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Abstract

Aim: Development of a specific polymer-
ase chain reaction (PCR) assay for detec-
tion of the pre—core, stop codon, mutant of
hepatitis B virus (HBV).

Methods: PCR primers, specific at the
3'-end for nucleotide 1896 of either the
pre—core, stop codon, mutant or wild type
HBYV, were synthesised using published
sequence data. Positive control templates
for both types of virus were synthesised by
the PCR, incorporating sequences speci-
fic for each virus type at the appropriate
position. These templates were used to
optimise the specificity of the procedure.
Formalin fixed, paraffin wax embedded
human tissue from acute or fulminant
HBYV hepatitis from Hong Kong or Oxford
was then investigated for presence of
mutant or wild type virus. The HBV DNA
was amplified from this tissue using a two
step procedure, with an initial amplifica-
tion phase followed by a second diagnostic
phase on optimally diluted target DNA.
Results: Specific detection of mutant or
wild type HBV was achieved. An impor-
tant factor in determining specificity was
the temperature of annealing, 70°C prov-
ing to be highly specific. To overcome the
inherent variation of target copy number
in clinical samples and to provide an
intrinsic positive control, it was important
to generate and standardise the amount of
target HBV used for the specific PCR. Two
cases of fulminant hepatitis and four cases
of acute hepatitis from Hong Kong, and
one case of fulminant hepatitis from
Oxford, contained only wild type HBYV,
with no evidence of a mutant virus.
Conclusion: This method can be applied to
FFPE tissues. It is rapid, non-radioactive,
and specific for the stop codon mutation at
nucleotide 1896 of HBV. Preliminary
investigation of a small number of cases of
fulminant hepatitis from Oxford and
Hong Kong showed only wild type virus.
The result differs from results published
from Japan and Israel.

Over the past few years, development of
molecular biological techniques, including the
polymerase chain reaction (PCR),' has resul-
ted in the detection of pre—core mutant forms
of hepatitis B virus (HBV).? > The most com-
mon pre—core mutation is a G-A substitution
found at nucleotide 1896 (nomenclature

chain reaction

according to Galibert er al* in the pre—core
open reading frame (ORF) which results in the
generation of a stop codon (TAG) at this site.
The mutant viruses are still capable of replica-
tion, but do not synthesise hepatitis B e antigen
(HBeAg). They are associated with at least two
clinical pictures. In most situations, partic-
ularly in the Mediterranean and Far East, an
aggressive, protracted form of chronic hepatitis
develops. This occurs during the course of an
HBeAg positive infection and probably reflects
selection for the HBeAg negative pre—core
mutant. In other patients fulminant hepatitis
has been associated with the viral mutant.” ” In
some of these cases it has been shown that the
presumed contact of the patient has the
mutant strain as a sole or dominant form,
suggesting an initial infection with the mutant
as a cause of the fulminant hepatitis, rather
than selection from a mixed infection.”’

In view of the medical importance of this
viral mutant rapid detection methods for the
mutant will be very useful. We have thus
developed a procedure for detecting the
mutant virus using a variation of the polymer-
ase chain reaction—allele specific PCR. This
procedure depends on the discovery that the
allele specificity of a PCR primer is determined
predominantly by its 3'-end.® Amplification is
much reduced if the 3'-terminal is not precisely
complementary to its target sequence, even
though the rest of the primer sequence is. By
designing primers which have a match or
mismatch at the 3'-nucleotide, for either the
wild type or mutant virus at position 1896 of
the HBV genome, amplification can be made
highly specific for either virus type. This
technique has the advantage that it is based on
the PCR and allows investigation to be carried
out on formalin fixed, paraffin wax embedded
liver biopsy specimens, rather than fresh
material.

Methods

LIVER SAMPLES

Formalin fixed, paraffin wax embedded liver
tissues were retrieved from the archives of the
Nuffield Department of Pathology and
Bacteriology, and the Institute of Pathology,
Queen Elizabeth Hospital, Hong Kong. The
diagnosis of acute and fulminant hepatitis B
was based on histological criteria and sero-
logical assay for hepatitis B surface antigen
(HBsAg). HBV infection was further con-
firmed by amplifying a fragment of the pre—
core/core region of the HBV genome using a
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Figure 1 Relative
locations of primers.
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heminested polymerase chain reaction system
using primers COMM-1/2032 (40 cycles)
followed by COMM-1/2017 (25 cycles).

PRIMERS
All primers were synthesised on an Applied
Biosystems 380A DNA synthesiser. Apart
from “conventional” amplification primers
COMM-1, 2017, and 2032 (relative locations
shown in fig 1, sequences in the table), we also
constructed “mutagenesis” and “allele speci-
fic” primers which are described below.

Mutagenesis primers

To construct control templates with either the
wild type or mutant sequences with regard to
position 1896, two mutagenesis primers were
designed (fig 1). Primer NOR-M and MUT-M
were synthesised containing sequences corre-
sponding to the wild type (“normal”) and
mutant sequences, respectively. The suffix M
signifies a mutagenesis primer.

To generate the wild type or mutant pro-
duct, 100 pg of a plasmid containing a full
length HBV insert (pHBV130°) was amplified
by PCR using either NOR-M/2032 or MUT-
M/2032. Forty cycles with a thermal profile of
94°C for one minute, 55°C for one minute,
and 72°C for one minute were performed.

Allele spectfic primers

NOR-A and MUT-A were allele specific pri-
mers synthesised corresponding to the wild
type and mutant sequences, respectively. The
suffix A signifies an allele specific primer. An
additional mismatch was introduced at posi-
tion 2 from the 3'-end of each primer to
increase further the specificity of the primers
(underlined in the table).

POLYMERASE CHAIN REACTION
PCR was carried out as described,’ using
reagents from a GeneAmp DNA amplification
reagent kit (Perkin-Elmer Cetus) in 100 ul

“Conventional” primers:

COMM-1: 55CACCTCTGCCTAATCATCTCATGTTCATGT3'
2032: 5’CTGACTACTAATTCCCTGGATGCTGGGTCT 3'
2017: 5’ATGGGATCCCTGGATGCTGGGTCTTCCAAA3'

Muzagenesis primers:

NOR-M: 5'CTCCAAGCTGTGCCTTGGGTGGCTTTGGGGCAT3'
MUT-M: 5CTCCAAGCTGTGCCTTGGGTGGCTTTAGGGCAT3'

Allele spectfic primers:

NOR-A: 5'CTCCAAGCTGTGCCTTGGGTGGCTGTG3'
MUT-A: 5'CTCCAAGCTGTGCCTTGGGTGGCTGTA3'

Primers 2032 and 2017 were described by Kaneko ez al.'' Primers COMM-1, NOR-M, MUT-M,
NOR-A and MUT-A were designed from published sequences.’ '> The nucleotides in bold in
NOR-M and MUT-M denote the base at position 1896. Deliberate mismatches to increase
specificity of allele-specific primers NOR-A and MUT-A are underlined.
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reactions. Thermal cycling was performed on a
Biometra TRIO Thermoblock. Individual
cycling profiles are described under the rele-
vant sections. Preparation of formalin fixed,
paraffin wax embedded liver tissues for PCR
was as described,'” except that the dewaxed
tissues were digested with proteinase K (200
ug/ml; Boehringer Mannheim) overnight at
37°C in a digestion buffer containing 50 mM
TRIS, pH 85, 1 mM EDTA, 0-5% Tween 20
(Sigma). Ten microlitres were used per PCR.
For heminesting, 2 ul of the first round PCR
product (using COMM-1/2032) was ream-
plified in a second round reaction using
COMM-1/2017.

GEL QUANTIFICATION OF PCR PRODUCT
For quantification, 2 ul of the relevant PCR
product—that is, either the 291 base pair
reference product (using MUT-M/2032 or
NOR-M/2032), or the 329 base pair second
round PCR product (using primers COMM-
1/2017)—was run on an ethidium stained gel.
Serial dilutions (4 ug, 2 ug, 1 ug, 0-5 ug and
0-25 ug) of pBR322 DNA digested with Mspl
were run adjacent to the PCR product to be
quantified. An estimation of the amount of the
HBV PCR product was made by comparison
with the 309 base pair band of the pBR322
Mspl marker (corresponding to 280 ng, 140
ng, 70 ng, 35 ng and 17-5 ng in the respective
dilution).

Results

GENERATION OF CONTROL TEMPLATES

PCR products with either the wild type or
mutant sequence at position 1896 were pro-
duced using NOR-M/2032 and MUT-
M/2032, respectively (fig 2). These PCR pro-
ducts were quantified by comparison with
known standards on an ethidium stained agar-
ose gel. After appropriate dilution, 10° mole-
cules of these PCR products were used in
subsequent amplification by allele specific
PCR.

ALLELE SPECIFIC PCR
The sequence specificity of the primers for the
wild type and mutant viruses (NOR-A and
MUT-A, respectively) was tested using a
standard assay using 10° control template
molecules with either the wild type or mutant
sequence. As sequence specificity of PCR
primers is critically dependent on the anneal-
ing temperature, we systematically investigated
annealing temperatures ranging from 63°C to
71°C. At each temperature tested, four reac-
tions were carried out: MUT-A/2017 on the
mutant template; NOR-A/2017 on the mutant
template; MUT-A/2017 on the wild type tem-
plate; and NOR-A/2017 on the wild type
template. At an annealing temperature of
70°C, the reaction was very specific (fig 3).
This condition was used for subsequent
study.

ALLELE SPECIFIC PCR ON CLINICAL SAMPLES
The degree of allele specificity in PCR is
determined by the amount of starting tem-
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Figure 2 Generation of
reference PCR templates
using mutagenesis primers.
Lane 1 = MUT-M/2032
on pHBV130, lane

2 = NOR-M/2032 on
pHBV130, lane

3 = MUT-M/2032 on
water (negative control),
lane 4 = NOR-M/2032 on
water (negative control).
Arrow marked 291
indicates position of the
291 bp PCR product. M
denotes 9 X174 DNA
digested with Haelll
(marker).
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plate. However, in clinical specimens infected
by HBV the number of virus molecules may
vary from case to case. This variability may
affect the specificity of our allele specific PCR
assay. We have thus adopted a strategy whereby
we first amplified the HBV DNA from a
clinical specimen by heminested PCR. This
initial “amplification phase” was then followed
by quantification of the PCR product by
comparison with known standards after elec-
trophoresis on an ethidium stained agarose gel.
Product (10° molecules) were then subjected
to a “diagnostic phase” using allele specific
PCR. This two-step approach is illustrated in
fig 4. As the starting material for the “diag-
nostic phase” is a PCR product, the system is
essentially analogous to the one we used for the
establishment of allele specificity of the pri-
mers.

To provide an internal control during the
“diagnostic phase” allele specific PCR, we
included a third primer COMM-1 in all allele
specific amplifications. COMM-1 and 2017
primed the synthesis of a 329 base pair PCR
product which acted as a positive control.
MUT-A/2017 and NOR-A/2017 would direct
amplification from the mutant and wild type
viruses, respectively.

As a preliminary investigation using the
allele specific PCR assay, we chose three
patients with fulminant hepatitis B (two from
Hong Kong and one from Oxford) and four
patients with acute hepatitis B from Hong
Kong. PCR was carried out from paraffin wax
embedded liver biopsy specimens, as outlined.
Following the “amplification phase”, a 329
base pair HBV-PCR product was visible from
all seven cases (results not shown). After the
“diagnostic phase” only the wild type viral
sequence was detected in all seven patients (fig
5). The 329 base pair internal positive control
was visible in all tracks, thus excluding amplifi-
cation failure as the reason behind our inability
to detect mutant HBV in the three cases of
fulminant hepatitis.

] MUTANT TEMPLATE
MUTANT TEMPLATE
WT TEMPLATE
MUTANT TEMPLATE
WT TEMPLATE

] WT TEMPLATE

e
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Figure 3 Temperature titration for allele specific PCR assay. 1 0% molecules of a reference
mutant or wild type (marked above each lane) template was used for each PCR. The
cycling profile was 94°C for one minute, annealing at temperature marked below the gel
for one minute, and extension at 72°C for one minute for 15 cycles. MUT-A and
NOR-A indicate reactions carried out using MUT-A/2017 and NOR-A/2017,
respectively. Arrow marks position of 285 base pair PCR product. M denotes 9 X174
DNA digested with Haelll (marker).
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Clinical specimen
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40 cycles
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Amplification
phase l
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Gel quantification
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Figure 4 Two-step approach for using allele specific PCR
on clinical samples.

15 cycles

Discussion
Compared with previously described methods
for the detection of the pre—core HBV mutant
such as sequencing”’”>”’ and allele specific
oligonucleotide (ASO) hybridisation,’> our
method is rapid and completely non-radio-
active. The ability of the technique to use
paraffin wax embedded tissues as starting
material suggests that the method may be used
for large scale retrospective analysis of the role
of the mutant in a variety of liver diseases.
The use of a two-step approach involving an
“amplification phase” followed by a “diag-
nostic phase” overcomes several difficulties of
applying an allele specific PCR assay to forma-
lin fixed, paraffin wax embedded tissues. First,
the exact amount of amplifiable nucleic acid
present in paraffin wax embedded tissues may
vary from case to case and these tissues may
amplify with varying efficiencies.'® '* Second,
the viral titre may also differ from patient to
patient. Both of these problems are solved by
the two-step approach in which the “amplifica-
tion phase” is aimed at amplifying the viral

I 1T 1] LI Al

Figure 5 Allele specific PCR on clinical samples. Cases
1-3 were fulminant hepatitis B and cases 4-7 were acute
hepatitis B. MUT-A and NOR-A represent reactions
carried out using COMM-1/MUT-A/2017 and
COMM-1/NOR-A/2017, respectively. 285 and 329
indicate positions of the allele specific PCR product (using
MUT-A or NOR-A/2017) and the internal control (using
COMM-1/2017), respectively. M denotes 9 X174 DNA
digested with Haelll (marker).
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molecules present in a tissue section to a PCR
plateau. This is followed by gel quantification
and then a pre-determined amount of the PCR
product is then subjected to a “diagnostic
phase” which has been calibrated to handle
this quantity of product. This two-step strategy
should be suitable to any use of allele specific
PCR to paraffin wax embedded tissues and
thus may have important uses in other diag-
nostic situations.

In our preliminary series of three cases of
fulminant hepatitis B, only the wild type virus
was found. While this contradicts the published
findings of the role of the mutant virus in a
number of Japanese’® and Israeli’ cases of
fulminant hepatitis B, our results are similar to
the data reported in cases from the USA."
Taken together, these data suggest a geo-
graphical variation in the involvement of pre-
core HBV mutants in fulminant hepatitis B.
We are currently undertaking a larger study to
establish the generality of these observations.
The rapidity of the allele specific PCR assay
should make this goal attainable.

With the accumulation of sequence informa-
tion on HBV and other viruses, increasing
numbers of viral variants will be discovered.
Allele specific PCR is an efficient method for
the detection of these viral variants.

‘We thank the Wellcome Trust and Foulkes’ Foundation Fellow-
ship for financial support.
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