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Abstract

AIM: To examine the serum from black African patients
with acute hepatitis B to ascertain if integrants of viral
DNA can be detected in fragments of cellular DNA
leaking from damaged hepatocytes into the circulation.

METHODS: DNA was extracted from the sera of five
patients with uncomplicated acute hepatitis B and one
with fulminant disease. Two subgenomic PCRs designed
to amplify the complete genome of HBV were used and
the resulting amplicons were cloned and sequenced.

RESULTS: HBV and chromosomal DNA were amplified
from the sera of all the patients. In one patient with
uncomplicated disease, HBV DNA was integrated into
host chromosome 7 q11.23 in the WBSCR1 gene. The
viral DNA comprised 200 nucleotides covering the S and
X genes in opposite orientation, with a 1 169 nucleotide
deletion. The right virus/host junction was situated at
nucleotide 1 774 in the cohesive overlap region of the
viral genome, at a preferred topoisomerase I cleavage
motif. The chromosomal DNA was not rearranged.
The patient made a full recovery and seroconverted
to anti-HBs- and anti-HBe-positivity. Neither HBV nor
chromosomal DNA could be amplified from his serum at
that time.

CONCLUSION: Integration of viral DNA into chromosomal
DNA may occur rarely during acute hepatitis B and, with
clonal propagation of the integrant, might play a role in
hepatocarcinogenesis.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis B Virus (HBV), the prototype member
of the family Hepadnaviridae, belongs to the genus
Orthohepadnavirus. Compelling evidence supports a causal
role for chronic HBV infection in hepatocellular carcinoma
(HCC)™. Less certain is the pathogenesis of HBV-induced
HCC. Direct and indirect carcinogenic mechanisms have
been implicated, the latter mainly by the frequency with
which this tumor co-exists with cirrhosis™¥. Evidence for
a direct effect is provided by the development of HCC in
an otherwise normal liver (in as many as 40% or more of
black African patients”™) and by observations in a variety
of animal models. The latter include the development
of HCC in the absence of cirrhosis, both in animals that
were chronically infected with other members of the
family HepadnaviridaeM and in transgenic mice with HBV
DNA incorporated into the germlinelg]. Further support
comes from the finding of integrated hepadnaviral DNA
in cellular DNA in HCCs in animal and human hosts'"" .
The latter does not, however, prove that insertion of
viral DNA is essential for hepatocarcinogenesis. If clonal
expansion of integrated HBY DNA proves to be a pivotal
step in hepatocarcinogenesis, the timing of integration
becomes important. Because HCC typically develops
in patients chronically infected with HBYV, it has been
assumed that DNA insertion occurs at some point duting
persistent infection. Integration during the short period
of viral replication in acute hepatitis B had not been
conclusively demonstrated™"”. However, in a recent study,
integration of HBV DNA was demonstrated in 3 of 19
liver specimens from patients with acute hepatitis B, one
of whom had subacute fulminant hepatitis[lg]. Moreover,
a study in acutely infected ducks showed that insertion of
duck HBV (DHBV) DNA into host DNA may occur as
eatly as d 6 after the infection"”. HCC does not, however,
develop in ducks chronically infected with DHBV. The
time at which integration occurred was studied in the
liver tissue and a similar study could not, for obvious
ethical reasons, be performed in human beings with acute
hepatitis B.

In a previous study, primers used to amplify the
complete genome of HBV were found to amplify
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chromosomal DNA also. Taking advantage of this
phenomenon and the leakage into the bloodstream of
fragments of cellular DNA from damaged hepatocytes
during acute liver injurym’zo], we examined the serum of
patients with acute hepatitis B for integrated HBV DNA.

MATERIALS AND METHODS

Patients studied

Blood samples were drawn, with informed consent,
from six South African blacks suffering from acute
hepatitis B during the peak of the disease or shortly
thereafter. Permission to undertake this study was given
by the Human Ethics Committee of the University
of Witwatersrand. In five patients, the illness was
uncomplicated, and all recovered completely; the remaining
patient had fulminant hepatitis B and died of liver failure.
Alanine aminotransferase levels in the early stages of the
illness ranged between 799 and 4 747 TU/L. The patients
varied in age from 18 to 32 years: 3 were males and 3
females. Serum known to be HBsAg-positive and HBsAg-
negative was used as positive- and negative-extraction
controls, respectively. The sera were stored at -70 °C until
analyzed.

DNA extraction, amplification, cloning, and sequencing

Total DNA was extracted from the sera using the QIAamp
DNA Mini Kit (QIAGEN GmbH, Hilden, Germany),
according to the manufacturer’s instructions. Two
subgenomic PCRs designed to amplify the complete
genome of HBV were used and the resulting amplicons
were cloned and sequenced. A modification of the
method of Takahashi K ¢ a/”" was used, which involved
the amplification of two overlapping fragments of HBYV,
fragment A (1.35 kb) and fragment B (2.2 kb). However,
this amplification designed for amplification of viral DNA
also fortuitously, randomly recognized chromosomal
DNA, leading to the amplification of genomic DNA in
addition to HBV DNA. The sequence of the primers is
given in Table 1. The reaction mix for the amplification
consisted of 2.25 pLL 10X Ex Taq buffer with 20 mmol/
L MgClz set as subscript, 2 pL. 2.5 mmol/L dNTP mix,
1.25 pLL each of the appropriate primers (Table 1), 2.5 uL.
DNA, made up to 22.5 pl. with water (SABAX water for
injection, Adcock Ingram, Johannesburg, South Africa).

The enzyme mix was made up of 1.875 uLL water, 0.25 pL
10x Ex Taq and 0.375 pl. TaKaRa Ex Taq polymerase
[TaKaRa Biotechnology (Dalian) Co., Litd., Shiga, Japan].
The 22.5pL. reaction mix was preheated to 94 °C for 2
min and 2.25 pl. TaKaRa Ex Taq enzyme mix was added
at the first annealing step. This was followed by 40 cycles
of amplification with the cycling profile shown in Table 1.
Both HBV-positive and HBV-negative controls were
included. The latter consisted of water instead of DNA in
the PCR mixture. To avoid cross-contamination and false-
positive results, the precautions and procedures suggested
by Kwok and Higuchim] were strictly adhered to. DNA
extraction, PCR amplification, and electrophoresis were
performed in physically separated venues.

Amplicons were cloned into a pPCR-ScriptTM Amp
SK+ vector (Stratagene, La Jolla, CA, USA) according to
the protocol provided by the manufacturer. The positive
clones containing either inserts of the correct or shorter
size were prepared for direct sequencing using the BigDye
Terminator v3.0 Cycle Sequencing Ready Reaction Kit
(Applied Biosystems, Foster City, USA) and sequenced on
a 377 DNA automated sequencer (Applied Biosystems,
Inc.) using primers T3 (5-AATTAACCCTCACTAAAGG
G-3’) and T7 (5-GTAATACGACTCACTATAGGGC-3’).
All sequences were analyzed in both forward and reverse
directions.

RESULTS

In addition to yielding amplicons of the expected size,
i.e., 1.35 kb for fragment A and 2.2 kb for fragment
B, the two subgenomic PCRs designed to amplify the
complete genome of HBV gave rise to smaller amplicons
ranging in size from 100 to 750 bp. These amplicons were
successfully cloned into a pPCR—ScriptTM Amp SK" vector
(Figure 1) and a number of clones from each of the six
patients were sequenced (Table 2).

The majority of the clones contained HBV DNA
only and the detailed analysis of these sequences will be
published elsewhere. Fortuitously, the primers designed for
the amplification of viral DNA amplified Chromosomal
DNA was amplified in 5 patients using primers designed to
amplify fragment A (Table 1) and in the remaining patient
with primers designed to amplify fragment B. As shown
in Table 2, the chromosome number and the lengths

Table 1 Oligonucleotide primers and PCR cycling profiles used in the study

Fragment Primer Position’ Sequence Denaturation Annealing Extension Size’
A 455(+) 455-474 5’-CAAGGTATGTTGCCCGTTTG-3 1345
1 800(-) 1800-1773  5’-AGACCAATTTATGCCTACAGCCTCCTA-3’ 94°C30s 62°C30s 72°C90s
B 1687(+) 1687-1708  5’-CGACCGACCTTGAGGCATAC-3’
685(-) 704-685 5’-CGAACCACTGAACAAATGGC-3’ 94°C30s 63°C30s 72°C30s 2198

(+) sense (<) anti-sense. 'Denotes the nucleotide position of HBV adw genome (GenBank accession no. V00866) where the EcoRI cleavage

site is position 1°. Size of the amplicons in base pairs.
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Table 2 Summary of cloning and sequencing results

Patient details PCR Number of clones Chromosome number
fragment' and length
No. Sex Age Sequenced With vector With HBV WithHBV/ chromosomal With chromosomal
(yr’) DNA DNA only DNA DNA only
355 F 18 B 5 1 3 0 1 7 (117 bp)
8225 M 23 A 3 0 2 0 1 1 (278 bp)
B 4 0 4 0 0 -
28 M 26 A 4 0 2 0 2 4 (512 bp)
16 (140 bp)
B 4 0 4 0 0 -
4038 F 27 A 6 0 5 0 1 1(97 bp)
B 4 0 4 0 0 -
52833 F 32 A 12 2 6 0 4 4 (456 bp)
10 (235 bp)
10 (330 bp)
2 (422 bp)
B 0 4 0 0 -
0962 M 27 A 8 0 4 1 3 1 (300 bp)
14 (410 bp)
17 (410 bp)
B 5 0 5 0 0 -

'Fragment A amplified with primers 455 (+) and 1 800 (-); fragment B amplified with primers 1 687 (+) and 685 (-).”yr, years; bp, base pairs;

*Patient with fulminant hepatitis.

A 1 23 45 67 8 910 11 12 13 14 16 M

V (2.5 kb)
T (1.8 kb)

1(2.65 kb)
V (25 kb)

| —— T = TR == e

Figure 1 Ethidium bromide stained with 1% agarose gel showing pPCR-Script
Amp SK(+) plasmid containing amplicons restricted with Pvull. In panel A, the
fragments cloned were amplified with primers 455(+) and 1 800(-). Lanes 1-4, 8,
and 10 show the expected size insert of -1.8 kb for fragment A amplicon (1.3 kb)
whereas lanes 5-7, 9, and 11-16 show shorter inserts ranging in size 0.6-1.1 kb.
In panel B, the fragments cloned were amplified with primers 1 687(+) and 685(-).
Lanes 3-6 and 9 show the expected size insert of -2.65 kb for fragment B amplicon
(2.2 kb), lane 7 is vector alone and lanes 1, 2, 8-11 show shorter inserts ranging
in size 0.5-1.2 kb. M: Promega 1 kb molecular weight marker, V: vector, I: insert of
expected size (A and B).

of the fragments varied, although in three cases the
fragment amplified corresponded to the sequences from
chromosome 1.

In one patient with uncomplicated hepatitis B, HBV
DNA was found to be integrated into host chromosome
7q11.23 in the WBSCR1 gene using primers for fragment
A. WBSCR1 corresponds to the eukaryotic initiation
factor 4H identified in rabbits™" and is within the region
encompassing the elastin gene. This region is commonly
deleted in patients with Williams—Beuren syndrome,
giving rise to loss of heterozygosity”**’. The viral DNA
comprised 200 nucleotides covering the S and X genes in
opposite orientation, with an 1 169 nucleotide deletion
(Figure 2). The right virus/host junction was situated at
nucleotide 1 774 in the cohesive overlap region of the viral
genome, at a preferred topoisomerase I cleavage motif
(TAA). The left virus/host junction of the integrant was
not identified and, therefore, the length of the integrant
could not be determined. Following phylogenetic analysis
of the 175 nucleotides of the S region (nucleotides 4-630),
the sequence clustered with subgenotype Al of genotype A,
which is the predominant genotype in southern Africa®™.
When the 175 nucleotides of the insert covering the S
region were translated, starting at nucleotide 3 of the
fragment, the amino acid at position 122 was K, which
is characteristic of serotype ad. Amino acid 160, which
encodes for the w/r determinant, was not included in this
fragment and, therefore, we cannot conclusively determine
the serotype, although we can probably assume that the
determinant is w because the predominant serotype in
southern Africa is adw. The nucleotide sequence of the
chromosomal DNA (262 bp) was completely conserved
and not rearranged. The 3’ end was amplified by primer
1 800 () (Table 1). A BLAST search®™ revealed that in
addition to binding to chromosome 7, the primer 1 800 (-)
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Figure 2 Schematic representation of the HBV DNA integrant amplified from
the serum of acute hepatitis patient (#0962) using primers 455 (+) and 1 800 (-)
and cloned into pPCR-Script Amp SK (+) plasmid relative to the HBV genome.
The lower part of the figure represents the genetic organization of the four open
reading frames of HBV, preC/C: precore/core, P: polymerase gene, S: surface
gene and X: X gene. Numbering according to nucleotide position of HBV GenBank
accession no. V00866 where the EcoRI cleavage site is position 1.

(Table 1) has identical sequences on human chromosomes
2, 3,12, 13, 20, 22, and Y. The sequence of the integrated
HBV DNA and flanking the chromosomal DNA has been
deposited in GenBank (accession no. AY223548).

The patient with the integrant was a 27-year-old
Xhosa gold-mine laborer, who was previously healthy
and presented with the typical clinical features of
uncomplicated acute viral hepatitis. When he was first
tested, the tests of liver function showed a serum bilirubin
concentration of 257 pmol/L (conjugated bilirubin
228 pmol/L), alkaline phosphatase 91 IU/L, y-glutamyl
transferase 94 IU/L, alanine aminotransferase 3 238 IU/L,
aspartate aminotransferase 2 781 IU/L, and albumin 4 g/I..
HBYV surface antigen, e antigen, and IgM core antibody
were present in the serum. The patient made an uneventful
and complete recovery, with return of biochemical tests
to normal and disappearance of surface and e antigens
and the appearance of IgG core antibody and antibody
to surface and e antigens in his serum. HBV DNA could
not be detected in the serum. after he had recovered and
cloning and whole genome sequencing were not attempted
at that time.

DISCUSSION

Unlike retroviruses, in which insertion of viral DNA into
host DNA is integral to the replication cycle, integration
does not occur during normal hepadnaviral replication.
Integration of hepadnaviral DNA may, however,
take place as a result of an illegitimate recombination
mechanism mediated by cellular enzymes“z"mj. Clonally
propagated integrations have been detected in the
majority of HCCs that develop in the presence of chronic
hepadnaviral infection®"” and have been incriminated in
the hepatocarcinogenesis that often complicates persistent
infection. HBV DNA insertions are found at random sites

in human cellular DNA, although some chromosomes are
affected more often than others”. In the present study,
we detected an integrant in chromosome 7 of an acute
hepatitis B patient.

Although we cannot exclude the possibility that the
HBYV integrant amplified was the result of a PCR artefact,
there are a number of observations that argue against
this interpretation and support our conviction that this
integrant was authentic.

Firstly, the site of integration in chromosome 7q11.23
is within the WBSCR1 gene. This gene corresponds to
the eukaryotic initiation factor 4H identified in rabbits™*
and the integrant is within the region commonly deleted
in patients with Williams-Beuren syndrome, giving rise to
loss of heterozygosity[24’25]. Moreover, the WBSCR1 gene
contains a high abundance of Alu repeatsm], repetitive
elements that have been shown to be the preferred sites
for recombination and for HBV DNA insertion?,
Analogously the sites of integration in the three patients
with acute hepatitis B reported by Murakami and
coworkers"” were the intronic sequence of the tumor
necrosis factor-induced protein gene and a repetitive
sequence in the two patients with a single integrant; and
the intronic sequence of a hypothetical protein gene (LOC
169443) and a repetitive sequence in the patient with two
integrants.

Secondly, the region of HBV integrated (position
1 774-1 799 from EcoRI site) is a highly preferred site
of integration of hepadnaviral DNA, that is, close to the
11-bp direct repeat sequence DR1 (position 1 824-1 834)
and within the cohesive overlap region between DR1 and
DR2",

Thirdly, the one viral DNA/chromosomal DNA
junction in the single integrant detected in our patient with
acute hepatitis B was located at nucleotide 1 774 of the
viral genome, a highly preferred topoisomerase I cleavage
motif. Linear hepadnaviral DNA is the primary substrate
for integration"", and the circular DNA must first be
linearized before integration can take place. Insertion is
then accomplished by strand invasion of cellular DNA.
Thus, integration of viral DNA into chromosomal
DNA requires that the linear DNA be imported into the
nucleus of the infected cell™**, Wang and Roglerw
have produced experimental evidence for a key role for
the cellular enzyme topoisomerase I in the illegitimate
recombination between hepadnaviral and host DNA.
A role for this enzyme in illegitimate recombination
is supported both by the finding of highly preferred
topoisomerase I cleavage motifs in the immediate vicinity
of almost all crossover sites in mammalian DNA, and by
the observation that integrants in WHV-induced HCC
in woodchucks occurred at preferred topoisomerase
I cleavage sites™.Fourthly, the integrated HBV DNA
covered the S and X regions, the open reading frames most
commonly integrated into chromosomal DNAM,

Finally, the integrant detected in the serum of our
patient with acute hepatitis B conformed in general
to the integrants described in HCC developing in the
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presence of chronic HBV infection™. Tt contained a
long deletion (1 169 nucleotides in length), and the
viral DNA between the right end of the deletion and
the right virus/chromosome junction was inverted X
sequence (Figure 1). One or more deletions or other more
complex rearrangements are invariably found in inserted
hepadnaviral DNA!"?! indicating that specific mechanisms
for integration of functional viral DNA into chromosomal
DNA are not encoded by the virus. Simple microdeletions
are most common, probably because the single-stranded
ends of viral DNA resulting from topoisomerase I
cleavage are sensitive to cellular nucleases. The larger
deletions and complex rearrangements of the viral DNA
are generally believed to occur after the integration[37],
although WHYV with extensive rearrangements of DNA
has been described in hepatocyte nuclei in woodchucks®™
and there is some evidence in these animals that DNA
rearranged in this way may be preferentially integrated™,
Similarly, Yaginuma ez al™ observed features of HBV
integration to be common to HCC and patients with
chronic active hepatitis and an analogous integrant to the
one detected in this study has been described in a 9-year-
old child with HCC™"".

Integration of hepadnaviral DNA into host DNA is
normally rare, perhaps because recycling of viral DNA
into the nucleus is at a low level during productive
infection”. The frequency of integration of DHBYV in
experimentally infected ducklings was estimated to be one
viral genome per 103-104 cells by 6 d after the infection"”
It is not known if these recombination events occurred in
many cells or if a few cells produced many such events.
In keeping with the belief that insertion events are
uncommon, we found only a single integrant among many
clones in only one of 6 patients with acute hepatitis B. Our
finding, and that of others>', of integrated viral DNA in
carly infection is in accordance with the observation, that
importation of linear DNA into the nucleus is necessary
for insertion of viral DNA into chromosomal DNA, and
that such importation is known to occur in the phase of
cccDNA amplification during the initiation of infection®
Opportunities for viral integration beyond the early
phase of infection would require continued importation
of viral DNA into the nucleus, depend on new rounds
of infection or loss and replacement of cccDNA by cell
turnover' 7. Thus, insertion of linear forms of viral DNA
may occur preferentially during early phases of infection
or during periods of extensive hepatocyte turnover and/or
re-infection, at times when linear viral DNA is imported
into the nuclei. Integration may be enhanced during these
periods by the availability of DNA ends resulting from
DNA replication or damage[43]. Alternatively, interference
with the normal replication cycle at some stage in chronic
infection may result in the accumulation of linear forms of
DNA, and there is some evidence for defective replication
of HBV and accumulation of replicative intermediates in
patients with HBV-associated HCC™,

The clinical, biochemical, and serological features of
the acute hepatitis B in the patient with the integrant did
not differ obviously from those in the other patients with

uncomplicated disease. He made a complete clinical and
biochemical recovery, and seroconverted to anti-HBs and
IgG anti-HBc. At this stage, HBV DNA could no longer
be detected in his serum by PCR amplification and further
cloning was not attempted. Even if the integrated HBV
DNA was still present in hepatocytes, it would not be
detected in peripheral blood once healing of hepatocyte
cell membranes had taken place. Thus, persistence of the
integrated HBV DNA could only have been detected by
analysis of liver tissue, and a liver biopsy was not felt to
be justified. Although sources other than the liver for the
chromosomal DNA amplified in the peripheral blood
of the six patients with acute hepatitis B (including the
one with fulminant hepatitis) are possible (for example,
peripheral blood mononuclear cells), the finding of viral
DNA integrated into host DNA in one of the patients
favors leakage of chromosomal DNA fragments from
damaged hepatocytes during the acute liver injury.

Our finding of an integrant in a patient with acute
hepatitis B may have no significance in relation to
subsequent HCC development. Clonal expansion of an
integrant is required for tumor formation, and the finding
of a viral insertion in a tumor may simply reflect the fact
that the clonal progenitor of the tumor happened to carry
a viral integration"”. Moreover, integrants may be lost
from successive generations of cells™. Nevertheless, it
is in accordance with the observation made in ducks that
hepadnaviral DNA insertion may occur at a very early
stage of infection, and raises the possibility that in certain
circumstances early integration of HBV DNA might play
a role in HBV-induced hepatocarcinogenesis.
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