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Aim: Human APOBEC3 deaminases induce G to A hypermu-
tation in nascent DNA strand of hepatitis B virus (HBV)
genomes and seem to operate as part of the innate antiviral
immune system. We analyzed the importance of APOBEC3A
(A3A) and APOBEC3B (A3B) proteins, which are potent inhibi-
tors of adeno-associated-virus and long terminal repeat (LTR)-
retrotransposons, in chronic HBV infection.

Methods: We focused on the common deletion polymor-
phism that spans from the 3’ part of A3A gene to the 3’
portion of A3B gene. An assaciation study was carried out in
724 HBV carriers and 469 healthy control subjects. We also
analyzed hypermutated genomes detected in deletion and
insertion (non-deletion) homozygous patients to determine
the effect of APOBEC3 gene deletion. Further, we performed
functional analysis of A3A gene by transient transfection
experiments.

Results: The association study showed no significant asso-
ciation between deletion polymorphism and chronic HBV

carrier state. Context analysis also showed a negligible effect
for the deletion. Rather, mild liver fibrosis was associated with
APOBEC gene deletion homozygosity, suggesting that A3B
deletion is not responsible for chronic HBV infection. Func-
tional analysis of A3A showed that overexpression of A3A
induced hypermutation in HBV genome, although the levels of
hypermutants were less than those introduced by A3G.
However, overexpression of A3A did not decrease replicative
intermediates of HBV.

Conclusion: These results suggest that A3A and A3B play
little role in HBV elimination through anti-viral defense mecha-

nisms. The significance of hypermutation induced by A3A
should be investigated further.

Key words: APOBEC3A, APOBEC3B, APOBEC3G,
deaminase, hypermutation, structural variation

INTRODUCTION

POBEC3 CYTIDINE DEAMINASE family consists of
at least seven tandem arrayed genes APOBEC3A
(A3A), A3B, A3C, A3DE, A3F, A3G, and A3H on
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chromosome 22.? The anti-viral effect of A3G was ini-
tially identified in 2002 when it was found to inhibit the
replication of human immunodeficiency virus (HIV).?
Similarly, A3F, A3B and A3DE have been reported to
inhibit HIV replication.*®

APOBEC3 proteins also act on many other viruses
such as simian immunodeficiency virus,” adeno-
associated virus'® and retrotransposons.’'-** With regard
to hepatitis B virus (HBV), A3G was also reported to
inhibit HBV replication and induction of hypermuta-
tion, although the significance of the latter on viral inac-
tivation is still controversial.’** Among the APOBEC3
family members, A3B, A3C, A3G and A3F have been
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extensively analyzed in these reports for induction of
hypermutation and inhibition of replication of HBV. In
contrast, the function of A3A on HBV has not been
evaluated despite its potent inhibitory effects on adeno-
associated virus and retrotransposons.® Recently,
Henry etal® reported that, among the APOBEC3
family, A3A is the most efficient editor in induction of
hypermutation in the HBV genome. This finding is not
consistent with the previous reports. However, the rela-
tionship between genomic DNA editing by A3A and its
effect on HBV replication have not been elucidated. This
background prompted us to examine the effects of A3A
on HBYV replication and induction of hypermutation.

A recent study? identified a common deletion poly-
morphism of APOBEC gene spanning from the 3’ end of
A3A gene to the 3° portion of A3B gene (the segment
extending from exon 5 of A3A to exon 8 of A3B was
removed by the deletion, positions 37, 683, 131-37,
712, 716 on chromosome 22). The deletion results in
complete elimination of the A3B coding region and the
resultant fusion gene has a protein sequence identical to
A3A, but has 3" untranslated region of A3B. This poly-
morphism might modulate the expression levels of A3A
peptide because the transcription levels and stability of
this fusion mRNA could be altered by replacement of
the 3’ untranslated region sequences. Analyzing the
association between this deletion polymorphism and
chronic HBV infection should clarify the effect of A3B
on the establishment of chronic HBV carrier state.

The aims of the present study were to determine the
association between APOBEC3 gene deletion polymor-
phism and chronic HBV infection and the effect of A34,
which might be up- or down-regulated by the deletion
polymorphism, on HBV replication and induction of
hypermutation, by in-vitro overexpression experiments.

PATIENTS AND METHODS

Study subjects

LOOD SAMPLES WERE cbtained from 724 patients

with chronic HBV infection at the hospitals of the
Hiroshima Liver Study Group (http://home.hiroshima-
u.ac.jp/naikal/hepatology/english/study.html) and
Toranomon hospital. We also collected 469 control
samples from healthy individuals who agreed to join the
BioBank Japan Project at the Institute of Medical
Science, the University of Tokyo. The study protocols
were approved by the ethics committees of the Univer-
sity of Tokyo and the Center for Genomic Medicine,
Riken. All participants were ethnically Japanese and pro-
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vided written informed consent. Histological activity
and fibrosis was assessed in liver biopsy specimens by
the Metavir score.”

HBV markers

We measured DNA polymerase by the method of Rob-
inson et al.?” The quantity of HBV DNA was assessed by
the following tests. Quantiplex HBV DNA probe assay
{Chiron Corporation, Emeryville, CA), PCR (Amplicor
Cobas TagMan HBV Auto; Roche Molecular Diagnostic,
Basel), transcription mediated amplification (TMA)
assay {Fujirevio Diagnostic, Tokyo). The level of HBV in
serum was assessed as high or low according to the
following criteria (< 200 or = 200 for DNA polymerase,
< 200 or = 200 for probe assay, < 6.0 or 2 6.0 for PCR
assay, < 6.0 or = 6.0 for TMA assay).

HBV-e antigen (HBeAg) and HBV-e antibody
(HBeAb) were measured by commercially available
chemiluminescent enzyme immunoassay kit (Abbott
Laboratories, Chicago, IL). The cut off levels were 1.0
(cut off index) for HBeAg and 70% for HBeAb.

Genotyping

First, we genotyped genomic samples of 94 individuals
by the PCR assay using the Deletion and Insertion spe-
cific primer sets reported by Kidd etal* Since we
observed some non-specific amplification, which was
confirmed by sequencing analysis, we used the invader
probes,?® which specifically recognize A3A and A3B.
These probes were designed and synthesized by Third
Wave Technologies (Madison, WI). Deletion and two-
insertion (non-deletion) PCR assays were performed
separately as described previously” then pooled
(Deletion : Insertion1 : Insertion2 = 3:1:1), and sub-
jected to Invader assay.

Cell culture and transfection

Human liver cancer cell line, HepG2, was puichased
from RIKEN Cell Bank (Tsukuba). The cells were cul-
tured in Dulbecco’s modified Eagle’s medium supple-
mented with 10% fetal bovine serum at 37°C under 5%
CO,. Cells were seeded to semi-confluence in six-well
tissue culture plates. Transient transfection experiments
were performed using TransIT-LT1 (Mirus, Madison,
WI) according to the instructions provided by the
supplier.

Plasmid construction

The expression vector for hemagglutinin {HA)-tagged
human A3G was kindly provided by Dr. Takaori (Kyoto
University).”” We constructed A3A ¢DNA expression
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plasmid by cloning DNA fragment, which was amplified
by PCR from c¢DNA obtained from lymphocytes of a
deletion homozygous patient, into ]5CDNA3. 1/nV5-
DEST (Invitrogen, Carlsbad, CA). Construction of the
wild-type HBV 1.4 genome length plasmid, pTRE-HB-wt
was described previously (Tsuge et al.;*° GenBank acces-
sion no. AB206816).

Analysis of core-associated HBV DNA

The cells were harvested 4 days after transfection and
lysed with 250 pl lysis buffer {10 mM Tris/HCI, pH 7.4,
140 mM NaCl and 0.5% (v/v) NP-40]. The lysate was
then centrifuged for 2 min at 15 000 x g. The core par-
ticles were immunoprecipitated from the supernatant by
mouse anti-core monoclonal antibody (anti-HBc deter-
minant ¢, Institute of Immunology, Tokyo). Genomic
DNA was separated from the core particles by SDS/
proteinase K digestion followed by phenol extraction
and ethanol precipitation. Quantitative analysis was
performed using the above HBV DNA by RT-PCR using
the RT-PCR system (Applied Biosystems, Foster City,
CA). The primers and the probe used were described
previously.®* The real-time PCR was performed in a
25-pl reaction volume containing 2xTagMan Gene
Expression Master Mix, 0.9 pM of each primer, 0.25 pM
probe and 1 pl DNA solution. The thermal profile was
50°C for 2 min, 95°C 10 min, followed by 40 cydes of
amplification (denaturation at 95°C for 15 sec, anneal-
ing at 55°C for 30 sec and extension at 62 °C for 90 sec).

Analysis of hypermutated HBV genomes by
3D-RT-PCR

Hypermutated genomes were detected and quantified
by modified 3DRT-PCR using the primers, probe and
reagents desaibed previously.*! The thermal profile was
50°C for 2 min, 95°C for 10 min followed by initial
denaturation at 85 °C for 20 min and 45 cycles of ampli-
fication {(denaturation at 85°C for 15 sec, annealing at
50°C for 30 sec and extension at 62°C for 90 sec).

Detection of A3A-A3B fusion mRNA

by RT-PCR

We extracted total RNA from lymphocytes of each allele
patients using RNeasy Mini Kit (Qiagen, Hilden) and
reverse-transcribed using ReverTra Ace (TOYOBO,
Osaka) with random primer in accordance with the
instructions supplied by the manufacturer. We then
amplified ¢<DNAs by 35 cycles of PCR using primers
specific for exon 1 of A3A and 3’-untranslated region of
A3B in a 25l reaction volume containing 1 x KOD-Plus
buffer [0.3 uM each primers, 0.2 mM MgSQO,, 1 il DNA

APOBEC gene variation and HBV infection 1161

solution and 1 unit of KOD-Plus {TOYOBO Co.)]. The
thermal profile was initial denaturation at 98°C for
2 min, followed by 35 cycles of amplification (denatur-
ation at 98°C for 15 sec, annealing at 58°C for 15 sec
and extension at 68°C for 60 sec). Nucleotide sequences
of the amplified fusion cDNA sequences were confirmed
by direct sequencing,

Western blot analysis

Cell lysates prepared as described above were separated
by sodium dodecyl sulfate polyacrylamide electrophore-
sis on a 12% poly acrylamide gel and transferred to
polyvinylidene fluoride (Pall Corporation, Pensacola,
FL). The membranes were incubated with anti-V5 (Invit-
rogen), anti-hemagglutinin fusion epitope monodonal
anti-body (Roche) or with anti-B-actin monoclonal anti-
body (Sigma-Aldrich, St Louis, MO) followed by incu-
bation with horseradish peroxidase-conjugated sheep
anti-rnouse antibody (GE Healthcare UK, Buckingham-
shire). We detected signals using the ECL system (GE
Healthcare).

Nucleotide sequencing analysis of
hypermutated HBV genomes by 3D-PCR,
cloning and nucleotide sequencing

We analyzed hypermutated HBV DNA genomes
obtained from serum samples of each genotype patient
by 3D PCR (denaturation at 85°C) and cloning and
sequencing. The amplified DNA fragments were cloned
into pGEM T Easy vector (Promega Corporation,
Madison, WI} by TA cloning. Nuclectide sequences
were determined using BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems). The nucleotide
sequences were compared with those obtained by direct
sequencing of amplified PCR products by normal PCR
protocol.

Statistical analysis

The allele frequencies was calculated and fit to Hardy-
Weinberg equilibrium was tested by the chi-square
test between cases and controls using Excel software
{Microsoft, Redmond, WA).>? We also compared differ-
ences in allele frequency and genotype distribution of
the deletion between cases and controls with x*-test.
Continuous data were compared by analysis of variance
(ANOVA). Differences in categorical data were analyzed
by the y*test. Differences in core-associated HBV and
hypermutated HBV genomes per 1x10° copies of HBV
genomes, were analyzed by Student’s t-test.

© 2009 The Japan Society of Hepatology
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Table 1 Characteristics of subjects
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Control

Patients P-value
Number of patients 724 469 -
Sex NS§
Male 499 373
Female 224 95
Age (years) 53.1 (20.6-86.4) 55 (18-93) NS
ALT 66 (5-3634) - -
Fibrosis stage - -
FO 13
F1 80
F2 149
F3 114
F4 46
Activity - -
A0 1
Al 50
A2 125
A3 47
Platelet (x10*/mm?) 16.5 (2.2-29.8) -~ -
HBV DNA - -
High 137
Middle 108
Low 156
HBeAg/HBeAb - -
+~ 207
I+ 184
Hepatocellular carcinoma 65 - -

Data are number of patients or median (range) values. Differences in age between case and control were compared by Mann-Whitney
U-test. The sex ratio was analyzed by the y?-test. ALT, alanine aminotransferase; HBVeAb, hepatitis B virus e antibody; HBVeAg,

hepatitis B virus e antigen; NS, not significant.

RESULTS

Association between chronic HBV carriers,
clinical parameters and the APOBEC3
gene deletion

ABLE 1 SUMMARIZES the clinicopathological fea-
tures of the patients and control subjects. If A3B
contributes to the prevention of chronic HBV infection,
there should be an association between chronic HBV

Table 2 Case-control analysis of APOBEC3B deletion

carrier state and APOBEC gene deletion polymorphism.
However, we did not find any association between the
two (Table 2). Furthermore, all clinical parameters, with
the exception of the extent of liver fibrosis associated with
chronic HBV, did not associate with the polymorphism
(Tables 3,4). Advanced histopathological stages were
associated with insertion homozygosity. These findings
also suggest that A3B does not play any important role in
anti-viral immunity in the development of chronic HBV
infection.

Frequency (%)

Additive mode

Ins Del P-value OR 95% CI
HBV (n=724) 0.709 0.291 0.599 0.964 0.624-1.489
Control (n=469) 0.719 0.281

P-values were calculated from case-control analysis by x>test. OR, odds ratio; Cl, confidence interval; Del, deletion homozygote; Ins,

insertion homozygote.

© 2009 The Japan Society of Hepatology
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Table 3 Correlation between deletion and clinical parameters

APOBEC gene variation and HBV infection 1163

Genotype P-value
I/1 I/D D/D
Genotype frequency 0.50 0.42 0.08 NS
Age (years) 54.0+12.8 52.0+12.6 504+ 133 NS
ALT 169.0 £320.6 149.5 +£322.9 196.8 £309.3 NS
Platelets (x10*/mm?) 16.8+5.2 16.6 £6.1 17.0+5.38 NS

Data are number of patients or mean + SD. Age, ALT and platelet count were compared by ANOVA. ALT, alanine aminotransferase;
D/D, deletion homozygote; H, heterozygote; I/], insertion homozygote; NS, not significant.

Context analysis of hypermutated genomes
obtained from deletion homozygous and
insertion homozygous patients

The amount of hypermutated genomes was not ana-
lyzed in this study because it is known to fluctuate
during the clinical course.*® Instead, we searched for the
target context of G to A mutation in hypermutated HBV
genomes using serum obtained from patients with dele-
tion homozygotes and with insertion homozygotes.
As shown Figure 1, multiple G to A hypermutations
were observed in deletion homozygote and insertion
homozygote patients. The results of context analysis
showed no significant difference between the contexts

obtained from deletion homozygotes and those form
non-deletion homozygotes (Fig. 2). In fact, the pre-
ferred contexts were similar in all three deletion
homozygous patients and one insertion homo patient
(DD1-3 and II1 in Fig. 2) but slightly different from
those of the remaining two (112 and II3). These results
suggest that the effect of deletion is not strong in these
preferred context patterns.

Detection of A3A-A3B fusion mRNA

We then analyzed whether the resultant A3A and A3B
fusion was actually transcribed. We designed primers
specific for exon 1 of A3A and the 3’-untranslated region

Table 4 Association of dinical parameters and APOBEC gene polymorphism (categorical data)

Genotype frequency Additive I/l vs I/D, D/D vs I/1,
1 /D D/D mode D/D I/D
Sex (Male/Female) Pvalue 0.76 0.85 0.30
Male (n=328) 154 (047) 143 (0.44) 31 (0.09) OR 0.75 1.03 0.72
Female (n=166) 78 (0.47) 74 (0.45) 14 (0.08) 95% CI 0.40-1.41 0.75-1.41 0.40-1.33
Fibrosis stage (FO-F1/F2-F4) Pvalue  0.0054 0.0019 0.48
FO-F1 (n=62) 22 (0.35) 34 (0.55) 6 (0.10) OR 0.51 0.47 0.74
F2-F4 (n=187) 95 (0.51) 77 (041) 15 (0.08) 95% CI 0.21-124 0.30-0.76  0.31-1.73
Activity (A0-A1/A2-A3) Pvalue 031 0.46 0.30
A0-Al (n=51) 22 (0.43) 23 (045) 6 (0.12) OR 0.56 0.80 0.60
A2-A3 (n=168) 81 (0.48) 75 (0.45) 12 (0.07) 95% CI  0.20-1.56 0.45-144  0.22-1.60
HBV DNA (High/Low) P value 0.12 0.12 0.47
High (n=194) 82 (042) 94 (048) 18 (0.09) OR 0.66 0.73 0.77
Low (n=206) 103 (0.50) 88 (0.43) 15 (0.07) 95%CI 0.32-1.40 049-1.09 0.38-1.57
HBeAg/HBeAb ((+/-)/(~/+)) Pvalue  0.52 0.34 0.84
+- (n=207) 89 (0.43) 99 (0.48) 19 (0.09) OR 0.96 0.82 1.07
~/+ (n=184) 88 (0.48) 78 (0.42) 18 (0.10) 95% CI 047-1.95 055-123  0.54-2.11
HCC P value 0.85 0.89 0.64
(=) (n=648) 323 (0.50) 266 (0.41) 59 (0.09) OR 0.73 1.04 0.69
(+) (n=65) 34 (0.52) 31 (0.47) 0 (0.00) 95%CI 025-2.13 0.62-1.73  0.24-1.98

ALT, alanine aminotransferase Cl, confidence interval; D/D deletion homozygote; H, heterozygote; HBVeAg, hepatitis B virus e
antibody; HBVeAg, hepatitis B virus e antigen; HCC, hepatocellular carcinoma; 1/], insertion homozygote; OR, odds ratio.

© 2009 The Japan Society of Hepatology

- 166 -



1164 H. Abe et al.

Hepatology Research 2009; 39: 1159-1168

. 2998 3057
direct_D/D3 CACTGGCCAGAGGC AAATCAGG TAGGAGCGGGAGCATTC GGGCCAGGGGTCACCCCACCA
clonei_D/D3  ..... Ao AAAL e AA. LAALALAMALAL. ... AAA. . ARAT .o v et
clone2_D/D3  ......... A AA. . A CALAMALAL. ... A AR i
clone3_D/D3  ..... AcAML L M. AALALAAALAL L ... AMA. . AAAT .. iuvenens
direct_DlD330 8 CACGGAGGTCTTTTGGGGTGGAGCCCTCAGGCTCAGGEE ATATTGACAACAGTGCCAGTA 317
clonei_D/D3 CAALAL L e AAAALAALA. . ... AA. ... AMAL..... Ae.... A.A...A..
clone2_b/D3 ...AA ......... AAAALAA.. . ..... M....MA ...... Accena. A.A. LA
clone3_D/D3 LARGAL L L. AABA.AAA.. ..., AALLLLAAAL L. L LA JALAL LA

direct_D/D3 3118 6eACCTCCTOOTECETCEACCAATC GCAGTCAGGAAGACAGCCTACTCCCATCTCTCCA \ 3177

clone1_D/D3 S AA,

C|Oﬂ92 D/D3 S AA..A...AA..A ......................

clonea_DlD3 Aueornrsocansannarsssassssannnans Ahe oot e ity

direct_D/D3 3278 ceremasacacaGTeATCCTCABGCCATECAATGEAA 3215

clonei_D/D3

clona2_D/D3

clone3_D/D3
direct_If3 299ecﬁxmsecc:M;AGecmm.«sermmeresemcmceaemmwmccccwm s0s7 ~Figurel Nucleotide ~sequences —of
clgggrlﬂa e A AR AR A hypermutated genomes detected from
clone2_1/i3 T AL A AR AL ARG AL ARAL AL L. ARAL L ARAL L.l deletion homozygous and insertion
clone3_IN3 3055 VL AALLLALAAL L. AALLAALALARALA. L ARA L L AARL e homozygous  patients.  Nudleotide
direct_I/3 EACGEORGTCTTTTGEGGTAGARCCCTCASGCTCAGGRC ATATTGACAAGAGTGCGAGCA o 117 sequences of 3D-PCR amplified hebat-
clonei_I/13 Lol ALRAL L. AMA AL ... e AAA .. ... -AL CALALL LA : : i R
clona2 113 ALM. .. ... Aueeiainaaeinnns Aoe o ARA . A AL AL tis B virus (HBV) DNAC!OD& are cony
clone3” 113 ...... Accnen. AMAA AL i AMAL ... Acoios AAL AL pared with those obtained by usual
direct_IN3 3118 GCACCTCCTCCTROCTOCACCARTCGGCAGTCAGGAAGACAGCCTAGTCCCATETeTECA 3177 PCR and  direct sequencing. Upper
clone1_IN3 S Y panel, nucleotide sequences obtained
Soneiia  aonminRuntitiininmn o from adeletion homozygous padent

R Lower panel, nucleotide sequences

diract_I13 327BccTCTAAGAGACAGTCATCCTCAGGCCATGCAGTGGAA 3215 btai ‘f f h q G
clone1_|/3 e AVAL A e A L ALALAALL obtained Irom a homozygous pauent.
C;Oﬂeg_mg vernes AVAL L L L ALLLLUALLALAAL, Nucleotide numbers are those from
clone e AR A ALLAL AL L

of A3B, and performed RT-PCR using cDNAs obtained
from patients of each genotype. We obtained amplified
DNA fragments of expected size only from deletion
homozygotes and heterozygotes (Fig. 3). These results
confirmed the transcription of the fusion mRNA with
the coding region of A3A and the 3" untranslated region
of A3B.

Inhibition of HBV replication and induction
of hypermutation by A3A

‘We then analyzed the antiviral effect and induction of
hypermutation by A3A. Although the expression of both
A3A and A3G was confirmed by western Blot analysis
(Fig. 4A), transient expression of A3A did not reduce the
amount of the core-associated HBV DNA in HepG2 cells
(Fig. 4B). However, A3A transfection increased the
hypermutated genomes of HBV in a dose-dependent
manner albeit the level of induction was much lower
than that observed when transfected with A3G. These
results suggest that A3A has negligible anti-viral effect
although it induces hypermutation of HBV genomes.

© 2009 The Japan Society of Hepatology

GenBank accession no. AB206816.

DISCUSSION

HE MAIN FINDINGS of the present study were: (i)

no association between APOBEC3 deletion and
chronic HBV infection (Table 2). (ii) Mild liver fibrosis
and low alanine amino transferase (ALT) levels were
associated with APOBEC gene deletion homozygous
genotype. (iii) The absence of A3B is not responsible for
chronic HBV carrier status, although A3B is known as
a potent inhibitor of adeno-associated virus and ret-
rotransposons.’? This suggests different antiviral activi-
ties for APOBEC proteins against viruses and that A3B
plays litde role in inhibition of HBV. (iv) The preferred
context analysis showed no differences between inser-
tion homozygotes and deletion homozygotes. Only one
of the six patients examined showed different context
pattern {Fig. 2). These results suggest that A3B protein
has only small effect on the formation of hypermutated
genomes in the serum of chronic carriers. The protein
has been reported to induce hypermutation on the nega-
tive and positive strands of HBV.'® However, our results
showed that the effect of A3B is almost negligible in
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Figure 2 Context analysis of hypermutated genomes from deletion homozygous and insertion homozygous patients. Context of
G to A hypermutation in hypermutated genome clones obtained from three deletion homozygous patients (D/D1, D/D2 and
D/D3) and three insertion homozygous patients (I/I1, I/12 and I/I3)} were analyzed. Numbers after each patient represent the
number of clones analyzed in each patient. (a) Two letters up-stream, {b) one letter upstream and (c) one letter downstream of

mutated G residue were analyzed.

chronic HBV carriers compared to that of A3G. It is
assumed that the other APOBEC3 family proteins
mainly induce hypermutation of HBV genomes in HBYV
carriers to compensate for the function of deleted A3B.
It is also assumed that the expression pattemn of the
remaining six APOBEC3 proteins is different from
patient to patient.

As discussed above, our results suggest that A3B
protein has almost no effect on prevention of chronic
HBV infection and induction of hypermutation. It is
thus assumed that A3B is not part of the innate anti-viral
immune system against HBV. This is consistent with the
finding that deletion is commonly seen in normal popu-
lations? irrespective of HBV carrier rates. Other associa-
tion studies are required to clarify the role of A3B

protein on other pathogens. The functional relevance of
other APOBECS3 proteins on HBV infection as anti-viral
immunity should be clarified further.

We also found that A3A protein induced hypermuta-
tion on the negative strand of HBV. However, the level
of induction of hypermutation was much less than that
of A3G (Fig. 4). Recent reports showed quite different
effects for A3A on induction of hypermutation on HBV
genomes. Henry et al.* reported that A3A is the most
efficient editor of seven APOBECS3 proteins. In contrast,
Zang et al.® did not detect induction of hypermutation
on HBV. Although these different results might come
from different cell lines and conditions used in each
experiment, our results clearly showed that A3A induced
hypermutation on the negative strand of HBV genome.

© 2009 The Japan Society of Hepatology
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M N 1 2 3 4 5 6 7 8 9 M The deletion of APOBEC gene spans from 3" end of
the A3A gene to the 3’ portion of the A3B gene. This
deletion results in the formation of a fusion gene that
has A3A amino acid sequence and A3B 3’ untranslated
region. The expression level of this protein may be dif-
ferent from the undeleted A3A due to different stability
of RNA or different transcription levels. The results of
context analysis also indicated that the effect of this
alteration of expression levels of A3A is almost negli-
gible compared with A3G. This is consistent with our

Negative ™ D/D on — results that showed lower levels of induction of hyper-
control mutation on HBV genome by A3A compared with A3G.
Figure 3 Detection of A3A-A3B fusion mRNA by PCR. A3A- Qur results indicated that the effect of both A3A and

A3B fusion mRNA was amplified by PCR using primers specific A3B is not significant in the development and progres-
to A3A and A3B (see Materials and Methods) and detected by sion of chronic hepatitis B. The two proteins also have
agarose gel electrophoresis. Lanes 1-3 are those from deletion only little influence on the hypermutation state of HBV
homozygous patients, lanes 4-6 are from heterozygous  in chronic HBV carriers. The results also showed higher

patients and 7-9 are from insertion homozygous patients. M, induction levels of hypermutation by A3G than by A3A.
molecular weight size marker (1 kb DNA Ladder; New England

BiolLabs, Ipswich, MA), N, negative control.

(@

1:0 1:2 16 1:6(A3G)
Plasmid ratio (HBV:APOBEC)
(©
751
(®) T 7247
70t
Core-associated HBV o8 ) N
mE 35T "
58
o ar
25 2.60
140 8§35 L.l [:

__ 120 S 7

£ 100 : s 2

z B0 . 8T 15 [1.05

a 60 e g

& 40 1

I 20 0.5 0.18

0 0 — . s
1:0 1:2 16 1:6(A3G) 1:0 1:2 1:6 1:6(A3G)
Plasmid ratio (HBV:APOBEC) Plasmid ratio (HBV:APOBEC)

Figure 4 Analysis of inhibition of HBV replication and induction of hypermutation by A3A. HepG2 cells were transiently
transfected with expression plasmid of A3A together with 1.4 genome length hepatitis B virus (HBV) expression vector. The
indicated amounts of HBV and A3A (1:0, 1:2, 1:6) or A3G (1:6) expression plasmids were transfected into HepG2 cells. All
experiments were performed more than twice with similar results. (a) APBEC3 gene expression levels were detected by western blot
analysis. (b) The amounts of core associated replicative intermediates of HBV were measured by RT-PCR. (c) Quantitative
measurement of hypermutated genomes by 3D real-time PCR. Data in (B) and (C) are mean +SD. *P < 0,05; **P <0.01
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Sufficient evidence indicates that A3G has anti-viral
effects on HBV,'*'” suggesting that some but not all
APOBEC3 proteins operate as part of the anti-viral
immune system against HBV infection. Further study is
needed to clarify the functional role of each APOBEC3
protein for innate anti-viral immunity in chronic HBV
infection.
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G-to-A Hypermutation in Hepatitis B Virus (HBV)
and Clinical Course of Patients with Chronic HBV
Infection
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Background. The apolipoprotein B messenger RNA editing enzyme, catalytic polypeptide-like family of cytidine
deaminases induce G-to-A hypermutation in hepatitis B virus (HBV) genomes and play a role in innate antiviral
immunity. The clinical relevance of this protein family is unknown.

Methods. We analyzed 33 instances in which 17 patients with chronic HBV infection experienced >2 increases of
>1001U/Lin alanine aminotransferase (ALT) level; we used a quantitative differential DNA denaturation polymerase
chain reaction assay to quantify the hypermutated HBV genomes observed during 21 of these 33 increases in ALT
level.

Results. Ofthe 9 increases in ALT level that involved a >5-fold increase (relative to basal levels) in the number of
hypermutated genomes observed, 8 were associated with a >2-log reduction in plasma HBV DNA level. In contrast,
a corresponding decrease in plasma HBV DNA level was observed for only 1 of the 12 increases in ALT level that did
not involve an increase in the number of hypermutated genomes (P < .001). Hepatitis B e antigen clearance was often
observed in patients who experienced an increase in the number of hypermutated genomes. Interferon treatment
induced hypermutation in HBV genomes in an animal model. However, there was no apparent increase in the number
of hypermutated genomes among the majority of patients who received interferon therapy, probably because the
number of hypermutated genomes had already increased prior to the initiation of therapy.

Conclusion. Our results suggest that a marked increase in the number of hypermutated genomes represents a
strong immunological host response against the virus and is predictive of hepatitis B e antigen clearance and plasma
HBV DNA level reduction.

Despite the availability of safe and effective vaccines for
>2 decades, hepatitis B virus (HBV) infection is still a
global health problem. Worldwide, >2 billion people
are infected with HBV, and chronic HBV infection af-
fects ~400 million people [1, 2]. It is estimated that
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>500,000 people die annually because of cirrhosis
and/or hepatocellular carcinoma due to HBV infection
[3].

Recent reports have shown that cellular cytosine deam-
inase (apolipoprotein B messenger RNA [mRNA] editing
enzyme, catalytic polypeptide-like 3G [APOBEC3G]),
packaged in human immunodeficiency virus type 1 (HIV-
1), induces G-to-A hypermutation to a nascent reverse
transcript of HIV-1 and reduces the infectivity of HIV, thus
contributing in part to innate antiviral activity [4-8].
HIV-1 overcomes this innate defense barrier in T cells with
HIV virion infectivity factor, a protein that specifically tar-
gets APOBEC3G to proteasomal degradation [9-12].
HIV-1 can infect resting CD4 T cells in lymphoid tissues
but not those circulating in peripheral blood [13-16]. Rest-
ing CD4T cellsin peripheral blood are protected from HIV
infection through the action of the deaminase-active
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Table 1. Clinical profiles of 17 patients with chronic hepatitis B virus (HBV) infection who experienced >2 increases of >100 /L

in alanine aminotransferase (ALT) level.

ALT level, IU/L Plasma HBV
Age, DNA level, log
‘Patient Sex years Minimum Maximum copies/mL

NOTE. HBeAg, HBV e antigen; HBeAb, antibody against HBV e antigen; IFN, interferon; L, liver cirrhosis.

a Before increase in ALT level.

HBV serum marker status?

HBeAg

HBV Histologic
subtype result®

Receipt of IFN
treatment

T

HBeAb

—

b Histologic evaluation of chronic hepatitis by use of the scoring system of Desmet et al. [291.

APOBEC3G [17). Recent reports have shown that interferon
(IFN)—c is a potent inducer of APOBEC3G [18-21]. It has also
been reported that some of the HIV restriction exerted by
APOBEC3G may be independent of its cytidine deaminase activity
(17, 22-24].

Weand others have reported the presence of small numbers of
hypermutated genomes in serum samples obtained from HBV-
infected patients [25-27]. Studies using HepG2 cell lines and
primary human hepatocytes showed that such hypermutation is
induced by the cytidine deaminase activity of the APOBEC fam-
ily of proteins [27]. In our previous study, IFN induced little
hypermutation in the HBV genome [27). However, after exten-
sive investigation supported by development of a quantitative
analysis of hypermutation, we showed that both IFN-c and
IFN-y actually increase transcription of APOBEC3G mRNA in
HepG2 cell lines and induce an increase in the number of hyper-
mutated genomes [28]. We also showed that APOBEC3G in-
duces hypermutation in HBV and reduces HBV replication lev-
els in the absence of the deaminase activity. Thus, APOBEC3G
has dual antiviral actions against HBV and is thought to be part
of the host defense mechanisms, as has been shown for HIV
infection. Although it is assumed that APOBEC3G is important
in the host anti-HBV defense system, little is known about the
clinical importance of this enzyme, because there are no meth-
ods available for the precise quantification of small amounts of
hypermutated genomes.

Using a method that can measure small amounts of hyper-
mutated genomes (differential DNA denaturation polymerase
chain reaction [3D-PCR] combined with TagMan PCR [28)),
we analyzed fluctuations in the number of hypermutated ge-
nomes observed in patients with chronic HBV infection who
experienced increased alanine aminotransferase (ALT) levels.
The study group included patients who received IFN treatment
and patients who did not.

METHODS

Patients. From 2002 through 2006 at Hiroshima University
Hospital (Hiroshima, Japan), there were 17 consecutive patients
with chronic hepatitis B who experienced >2 increases of >100
IU/L in ALT level and for whom stored serum samples were avail-
able. These 17 patients were enrolled in this study, among whom 33
such increases in ALT level were observed. Thirteen of 17 patients
received IEN treatment, usually during an increase in ALT level. The
clinical profiles of these 17 patients are shown in table 1. Written
informed consent was obtained from all patients, and the study was
approved by the Hiroshima University Ethics Committee.

HBV markers. Hepatitis B e antigen and antibody against e

‘antigen were quantified by use of enzyme immunoassay kits

(Abbott Diagnostics). HBV DNA was measured by use of real-
time PCR performed with the 7300 Real-Time PCR System
(Applied Biosystems), in accordance with the manufacturer’s
instructions. The primers used for amplification were 5-TT-

1600 + JID 2009:199 (1 June) + Noguchi etal.

- 173 -



TGGGCATGGACATTGAC-3' (nt 1893-1912; nucleotide num-
bers are those of HBV subtype C as reported by Norder et al. [30])
and 5'-GGTGAACAATGTTCCGGAGAC-3' (nt 2029-2049). For
real-time PCR, we used 25 uL of SYBR Green PCR Master Mix
(Applied Biosystems) with 1 pL of the DNA solution and 200
nmol/L of each primer. The amplification conditions were as fol-
lows: 2 min at 50°C, 10 min at 95°C, followed by 40 cycles of ampli-
fication (denaturation at 95°C for 15 s and annealing and extension
at 60°C for 1 min). The lower detection limit of this assay was 10?
copies/mL.

Extraction of HBV DNA and quantitative analysis of hy-
permutated genomes. HBV DNA was extracted from 100-puL
serum samples by use of the SMITEST DNA Extraction Kit (Ge-
nome Science Laboratories) and dissolved in 20 uL of water.
Hypermutated genomes were quantified by use of TagMan 3D-
PCR performed with the 7300 Real-Time PCR System (Applied
Biosystems); we used a procedure described elsewhere [28], with
slight modifications. In brief, the HBV DNA fragments were am-
plified by use of 3D-PCR in which the denaturation temperature
was set lower than usual so that only G-to-A hypermutated ge-
nomes would be amplified. The amplification conditions were as
follows: activation at 95°C for 10 min; followed by initial dena-
turation at 89°C for 20 min, to allow nonhypermutated genomes
reanneal; and 45 cycles of amplification (denaturation at 89°C
for 20 s, annealing at 50°C for 30 s, and extension at 62°C for
90 s). TagMan PCR was performed using the following primers:
5'-ACTTCAACCCCAACAMRRATCA-3' (nt 2978-2999) and
5'-AGAGYTTGKTGGAATGTKGTGGA-3' (nt 24-1), where M
isAorG,RisGorA,Yis T or C,and Kis G or T. The probe was
a 6-carboxyfluorescein (FAM)-labeled MGB probe, 5'-(FAM)-
TTAGAGGTGGAGAGATGG-(MGB)-3' (nt 3184-3167). The
detection limit of hypermutated genomes was 10? copies/mL,
and nonhypermutated genomes were not amplified by 3D-PCR
[28]. The reproducibility of the assay was quite high (as indi-
cated by the small standard deviation relative to the results of the
quantitative PCR control reaction), as reported in our previous
study [28].

Cell culture and transfection.
in Dulbecco’s modified Eagle medium supplemented with 10%
(vol/vol) fetal calf serum at 37°C in 5% CO,. Cells were seeded to
semiconfluence in 6-well tissue culture plates and transfected
with the plasmid pTRE-HB-wt, which contained 1.4—genome
length wild-type HBV genomes [31], by calcium phosphate pre-
cipitation. Seventy-two hours after transfection, the supernatant
was collected for HBV DNA quantification by real-time PCR
and for quantitative analysis of G-to-A hypermutated genomes

HepG2 cell lines were grown

[28]. The remaining supernatant was stored at —80°C for infec-
tion experiments using human hepatocyte—chimeric mice.
Quantitative analysis of G-to-A hypermutated genomes
with human hepatocyte-chimeric mice. A human hepato-
cyte—chimeric mouse model was developed, as described previ-
ously (32], and used in infection and IFN-treatment experiments.

The human hepatocytes progressively repopulated the murine host
liver and were susceptible to HBV produced in cultured cell lines
(31]. All animal protocols were in accordance with the guidelines of
the local animal experimentation committee. The experimental
protocol was approved by the Ethics Review Committee for Animal
Experimentation of the Graduate School of Biomedical Sciences,
Hiroshima University. Hepatocyte-chimeric mice were inoculated
with 500 uL of the supernatant produced by transiently transfected
cell lines. After confirmation of high-level HBV viremia, the mice
were treated with 7000 IU/g/day of IFN-q, injected intramuscu-
larly, for 14 days (the IFN-a was a gift from Hayashibara Biochem-
ical Labs in Okayama, Japan). Human serum albumin in mouse
serum was measured with the Human Albumin ELISA Quantita-
tion Kit (Bethyl Laboratories), used in accordance with the manu-
facturer’s instructions.

Statistical analysis. Differences between clinical groups
with respect to HBV DNA and e antigen levels were examined
for statistical significance, using the Mann-Whitney U test. A P
value <.05 was considered to indicate a statistically significant
difference. All statistical analyses were performed with StatView
(version 5.0; SAS Institute).

RESULTS

Clinical course of disease in patients with increased ALT levels and
fluctuations in the number of hypermutated genomes. Figure
1A-1D shows clinical courses for 4 representative patients (patients
1-4in Table 1) with chronic HBV infection who experienced increases
in ALT level. We observed marked decreases in HBV DNA level in
association with marked increases in hypermutated genomes ( figure
1A-1C, black arrows). In contrast, there was no apparent reduction in
HBV level in the absence of an increase in hypermutated genomes (LA—
1D, white arrows). We also analyzed the effect of IFN therapy on the
number of hypermutated genomes. In some patients, we observed an
increase in the number of hypermutated genomes during [FN therapy
(figure 1B and 1C) as well as a marked increase in the number of hy-
permutated genomes and a reduction of the virus accompanied by an
increase in ALT level just after cessation of IFN therapy (1A-1C, black
arrows). However, in some patients, such as patient 1 (figure 14), we
observed no apparent increase in the number of hypermutated ge-
nomes in response to IFN therapy. However, the number of hypermu-
tated genomes observed in samples from this patient obtained just be-
fore theinitiation of IFN therapy (996/106 genornes) was already higher
than the baseline level (157/10° genomes). Samples from patient 4 (fig-
ure 1D) showed an increase in the number of hypermutated genornes
during IFN therapy (1907/10° genomes), though this is less than the
increase observed during natural exacerbation (12,404/10° genomes).
In fact, there was no significant difference between IFN-treated patients
and untreated patients with respect to the number of hypermutated
genomes observed (data not shown). These results suggest that the
host’s antiviral immunity level was higher at baseline than it was after

Significance of G-to-A Hypermutation in HBV « JID 2009:199 (1 June) « 1601
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Group A

I - === seroconversion I

HBV DNA, logcopies/mL
[--]

10

HBV DNA, logcopies/mL
S D ~N @ 0

Increase in ALT 2 months later

Group B

10

HBV DNA, logcopies/mL

HBV DNA, logcopies/mL

Increase in ALT 2 months later

Figure 2. Relationship between increase in the number of hypermutated genomes and plasma levels of hepatitis B virus (HBV) DNA in 17 patients
with chronic HBV infection who experienced >2 increases of >100 IU/L in alanine aminotransferase (ALT) level. Patients’ exacerbations were divided
into 2 groups, A and B, according to the extent of increase in the number of hypermutated genomes, relative to the basal number (group A included
9 exacerbations that involved a >5-fold increase in the number of hypermutated genomes; group B included 12 exacerbations that involved a <5-fold
increase in the number of hypermutated genomes). Upper panel for groups A and B, individual HBY DNA levels at the time the ALT leve! increased *
and 2 months later; in the upper panel for group A, dashed lines indicate 4 exacerbations associated with seroconversion to positivity for antibody
against e antigen. Lower panel for groups A and B, box-and-whisker plots for HBV DNA levels at same 2 time points. In the plots, the lines in the boxes
indicate median values; the upper and lower lines of the boxes indicate the 25th and 75th percentiles, respectively; and the upper and lower whiskers

represent the 90th and 10th percentiles, respectively.

IFN or that the feedback system for IFN signaling was already active
before initiation of therapy.

We also compared the degree of reduction in the plasma HBV
DNA level for exacerbations (i.e., increases in ALT level) associ-
ated with a marked increase in the number of hypermutated
genomes (i.e., those in which the peak number was >5 times the
number observed prior to exacerbation) and for exacerbations
not associated with such an increase. As shown in figure 2, 8 of 9
exacerbations that were coupled with a marked increase in the
number of hypermutated genomes (group A) were associated
with a >2-log reduction in the HBV DNA level. In contrast, only
1 of the 12-exacerbations not associated with a marked increase
in the number of hypermutated genomes (group B) was associ-
ated with a >2-log reduction in plasma HBV DNA level. The
median serum HBV DNA level decreased from 8.8 to 5.0 log
copies/mL among the patients in group A (P < .001) but did
not decrease for patients in group B (figure 2).

In addition, we compared the reduction in e antigen level for
these 2 groups. Levels were reduced in both groups, but the median
reduction was more prominent for patients in group A than for
those in group B (figure 3). All 4 exacerbations coupled with e an-
tigen seroconversion (from positive to negative) were associated
with marked increase in hypermutated genomes (figure 3).

Effect of IFN treatment on the rate of HBV hypermutation
in chimeric mice. Next, we examined the effect of IFN treat-
ment on G-to-A hypermutation in HBV genomes in human he-
patocyte—chimeric mice. Two mice were intravenously injected
with supernatant produced by HepG2 cells transiently trans-
fected with a plasmid containing 1.4—genome length wild-type
HBYV genomes. Ten weeks later, after confirmation of high-level
HBV viremia, the mice were treated with 7000 IU/g/day of
IEN-a, injected intramuscularly, for 14 days. We observed an
~1.5-log reduction in plasma HBV DNA level accompanied by
an increase in the number of hypermutated genomes in both
mice (figure 44). In a mouse inoculated with HBV but treated
with phosphate-buffered saline, no increase of hypermutated
genomes was observed (figure 4B). We also observed a 36-fold
increase in the level of APOBEC3G mRNA, as determined by
human oligonucleotide microarray (data not shown).

Infectivity of hypermutated genomes. To study the biolog-
ical significance of hypermutated genomes, culture supernatant
from HepG2 cells transfected with both HBV and APOBEC3G
(5 png each) was injected into a chimeric mouse. As shown in
figure 5, the culture supernatant contained a large number of
hypermutated genomes. In contrast, we could not detect hyper-
mutated genomes in the chimeric mouse inoculated with this
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Figure 3. Relationship between increase in the number of hypermutated genomes and hepatitis B virus (HBV) e antigen (HBeAg) levels in 15
HBeAg-positive patients with chronic HBV infection who experienced >2 increases of >100 IU/L in alanine aminotransferase (ALT) level. Patients’
exacerbations were divided into 2 groups, A and B, according to the extent of increase in the number of hypermutated genomes, relative to the basal
number (group A included 9 exacerbations that involved a >5-fold increase in the number of hypermutated genomes; group B included 8 exacerbations

that involved a <5-fold increase in the number of hypermutated genomes). Upper panel for groups A and B, individual e antigen levels at the time the

ALT level increased and 2 months latef; in the upper panel for group A, dashed lines indicate 4 exacerbations associated with seroconversion to positivity .
for antibody against e antigen. Lower panel for groups A and B, box-and-whisker plots for e antigen levels at these same 2 time points. In the plots,
the lines in the boxes indicate median values; the upper and lower lines of the boxes indicate the 25th and 75th percentiles, respectively; and the upper

and lower whiskers represent the 30th and 10th percentiles, respectively.

supernatant (figure 5A and 5B). These results suggest that the
infectivity (or replication ability) of HBV with hypermutated
genomes is very poor. Itis possible that the inoculum contained
less abundantly mutated genomes. To test this, we cloned and
sequenced 72 clones of 217-bp DNA fragments amplified at a
denaturation temperature of 95°C. Of 72 clones obtained from
the inoculum, we found 1 clone with 8 G-to-A substitutions, 1
clone with 5 substitutions, 2 clones with 3 substitutions, and 1
clone with 1 substitution (figure 5C). In contrast, 1 of the 72
clones obtained from the mouse serum had 1 G-to-A substitu-
tion. If G-to-A substitutions were excluded, the only other nu-
cleotide substitution observed in the 144 clones sequenced was a
single C-to-T substitution.

DISCUSSION

In a previous study, we found that the majority of serum samples
obtained from HBV-infected patients contained a small number
of hypermutated genomes (27]. Recently, we developed a
method (TagMan 3D-PCR) to measure small numbers of hy-
permutated genomes [28]. Using this method, we reported dual
antiviral effects for APOBEC3G, namely induction of hypermu-
tation and reduction of viral replication. We also reported that

IEN increased the transcription of APOBEC3G and enhanced
the effect of the protein in vitro [28]. Other investigators also
showed that IFN enhances the action of APOBEC proteins
against HIV [18-21]. It is thus assumed that the antiviral effect
of APOBEC proteins should be enhanced by IFN and other cy-
tokines in vivo.

In the present study, we showed that an increase in ALT level
accompanied by an increase in the number of hypermutated
genomes was associated with reduction in the plasma HBV DNA
level. In contrast, no decrease in HBV DNA level was observed if
the increase in ALT level occurred in the absence of an increase
in the number of hypermutated genomes. It is difficult to know
which of the dual antiviral effects of APOBEC3G (or other
APOBEC proteins) reduced the viral level. Itis also impossible to
estimate the importance of APOBEC proteins in this reduction.
However, it is clear that the increase in the number of hypermu-
tated genomes of HBV correlates with activation of the host an-
tiviral defense against HBV.

We also demonstrated that exacerbations of HBV infection
associated with a marked increase in the number of hypermu-
tated genomes were associated not only with a decrease in the
plasma HBV DNA level but also with clearance of e antigen.
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Furthermore, all exacerbations followed by seroconversion to
positivity for antibody against e antigen were associated with a
marked increase in the number of hypermutated genomes.
Clearance of e antigen often results from a G-to-A nucleotide
substitution at the first position of a 5'-GGGG stretch in the pre-
core coding sequence (the G1896A mutation). Because this sub-
stitution (changing TGGGG to TAGGG) is in agreement with
the dinucleotide pattern preferentially edited by APOBEC3G,
one might assume that G-to-A substitution in this region could
be caused by this enzyme and is related to the clearance of e
antigen. However, we observed that hypermutation was induced
in only some genomes, whereas the majority of genomes were
unaffected. Thus, it seems unlikely that APOBEC proteins playa
role in seroconversion to positivity for antibody against e anti-
gen, although it is still possible that the 5'-GGGG stretch in the
precore region is the preferred editing site for the enzyme. Im-
portantly, such substitution of the 5'-GGGG stretch should re-
sult in the occurrence of multiple stop codons (TAG, TGA, and
TAA) in HBV genomes, as we observed and reported in our

previous study [28], which makes the replication of mutated
genomes impossible. :

In the present study, we did not observe any increase in the
number of hypermutated genomes during IFN therapy in some
patients. This finding is discrepant from the results of previous
in vitro experiments that showed increased numbers of hyper-
mutated genomes after the application of IFN [28]. Interest-
ingly, our experimental results also showed the induction of
APOBEC3G gene expression, an increase in the number of hy-
permutated genomes, and a reduction of plasma HBV DNA level
in 2 human hepatocyte— chimeric mice treated with IFN (hgure
4). What is the reason for the lack of increase in hypermutation
in some IFN-treated patients? We usually administer IFN to pa-
tients who have high ALT levels. The patients in this study had
abnormal ALT levels prior to treatment with IFN—that is, their
livers were inflamed, and the levels of many cytokines produced
by the immune cells in the liver were already high. We presume
that the effect of these elevated cytokine levels masked the effect
of the IFN we administered. It could also be argued that the effect
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supernatant or mouse serum.

observed in mice represents the absence of the immune response
in mice, whereas the lack of a clear response to IFN in the study
patients was the result of the complex immune response in hu-
man beings. Alternatively, the concentrations of IFN in treated
patients might be lower than those used for the cell culture or the
chimeric mice. Although we did not perform this analysis in the
present study, it would be interesting to determine the expres-
sion levels of APOBEC proteins and IFN-stimulated genes in the
liver of [FN-treated patients.

The present study showed that the number of hypermutated
genomes increased during some increases in ALT level, probably
as a result of IFN-activated APOBEC proteins and other cyto-
kines in patients with chronic hepatitis B. However, the number
of hypermutated genomes was very small, only 28,378 in 10¢
HBV genomes at most (figure 1A). Because it was possible that
the less abundantly hypermutated genomes were not detected
(i.e., that genomes with only 1 or 2 G-to-A substitutions were
not amplified by 3D-PCR), cloning and sequencing were per-
formed to detect such genomes. However, the number of ge-

nomes containing G-to-A substitutions was still low (5 [6.9%] of
72 clones), even in the culture medium of HepG2 cells cotrans-
fected with APOBEC3G and HBV (figure 5C). This means that
the number of genomes with only a small number of G-to-A
substitution was not high, suggesting that only selected DNA
molecules were heavily mutated while the remaining DNA was
not. Does this mean that the effect of APOBEC proteins in anti-
viral defense is trivial in patients with chronic HBV infection? It
is a possible that the heavily deaminated genomes are an easy
target for uracil DNA glycocylase. Although the dual antiviral
effects of APOBEC proteins are currently known to reduce the
amount of HBV, the importance and magnitude of APOBEC
proteins with respect to in vivo virus reduction should be inves-
tigated further.

Treatment of patients with chronic HBV infection has im-
proved with the advent of new nucleoside and nucleotide ana-
logues. However, reactivation of HBV and flare-ups of hepatitis
are often seen in patients who stop such therapy. Furthermore,
hepatitis B surface antigen clearance is rare in patients treated
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with these antiviral drugs. On the other hand, most patients with
chronic HBV infection achieve sufficient viral suppression and
disease quiescence through immunological suppression of the
virus. As we showed in this study, the immunological suppres-
sion of HBV is much stronger than that achieved with IFN ther-
apy, but it is often transient. It is thus necessary to clarify the
mechanism of transient immune response and to develop treat-
ment that produces persistent suppression of HBV. Quantitative
measurement of hypermutated genomes should be useful in
monitoring the immune response in this context.
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Deletion of angiotensin II type I receptor reduces hepatic steatosis™
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Background/Aims: A distinct subgroup of angiotensin II type 1 receptor (AT1R) blockers (ARBs) have been reported to
suppress the development of hepatic steatosis. These effects were generally explained by selective peroxisome proliferator-
activated receptor (PPAR) y modulating properties of ARBs, independent of their AT1R blocking actions. Here, we pro-
vide genetic evidence of the direct role for AT1R in hepatic steatosis.

Methods: The effect of AT1R deletion on steatohepatitis was investigated in 4TIa™" mice. Furthermore, the influence
of AT1R inhibition by telmisartan as well as gene silencing of AT1R by siRNNA was assessed in an in vitre experiment
using HepG2 cells.

Results: Compared to wild-type (WT), AT Ia”“ mice fed methionine—choline deficient (MCD) diet resulted in negligible
lipid accumulation in the liver with marked induction of PPAR« mRNA. Ir vitro éxperiments also demonstrated reduced
cellular lipid accumulation by telmisartan and AT1R knockdown following exposure of long chain fatty acids. This is pre-
sumably explained by the observation that the expression of PPAR« and its target genes were significantly up-regulated in
specific siRNA treated HepG2 cells.

Conclusions: Our data indicate, in addition to pharmacological effect of ARBs on PPARY activation, a key biological
role for ATIR in the regulation of hepatic lipid metabolism.
© 2009 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) encom-
passes a wide spectrum of liver pathology — from simple
steatosis alone, through necroinflammatory disorder
referred to as non-alcoholic steatohepatitis (NASH), to
cirrhosis and liver cancer. Because of the high preva-
lence and the potential mortality, NAFLD/NASH has
emerged as a serious public concern and therefore ther-
apeutic strategies need to be established. Recent animal
studies and clinical trials have demonstrated several

pharmacological treatments as potential therapeutic tar-

gets, which include insulin sensitizers (e.g., thiazolidin-
ediones, metoformin), lipid lowering agents (e.g.,
statins, fibrates), antioxidants, angiotensin (Ang) II type
I receptor (AT1R) blockers (ARBs), etc. [1-7]. Among

0168-8278/$36.00 © 2009 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.

doi:10.1016/j.jhep.2009.01.018

- 181 -



