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Abstract. Hepatitis B virus has been known to frequently undergo mutations of its genome at various sites,
mostly due to it employing a reverse transcriptase devoid of proofreading capacity in the course of its
replication. The purpose of the present study has been to screen 257 HBsAg-positive chronic liver disease
patients, more specifically 78 cases chosen at random out of those negative for HBeAg and 33 of the
HBeAg-positive cases serving as controls for three discreet point mutations in the precore/core region of
hepatitis B virus. To that end, HBV DNA extracted from sera was amplified by polymerase chain reaction
(PCR) using semi-nested primers and subsequently subjected to restriction fragment length polymorphism
(RFLP) analysis, 36 HBeAg-negative versus 30 HBeAg-positive sera, respectively, as well as to direct
sequencing in some samples randomly selected to corroborate the RFLP results. Our results showed double
mutations at positions 1762 and 1764 of the core promoter in between 25/36 (69.4%) and 19/25 (76%) of
the sera tested, a missense mutation of the start codon in between 8/36 (22.2%), and 5/25 (20%) and a
mutation turning codon 1896 into a stop codon in between 9/36 (25%) and 6/25 (24%) determined by RFLP
and sequencing, respectively. These data indicate the double mutation at positions 1762 and 1764 to be the
most prevalent among HBeAg-negative chronic hepatitis patients in Thailand whereas, in contrast to reports
from other Asian countries, the mutation at nucleotide 1896 occurred in a mere 25%, while on the other hand
the mutation abolishing the start of protein synthesis was observed to occur at a higher frequency than

determined in several other geographical areas.

INTRODUCTION

Hepatitis B virus (HBV) infection constitutes
a public health problem on a global scale account-
ing for the majority of chronic hepatitis cases with
their fatal sequelae cirrhosis and hepatocellular car-
cinoma (Lee, 1997). Furthermore, genetic heteroge-
neity is a common feature of the virus and can in-
fluence the outcome and course of the infection.
For example, vaccine failure might be attributable
to mutations reported for HBYV, caused by the virus
employing a reverse transcriptase without proof-
reading capacity for part of its replication (Lanford
et al, 1997), particularly those affecting the a deter-
minant of the surface antigen (HBsAg) gene lead-
ing to immune escape mutants (Poovorawan et al,
1998a). However, these particular escape mutants
as yet do not appear to impair the prevention ef-
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fected by vaccination. Additional mutations frequently
encountered affect the core gene of HBV coding for
hepatitis B e antigen (HBeAg) in that point muta-
tions in nucleotides 1762 and 1764 of the core pro-
motor have been shown to lead to highly enhanced
viral replication as a result of increased viral
encapsidation of pregenomic RNA into the core
particles (Kidd and Kidd-Ljunggren, 1996; Baumert
et al, 1998). Alternatively, mutations in the gene
encoding the precore/core protein (precore stop codon
mutants) cause loss of HBeAg and seroconversion
to anti-HBe despite persistent HBV replication
(HBeAg minus mutant). Mutations in the core gene
may also lead to “immune escape” due to a T cell
receptor antagonism (Hosono et al, 1995).

Various methods have been developed in or-
der to facilitate detection of these mutations in or-
der for patient care to keep one step ahead of the
virus’s ingenuity to escape detection, for example,
single-strand conformation polymorphism analysis
(SSCP) capable of identifying mutant DNA com-
prising as little as 3% of the total gene copies in a
polymerase chain reaction (PCR) mixture (Hongyo
et al,1993). Allele-specific competitive blocker PCR
(ACB-PCR) constitutes an even more powerful
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method able to detect mutants at a frequency of
103 (Parsons and Heflich, 1998a), and in combina-
tion with MutEx enrichment this method can iden-
tify mutations at mutant fractions as low as 107
(Parsons and Heflich, 1998b). Our own group has
recently applied direct sequencing in order to screen
chronic liver disease patients suspected of underly-
ing HBV infection despite seroconversion to anti-
HBe for mutants in the precore/core region employ-
ing the method of direct sequencing (Poovorawan
et al, 1999).

The present study has been aimed at evaluat-
ing the prevalence of these mutations among Thai
patients diagnosed with chronic liver disease and
seropositive for HBsAg by means of restriction frag-
ment length polymorphism (RFLP), another power-
ful tool for detection of mutations.

MATERIALS AND METHODS

Study Population

Initially, the population studied comprised 257
patients diagnosed with chronic hepatitis, who ei-
ther attended the out-patient clinic or had been
admitted to Chulalongkorn University Hospital be-
tween January and December 1998. Upon having
received their informed consent as to the purpose of
the study, venous blood was obtained, the sera sepa-
rated by centrifugation and kept at -70°C until tested.

Laboratory methods

Serology: The 257 sera were tested for the pres-
ence of HBsAg and HBeAg by ELISA (Auszyme,
Abbott Laboratories, North Chicago, Iil. and
Hepanostika HBe, Organon Diagnostics, Boxtel, The
Netherlands, respectively) according to the manu-
facturer’s specifications.

HBV DNA extraction: DNA was extracted from
S0 pl of serum, twice per sample, with proteinase
K/SDS in Tris buffer, followed by phenol/chloro-
form extraction and ethanol precipitation. The pel-
let was dissolved in 20 pl of sterile water and di-
rectly subjected to the polymerase chain reaction.

HBYV DNA detection: HBV DNA was amplified in
an automated thermocycler (Perkin Elmer Cetus,
Branchburg, NJ, USA) using semi-nested primers
as described elsewhere (Saiki et al, 1988). Briefly,
5 ul of the respective DNA sample were added to
a reaction mixture containing 1 U of Taq polymerase
(Perkin Elmer Cetus, Branchburg, NJ, USA), each
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of four deoxynucleotide triphosphates (Promega Corp,
Madison, W1, USA) at a concentration of 200 (M,
primer pair eP1-1 with the sequence 5°-GCA TGG
AGA CCA CCG TGA AC-3” (nt. 1606-1625) and
eP1-2 with the sequence 5°-GGA AAG AAG TCA
GAA GGC AA-3” (nt. 1955-1974) for the first am-
plification round, and primer pair eP1-1 (as above)
and Xi3 with the sequence 5°-AAG CCT CCA AGC
TGT GCC-3" (nt. 1866-1833) for the second ampli-
fication round, respectively, each primer ata 1 uM
concentration, 10 mM Tris buffer and 1.5 mM MgCl,
at a final volume of 50 pl. For the purpose of the
subsequent restriction reaction with Stul (see be-
low) two specific primers were used for the second
round amplification in order to accommodate the
restriction site recognized by the enzyme. Their
sequences were for the sense primer 2C 5°-CCA
TGC AAC TTT TTC ACC TCT G-3” (nt. 1812-
1833) and for the anti-sense primer 2D 5°-ATA CGG
GTC AAT GTC CAA GGC C-37 (nt. 1897-1918),
respectively. The first amplification round consisted
of one cycle at 94°C, 55°C and 72°C for | minute
each, followed by 30 cycles comprising a 30 sec-
ond denaturation step at 94°C, a 30 second anneal-
ing step at 55°C, and a |1 minute extension step at
72°C, each. The amplification was concluded by
one cycle at 94°C for | minute, 55°C for 2 minutes
and 72°C for 10 minutes. For the second amplifica-
tion round 2 pl of the first PCR product were added
to the reaction mixture and amplification was per-
formed in a manner identical to the first round. 10
ul of each amplified DNA sample were loaded on
a 2% agarose gel (FMC Bioproducts, Rockland, ME,
USA) stained with ethidium bromide on prepara-
tion. Electrophoresis was performed at 90 V for 80
minutes. The product band of 369 base pairs for the
first and 288 base pairs for the second PCR, respec-
tively, were visualized on a UV transilluminator.

DNA purification and sequencing: Some of the
PCR products were purified and subjected to direct
sequencing as described elsewhere (Poovorawan et
al, 1999).

Restriction fragment length polymorphism
(RFLP): The PCR products analyzed by direct se-
quencing were also subjected to RFLP analysis using
the DNA restriction enzymes Sau 3Al to investigate
the site at codons 1762-1764 (Takahashi et al, 1993)
and Rsa I to examine the start codon, respectively.
To that end, 15 U of Sau 3Al were added to the
first round PCR products (369 bp), and 15 U of Rsa
I to the second round products (278 bp), respec-
tively, and subsequently incubated at 37°C for 3
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hours, 30 minutes. In order to determine if nucle-
otide 1896 had undergone a G-A mutation leading
to a stop codon, the products of the second round
PCR performed with primer pair 2C/2D were incu-
bated with 5 U of Stu 1 at 37°C for 3 hours 30
minutes (Niitsuma et al, 1995). The RFLP products
were again subjected to electrophoresis on a 2%
Nusieve agarose gel and their respective sizes com-
pared to those of a suitable nucleotide size marker
(100 bp DNA ladder, Promega Corp, Madison, WI,
USA). The sizes expected were 369 bp for the 1762/
1764 wild type, 212 bp and 157 bp for the 1762/
1764 mutant (Fig 1), 206 bp for the 1814 wild type

Fig 1-2% Nusieve gel of RFLP pattern. From left to right:
M = 100-base pair DNA ladder; W = core promoter
wild type, undigested; m = core promoter wild type
digested with Sau 3Al; W = precore stop codon wild
type, undigested; m = precore stop codon wild type,
digested with Stu 1.

and 278 bp for the 1814 mutant (Fig 2), 105 bp for
the 1896 wild type and 85 bp for the 1896 mutant
(Fig 1), respectively.

RESULTS

Of the 257 patients initially tested for HBsAg
by ELISA, all were found to be positive. The sub-
sequent EL1SA test for the presence of HBeAg showed
144 (56%) HBeAg negative and 113 (44%) HBeAg
positive cases. Of the 144 negative samples, 78 were
chosen at random and subjected to PCR, revealing

A W Mu Min

3TN by
266 hp

Fig 2-2% Nusieve gel of RFLP pattern. From left to right:
M = 100 base pair DNA ladder; W =-precore start
codon wild type, digested with Rsa I; Mu = precore
start codon mutant, undigested; Mix = wild type/
mutant mixed population, digested with Rsa 1.

Table 1
Prevalence of mutations in the core/precore region of HBV - comparison between direct sequencing and
RFLP analysis.

HBeAg+ve HBeAg-ve
Mutation site Sequencing RFLP Sequencing RFLP
n=16 n=30 n=25 n=36
No. (%) No. (%) No. (%) No. (%)
1762/64 4 (25) 4 (13.3) 19 (76) 25 (69.4)
(A-T, G-A)
1814 0 ()] 0 (V)] 5 (20) 8 (222
(ATG - ATT,TTG,GTG)
1896 0 0) 0 (0] 6 (24) 9 (25)
(G-A)

NB: Among the HBeAg-negative samples, double mutations were found at sites:
1762/64 and 1814 in 3 cases (8.3%), 1762/64 and 1896 in 2 cases (5.6%), 1814 and 1896 in | case (2.8%), and in addition,

one mixed population of wild type and 1814 mutation (Fig 2).

One specimen of HBeAg-negative showed 15 bp deletion at the promotor area (nt. 1758-1772 ) by direct sequencing.
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42 HBV DNA negative samples and 36 cases, which
expressed HBV DNA. All 36 samples were sub-
jected to RFLP analysis and 25 of the 36 samples,
again chosen at random, had the RFLP results con-
firmed by direct sequencing. Of the 113 HBeAg
positive samples, 33 were chosen at random for PCR
analysis showing 30 HBV DNA positive and 3 HBV
DNA negative cases, respectively. The 30 DNA
positive samples were analyzed by RFLP and 16 of
the 30 were chosen at random for confirmation by
direct sequencing. The results of the RFLP and
sequence analyses, respectively, are shown in Table
l.

DISCUSSION

The purpose of the present study has been to
screen patients diagnosed with chronic hepatitis due
to HBV infection as affirmed by serological tests
for the presence of HBsAg, and who furthermore
had been proven to be HBeAg negative, for muta-
tions in the precore/core promotor region of HBV
DNA, especially as the HBeAg-negative state which
in cases of wild-type viral infections would indicate
seroconversion to anti-HBe tends to induce the as-
sumption that the patient has succeeded in clearing
the virus. Whereas in a previous study (Poovorawan
et al, 1999) we had tested chronic hepatitis patients
for these mutations by means of direct sequencing,
in the present one we extended the number of sera
to be screened and applied the method of restriction
fragment length polymorphism (RFLP) in compari-
son with direct sequencing among a randomly se-
lected number of samples. The results obtained by
both techniques proved to be comparable as con-
firmed by the lack of mutations discerned by either
method at the start (1814) and stop (1896) codons
among the HBeAg-positive samples, as well as by
the comparable mutation percentages obtained in
the core promotor region with both groups and at
the start and stop codons among the HBeAg-nega-
tive sera, respectively. Hence, the method of re-
striction fragment length polymorphism has been
found adequate to substitute for the more expensive
and time consuming technique of direct sequenc-
ing.

As to the prevalence of the particular muta-
tions detected, we have found the one affecting
nucleotide 1896 by a change from G to A and thus
preventing HBeAg production by introducing a TAG
stop codon in 25 % of the HBeAg-negative patients,
a prevalence much lower than that reported in some
other studies previously conducted in Asian coun-
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tries (Okamoto et al, 1990; Carman er al, 1992,
Ehata er al, 1996; Lok ef al, 1994). In the course
of the reverse transcription step forming part of HBY
replication cycle the RNA intermediate has to ac-
quire a secondary structure known as cis-acting
encapsidation sequence (€). A G-to-A mutation at
position 1896 would interfere with the stable G-C
base pair between nucleotides 1858 and 1896 and
the ensuing drastic reduction in packaging of
pregenomic RNA on its part would impair viral
replication (Lok et al, 1994).

Another mutation leading to an HBeAg-nega-
tive phenotype abolishes the start of protein synthe-
sis by altering the start codon of the precore gene
from ATG to any combination of the three nucle-
otides effected by a single point mutation and not
coding for methionine. To illustrate this point, we
have detected by direct sequencing ATT, AAG, GTG
and TTG, respectively, in place of the wild type
ATG. In comparison with the rather high frequency
amounting to between 20 and 22% discerned in the
present study, the overall prevalence of the start
codon mutations reported to occur in various geo-
graphical areas (Okamoto et al, 1990; Fiordalisi et
al, 1990; Kramvis et af, 1997) appears to be quite
low.

The mutation type found by far at the highest
frequency among our HBeAg-negative sera is the
double mutation occurring in the core promotor
sequence at nucleotides 1762 and 1764 located at
the 3~ terminus of the second of the three AT-rich
regions 20-30 base pairs upstream of the transcrip-
tion start site (Okamoto et al, 1996). These AT-rich
sequences are recognized by transcription factors
with binding sites in the core promotor (Okamoto
et al, 1994; Sato et al, 1995) and especially in the
first and second of these regions various mutations
have been detected among asymptomatic HBV car-
riers, as well as patients with acute or chronic hepa-
titis B, with the double mutation at positions 1762
and 1764 representing the one predominantly en-
countered.

In agreement with some previous studies
(Okamoto et al, 1994; Nagasaka et al, 1998) which
reported the double mutation at positions 1762 and
1764 to occur more frequently among HBeAg-nega-
tive than HBeAg-positive chronic hepatitis patients,
it might be concluded that core promotor mutations
impacting proper transcription of precore mRNAs
lead to decreased expression of HBeAg. Moreover,
it should be noted that, since HBeAg on the hepa-
tocyte presents a target for cytotoxic T cells (Pignatelli
et al, 1987), a mutation suppressing HBeAg expres-
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sion may offer an escape route from cytoimmunity
to the virus and, as the double mutation has been
implied in inducing an increase in viral replication,
replicating under immune pressure exerted by the
host might be advantageous for HBV (Buckwold et
al, 1996).

In conclusion, in an area notorious for chronic
HBYV infection with vertical transmission constitut-
ing the rule rather than the exception (Poovorawan
et al, 1998b), the high prevalence of precore/core
region mutations should not come as a surprise, in
particular as their frequency has been shown to depend
on the duration of chronic HBV infection (Hamasaki
et al, 1994), but rather ought to constitute a warn-
ing in that the HBeAg-negative state does not nec-
essarily indicate virus clearance as previously as-
sumed. It should also be kept in mind that therapy
with interferon-alpha, which has been considered
the only effective treatment for chronic hepatitis B,
has been shown to induce, though infrequently as
yet, the appearance of precore/core mutants (Laskus
et al, 1995). Also, among patients exhibiting inter-
feron-induced seroconversion to anti-HBe mixed viral
infection of precore mutant and wild-type HBV could
still be observed in sera of HBV carriers obtained
within one year after seroconversion suggesting the
precore mutants to prevail over the wild type in
HBeAg-negative carriers for several years after
seroconversion (Karasawa et al, 1995). Likewise,
the comparatively novel drug lamivudine, designed
to inhibit viral replication, has already been reported
to induce the virus to mutate within the YMDD
motif located in the gene coding for the polymerase
and thereby rendering it resistant to treatment (Tipples
et al, 1996).

Therefore, as due to the virus’s ingenuity effi-
cient medications increasingly appear to elude the
physicians’ grasp vaccination against hepatitis B virus
appears to represent the only reasonable approach
to combat this public health threat, especially in
areas of high endemicity.
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