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SUMMARY. The biological activity of interferon (IFN) is
mediated by the induction of intracellular antiviral proteins,
such as 2'-5’ oligoadenylate synthetase, dsRNA-activated
protein kinase and MxA protein. Among these, MxA protein
is assumed to be the most specific surrogate parameter for
IFN action. This study was performed to elucidate whether a
single nucleotide polymorphism (SNP) (G/T at nt-88) in the
promoter region of the MxA gene influences the response to
IEFN therapy in patients with chronic hepatitis C virus (HCV)
infection. Polymorphisms of the MxA gene in 235 HCV
patients were determined by polymerase chain reaction-
restriction fragment length polymorphism. The frequency of
SNP was compared between sustained-responders (n = 78)
and nonresponders (n = 157), as determined by biochemical
and virological responses to IFN. Multivariate analysis
showed that among all patients, HCV genotype, HCV RNA

level and the SNP of the MxA gene were independent and
significant determinants of the outcome of IFN therapy [odds
ratio 3.8 (95% confidence interval 2.0-7.0), P < 0.0001;
0.27 (0.15-0.50), P < 0.0001; 1.8 (1.0-3.4), P = 0.0464,
respectively]. Furthermore, among patients with a low viral
load (£2.0 Meq/mL), MxA-T-positive patients were more
likely to show a sustained response compared with MxA-T-
negative patients [2.87 (1.3-6.3); 62% vs 36%:
P = 0.0075]. Our findings suggested that the SNP of the
MxA gene is one of the important host factors that inde-
pendently influences the response to IFN in patients with
chronic HCV infection, especially those with a low viral load.

Keywords: chronic hepatitis C, interferon therapy, MxA
promoter gene, single nucleotide polymorphism.

INTRODUCTION

Interferon (IFN) has been used for treatment of patients with
chronic hepatitis C virus (HCV) infection. However, <30% of
patients treated with I[FN monotherapy show a sustained
response [1, 2]. Specifically, viral factors, such as genotype 1
and high HCV RNA levels are associated with a higher
incidence of resistance to IFN therapy [3]. Furthermore,

Abbreviations: ALT, alanine aminotransferase; HCV, hepatitis C
virus; IFN, interferon: IL, interleukin: ISRE. IFN-stimulated response
elements; LMP, low molecular mass polypeptide; NR, nonresponders;
OAS. oligoadenylate synthetase; PCR, polymerase chain reaction;
PKR, dsRNA-activated protein kinase; SNP, single nucleotide poly-
morphism; SR, sustained responders; TGF-f. transforming growth
factor-f; TNF-¢, tumour necrosis factor-a

Correspondence: Fumitaka Suzuki, MD, Department of Gastroen-
terology, Toranomon Hospital, 2-2-2 Toranomon. Minato-ku, Tokyo

105-8470, Japan. E-mail: fumitakas@toranomon.gr.jp

© 2004 Blackwell Publishing Ltd

several host factors, such as old age, advanced fibrosis and
long duration of disease can also adversely influence the
response to [FN treatment.

The difficulty encountered in the detection of IFN-¢ in sera
may be due to the fact that the biological half-life of this
cytokine is short (a few hours) and it can be cleared rapidly
from the circulation. Biological activity of IFN is mediated, in
part, by the induction of intracellular antiviral proteins, such
as 2°-5" oligoadenylate synthetase (2-5" QAS), dsRNA-
activated protein kinase (PKR) and MxA protein. The MxA
protein influences IFN-induced antiviral activities of host
cells against several viruses {4, 5]. Moreover, the MxA pro-
tein is assumed to be the most specific surrogate parameter
for IFN action [6, 7]. Some reports have shown that
increasing the MxA protein or mRNA levels were related to
response to IFN therapy [8. 9]. However, the levels of the
MxA protein or mRNA during IFN therapy differ between
individuals. One cause of these differences may be associated
with genomic factors.
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Matsushita et al. [10] showed an association between
polymorphism of the mannose-binding lectin gene and IFN
responsiveness of Japanese patients with chronic hepatitis C.
This was associated with the role mannose-binding lectin
plays in opsonization of HCV particles through glycosylated
coal proteins on the virion's surface. Moreover, the same
group recently showed that a single nucleotide polymorph-
ism (SNP) (G/T at nt -88) in the promoter region of the MxA
gene was associated with the IPN response of HCV patients
[11]. Although these findings indicated that MxA protein
might be an important factor in the response to JFN therapy
in patients with HCV infection, there has been only one
study to date about this SNP and IFN responsiveness.
Moreover, in that study, HCV RNA level, which is an
important factor for [FN response, was not taken into con-
sideration.

In the present study, we investigated a large population of
patients with chronic HCV infection, and demonstrated that
the previously described SNP in the promoter region of the
MxA gene is associated with the response to IFN therapy.
Moreover, we analysed the relationship between HCV viral
load, genotype and this SNP.

PATIENTS AND METHODS

Patients

From November 1990 to August 2001, 235 Japanese adult
patients with chronic hepatitis C infection were recruited for
this study. All patients were positive for both anti-HCV
antibody and serum HCV RNA by polymerase chain reaction
(PCR). IEN treatment and clinical follow-up were performed
at the Department of Gastroenterology of Toranomon Hos-
pital. Before IFN therapy, patients had persistently elevated
serum alanine aminotransferase (ALT) levels for at least
6 months and none of them had evidence of hepatitis B virus
co-infection or other liver diseases (e.g. alcoholic-induced or
autoimmune hepatitis). None of the patients had received
prior antiviral treatment such as IFN and/or ribavirin. A
pretreatment liver biopsy was carried out for histopatho-
logical examination, and histological staging was performed
according to the classification proposed by Desmet et al. [12].
All patients gave written informed consent to participate in
this study.

Patients were treated with IFN-o or IFN-£ for periods from
8 to 26 weeks. Patients received 3-10 million units (MU) of
IPN every day for the first 2-8 weeks, after which most
patients received IFN three times a week for the following
16-20 weeks. The total period of IEN treatment was within
26 weeks, with the exception of 10 patients who received a
total dose of <2000 MU IFN. All patients were {ollowed for
at least 6 months after completion of IFN therapy. Sustained
responders (SR; n = 78) were defined as patients who
showed normalization of the ALT level and who tested
negative for HCV RNA by Amplicor HCV RNA™ (Roche

Molecular Systems, Nutley, NJ, USA) for at least 6 months
alter completion of IFN therapy. All other patients, who did
not show SR, were considered nonresponders (NR:
n=157).

Hepatitis C virus genotyping and HCV RNA quantity

HCV genotypes were determined by PCR and were expressed
according to the nomenclature proposed by Simmonds et al.
[13]. Serum HCV RNA was quantified using a branched
DNA assay (bDNA probe assay, version 2.0; Chiron, Dai-ichi
Kagalku, Tokyo, Japan).

Determination of MxA promoter single nucleotide
polymorphism

The SNP was determined by PCR-restriction fragment
length polymorphism as described previously by Hijikata
et al. [11]. In brief, genomic DNA from peripheral blood
mononuclear cells was isolated by a GFX™ Genomic
Blood DNA Purification Kit (Amersham Pharmacia
Biotech, Piscataway, Nj, USA). In the next step, 1 pg of
genomic DNA was amplified in a reaction mixture con-

taining 10x PCR buffer (Applied Biosystems Japan, Tokyo,

Japan), 1.5 mmol/L MgCl,, 160 pmol/L of each deo-
xynucleosidetriphosphate, 1 pmol/L.  of primer (No.
MXAFO1 and No. MXARO02), and one unit of AmpliTaq
Gold DNA polymerase (Applied Biosystems Japan). The
amplified products were subjected to restriction enzyme
{Hhal) digestion for 4 h. Samples were electrophoresed in
agarose gels, stained with ethidium bromide and observed
under UV transillumination.

Statistical analysis

Differences between groups were examined for statistical
significance using the Mann-Whitney U-test and chi-
squared test where appropriate. All calculations were
performed using StatView software (Version 4.5]; Abacus
Concepts. CA, USA). Independent predictive factors asso-
ciated with SR to IFN treatment were studied using mul-
tivariate multiple logistic regression. Potential predictive
factors for SR to IFN treatment that were assessed inclu-
ded the following eight variables: age, sex, HCV genotype,
HCV RNA level, histopathological stage (mild or not),
baseline ALT. total dose of IFN and MxA genotype. All
factors found to be at least marginally associated with SR
to IFN therapy (P < 0.15) were entered into the multi-
variate muliiple logistic regression. Multivariate multiple
logistic regression was performed using the Windows SPSS
software package (SPSS Inc., Chicago, IL, USA). The odds
ratio (OR) and 95% confidence interval (CI) were
calculated to assess the relative risk confidence. A two-
tailed  P-value <0.05 was
signiticant.

considered  statistically
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RESULTS

Clinical and virological features of patients with chronic
hepatitis C infection

Comparison of the clinical and virological characteristics
between the SR and NR are summarized in Table 1. Among
the total of 235 patients, histopathological staging was
performed on 229 patients before treatment; liver biopsies
could not be performed on the remaining six patients. The
univariate analysis of clinical and virological factors showed
that HCV genotype other than 1b (2a or 2b) [OR 3.4 (95%
Cl 1.9-6.1), P < 0.0001] and lower serum HCV RNA levels
(€2 Meg/mL) [OR 0.3 (95% Cl 0.17-0.53), P < 0.0001]
were associated with a higher probability of SR. There were
no significant differences in the sex ratio, age. histopatho-
logical stage, total dose of IFN and ALT level before treat-
ment between the two groups.

Comparison of the MxA promoter allele frequencies
between sustained-responders and nonresponders

Polymorphism of the MxA promoter gene and allele fre-
quencies between SR and NR were compared among all

Table 1 Characteristics of patients with chronic hepatitis C
viral infection treated with interferon

Sustained

responders Nonresponders

(n=78) (n=157)
Age (years) 50 (20-83) 51 (22-66)
Sex (male/female) 53/25 92/65
Baseline ALT (IU/L) 81 (16-683) 94 (27-452)
HCV RNA 0.7 (0.4-38) 3.5 (0.4-48)

level (Meg/mL)*
HCV genotype*

1b 38 (49%) 120 (76%)
2a 33 (42%) 29 (18%
2b 7 (9%) 8 (5%)
Histological stage
Mild 45 (62%) 91 (58%)
Moderate 23 (32%) 47 (30%)
Severe 2 (3%) 11 (7%)
Cirrhosis 3 (4%) 7 (4%)
Total dose 625 (267-1432) 626 (256-1972)

of interferon (MU)

Data are median (range). or number of patients. All HCV
RNA values below the lower limit of detection (<0.5 x

10° Meg/ml) were set to 0.4. Histological examination was
not performed in five and one patients of the sustained
responders and nonresponders, respectively.

*P < 0.0001. between responders and nonresponders.
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patients (Table 2). Allele frequency of the MxA promoter
gene in all chronic hepatitis C patients was the same as in
healthy controls. For healthy controls, we examined another
56 normal subjects and merged their data with those of the
original group [11]. MxA promoter gene G/T and T/T het-
erozygous (MxA-T-positive) tended to be more frequent than
G/G homozygous, albeit statistically insignificant. The uni-
variate analysis of the MxA polymorphism (MxA-T-positive
vs-negative) showed borderline signilicance with a higher
chance ol sustained response among all patients (P = 0.11).

Multivariate analysis of predictive factors for interferon
treatment among all patients

The significance of the response to IFN therapy was inves-
tigated by multivariate logistic regression analysis. Both
HCV RNA level and genotype independently and signifi-
cantly influenced the outcome of IFN therapy (Table 3).
Moreover, the SNP of the Mx4 gene was also independently
associated with the outcome of IFN therapy. We also ana-
lysed the relationship between SNP of the MxA and HCV
viral load or genotype (Tables 4 and 5). Table 4 shows that
the SNP of the MxA did not correlate with the viral road and
that the distribution of this SNP was unbalanced in each
viral load. Therefore, this SNP was an independent factor as
determined by multivariate logistic regression analysis.

The single nucleotide polymorphisin of the MxA gene and
interferon response among patients with low viral loads

Figure 1 shows the relationship among IFN response, viral
load and the SNP of the MxA. Differences in viral load (high
or low viral load) influenced the response to IFN therapy.
Therefore, we analysed the response with respect to high and
low viral loads.

Among the patients with a high viral load (>2.0 Meg/mL,
n = 127), univariate analysis of clinical and virological
factors showed that HCV genotype other than 1b (2a or 2b)
[OR 5.1 (95% CI 2.1-12.8), P = 0.0002] was associated
with a high probability of SR. Among this group. the SNP of
the MxA gene was not related with SR. On the other hand,
among the patients with a lower viral load (22 Meg/mL,
n = 108), the univariate analysis of clinical and virological
factors showed that the SNP of the MxA gene (MxA-T-pos-
itive) [OR 2.87 (95% CI 1.3-6.3), P = 0.0075] and HCV
genotype other than 1b (2a or 2b} [OR 2.83 (95% CI 1.2
6.5). P = 0.0121] were associated with a higher probability
of SR. These results indicated that the SNP of the MxA gene
specifically influenced the efficacy of IFN treatment in
patients with a low viral load.

DISCUSSION

Genetic studies to date have examined three aspects of
HCV infection; viral clearance. liver disease progression
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Response to interferon

Table 2 Distribution of the MxA pro-
moter genotypes in patients with hepa-

MxA promoter Healthy Sustained titis C viral infection treated with
polymorphism at nt -88 controls*  All patients responders Nonresponders nterferon
n 98 235 78 157
Alleles 196 470 156 314
Allele frequency

G 143 (73%) 332 (71%) 106 (68%) 226 (72%)

T 53 (27%) 138 (29%) 50 (32%) 88 (28%)
'Zygosity

G/G heterozygous 51 (52%) 114 (49%) 32 (41%) 82 (52%)

G/T heterozygous 41 (42%) 104 (44%) 42 (54%) 62 (39%)

T/T heterozygous 6 (6%) 17 (7%) 4 (5%) 13 (8%)

*We included additional 56 normal subjects and reported the group data (by

Hijikata et al. [11]) of the entire 98 subjects.

Table 3 Factors associated with response to interferon
monotherapy

Table 5 Relationship between the single nucleotide poly-
morphism of the MxA and hepatitis C virus (HCV) genotype

95%
Multivariate Confidence
Variable odds ratio interval* P-value
HCV RNA levels 0.27 0.15-0.50 <0.0001
(<2 vs >2 Meg/mL)
Genotype 3.8 2.0-7.0 <0.0001
(1b vs 2a or 2b)
The SNP of the 1.8 1.0-3.4 0.0464
MxA gene

(G/G vs G/T or T/T)

*Values are the odds of having a sustained response to
interferon.

Table 4 Relationship between the single nucleotide poly-
morphism of the MxA and hepatitis C virus (HCV) load

HCV Viral Load

<2.0 Meg/mL >2 Meq/mL

MxA-T-positive 50 71
MxA-T-negative 58 56

{cirrhosis), and host susceptibility to infection [14]. How-
ever, there is paucity of information about the host gene
factors that could predict the outcome of IFN therapy.

We examined the relationship between polymorphism of
the MxA and response to IPN therapy in 235 patients with
chronic HCV infection. Our results showed that HCV RNA
level and genotype were independent significant determi-
nants of the outcome of IFN therapy. These findings are
consistent with those reported previously {3]. Multivariate

HCV genotype

1 2
MxA-T-positive 80 41
MxA-T-negative 78 36
4838343438 42
Over 30 |-~~~ - 9.
P L ]
o "
S 20 | ° 00
%- o [
< °
2 "0 4 gm
g o
E 10 o *
£ oooco::: odess©
=4 .
£ et A
AODGOO F‘
ERURARE F?§§ b -4 {
MxA-T (+) MxA-T (-)

Fig. 1 SNP of the MxA gene and interferon response. HCV
RNA [evels in six patients were over 30 Meqg/mL. Numbers
above symbols represent the actual leve] of HCV RNA in
these six patients. Open circles, sustained-responders

with genotype 1b; open squares, sustained-responders with
genotype 2a; open triangles, sustained-responders with
genotype 2b: closed circles. nonresponders with genotype
1b: closed squares. nonresponders with genotype 2a: closed
triangles, nonresponders with genotype 2b.

logistic regression analysis identified the SNP of the MxA as
independent determinant of the outcome of IFN therapy
although univariate analysis showed borderline significance
among all patients. The reason for mismatched results of the
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two types of regression analyses was probably the lack of
relationship between the SNP of the MxA on one hand and
viral load and/or genotype on the other. Moreover, the
number of MxA-T-positive patients was less than MxA-T-
negative patients among those with a lower viral load
(£2 Meq/mL). This bias was reclified by multivariate logistic
regression analysis, which identified the SNP of the MxA as
an independent factor. Our study also showed that all
patients with genotype 1b and more than 5 Meg/mL in HCV
RNA were nonresponders. Therefore, among patients with a
higher viral load (>5 Meq/mL), the viral genotype (2a or 2b)
was the most important factor associated with the outcome
of IFN therapy. On the other hand, among patients with low
viral load (£2 Meq/mL), about half did not achieve a sus-
tained determinant for the outcome of IFN therapy. More-
over, the SNP of the MxA gene was a more important factor
than viral genotype in determining the outcome; a signifi-
cantly higher proportion of patients positive for MxA-T
showed a sustained response than those who were negative
for MxA-T.

MxA is an IFN-inducible protein that contains consensus
IFN-stimulated response elements (ISRE) within the promo-
ter region [11, 15]. This polymorphic site (MxA promoter at
nt -88) is involved in a genetic element with high homology
to the ISRE consensus sequence and has been shown to play
a role in regulation of a downstream reporter gene by a
luciferase reporter assay [16, 17]. This suggests that the SNP
of the MxA promoter might affect the expression of MxA and
that carriers of MxA-T-positive might express the protein
more efficiently when treated with IFN than those who are
MxA-T-negative [11]. In previous clinical trials, the IFN-in-
duced incremental levels of the MxA mRNA or protein were
significantly higher in responders than in nonresponders to
treatment [8, 9]. Hijikata et al. [11] and our findings sug-
gested that MxA-T-positive patients who had a higher IFN-
induced increment of expression of the MxA protein, might
respond more efficiently than MxA-T-negative patients.
Moreover, a recent report also showed that this SNP of MxA
influenced the IFN response among patients with chronic
hepatitis B infection [18).

Hijikata et al. [11] reported that the SNP of the MxA gene
was an important factor in predicting outcomes of IFN
therapy, independent of HCV genotype. However, in that
study, HCV RNA levels were not considered in the IFN re-
sponse. Our findings showed that HCV RNA levels and
genotype were significant factors, especially in patients with
high viral load. On the other hand, host factors like MxA
may influence the IFN response in patients with low viral
load. Recently, the SNP of low molecular mass polypeptide
(LMP)7 has been identified as an important host factor that
independently influences the response {o IFN in patients with
chronic hepatitis C [19]. LMP7 within the HLA class 1
region plays a pivotal role in the HLA class I-restricted

antigen-presenting pathway [20, 21]. In this report, among-

palients with a low viral load (£2.0 Meg/mL. bDNA probe

MxA promoter gene SNP and IFN response 275

assay), a higher ratio of LMP7-K-positive patients showed a
sustained response compared with those negative for LMP7-
K. Although the mechanism(s) of this SNP in the response to
IFN therapy remain unknown, host factors like MxA or
LMP7 may influence the IFN response among chronic HCV
patients with a low viral load.

Other host factors that may determine the response to IFN
therapy, such as cytokine gene expression, have been
investigated. Polymorphisms in the genes of interleukin
(IL)-10, tumour necrosis factor-o (TNF-o), TNE-f and
transforming growth factor-f1 (TGF-f 1) in chronic HCV
patients treated with IFN monotherapy or in combination
with ribavirin have been examined [22- 24). Yee et al. [22]
reported that the SNPs of the IL-10 promoter gene were
associated with SR to a combination of interferon alfa-2b
and ribavirin. However, another report [23] showed that the
SNP of the TGF-§ 1 gene may be associated with resistance
to combination therapy while that of the IL-10 promoter was
not. Therefore, the relationship between these polymor-
phisms and IFN response were not consistent and the find-
ings differed among the studies. Further studies of the
involvement of these factors are required.

In summary, we investigated the association of the SNP in
the promoter region of the MxA gene, HCV viral load and
viral genotype with IFN response in patients with chronic
HCV infection. The SNP of the MxA gene influenced the IFN
response among patients with a low viral load. However, viral
genotype and HCV RNA levels were important factors in IFN
response among patients with a high viral load. Recently,
therapy either with IFN combined with ribavirin or with
pegylated IFN has been reported to result in higher rates of
sustained virological and biochemical responses than IFN
monotherapy, even in patients with a high viral load [25,
26]. For such therapy, host factors such as MxA and LMP7
may help identify patients more or less likely to respond.
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Complete nucleotide sequences of 19 hepatitis B virus (HBV) isolates of genotype A (HBV/A)
were determined and analysed along with those of 20 previously reported HBV/A isolates. Of
the 19 HBV/A isolates, six including three from Japan and three from the USA clustered with
the 14 HBV/A isolates from Westem countries. The remaining 13 isolates including four from
The Philippines, two from india, three from Nepal and four from Bangladesh clustered with the
six HBV/A isolates reported from The Philippines, South Africa and Malawi. Due to distinct
epidemiological distributions, genotype A in the 20 HBV isolates was classified into subtype

Ae (e for Europe), and that in the other 19 into subtype Aa (a for Asia and Africa) provisionally. The
19 HBV/Aa isolates had a sequence variation significantly greater than that of the 20 HBV/Ae
isolates (2-5+0-3% vs 1-1£0-6%, P<0-0001); they differed by 5:0:0-4% (4-1-6-4 %).
The double mutation (T1762/A1764) in the core promoter was significantly more frequent in
HBV/Aa isolates than in HBY/Ae isolates (11/19 or 58 % vs 5/20 or 25 %, P<0:01). In the
pregenome encapsidation (¢) signal, a point mutation from G to A or T at nt 1862 was detected
in 16 of the 19 (84 %) HBV/Aa isolates but not in any of the 20 HBV/Ae isolates, which may
affect virus replication and transiation of hepatitis B e antigen. Subtypes Aa and Ae of genotype A
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deserve evaluation for any clinical differences between them, with a special reference to
hepatocellular carcinoma prevalent in Africa. :

INTRODUCTION

Hepatitis B virus (HBV) has been classified into seven geno-
types based on a sequence divergence over the entire genome
exceeding 8 % (Norder ef al., 1994; Okamoto ef al, 1988;
Stuyver ef al., 2000), and they are designated by upper-case

The sequences reported in this article have been deposited in
the DDBJ/EMBL/GenBank databases under accession numbers
AB116076-AB116094.

letters from A to G. A possible eighth genotype is proposed
with a tentative designation of H that is closely related to
genotype F phylogenetically (Arauz-Ruiz et al, 2002). The
six major HBV genotypes (A-F) have distinct geographical
distributions (Lindh et al., 1997; Magnius & Norder, 1995).
HBV genotypes A and D are predominant in Europe, North
America and Africa, while genotypes B and C are prevalent
in east and south Asia. On clinical fronts, there have been
increasing lines of evidence to indicate influences of HBV
genotypes on the outcome of liver diseases in hosts and the
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response to antiviral therapies, especially between genotypes
A and D prevalent in Western countries as well as B and C
common in Asia (Chu et al., 2002; Kao et al., 2002; Kobayashi
et al, 2002; Mayerat et al., 1999; Orito ef al., 2001; Sugauchi
et al., 2002a; Wai ef al.,, 2002). Information is limited for
geographical distribution or clinical relevance of genotypes
G and H which were discovered recently (Arauz-Ruiz et al.,
2002; Kato et al.,, 20023, b; Stuyver et al., 2000).

Virological characteristics and clinical manifestations may
differ, however, even amongst HBV isolates of the same
genotype. We have reported two subtypes of genotype B,
designated Ba (a for Asia) and Bj (j for Japan), of which
Ba has the recombination with genotype C over the precore
region plus core gene, while Bj does not (Sugauchi et al,
2002b). Response to antiviral therapies and the prevalence
of hepatitis B e antigen (HBeAg) differed amongst patients
with chronic liver diseases who were infected with HBV/Ba
and HBV/Bj (Akuta et al, 2003; Sugauchi et al., 2003b).
Likewise, amongst isolates of HBV genotype A (HBV/A),
two subtypes have been reported, one of which distributes
widely in European countries and the USA, while the other
prevails in sub-Saharan Africa (Bowyer et al., 1997; Kramvis
et al., 2002; Sugauchi et al.,, 2003a). The subtype of geno-
type A, designated A’ by Bowyer et al (1997), seems to
be virologically distinct from the original genotype A and
associated with reduced serum levels of HBV DNA and a low
prevalence of HBeAg in serum (Kramvis et al,, 1997, 1998).
In addition, subtype A’ may have an association with hepato-
cellular carcinoma prevalent in Africa (Attia, 1998; Edman
et al., 1980; Olweny, 1984).

Complete nucleotide sequences were determined for 19
HBV/A isolates recovered from the USA and Asian countries.
Including the sequences of 20 HBV/A isolates retrieved
from the DNA databases, 20 isolates of the original geno-
type A and 19 isolates of subtype A’ were compared
phylogenetically and for unique mutations in their nucleo-
tide sequences. Due to distinct epidemiological distribu-
tions, together with marked virological differences, we
would like to propose the classification of the original
genotype A prevalent in European countries into subtype
Ae (e for Europe) and A’ common in African and Asian
countries into subtype Aa (a for Africa/Asia).

METHODS

Serum samples. Nineteen serum samples containing HBV/A were
collected from native HBV carriers in various countries [Bangladesh,
n=4; India, n=2; Japan, n=3; Nepal, n=3; The Philippines n=4;
USA, n=3 (none of African ethnicity)]. Samples from India, Nepal
and The Philippines were submitted by doctors who attended the
Second Workshop on Hepatocellular Carcinoma in Asia held on
21 February 2002 in Tokyo by the Miyakawa Memorial Research
Foundation. HBV genotypes were determined by ELISA with a
commercial kit (HBV GENOTYPE EIA, Institute of Immunology
Co., Ltd) involving monoclonal antibodies to type-specific epitopes in
the preS2 region product (Kato et al,, 2002b; Usuda et al,, 1999, 2000)
as well as by RFLP on the small-S gene sequence amplified by PCR
with nested primers (Mizokami et al, 1999). The entire nucleotide

sequences of the HBV/A isolates in the 19 serum samples, which had
been stored at —20°C, were determined. The study protocol was
approved by the Ethics Committees of the institutions, in accord-
ance with the 1975 Declaration of Helsinki, and an informed
consent was obtained from each HBV carrier.

Determination of the full-length sequence of HBV. Nucleic
acids were extracted from serum (100 ul) using a DNA extractor kit
(Genome Science Laboratory). HBV DNA fragments covering the
entire genorne sequence in 19 samples were amplified by the method
reported previously (Sugauchi et al, 2001). Amplified HBV DNA
fragments were sequenced directly by the dideoxy method using a
Taq Dye Deoxy Terminator cycle sequencing kit and a fluorescent
3100 DNA sequencer (Applied Biosystems).

Phylogenetic analysis. Complete genome sequences of 46 HBV iso-
lates were aligned using the CLUSTAL W software program (Thompson
et al., 1994), and the alignment was confirmed by visual inspection.
The genetic distances were calculated with the 6-parameter method
(Saitou & Nei, 1987), and the phylogenetic tree was constructed by the
neighbour-joining method using the ODEN program of the National
Institutes of Genetics (Mishima, Japan) (Ina, 1994). To confirm the
reliability of the phylogenetic tree, bootstrap resampling tests were
performed 1000 times.

Statistical analyses. Frequencies between groups were compared
by the chi-square test or by Fisher's exact test. Differences were
considered significant for P values less than 0-05.

RESULTS

Phylogenetic relatedness and genetic diverslty
of the two subtypes of HBV/A

Complete nucleotide sequences of 19 HBV/A isolates were
determined. Of the 19 HBV/A genomes, 18 had a genome
length of 3221 bp and one (HBV-NEP40) possessed a dele-
tion of 21 nt in the preS1 region, as did three HBV/A isolates
retrieved from the DDBJ/EMBL/GenBank databases {acces-
sion nos AF297623, AF297625 and V00866). The insertion
of 6 nt characteristic of genotype A was present in the core
region in all 19 HBV/A isolates. Together with the 20 com-
plete genome sequences of HBV/A isolates retrieved from
the databases, the 19 determined in the present study were
subjected to phylogenetic analysis along with seven HBV
isolates representative of genotypes B, C, D, E, F, G and H
(Fig. 1). Three recombinant HBV strains of genotypes A
and D [AF297621 (Kramvis ef al, 2002); AF418674 and
AF418682 (unpublished)], as well as a single recombinant
strain of genotypes A and A’ (Bowyer et al, 1997), were
excluded from the phylogenetic analysis.

Of the 19 HBV/A isolates for which full-length sequences
were determined in the present study, 13 including four
from The Philippines, two from India, three from Nepal and
four from Bangladesh were classified into subtype Aa and
clustered with the HBV isolates from The Philippines,
South Africa and Malawi retrieved from the databases; they
differed from one another in 2-5+40-3 % (range 1-1-4+6 %)
of the entire genome sequence by pairwise comparison. The
remaining six HBV/A isolates including three from the USA
and three from Japan were classified into subtype Ae, and
clustered with the 14 HBV isolates from Western countries
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Fig. 1. Phylogenetic tree constructed using the entire nucleotide sequences of 46 HBV isolates. The 39 HBV/A isolates were
compared with seven HBV isolates representing genotypes B—H. HBV/A isolates clustered on two branches, Ae (the original
European genotype A) and Aa (the new African/Asian genotype A corresponding to A’ proposed by Bowyer et al., 1997). The
18 HBV/A isolates, the sequences of which were determined in this study, are shown in boldface; accession numbers are
given for sequences of the other 27 HBV isolates. The country of origin is indicated after a solidus for each HBV/A isolate.
Genetic distance is indicated below the tree, Bootstrap values are shown at the nodes of the main branches.

and Japan whose sequences were retrieved from the data-
bases. These 20 HBV/Ae isolates had a sequence variation
of 1:140:6%, which was significantly smaller than the
2:540-3 % in the 19 HBV/Aa isolates (P < 0-0001) (Table 1).
The inter-group sequence divergence between the 20 and 19
isolates of genotypes Ae and Aa, respectively, was 5-0+
0-4% (4:1-6-4 %) by pairwise comparison.

Phylogenetic analyses were performed on 19 HBV/Aa iso-
lates and six HBV/Ae isolates, the sequences of which were
determined in the present study and retrieved from DNA
databases, within four reading the preS1/preS2
region, the S gene, the X gene and the precore/core region
(Fig. 2). A clear separation of subtype Ae from Aa is seen in
the tree topology for the preS1/preS2 region, the X gene and

m e
frames, i.e.
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Table 1. Mean number of differences in nucleotide sequences of the entire genome and its
reading frames within 20 HBV/Ae and 19 HBV/Aa igolates as well as between them

The mean 5D values are shown with the ranges in parentheses.

Reading frames Differences within Ae

or Aa isolates (%)

Ae

Aa

Differences between
Ae and Aa isolates (%)

Entire genome 11406 (0-1-3-6)

preS1/preS2 1-4+0-2 (0-4-6)
S gene 0-5+0-4 (0-2-1)
X gene 0-9+40-2 (0~1-9)
Precore/core 1-340-2 (0-5-4)

Polymerase gene 1-0+0-1 (0-1-2-4)

2:540-3 (1-1-4-6)
3:3+0-4 (0-8-6-9)
1-4+0-6 (0-3-2-9)
2:4+04 (0:4-4-1)
3:0+0-3 (0:6-6-4)
2:5+02 (1-24-3)

50404 (4-1-6-4)
66409 (5:0-8:6)
1-940-5 (0-9-3-7)
41407 (2:2-5-6)
46406 (2:8-7-9)
50404 (4:1-6-0)
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Fig. 2. Phylogenetic trees constructed using partial genome sequences of 25 HBV/A isolates. Nineteen full-length
sequences were determined in the present study. Four trees representing (a) the preS1/preS2 region, (b) the S gene,
{c) the X gene and (d) the precore region plus the core gene are shown with the sequence of genotype F serving as an
outgroup. Genetic distance is indicated below each tree. Bootstrap values are shown at the nodes of the main branches.
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the precore/core region. Phylogenetic trees constructed from
S gene sequences, however, revealed no significant bootstrap
values at the bifurcation of Ae and Aa.

With the availability of many sequences of the preS2 region
and the S gene for genotype A isolates, 49 preS2/S sequences
of genotype A were retrieved from the DNA databases,
and a phylogenetic tree was constructed from them along
with those of the 19 genotype A isolates sequenced in the
present study (Fig. 3). Genotype A isolates from African
countries (South Africa, Malawi and Zimbabwe) clustered
with those from Asian countries (Bangladesh, India, The
Philippines and Nepal) that were classified into subtype

Aa, and they were separated from subtype Ae isolates from
Western countries.

Pairwise genetic distances within 20 HBV/Ae and 19 HBV/
Aa isolates, as well as between them, in the complete genome
and each reading frame are shown in Table 1. The genetic
divergence between HBV subtypes Ae and Aa was largest in
the preS1/preS2 region amongst all the reading frames com-
pared. Furthermore, HBV/Aa isolates had greater genetic
divergence than HBV/Ae isolates in the complete genome as
well as in all reading frames.

The serotype of hepatitis B surface antigen (HBsAg) was adw
in alf 20 HBV/Ae isolates and in 16 of the 19 HBV/Aa isolates.
It was aywin three HBV/Aa isolates including two (HBV-PH1
and HBV-PH4) from the present study and AB076678 from
Malawi. Serotypes were deduced by codons 122 and 160 for
either lysine or arginine (Okamoto et al,, 1987).
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