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Hepatitis B virus RNA is measurable in serum and can be a new
marker for monitoring lamivudine therapy
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Background. Changes in the serum hepatitis B virus
(HBV) RNA level during lamivudine therapy were
comparcd to those in the serum HBV DNA and 1BV

core-related antigen (HBVerAg) levels in 24 patients
with chronic hepatitis B. Methods. For measurement of
HBY RNA, total nucleic acid was exiracted [rom serum
samples and reated with RNasce-[ree DNase 1. Alter
CIONA synthesis (rom extracted RNA, HBV RNA was
measured by real-time detection polymerase chain reac-
tion. Results. The peak fraction of HBY RNA in serum
samples was consistent with peak fractions of HBV
DNA and HBV core protein in a sucrose gradient
analysis, indicating that HBV RNA was incorporated
into virus particles. All levels of HBV DNA, HBV
RNA. and HBVerAg decreased gradually during
lamivudine therapy (P < 0.001 for all). The amount of
decrease from the start of lamivudine therapy was
significantly higher for IBY DNA than for HBV RNA
or HBVerAg during 6 months of lamivudine therapy (P
< 0001 for d”) However, a similar difference was not
seen between HBV RNA and HBVerAg levels during
that period. The HBV RNA level was signilicantly cor-
related (P < (.001 for all) with levels of HBV DNA and
HBVorAg both at the beginning and 2 months alter the
start of lamivudine therapy. Conclusions. HBY RNA
is detectable in serum in a form indicating incorporation
into virus particles. and its serum level might serve as a
new viral marker with a significance different from that
of HBV DNA in lamivudine therapy.

Key words: chronic hepatitis B. viral load. viral replica-
tion, cccDNA. sucrose gradient analysis
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Introduction

Approximately 350 million people are chronic carricts
of hepatitis B virus (HBV) worldwide.' In some coun-
tries, hepatocellular carcinoma and cirrhosis accoum
for more than 50% of all deaths among HBV carriers.”
Treatment of patients with hepatitis B has improved
remarkably with the advent of oral nucleoside analogs
such as lamivudine* Lamivudine administration has
been shown to cause a rapid decrease in the serum HBV
DNA level followed by a decrease in the alanine ami-
notransferase level and improvement of the liver histol-
ogy. > Therefore, measurement of serum HBVY DNA is
widely used in the clinical setling to monitor the effect
of lamivudine.

It has been postulated that measurement of the HBV
covalently closed cireular (cecc) DNA level in hepato-
cytes is valuable in a different way than serum HBV
DNA for monitoring the cffects of antiviral therapy,
because cecDNA s a key molecule in HBV replica-
tion.~? In practice. the intrahepatic HBV cccDNA
Jevel has been reported 1o be superior (o serum HBV
DNA for predicting a sustained virologic response to
antiviral therapy, including lamivudine.'* However, the
measurement of cccDNA scems ill-suited for clinical
use because it requires a liver biopsy. Thus, serum
markers that reflect the cccDNA level in the liver are
desired.

Recently, an FIBV core-related antigen (FBVerAg)
assay dp\ul()})ud by our laboratory has been shown (o
possibly correlate with the cccDNA level. especially
during lamivudine therapy.='® This possibility is based
on the fact that transcription of messenger RNA from
cccDNA and subsequent translation of viral proteins
are not inhibited by nucleoside analogs such as
Jamivudine. The same has been said for synthesis of
pregenomic RNA. Therefore. in the present study, we
measured serum HBV RNA and analyzed its virologic
characteristics. In addition, changes in the serum HBV
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RNA level during lamivudine therapy were compared
with those of serum HBV DNA and HBVerAg levels to
clarify whether HBV RNA measurement in serum has
any clinical significance.

Patients and methods

Patients

A total of 24 patients with chronic hepatitis B consented
to participate in the present study. They were selected
from a pool of 32 consceutive patients who underwent
lamivudine therapy al Shinshu University Hospital be-
tween July 2002 and June 2003, The patients comprised
18 men and 6 women. and their median age was 55 years

-y

(range, 39=79 years). Chronic hepalitis B was defined as
positive HBV surface antigen for more than 6 months
with liver histological findings consistent with chronic
hepatitis. All patients had had clevated levels of serum
alanine aminotransferase and HBV DNA for at least 0
months, Immediately prior to lamivudine administra-
tion, 16 patients were positive for HBV ¢ antigen and §
were positive for HBV ¢ antibody but negative for HBYV
¢ antigen. The MBV genotype was C in all patients.
Patients received 100-mg doses of lamivudine daily for
at least 6 months. No patient was treated with other
antiviral agents. such as interferon, hefore or during the
present study, and all paticnts were negative for hepati-
tis C virus and human immunodeficiency virus antibod-

ics. This study was approved by the ethics committee of

our institution. Written informed consent was obtained
{rom cach patient.

Serum samples were collected at the start of
lamivudine therapy, and at 2 and 6 months after com-
mencement. Samples were stored frozen at =20°C or
below until assayed.

Routine laboratory tests

HBV surface antigen, FIBV ¢ antigen, HBV ¢ antibody,
hepatitis € virus antibody. and human immunode-
ficiency virus antibody were measured by commercially
available enzyme-linked immunosorbent assay kits
(Abbott Japan, Tokyo, Japan). HBV  genotypes
were determined by the method reporied by Mizokami
et al.’ and classified into six major genotypes, A 10
F

The scrum level of HBV DNA was determined
using an Amplicor HBV Monitor kit (Roche Diagnos-
tics, Tokyo, Japan), which has a quantitative range from
2.6 to 7.6log copies/ml. Sera containing over 7.0log
copies/ml HBV DNA werce diluted 10- or 100-fold with
normal human serum and retested to obtain the end
titer.

A. Rokuhara et al.; HBY RNA measurement in serum

HBY core and core-related antigen assay

HBYV core antigen (HBVcAg) and HBVerAg in serum
were measured using a chemiluminescence enzyme im-
munoassay as reported previously. "% In bricf, 100 wl
serum was mixed with a pretreatment solution contain-
ing 15% sodium dodecyl sulfate. After incubation at
70°C" for 30min, S0pl of pretreated serum was added to
wells coated with monoclonal antibodics against dena-
tured HBV core and e antigens (FB44, HBO61, and
HB114) and filled with 100ul of assay buffer. The mix-
ture was then incubated for 2h at room temperature.
After washing with bulfer. cither alkaline phosphatasc-
labeled FBS0 monoclonal antibody (specific for dena-
wred HBV core antigen) or a mixture of BT and
FB110 monoclonal antibodies (against denatured HBV
core and ¢ antigens) were added to wells and incubated
for 1Th at room temperature. Alter another washing,
CDP-Star with Emerald 11 (Applied Biosystems,
Bedford, MA, USA) was added and plates were ncu-
bated for 20min at room temperature. The relative
chemiluminescence  intensity  was  measured,  and
HBVcAg and HBVcerAg concentrations were read by
comparison to a standard curve generated using recom-
binant pro-hepatitis B ¢ antigen (amino acids -10t0 183
ol the precorefcore gene product). The concentrations
of HBVcAg and HBVerAg were expressed as units/ml,
and the immunoreactivity of recombinant pro-hepatitis
B e antigen at 10fg/ml was defined as 1 unit/ml. The
culoff value of both assays was set at 3log units/ml."
Sera containing over 7log unils/ml of antigen were
diluted 10- or 100-fold in normal human serum and
measured again o obtain the end titer.

HBV RNA assay

A High Pure Viral Nucleic Acid kit (Roche Diagnos-
tics) was used Tor isolation of HBV RNA from scrum.
Briefly, 200ul of serum was added to 250 ul of freshly
prepared working solution (6M guanidine-HCL 10mM
urea; 10mM Tris-HCL pH 4.4: and 20% vol/vol Triton
X-100) supplemented with 20ug of poly(A) carrier
RNA and 900ug proteinase K. Aftler incubation for
10min at 72°C. 100l of isopropanol was added and the
mixture was transferred into a High Pure filter tube
combined with a collection tube. The filter tube was
centrifuged for Tmin at 3500g in a standard tabletop
centrifuge at room temperature and combined with a
new collection tube. The inhibitor removal bufler (5M
guanidine-HCL 20mM Tris-HCL pH 6.6, in cthanol)
was added (o the upper reservoir and centrifuged for
1min at 3500 g. After washing with 250ul of wash buffer
(20mM Na(l, 2mM Tris-HCL pH 7.5, in ethanol), s80ul
of RNasc-frec DNase T solution (QIAGEN, Hilden,
Germany) was added and incubated to digest HBV
DNA for 15min at room temperature. A volume of
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200ut of wash buffer was added to the tilter tube, which
was then centrifuged for 15s at 5000g. After being
washed with 450l of buffer, the filter was placed in a
new collection tube and 50ul of RNase- and DNase-
free water was added to elute the RNAL After centrifu-
gation for T min at 3500¢, the eluted RNA was stored at
-80°C.

Synthesis of cDNA was performed at 42°C for 30min
in a 20-pl reaction mixture containing 10ul of the ex-
tracted RNA; 30mM Tris-HCL, pH 8.3, 75mM KCl:
3mM MgCl: ImM dNTP (1mM each dATP, dGTP,
dCTP, and dTTP); [ mM dithiothreitol; 100nM reverse
primer for the HBV surface gene (3-GGTTGG
TGAGTGATTGGAGGTT-37 nt 345 (0 324); 40 units
of RNasin (TaKaRa, Kyotoe, Japan); and 200 uanits
of SuperScript I RNase H—-reverse  transcriplase
{Tnvitrogen, Carlsbad, CA, USA). The reaction mixturc
was inactivated by heating to 70°C for 15min and then
cooled to =80°C until the real-time detection poly-
merase chain reaction (RTD-PCR) assay. A 4-ul ali-
quot of cDNA solution was used for RTD-PCR, which
was performed with a Light Cycler system (Roche Diag-
nostics) as reported previously.™ The two primers and
TagMan probe used were designed from a region of
the HBYV surface gene: forward primer, - ACAACAT
CAGGATTCCTAGGAC-3 (nl 166 to 187): reverse
primer as stated above (nt 345 to 324); and TagMan
probe. ¥-FAM-CAGAGTCTAGACTCGTGGTGGA
CTTC-TAMRA-3 {nt 244 to 269). An HIBV genome
{nt 20 to 1805} that had been subcloned into a pUC
vector was used as an internal standard. The lower de-
tection limit for the HBY RNA assay was set at 2.6log
copics/ml. FIBV DNA was tested on extracted HBV
RNA samples not having undergone the preceding pro-
cess by RTD-PCR and was confirmied to be negative in
all samples.

Sucrose density gradient ultracentrifugation

Serum (0.1ml) was layered on a linear 10%~60% (wt/
wi) sucrosc gradient. then cenfrifuged at 200000¢
(45000rpm) for 15h at 4°C with a Beckman SW30.1
rotor (Beckman Coulter, Fullerton, CA, USA). In total.
24 fractions of 200 were collected by micropipette.
Each fraction was diluted fivefold and tested for TRV
DNA, HBV RNA_ and HBVcAg.

Sratistical analyses

Statistical analyses with the Mann-Whitney’s U test,
Friedman’s test, and the Spearman rank correlation
test were performed using the SPSS 10.0J statistical
softwarc package (SPSS, Chicago, IL, UUSA). A P
value of less than 0.05 was considered statistically
significant.

787

Results

Serum levels of HBV DNA (P < 0.001), HBYV RNA
(P < 0.001). and HBVerAg (£ < 0.001) all decreased
significantly  throughout the course of lamivudine
therapy (Fig. 1). The amount of decrease at 2 months
following commencement of lamivudine therapy was
significantly higher for HBV DNA than for HBV RNA
or HBVcerAg (median, 2.45; 25%~75% range, 1.90~
3.00log copies/ml vs median, 040, 25%-75% range,
0.00-0.851og copies/ml, P < 0.001, and median, 0.30,
25%-T75% range, 0.10-0.65log units/mi, P < 0.001. re-
spectively). Similarly, the amount of decrease after 6
months of trecatment was significantly higher for HBV
DNA than for HBV RNA or HBVcrAg (median, 3.20;
25%-75% range, 2.00-4.551og copies/ml vs median,
0.90; 25%-75% range, (0.45-1.90log copies/ml, P <
0.001, and median, 0.90: 25%-75% range, 0.20-1.551og
units/ml. P < 0.001, respectively). The amount of
decrease did not differ between HBV RNA and
HBVcerAg at either 2 (P > 0.2) or 6 (P > 0.2) months
after commencement.

As shown in Fig. 2, the serum level of HBV RNA was
significantly correlated with HBV DNA both at the
start of lamivudine therapy (r = 0.801, P <0.001) and 2
months afterward (r = 0.837, P < 0.001). Serum HBV

8 I 7 HBV DNA (log copy/mL)
_ O HBVcerAg (log unit/mlL)
;L)\— A HBV RNA (log copy/mL)
. l
&
AN

Duration after starting lamivudine administration
{months)

Fig. 1. Changes in serum levels of HBY DNA, HBV RNA,
and HBVerAg during lamivudine thevapy in 24 patients with
chronic hepatitis B. Open squares indicate HBV DNA, open
circles indicate HBVerAg, and closed triangles indicate HBV
RNA. Data are expressed as medians and 25th and 75th per-
centiles. HBV. hepatitis B virus; HBVerAg, HBV core-related
antigen
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RNA was also significantly correlated with that of
HBVcrAg both at the start of treatment (r =0.841, P <
0.001) and 2 months later (r = 0.777, P < 0.001). Ratios
of HBY DNA and HBVcerAg levels to the HBV RNA
level were calculated on log scale in patients who were
positive for the above two parameters. The HBV DNA/
HBV RNA ratio at the start of lamivudine therapy (n =
21: median, 1.36,25%-75% range, 1.20-1.71) decreased
significantly (P < 0.001) at 2 months after treatment
commencement (n = 15; median, 0.98: 25%-75% range,
0.86-1.11). On the other hand, the HBVcrAg per HBV
RNA ratio at the start of treatment (n = 21 median,
1.32: 25%~75% range, 1.21-1.52) did not change (P >
0.2) after 2 months (n = 17; median, 1.36; 25%~75%
range, 1.15~1.54).

Scrial serum samples obtained at the start of
lamivudine therapy and at 1 and 2 months afterward
were subjected to sucrose density gradient fractionation
and tested for HBV DNA, HBV RNA, and HBVcAg.
[Zach of the three viral markers showed a single peak for
the same fraction (Fig. 3), suggesting that HBV RNA
was incorporated into the virus particles, similarly to
HBV DNA. Viral particles containing FIBV DNA were
dominant at the start of treatment, while those contain-
ing HBV RNA became more prevalent 1 and 2 months
afterward.

HBV RNA {log copy/ml)

HBYV RNA at the start of lamivudine
therapy and 2 months afterward

Discussion

Replication of the HBV DNA genome proceeds via
pregenomic RNA transcribed from the cccDDNA
present in the nuclei of infected hepatocytes.”* The
pregenomic RNA is then packaged into nucleocapsids
and reverse transcribed to form minus-strand DNA.
Plus-strand DNA synthesis is initiated following degra-
dation of the pregenome. It has been reported that
nucleocapsids containing only minus-strand DNA can
be enveloped and then secreted from hepatocytes.'
Thus, HBV virions in circulation have been considered
to contain only mature viral genomes. In spite of this,
HBV RNA could be detected in serum in the present
study. HBV RNA was considered to be incorporated
into virus particles because HBV RNA made a single
peak for the same fraction where both HBV DNA and
HBVcAg made single peaks in sucrose gradient analy-
ses conducted at three different time points during
lamivudine therapy. Detection of HBV particles with
RNA genome does not necessarily contradict the find-
ings of the previous report," since HBV RNA particles
seemed to exist in only a small portion (0.1%~1%) of
the HBYV virions in patients without lamivudine admin-
istration. The possibility that our HBV RNA assay de-
tected HBV DNA left undigested by the DNase was
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core antigen (77BVeAg) in sucrose density gradient fractions.
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on a 10% 1o 60% (witwl) sucrose density gradient. Open
squares indicate HBY DNA, open circles indicate HBVcAg,
and closed riangles indicate HBY RNA

considered to be negligible because HBV DNA was
not detected by RTD-PCR in extracted HBV RNA
samples, and the change of the FIBV RNA level during
lamivudine therapy differed significantly from that of
HBY DNA.

Detection of FIBV RNA in scrum has rarely been
reported o date. Su el al® reported the presence of
full-length and truncated RNAs in serum. though their
results seem to be quite different in nature because the
HBV RNA that they observed was not incorporated
into core particles. Zhang et al*' reported the existence

“of an RNA genome with partially reverse-transeribed

789

minus-strand DNA in scrum and speculated that the
genome was in a virus particle. Such particles with HBV
RNA accounted for about 1% of all HBV virions under
untreated conditions, but became a major component
under lamivudine administration. Although their analy-
sis was done in a single patient, those observations are
consistent with our observations that the rate of de-
crease of HBV DNA in serum was much faster than that
of HBV RNA during lamivudine administration.

The MIBVcrAg assay is a unique assay that measures
the total amount of antigen coded by precore core
genes such as HBV core and ¢ antigens.! During
the FIBVerAg assay, core antigen was released from
the pretreated HBV virion and denatured. along with
free ¢ antigen and ¢ antigenfantibody-complex. The
HBVerAg assay employs monoclonal antibodies that
are reactive with the common epitopes of denatured
core and ¢ antigens. Under these conditions, the
HBVcrAg assay simultancously measures the core and
¢ antigens within a given sample, irrespective of their
source of origin. Serum HBVerAg levels reflect the viral
load in the untreated state because these levels corre-
late linearly with those of HBV DNA. On the other
hand, it has been reported that HBVcrAg levels show
different characteristics than HBYV DNA levels under
lamivudine administration.¢ Tt is noteworthy that
HBVerAg and HBV RNA levels both decreased signifi-
cantly more slowly than HBV DNA after the beginning
of lamivudine administration, but at a similar rate. This
phenomenon is quite possible because synthesis of
mRNA from cccDNA episomes and subsequent pro-
duction of viral proteins is not inhibited by lamivudine
likc the synthesis of pregenomic RNA. Furthermore, it
has been reported that the level of cccDNA decreases
quite slowly during administration of nucleoside ana-
logs,* indicating that serum levels of HBV RNA and
HBVcerAg may be markers independent of the serum
level of HBV DNA.

Measurement of serum HBV DNA is widely used for
predicting and monitoring the effect of lamivudine
therapy. However, a negative result of HBY DNA in
serum does nol necessarily indicate a good subsequent
clinical course, because lamivudine-resistant strains of-
ten appear during drug administration and reactivation
of BV replication after discontinuation of treatment
often oceurs, even in patients who test negatively for
serum HBV DNA during therapy. ™ Sung et al.” re-
ported that the intrahepatic HBV cccDNA level at the
cnd of lamivudine monotherapy or peginterferon and
lamivudine combination therapy is a better predictor of
a sustained virologic response than the serum HBV
DNA level. Their conclusion scems quite reasonable
because cccDNA in infected hepatocytes, not HBV in
circulation, serves as a template for HBV pregenomic
and messenger RNA in HBV replication. Although
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cecDNA in the liver is a good marker for monitoring the
effect of antiviral therapy, it is not casy to measure
clinically because it requires a liver biopsy. Thus, serum
markers that reflect the cccDNA level in hepatocytes
are more suitable for clinical use. We previously re-
ported that the serum HBVerAg levelis an independent
marker, different from the serum HBV DNA level, for
predicting the appearance of lamivudine resistance. and
suggested that the HBVerAg level reflects the level of
cceDNA in hepatocyles.' In the present study, serum
levels of HBVerAg and HBY RNA correlated signifi-
cantly, and the two levels decreased in a similar manner
during lamivudine therapy (Figs. T and 2). These results
further indicate that serum levels of both HBVerAg and
HBV RNA reflect the cceDNA level in hepatocytes
since neither the synthesis of only messenger RNA, nor
pregenomic RNA synthesized directly from ceccDNA.
which may be incorporated into viral particles. is inhib-
ited by lamivudine.

In conclusion, HBV RNA that has been incorporated
into viral particles is detectable in the serum of chronic
HBV carriers. HBV RNA in serum is a new marker.
which may reflect the cccDNA level in hepatocytes and
may be useful for monitoring lamivudine therapy. We
could not clarify the relationship between the HBV
RNA level and clinical oulcome in the present study.
Thus, further studies are required to elucidate the clini-
cal significance of HBV RNA in serum and its relation-
ship to scrum HBVerAg,
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Fatal HBV Reactivation in a Subject
with Anti-HBs and Anti-HBc
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Approximately 3 billion people have been exposed to
hepatitis B virus (HBV), and 350 million are chronic carri-
ers worldwide. HBV infection is the primary cause of cir-
rhosis and hepatocellular carcinoma and one of the major
causes of death globally. As medical services improve, many
patients, including elderly, and those with cancer, autoim-
mune diseases or following transplantation for prevention of
rejection undergo cytotoxic or immunosuppressive therapy.
If these patients have chronic HBV infection, reactivation of
HBV is a well-recognized complication (1, 2). HBV reacti-
vation has a broad range of manifestations, ranging from
slight, subclinical rises in transaminase activities to severe,
potentially fatal fulminant hepatitis. This is a particularly
critical issue in countries in the Far East and the tropics,
where HBV is endemic.

The clearance of circulating hepatitis B surface antigen
(HBsAg) and appearance of antibody to HBsAg (anti-HBs)
with normalization of liver function have been generally ac-
cepted as evidence of clinical and serologic recovery from
acute hepatitis B. However, even in HBsAg negative patients
with resolved HBV infection (anti-HBs-positive and/or anti-
body to hepatitis B core antigen (anti-HBc)-positive), HBV
replication has been shown to persist in the liver and in pe-
ripheral blood mononuclear cells for decades (3, 4). Hence,
HBV reactivation has been reported after transplantation,
immunosuppressive therapy, allogenic and autologous hema-
topoietic stem cell transplantation in this setting (1, 2, 5).

In the last issue of Internal Medicine, Sera et al (6) report
a patient who developed hepatitis due to HBV reactivation
and eventually died despite administration of lamivudine.
This patient was resolved HBV infection such as, HBsAg-
negative, and anti-HBs and anti-HBc-positive before im-
munosuppressive therapy. After chemotherapy including ri-
tuximab for malignant lymphoma, the patient developed se-
vere hepatitis with HBsAg seroreversion and HBV DNA
positivity in serum. Rituximab is a generally engineered chi-
meric murine/human monoclonal antibody against the CD20

antigen found on the surface of normal and malignant B
lymphomas and is used alone or in combination with cyto-
toxic therapy. In 2001, Dervite et al (7) first reported a pos-
sible relationship between HBV reactivation and rituximab
use in a patient with anti-HBs. After that report, some cases
of reactivation of HBV in patients following treatment with
rituximab that may prove fatal were reported (8-10). Hence,
in October 2004, the U.S. Food and Drug Administration
(FDA) reported a possible relationship between fulminant
hepatitis and rituximab use. Furthermore, according to an
abstract in the Proceeding of Shanghai Hong-Kong Interna-
tional Liver Congress, Dr. Lau’s group evaluated the risk of
developing HBV reactivation in HBsAg-negative patients af-
ter chemotherapy. They followed-up 244 HBsAg-negative
patients with lymphoma treated with chemotherapy for a
median 12 months. HBV reactivation developed in 8 (3%)
of 244 patients and the risk was statistically higher in pa-
tients with rituximab-containing regimen. As rituximab has
been found to induce profound and durabie B cell depletion,
CD20-positive cell was 0% in this case. B cells may act as
antigen-presenting cells and prime cytotoxic T lymphocyte-
specific responses in HBV infection (1). Thus, progressive B
cell depletion may also account for the increasing incidence
of HBV reactivation as well as cytomegalovirus (11) and
parvovirus B19 (12). Hence careful attention must be em-
ployed when administering rituximab to patients with
chronic hepatitis and resolved HBV infection. It is well
known that anti-HBs is necessary to suppress HBV reactiva-
tion. However, the role of anti-HBs has not been demon-
strated, especially in patients with occult HBV infection. Ri-
tuximab affects lymphoma B-cell as well as normal B-cell
producing antibody.

The American Association of Study of Liver Diseases
(13) has published the recommendations for antiviral pro-
phylaxis of hepatitis B carriers who receive immunosuppres-
sive or cytotoxic therapy as follows: “HBsAg testing should
be performed in persons who have high risk of HBV infec-
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tion, prior to initiation of chemotherapy or immunosuppres-
sive therapy; Prophylactic antiviral therapy with lamivudine
is recommended for HBV carriers at the onset of cancer
chemotherapy or of a finite course of immunosuppressive
therapy, and maintained for 6 months after completion of
chemotherapy or immunosuppressive therapy.” However,
there is no available recommendation for individuals with
resolved HBV infection who undergo cytotoxic or immuno-
suppressive therapy. Additionally, in subjects with past HBV
infection the incidence and mortality of HBV reactivation
have not been fully clarified in Japan. To clarify the mecha-
nism of HBV reactivation receiving cytotoxic or immuno-
suppressive therapy, we have started a survey which was
supported in part by a Grant-in-Aid from the Ministry of
Heaith, Labour and Welfare of Japan. Here, we present the
preliminary data from this retrospective study on the inci-
dence and mortality of HBV reactivation in individuals with
resolved HBV infection between January 2000 and Decem-
ber 2004. During 4 years, a total of 55 patients with HBV
reactivation were seen at 90 hospitals certified by the Japan
Society of Hepatology. During the same period, approxi-
mately 1,000 patients with acute hepatitis B were diagnosed
in those hospitals. Among the patients with HBV reactiva-
tion, 27% developed fulminant hepatitis, compared with

only 7% in the acute hepatitis B group. Thus, the incidence
of fulminant hepatitis in the HBV seroreversion group was
significantly higher than in the acute hepatitis B group. Sur-
prisingly, in patients with fulminant hepatitis, the HBV reac-
tivation group had a significantly higher mortality than the
acute hepatitis B group (100% vs. 44%). Taken together,
these preliminary data of HBV reactivation in one-fourth of
HBsAg-negative subjects causing fuminant hepatitis, and the
high mortality of these patients, constitute important issues
that need attention.

The patient reported in this issue (6) died due to fulmi-
nant hepatitis. Additionally, in our survey, many patients de-
veloped severe hepatitis and died. In contrast, some groups
have reported that hepatic impairment was mild and no di-
rect HBV-related mortality was observed in such cases (14,
15). Hence, we need to clarify this controversy. As Sera et
al (6) found the mutations of core promoter and precore re-
gions of HBV gene in their patient, viral characteristics in-
cluding genotype and mutations should be investigated. We
are planning further investigation of this group, including
clinical backgrounds and mechanisms of high mortality. Fur-
thermore, a guideline for reactivation prevention and treat-
ment is necessary to manage this problem in patients under-

going or completing cancer therapy in Japan.
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Patients With and Without Loss of Hepatitis B Virus
DNA After Hepatitis B e Antigen Seroconversion
Have Different Virological Characteristics
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The characteristic differences between patients
with and without loss of hepatitis B virus (HBV)
DNA after achieving hepatitis B e antigen sero-
conversion were analyzed by comparing changes
in HBY DNA and HBV core-related antigen levels
during a period from 3 years before to 3 years
after the seroconversion. Of the 24 seroconver-
ters, 6 (inactive replication group) showed con-
tinuous loss of HBV DNA in serum after the
seroconversion and the remaining 18 did notlose
HBV DNA (active replication group). The HBV
DNA level was similar between the two groups,
while the HBV core-related antigen level was
significantly lower in the active replication group
than in the inactive replication group before the
seroconversion. The levels of both HBV DNA and
HBV core-related antigen decreased remarkably
around the time of seroconversion in the inactive
replication group, while these levels did not
change or decreased slightly in the active replica-
tion group. After the seroconversion, the HBV
DNA level was significantly higher in the active
replication group than in the inactive replication
group, while the HBV core-related antigen level
was similarly low between the two groups.
Because the serum level of HBV core-related
antigen mainly reflects that of HBe antigen, the
tow level of HBV core-related antigen seen after
seroconversion in both groups might have con-
tributed to the occurrence of seroconversion.
The precore and core promoter mutations which
cause diminished excretion of hepatitis B e anti-
gen were significantly more frequentin the active
replication group than in the inactive replicat-
jon group. It was therefore considered that the
seroconversion was caused mainly by a decrease
inviral replication inthe inactive replication group,
and mainly by a decrease in HBe antigen produc-
tion in the active replication group. J. Med. Virol.
78:68~-73, 2008. © 2005 Wiley-Liss, Inc.

© 2005 WILEY-LISS, INC.

KEY WORDS: HBV DNA; sercconversion; HBV
core-related antigen; precore
mutation; core promoter muta-
tion

INTRODUCTION

A total of 350 million people worldwide are estimated
to e carriers of hepatitis B virus (HBV) [Maynard, 1990;
Maddrey, 2000]. HBV is important as a causative agent
for liver diseases such as chronic hepatitis and hepato-
cellular carcinoma, especially in Asian countries |Lee,
1997]. In the natural history of chronic HBV infection,
seroconversion from hepatitis B e (HBe) antigen to
its antibody (anti-HBe) is usually accompanied by a
decrease in HBV replication and remission of hepatitis
[Realdi et al., 1980; Hoofnagle et al., 1981; Liaw et al.,
1983]. Thus, HBe antigen seroconversion is a favorable
sign for patients with chronic hepatitis B. However,
there are some patients who continue to have elevated
HBV DNA levels in the serum and active liver disease
after the seroconversion [Bonino et al., 1986; Hsu et al,,
2002].

Although the detailed mechanisms of HBe antigen
seroconversion have not been fully clarified, several
mutations in the HBV genome have been reported to
be associated with the phenomenon. When the precore
{pre-C) and core genes in the HBV genome are
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Seroconversion and Virological Characteristics

transcribed and translated in tandem, HBe antigen
is produced and secreted into circulation [Bruss and
Gerlich, 1988; Garcia et al., 1988]. The Gto A mutation
at nucleotide (nt) 1896 in the pre-C region (G18964),
which converts codon 28 for tryptophan to a stop codon,
is associated with the loss of HBe antigen [Carman
et al., 1989: Okamoto et al., 1990]. The double mutation
(A1762T and G1764A) in the core promoter (CP) has
been shown to reduce the synthesis of HBe antigen
by suppressing the transcription of precore mRNA
[Okamoto et al., 1994; Takahashi et al., 1995; Buckword
et al., 1996]. Convincing lines of evidence have indicated
a close association of HBe antigen seroconversion with
the appearance of precore and core promoter mutations
[Okamoto et al., 1994; Takahashi et al., 1995; Buckword
et al., 1996; Yamaura et al., 2003] as well as the severity
of liver disease [Kosaka et al., 1991; Aritomi et al., 1998;
Lindh et al., 1998/

A chemiluminescence enzyme immunoassay (CLEIA)
was developed previously for the detection of HBV core-
related antigen [Kimura et al., 2002; Rokuhara et al.,
2003]. The HBV core-related antigen is expressed on
HBe and core (HBe¢) antigens; both proteins are
transcribed from the precove/core gene and their first
149 amine acids are identical. The HBVerAg CLEIA
measures the serum levels of HBe and HBc antigens
simultaneously, using monoclonal antibodies, which
recognize common epitopes of these two denatured
antigens. However, the amount of HBV core-related
antigen mainly reflects that of HBe antigen, because the
concentration of HBe antigen in serum is much higher
than that of HBc antigen [Kimura et al., 2002]. In the
present study, the characteristic differences that may
exist between patients with and without HBV DNA in
serum after HBe antigen seroconversion were examined
by comparing chronological changes of HBV DNA and
HRBV core-related antigen as well as by testing HBV
genome mutations associated with the seroconversion.

MATERIALS AND METHODS
Patients

The present study is a retrospective one using stored
sera from Japanese patients with chronic hepatitis B
scen in Shinshu University Hospital. The clinical
database was reviewed to identify all patients who had
been followed from January 1985 to June 2001 and also
showed seroconversion from HBe antigen to anti-HBe
during the follow-up period. A total of 24 patients were
recruited in the present study. The 24 patients consisted
of 17 men and 7 women with a median age of 39 years.
Seroconversion of HBe antigen was defined as disap-
pearance of HBe antigen accompanied by the develop-
ment of anti-HBe on at least two consecutive visits. All
24 patients met the following three criteria: (1) follow-up
was performed for at least 3 years before and after
the seroconversion: (2) chronic hepatitis without liver
cirrhosis was confirmed by histological examination;
and (3) serum samples were available for testing every
6 months during the follow-up period. Of the 24 patients,

69

12 patients received interferon administration of af
most 4 weeks and none received nucleotide analogs such
as lamivudine, adefovir, or entecavir during the follow-
up period.

Serum concentrations of HBV DNA and HBV core-
related antigen were determined every 6 months during
the follow-up period, which ran from 3 years hefore
to 3 years after the seroconversion. The presence or
absence of the pre-C mutation of A1896 and the double
mutation in the CP (T1762/A1764) was determined
every year during the follow-up period. The serum
samples had been stored at —20°C or helow until tested.
Whritten informed consent was obtained from each
patient.

Serological Markers for HBV

Conventional HBV markers, including HBe antigen
and anti-HBe, were tested using CLEIA kits (Fuji Rebio,
Tokyo, Japan). Six major genotypes {(A-F) of HBV were
determined using the method reported by Mizokami
et al. 11999], in which the surface gene sequence
amplified by PCR was analyzed by restriction fragment
length polymorphism.

The Pre-C and CP mutations were determined on
nucleic acids extracted from 100 pl of serum with a DNA/
RNA extraction kit (Smitest EX-R and D; Genome
Science Laboratories Co., Ltd., Tokyo, Japan). The stop
codon mutation in the Pre-C region (A1896) was
detected with an enzyme-linked mini-sequence assay
kit (Smitest; Genome Science Laboratories). In princi-
ple, G1896 in the wild-type HBV and A1896 in the
mutants were determined by mini-sequence reactions
using labeled nucleotides that arve complementary to
cither the wild-type or mutant. The results were
expressed as a percent mutation rate according to the
definition by Aritomi et al. [1998]. The sample was

judged positive for the pre-C mutation when the

mutation rate exceeded 50% in the present study,
because the mutation rate steadily increase to 100%
afterward once it exceed therate of 50% [Yamaura et al.,
2003]. The double mutationin the CP was detected using
an HBV core promoter detection kit (Smitest; Genome
Science Laboratories) [Aritomi et al., 1998]. This kit
detects T1762/G1764 or A1762/T1764 by a polymerase
chain reaction (PCR) with primers specific for either
the wild-type or mutant. The results were recorded in
three categories, that is, wild, mixed, and mutant types.
In the present study, the sample was considered positive
for the CP mutation when the results were in the mutant
type category. The detection limits of the pre-C and the
CP mutation kits are both 1,000 copies/ml according to
the manufacturer. The pre-C mutation could be deter-
mined in 136 (99%) of 137 samples, which had HBV DNA
levels higher than 1,000 copies/ml and in 30 (97%) of 31
samples which had levels lower than 1,000 copies/ml.
Similarly, the CP mutation could be determined in 136
(99%) of 137 samples and in 28 (90%) of 31 samples.
The serum concentration of HBV DNA was deter-
mined using an Amplicor HBV monitor kit {Roche,
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Tokyo, Japan) which had a quantitative range of 2.6—
7.6 log copies/ml [Kessler et al., 1998]. Sera containing
over 7.0 log copies/ml HBV DNA were diluted 10- or 100-
fold in normal human serum and measured again to
obtain the end titer.

The serum concentration of HBV cove-related antigen
was measured using the CLEIA reported previously
[Kimura et al, 2002; Rokuhara et al., 2003). In
summary, 100 pl serum was mixed with 50 yl pretreat-
ment solution containing 15% sodium dodecylsulfate
and 2% Tween 60. After incubation at 70°C for 30 min,
50 ul pretreated serum was added to a well coated with
monoclonal antibodies against denatured HBc and HBe
antigens (HB44, HB61, and HB114) and filled with
100 ul assay buffer. The mixture was incubated for 2 hr
at room temperature and the wells were washed with
buffer. Alkaline phosphatase-labeled monoclonal anti-
bodies against denatured HBe and HBe antigens (HB91
and HB110) were added to the well, and incubated for
1 hr at room temperature. After washing, CDP-Star
with Emerald [1 (Applied Biosystems, Bedford, MA) was
added and the plate was incubated for 20 min at room
temperature. The relative chemiluminescence intensity
was measured, and the HBV core-related antigen
concentration was read by comparison to a standard
curve generated using recombinant pro-HBe antigen
{amino acids, 10—183 of the precore/core gene product).
The HBV core-related antigen concentration was exp-
ressed as units/ml (U/ml) and the immunoreactivity of
recombinant pro-HBe antigen at 10 fg/ml was defined as
1 U/ml. In the present study, the cut-off value was set
tentatively at 3.0 log U/ml. Sera containing over 7.0 log
U/ml HBV core-related antigen were diluted 10- or
100-fold in normal human serum and measured again to
obtain the end titer.

Statistical Analyses

The Mann—~Whitney U test was used to analyze con-
tinuous variables. The Fisher’s exact test was used in
the analysis of categorical data. The Manzel Haentel
chi-square test was used to evaluate positive rates for
the pre-C and CP mutations. The Wilcoxon test was used
to analyze the change in the level of HBV DNA and HBV
core-related antigen. P-values less than 0.05 were
considered significant. Statistical analyses were per-
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formed using an SPSS 11.5 J statistical software
package (SPSS, Inc., Chicago, IL).

RESULTS

Grouping of Seroconverters
According to HBV DNA Qutcome

The 24 seroconverters enrolled in the present study
were classified into two groups according to changes
in serum levels of HBV DNA. The HBV DNA level
decreased substantially around the time of the serocon-
version and then became continuously undetectable
in one group (inactive replication group), and the level
decreased slightly and did not become continuously
undetectable even after the seroconversion in another
group (active replication group). In the present study,
the former group of patients were defined as those whose
HBV DNA levels were lower than 2.6 log copies/ml at
each of the time points of 1.5, 2, 2.5, and 3 years after the
seroconversion, and the latter group of patients were
defined as those whose HBV DNA levels were not. Of
the 24 seroconverters, 6 bhelonged to the inactive
replication group and the remaining 18 belonged to the
active replication group.

The clinical backgrounds of the active and inactive
replication groups are compared in Table I. The median
age, gender ratio, and history of interferon therapy did
not differ between the two groups. All patients were
infected with genotype C HBV. Normalization of serum
alanine aminotransferase (ALT) after seroconversion
was considered to have occurred in cases in which ALT
was normal at each of the time points of 2, 2.5, and
3 years after the sercconversion in the present study.
The normalization of ALT was more frequent in the
inactive replication group than in the active replication
group, but the difference was not statistically signifi-
cant.

Changes in HBV DNA and HBV
Core-Related Antigen Concentration

Changesin the serum level of HBV DNA are compared
between the active and inactive replication groups in
Figure 1A. At the start-point of the follow-up, the level
was distributed within a similarly high range in both
groups. In the inactive replication group, the median

TABLE I. Comparison of Clinical Backgrounds Between the Inactive and Active Replication Groups

Characteristics

Age at seroconversion (yr)* 37 (23-65)
Gender (M:F) 4:2
Genotype C° 6 (100%)
History of interferon therapy” 3 (60%)
ALT normalization® 4 (67%)

39 (17-64)
13:5
18 (100%)
9 (50%)
5 (28%)

NAVEVEY

coooo

ann—Whitney U test.

Fisher's exact test.

“Data are expressed as the median (range).

"Data are expressed as a positive number (pereent),

“Normalization of serum ALT level after seroconversion tthe ALT value was within the normal range at each of the time points of 2, 2.5, and 3 years

after the seroconversion).
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Fig. 1. Comparison of changes in HBV DNA (A) andd HBV core-
related antigen (B) levels hetween the inactive and active replication
groups. Data are shown as the median 25% ranges. The broken lines
Thdicate the detection limits of the HBV DNA and HBV core-related
antigen assays, respectively. Open circles indicate inactive replication
group and closed circles indicate active replication group. *P < (.05
between the inactive and active replication groups.

concentration decreased around the time of seroconver-
sion and became continuously undetectable thereafter.
In the active replication group, on the other hand, the
median concentration tended to decrease around the
time of seroconversion, but was not undetectable even at
3 years after seroconversion. The median HBV DNA
level in the active replication group was significantly
higher than that in the inactive replication group at
1.5 years after the seroconversion and each of the
subsequent time points.

Changes in the serum concentration of HBV core-

related antigen are compared between the active and
inactive replication groups in Figure 1B. The concentra-
tion of HBV core-related antigen was significantly
higher in the inactive replication group than in the
active replication group at the start of the follow-up and
at 1.5 and 2 vears before the seroconversion point.
The median concentration of HBV core-related antigen
in the inactive replication group appeared to decrease
around the time of seroconversion and reached a level
comparable to that in the active replication group. The
median HBV core-related antigen level was similar

between the inactive and active replication groups at all
time points after the seroconversion, and it decreased
slowly with time in both groups.

Changes in the log ratio of HBV core-related antigen/
HBV DNA concentrations are compared between the
inactive and active replication groups in Figure 2.
The values of HBV core-related antigen and HBV DNA
were substituted by their corresponding detection limit
values when they were under the detection limit. The
log ratio was similar between the two groups at points
before the seroconversion. The log ratio decreased after
the seroconversion in the active replication group. but
did not change in the inactive replication group. The
log ratio of HBV core-related antigen/HBV DNA was
significantly lower in the active replication group than
in the inactive replication group at all post-seroconver-
sion time points except 1 year.

Comparison of Pre-C and CP Mutations

The positive rates for the pre-C and CP mutations at
the time points before and after the geroconversion are
compared between the inactive and active replication
groups in Figure 3. The pre-C mutation did not appear
during the follow-up period in the inactive replication
group. On the other hand, the positive rate for the pre-C
mutation was around 30% before the seroconversion,
and then increased to around 60% after the seroconver-
sion in the active veplication group. The difference in the
positive rate was significant at the time points of 2 and
3 years after the seroconversion. The positive rate for
the CP mutation was less than 40% in the inactive
replication group during the follow-up period except at
the last time point, while it was over 60% in the active
replication group throughout the follow-up period. The
difference in the positive rate was statistically signi-
ficant at the time points of 2 and 3 years before the
seroconversion and at 1 and 2 years after it.

/ HBV DNA concentrations

R

Log ratio of HBV core-related antigen

-3 -2 -1 0 1 2 3

Years from seroconversion

Fig. 2. Comparison of changes in the log ratio of HBV core-related
antigen/HBV DNA levels between the inactive and active replication
groups. Data are shown as the median £25% ranges. Open circles
indicate inactive replication group and closed ecircles indicate active
replication group. *I’ < 0.05 between the inactive and active replication
groups.
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Fig. 3. Comparison of positive rates for the pre-C (A) and CP (B)
mutations between the inactive and active replication groups. Open
bars indicate inactive replication group and closed bars indicate active
replication group. Number of patients in the inactive replication group
is six at each time point except the followings: point O year (n=5)in A,
and points ) year (n = 5), L year (n = 5), and 2years {n = 5)in B. Number
ofpatients in the active replication groupis 18 at each time point except
the followings: point 0 year (n=17) in A and point 0 year (n=17) in B.
*P < (3.05 between the inactive and active replication groups.

DISCUSSION

Seroconverters were divided tentatively into two
groups according to their levels of serum HBV DNA in
the present study. It has been reported that older age
and female gender ave factors predicting occurrence of
HBe antigen seroconversion in patients with chronic
hepatitis B [Alward et al., 1985; Lok et al, 1987;
McMahon et al., 2001]. On the other hand, in the
present study, median age and gender distribution were
similar between the inactive and active replication
groups. A history of interferon treatment was recorded
in half of the patients enrolled. The treatment history
did not seem to be associated with the loss of HBY DNA
after seroconversion, because the history was similarly
distributed between the two groups and the duration
of interferon therapy was as short as 4 weeks at most.
Although the difference was not statistically significant,
patients in the inactive replication group tended to show
continuous normalization of ALT. Further, none of the

J. Med. Virel. DOIL 10.1002/mv
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six patients in the inactive replication group developed
end stage liver diseases such as cirrhosis and hepato-
cellular carcinoma after the follow-up period, while 4 of
the 18 patients in the active replication group developed
them (data not shown). High viral load, which is usually
associated with active hepatitis, has been reported to be
a risk factor for development of hepatocellular carci-
noma even in patients with chronic hepatitis B who
achieved HBe antigen seroconversion [ Tkeda et al., 2003;
Ohata et al., 2004]. We could not compare long-term
prognosis between patients in the inactive and active
replication groups in the present study. However,
patients in the active replication group tended to show
active hepatitis after the seroconversion and to develop
end stage liver diseases. Thus, further analysis of
patients whose active viral replication continues after
the seroconversion would be of clinical significance.

Analysis of the changes in HBV DNA and HBV core-
related antigen revealed a clear contrast between the
two. Namely, the HBV DNA level was similar between
the two groups, while HBV core-related antigen was
significantly lower in the active replication group than
in the inactive replication group before SEroconversion.
The levels of both HBV DNA and HBV core-related
antigen decreased remarkably around the time of
seroconversion in the inactive replication group, while
these levels did not change or decreased slightly in the
active replication group. After seroconversion, the HBV
DNA level was significantly higher in the active
replication group than in the inactive replication group,
while the HBV core-related antigen level was similar
between the two groups. Because the discrepancy in
the log ratio of HBV core-related antigen/ HBV DNA
between the two groups first appeared at the time of
seroconversion and continued thereafter, the difference
between the HBV DNA and HBV core-related antigen
changes was suggested to be closely associated with the
seroconversion. The results obtained in the present
study indicate that the mechanism of seroconversion
was different between the two groups.

Because the serum level of HBV core-related antigen
mainly reflects that of HBe antigen [Kimura et al,
2002], the low level of HBV core-related antigen seen
after seroconversion in both the inactive and active
replication groups might have contributed to the
oceurrence of seroconversion. The pre-C and CP muta-
tions, which were associated with the seroconversion,
were frequent in the active replication group and rare
in the inactive replication group, at least at around the
time of seroconversion. The decrease of HBV core-
related antigen excretion seen after seroconversion
was thought to have been caused mainly by the decrease
of viral replication in the inactive replication group,
because viral replication did not resume in this group.
On the other hand, the decrease of HBV core-related
antigen was thought to have been caused mainly by
the appearance of pre-C and/or CP mutations, because
active viral replication continued in this group. These
results suggested that the two groups had diffevent
mechanisms of seroconversion.
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It has been reported that the frequency of the pre-C
and the CP mutations differs among HBV genotypes.
Orito et al. reported that the CP mutation was
significantly associated with genotype C [Orito et al,,
2001]. Yamaura et al. [2003] reported that the CP
mutation was already commonly seen several years
before the seroconversion in patients with genotype C.
These results are consistent with the present finding
that the majority of patients in the active replication
group had the CP mutation from the start of follow-up.
The fact that patients in the active replication group had
a lower level of HBV core-related antigen before the
seroconversion may be attributable to the frequent CP
mutation seen in this group.

In conclusion, the present study showed that there
were dilferent mechanisms of HBe antigen seroconver-
sion between patients in whom HBV viraemia continued
after the seroconversion and those in whom it did not.
Meagsurement of HBV core-related antigen in addition to
HBV DNA was suggested to be useful in examining
specific conditions of chronic hepatitis B.
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Measurement of hepatitis B virus core-
related antigen is valuable for identifying
patients who are at low risk of lamivudine

resistance

Tanaka E. Matsumoto A, Suzuki F. Kobuyashi M. Mizokami M. Tanaka ¥,
Okanoue T, Minami M. Chayama K, Imamura M, Yatsuhashi H, Nagaoka
S. Yotsuyanagi H, Kawata S, Kimura T, Maki N, Tino 8, Kiyosawa K. HBY
Core-Related Antigen Study Group. Measurement of hepatitis B virus core-
related antigen is valuable for identifying patients who are at low risk of
lamivudine resistance.
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Abstract:  Objective: The clinical usefulness of hepatitis B virus core-refated
antigen (FIBVerAg) assay was compared with that of HBY DNA assay in
predicting the occurrence of lamivudine resistance in patients with chronic
hepatitis B. Patients: Of a total of 81 putients who were treated with
lamivudine. 25 (31%) developed lamivudine resistance during 4 median
follow-up period of 19.3 months. Results: The pretreatment positive rate of
HBe antigen, or pretreatinent levels of HBVerAg or HBV DNA did not differ
between patients with and without lamivudine resistance. Levels of both
MBVerAe and HBY DNA decreased after the initiation of Jamivudine
administration; however, the level of HBVerAg decrcased significantly more
slowly than that of HBV DNA. The occurrence of famivudine resistance was
significantly less frequent in the 536 patients whose HBV DNA level was less
than 2.6 logcopy/ml at 6 months of treatment than in the remaining 25
patients. The cumulative rate of lamivudine resistance was as high as 70%
within 2 years in the latter group. while it was only 28% in the former group.
Lamivudine resistance did not oceur during the lollow-up period in the 19
patients whose HBVcrAg level was less than 4.6 log U/ml at 6 months of
treatment, while it did occur in 30% of the remaining patients within 2 years.
Conclusion: These results suggest that measurement of HBV DNA is
valuable for identifving patients who are at high risk of developing
lamivudine resistance, and that. conversely, measurement of HBVerAg is
valuable for identifying those who are at low risk of lamivudine resistance.
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Lamivudine, a nucleoside analogue that inhibits
reverse transcriptases, was first developed as an
anti-viral agent against human immunodeficiency
virus (HIV). Tt was later also found to be cffective
against hepatitis B virus (HBV) because HBV is a
member of the Hepadnaviridae family of viruses,
which use reverse transcriptases in their replica-
tion process (1, 2). Lamivudine was found to
inhibit the replication of HBV. reduce hepatitis,
and improve histological findings of the liver in
long-term treatment (3-5). Furthermore, it has
been shown that lamivudine treatment improves
the long-term outcome of patients with chronic
hepatitis B (6. 7). However, there are a number of
problems with lamivudine therapy, such as re-
lapse of hepatitis because of the appearance of
YMDD mutant viruses and the reactivation of
hepatitis after discontinuation of the treatment

The concentration of HBV DNA in serum
decreases and usually becomes undetectable dur-
ing lamivudine administration, but it rapidly
increases when HBV becomes resistant to lami-
vudine. Thus. the measurement of HBV DNA is
useful for monitoring the anti-viral effects of
lamivudine. However, a negative result of HBV
DNA in serum does not necessarily indicate a
good outcome of lamivudine therapy. because
lamivudine resistance may occur even if HBV
DNA levels remain undetectable during therapy
(11-13). Recently, a chemiluminescence enzyme
immunoassay (CLEIA) was developed in our
laboratory for the detection of hepatitis B virus
core-related antigen (HBVerAg) (14, 15). The
assay reflects the viral load of HBV in a similar
manner to that used in assays, which detect HBV
DNA. HBVcrAg consists of HBV core and ¢
antigens; both proteins are transcribed from the
precorejcore gene and their first 149 amino acids
are identical (16-18). The HBVcrAg CLEIA
simultaneously measures the serum levels of he-
patitis B core (HBc) and e (HBe) antigens, using
monoclonal antibodies, which recognize common
epitopes of these two denatured antigens. In the
present study. we analyzed the clinical signifi-
cance of the HBVerAg assay in monitoring the
anti-viral effects of lamivudine treatment.

Patients and methods
Patients

A total of 81 patients with chronic hepatitis B.
who received lamivudine therapy, were enrolled
in the present study. These were 58 men and
23 wonien with a median age of 49 years (range
24-79 years). The 81 patients were selected retro-

Prediction of lamivudine resistance

spectively from six medical institutions in Japan
(Shinshu University Hospital, Toranomon Hos-
pital, Nagoya City University Hospital, Kyoto
Prefectural University Hospital, Hiroshima Uni-
versity Hospital, National Nagasaki Medical
Center). Eight to 25 patients who met the follow-
ing three criteria were selected consecutively in
each institution: the first, a daily dose of 100 mg
lamivudine was administered for at least 6
months in a period from 1999 to 2004; the sccond,
histologically confirmed for chronic hepatitis
without liver cirrhosis; and the third, serum
samples at several time points available for test-
ing. All patients were naive for lamivudine ther-
apy. Chronic hepatitis B was defined as positive
hepatitis B surface (HBs) antigen for more than 6
months with elevated levels of serum transami-
nases. The HBV genotype was A in two patients.
B in three and C in 76. Serum HBV DNA was
detectable in all patients, and HBe antigen was
positive in 51 (63%) of the 81 patients just before
lamivudine administration. The median follow-
up period was 19 months with a range [rom 6 to
50 months. Follow-up of patients ended when
lamivudine administration was discontinued.
Written informed consent was obtained from
gach patient.

The occurrence of lamivudine resistance was
defined as a rapid increase in serum HBV DNA
levels with the appearance of the YMDID muta-
tions during lamivudine administration. Using
this criteria, resistance appeared in 27 (33%) of
the 81 patients. The median period from the start
of lamivudine administration to the occurrence of
resistance was 12 months with a range from 4 to
37 months.

Serological markers for HBY

HBs antigen. HBe antigen and anti-HBe antibody
were tested using commercially available enzyme
immunoassay kits (Abbott Japan Co., Ltd.. To-
kyo. Japan). Six major genotypes (A-F) of HBV
can be detected using the method reported by
Mizokami et al. (19), in which the surface gene
sequence amplified by polymerase chain reaction
(PCR) is analyzed by restriction fragment length
polymorphism. The YMDD motif, that is, lami-
vudine resistant mutations in the active site of
HBV polymerase, was detected with an enzyme-
linked mini-sequence assay kit (HBV YMDD
Mutation Detection Kit, Genome Science La-
boratories Co., Ltd., Tokyo, Japan) (20).

Serum concentration of HBV DNA was deter-
mined using Amplicor HBV monitor kit (Roche.
Tokyo, Japan), which had quantitative range
from 2.6 to 7.6logcopy/ml. Sera containing
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over 7.0logcopy/ml HBV DNA were diluted
10- or 100-fold with normal human serum and
re-tested to obtain the end titer.

Serum concentrations of HBVerAg were mea-
sured using the CLEIA method reported pre-
viously (10, 11). Briefly, 100pL serum was
mixed with 50 uL. pretreatment solution contain-
ing 13% sodium dodecylsulfate and 2% Tween
60. After incubation at 70 °C for 30min, 50 pL
pretreated serum was added to a well coated with
monoclonal antibodies against denatured HBc
and HBe antigens (IB44, HB6! and HBI14)
and filled with 100 pL assay buffer. The mixture
was incubated for 2h at room temperature and
the wells were then washed with butler. Alkaline
phosphatase-labeled  monoclonal  antibodies
against  denatured HBc and HBe antigens
(HBI91 and HB110) were added to the well, and
the mixture was incubated for 1 h at room tem-
perature. After washing, CDP-Star with Emerald
I (Applied Biosystems, Bedford. MA) was added
and the plate was incubated for 20min al room
temperature. The relative chemiluminescence
intensity was measured. and the HBVerAg con-
centration was determined by comparison with
a standard curve generated using recombinant
pro-HBe antigen (amino acids, 10-183 of the
precore/core gene product). The HBVerAg con-
centration was expressed as units/ml (U/ml) and
the immunoreactivity of recombinant pro-HBe
antigen at 10 fg/ml was defined as 1 U/ml. In the
present study, the cutoff value was tentatively set
at 3.0log U/ml. Sera containing over 7.0 log U/ml
HBVcerAg were diluted 10- or 100-fold in normal
human serum and re-tested to obtain the end
titer.

Statistical analysis

The Mann—Whitney U-test and Wilcoxon signed-
ranks test were utilized to analyze quantitative
data, and Fisher’s exact test was used for quali-
tative data. A log-rank test was used to compare
the occurrence of lamivudine resistance. Statisti-
cal analyses were performed using the SPSS 5.0
statistical software package (SPSS, Inc., Chicago.
IL). A P-value of less than 0.05 was considered to
be statistically significant.

Resulis

Table 1 shows a comparison of the clinical and
virological backgrounds of the 27 patients who
showed lamivudine resistance and the 54 patients
who did not. Median age, gender distribution and
median follow-up period did not differ between
the two groups, and the positive rate of HBe
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Table 1. Comparison of the clinical and virclegical backgrounds of
patients who showed lamivudine resistance and those who did not

Appearance of lamivudine

Megative Positive

Characteristics {(n=54) {n=27) P
Age (vears)® 47.0 (24~79) 50.6 (34-67) 0.140+
Gender (male %) 74% 67% =0.2%
Follow-up period 16 (6-50) 21 (9-43) =027

{months)*
HBV genotype (A/B/C)  2/2/50 0/1/26 = 0.21
HBe antigen {positive %) 59% 70% »=0.2%
ALT (W/mly*

Initial 85 (22-713) 95 (20-1140) = 0.2%

At 6 months 27 (11-115) 30 (15-92) >0.2¢
HBY DNA (log copy/ml)*

7.3(4.2-9.2) =»0.2%

Initial 7.0 (3.5-9.1)
At § months <2.6 («2.6-4.8) 3.3 («2.6-6.6) «0.001%
HBVcrAg (log U/mly*
Initial 6.2 {<3.0-8.8)
At 6 maontis 5.2 {«3.0-6.7)

7.3 (4.4-8.1)
5.8 (4.7-8.4)

0.073+
< 0.001%

HBe antigen, hepatitis B e antigen; HBV, hepatitis B virus: ALT. alanine
aminotransferase; HBVcrAg, HBY core-related antigen. *Data are ex-
pressed as median (range). ¥Mann-Whitney U test. 1y%-test,

antigen was similar. Both HBV DNA and
HBVcrAg levels at the beginning of lamivudine
administration were similar between the two
groups: however, both HBV DNA and HBVcrAg
levels at 6 months after the start of lamivudine
administration were significantly lower i the
lamivudine resistance negative group than in
the positive group. ALT level was normal at the
beginning in eight (15%) of the 54 patients with-
out lamivudine resistance and in two (7%) of the
27 patients with it (P>0.2).

@
H

HBVDNA (log copy/mL)
HBVcrAg (log U/ml)

0 1 2 3 4 5 6
Months after starting lamivudine administration

Fig. 1. Changes in the median levels of hepatitis B virus core-
related antigen (HBVerAg) and hepatitis B virus (HBV) DNA
during lamivudine administration. The box plots show the 10th,
25¢h, S0th, 75th and 90th percentiles. with the open boxes
indicating HBY DNA and shaded boxes indicating HBVerAg.
The median amount of decrease from the baseline in HBVerAg
levels was significantly smaller (Wilcoxon signed-ranks test)
than that in HBY DNA level at 1| (2.80logcopy/ml vs.
0.27log Ujml. P<0.001), 3 (3.60logcopy/mt vs. 0.83log U/ml.
P<0.001) and 6 months (3.90logcopy/ml vs. 1.15logU/ml,
P < 0.001) after the initiation of lamivudine administration,
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Figure 1 shows changes in HBV DNA and
HBVcrAg levels during lamivudine treatment in
all patients. The level of HBV DNA decreased
rapidly and became undetectable at 3 months after
treatment was initiated. On the other hand,
although HBVcrAg levels decreased continuously,
the median amount of decrease from the base-line
was significantly lower than that in HBV DNA
levels at 1, 3 and 6 months after starting lamivu-
dine administration (Wilcoxon signed-ranks test,
P<0.001 at all analyzed points in time).

Changes in HBV DNA and HBVerAg levels
during lamivudine administration are compared
in Fig. 2 between the 27 patients who showed
lamivudine resistance and the 54 patients who did
not. Serum HBY DNA levels were found to
decrease rapidly and become undetectable within
6 months in 45 (83%) of the 54 patients without
lamivudine resistance. On the other hand. only 11
(41%) of the 27 patients with lamivudine resis-
tance showed a similar rapid decrease. and the
HBV DNA levels of the remaining patients
stayed above the detection limit during the
follow-up period. HBVcrAg levels decreased but
did not reach levels lower than 4.7logU/ml
(5000 U/ml) in the 27 patients with lamivudine

Lamivudine resistance {~)

Prediction of lamivudine resistance

resistance. In 19 (35%) of the 54 patients without
lamivudine resistance, on the other hand, the
levels decreased to levels below 4.7log U/ml
within 6 months after the start of lamivudine
administration. The level of HBVerAg increased
rapidly as did the level of HBV DNA when
lamivudine resistance occurred.

The occurrence of lamivudine resistance was
significantly less frequent in the 56 patients whose
HBV DNA level was less than 2.6 logcopy/ml at 6
months after the initiation of treatment than in the
remaining 25 patients (Fig. 3). The cumulative
occurrence of lamivudine resistance was as high as
70% within 2 years in the latter group, while it was
only 28% in the former group. There was no
occurrence of lamivudine resistance during the
follow-up period in the 19 patients whose HBV-
crAg levels were less than 4.6logU /mib at 6 months
after the initiation of lamivudine therapy (Fig. 3).
On the other hand. lamivudine resistance occurred
in 50% of the remaining patients within 2 years.

Biscussion

The HBVerAg assay is a unique assay. which
measures the amounts of e and core antigens

Lamivudine resistance (+)

HBVDNA (log copy/mL.)
€8] By [S20N w2} ~N ® ©

HBVcrAg (log U/mL)

. N

s
LN

15 18 21

24

0 3 6 9

Months after starting lamivudine administration

Fig. 2. Comparison of changes in serum bepatitis B virus (HBY) DNA
hetween patients who showed famivudine resistance and those who did not. The broken

and serum HBY core-related antigen (HBVerAg) levels
tines indicate the detection limit of cach assay.
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HBV DNA HBVcrAg
>2.6 log copy/mL. (n=25
g0 >2.6 log copy/mL. (n=25) 50 .
SN — > 4.7 tog U/mlL {(n=62)
5 70 704
8% 60- 60 - m—
c 3 f
«©
§ é 50- 50+ o
£ a0/ 40 J P=0.005
2 € 30 | 30 4 I
£ I -
5> 204 I f 20 A r(f
5 10 " 4.7 log UmL (n=19
SR < 2.6 log copy/mL. (n=56) | r{"J <4.7 log U/mL {n=18)
0- 0 H-HAHH ettt
0 6 12 18 24 30 36 42 4é 54 0 6 12 18 24 30 36 42 48 54

Months after starting lamivudine administration

Fig. 3. Comparison of the cumulative occurrence of lamivudine resistance between patients who showed hepatitis B virus (1IBV)
DNA levels of fess than the detection limit (2.6 log copy;mi) ut 6 months after starting lamivudine administration and those who did
not (kelt figure). and similarly between patients who showed HBV core-related antigen (HBVerAg) levels of less than 4.7 log U/ml and

those who did not (right figure).

coded by the core gene of the HBV genome with
high sensitivity and a wide quantitative range.
Serum HBVcrAg levels reflect the viral load in
the natural course because these levels correlate
linearly with those of HBY DNA (14, 15). On
the other hand, the character of HBVcrAg is
somewhat different from that of HBV DNA in
patients undergoing anti-viral therapies such as
lamivudine. That 15, HBVerAg levels decrease
significantly more slowly than those of HBV
DNA after the initiation of lamivudine adminis-
tration.

HBYV is an enveloped DNA virus containing a
relaxed circular DNA genome, which is converted
into a covalently closed circular DNA (cccDNA)
episome in the nucleus of infected cells (18, 21~
23). The cccDNA molecules serve as the tran-
scriptional template for the production of viral
RNAs that encode viral structural and non-
structural proteins. Reverse transcription of the
viral pregenomic RNA and second-strand DNA
synthesis occur in the cytoplasm within viral
capsids formed by the HBV core protein. Because
lamivudine, a nucleoside analogue, inhibits re-
verse transcription of the pregenomic RNA. it
directly suppresses the production of HBV virton.
Thus, serum HBV DNA levels decrease rapidly
after the initiation of lamivudine administration.
On the other hand, the production of wviral
proteins is not suppressed by lamivudine because
the production process does not include reverse
transcription. Furthermore. it has been reported
that the amount of cceDNA, which serves as a
template for mRNA. decreases quite slowly after
starting the administration of nucleoside analo-
gues (24-26). Thus, it is reasonable that serum
HBVcerAg levels decrease much more slowly than
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HBV DNA levels after the initiation of lamivu-
dine therapy.

Significant markers that can predict the pre-
sence or absence of lamivudine resistance are
clinically valuable because the emergence of this
resistance and the subsequent recurrence of he-
patitis are fundamental problems in lamivudine
therapy. Serum markers that reflect the activity of
HBV replication have been reported to be asso-
ciated with the occurrence of lamivudine resis-
tance (11, 12, 27, 28). However, neither the
pretreatment existence of HBe antigen nor pre-
treatment levels of HBV DNA or HBVcrAg were
found to be significant markers in the present
study. These results may reflect a weak associa-
tion between the pretreatment activity of HBV
replication and the occurrence of lamivudine
resistance (13, 29). Changes in HBV DNA and
HBVcrAg levels after starting lamivudine admin-
istration clearly differed between patients with
and without lamivudine resistance. Thus, HBV
DNA and HBVcrAg levels at 6 months after
starting lamivudine administration were analyzed
to determine whether these levels might serve as
predictive markers; both were found to be sig-
nificantly lower in patients without lamivudine
resistance at the tested point in time. Further-
more, patients who showed higher levels of HBV
DNA and HBVcerAg at 6 months after the initia-
tion of treatment were significantly more likely to
develop lamivudine resistance than those who
showed lower levels.

We believe that the measurement of HBV
DNA levels is useful to identify patients who
are at high risk for lamivudine resistance because
as many as 70% of patients who were positive for
HBV DNA at 6 months after starting lamivudine



