepatitis in many patients. But e-
seroconversion during lamivudine therapy is not accom-
panied by ALT flare in most patients. It is said that the
mutation from G to A at nucleotide 1896 is paralleled
by e-seroconversion in general and that the nucleotide
sequence at nucleotide 1896 reflects the activity of
hepatitis,

There have been some reports that the clinical and
virological features of HBV infection were affected by
the heterogeneity of the precore region of HBV-DNA
[Carman et al., 1989; Okamoto et al., 1991; Omataet al,,
1991] and HBV genotype [Kao et al., 2000; Orito et al.,
2001). However, few studies have focused on the
correlation between the loss of HBeAg and the evolution
of the precore mutant HBV during lamivudine therapy
in a homogeneous patient group infected with HBV
genotype C. In Japan, genotype C is the most common
genotype, accounting for 80% or more of the total [Orito
et al, 2001], and there may be some differences in
seroconversion between different genotypes of HBV.
Previously, it was reported that HBV genotype B was
associated with earlier e-seroconversion than HBV
genotype C {Chu et al., 2002] and that HBe antigen
was significantly less frequent in genotype B than
genotype C patients [Orito et al., 2001}

27

Accordingly, in order to investigate the difference
between lamivudine-induced HBe-seroconversion and
spontaneous or IFN-induced seroconversion, we select-
ed patients infected with HBV genotype C for this study
and analyzed the nucleotide sequence in the precore and
core promoter region of HBV-DNA.

PATIENTS AND METHODS

Patients, Blood Tests, Clinical Samples,
and HBV-DNA Extraction

Forty-five patients who were treated with lamivudine
for at least 1 year at Kurume University Hospital
between 1995 and 2001 were included in this study.
All patients were positive for HBsAg and HBV-DNA,
and had elevated ALT levels within 6 months of the
initiation of the lamivudine therapy. No patient was
treated with antiviral agents such as IFN or other
nucleoside analogs throughout this study. The patients
were followed up every week for the first month and then
every month during the treatment with lamivudine.
Routine liver function tests and serum levels of HBV-
DNA were determined before and every 2 weeks for
the first 4 weeks and then every 4 weeks during the
treatment with lamivudine. Of the 45 patients, 29 were
HBeAg-positive and 16 were HBeAg-negative before the
treatment. Lamivudine was given at a dosage of 100
300 mg per day. Serial samples were taken before and
during the treatment and were stored at —70°C until
analysis. HBeAg and anti-HBe were tested with com- -
mercial radiocimmunoassay kits (Abbott Laboratories,
North Chicago, IL). HBV-DNA were quantified by
transcription-mediated amplification and hybridization
protection assay [Kanmisango et al., 1999). The detec-
tion range is 3.7—8.7 log genome equivalents (LGE)/ml
(1037-10%7 copies/ml). HBV-DNA was extracted from
each 100 pl serum sample using a nucleic acid extraction
kit, the SMITEST EX-R&D kit (Sumitomo Metal
Industries, Tokyo, Japan) according to the manufac-
turer’s instructions. The extracted DNA was dissolved
in 20 pl of sterile distilled water.

Genotyping of HBV-DNA

To determine the HBV genotype, a commercially
available kit, the SMITEST HBV genotype detection kit
(Genome Science Laboratories Co., Ltd., Fukushima,
Japan) was used. This kit uses ELISA with menoclonal
antibodies to type-specific epitopes in the preS2-region
praduct {Usuda et al., 1999].

Amplification of the Core Promoter
and the Precore Region of HBV-DNA

The fragments of 263 base pairs corresponding to
nucleotides 1679—-1941 were amplified using the poly-
merase chain reaction (PCR) with nested - primers.
These fragments included the core promoter region
(nucleotides 1742--1849) and the precore region (nucleo-
tides 1814—1900). The pair of primers for the first-round
PCR was 5-CATAAGAGGACTCTTGGACT-3' (sense;
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nucleotides 1653—-1672) and 5'-AAAGAATTCAGAAGG-
CAAAAAAGA-3' (antisense; nucleotides 1949-1972).
The pair of primers for the second-reund PCR was &'-
AATGTCAACGACCGACCTTG-3' (sense; nucleotides
1679-1698) and 5-TCCACAGAAGCTCCGAATTC-3
(antisense; nucleotides 1922-1941). One microlitre of
resuspended DNA was used in a final volume of 50 pl.
The first-round PCR solution contained 10 mM Tris-HCl
buffer (pH 8.3), 0.2 mM dNTPs (dATF, dTTP, dCTP,
dGTP), 0.6 uM sense primer, 0.6 M antisense primer,
1.5 mM MgCls, and 25 U/ml Taq DNA polymerase (PE
Biosystems Japan, Chiba, Japan). The sample was
heated at 95°C for 10 min at the beginning of the first
reaction. The reaction of the first-round PCR was
carried out for 35 cycles at 94°C for 30 sec, at 50°C for
30sec, and at 72°C for 30 sec. For the second-round PCR,
2 pl of the first-round PCR product was added to 98 plof a
reaction mixture with a compeosition of 10 mM Tris-HC]
buffer (pH 8.3), 0.2 mM dNTPs (dATP, dTTF, dCTP,
dGTP), 0.6 UM sense primer, 0.6 uM antisense primer,
1.2 mM MgCly, and 25 U/m! Taq polymerase. The
samplewas heated at 95°C for 10 min at the beginning of
the first reaction. The reaction of the second-round PCR
was performed in 35 cycles at 94°C for 30 sec, at 55°C for
30 sec, and at 72°C for 30 sec. Five microlitres of the
second-round PCR product was analyzed using electro-
phoresis in 1.5% agarose gel stained with ethidium
bromide and these were visualized under ultraviolet
light. To purify the DNA fragments, the second-round
PCR product was centrifuged in the QIAquick PCR
Purification Kit (QIAGEN GmBH, Hilden, Germany).
The nucleotide sequence was determined with an
auntomated ABI DNA sequencer (Model 377, PE Applied
Biosystems, Foster City, CA) to verify the specificity and
was compared with the published HBV sequences. The
sequencing condition was specified in the procedure for
the Taq BigDye terminator Cycle Sequencing Kit (PE
Applied Biosystems).

Detection of Mutations in the Core Promoter
and the Precore Region

HBV complete nucleotide sequence for standard
genotype C was obtained from international DNA
database (DDBJ/EMBL/GenBank) and HPBADRA
(database accession no. M12906) was retrieved as a
normal nonmuted phenotype. The sequence was aligned
by using the CLUSTAL W software and confirmed by
visual inspection.

Subcloning of the Core Promoter
and the Precore Region of HBV-DNA

In addition te the nucleotide sequence of the 45 pa-
tients, the cloned HBV-DNA of four patients was
analyzed. Of the four patients treated with lamivudine,
three seroconverted to anti-HBe within 6 months. One
patient who was treated with lamivudine seroconverted
to anti-HBe but was still positive for HBV-DNA after
1year. The second-round PCR product was purified with
the QIAquick PCR Purification Kit (QIAGEN GmBH).

Kuwahara et al.

The purified PCR product was used for ligation with the
pCR4-TOPO vector (Invitrogen Corp., San Diego, CA)
and TOP10F'-competent Escherichia coli (Invitrogen
Corp.) was used for the transformation. The trans-
formed bacteria were incubated at 37°C in 3 ml of the
Luria-Bartani medium for 16 hr and an individual
recombinant clone was selected. For each pool, 11-
15 clones were subjected to investigation in order to
determine the nucleotide sequences of the core pro-
moter and the precore region. A colony-direct PCR was
performed using a pair of primers, M13 forward primer
(5'-GTAAAACGACGGCCAG-3) and T7 primer (§'-TA-
ATACGACTCACTATAGGG-3), to amplify the nucleo-
tides including the core promoter and the precore region.
The reaction of the PCR was performed in 35 cycles at
94°C for 30 sec, at 55°C for 30 sec, and at 72°C for 30 sec.
The nucleotide sequence was determined using the
same method as mentioned above.

Detection of Lamivudine-Resistant Mutants

To detect the lamivudine-resistant HBV strains, the
SMITEST HBV-YMDD motif ELMA (Sumitomo Metal
Industries) was used according to the manufacturer’s
instructions. The principle of this procedure is a com-
binatien of PCR-ELISA and a mini-sequence method

{Kobayashi et al., 2000].

Statistical Analysis

Fisher's exact test and the student’s ¢-test were used
to make comparisons between the groups for certain
variables. A probability value of less than 0.05 was
considered significant.

RESULTS
Characteristics of Patients at Baseline

The characteristics of the 45 patients at baseline are
shown in Table 1. All 45 patients had HBV-DNA with an
average of 7.1 £ 1.3 LGE/m), and the average of serum
ALT level was 153+ 116 U/L. Twenty-nine (64.4%) of
the 45 patients were HBeAg-positive and 16 (35.6%)
were HBeAg-negative. All patients included in this
study had HBV genotype C strains. Between those who
were HBeAg-positive and those who were HBeAg-
negative, there were significant differences in the
HBV-DNA level (P =0.0015) and the number of patients
with the precore mutant HBV (P =0.0015} (Table 1I).

HBeAg Seronegative Rate

Of the 29 patients who were HBeAg-positive at
baseline, 12 (41.4%) lost HBeAg during the l-year
treatment and 17 (58.6%) were persistently HBeAg-
positive, There were no significant differences in age,
gender, serum ALT levels, HBeAg titer, HBV-DNA
levels, core promoter mutation, or precore mutation
between those who lost HBeAg and those who did not
{Table II0).
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Changes in the Precore Repion and Lamivudine
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