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Virological features of fulminant liver disease-causing hepatitis B virus (HBV) have not been fully eluci-
dated. We studied longitudinally the viruses obtained before and after fulminant liver disease in a patient
with chronic HBV infection showing fatal exacerbation. HBV strains were obtained before and after exac-
erbation (designated as FEP1 and FEP2). Their virological features were investigated by in vitro transfec-
tion. FEP1 and FEP2 possessed higher activity of overall HBV DNA synthesis than the wild-type. FEP1
lacked competence for relaxed circular (RC) HBV DNA synthesis and RC HBV DNA-containing virion secre-
tion, but FEP2 maintained it. Chimeric analysis revealed that the preS/S gene, where FEP1 had a consid-
erable number of mutations and deletions but FEP2 did not, was responsible for impaired RC HBV DNA
synthesis and virion secretion. Furthermore, incompetence of FEP1 strain was transcomplemented by
the preS/S protein of wild-type strain. In conclusion, the viral strain after exacerbation showed resurgent
RC HBV DNA synthesis and virion secretion, which was caused by conversion of the preS/S gene from a
hypermutated to hypomutated state. This may have been responsible for disease deterioration in the
patient. This is a novel type of HBV genomic variation associated with the development of fulminant liver

disease.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Type B fulminant hepatitis develops in approximately 1% of
patients with acute hepatitis B virus (HBV) infection and results
in a high rate of mortality [1]. Serious disease exacerbation like
fulminant hepatitis can also occur during chronic HBV infection.
The virological characteristics of fulminant hepatitis-causing
HBV strains have been widely studied. An A1896 mutation in
the precore gene, and T1762/A1764 and V1753/V1754 mutations
(V=not T) in the core promoter have been shown to be detected
more frequently in fulminant hepatitis-related strains than in
non-fulminant hepatitis-related ones [2-4], although these viral
mutations do not completely account for the pathogenesis of ful-
minant hepatitis. A few investigators have conducted detailed
studies on the strain-specific virological feature of an individual
fulminant hepatitis-causing HBV strain in comparison with the
representative wild-type HBV strain [5-8]. Baumert et al. [5,6] re-
ported that a fulminant hepatitis-causing HBV strain with rare
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types of mutations in the core promoter showed a robust increase
of viral encapsidation and strong induction of cellular apoptosis.
Pult et al. [7] also revealed that the strain isolated from a patient
with heart transplantation-associated fulminant hepatitis had the
11-bp insertion in the core promoter and revealed the elevated
viral transcription via generation of a novel binding site of hepa-
tocyte nuclear factor 1. In addition, Kalinina et al. [8] reported
that the strain derived from a fulminant hepatitis patient after li-
ver transplantation was secretion-defective due to several muta-
tions in the surface (S) gene. According to these observations, in
fulminant hepatitis-causing HBV strains, both frequent mutations
and strain-specific viral genomic variations may contribute to the
development of the disease. However, there have been no longi-
tudinal virological studies of HBV strains obtained before and
after the onset of fulminant liver disease in chronic HBV carriers
showing serious disease exacerbation such as fulminant hepatitis.
Such investigations may lead to better understanding of the role
of viral genomic changes on the pathogenesis of HBV-related ful-
minant liver disease.

HBV is a double-stranded circular DNA virus approximately
3.2 kb long and has four open reading frames, preS/S, precore/core,


http://dx.doi.org/10.1016/j.bbrc.2010.02.114
mailto:hayashin@gh.med.osaka-u.ac.jp
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc

88 K. Ohkawa et al./Biochemical and Biophysical Research Communications 394 (2010) 87-93

polymerase and X genes. HBV replicates its genome via reverse
transcription of pregenome RNA. Reverse transcription conducted
by viral polymerase takes place after encapsidation of pregenome
RNA, resulting in minus-strand DNA synthesis. The RNA template
is simultaneously degraded by RNaseH activity, and single-
stranded (SS) HBV DNA is constructed. Subsequently, viral poly-
merase mediates production of plus-strand DNA from minus-
strand DNA. In this process, appropriate template switches for pri-
mer translocation and circularization lead to the formation of re-
laxed circular (RC) HBV DNA, whereas the extension in situ
without template switches results in the formation of duplex linear
(DL) HBV DNA [9-11]. The virion containing RC viral DNA has been
shown to be more infectious than those containing DL viral DNA in
duck hepatitis B virus (DHBV) [12].

In this study, we examined an elderly patient with chronic HBV
infection showing fatal exacerbation accompanied by an increase
in the viral replicative level. The viruses obtained before and after
exacerbation were longitudinally studied. The virus before exacer-
bation lacked competence for RC HBV DNA synthesis and virion
secretion, but the virus after exacerbation had recovered it. Resur-
gent RC HBV DNA synthesis and virion secretion as the prime
causes of disease deterioration originated in conversion of the
preS/S gene from a hypermutated to a hypomutated state. This is
a novel type of the HBV genomic variation associated with the
development of HBV-related fulminant liver disease.

2. Materials and methods
2.1. Case presentation

The patient described in this study was a 83-year-old Japanese
male with type B chronic hepatitis. At the initial phase, he was free
of symptoms. His alanine aminotransferase (ALT) fluctuated over a
range of 50-160 IU/l. Hepatitis B surface antigen (HBsAg) was
weakly positive (2° according to reversed passive hemagglutina-
tion assay), and HBV DNA was below the detection limit based
on the slot-blot hybridization assay on day 29. However, after 1
year, he suddenly became fatigued and anorexic. ALT rose to

7291U/1 accompanied by an increase of HBsAg titer (>2'2) and
the detectable level of HBV DNA on day 374. He was hospitalized
due to diagnosis of acute exacerbation of chronic HBV infection.
After hospitalization, ALT declined to 150-250 IU/I, but HBV DNA
continued to be detectable. The total bilirubin reached up to
5.0 mg/dl on day 418 and increased thereafter. On day 508, he died
of hepatic failure despite intensive treatment. Liver histology at au-
topsy showed features of massive liver necrosis superimposed on
chronic non-cirrhotic liver disease. During follow-up, he tested
negative for both hepatitis B e antigen (HBeAg) and antibody to
HBeAg by radioimmunoassay. Antibody to HBsAg was also nega-
tive according to passive hemagglutination assay. The clinical
course of the patient is summarized in Fig. 1. Informed consent
was obtained from his family members. Serum samples collected
on day 29 (1 year before exacerbation, designated as P1) and day
407 (after exacerbation, designated as P2) were stored at —80 °C
and used for this study. HBV DNA levels as measured by the PCR-
based assay (Amplicor HB Monitor, Roche Diagnostics) using
stored sera at P1 and P2 were 10> and 108 copies/ml.

2.2. PCR, sequencing and subcloning

To obtain the full-length HBV DNA strains before and after exac-
erbation, PCR reaction was carried out using stored sera at P1 and
P2. After DNA extraction, the DNA was amplified for 35 cycles
using Taq/Pwo DNA polymerase (Roche Diagnostics) according to
the method described by Giinther et al. [13]. The primers were
BF1 (5-CCGGAAAGCTTGAGCTCTTCTTTTTCACCTCTGCCTAATCA-3/,
nt 1821-1841) and BR1 (5'-CCGGAAAGCTTGAGCTCTTCAAAAAG
TTGCATGGTGCTGG-3’, nt 1825-1806), both of which had a Sapl
recognition site at the 5’ end. After brief incubation with Taq poly-
merase to create A overhang, the PCR product was cloned into the
plasmid pCR-TOPO4 (Invitrogen). To avoid misreading in the PCR
reaction, nucleotide sequences of six independent full-length
HBV DNA clones were determined. Nucleotides that were detected
in only one clone at the corresponding nucleotide position were
excluded. If necessary, the interchange in the portion of HBV
DNA using plural number of clones, or site-directed mutagenesis,

HBV DNA (PCR) , .54 86
(copies/ml) 19 e
1 P2
* 729 *
5 300 A
: 200 A1
<
100 1
0
HBsAg 25 5212 5p12 iz 4otz
F‘B\;’E]NS\ 2+ 33+ 3+ 2+
Slot-DIO
)_27.7
I212
= Tas6
'_g 12.2
£35 °
o9 6
=R
=~ 3
5]
oo
0 100 200 300 400 500
Days

Fig. 1. Clinical course of a patient with type B chronic hepatitis showing fatal exacerbation.
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was conducted. Finally, the HBV strains, FEP1 and FEP2 (GenBank
Accession Nos. AB485809 and AB485810), were obtained as pre-
dominant viruses at P1 and P2. These two HBV strains were sub-
jected to phylogenetic tree analysis along with representative
HBV strains of various genotypes.

2.3. Plasmid constructs

Plasmid pHBC had 1.2 times the genomic length of HBV DNA
and expressed the wild-type genotype C HBV strain adr4 (GenBank
Accession No. X01587) [14]. As for the HBV strains FEP1 and FEP2,
the full-length HBV DNA fragment was removed from the pCR-
TOPO4 by Sapl digestion, followed by synthesis of circular dou-
ble-stranded HBV DNA by T4 ligase treatment. Based on this, the
HBV-expressing plasmids pFEP1 and pFEP2, which carried the
1.2-fold HBV genome, were constructed. pFEch1 and pFEch2, made

by swapping the BstEIl/BstBI fragment between pFEP1 and pFEP2,
expressed the chimeric HBV strains FEch1 and FEch2. For trans-
complementation analysis, another plasmid pHBV1.5, which ex-
pressed wild-type genotype A HBV strain adw2 (GenBank
Accession No. X02763) [15], was used. pHBV1.5Apol and
pHBV1.5AS lacked production of the polymerase protein and all
surface proteins, respectively, due to insertion of the in-frame stop
codon. pCMV-SEAP expressed a secreted alkaline phosphatase.

2.4. Examination for mixed viral population

To examine the mixed viral population in the preS/S gene, PCR-
subcloning analysis was performed. The DNA fragment encom-
passing the whole preS2/S gene was amplified by PCR using the
primers BF5 (5-AAGAGACAGTCATCCTCAGG-3' nt 3183-3202)
and BR7 (5'-GGGTTCAAATGTATACCCAA-3/, nt 839-820). The PCR
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Fig. 2. Viral transcription, replication, virion secretion and antigen production of FEP1 and FEP2, and their chimeric constructs in transfected cells. (A) HBV transcripts in
transfected cells examined by Northern blot analysis. The lower panel indicates ethidium bromide staining as a loading control. (B) A scheme of chimeric HBV strains, FEch1
and FEch2. (C) Intracellular progeny HBV DNA in transfected cells examined by Southern blot analysis. (D) Extracellular progeny HBV DNA in transfected cells examined by
Southern blot analysis. (E) Secreted HBsAg in the culture supernatant of transfected cells. Data were expressed as IU/ml. (F) Secreted HBeAg in the culture supernatant of
transfected cells. Data were expressed as the ratio of optical density of the sample to the cut-off value (S/CO). SS, single-stranded HBV DNA; DL, duplex linear HBV DNA; RC,
relaxed circular HBV DNA.
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product was cloned into the plasmid pCR-TOPO4, and inserted HBV
DNA sequences of independent clones were determined. As an-
other examination of the mixed viral population, PCR was done
to obtain the short HBV DNA fragment including the preS2 deletion
site using the primers BF-11 (5-AAGAGACAGTCATCCTCAGG-3’, nt
3183-3202) and BR-11 (5'-AACTGGAGCCACCAGCAGGA-3', nt 74~
55). Next, the product was electrophoresed on polyacrylamide
gel. In this assay, the various ratios of the mixture of plasmids
pFEP1 and pFEP2 were used as templates of the PCR reaction. Con-
sequently, a minor population of the virus could be detected if it
was present at approximately one-tenth of the total population.

2.5. Transfection study

Huh7 cells (7 x 10° cells) were seeded on a 60-mm-diameter
culture dish and transfected with 2 pg of various HBV-expressing
plasmids and 0.1 pg of pCMV-SEAP using the FuGENEG reagent
(Roche Diagnostics). In transcomplementation analysis, 1 pg of
pFEP1 was cotransfected with 1 pg of pHBV1.5Apol, pHBV1.5AS
or pBluescriptlISK* (mock). The cellular nucleic acid and culture
supernatant were collected on day 5 after transfection. The alkaline
phosphatase activity in the culture supernatant was measured to
evaluate transfection efficiency.

For Northern blot analysis to detect HBV transcripts, the total
RNA was extracted using an TRIzol reagent (Invitrogen), followed
by RNase-free DNasel treatment, phenol/chloroform extraction
and ethanol precipitation. The sample was then electrophoresed
in a formaldehyde-agarose denaturing gel, transferred onto a ny-
lon membrane, hybridized with alkaline phosphatase-labeled
HBV DNA probe and detected with the chemiluminescent sub-
strate CDP-star (GE Healthcare Life Sciences). Southern blot analy-
ses to detect intracellular and extracellular progeny HBV DNAs
were carried out as described elsewhere [16]. Secreted HBsAg
and HBeAg in the culture supernatant were measured by chemilu-
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minescent immunoassay. All transfection experiments were done
at least three times, and the representative results are shown.

3. Results

3.1. Differences in viral sequences between FEP1 and FEP2 strains
were most prominent in the preS/S gene

The HBV strains FEP1 and FEP2, obtained before and after fatal
exacerbation of the patient with chronic HBV infection, were clas-
sified as genotype C2, the most prevalent genotype in Japan,
according to the phylogenetic tree analysis (data not shown).
FEP1 and FEP2 had sequence divergences of 3.1% and 2.8% from
the representative wild-type genotype C2 HBV strain adr4 [14]
and differed by 0.8% from each other. Amino acid substitutions in
the preS/S, precore/core, X and polymerase gene in adr4, FEP1
and FEP2 strains are shown in the Supplementary Tables 1 and 2.
FEP1 had 20 amino acid substitutions in the preS/S gene, 6 in the
precore/core gene, 5 in the X gene and 34 in the polymerase gene,
whereas FEP2 had 10 in the preS/S gene, 7 in the precore/core gene,
5 in the X gene and 30 in the polymerase gene compared with adr4.
As for comparison between FEP1 and FEP2, substitutions were
noted at 15 amino acid residues in the preS/S gene, one in the pre-
core/core gene, none in the X gene and 14 in the polymerase gene.
In addition, FEP1, but not FEP2, had a 12-bp deletion in the preS2
gene, a 9-bp deletion in the S gene, and the in-frame stop codon
in the distal S gene, which caused truncation of preS/S and poly-
merase proteins. As for other peculiarities of the FEP1 and FEP2
strains, both had the A1896, T1762/A1764 and C1753 mutations,
which have been shown to be frequently detected in fulminant
hepatitis [2-4], and disruption of the start codon of the preS2 gene,
which has been reported to be commonly found in chronic HBV
infection [17]. Thus, FEP1 and FEP2 strains differed considerably
in nucleotide sequences from the wild-type adr4 strain. Further-
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Fig. 3. Mixed viral population in the preS/S gene in a patient with type B chronic hepatitis showing fatal exacerbation. (A) A scheme of the result of PCR-subcloning analysis.
The HBV fragment encompassing the whole preS2/S gene was amplified by PCR and subcloned. Next, the independent clones were used for sequencing analysis. A total of 20
and 12 independent clones derived from serum samples P1 and P2 were examined. (B) A representative result of PCR amplification of short HBV DNA fragment including the
preS2 deletion site. The product derived from HBV DNA without the deletion was 109 bp long, whereas that derived from HBV DNA with the deletion was 95 bp long.
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more, the differences between FEP1 and FEP2 in the sequences
were the most prominent in the preS/S gene.

3.2. FEP1 lacked competence for RC HBV DNA synthesis and RC HBV
DNA-containing virion secretion but FEP2 possessed it

Next, we investigated viral transcription, DNA synthesis, virion
secretion and antigen production in the wild-type adr4 strain, and
the patient-derived FEP1 and FEP2 strains using in vitro transfec-
tion analysis. The levels of HBV transcripts did not differ among
the three strains (Fig. 2A). When the levels of intracellular and
extracellular progeny HBV DNAs were compared (Fig. 2C and D),
both FEP1 and FEP2 revealed more synthetic activity of HBV DNA
than adr4 in the intracellular HBV DNA assay, but the differences
in the levels of extracellular HBV DNA among adr4, FEP1 and
FEP2 were modest. According to these findings, FEP1 and FEP2
strains may possess increased activity of viral encapsidation and/
or minus-strand DNA synthesis compared with adr4, whereas
wild-type adr4 strain may be superior to FEP1 and FEP2 in the effi-
cient virion secretion. When the differences between FEP1 and
FEP2 were examined with respect to the intracellular and extracel-
lular HBV DNA assays, RC HBV DNA synthesis and RC HBV DNA-
containing virion secretion were seriously impaired in FEP1, com-
pared with FEP2 (Fig. 2C and D). Regarding the levels of secreted
HBsAg and HBeAg, HBsAg was not detected in FEP1 but detectable
in adr4 and FEP2 (Fig. 2E). Both FEP1 and FEP2 could not synthesize
HBeAg (Fig. 2F), because they harbored the precore-defective
A1896 mutation.

3.3. Inability of RC HBV DNA synthesis and of RC HBV DNA-containing
virion secretion in FEP1 were responsible for the preS/S gene

The most remarkable difference in the viral genome between
FEP1 and FEP2 was observed in the preS/S gene. Therefore, chime-
ric HBV strains, FEch1 and FEch2, constructed by swapping the en-
tire preS/S region between FEP1 and FEP2 (Fig. 2B), were examined.
As shown in Fig. 2C and D, RC HBV DNA synthesis and RC HBV
DNA-containing virion secretion were seen in FEch1 but had been
prevented in FEch2. Also, HBsAg was detected in FEch1 but not in
FEch2 (Fig. 2E). Both FEch1 and FEch2 did not produce HBeAg

(Fig. 2F). Thus, incompetence of RC HBV DNA synthesis and of vir-
ion secretion in FEP1 were responsible for the preS/S gene.

3.4. Wild-type-like HBV strain coexisted with FEP1 strain

We further examined the detailed viral population at P1 and P2.
PCR-subcloning assay was done for the preS2/S gene, which
showed the regions with the most differences in sequences be-
tween FEP1 and FEP2 (Fig. 3A). Thirteen of 20 clones derived from
P1 had the two short deletions in the preS2 and S genes, the in-
frame stop codon in the distal S gene and disruption of the preS2
start codon, as was the case for FEP1 strain. Five clones possessed
only the deletion in the preS2 gene and disruption of the preS2
start codon. The remaining two clones had none of these mutations
and deletions and were similar to the wild-type strain. As for
clones derived from P2, 11 of the 12 clones showed disruption of
the preS2 start codon, whereas the remaining one clone did not.
In PCR analysis for the short region containing the preS2 deletion
site (Fig. 3B), the virus with preS2 deletion was predominant, but
approximately one-tenth of the virus without deletion was also de-
tected at P1. Only the virus without the deletion was seen at P2.
According to these observations, the wild-type-like HBV strain
with minimal viral genomic variations in the preS/S gene coexisted
as a minor population at P1.

3.5. RC HBV DNA synthesis and virion secretion were
transcomplemented by the preS/S protein

Finally, we investigated whether the wild-type-like virus coex-
isting as a minor population can complement the inability of RC
HBV DNA synthesis and virion secretion in FEP1 strain in trans.
As shown in Fig. 4A, transfection with pHBV1.5 yielded synthesis
of RC, DL and SS HBV DNAs, whereas transfection with pHBV1.5AS
resulted in less amounts of RC HBV DNA than that with pHBV1.5.
Transfection with pHBV1.5Apol showed complete absence of
HBV DNA synthesis. As for transcomplementation analysis
(Fig. 4B and C), cotransfection of pHBV1.5Apol with pFEP1 did
not augment RC HBV DNA synthesis in the intracellular HBV DNA
assay, but led to enhanced secretion of RC HBV DNA-containing
virion in the extracellular HBV DNA assay. By contrast, cotransfec-
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Fig. 4. Transcomplementation of insufficient viral secretion in FEP1 strain by HBV-expressing constructs, pHBV1.5Apol and pHBV1.5AS. (A) Intracellular progeny HBV DNA in
cells transfected with pHBV1.5, pHBV1.5Apol and pHBV1.5AS by Southern blot analysis. (B) Intracellular progeny HBV DNA in cells cotransfected of pFEP1 with mock,
pHBV1.5Apol and pHBV1.5AS by Southern blot analysis. (C) Extracellular progeny HBV DNA in cells cotransfected of pFEP1 with mock, pHBV1.5Apol and pHBV1.5AS by
Southern blot analysis. SS, single-stranded HBV DNA; DL, duplex linear HBV DNA; RC, relaxed circular HBV DNA.
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tion of pHBV1.5AS with pFEP1 could not compensate for the
inability of RC HBV DNA synthesis and virion secretion. These re-
sults suggest that insufficiency of RC HBV DNA synthesis and virion
secretion in FEP1 may be transcomplemented not by the polymer-
ase protein but by the preS/S protein of the wild-type-like HBV
strain.

4. Discussion

The present study describes a patient with type B chronic hep-
atitis who showed fatal exacerbation accompanied by more than
103-fold increment of viral replicative activity. The predominant
HBV strains FEP1 and FEP2, obtained before and after exacerbation,
were investigated to clarify what viral genomic alterations trig-
gered disease deterioration. FEP1 and FEP2 possessed considerably
different nucleotide sequences including A1896, T1762/A1764 and
C1753 mutations, that have been reported to be frequently de-
tected in the fulminant hepatitis-related HBV strain, compared
with the wild-type strain [2-4]. Not only FEP2 and but also FEP1
revealed more overall synthetic activity of HBV DNA than the
wild-type strain. Thus, both FEP1 and FEP2 were potent highly-
replicative strains. As for the most significant difference between
FEP1 and FEP2, FEP1 lacked competence for RC HBV DNA synthesis
and RC HBV DNA-containing virion secretion, whereas FEP2 main-
tained it. Because of the difference in the virological feature be-
tween them, FEP1 was not very pathogenic, but FEP2 became a
highly virulent strain. These results indicate that resurgent RC
HBV DNA synthesis and virion secretion may lead to the onset of
fulminant liver disease in this patient.

Chimeric analysis revealed that the preS/S gene, where FEP1
had a considerable number of mutations and deletions but FEP2
did not, accounted for the difference in the ability of RC HBV
DNA synthesis and virion secretion between FEP1 and FEP2. In
addition, insufficient RC HBV DNA synthesis and virion secretion
in FEP1 were transcomplemented not by the polymerase protein
but by the preS/S protein of the wild-type virus. Although muta-
tions and deletions in the preS/S gene observed in FEP1 certainly
affect the properties of both preS/S and polymerase proteins, dis-
ability of the preS/S protein rather than the polymerase protein
may be responsible for the inability of RC HBV DNA synthesis
and virion secretion in FEP1. By contrast, FEP2 may produce the
competent preS/S protein to accomplish RC HBV DNA synthesis
and virion secretion because of fewer mutations in the preS/S gene.
Taken together, conversion from a hypermutated to a hypomutat-
ed state in the preS/S gene may have been the strain-specific viral
genomic change serving as the primitive cause of lethal disease
deterioration in our patient.

Examination for viral population showed that the wild-type-
like strain carrying no mutations in the preS/S gene coexisted as
a minor population with the predominant strain epitomized by
FEP1 before exacerbation. Transcomplementation analysis also re-
vealed that the wild-type-like HBV strain may function as a helper
virus that compensates for impaired synthesis of RC HBV DNA and
virion secretion in FEP1 strain. This may be a reason why the pa-
tient already had a certain degree of viral replication and chronic
liver inflammation before exacerbation.

A few investigators reported secretion-defective HBV strains
with the mutations in the S gene derived from patients with ful-
minant hepatitis and those with chronic HBV infection [8,18].
Regarding the former strain, the secretion-defective strain was iso-
lated after the onset of fulminant hepatitis, suggesting the patho-
genic importance of the deficiency in the viral antigen secretion
itself [8]. This does not agree with our findings because the virus
lacking the ability of RC HBV DNA-containing virion secretion
was not very pathogenic, but the virus having it triggered fulmin-
ant liver disease in our study. Further work should be done to clar-

ify the involvement of the secretion-defective HBV in various
clinical manifestations.

In the process of plus-strand DNA synthesis, the presence or ab-
sence of template switches for primer translocation and circular-
ization determines the preference for RC HBV DNA synthesis.
Appropriate template switches and subsequent RC HBV DNA syn-
thesis require donor and acceptor sites for template switches and
several other cis-acting sequences [10,11]. FEP1 is, to our knowl-
edge, the first naturally-occurring HBV strain displaying incompe-
tence of RC HBV DNA synthesis and virion secretion. Such
incompetence in FEP1 was compensated not by the polymerase
protein but by the preS/S protein of the wild-type HBV. This lets
us hypothesize that the preS/S protein may play a pivotal role in
the secretion of RC HBV DNA-containing virus and possibly, the
synthesis of RC HBV DNA. The preS/S protein, as well as the poly-
merase protein and cis-acting sequences within the viral genome,
may be an important component for efficient RC HBV DNA forma-
tion. The hypothesis is also supported by our other finding that the
synthetic activity of RC HBV DNA was lower in cells transfected
with pHBV1.5AS than in those transfected with pHBV1.5.

In summary, we identified a novel type of the viral genomic var-
iation associated with the development of fulminant liver disease
in the longitudinal virological study of a type B chronic hepatitis
patient showing fatal exacerbation. The virus before exacerbation
revealed insufficiency of RC HBV DNA synthesis and virion secre-
tion, but the virus after exacerbation had the ability for both. The
change in the virological character was based on conversion from
a hypermutated to a hypomutated status in the preS/S gene, which
may be the main cause for disease deterioration in the patient. Our
findings offer a new insight into the pathogenesis of HBV-related
fulminant liver disease.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bbrc.2010.02.114.

References

[1] W.M. Lee, Acute liver failure, N. Engl. ]. Med. 329 (1993) 1862-1872.

[2] M. Omata, T. Ehata, O. Yokosuka, K. Hosoda, M. Ohto, Mutations in the precore
region of hepatitis B virus DNA in patients with fulminant and severe hepatitis,
N. Engl. ]. Med. 324 (1991) 1699-1704.

[3] S. Sato, K. Suzuki, Y. Akahane, K. Akamatsu, K. Akiyama, K. Yunomura, F. Tsuda,
T. Tanaka, H. Okamoto, Y. Miyakawa, M. Mayumi, Hepatitis B virus strains with
mutations in the core promoter in patients with fulminant hepatitis, Ann.
Intern. Med. 122 (1995) 241-248.

[4] T. Imamura, O. Yokosuka, T. Kurihara, T. Kanda, K. Fukai, F. Imazeki, H. Saisho,
Distribution of hepatitis B viral genotypes and mutations in the core promoter
and precore regions in acute forms of liver disease in patients from Chiba,
Japan. Gut 52 (2003) 1630-1637.

[5] T.F. Baumert, S.A. Rogers, K. Hasegawa, T.J. Liang, Two core promoter mutations
identified in a hepatitis B virus strain associated with fulminant hepatitis
result in enhanced viral replication, J. Clin. Invest. 98 (1996) 2268-2276.

[6] T.F. Baumert, C. Yang, P. Schiirmann, J. Kéck, C. Ziegler, C. Griillich, M. Nassal,
TJ. Liang, H.E. Blum, F. von Weizsacker, Hepatitis B virus mutations associated
with fulminant hepatitis induce apoptosis in primary Tupaia hepatocytes,
Hepatology 41 (2005) 247-256.

[7] L Pult, T. Chouard, S. Wieland, R. Klemenz, M. Yaniv, H.E. Blum, A hepatitis B
virus mutant with a new hepatocyte nuclear factor 1 binding site emerging in
transplant-transmitted fulminant hepatitis B, Hepatology 25 (1997) 1507-
1515.

[8] T. Kalinina, A. Riu, L. Fischer, H. Will, M. Sterneck, A dominant hepatitis B virus
population defective in virus secretion because of several S-gene mutations
from a patient with fulminant hepatitis, Hepatology 34 (2001) 385-394.

[9] D. Ganem, A.M. Prince, Hepatitis B virus infection, natural history and clinical
consequences, N. Engl. J. Med. 350 (2004) 1118-1129.

[10] N. Liu, L. Ji, M.L. Maguire, D.D. Loeb, Cis-Acting sequences that contribute to
the synthesis of relaxed-circular DNA of human hepatitis B virus, J. Virol. 78
(2004) 642-649.

[11] E.B. Lewellyn, D.D. Loeb, Base pairing between cis-acting sequences
contributes to template switching during plus-strand DNA synthesis in
human hepatitis B virus, ]. Virol. 81 (2007) 6207-6215.


http://dx.doi.org/10.1016/j.bbrc.2010.02.114

K. Ohkawa et al. /Biochemical and Biophysical Research Communications 394 (2010) 87-93 93

[12] W. Yang, J. Summers, Infection of ducklings with virus particles containing
linear double-stranded duck hepatitis B virus DNA: Illegitimate replication and
reversion, J. Virol. 72 (1998) 8710-8717.

[13] S. Giinther, B.C. Li, S. Miska, D.H. Kruger, H. Meisel, H. Will, A novel method for
efficient amplification of whole hepatitis B virus genomes permits rapid
functional analysis and reveals deletion mutants in immunosuppressed
patients, . Virol. 69 (1995) 5437-5444.

[14] A. Fujiyama, A. Miyanohara, C. Nozaki, T. Yoneyama, N. Ohtomo, K. Matsubara,
Cloning and structural analyses of hepatitis B virus DNAs, subtype adr, Nucleic
Acids Res. 11 (1983) 4601-4610.

[15] V. Bruss, D. Ganem, The role of envelope proteins in hepatitis B virus assembly,
Proc. Natl. Acad. Sci. USA 88 (1991) 1059-1063.

[16] K. Ohkawa, T. Takehara, M. Kato, M. Deguchi, M. Kagita, H. Hikita, A. Sasakawa,
K. Kohga, A. Uemura, R. Sakamori, S. Yamaguchi, T. Miyagi, H. Ishida, T.
Tatsumi, N. Hayashi, Supportive role played by precore and preS2 genomic
changes in the establishment of lamivudine-resistant hepatitis B virus, J.
Infect. Dis. 198 (2008) 1150-1158.

[17] G.Raimondo, L. Costantino, G. Caccamo, T. Pollicino, G. Squadrito, I. Cacciola, S.
Brancatelli, Non-sequencing molecular approaches to identify preS2-defective
hepatitis B virus variants proved to be associated with severe liver diseases, J.
Hepatol. 40 (2004) 515-519.

[18] N. Khan, M. Guarnieri, S.H. Ahn, ]. Li, Y. Zhou, G. Bang, K.H. Kim, J.R. Wands, S.
Tong, Modulation of hepatitis B virus secretion by naturally occurring
mutations in the S gene, ]. Virol. 78 (2004) 3262-3270.



	Fatal exacerbation of type B chronic hepatitis triggered by changes in relaxed circular viral DNA synthesis and virion secretion
	Introduction
	Materials and methods
	Case presentation
	PCR, sequencing and subcloning
	Plasmid constructs
	Examination for mixed viral population
	Transfection study

	Results
	Differences in viral sequences between FEP1 and FEP2 strains were most prominent in the preS/S gene
	FEP1 lacked competence for RC HBV DNA synthesis and RC HBV DNA-containing virion secretion but FEP2 possessed it
	Inability of RC HBV DNA synthesis and of RC HBV DNA-containing virion secretion in FEP1 were responsible for the preS/S gene
	Wild-type-like HBV strain coexisted with FEP1 strain
	RC HBV DNA synthesis and virion secretion were transcomplemented by the preS/S protein

	Discussion
	Supplementary data
	References


