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G to A Hypermutation of Hepatitis B Virus

Chiemi Noguchi,'? Hiromi Ishino,' Masataka Tsuge,' Yoshifumi Fujimoto,’ Michio Imamura,'* Shoichi Takahashi,"*

and Kazuaki Chayama'*?

G to A hypermutation of the human immunodeficiency virus type 1 (HIV- 1) is induced by
a deaminase APOBEC3G and is related to host antiviral defense. APOBEC3G has also been
found to reduce the replication of HIV-1 by an unknown mechanism. This enzyme also
reduces the production of hepatitis B virus, although the mechanism for this action has not
been clearly elucidated. The hypermutated hepatitis B virus (HBV) is rarely found in usual
sequencing analyses. Using peptide nucleic acid mediated by polymerase chain reaction
clamping, we detected the hypermutated HBV DNA in 1 of 8 patients with acute HBY
infection and 4 of 10 with chronic HBV infection. In the latter group, hypermutated ge-
nomes were found only in eAb-positive patients. As much as 72.5% of G residues were
mutated in the hypermutated clones. G to A substitutions were predominant in almost all
clones sequenced compared with other substitutions. G to A mutated viral genomes also were
found in HepG2—derived cell lines that continuously produced HBV into the supernatant.
Both alpha and gamma interferon reduced virus production in these cell lines, but they did
not alter the frequency of the hypermutation. Transcripts of APOBEC3G, as well as some
other deaminases, were found in these cell lines. In conclusion, our results show that part of
the minus strand DNA of HBV is hypermutated both in vitre (HepG2 cell lines) and in vivo.
The role and mechanism of hypermutation in reducing HBV replication should be further

investigated to understand the anti-HBV defense system. (HEPATOLOGY 2005;41:626-633.)

epatitis B virus (HBV) is a small enveloped

DNA virus that replicates in hepatocytes in a

noncytolytic manner. Chronic infection with
the virus often leads to chronic hepatitis and liver cirtho-
sis. Hepatocellular carcinoma arises in chronic carriers at a
higher frequency than noninfected individuals.’

Abbreviations: HBV, bepatitis B virus; HI V-1, human immunodeficiency virus
type 1; APOBEC3G, apolipoprotein B mRNA-editing enzyme, catalytic polypcp-
tide-like 3G; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B early antigen;
PCR, polymerase chain reaction; PNA, peptide nucleic acid,
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The replication cycle of the HBV includes pregenome
RNA synthesis and reverse transcription, resulting in the
production of the minus strand DNA, which serves as a
template of the plus strand DNA.S The life cycle of this
virus resembles that of the human immunodeficiency vi-
rus 1 (FIIV-1), which also replicates through reverse tran-
scription.©

Recent reports showed that a cytosine deaminase
APOBEC3G (apolipoprotein B mRNA-editing en-
zyme, catalytic polypeptide-like 3G), which is pack-
aged in HIV-1 virions, induces G to A hypermutation
to a nascent reverse transcript of HIV-1, which con-
tributes in part to the innate antiviral activity.”!¢ The
antiviral activity of APOBEC3G is species specific!!!2
and may represent the different actions of the pro-
tein, 1314 The virion infectivity factor encoded by len-
rivirus genomes associates with APOBEC3G to
prevent the enzyme from being packaged into virions
and criggers its proteasomal degradation.!>'® The neg-
ative serand DNA of the HBV might be a target of such
antiviral deaminase activity. In fact, naturally occur-
ring HBV genomes bearing the hallmarks of retroviral
G to A hypermutation have been reported in clones
obtained from 2 HBV carriers.'® Both of these clones
represented subgenomes arising from reverse transcrip-
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tion of packaged spliced mRNA. However, such hyper-
mutated genomes have otherwise never been reported,
nor deposited in DNA databases. Moreover, whether
such hypermutated sequences are generared in liver
cells or in leukocytes is unknown.

Inhibition of HBV replication by APOBEC3G was
observed recently in a transient transfection system.?
However, no induction of hypermutations to the HBV
genome was observed. Instead, prevention of pre-genome
RNA packaging was observed.

The aims of the current study were to determine the
frequency of viral genomes with G to A substitutions in
HBYV cartiers and patients with acute HBV infection, and
to determine whether the hypermutated sequences are
generated in hepatic cell lines, We identified such hyper-
mutated viral genomes in 5 of 18 HBV carriers and pa-
tients with acute HBV infection and the expression of
known deaminases that are potentially responsible for the
hypermutation in cultured hepatoma cell lines.

Materials and Methods

Sernm Samples. Serum samples from 18 adult Japa-
nese patients with HBV infection were studied. At the
time of the study, 8 of these patients had acute HBV
infection and tested positive for immunoglobulin M anti—
hepatitis B core antibody. The remaining 10 patients were
chronic carriers. All serum samples were stored at —80°C
until examined. All patients were negative for serum
markers of both hepatitis C virus and HIV-1 infection,
and none was on antviral treatment,

Serological Markers of HBYV Infection. Hepatitis B
surface antigen (HBsAg) was detected by enzyme immu-
noassay (Roche Diagnostics, Basel, Swirzerland), and
hepatids B early antigen (HBeAg) as well as anti-HBe
were detected by radioimmunoassay (Abbott Diagnostics,
Abbort Park, IL). HBV DNA was determined by tran-
scription-mediated amplification and hybridization-pro-
tection assay (Chugal Diagnostics, Tokyo, Japan), and
the results were expressed as log genome equivalents per
milliliter. The lower detection limit of this assay is 3.7 log
genome equivalents/mL (equivalent to 5,000 copies/mL).
The antibody against hepatitis C virus was tested for by
the third-generation enzyme immunoassay (Roche Diag-
nostics).

Analysis of HBV DNA in Cell Lines That Stably
Produce HBV. Two cell lines known to produce wild-
type HBV and one cell line known to produce lamivu-
dine-resistant HBV (with mutadons of 1528M and
MS552V) were created by transfecting 1.4 genome length
sequences of HBV to HepG2 cell lines. These cell lines
produced HBV that showed a similar sedimentation in
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sucrose density gradient centrifugation to HBV extracted
from the serum of carriers (M. Tsuge et al., manuscript in
preparation) and could infect human hepatocyte chimeric
mice (manuscript in preparation). These cell lines were
grown in Dulbecco’s modified Eagle’s medium supple-
mented with 10% (vol/vol) feral bovine serum at 37°C
and 5% CO,. Cells were seeded to semiconfluence in
6-well dssue culture plates and then treated with media
containing interferon alpha or gamma. After 3 days of
interferon teatment, the cells were harvested and lysed
with 250 plL lysis buffer (10 mmol/L Tris-HCI [pH 7.4],
140 mmol/L NaCl, 0.5% [vol/vol] NP-40) followed by
cenwrifugation for 2 minutes at 15,000g. Replicative in-
termediate of the HBV was immunoprecipitated and sub-
jected to Southern blot analysis and quantitative analysis
by light cycler. The effect of lamivudine was analyzed
similarly, except that cells were harvested after 5 days of
treatiment.

Detection of Hypermutated Clones by Polymerase
Chain Reaction With PNA Clamping, Cloning, and
Sequencing, HBV DNA was extracted from 100 pL se-
rum or culture supernatant by SMITEST (Genome Sci-
ence Laboratories, Tokyo, Japan) and was dissolved in 20
wl HyO. The first round of polymerase chain reaction
(PCR) was performed with an outer primer ser (PLF1 and
BR112 [Table 1]) and a second-round PCR with an inner
primer set (PLF2 and PLR2 [Table 1]). The peptic nu-
cleic acid (PNA) oligonucleotide, initially designed to de-
tect lamivudine-resistant variant genome,?! was an 18-
mer (PNA 552 [Table 1]) thar exactly matched the 18-
nucleotide sequence of the original YMDD sequence of
DNA polymerase/reverse transcriptase, which contained
GG and TG sequences (AGT TAT ATG GAT GAT
TG). The PCR with PNA clamping was performed in a
rotal volume of 25 L, consisting of a reaction buffer (100
mmol/L Tris-HCI [pH 8.3], 50 mmol/L KCI and 15
mmol/L MgCly), 0.2 mmol/L each of dNTPs, 1 L of the
DNA solution, 12.5 pmol each primer, 150 pmol PNA
552, and 1 unit of Taq DNA polymerase (Gene Tag,
Wako Pure Chemicals, Tokyo, Japan) together with 0.2
g anti-Taq high (Toyobo Co., Osaka, Japan). The am-
plification conditions included an initial denaturation at
95°C for 4 minutes and 25 cycles of amplification (dena-
turation at 95°C for 45 seconds, PNA annealing at 73°C
for 2 minutes, annealing and extension of primer at 63°C
for 50 seconds), followed by a final extension at 63°C for
7 minutes, Part of the X gene was amplified with an outer
primer pair (HBV1 and HBV2) and an inner primer
(PLF2 and HBV2) (Table 1) for the first- and second-
round amplifications, respectively. The amplification for
the first-round PCR included initial denaruration at 95°C
for 4 minutes and 25 cycles of amplification (denarur-
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Table 1. Oligonucleotides and PNAs Used in the Current

Study
Primer Sequence
HBV amplification
PLF1 5/-GGT ATG TTG CCC GIT TGT CC-3’
BR112 5'-TTC CGT CGA CAT ATG CCAT-3'
PLF2 5’-CCT ATG GGA GTG GGC CTC AG-3'
PLR2 57-CCA ATT ACA TAT CCC ATG AAG TTA AGG GA-3'
HBVL 57.CCG GAA AGC TTG AGC TCT TCT TIT TCA CCT CTG CCT AAT CA-3'
HBV2 5/-CCG GAA AGC TTG AGC TCT TCA AAA AGT TGC ATG GTG CTG
G-3'
BR109 57-AAG GGA GTA GCC CCA ACG TT-3'
PNA
PNAS52  H2N-CAC ATC ATC CAT ATA ACT-CON2H
PNAS52V  H2N-CAC ATC ATC CAC ATA ACT-CONZH
Amplification of mRNAs of deaminases

APOla 5'-CAG AGC ACC ATG ACT TCT-3'
APO1d 5’-ATT GTG GCC AGT GAG CTT CA-3"
APO2a 5'-AGA AGG AAG AGG CTG CTG T6-3'
APO2b 5/-AGA ACG GCT GCC TGC CAA CT-3’
APO2¢ 5-GAA GGC TGG CAG GAT GGT GT-3'
APO2d 57-CAG GTG ACA TTG TAC CGC AG-3’
APO3Aa  5'-TCT TAA CAC CAC GCC TTG AG-3'
APO3Ad  5'-GAA GAT GCG CAG TCT CAC GI-3’
APO3Ba  5’-AGA GCG GGA CAG GGA CAA GC-3'
APQ3Bb  5-GCG TAT CTA AGA GGC TGA AC-3’
APO3Bd  5'-CGA AGG ACC AAA GGG TCA TT-3'
APO3Be  5'-ACA AGT AGG TCT GGC GCC GT-3'
APO3Ca  §'-AGG ACG CTG TAA GCA GGA AG-3'
APO3Ch  5'-CCG ATG AAG GCA ATG TAT GG-3'
APO3Cc  5'-GTC GTC GCA GAA CCA AGA GA-3'
APO3Cd  5'-GAT GTG TAC CAG GTG ACC TG-3'
APO3Da  5'-CTG GGA CAA GCG TAT CTA AG-3'
APO3Dd  §’-AGT CTG AGA TGA AGA GGT GG-3'
APO3Fa  5'-CTT GGG TCC TGC CGC ACA GA-3'
APO3Fd  5'-TCA TCC TIG GCC GGC TAG TC-3'
APO3Ga  5'-GAC TAG CCG GCC AAG GAT GA-3'
APO3Gb  5'-CAC AGT GGA GCG AAT GTA TG-3”
APO3Ge  5'-GTT CGG AAT ACA CCT GGC CT-3
APO3Gd  5'-ACT CCT GGT CAC GAT GCA GC-3”

ation at 95°C For 45 seconds, PNA annealing at 73°C for
2 minutes, primer annealing at 60°C for 1 minute, and
extension of primer at 63°C for 4 minutes), followed by
the final extension at 63°C for 7 minutes. The second-
round amplification was performed under the same con-
ditions without a primer extension for 3 minutes. The
estimated error rate of the Taq DNA polymerase was
1.76 X 1075 per site in amplifying approximarely 10
copies of plasmid under the same conditions as described
previously and cloning and sequencing.*! Products (1 L.
each) of the second-round of PNA PCR were subjected to
PCR with primers PLF2 and BR109 for 35 cycles (94°C,
1 minute; 58°C, 1 minute; 72°C, 1.5 minutes) after initial
denaturation at 94°C for 4 minutes and followed by the
final extension at 72°C for 7 minutes. Amplicons were
purified by electrophoresis on 2% (wt/vol) agarose gel and
cloned into pGEM-T Easy Vector (Promega, Madison,
WT1) with the standard method, and then transformed
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into Escherichia coli TM 109 (Takara Shuzo Co., Otsy,
Japan). Sequencing was performed in the ABI PLISMTM
310NT Genetic analyzer (Applied Biosystems, Tokyo,
Japan) with Big Dye terminator version 3.0 Cycle Se-
quencing Ready Reaction kit (Applied Biosystems). Ten
independent clones from cach serum sample of patients or
supernatant of cell cultures were sequenced for analysis
and compared for nucleotide sequences obtained by di-
rect sequencing of PCR products. Hypermutation was
defined as clones with a statistically significant number of
G to A substitutions.

Sequence Analysis. Nucleotide —sequences  were
aligned and parameters of hypermutation were evaluated
with Hypermut Program Package?” (heep://www.hiv.lan-
.gov/HYPERMUT /hypermuthunl). We used nucleo-
tide sequences obtained by direct sequencing as reference
sequences and tentatively labeled clones with a statistically
significant (P < .05 by Fisher’s exact test) number of G to
A substitutions as “hypermutated.”

Detection of mRNA of Known Deaminases by Re-
verse Transcription and PCR. Total RNA was ex-
tracted from HepG2 cell lines by using cell-to-cDNAIL
lcit (Ambion, Austin, TX). The extracted RNA was re-
verse transcribed with random primer and M-MLV re-
verse transcriptase (Reverfra Ace, TOYOBRO, Osaka,
Japan) at 42°C for 60 minutes according to the instruc-
rions provided by the manufacturer. Synchesized cDNAs
were used to detect mRINAs of known deaminases using
primers listed in Table 1. Each of these primers was care-
fully designed to amplify only the target member of the
APOBEC families. Amplification of specific deaminases
was confirmed by amplifying each deaminase cONA by
using cDNAs obtained from organs reported to be posi-
tive for the expression of each deaminase. The amplicons
were analyzed in 2% agarose gel, and the nucleotide se-
quences were confirmed by direct sequencing,

Results

Frequent Detection of G to A Substituted HBV
Genomes by PCR With PNA Clamping in Patients
With Acute or Chronic Hepatitis B Virus Infection.
Using PCR with PNA clamping, clones with multiple G
to A substitutions were found (Table 2). In contrast, only
small numbers of other substitutions were identified in
these clones. A hypermutated genome of HBV was found
in 1 of 8 patients with acute HBV infection and 4 of 10
patients with chronic HBV infection (Table 2). We
cloned and sequenced more than 20 clones without PNA
and found no hypermutated clones. Among pacients with
chironic HBV infection, hypermutated clones were iden-
tified only in eAb-positive patients (Table 2). Figure 1
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Table 2. Nucleotide Substitutions of Clones Amplified by PCR With PNA Clamping and Clinical Features of Patients With
Acute and Chronic Hepatitis B Virus Infections

No. of Substitutions*

Patient Gto A Other No. of Clonest Pre-cored CcP§ eAg eAb HBY DNA ALT
Al 27 3 8 (1) G AG 42 0 5.1 2,517
A2 13 4 8 G AG 78 88 6.1 3,778
A-3 12 2 5 A/G A/G 190 0 <3.7 1,417
A4 11 0 4 G A/G 583 0 4.5 2,550
A-5 11 3 9 G A/G 170 0 83 175
A-6 7 7 9 A/G Mixed 260 0 7.8 28
A7 1 2 4 G Mixed 0.1 99.4 4.1 2,295
A8 1 1 3 A /A 0.7 91 7.1 6,183
C-1 152 2 10 (10} A T/A 0.3 100 5.5 394
C-2 44 12 9 (4) A/G T/A 18.2 73.4 6.2 340
-3 30 4 10 (1) A/G /A 0.3 97 7.3 53
c-4 23 1 3 G A/G 140 0 59 2,770
C-5 22 1 8 (1) A T/A 0.4 95 6.5 106
C-6 19 9 9 A/G Mixed 200 4] 8.2 113
c-7 18 5 7 G T/A 170 0 6.6 31
Cc-8 17 1 7 G AG 200 0 7.7 92
c9 12 4 7 G T/A 180 0 >8.8 56
C-10 6 4 7 A A/G 2.5 . 95 83 267

*Total number of nucleotide substitutions in 10 clones compared with sequences obtained by direct sequencing.
tNumber of different clones of 10 clones sequenced. Figures in parentheses represent the number of clones with hypermutation (those with a statistically significant

number of G to A substitutions),
{Nucleotide sequence of codon 28 of pre-core protein (nucleotide 1896).

§Nucleotide sequence of basic core promoter (nucleotides 1762 and 1764). Mixed represents mixture of A/G and T/A.

illuserates hypermutations found in an eAb-positive pa-
dent with chronic HBV infection (C-1 in Table 2). As
much as 72.5% (29 of 40) of G residues were murated in
such hypermutated clones. Hypermutation was found in
both the envelope/polymerase region (Fig. 1A) and x re-
gion (Fig. 1B) of HBV genome obtained from this pa-
tient. Preference of G to A mutation was similar with
those teported in HIV-1; thar is, G residues in GA se-
quences were the most frequently hypermutated (Fig. 2).

A

In contrast, the G residues in CxG context were less fre-
quently substituted (Fig. 2). Numerous G to A nucleotide
substitutions were identified in clones lacking a sratisti-
cally significant number of G to A hypermurtarions (Table
2). The number of such substitutions was apparently
greater than “other substitutions” (Table 2). There was no
reladonship between the degree of hypermutation and
serum alanine aminotransferase concentration or HBV

DNA level (Table 2).

Fig. 1. G to A hypermutations detected in sequences of HBV DNA in sera extracted from an HBe antibody-positive HBV carrier (Patient C-1, Table
2) by PCR with PNA clamping. (A) DNA sequence alignment in the HBs antigen/polymerase region of the HBV. The nucleotide sequences that were
obtained by direct sequencing were used as a reference sequence (top line). The target sequence of PNA annealing is underlined. (B) DNA sequence

alignment in the x region of the HBV.
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Fig. 2. Preferred nucleotide contexts of G to A hypermutation in 10 clones from patient C-1 (Table 2). The preferred nucleotide letter one letter
after (left), one letter before (middle), and two places before (right, x = any) the target G residue. Open bars: number of occurrences of each context
in the sequence analyzed. Gray bars: number of G residues mutated to A, The percentage in parentheses represents the rate of mutated G

residues.*P < .05, *** < 001 (Fisher's exact test or chi-square test).

G to A Hypermutation in HBV-Producing Cell
Lines. We established HepG2 cell lines that continu-
ously produced HBV into the medium and examined the
frequency of hypermutation. Hypermutated clones were
idencified in one of these cell lines (Table 3 and Fig. 3).
The preference of G to A mutation was similar to that
found in serum samples obtained from patients (data not
shown). Various levels of HBsAg, HBeAg, and HBV
DNA were released into the medium from these cells
(Table 3). No relationship was found between the fre-
quency of the hypermutated genome and intracellular in-
termediates of BV DNA and HBsAg and HBeAg levels
(Table 3). Figure 4 shows replicative intermediates of the
HBV produced in these cell lines detected by Southern
blot analysis (Fig. 4). No noticeable difference was ob-
served between a cell line with hypermutated genomes
and those without hypermutated genomes (lanes 1 and 2
in Fig. 4).

G to A Hypermutation During Antiviral Treat-
ment. We treated the cell lines with alpha and gamima
interferon and lamivudine. Both interferons reduced
HBV DNA production from these cells in 2 dose-depen-
dent manner (Fig. 5). The frequency of G to A hypermu-
tation did not increase in those treated cell lines (Fig. 6),
suggesting that G to A hypermutation is not responsible

Table 3. Nucleotide Substitutions of Clones Amplified by
PCR With PNA Clamping in Three Cell Lines That Produce
the Hepatitis B Virus

No. of
Substitutions *
No. of
Cell Line Gto A Other Clonest eAg HBs Ag HBY DNA
Cell line 1 102 0 10 (7) 17 4.7 52
Cell line 2 19 0 7 10 4.9 4.6
Cell line 3 21 1 6 14 2.8 4.6

*Total number of nucleotide substitutions in ten clones compared with se-
quences of the transfected clone.

tNumber of different clones of 10 clones sequenced. The figure in parentheses
represents the number of clones with hypermutation (those with a statistically
significant number of G to A substitutions). Codon 28 of the pre-core gene of the
transfected clone was wild (Trp), and nucleotides 1762/1764 were T/A.

for antiviral defense through these interferons. Trearment
of a cell line with lamivudine resulted in marked reduc-
tions in the production of HBV in the supernatant as well
as intracellular viral intermediates (Fig. 7) and completely
abolished identification of G to A substitution (Fig. 6). A
similar reduction of detection of hypermutated clones was
observed in serum samples obtained from patients who
were treared with lamivudine (data not shown).

Expression of Deaminases in HepG2 Cell Lines.
We examined the expression of known deaminases to see
whether any such enzymes are active in HepG2 cells. As
shown in Fig. 8, mRNA expression of 5 of 8 of these
deaminases was detected, although the expression level of
some deaminases was very low. mRNA of Apobec3G, a
key enzyme for the hypermutation of HIV-1, was ex-
pressed in HepG2 cells, but the cDNA of chis enzyme was
only found by nested PCR. The expression level of the
mRNA was similar in HBV-producing cells with various
levels of hypermutations of HBV as well as parent HepG2
cells (detected by only nested PCR).

Discussion

In this study, we detected the mutated HBV genome in
some patients by using PCR with PNA clamping. PNA is
a DNA analog in which the ribose-phosphodiester b ck-
bone of DNA has been replaced by N-(2-aminoethyl)
glycine linkages.?> The PNA anneals strongly to DNA
like a complementary DNA, but with higher affinity.??
The annealing of the PNA to the target sequence thus
prevents amplification of the target DNA in the PCR. In
our previous study,?! we attempted to block the amplifi-
cation of lamivudine-sensitive wild-type YMDD motif
srrain and detected a very small amount (1/10,000) of
YMDD mortif mutant. Because the rarget sequence of this
system contzined many Gs with GA and GG (AGT TAT
ATG GAT GAT GTG), we assumed that we could detect
very rare hypevmutated genomes.

Because we did not detecr any hypermutated sequence
without PNA, we assumed that the rate of the hypermu-
tated genome is very low. This low frequency of hyper-
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Fig. 3. G to A hypermutations detected in sequences of the HBV DNA (produced by HBY DNA-transfected cell lines to the supematants). The
nucleotide sequences of the transfected clone were used as a reference sequence (top line). DNA sequence alignments in the HBs antigen/
polymerase region of cell line 1 (A) and cell line 2 (B) of the HBV. Nurnbers in parentheses are numbers of clones.

mutated genomes accounts for the lack of reports of such
sequences with only one exception until recencly,' in
which the presence of two clones of hypermutated se-
quences in spliced genomes was reported. One may as-
sume that the rare hypermutated genome might be
produced in peripheral blood mononuclear cells because
the HBV genome was previously found in such cells,24-2¢
However, we showed that these genomes are found in
HBV-uansfected cell lines. Our results clearly demon-
strate that hypermutation actually occurs in heparocytes.
The reason(s) for such a low frequency of hypermutation

is not clear. The low expression level of deaminases in
hepatocytes might account for the low frequency. In fact,
we observed a very low expression level of APOVEC3G
(transcripts was only detected by nested PCR [Fig, 8]) in
HepG2 cell lines.

Recently, Turelli et al.202? suggested that overexpres-
sion of APOBEC3G inhibits the replication of HBV by
preventing encapsidation of the virus. However, they did
not observe an increase in G to A hypermutation. In con-
reast, Rosler et al.%® reported that G to A substitutions
significantly increased in HepG2 cells when co-trans-
fected with APOBEC3G cDNA. They found only 50 G
to Asubstitutions by cloning 223 clones,? suggesting that
the frequency of G to A substitutions is rare despite over-
expression of APOBEC3G. Our preliminaty data suggest
that overexpression of APOBEC3G does not produce a

#LL
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Fig. 4. Southem blot analysis of the HBY DNA extracted from cell lines
that stably produce HBV into the supernatant. Two YMDD wild-type virus
sequences (lanes 1 and 2) and one YVDD mutant virus sequence (lane
3) were transfected into the HepG2 cell line.

Fig. 5. Effects of interferon alpha and gamma on production of HBV
DNA by cell line 1. Experiments were performed in duplicate with
increasing amounts of each interferon.

— :311 —
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Fig. 6. Nucleotide sequence substitutions around YMDD motif of
reverse transcriptase detected by PCR with PNA clamping after treating a
HepG2 cell fine (cell fine 2 in Table 3). The nucleotide sequence of the
transfected clone was used as a reference sequence (top line). Cells
were treated with interferons and lamivudine as shown in Figs. 5 and 7,
respectively.

noticeable increase in HepG2 cells by our detection
method (C. Noguchi and K. Chayama, unpublished
data). However, the method employed to detect hyper-
mutation is not quantitative. Moreover, no antibody to
detect APOBEC3G is available. Measurement of activity
of this enzyme might be necessary to address this issue.
Because the patterns of hypermutations found in pa-
tients as well as cell lines are in agreement with strong
dinucleotide preferences of a retroviral genome?!-%% edited
by APOBEC3G,”? we assume that hypermutations
might also be induced by asimilar enzyme. As pointed out
by Turelli et al,? another deaminase including
APOBEC3F might be responsible for the generation of
hypermutation. We actually detected the expression of
deaminases in HepG2 cell lines. The expression levels of
these deaminases are very low because they were detected
by only two-stage PCR with one exception (only
APOBEC3F was detected by a single-stage PCR).

1~

LAV DN [R5

Eoaiviivediive | # 3}

Fig. 7. Effects of lamivudine on production of HBY DNA by cell tine 1.
After 5 days of lamivudine treatment, the HBY DNA in core particles was
immunoprecipitated and quantitated by real-time PCR. Data are mean *
SD of 4 independent experiments.

Fig. 8. Agarose gel electrophoresis of mRNAs of known deaminases
amplified by reverse transcription-polymerase chain reaction. Lane 1:
molecular weight size marker; lane 2: APOBECY; lane 3: APOBEC2; lane
4: APOBEC3A; lane 5: APOBEC3B; lane 6: APOBEC3C; lane 7:
APOBEC3D: lane 8: APOBEC3F; lane 9: APOBEC3G; lane 10: molecular
weight size marker. Only mRNA of APOBEC3F was detected by one-stage
PCR. To confirm the predictability of the assay, 3 negative mRNAs in
Hep3G (APOBEC1, 3A and 3D) were amplified by using mRNAs from
tissues known to express it. Lanes 11 and 12: APOBECT and APOBEC3A
from the ileum; lane 13: APOBEC3D from the duodenum. All detected
cDNAs were cloned, and nucleotide sequences were confirmed.

However, other possibilities should not be ignored.
For example, some viral proteins might prevent such ed-
iting activity of deaminase by associating with this en-
zyme, as virion infectivity factor does in HIV-1-infected
cells. Possibly the edited HBV genomes are degraded in
liver cells rapidly by removal of the U residues by uracil
DNA glycocylase followed by cellular nucleases.*

We found hypermutated genomes only in patients
positive for eAb. The G to A nucleoride substitution of
codon 28 of pre-core protein, which induces premature
stop of this protein and basal core promoter mutations
(A1762T/G1764A), might be related to the clearance of
eAg. 28 Further studies should be conducted to investigate
the relationship between G to A substitutions in these
regions by deaminase(s), production of eAg, and replica-
tion efficacy of the virus.

A recent study showed that the amount of HBV DNA
reduction occurs noncytopathologically through the ac-
don of cytokines, especially interferon alpha/beta and
gamma.’73 We thus examined whether interferon can
alter the occurrence of hypermutation. However, the re-
sults showed no increase in the number of hypermutarion
in HepG2—derived cell lines treated by intetferon alpha
and gamma (Fig. 6). Thus, the antiviral action of the
mechanism responsible for G to A substitution in liver
cells is likely to be independent of the action of interferon.

In conclusion, numerous innate intraceliular defense
systems exist, and the precise pathways of such systems are
not fully understood. The role of editing of the HBV
genome in such defense systems should be further inves-
tigated to understand the natural antiviral mechanisms
and to develop an andviral strategy against HBV.
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