Detection of Pre-C and Core Region Mutants
of Hepatitis B Virus in Chronic Hepatitis B Virus Carriers

Takaji Wakita, Shinichi Kakumu, Motohiro Shibata,* Kentaro Yoshioka, Yuji Ito, Tadashi Shinagawa,

Tetsuya Ishikawa, Masahiro Takayanagi, and Tsuneo Morishima*
Third Department of Internal Medicine and *Department of Pediatrics, Nagoya University School of Medicine, Nagoya 466, Japan

Abstract

We analyzed the pre-C and core region of hepatitis B virus
(HBV) DNA by a polymerase chain reaction in 22 chronic car-
riers. In 9 hepatitis B e antigen-positive asymptomatic carriers,
a single DNA band was detected at the expected size, whereas
additional shorter DNA bands were observed in 7 out of 11
patients with chronic hepatitis. The smaller-sized DNAs from
one chronic hepatitis patient had various lengths of deletions
spanning from 105 to 183 bp in the middle of the core gene, and
all deletions included common nucleotide sequences. All of the
smaller-sized DNAs from the other patients proved to be vari-
ant core genes. They were deleted in similar regions by South-
ern analysis using oligonucleotide probes. A follow-up study
revealed that four out of seven chronic hepatitis patients with a
short core gene seroconverted to antibody to hepatitis B e anti-
gen, but those with only a “wild type” did not. In another set of
sequence studies, clones isolated from two chronic carriers dis-
played heterogeneity of the pre-C and core gene which was
more often present in sera with normal alanine aminotransfer-
ase levels than with abnormal levels. These results suggest that
mutant HBYV alters the host immune response, and may modu-
late the clinical course of HBYV infection. An alternative possi-
bility is that chronic hepatitis selects for mutant forms. (J.
Clin. Invest. 1991. 88:1793-1801.) Key words: chronic hepati-
tis ¢ deletion ¢ point mutation ¢ polymerase chain reaction «
Southern blot hybridization

Introduction

During chronic hepatitis B virus (HBV)! infection, some pa-
tients remain asymptomatic, whereas others exhibit active and

This study was presented in part at the 41st Annual Meeting of the
American Association for the Study of Liver Diseases on 5 November
1990 in Chicago, IL, and was published in abstract form (1990. Hepatol-
ogy (Baltimore). 12:886).

Address reprint requests to Dr. Wakita, Third Department of Inter-
nal Medicine, Nagoya University School of Medicine, 65 Tsuruma-
cho, Showa-ku, Nagoya 466, Japan.

Received for publication 12 February 1991 and in revised form
18 July 1991.

1. Abbreviations used in this paper: ALT, alanine aminotransferase;
anti-HBe, antibody to hepatitis B e antigen; ASC, asymptomatic car-
riers of hepatitis B virus; CH, chronic hepatitis; CTL, cytotoxic T lym-
phocyte(s); DNA-P, DNA-polymerase; HBcAg, HBeAg, and HBsAg,
hepatitis B core, ¢, and surface antigens, respectively; HBV, hepatitis B
virus; PCR, polymerase chain reaction.
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progressive hepatitis. Alternatively, hepatitis may subsidc in
patients who show seroconversion from hepatitis B e antigen
(HBeAg) to antibody to HBeAg (anti-HBe). The host immune
response to HBV antigens is believed to play an important role
in the pathogenesis of the disease (1). However, it is not clear
why the clinical courses are so diverse in each patient. Recent
studies utilizing the polymerase chain reaction (PCR) have
identified a new HBY strain with mutant DNAs in the pre-C/C
region in chronic HBV carriers who seroconverted to anti-HBe
(2, 3). It was found that a point mutation at the nucleotide
position 1896 generates a novel stop codon at the carboxyl-ter-
minal end of the pre-C region, thus making HBeAg production
impossible. This defective pre-C variant may be associated
with active hepatitis even in the presence of anti-HBe (4).
These reports suggest the possibility of a mutation of viral ge-
nome influencing the clinical course of HBV infection. In the
present study, using PCR, we amplified the HBV DNA core
region (C-gene) coding hepatitis B core antigen (HBcAg),
which is thought to be a major target for cytotoxic T lympho-
cytes (CTL) (5) in chronic carriers. Amplified DNAs were iden-
tified by Southern blot hybridization with two different C-
gene-specific oligonucleotide probes and were subsequently
subcloned for sequence analysis. We describe a long span of
deletions in the middle of the C-gene, detected in a majority of
chronic hepatitis (CH) patients but not in asymptomatic car-
riers of HBV (ASC). Variations of the pre-C and C-gene in two
chronic HBV carriers during their clinical course will also be
shown.

Methods

Patients. 22 chronic HBV carriers were enrolled in this study. All pa-
tients were tested for hepatitis B surface antigen (HBsAg), HBeAg, and
anti-HBe using commercially available RIA kits (Abbott Laboratories,
N. Chicago, IL). HBV-associated DNA polymerase (DNA-P) activity
was assayed by determining [*H]thymidine incorporation (Tables I and
II). Group A consisted of nine ASC positive for HBeAg. Patients were
included in the study on the condition that clinical status and liver
function tests were normal in repeated examinations over a 2- to 5-yr
period. At the initiation of this study, all patients except case A1 were
positive for DNA-P (Table I). Group B consisted of 11 HBeAg-positive
patients with CH. Histological diagnosis was of chronic active hepatitis,
and they had elevated serum ALT levels for at least 1 yr. Over a 3-yr
follow-up interim, seven patients (B14-20) continually tested positive
for HBeAg, and the remaining four (B10-13) seroconverted to anti-
HBe in 1.5 yr. Group C consisted of two HBeAg-positive patients who
had normal serum alanine aminotransferase (ALT) levels for > 1 yr
followed by undulation of liver function tests. Liver biopsy taken at the
time of continuing elevated ALT levels revealed a histology consistent
with chronic active hepatitis. Sera from group C patients were obtained
at two points, when ALT levels were normal and abnormal (Table II).

PCR. Serum (100 ul) obtained from each patient was incubated at
70°C for 3 h in a mixture of proteinase K (100 ug/ml), 0.5% (wt/vol)
SDS, 5 mM EDTA, and 10 mM Tris-HCI, pH 8.0. The solution was
phenol-chloroform extracted, and DNA was precipitated with ethanol
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Table I. Detection of C-gene of HBV by PCR

Size of C-gene
Normal Short
Group Diagnosis Patient Age Sex ALT DNA-P (~747 bp) (~500-700 bp)
yr 1U/liter com
A HBeAg*ASC 1 28 F 28 0 + -
2 29 F 46 2,346 + -
3 37 F 35 10,286 + -
4 22 F 19 595 + -
5 23 F 24 2,627 + -
6 20 F 36 220 + -
7 35 M 49 2,523 + -
8 37 M 37 8,361 + -
9 20 F 42 1,302 + -
Mean 27.9 7/2 35.0* 3,140 9/9 (100%) 0/9 (0%*)
B HBeAg*CH 10 47 M 152 1,624 + +
11 38 M 204 1,294 + +
12 31 M 88 531 + +
13 29 F 87 11,452 + +
14 27 M 335 163 + +
15 25 F 152 468 + +
16 36 F 117 3,219 + +
17 18 F 141 1,143 + -
18 25 F 446 122 + -
19 18 M 113 1,163 + -
20 25 M 169 692 + -
Mean 29.0 5/6 182.2* 1,988 11/11 (100%) 7/11 (63.4%%)
Statistical analysis was performed between groups A and B.
*P<0.001;*P<0.01.
Table II. Clinical Details of the Group C Patients and Isolated Clones
Patient Age Sex Date ALT DNA-P HBeAg Anti-HBc Histology Clones
1U/liter cpm CI % inhibition
Cl 34 M 2 April 1988 31 3413 6.0 94.9 pHBC102
103
106
1111
15 July 1989 143 343 6.3 100 CAH pHBC210
2221
C2 29 F 9 March 1988 37 11974 6.6 95.8 pHBC307
309
3310
3314
3319
29 October 1989 156 36 7.8 95.7 CAH pHBC415
4402

Abbreviations: CAH, chronic active hepatitis; CI, cutoff index.
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in the presence of carrier transfer RNA (10 ug/ml). Oligonucleotide
primers, specific for HBV gene sequences, were synthesized in a DNA
synthesizer, and included a sense primer HBC-1, 5-TCTTTGTAC-
TAGGAGGCTGTAGGC-3' (1765-1788, numbering according to
Okamoto et al. [6]) and an antisense primer HBC-2, 5-CAGGTA-
CAGTAGAAGAATAAAGCCC-3' (2511-2487) capable of amplify-
ing the HBV sequence from 1765 to 2511 to yield 747-bp DNA. This
covered the entire pre-C and core region (639 bp, 1814-2452) and part
of the X and polymerase gene. The PCR reaction was conducted in a
100-u1 mixture containing 10 ul of the serum DNA sample, 2.5 U of
Taq polymerase (Perkin-Elmer Cetus, Norwalk, CT), 50 uM of each
dNTP, and 0.4 M of each primer (HBC-1 and HBC-2). The reaction
was cycled 35 times with 1 min of denaturation at 94°C, 30 s of anneal-
ing at 64°C, and 3 min of extension at 72°C in a programmable DNA
thermal cycler (Perkin-Elmer Cetus). For each sample, a 10-ul aliquot
of the amplified DNA was fractionated by 1% Seakem/2% NuSieve
agarose (FMC BioProducts, Rockland, ME) electrophoresis. The DNA

(@) & 123456789M

was visualized by ultraviolet fluorescence after staining with ethidium
bromide, and was then transferred to a nylon membrane (Nytran-N,
Schleicher & Schuell, Kassel, FRG) for Southern blot hybridization
analysis.
Southern blot analysis. Two oligonucleotide probes derived from
an internal sequence of the C-gene were synthesized: HBC-7, 5-
CTGTGGAGTTACTCTCTTTTTTGC-3' (1934-1958), and HBC-9,
“ATGTCAATGTTAATATGGGCCTAAAAATCAGA-3' (2163-
2194). The membranes were prehybridized at 53°C for 2 h in 3X Den-
hardt’s solution (1X Denhardt’s solution = 0.02% polyvinylpyrroli-
done, 0.02% Ficoll, and 0.02% bovine serum albumin); 0.1% SDS; 2X
SSC (1X SSC = 0.15 M NaCl and 0.015 M sodium citrate); and 200
ug/ml denatured salmon sperm DNA. Blots were hybridized with 32P-
end-labeled HBC-7 probe at 53°C for 24 h. After hybridization, mem-
branes were washed twice in 0.2X SSC and 0.1% SDS at 43°C, and then
autoradiographed by exposure to x-ray film (XAR, Eastman Kodak
Co., Rochester, NY). After autoradiography, the hybridized HBC-7

(C) A 123456783

-

aPee-9u® < 747 hp

Figure 1. Detection of core region of HBV
DNA by PCR and hybridization in patients
with nine ASC. Shown are bands of the ethi-
dium bromide-stained gel electrophoresis (a)
and autoradiography of the hybridized transfer
with HBC-7 (b) and HBC-9 (c). Lanes /-9 are
PCR products from patients A1-9, respec-

" tively. Lane M is the size marker, 1 kb DNA
ladder.
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probe was removed by boiling twice in 0.1X SSC and 0.1% SDS. Mem-
branes were rehybridized with 3*P-end-labeled HBC-9 probe by the
same procedure as described above.

Cloning and sequencing. From case B1 and 2 patients of group C,
amplified DNAs were cloned into the Smal site of plasmid
pGEM7Zf(+) (Promega Biotec, Madison, WI). These clones were se-
quenced by the dideoxy chain termination method.

Statistical analysis. Data was analysed by the Student’s ¢ or x? test.

Results

The sensitivity of PCR was determined with a serial dilution of
cloned HBV DNA; the lower limit of detection of HBV DNA

(a) B1D 11

(b)

B10 11

(C)

B10 11

was 1072 pg using the ethidium bromide staining method (data
not shown).

In all sera derived from eight ASC of group A, a single DNA
band was visible at the expected size (~ 747 bp) on the ethid-
ium-bromide-stained agarose gel (A1-8, Fig. 1 @) after PCR. 11
CH patients in group B also had a DNA band at ~ 747 bp.
However, in seven patients (63.6%) with HBeAg-positive CH
(B10-16, Fig. 2 a), additional short DNA bands (~ 500-700
bp) were observed. During follow-up studies, four out of seven
group B patients with additional short DNA bands serocon-
verted to anti-HBe positive, whereas the three with only a 747-
bp DNA “wild-type” band did not.

1213141516171819 20H

1213 14151617181920

< 147 hp

121314151617181920

< 147 bp

Figure 2. Detection of core genes in 11 CH patients. Bands are shown in the same order as in Fig. 1. Lanes 1-11 are amplified core genes of cases

B10-20, respectively.
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By cloning analysis of amplified DNA obtained from pa-
tient B10, six independent clones were isolated and character-
ized (Fig. 3). Among them, one pHBC601 clone had complete
pre-C and core region gene of HBV. The other five had the
same sequences at both the 5’ and 3’ ends as pHBC601, but
more notably, sizes were shorter than pHBC601. Deletions of
various sizes (105-183 bp) in the middle of the C-gene were
obtained. Clone pHBC607 had the shortest deletion (105 bp,
2150-2254), and we found it commonly deleted in the four
other clones as well. Since the sizes of the deletions were in
multiples of three, none caused frameshift alterations, and
these “in-frame” deletion variants could be translated through
to the end of the C-gene.

Southern blot hybridization analysis using oligonucleotide
probes HBC-9 for the common deletion probe, and HBC-7 for
the conserved region probe, demonstrated that all ~ 747 bp
DNA bands hybridized with both HBC-7 and HBC-9. In con-
trast, the short DNA bands hybridized with HBC-7, but not
with HBC-9 (Figs. 1 and 2). These results suggest that all short
DNA bands were mutant core region genes similar to those
observed in patient B10.

To evaluate if variations of nucleotide sequence in HBV
DNA may induce alteration of the clinical status, we selected
two chronic HBYV carriers who had normal liver function and
subsequent elevation of serum ALT levels.

In patient Cl, four independent clones (pHBC102, 103,
106, and 1111) were obtained from serum with normal ALT
levels, and two clones (pHBC210 and 2221) with abnormal
ALT (Table II). The entire pre-C and core gene sequences of
pHBC102 are shown in Fig. 4, and the point mutations of the
other clones are indicated in Fig. 5. Compared with pHBC102,
pHBC103 had two point mutations of nucleotide sequence (C
to T, at 1935 and 2290). The former mutation at 1935 changed
the amino acid, serine to phenylalanine, and the latter was a
silent mutation which did not change the amino acid sequence.
Only one point mutation occurred in pHBC106 (C to A, at
2288), which changed proline to threonine. Thymidine inser-
tion occurred in pHBCI1111 between 1956 and 1957 and
caused a frameshift. One of the clones obtained from the serum

with abnormal ALT, pHBC2221 had sequences identical to
pHBC102. Between 1825 and 1826, pHBC210 had a 2-bp in-
sertion (TT) which induced a frameshift and stop codon in the
pre-C region. Although the pre-C region was defective in
pHBC210, its C-gene was completely conserved.

In patient C2, five clones (pHBC307, 309, 3310, 3314, and
3319) from serum with normal ALT levels and two clones
(pHBC415 and 4402) with abnormal ALT levels were isolated
(Table II, Figs. 4 and 6). A long span of nucleotide deletion
(149 and 269 bp) was found in the midsequence for pHBC307
and 3314. The deletion of pHBC307 caused a frameshift. Be-
tween 1921 and 1922, pHBC3314 had a 1-bp insertion (A).
This insertion also caused a frameshift resulting in the termina-
tion of translation before deletion. Compared with pHBC309,
pHBC3310 had only one point mutation C to T at 2242. This
mutation was silent and commonly observed with pHBC3319,
415, and 4402 as well. Compared with pHBC309, pHBC3319
had six point mutations. Although the mutation at 2242 was
silent, the other five mutations were accompanied by changes
in amino acid sequences (Fig. 6). Although showing 10 point
mutations, pHBC415 had complete pre-C and C-gene. In the
pre-C region, pHBC4402 had one thymidine deletion between
1821 and 1825 which caused a frameshift and termination of
translation. Nine mutations occurred in pHBC4402 out of
which amino acids changed sequence in six.

Complete pre-C and core genes were found in pHBC102
and 2221. Similar nucleotide sequences were also found in pa-
tient C1. However, identical clones were not found in the two
different sera taken from patient C2 during the clinical course.
The defect of the pre-C region, which cannot produce HBeAg,
was observed in the sera from both patients with elevations

of ALT.

Discussion

Recent studies in HBV infection have utilized the PCR tech-
nique (7, 8). This highly sensitive method enables us the clon-
ing of small amount of viral DNA. However, the PCR tech-
nique has a risk of copy errors and cross-contamination among

1800 2000 2200 2400
5 } $ } $ 3
- [ ] ] -
HBC1 HBC7 HBC9 HBC2
pHBC601 [ __Eipre-Ci{/ A, A J
OI000000000 A2150-2254 o>
PHBCBO07 [ Esidz 2 105bp Z Z! l Figure 3. Six core region
HBYV DNA clones obtained
A2141-2254 from case B10. Nucleotide
pHBC605 | | B L AT‘ibp_V o A ] numbering is represented
above. Positions of PCR
_ primers (HBC-1 and HBC-2)
pHBC532 i //ﬂ% Z A ] and probes for Southern blot
analysis (HBC-7 and HBC-9)
A2141-2296 are indicated by short closed
pHBC521 [ A, - A ] bars. The dotted portion of
156bp the bars is for the pre-C re-
2088-2270 gion, and the shaded portion
T A — [ is for the core region of HBV
pHBC516 [ EZ 22— g E Z DNA.
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Figure 4. The entire pre-C and core gene sequences of pHBC102 and pHBC309.

samples. Therefore, special care was taken to avoid the known
pitfalls of PCR (9). To ensure accuracy, different sera obtained
separately from the same patients were tested, and results were
repeatedly confirmed. In this study, we amplified entire pre-C

1798 Wakita et al.

and core gene coding HBcAg and HBeAg. We obtained only
the expected size of the C-gene from ASC, whereas the short
C-genes were detected as well from > 60% of the patients with
HBeAg-positive CH. By clonal analysis, short DNAs were
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Figure 5. (Top) Pre-C and
core region of HBV genome.
Arrows show the positions
of point mutations obtained
- - from patient C1. (Bottom)
Nucleotide substitutions in
- - the pre-C and core region.
Abbreviations: ins, insertion;

Amino acid change FS S=F FS

shown to be mutant C-genes with a long span of deletions in-
cluding nucleotides 2150-2254. These deletions may be a com-
mon molecular feature of CH patients with short DNA bands.
This was demonstrated by the Southern blot analysis using an
oligonucleotide probe common for the deletion site.

The core gene depends on some cis-acting control signal
sequences and overlaps with other open reading frames (10).
The core deletion, however, did not overlap with the polyaden-
ilation signal (1917-1960), direct repeat 1 (1824-1834), the
polymerase gene (2307-1623), or the X-gene (1374-1838). Re-
cently, the RNA packaging signal has been reported as another
cis-acting element which extends over the pre-C and core gene
(1819-1988) (11). Although pHBC3314 lacks 269 bp of C-
gene, and 10-bp overlaps with 3’ terminal of the packaging
signal, no other core deletions overlapped with it.

HBcAg and HBeAg are considered major target antigens
for T cell-mediated hepatocellular damage in patients with
chronic HBV infection (5, 12). However, factors that deter-
mine the immunological response to viral products are not
fully understood (13). Also, the short C-genes detected in this
study must be tested to see whether they affect the pathogenesis
of hepatocellular injury in chronic hepatitis or are actually the
result of immunological pressure.

If these short C-gene mutants are translated in infected
cells, a shortened HBcAg or HBeAg will be produced. In fact,
all deletions obtained in case B10 were in multiples of three, as
“in-frame” deletions. The expected HBcAg or HBeAg should
have had deletions of amino acids located within 63-132
amino acids from the amino terminus of HBcAg. This region
contains hydrophilic sites, which may act as antibody binding
sites (14, 15), and may represent a helper T cell epitope (16).
The loss of these epitopes could affect the binding of antigen
and antibody. The CTL epitopes against HBcAg and HBeAg
have not yet been precisely determined, but they could be lo-
cated close to antibody binding sites since anti-HBc and anti-
HBe inhibit the CTL response in vitro (5, 12). Thus, an alter-
ation or deletion of the binding sites of an antibody and de-

P=T - FS, frameshift.

graded fragments of viral proteins such as a deletion
mutant-derived antigen not detectable serologically may
change the activities of CTL targeting both antigens present on
HBYV infected hepatocytes in vivo (17-19).

The heterogeneity of HBV DNA in chronic carriers has
been reported by others (20-22). We also found a variety of the
C-gene variants in the sera of two chronic carriers. Because
Taq-polymerase does not have proofreading activity, it is possi-
ble that base-pair changes in obtained clones may include arti-
facts introduced at an early stage of the amplification process
(23, 24). To minimize errors caused by Taq-polymerase during
PCR, HBeAg- and DNA-P-positive sera were used as starting
templates since they contained a fairly large number of HBV
genomes. Variations of the nucleotide sequence were then
compared within isolated clones, and consensus sequences for
each clone were established. The number of the isolated clones
and DNA-P levels from sera with abnormal ALT levels de-
creased when compared to those of sera with elevated ALT
values in both patients (Table II). During this period, some
viral strains were probably cleared by the host immune re-
sponses, although others escaped from the attack and contin-
ued to produce HBeAg. However, a cause and effect relation-
ship has not been clarified between viral mutagenesis and liver
disease activity.

Deletion or insertion between the positions 1821 and 1825
in the pre-C region was observed in both patients of group C,
and this mutation renders impossible the production of
HBeAg. The mutation in this region was noted in anti-HBe-
positive patients by other investigators (2, 25). The point muta-
tion at 1896, G to A, was not found in this study, although
other types of defective pre-C variations did occur in HBeAg-
positive patients. Carman et al. (4) also suggested defective pre-
C variants were present in some of the HBeAg-positive pa-
tients.

The findings of HBV core region gene deletion and muta-
tions must be placed in the general context of gene replication
and substitution. The HBV genome is a partial double-
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stranded DNA (26). The central feature of the replication mech-
anism is the use of an RNA template intermediate with reverse
transcription similar to retroviruses (27). Thus, HBV is likely
to mutate at a rate of nucleotide substitutions per site per year
estimated at 1.4 X 107 to 3.2 X 1073 (20). This ratio is higher
than most DNA viruses, and is in the same order of magnitude
as some retroviruses. Mutations are likely to occur during tran-
scription and reverse transcription between RNA and DNA
when HBYV replicates frequently. Mutations may also affect
biological properties of HBV (28, 29). In recent studies, some
spliced RNAs were identified from HBV-infected cells and
their origin was thought to be a 3.3-kb pregenomic RNA (30,
31). Thus, deleted core region DNA may be the product of
reverse transcription of these or unknown types of spliced
RNAs.

In conclusion, deleted mutants of HBV DNA in the core
region were found to exist in more than half of the patients with
CH. Also, heterogeneity was found in the nucleotide sequences
of the pre-C and core gene including defective mutants in pre-C
with chronic HBV carriers. Products of these variant genes
may change the immunological properties of HBcAg or
HBeAg, and subsequently, the clinical courses of chronic HBV
carriers. An alternative possibility is that chronic hepatitis or
the accompanying immune response opts for mutant forms.
Clarification is necessary to determine if these core mutations
are the cause or result of immune provocation. Further investi-
gation must be undertaken to see whether the mutant core
antigens alter CTL responses in vitro, if mutant core antigens
are found in virions, and if mutant genomes are replication
competent.
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