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Abstract

Individuals with chronic hepatitis B virus (HBV) infection are
generally divided into asymptomatic healthy carriers and pa-
tients with chronic liver disease. Several studies have suggested
that the hepatitis B core antigen could be an immunological
target of cytotoxic T lymphocytes (CTL). To investigate the
possible pressure site from CGL, the entire core region of HBV
DNAwas sequenced in 30 subjects (10 asymptomatic healthy
carriers and 20 patients with chronic liver disease). No signifi-
cant changes in the nucleotide sequence and deduced amino
acid residue were noted in the 10 healthy carriers. In contrast, a
cluster of changes in a small segment of 18 amino acids (codons
84-101 from the start of the core gene) was found in 15 of the
20 chronic liver disease patients. All these 15 patients had ad-
vanced liver diseases (chronic active hepatitis and cirrhosis),
whereas only mild liver disease (chronic persistent hepatitis)
was found in the five patients without mutations. These data
suggest that the region with mutation clustering is the major
target of CTL, and that the mutations evolve under the pressure
of immune selection. (J. Clin. Invest. 1991. 89:332-338.) Key
words: asymptomatic carrier * cytotoxic T cell * hepatitis B core
* mutation * polymerase chain reaction

Introduction

Individuals infected with the hepatitis B virus (HBV)' could be
divided into two groups: one with no liver disease (asymptom-
atic healthy carriers) and the other with continuous liver in-
jury. Previous studies have suggested that the hepatic injury
due to HBVis immune-mediated, and that the hepatitis B core
antigen (HBcAg) could be an immunological target (1-5).
HBVDNAcontains four open reading frames, one of them
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1. Abbreviations used in this paper: ALT, alanine aminotransferase;
CTL, cytotoxic T lymphocyte; HBcAg, HBeAg, and HBsAg, hepatitis
B core, e, and surface antigens, respectively; HBV, hepatitis B virus;
PCR, polymerase chain reaction; pre-C, precore (region).

being the C gene coding for a core peptide (HBcAg) (6). The C
gene encodes 183-185 amino acid residues of a nucleocapsid
protein, and is preceded by the precore (pre-C) region starting
with an initiation codon and encoding 29 amino acid resi-
dues (6).

Recent studies on endogenously processed viral peptides
have revealed that a peptide as small as eight amino acids could
be recognized by cytotoxic T lymphocytes (CTL) (7, 8). Thus,
we have postulated that if there is "pressure" from CTL, one
may be able to find substitutions in amino acid residues in a
restricted segment of the core gene. Changes in such a region
may help to predict the outcome of B-viral liver disease. We
randomly selected 10 asymptomatic healthy carriers with no
abnormal liver function tests for 3-8 yr and 20 patients suffer-
ing from chronic liver disease with fluctuating serum alanine
aminotransferase (ALT) levels. The nucleotide sequence of the
entire core gene was determined in these 30 subjects by the
polymerase chain reaction (PCR) and direct sequencing meth-
ods (9-1 1).

Methods

Patients
Sera were taken from 30 persistently hepatitis B surface antigen
(HBsAg)-positive patients who were followed at the First Department
of Medicine, Chiba University, at least for 3 yr. Subtypes of HBsAg of
these patients were all adr.

Group A (asymptomatic healthy carriers). There were 10 hepatitis B
e antigen (HBeAg)-positive asymptomatic carriers. They showed
serum ALT levels within an almost normal range by regular examina-
tions every 1-2 mo for 3-8 yr. Liver biopsy was performed in five of
these subjects, and only mild histological changes (chronic persistent
hepatitis in two and nonspecific changes in three) were found (Table I).

Group B (chronic liver diseases). 20 patients with fluctuating liver
enzymes were studied. 16 of them (patients 11-26 in Table I) had
HBeAg-positive chronic liver disease with fluctuating ALT levels for
3-10 yr. Liver biopsy was performed in 14 of these patients, and
chronic persistent hepatitis was found in four, chronic active hepatitis
in nine, and cirrhosis of the liver in one.

Four patients (nos. 27-30 in Table I) had hepatitis B e antibody
(HBeAb)-positive chronic liver diseases with fluctuating ALT levels for
6-1 1 yr. All had liver biopsy and the histological diagnosis was chronic
active hepatitis in three patients and cirrhosis of the liver in one.

HBVmarkers
HBsAgand HBeAg-Ab were assayed using solid-phase radioim-
munoassay (Abbott Laboratories, North Chicago, IL). Anti-
hepatitis Cvirus antibody was measured by enzyme immunoas-
say (Ortho Diagnostics, Tokyo, Japan). All the samples were
negative for anti-hepatitis C virus antibody.
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Table I. Clinical and Laboratory Data on 10 Asymptomatic Healthy Carriers and 20 Patients
with Fluctuating Serum ALT Levels and Chronic Liver Diseases

ALT
Mutation

Values in codons Liver Pre-C
Age/Sex at sampling* Mean/Range Follow-up HBeAg/Ab* (84-101) histology mutation

lU/liter

Group A (asymptomatic carriers)

1. 27/F 17
2. 39/F 17
3. 48/M 22
4. 20/M 34
5. 24/M 29
6. 26/M 31
7.21/F 19
8. 41/M 22
9. 30/F 34

10. 17/F 18
Group B (patients with liver disease)

11. 43/M
12. 49/F
13. 30/M
14. 52/F
15. 40/F
16. 38/M
17. 38/M
18. 35/M
19. 42/M
20. 26/F
21. 29/F
22. 41/M
23. 31/M
24. 24/M
25. 22/M
26. 42/M
27. 46/M
28. 26/M
29. 31/M
30. 30/M

278
126
107
337
131
395

86
110
114
418
537
131
846
849
833
503
251
588
463
598

19.2/7-47
23.1/17-43
28.0/21-39
32.6/19-54
44.3/24-62
27.7/16-44
22.1/13-27
30.3/19-54
28.2/18-46
22.1/18-30

148.5/23-1,750
68.9/39-126

155.7/48-257
92.0/10-337

143.0/28-576
139.9/23-831
115.9/26-602
109.8/33-306
115.1/22-595
92.0/9-418
78.1/17-537

102.4/22-596
134.3/13-846
196.9/9-849
127.1/19-833
205.6/17-1,578
103.4/21-578
101.6/8-615
81.8/28-583

143.6/26-1,288

yr

8.0
8.0
4.2
7.0
4.0
5.0
7.0
4.5
3.0
7.0

9.0
4.0
3.0
9.0
3.0
8.0
8.0

10.0
10.0

9.0
8.0
9.0
8.0
4.0
6.0
3.0

11.0
9.0

10.0
6.0

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

ND
NSC
ND
ND
ND
NSC
ND
CPH
NSC
CPH

CPH
CPH
CPH
CPH
ND
CAH
LC
CAH
CAH
ND
CAH
CAH
CAH
CAH
CAH
CAH
CAH
CAH
LC
CAH

+

Abbreviations: CAH, chronic active hepatitis; CPH, chronic persistent hepatitis; LC, cirrhosis of the liver; ND, not done; NSC, nonspecific
changes. * Values or results when core gene nucleotide sequences were studied. $ Change in the number of codons from the start of C gene.

Amplification and sequencing of the core and precore
region of HBVDNA
To amplify the C gene of HBVDNA(549-555 nucleotides or
183-185 amino acid residues), we prepared several sets of syn-
thetic oligonucleotide primers according to the reported se-
quence of adr subtype by Kobayashi et al. (12) (Fig. 1): sense
primers-Fl (nucleotides [nt] 1618-1635, 5'-GGGAGGA-
GATTAGGTTAA-3'), F2 (nt 1518-1537, 5'-AAGCTCTTA-
CATAAGAGGAC-3'); antisense primers-F3 (nt 2328-2347,
5'-ACCTTATGAGTCCAAGGGAT-3'), F4 (nt 2363-2382,5'-
GTACAGTAGAAGAATAAAGC-3').By these primers, a seg-
ment of HBVDNAspanning 865 nucleotides from 1518 to
2382, which comprises the entire precore and core region, was
amplified by PCR(9). These primers were synthesized by the

phosphoramidite method. Amplification of HBV DNAwas
performed basically by the method described previously (10).
Briefly, 100-id reaction mixtures containing 10 ,l of specimen
DNA, 50 mMKC1, 10 mMTris-HC1 (pH 8.4),2.5 mMMgCl2,
1 IAM each of the two oligonucleotide primers, 200 ,uM dNTP,
200 ,ug/ml of gelatin, and 2 U of Thermus aquaticus DNA
polymerase were overlaid with 100 ,ul of mineral oil. Samples
were heated at 95°C for 2 min (denaturation), cooled to 50°C
for 2 min (annealing), and heated to 70°C for 2 min (exten-
sion). These steps were repeated for 30-50 cycles. After the
final step of amplification, each sample (10 1d) was applied to
an 8% acrylamide gel. For direct sequencing of a portion of
HBVDNA, the PCRproducts were centrifuged in microcon-
centrators (Centricon 30, Amicon Corp., Danvers, MA). To
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Figure 1. Schematic presentation of the core peptide of HBV. Locations of amplification and sequencing primers used for PCRand direct se-

quencing are shown by arrows. Sense amplification primers, Fl and F2; antisense amplification primers, F3 and F4. Sense sequencing primers,
S 1-S6; antisense sequencing primers, S7-S 10. Nucleotide sequences of these primers are described in the text. Deduced amino acid residues of
the core peptide, different from prototype adr ( 12), are plotted against the corresponding position of the core peptide. Amino acid residues are

numbered from start of core gene. The dashed line indicates the same amino acid as that reported by Kobayashi et al. (12). 152 R D 153 means

an insertion of two amino acid residues which are arginine (R) and aspartic acid (D) between the 1 52th and 153th codon of the prototype.
Abbreviations: A, alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L,
leucine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; W, tryptophan; Y, tyrosine.
Quoted references are as follows: HPBADRA(12); HPBADR(13); HPBADRCG(14); HPVADRM(15); HPBAYR(16); HPBADW3(17);
HPBADW2(17); HPBADW1(17); HPBADW(13); HPBNCP(18); HPBVADW2(19); HPBADYW(20); HPBAYW(21); HPV(22).

sequence the amplified segment bidirectionally, we prepared
several sequencing primers: sense primers-S I (nt 1644-1662,
5'-GTACTAGGAGGCTGTAGGC-3'), S2 (nt 1739-1758, 5'-
CAAGCCTCCAAGCTGTGCCT-3'),S3 (nt 1828-1847, 5'-
TTTGCCTTCTGACTTCTTTC-3'), S4 (nt 1934-1953, 5'-
GCACTCAGGCAAGCTATTCT-3'),S5 (nt 2103-2121, 5'-

TTGGAAGAGAAACTGTTCT-3'), S6 (nt 2228-2247,
5'-CGAGGCAGGTCCCCTAGAAG-3'); antisense primers-
S7 (nt 1828-1847, 5'-GAAAGAAGTCAGAAGGCAAA-3'),
S8 (nt 1934-1953,5'-AGAATAGCTTGCCTGAGTGC-3'), S9
(nt 2103-2121, 5'-AGAACAGTTTCTCTTCCAA-3'), Sl 0 (nt
2228-2247, 5'-CTTCTAGGGGACCTGCCTCG-3').

One sequencing primer was radiolabeled with [32P]ATP
and T4 polynucleotide kinase. From I to 10 pmol of microcon-
centrator-purified PCRproduct and 5 pmol of 32P-labeled se-

quencing primer were combined in 12 yd of 50 mMKC1, 50
mMTris (pH 8.0), 5 mMMgCl2, and 10 mMdithiothreitol.
The direct sequencing of the PCRproducts was performed as

previously described (I1).

Results

Changes of serum ALT levels. Serial changes of serum ALT
levels in 10 asymptomatic healthy carriers (group A) and 20
patients with chronic liver disease (group B) are shown in Fig.
2. Serum ALT levels were within nearly normal range for 3-8
yr in the healthy carriers despite active virus replication (all
patients were seropositive for HBeAg). In contrast, in the

chronic liver disease group serum enzyme levels continuously
fluctuated (Fig. 2).

Nucleotide sequence and deduced amino acid residue of
core gene. The entire nucleotide sequence of the core gene of
HBV was obtained in all 30 patients. Different nucleotides
from the adr sequence reported by Kobayashi et al. (12) were

found at 185 locations (49 nucleotides in group A and 136 in
group B). Of these 185 nucleotide substitutions, 146 were "si-
lent" (without changes in the deduced amino acid residue) and
39 were "missense" (with alterations in the deduced amino
acid residue). All 49 nucleotide changes observed in group A
were "silent," and all the 10 patients showed amino acid resi-
dues identical to those reported by Kobayashi et al. (12)
(Fig. 3).

In contrast, all the 39 "missense" nucleotide changes were

found in group B. The 39 deduced amino acid substitutions are

given in Fig. 3. Of these changes, 21 (54%) clustered in a small
segment of 18 amino acids (codons 84- 101 from the start of the
core gene, 9.8% of the entire 183 amino acids) (Fig. 3). At least
one amino acid substitution in this segment was found in 15 of
the 20 chronic liver disease patients (Table I) (Fig. 3). Of these
15, 14 had amino acid substitutions restricted to a smaller seg-

ment of 11 amino acid residues (codons 87-97) (Fig. 3). Of
interest was the finding that advanced liver disease (chronic
active hepatitis and cirrhosis) was seen in these 15 patients with
amino acid residue substitutions in this "hypervariable" re-

gion, whereas all five patients without such substitutions had
only mild liver disease (chronic persistent hepatitis) (Table I).
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Figure 2. Changes of serum ALT values in 10 asymptomatic carriers (group A) and in 20 patients with liver disease (group B).
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At other locations in the core peptide, 14 amino acid substi-
tutions were found in a 27-amino acid segment from 130 to
156 (Fig. 3). Sporadic amino acid substitutions were recog-
nized in codons 27, 49, and 60 (Fig. 3).

Comparison with reported amino acid residues of core re-
gion. 14 previously reported amino acid residues of the core
region of HBVare aligned in Fig. 1 according to their subtypes
(12-22). Four sequences with the adr subtype showed well-con-
served amino acid residues of core peptides (Fig. 1). In contrast,
HBVwith a "w" determinant seems to have somewhat differ-
ent sequences (Fig. 1). Weplotted the codons which showed
amino acid residues different from the prototype adr sequence
(12) against the corresponding positions of the core peptide
(Fig. 1). It appears that there is a "hypervariable" region of
codons 74-101 where frequent variations occur in amino acid
residues (Fig. 1). The region of codons 84-101 where muta-
tions clustered in our patients was located in this segment. How-
ever, the substitutions found in our patients (L to V at 84, S to
Gat 87, Y to H at 88, V to A at 91, Mto T at 93,1 to L at 97, L
to I at 101) were not identified in any of the 14 reported se-
quences (Fig. 1) (12-22). Thus, the changes in our patients may
be de novo substitutions.

To study further whether these changes in amino acid resi-
dues were in fact "de novo," we tested serial samples from one
patient who was once an "asymptomatic carrier," but began
having abnormal liver function tests after 3 yr (Fig. 4). In the
asymptomatic phase, the C gene sequence was identical with
the prototype (12). However, 2 yr after the start of rise of ALT
levels, a mutant virus with a substitution of I to L at codon 97
became predominant (Fig. 4).

Pre-C mutation and changes in the core region. A defective
virus with a stop codon mutation at the 3'-end of the precore
region incapable of encoding HBeAghas been found in various
liver diseases (23-25). The presence of a pre-C stop codon at
the 28th codon from the beginning of the pre-C region was
analyzed in relation to the core region in our patients. All but
one patient (patient 17) with HBeAg in the serum showed a
prototype sequence in the pre-C region (Table I). However,
three of four patients with antibody against HBeAg showed a
stop codon at codon 28 in the pre-C region (Table I).

Sequential changes of nucleotides in the pre-C and core

Core Mutation -

Pre-C Mutation -

ALT
(Il)

500

400'

300

200

1oo0

region studied in one patient suggested that the amino acid
residue change in the "hypervariable" region (isoleucine to leu-
cine at codon 97 in the core region) preceded the appearance of
a stop codon in the precore region by - 3 yr (Fig. 4).

These data suggested that viruses with a mutation in the
hypervariable region of the core peptide might induce a stop
codon at the 3'-end of the hydrophobic domain of the pre-C
polypeptide to cease further secretion of the modified nucleo-
capsid peptide.

Discussion

It is not known why there are differences in the severity of liver
disease among HBV-infected individuals (26). Previous studies
focused primarily on host factors. For example, an attempt was
made to define a relation between B-viral liver disease and the
HLA system (27).

Advanced molecular biological technology has permitted
us to analyze virus nucleotide sequences in 30 patients with
various liver diseases. Wedecided to analyze the C gene of
HBV, because it was previously suggested that the core peptide
(HBcAg) could be an immunological target of cytotoxic T cells
in HBV infection (2-5). It was recently shown that hyperim-
mune globulin against HBsAg may force the antigenic epitope
of "a" determinant of surface antigen to mutate (28). An
amino acid substitution from glycine to arginine at the strongly
antigenic 145th codon from the start of the surface gene was
found in vaccinated children (28). Thus, we have postulated
that the virus gene may undergo changes as a result of various
exogenous pressures. The selective pressure might be found by
the study of nucleotide sequences of the core gene in various
patients. Weselected asymptomatic carriers and patients with
chronic liver diseases.

Despite active virus replication, no significant hepatocellu-
lar injury has been observed for 3-8 yr in 10 asymptomatic
healthy carriers. The deduced amino acid residue sequences of
the core peptide were identical to the prototype sequences in all
10 patients. In contrast, a mutation clustering region of 18
amino acid residues was found in 15 patients with chronic liver
disease. In that our patients all had the adr subtype, we com-
pared their sequences with four previously reported ones ( 1 2-

+(97 L)+ + +
_- + +

Figure 4. The clinical course of a 4 1-yr-old female
patient who was an asymptomatic carrier at the
beginning, but began having continuous fluctua-
tion of serum ALT levels. Core mutation indicates
the appearance of deduced amino acid residue
change at codon 97 of core peptide from isoleucine
(I) to leucine (L), and pre-C mutation indicates
the appearance of a stop codon mutation at the
28th codon of the precore region.
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15). A striking conservation of 183 amino acid residues of the
core peptide was demonstrated in the adr subtype. In all those
reports, blood samples were obtained from asymptomatic
healthy carriers ( 12-15). The localization of the mutation clus-
tering region in our 15 patients was striking in several aspects.
It was mostly restricted to only a small segment of the gene
(codon 84-101). The region was as small as 11 amino acid
residues (from 87 to 97) in 14 of the 15 patients. No such amino
acid substitution in this region has been reported previously in
adr nor in other subtypes (12-22). The rate of evolution of the
HBVcore gene has been estimated previously as 2.2 X I0-5 per
nucleotide per year in an asymptomatic carrier (29). Thus, it is
expected to take at least 80 yr to have a nucleotide substitution
in the entire core gene in asymptomatic carriers. However, a
nucleotide substitution was observed in the cluster region
found in this study in only 5 yr of follow-up observation in an
asymptomatic patient who later developed abnormal liver
function tests (Fig. 4). Thus, the mutation clustering region
could be a hot spot for mutations related to the development of
B-viral liver disease.

Recent studies of influenza and vascular stomatitis viruses
indicate that the targets of CTL are endogenously processed
viral peptides derived from nucleocapsid proteins which are as
small as 8-10 amino acid residues (7, 8). Thus, it is tempting to
speculate that the mutation clustering region found only in
patients with hepatic injury could be an immunological target
of CTL. Milich et al. (30) indicated in H-2d mouse that one of
the T cell sites was located in the synthetic peptide of codons
85-100. Furthermore, a recent study on amino acid sequences
eluted from MHCmolecules revealed that mouse Kd-restricted
peptide anchor motif was Y------I/L and that of human HLA-
A2 was L/M------V (31). These motifs were seen in codons
88-95 (YVNVNMGL)and 84-91 (LVVSYVNV) of the adr
prototype core sequence, respectively. These findings support
that the hypervariable region may be the T cell recognition
epitope.

The pre-C protein of 29 amino acid residues is highly hy-
drophobic, and acts as a "leader sequence" to engage the pre-C
and core peptide into the membrane of the endoplasmic reticu-
lum (32, 33). It has been shown that the secretory HBeAgpep-
tide is derived from the cleavage of the pre-C and core peptide
at its amino and carboxyl terminus after translocation into the
endoplasmic reticulum (32, 33). Secretory HBeAgconsists of a
part of the 3'-end of the precore region (10 amino acid residues)
and the majority of the core region (lacking only 34-36 amino
acid residues at its carboxyl terminus) (34) (Fig. 1). Thus, secre-
tory HBeAg contains a hypervariable region. The pre-C stop
codon mutation was found only in patients who already had
mutations in the hypervariable region of the core peptide (Ta-
ble I) or after the appearance of a mutation in the core region
(Fig. 4). It may be that the virus mutates to induce a stop codon
at the 3'-end of the hydrophobic leader sequence to cease con-
tinuous secretion of the immunological target (modified core
peptide), and to avoid the attack from lymphocytes. In this
regard, it would appear of interest to test whether the in vitro
killing activity of lymphocytes is effected by wild virus or mu-
tant virus.

The question may be raised whether the mutations are a
result of pressure from lymphocytes or whether they primarily
evoke lymphocyte attack. The appearance of an amino acid

substitution in the clustering region after start of elevation of
serum ALT levels in one patient (Fig. 4) strongly supports the
former possibility. Wedirectly sequenced the amplified prod-
uct and observed the change only in the dominant type virus.
Thus the existence of a minor population having the mutation
before the start of ALT elevation could not be totally excluded.
Weneed further study to clarify the uncertain nature of the
relationship between the initiations of attacks from CTL and
the mutations in the core region.

The natural course of B-viral liver diseases is quite variable
(26), and good prognostic markers are lacking. In this study, we
analyzed the blood samples taken relatively early in the follow-
up period in our patients (average 1.2 yr from the start of fol-
low-up). The absence of mutations in the clustering region was
related to an uneventful course, and in contrast, the presence of
such changes was associated with progressive B-viral liver dis-
ease. Thus, the most important clinical implication of our find-
ings, perhaps, is that the presence of an amino acid substitution
in the mutation clustering region might be used as an indicator
of worsening of the disease. In fact, two patients in group B
have already developed hepatocellular carcinoma.
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