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Abstract

AIM: To elucidate the relationship between the frequency
of core mutations and the clinical activity of hepatitis B
virus (HBV)-related liver disease and to characterize the
amino acid changes in the core region of HBV.

METHODS: We studied 17 Chinese patients with chronic
hepatitis B according to their clinical courses and patterns
of the entire core region of HBV.

RESULTS: Amino acid changes often appeared in the HBV
core region of the HBV gene in patients with high values of
alanine aminotransferase (ALT) or with the seroconversion
from HbeAg to anti-HBe. The HBV core region with amino
acid changes had high frequency sites that corresponded
to HLA I/II restricted recognition epitopes reported by
some investigators.

CONCLUSION: The core amino acid changes of this study
occur due to influence of host immune system. The presence of
mutations in the HBV core region seems to be important for
predicting the clinical activity of hepatitis B in Chinese patients.
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INTRODUCTION

Individuals infected with hepatitis B virus (HBV) may
display asymptomatic, acute, fulminant, or chronic
hepatitis. Previous studies have suggested that liver
disorders due to HBV are immune-mediated and that
hepatitis B envelope antigen (HBeAg) and hepatitis B core
antigen (HBcAg) could be immunological targets!'?.
Furthermore, several antigenic regions have been identified
in the HBV core region using recombinant antigens or
synthetic peptides. Some reports have revealed that amino
acids (aa) 78-83 and aa 127-133 are exposed on the surface
of HBcAg!"*?. Others have also reported that aa 120-140
are related to the recognition of helper T-cells, and forms
of the HBV core and e antigens influence cytokine release
in mouse models®®. Thus, liver disorder in hepatitis B is
influenced by the host immune system, which attacks core
peptides as the main target. Given this, the pattern of
amino acid changes in the HBV core region might predict
the clinical course according to the level of serum ALT
(sALT) values and the presence of HBeAg, In other words,
mutations in the HBV core region may help to predict
the outcome of liver disorders. To identify one cause of
hepatitis B activity, we analyzed the HBV core sequence
and the frequency of core mutations.

MATERIALS AND METHODS

Patients

Serum samples were taken from 17 Chinese patients, who
were consistently positive for hepatitis B surface antigen
(HBsAg). HBsAg and anti-hepatitis B surface antibody
(HBaADb) were determined by immunoassay, while HbeAg,
anti-hepatitis B envelope antibody (HBeAb), and HBcAb
were determined by passive hemagglutination (PHA) assay.
Patients were first divided according to the presence of
HBeAg into positive (eAg-Po) and negative (eAg-Ne) groups,
and then divided, according to the sALT values measured
twice or thrice a year into high activity (HA) and low activity
(LA) groups. The HA group had sALT over 100 IU/L at least
once a year and the LA group had sALT consistently below
100 TU/L. This study was approved by the ethics committee
and informed consent was obtained from all patients.

Extraction and amplification of HBV DNA by polymerase chain
reaction (PCR)

HBV DNA was extracted from 100 UL of serum. In brief,
after the serum samples were diluted to 400 UL with distilled
water, the DNA was extracted with 1 mL of phenol/
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chloroform (1/1:v/v) and precipitated with 1/10 volume
of 3 mol/L sodium acetate and 2 volumes of 100% ethanol.
The precipitates were dried under vacuum and dissolved
with 20 UL of Tris-HCL and EDTA buffer (pH 7.4). PCR
was performed to amplify a 609-bp DNA fragment using
specific primers ( the 1* PCR primers : sense primer H: 5’-
GGGAGGAGATTAGGTTA-3’, anti-sense primer I:
5-GTACAGTAGAAGAATAAAG C-3’; /the 2™ PCR
primers : sense primer D: 5-CAAGCCTCCAAGCTGTG-
CCT-3, anti-sense primer F: 5-ACCTTATG AGTCCA-
AGGGAT-3’) corresponding to the outside of the core
region in the HBV genome. A reaction mixture containing
50 mmol/L KCl, 10 mmol/L Ttis-HCI (pH 8.0), 2.5 mmol/L
MgCl2, 1 umol/L each of the two primers, 200 pmol/L
dNTP, 200 pg/mL gelatin, and 5 U of Tag DNA polymerase
(Amersham Life Science, Cleveland, OH, USA) was added into
a 200-UL tube containing 10 L. DNA solution. Amplification
was petformed for 35 cycles as follows: denaturation at 94 C
for 1 min, annealing at 58 C for 1 min, extension at 72 C
for 2 min. In the last cycle, incubation at 72 “C was continued
for 10 min to complete the extension. Electrophoresis of
10-uL aliquots of PCR products was performed on a 3.5 %
agarose gel subsequently stained with ethidium bromide.
To avoid contamination, we performed amplification under
the stringent conditions recommended by Kwok and Higuchi,
with one positive and one negative control for each sample!.

Cloning and DNA sequencing

After the primers were removed from the amplification products
by the commercial product SUPREC-02™ (TAKARA,
Otsu, Japan), the products were ligated to pT7BlueT vectors
(Novagen Inc., W1, USA). The ligated phagemid vector was
transfected into competent JM109 cells (Toyobo, Osaka,
Japan). Several independent colonies were examined to find
appropriate clones from PCR using D and F primers. At
least three clones for each case were subjected to 2 mL of
liquid culture and small-scale preparation of phagemid DNA.
Each clone was reacted with the DyeDeoxy™ terminator
cycle sequencing kit and sequenced with a DNA sequencing
system (Model 373A, Perkin Elmer, Urayasu, Japan), and
the consensus sequences wetre adopted. The amino acid
(aa) sequences deduced from the DNA consensus sequences
in the HBV core region were compared to the wild type,
subtype adt!"” for all subjects.

Statistical analysis

Data values were presented as mean®SD. Statistical studies
were achieved by Fisher’s exact probability test and unpaired
Student’s test or Welch’s #test. P<0.05 was considered
statistically significant.

RESULTS

Clinical and laboratory data on 17 patients with chronic
hepatitis B

Of the 17 patients in the study, 7 were in the eAg-Po group
and 10 were in the eAg-Ne group. Similarly, 10 were in the
HA group and 7 were in the LA group. The percentage of
HBeAg/anti-HBe seroconversion was 80% in the HA group
and 28.6% in the LA group. The percentage of females in

HA group (50%) was greater than that in LA group (28.6%).
Mote eAg-Po members were found in the HA group than
in the LA group.

Mutation at HBV core region

The DNA sequences in the HBV core region samples from
17 patients were analyzed and compared to the adr subtype
(Figures 1A and B). Figure 1A shows the HBV core regions in
the eAg-Po and eAg-Ne groups, whereas Figure 1B shows those
in the HA and LA groups. As shown in Figures 1A and B,
many amino acid changes were detected in the HBV core
regions of the eAg-Ne group and the HA group. The frequency
of DNA mutations and the amino acid changes in the HBV
core region are summarized in Table 1. No significant difference
was found in the number of DNA mutations between the
LA and HA groups, whereas the number of DNA mutations
in the eAg-Ne group tended to be higher than that in the
eAg-Po group (P = 0.06). The number of amino acid changes
in the HA group was significantly greater than that in the
LA group (P<0.05). The number of amino acid changes in
the eAg-Ne group was also significantly greater than that in
the eAg-Po group (P<0.05).

Table 1 Comparison of DNA mutation number and amino acid changes
(mean+SD)

Group DNA mutations Amino acid changes
eAg-Po(n=7) 8.9+3.7 0.9+0.9
eAg-Ne (n=10) 13.745.4 5.0+2.4°

HA (n=10) 12.8+5.8 4.3+2.6°
LA(n=7) 10.1+41 17421

2P<0.05 eAg-Po group, ®P<0.001 vs LA group.

Hot mutation spots of amino acid changes in HBV core region
As shown in Figures 1A and B, unique amino acid changes
were detected in 30 of the 183 residues of the HBV core
region. Of these 30 residues, six had an especially high
mutation rate (more than 30%). The amino acid changes
included replacements. Proline (Pro)-5 was replaced by
threonine (Thr)-5, valine (Val)-5, and histidine (His)-5. Serine
(Ser)-87 was replaced by glycine (Gly)-87 and asparagine
(Asn)-87. Isoleucine (Ile)-97 was replaced by leucine (Leu)-
97. Pro-130 was replaced by glutamine (Gln)-130 and Thr-
130. Pro-135 was replaced by Gln-135 and Gly-153 was
replaced by cysteine (Cys)-153.

DISCUSSION

Several virus factors and host factors have been reported
to affect the activity of chronic hepatitis B!'"'¥. In this study,
we analyzed Chinese patients with chronic hepatitis B
according to the level of sALT values and the presence of
HbeAg, and then investigated the entire cote region of HBV
to characterize the amino acid changes in this region and to
elucidate the relationship between the frequency of core
mutations and the clinical activity of HBV-related liver
diseases. We found that many amino acid changes in the
HBYV core region occurred in the HBV DNA of patients
with high sALT values and with the seroconversion from
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Figure 1 Comparison of core amino acid sequences between eAg-Po and
eAg-Ne groups. (A) and between HA and LA groups (B). The top line is the core
amino acid sequence of the HBV adr subtype. Core amino acid sequences of
the HA group are C-1, C-2, C-3, C-11, C-16, C-22, C-29, C-35, C-36, and C-
39, and those of the LA group are C-4, C-6, C-8, C-9, C-13, C-17, and C-21,

Each dot denotes an identical match to the top sequence. An asterisk denotes
that this codon is a stop codon. a,b,c are HLA class Il-restricted T cell recognition
sites. d, e, f are HLA class I-restricted CTL epitopes. g, h are the lesion exposed
at the surface of HBCAg.
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HBeAg to anti-HBe. Increased activity of hepatitis and
decreased time of seroconversion from HBeAg to anti-
HBe may be attributed to increased immunological attacks
against the HBV core region. Indeed, it has been reported
that both B and T lymphocytes [helper T lymphocytes and
cytotoxic T lymphocytes (CTL)] recognize core peptides.
Some studies have reported that aa 78-83 and aa 127-133
are exposed on the surface of HBcAg*?. Penna ef 2/,
and Ferrari ez a/l'%, have identified three major HLA class
II-restricted T cell recognition sites within HBcAg: aa 1-20,
aa 50-69, and aa 117-131. Furthermore, it has been reported
that the HLA-A2.1-restricted CTL epitope is mapped to aa
18-27, HLA-A31- and HLA-AWG68-restricted-CTLs
recognize aa 141-1511" and HLA-A11-restricted-CTLs
including HLA-A11 binding motifs recognize aa 88-96!"".
To our surptise, these recognition epitopes correspond to
the HBV core region involving the most sites of amino
acid changes, suggesting that the amino acid changes are
not randomly distributed, but selectively generated. From
these data, we can also suggest that core amino changes are
influenced by the host immune system. Regarding the
mechanism of the relationship between virus mutations and
host immunity, it has been recently reported that amino
acid changes in epitopes of T and B lymphocytes in the
HBV core region may markedly influence T lymphocyte
function or subsequent cytokine release. Therefore, we
speculate that such amino acid changes affect the viral
antigenicity against the host immunity and may be associated
with the clinical severity of hepatitis. This study suggests
that the frequency of core mutations may be associated
with the severity of hepatitis and the HBV seroconversion
from HBeAg to anti-HBe. On the other hand, we could
not find any difference in the HBV core protein among
several HBV viruses. To differentiate HBV among groups,
it may be necessary to examine not only various HBV
proteins including surface protein and polymerase protein,
but also the type of HLA in the host. Further investigation
is needed regarding other causes of activity in chronic
hepatitis B.

We conclude that identifying mutations in the HBV core
region is important for predicting the clinical course of
hepatitis B.
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