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Predictive Factors of Virological Non-Response to

Interferon-Ribavirin Combination Therapy for
Patients Infected With Hepatitis C Virus of
Genotypelb and High Viral Load
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Patients with high viral load (>1.0 x 10% 1U/ml)
of hepatitis C virus (HCV) genotype 1b do not
achieve high sustained virological response rates
to interferon (IFN)/ribavirin combination therapy.
Previous studies suggested that pretreatment
amino acid (aa) substitution patterns in the HCV
core region could affect virological non-response
especially in patients who could not achieve HCV-
RNA negativity during treatment. The present
study evaluated 167 consecutive Japanese adults
with high HCV genotype 1b viral load who received
combination therapy for >24 weeks. A case-control
study matched for age, sex, genotype, and viral
load was conducted to investigate the predictive
factors for virological non-response, especiaily
absolute virological non-response (patients who
could not achieve >2 log decline of HCV RNA
from baseline during the initial 24 weeks of
therapy). Virological non-response was identified
in 26.3% of patients, and 45.5% of these were
absolute virological non-responders. Multivari-
ate analysis identified ribavirin dose <11.0 mg/
kg, moderate-to-severe hepatocyte steatosis, and
substitutions of aa 70 and/or 91 in the core region
as significant independent factors associated
with virological non-response. The majority of
absolute virological non-responders had such
substitutionsinthe core region {95.0%), aswell as
substitution of glutamine at aa 70 and/or methio-
nine at aa 91 {90.0%). In the present work, such
substitutions significantly affected the viral
kinetics in virological non-responders. The
results suggest that viral, host, and treatment-
related factors determine the response to IFN/
ribavirin combination therapy in patients with
high HCV genotype1b viral load, and that amino
acid substitution patterns in the core region is
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potentially useful pretreatment predictor of vir-
ological non-response. J. Med. Virol. 78:83-
90, 2006. © 2005 Wiley-Liss, Inc.
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INTRODUCTION

The aims of IFN therapy for chronic hepatitis C
virus (HCV) infection include reduction of the risk of
development of HCC and liver-related death by viral
clearance, and then by normalization of alanine amino-
transferase (ALT) even if viral clearance cannot be
achieved [Tkeda et al., 1999; Akuta et al., 2005a]. The
most effective initial therapy for viral clearance is the
combination of interferon (IFN) and ribavirin adminis-
tered for 48 weeks [Mannsetal., 2001; Fried et al., 2002].
However, patients with high load of genotype 1b virus
(>1.0 x 10° IU/ml), dominant in Japan, do not achieve
high sustained virological response rates (less than
50%), even when the most effective combination treat-
ment (pegylated IFN plus ribavirin) is administered
for 48 weeks [Manns et al., 2001; Fried et al., 2002].
Furthermore, in genotype 1b, virological non-respon-
ders are seen frequently who do not achieve HCV-RNA
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negativity, as determined by polymerase chain reaction
(PCR), during treatment. The underlying mechanism(s)
of the different virological response to treatment in
patients with 1b strain infection is still not clear.

Using multivariate analysis, Akuta et al. [2005b]
identified hypoalbuminemia, pretreatment substi-
tutions of amino acid (aa) 70 in the core region and
pretreatment substitutions of aa 91 as independent and
significant pretreatment factors associated with virolo-
gical non-response, based on 48-week combination
therapy of IFN plus ribavirin [Akuta et al., 2005b].
Especially, substitutions of arginine (R) by glutamine
(Q) at aa 70, and/or leucine (L)) by methionine (M) at aa
91 were significantly more common in virological non-
responders. Decline of HCV-RNA levels during treat-
ment in patients with specific substitutions in the core
region was significantly less than in those without such
substitutions [Akuta et al., 2005b].

The aimsof the present study were the following: (1) to
investigate the proportion of virological non-responders
among a large number of Japanese adult patients who
received combination therapy. Especially, to determine
the proportion of absolute virological non-responders
(i.e., ultimate resistant cases) who did not achieve a log
decline of more than 2 from baseline HCV RNA during
the initial 24 weeks of therapy, (2) to conduct a case-
control study between groups matched for age, sex,
genotype, and viral loads, to identify the predictive
factors associated with virological non-response, includ-
ing pretreatment amino acid substitution patterns in
the coreregion, (3) to examine the initial viral kinetics in
virological non-responders according to the virological
features of the core region.

PATIENTS AND METHODS
Study Population

A total of 323 HCV-infected Japanese adult patients
were recruited consecutively into the study of combina-
tion therapy with IFN (pegylated [PEG]-IFNw-2b or
IFNe-2b) plus ribavirin for 24 weeks or more between
1999 and 2004 at Toranomon Hospital, Tokyo, Japan.
Among these, 167 patients were selected in the present
study based on the following criteria. (1) They were
negative for hepatitis B surface antigen (radioimmu-
noassay, Dainabot, Tokyo, Japan), positive for anti-HCV
(third-generation enzyme immunoassay, Chiron Corp.,
Emerville, CA), and positive for HCV RNA qualitative
analysis with PCR (Amplicor, Roche Diagnostic Sys-
tems, California). (2) They were naive to ribavirin
therapy. (3) They were infected with HCV genotype 1b
alone. (4) Each had a high viral load (>1.0 x 10° IU/mD
by quantitative analysis of HCV RNA with PCR (Cobas
Amplicor HCV monitor v 2.0 using the 10-fold dilution
method, Roche Diagnostics, Tokyo, Japan) at the start of
treatment. (5) Each had chronic hepatitis, without
cirrhosis or hepatocellular carcinoma (HCC), as con-
firmed by biopsy examination within the preceding
12 months of enrolment. (6) They had abnormal serum
ALT levels (the upper limit of normal for ALT; 50 IU/L)
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within the preceding 2 months of enrolment. (7) Their
body weight was >40 kg. (8) All were free of coinfection
with human immunodeficiency virus. (9) None had been
treated with antiviral or immunosuppressive agents
within the preceding 3 months of enrolment. (10) None
was an alcoholic; lifetime cumulative alcohol intake was
<500 kg (mild to moderate alcohol intake). (11) None
had diabetes, other forms of hepatitis, such as hemo-
chromatosis, Wilson disease, primary biliary cirrhosis,
alcoholic liver disease, and autoimmune liver disease.
(12) None of the females was pregnant or lactating
mother. (13) All accepted treatment for 24 weeks or more
as outlined in the study protocol, as well as repeated
evaluation of HCV-RNA levels during treatment (at
least once every month). (14) Each signed a consent
form of the study protocol that had been approved by
the Human Ethics Review Committee of Toranomon
Hospital.

With regard to the treatment protocol, 21 (31.8%)
patients received PEG-IFN«-2b at a dose of 1.5 ng/kg
subcutaneously each week plus oral ribavirin at 600-
800 mg/day for 24 weeks or more. The remaining 45
(68.2%) patients received 6 million units of IFNu-2b
intramuscularly each day for 24 weeks or more (daily for
the initial 2 weeks, followed by three times per week for
22 weeks or more), and oral ribavirin at a dose of 600—
800 mg/day for 24 weeks or more.

Table I summarizes the profiles and data of the
167 patients at the commencement of combination
therapy of IFN plus ribavirin. They included 119 men
and 48 women, aged 22—68 years (median, 54 years).
The median total duration of treatment was 24 weeks
(range, 24—48 weeks). In 46 (27.5%) patients, the dose of
ribavirin was reduced during treatment due to a fall in
hemoglobin concentration.

Patients who remained positive for HCV RNA based
on quantitative and/or qualitative PCR analyses dur-
ing and at the end of initial 24 weeks of combination
therapy, were defined as virological non-responders. On
the other hand, patients who became HCV RNA nega-
tive by qualitative PCR analysis during and/or at the
end of initial 24 weeks were defined as virological
responders. Virological non-responders who could not or
could achieve a log decline of more than 2 from baseline
of HCV RNA based on quantitative PCR analyses during
the initial 24 weeks of combination therapy, were
defined as absolute virological non-responders or rela-
tive virological non-responders, respectively.

Applying multivariate analysis, previous studies
identified substitutions of aa 70 in the core region and
substitutions of aa 91 as independent and significant
pretreatment factors associated with virological non-
response to combination therapy in patients with high
viralload of genotype 1b [Akuta et al., 2005b]. Therefore,
based on the larger numbers of patients, a case-control
study was conducted to compare the substitution pat-
terns in aa 70 and/or aa 91 of the core region, between
virological non-responders and virological responders
who were matched for age, sex, genotype, and viral load,
in the present study.
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TABLE 1. Patient Profile and Laboratory Data at Commencement of Combination Therapy
of Interferon Plus Ribavirin

n

Age (years)®

Sex (M/F)

Positive history of blood transfusion
Positive family history of liver disease
Genotype 1b

High viral load (>1.0 x 10° 1U/ml)
Serum alanine aminotransferase (IU/D*
Serum albumin (g/dl)*

Hemoglobin (g/dl)*

Platelet count (x10%/mm?®)*

Stage (F1/F2/F3)*

167
54 (22-68)
119/48
50 (29.9%)
52 (31.1%)
167 (100%)
167 (100%)
90 (24-398)
3.8 (2.7-4.7)
14.8 (11.1-18.2)
17.3 (7.1-26.4)
94/44/29

Data are number and percentages of patients, except those denoted by *, which represent the median

(range) values.

“Stage of chronic hepatitis by Desmet et al. {1994]. ALT levels were abnormal in all patients at recruitment.
Normal reference ranges: 6~50 IU/L for alanine aminotransferase and 3.9-5.2 g/dl for albumin.

Laboratory Tests

Blood samples were obtained at least once every
month before, during, and after treatment, and were
 analyzed for ALT and HCV-RNA levels. The serum
samples were frozen at —80°C within 4 hr of collection
and were thawed at the time of measurement. HCV
genotype was determined by PCR using a mixed primer
set derived from the nucleotide sequences of NS5 region
[Chayamaet al., 1993]. HCV-RNA levels were measured
quantitatively by PCR (Cobas Amplicor HCV monitor v
2.0 using the 10-fold dilution method, Roche Diagnos-
tics, Tokyo, Japan) at least once every month before,
during, and after therapy. The dynamic range of the
assay was 5.0 x 10%t0 5.0 x 10° TU/ml. Samples collected
during and after therapy that showed undetectable
levels of HCV-RNA (<5.0 x 102 IU/ml) were checked also
by qualitative PCR (Amplicor, Roche Diagnostic Sys-
tems, California), which has a higher sensitivity than
quantitative analysis, and the results were expressed

as positive or negative. The lower limit of the assay was
50 IU/ml.

Histopathological Examination of
Liver Biopsies

Liver biopsy specimens were obtained percutaneously
or at peritoneoscopy using a modified Vim Silverman
needle with an internal diameter of 2 mm (Tohoku Uni-
versity style, Kakinuma Factory, Tokyo, Japan), fixed in
10% formalin, and stained with hematoxylin and eosin,
Masson’s trichrome, silver impregnation, and periodic
acid-Schiff after diastase digestion. All specimens for
examinations contained six or more portal areas. Histo-
pathological diagnosis was confirmed by an experienced
liver pathologist (H.K.) who was blinded to the clinical
data. Chronic hepatitis was diagnosed based on histo-
logical assessment according to the scoring system
of Desmet et al. [1994]. Hepatocyte steatosis was graded
as either none (absent), mild (less than 1/3 of hepato-
cytes involved), moderate (greater than 1/3 but less
than 2/3 of hepatocytes involved), or severe (greater
than 2/3 of hepatocytes involved) [D’Alessandro et al.,
1991].

Nucleotide Sequencing of the
Core and NS5A Gene

The core amino acids (aa) 1-191 and NS5A aa 2209—
2248 (IFN-sensitivity determining region [ISDR])
[Enomoto et al., 1995, 1996] sequences were determined
by the direct sequencing method using pretreatment
sera of 66 patients. These sequences were compared
with the consensus sequence of genotype 1b, which was
determined by comparing the sequences obtained in this
study and prototype sequence (HCV J) [Kato et al.,
1990]. HCV RNA was extracted from serum samples
at the start of treatment and reverse transeribed with
random primers and MMLV reverse transcriptase
(Takara Syuzo, Tokyo, Japan). DNA fragments were
amplified by PCR using the following primers. (a)
Nucleotide sequences of the core region: The first-round
PCR was performed with CC11 (sense, 5-GCC ATA
GTG GTC TGC GGA AC-3') and el4 (antisense, 5'-GGA
GCA GTC CTT CGT GAC ATG-3') primers, and the
second-round PCR with CC9 (sense, 5-GCT AGC CGA
GTA GTG TT-3) and eld4 (antisense) primers. (b)
Nucleotide sequences of ISDR in NS5A: The first-round
PCR was performed with ISDR1 (sense, 5-ATG CCC
ATG CCA GGT TCC AG-3") and ISDR2 (antisense, 5'-
AGC TCC GCC AAG GCA GAA GA-3') primers, and the
second-round PCR with ISDR3 (sense, 5-ACC GGA
TGT GGC AGT GCT CA-3) and ISDR4 (antisense, 5'-
GTA ATC CGG GCG TGC CCA TA-3) primers. ([a],
hemi-nested PCR,; [b], nested PCR). All samples were
denatured initially at 95°C for 15 min. The 35 cycles of
amplification were set as follows: denaturation for 1 min
at 94°C, annealing of primers for 2 min at 55°C, and
extension for 3 min at 72°C with an additional 7 min for
extension. Then 1 pl of the first PCR product was
transferred to the second PCR reaction. The conditions
for the second PCR were the same as the first PCR,
except that the second PCR primers were used instead of
the first PCR primers. The amplified PCR products were
purified by the QIA quick PCR purification kit (Qiagen,
Tokyo, Japan) after agarose gel electrophoresis and then
used for direct sequencing. Dideoxynucleotide termina-
tion sequencing was performed with the Big Dye Deoxy
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Terminator Cycle Sequencing kit (Perkin-Elmer, Tokyo,
Japan).

To avoid false-positive results, the procedures recom-
mended by Kwok and Higuchi [1989] to prevent conta-
mination were strictly applied to these PCR assays. No
false positive results were observed in this study.

Viral Kinetic Study of Virological
Non-Response

Viral kinetics in the initial 24 weeks was evaluated in
the two groups of absolute virological non-responders
and relative virological non-responders at three time
points (8,12, and 24 weeks during treatment). Decline of
HCV-RNA levels from baseline was expressed using
logyg of viral load at each time point, in comparison with
the pretreatment viral load. For data analysis, logig
of the cut-off value (5.0x10% TU/ml) was used for HCV-
RNA values below the limit of detection.

Statistical Analysis

Non-parametric tests were used to compare the
characteristics of the groups, including the Mann-—
Whitney U test, Chi-squared test, and Fisher’s exact
probability test. Multiple comparisons were examined
by the Bonferroni test. Univariate and multivariate
logistic regression analyses were used to determine the
factors that significantly contributed to virological non-
response. The odds ratios and 95% confidence intervals
(95% CI) were also calculated. All P values less than
0.05 by the two-tailed test were considered significant.
Variables that achieved statistical significance (P<
0.05) or marginal significance (P < 0.10) on univariate
analysis were entered into multiple logistic regression
analysis to identify significant independent factors.
Potential predictive factors associated with virological
non-response included the following variables: sex, age,
history of blood transfusion, familial history of liver
disease, body mass index, ALT, albumin, hemoglobin,
platelet count, indocyanine green retention rate at
15 min ICG R15), serum iron, serum ferritin, creatinine
clearance, viremia level, pathological staging, hepato-
cyte steatosis, type of IFN, ribavirin dose relative to body
weight, dose reduction, and pretreatment amino acid
substitution in the core and ISDR of NS5A. Statistical
analyses were performed using the SPSS software
(SPSS, Inc., Chicago, IL).

RESULTS

The response to IFN/ribavirin combination treatment
protocol among the 167 patients included virological
non-response in 44 (26.3%) and virological response in
123 (73.7%). Furthermore, the first group of 44 virolo-
gical non-responders consisted of 20 absolute virological
non-responders (45.5%) and 24 relative virological non-
responders (54.5%). To compare the pretreatment
features between virological non-responders and vir-
ological responders, all 44 virological non-responders
entered a case-control study along with 22 virological
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responders. The latter group was selected from among
the 123 because they matched patients of the virological
non-response group with respect to sex, age, genotype,
and viral load. Table II lists the clinical and virological
features of patients who entered the matched case-
control study.

Predictive Factors Associated With Virological
Non-Response in Multivariate Analysis

The clinical and virological data listed in Table II for
the whole population sample were analyzed to deter-
mine the factors that could predict virological non-
response. Univariate analysis identified six parameters
that tended to or significantly influenced the virological
non-response. These included ribavirin dose according
to body weight (P=0.019), staging (P =0.024), serum
albumin (P=0.062), hepatocyte steatosis (P = 0.049),
and presence of aa substitution in HCV core in the
pretreatment sample (substitution of aa 70, P =0.030;
and aa 70 and/or 91, P=0.006). ISDR amino acid
substitutions, which had been reported as one predictor
of sustained virological response by IFN monotherapy
[Enomoto et al., 1995, 1996], were not identified as a
predictor of virological non-response to the combination
therapy of IFN/ribavirin.

Multivariate analysis identified three parameters
that independently influenced virological non-response;
ribavirin dose (P=0.019), hepatocyte steatosis (P=
0.040), and substitutions of aa 70 and/or 91 (P =0.005)
(Table III).

Treatment Efficacy According to Amino Acid
Substitution Patterns in HCV Core Region

Frequencies of the substitution site at aa 70 were
60.0% (12/20), 37.5% (9/24), and 18.2% (4/22) in the three
groups of absolute virological non-responders, relative
virological non-responders, and virological responders,
respectively. The proportion of such substitution site in
absolute virological non-responders was significantly
higher than that in virological responders (P =0.015;
Bonferroni test). Frequencies of substitution pattern of
glutamine (Q) at aa 70 were 55.0% (11/20), 37.5% (9/24),
and 13.6% (3/22) in the three groups of absolute
virological non-responders, relative virological non-res-
ponders, and virological responders, respectively. The
proportion of such substitution pattern in absolute
virological non-responders was significantly higher
than that in virological responders (P = 0.014; Bonfer-
roni test).

The frequencies of substitution sites at aa 70 and/ or
91, which were a significant predictor of virological non-
response based on multivariate analysis, were 95.0%
(19/20), 62.5% (15/24), and 40.9% (9/22) in the three
groups of absolute virological non-responders, relative
virological non-responders, and virological responders,
respectively. The proportion of such substitution sites in
absolute virological non-responders was significantly
higher than that in relative virological non-responders
(P =10.049; Bonferroni test) and virological responders
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TABLE IL. Clinical and Virological Features of Patients Infected With HCV Genotypelb With or Without Virological Response
to Combination Therapy of Interferon Plus Ribavirin (Matched Case-Control study)

Virological non-responders Virological responders

(case; n=44)

(control; n = 22)

Matching data
Age (years)*
Sex (M/F)
Genotype 1b
High viral load (>1.0 x 10° IU/ml)®
Demographic data
Positive history of blood transfusion
Positive family history of liver disease
Body mass index (kg/m?)*
Laboratory data™
Serum alanine aminotransferase (IU/L)
Serum albumin (g/dl)
Hemoglobin (g/dl)
Platelet count (x10%/mm?®)
ICG R15 (%)*
Serum iron (pg/dl)
Serum ferritin (ug/L)
Creatinine clearance (ml/min)
Viral load (KIU/ml)

53 (24-67)
33/11

44 (100%)

44 (100%)

8 (18.2%)
11 (25.0%)
23.5 (17.3-32.3)

78.5 (24—247)
3.7 (3.3-4.7)

14.7 (12.0-17.0)

16.2 (7.1-26.6)
18 (7-49)

149 (51-253)
158 (19-696)

95.7 (42.6-174.6)

1,650 (160-5100)

53 (20-64)
17/5

22 (100%)

22 (100%)

6 (27.3%)
7 (31.8%)
22.9 (19.3-28.8)

100.5 (43-276)
3.9 (3.4-4.2)
15.0 (12.2-17.4)
15.7 (10.1-30.9)
12 (7-26)

142 (52-308)
136 (<10-644)
106.3 (45.7-131.0)
1,700 (650-4900)

Histological findings
Stage (F1/F2/F3)
Hepatocyte steatosis (none-mild/
moderate-severe)
Treatment
PEG-IFNo-2b/IFNa-2b
Ribavirin dose (mg/kg)*
Virological features
Number of amino acid substitutions in
ISDR (0/1-3/>4/ND)
Presence of amino acid substitutions
sites in the core region
aa 70
aa 91
aa 70 and/ or 91

19/15/10 15/7/0
33/11 21/1
11/33 10/12

10.8 (7.3-14.2) 11.4 (9.7-13.0)
26/11/3/4 10/10/2/0
21 (47.7%) 4 (18.2%)
22 (50.0%) 7 (31.8%)
34 (77.3%) 9 (40.9%)

Data are number and percentages of patients, except those denoted by *, which represent the median (range) values.

2ICG R15: indocyanine green retention rate at 15 min.

bStage of chronic hepatitis by Desmet et al. [1994]. ALT levels were abnormal in all patients at recruitment. Normal reference ranges: 650 IU/L

for alanine aminotransferase and 3.9-5.2 g/dl for albumin.

(P < 0.001; Bonferroni test). Frequencies of substitution
patternsof glutamine (Q) at aa 70 and/or methionine (M)
at aa 91 were 90.0% (18/20), 62.5% (15/24), and 40.9% (9/
22) in the three groups of absolute virological non-
responders, relative virological non-responders, and
virological responders, respectively. The proportion of
such substitution patterns in absolute virological non-
responders was significantly higher than in virological
responders (P = 0.002; Bonferroni test). Figure 1 shows
the association of aa substitution patterns at aa 70 and/

or 91 and response to combination therapy. There were
no significant differences in other substitution sites,
patterns and treatment efficacy amongthe three groups.

Viral Kinetics in Virological Non-Responderstpb

The decline of HCV-RNA levels at 8, 12, and 24 weeks
relative to baseline was evaluated in absolute virological
non-responders and relative virological non-responders.
The decline at each time point was significantly lower in

TABLE III. Factors Associated With Virological Non-Response to Combination Therapy of Interferon Plus Ribavirin in
66 Patients Infected With HCV Genotype 1b, Identified by Multivariate Analysis

Factor Category Odds ratio (95% confidence interval) P
Ribavirin dose (mg/kg) 1: <11.0 1

2: >11.0 0.195 (0.050-0.765) 0.019
Hepatocyte steatosis 1: None, mild 1

2: Moderate, severe 14.299(1.127-181.344) 0.040
Substitution of aa 70 and/or 91 1: Absent 1

2: Present 7.343 (1.841-29.285) 0.005

Only variables that achieved statistical significance (P < 0.05) on multivariate logistic regression are shown.

J. Med. Virol. DOI 10.1002/jmv

- 1128 -



88

Akuta et al.

(%)
100
. Presence of substitution at aa 70 and/or 91 (%)
20 Presence of substitution patiern (Q at aa 70 and/or M at aa 91) (%)
62.5%
60 :
40
20
0
Absolute Relative
virological non-responders virological non-responders Virological responders
n=20) (n=24)

Fig. 1. Frequencies of substitutions at amino acid sites 70 and/or 91
and substitution patterns (glutamine [Q] at aa 70 and/or methionine
[M] at aa 91) in HCV core region are evaluated in three groups of
absolute virological non-responders, relative virological non-respon-
ders, and virological responders. The proportion of such substitution
sites in absolute virological non-responders was significantly higher

absolute virological non-responders than in relative viro-
logical non-responders (8 weeks, P=0.001; 12 weeks,
P <0.001; 24 weeks, P<0.001). Figure 2 shows the
decline of HCV-RNA levels in virological non-respon-
ders, according to aa substitutions of the core region.
The decline at each time point was significantly lower
in patients with substitution sites of aa 70 and/or 91
than in those without them (8 weeks, P=0.004;
12 weeks, P=10.005; 24 weeks, P=0.013), and with
substitution patterns of Q at aa 70 and/or M at aa 91
than in those without them (8 weeks, P=0.008;
12 weeks, P=0.015; 24 weeks, P=0.011).

Presence of substitution at aa 70 and/or 91 (n=34)

- == = Absence of substitution at aa 70 and/or 91 (n=10)

-3.0F

Decline of Log,,HCV RNA (1U/m})

Pretreatment 8 weeks 12 weeks 24 weeks
Fig. 2. Logchangesin viralload from baseline at 8, 12, and 24 weeks
during treatment, according to amino acid substitutions of the HCV
core region. Bars within the boxes indicate the median value of log
changes in viral load. The boxes denote the 25th to 75th centiles, the
lower and upper bars the 10th and 90th centiles, respectively. The
decline of HCV-RNA levels at each time point was significantly lower in
patients with substitution sites of aa 70 and/or 91 than in those without

them (Mann-Whitney U test).

J. Med. Virol. DOI 10.1002/jmv

than that in relative virological non-responders (P = 0.049; Bonferroni
test) and virological responders (P <0.001; Bonferroni test). The
proportion of such substitution patterns in absolute virological non-
responders was significantly higher than that in virological responders
(P =0.002; Bonferroni test).

DISCUSSION

Using multivariate analysis, Akuta et al. [2005b]
identified pretreatment substitutions of aa 70 in the core
region and substitutions of aa 91 as independent and
significant pretreatment factors associated with virolo-
gical non-response to 48-week combination therapy of
IFN plus ribavirin. Substitutions of R by Q at aa 70 and/
or L by M at aa 91, were significantly more common in
virological non-responders. Furthermore, decline of
HCV-RNA levels during treatment in patients with
specific substitutions in the core region was significantly
less than in those without such substitutions [Akuta
et al., 2005b]. Using the same analysis, the present
study based on a larger number of patients has also
identified substitution patterns in aa 70 and/or aa 91 as
independent and significant pretreatment factors asso-
ciated with virological non-response to combination
therapy, by a case-control study matched for age, sex,
genotype, viral loads. Especially, most absolute virolo-
gical non-responders, as ultimate resistant cases, were
found to have such specific substitution sites (95.0%),
and also had substitution patterns of glutamine (Q) at aa
70 and/or methionine (M) at aa 91 (90.0%).

Furthermore, such specific substitutions also signifi-
cantly affected the viral kinetics in absolute virological
non-responders and relative virological non-responders.
Hence, we propose that the aa substitution pattern in
the core region is useful as a pretreatment predictor of
virological non-response to IFN/ribavirin combination
therapy.

IFN-o and IFN-B bind to type I IFN receptor, and one
major pathway in type I IFN signaling involve the Jak-
STAT signaling cascade [Song and Shuai, 1998; Stoiber
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et al., 1999; Auernhammer and Melmed, 2001; Alex-
ander, 2002; Fujimoto and Naka, 2003; Lalvakolanu,
2003; Vlotides et al., 2004]. Previous studies reported
that the HCV core region might be associated with
resistance to the antiviral actions of IFN therapy
involving the Jak-STAT signaling cascade [Blindenba-
cher et al., 2003; Bode et al., 2003; Melén et al., 2004; de
Lucas et al., 2005]. The present study identified amino
acid substitutions in the HCV core as a predictor of
virological non-response to IFN/ribavirin combination
therapy. This result suggests that substitutions of
amino acids in the HCV core region might be associated
with resistance to the antiviral actions of IFN therapy
involving the Jak-STAT signaling cascade. Further
studies that examine the structural and functional
impact of core amino acid 70 and/or 91 substitutions
during IFN/ribavirin combination therapy should be
conducted in the future to confirm the above finding.

In the present study, virological non-response was
noted in 26.3% of patients with high viral load of
genotype 1b who received IFN/ribavirin combination
therapy. This rate is worse than that of only 2.0% in
patients with high viral load of genotype 2a treated with
IFN alone [Akuta et al., 2002]. Akuta et al. [2002]
examined patients infected with genotype 2a and
reported that virological non-responders had higher
viral load and one or more of other negative predictive
factors associated with sustained virological response
(i.e., lower total dose of IFN, moderate-to-severe grade of
hepatocyte steatosis, lower levels of albumin, and ALT).
Based on the above findings, it was concluded that a
complex of negative predictive factors, including viral,
host, and treatment-related factors, was the underlying
cause of resistance to IFN treatment [Akuta et al., 2002].
Using multivariate analysis, the present study of
patients with high viral load of genotype 1b who were
treated with IFN/ribavirin, also identified lower riba-
virin dose (as treatment-related factor), moderate-to-
severe grade of hepatocyte steatosis (as host factor), and
substitutions of aa 70 and/or 91 in the core region (as
viral factor) as independent and significant factors
associated with virological non-response. In this regard,
another recent study did not identify ribavirin dose as an
independent and significant predictor of virological non-
response [Akuta et al., 2005b]. This discrepant finding
may be due to the non-uniform dose of ribavirin used in
the treatment of patients, which was not strictly
adjusted according to body weight (e.g., 600 mg for
weight <60 kg, and 800 mg for weight >60kg). Thus, the
response to combination therapy of IFN/ribavirin is
based on a dynamic tripartite interaction of the virus,
host, and treatment-related factors. Further under-
standing of the complex interactions between these
factors should facilitate the development of more
effective therapeutic regimens.

Akuta et al. [2005b] reported that virological response
to 48-week combination therapy of IFN/ribavirin was
significantly influenced as negative predictive factor
by the presence of pretreatment hypoalbuminemia,
which might reflect liver function, based on multivariate

analysis. However, the same analysis in the present
study did not identify serum albumin concentration
as a significant predictor of virological non-response,
although univariate analysis identified it as one of the
parameters that tended to influence virological non-
response. This discrepant finding could be due to one or
more factors. The first is probably related to the design
of the present study based on a case-control study
matched for age and sex. The second is probably related
to therelatively small number of patients in the previous
study. A large-scale prospective study should be con-
ducted in the future to establish the role of pretreatment
hypoalbuminemia in virological non-response to 48-
week IFN/ribavirin combination therapy.

In conclusion, the present study demonstrated that
amino acid substitution patterns in the core region is a
potentially useful predictor of virological non-response.
One limitation of this study was that it did not examine
other viral factors, such as amino acid substitutions in
areas other than the core region and ISDR of HCV
genome, as well as other host factors such as IFN-
inducible protein kinase, MxA, and 2',5'-OAS protein
[Gale et al., 1997; Wang and Floyd-Smith, 1997; Ronni
et al.,, 1998; Antonelli et al., 1999; Akuta et al., 20083;
Vlotides et al., 2004]. These factors should be investi-
gated together with other factors in future studies.
Moreover, further large-scale prospective studies are
necessary to investigate whether the present results
also explain resistance to combination therapy of IFN/
ribavirin.
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Genotypes of hepatitis B virle’s (HBV) were de- A

termined”in 145 gatients: with - acute -hepatitis B
_from various, dlstncts in Japan to establish their

- geographlc drstnbutlon and evaluatmg t;he xnf I
ence on the chmca[ lllness and, _Voutcome Gena-

- *(T1762/A1764) wése detécted: iniinons.of: the.:
< patients:with: genotype A, two- (25%) with.geno-: ;
-.type B:and 27.{26%} with:genotype C: In conclu? -

sion, genotype Ais frequentin patients with acute .-
hepatitis B in: metropolitan areas:of:Japan, pro-

- -bably: reflecting -particular- transmission: routes;: .
.. and:associated -with- longer .and milder clinical. -
... course than:genotype C::J. Med V:rol. 77:39«-—-
. 46, 2005” @2005 Wﬂey—Lxss Inc.:; I

,frequent in. metropohtan ‘than, the o
(21/69 (30%) vs. 6/76 (8%), P<0.001). On phylo-
genetic analysns, seven of the, nine, (78%) HBV/A L
isolates selected at random clustered with those R P Ry
from Europe and. the United States, while the Coe
remammg two with those' of subgroup A’ pre-
valent in Asia and Africa. Maximum ALT levels TS T I RS VTR N SO
were ‘lower: (2069 1075 .vs. 288941867 U/, - .i: T T LIRS
P=0.03) and baseline .HBV. DNA - titers’ were . - R S T T L T
higher (5.90+1.45 vs. 5.13+1.36 log genome. . —,
equivalents {LGE)/ml, P=0.002) in patients in-.. WS;:;? ySp,o nsor:, Japanese Mm’Stry Of Hea]th Labor and
fected with genotype Athan C. Hepatitis B surface.: .
antigen . persisted longer in. patients infected.. :
with genotype A than C (1.95+1.09 vs. ‘1.28 & -
. 1:42. months, - P=0.02). HBV infection: became:"
chronic in one (4%) patient with genotype A and -
one (1%) with genotype C. infection.. Fulminant
hepatic failure developed in none of the patients
with genotype A; one (13%) with genotype B and -
five (5%) with genotype C. The point mutation in -
the precore region (A1896) or.the double muta-
tions in the basic core promoter (BCP) region::
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INTRODUCTION

The clinical cutcome in patients with acute hepa-
titis B varies widely. Although hepatitis is self-limited
in most »patzent Sy 1% e chmt.;a%1 features range, frong
asymptom’atx@ ito EftRniddritt hepatic chdifuve] FoHils 1
some patients become carriers of hepafitis:
(HBV) [Chan HL and Lok, "100b; L%E %ﬁ&? %
Factors that determine the clinical outcome remain
unknown.

‘Viral nucleotide (nt) mutations have been shown to-
influence the clinical, outeo me of acu e hepat}tls B.
Mutations itf ‘thE* fn‘eéo’;'é‘f' ? : eb ?s'fc
core promoter (BCP) regibh’ (T1’76 m 011){ g
in patients with fulminant hepatic lf"a.ﬂm‘e {é)
et al., 1991; Kosaka et al., 1991; Llang et al. 1991
Omata et al., 1991; Hawkins et al.; 1994!"Sdto 6t 1"
1995; Baumert et al., 1996; Chu et al 1996]. Viral fac—
tors other than these ;mutations may influence t the

VLS YA

clinical oufcome of acute hepatitis
Eight genotypes of HBY have. been 1de,nt1ﬁed by, se-:;

quence divergence greater than 8% in.ithe.. entire;..

genome, and they are designated by capltahalphabet

letters from A to H [Okamoto'etialy;: 1088; Norderet al:, -

1994; Stuyver et al;12000; Avetiz-Ruiz gl ‘2002]
Furthermore recombmant HBYV strains consisting of
two dxﬁ’erent genotypes have been reported [Bollyky
et al.,, 1996; Morozov et al., 2000]. Genotype distribution .
ig different in different countries and even in distinct
areas of the same country [Orito et al., 2001a; Kao, 2002;
Katoietialyi2002; Miyakawa-and Mizokathi; 2003].
Therefore}i'surveys: on /gehotypa : distribution: may, be
helpfulin identifying transmissioi toltes and’ 'evaluat—
ing:olinicalrelevance st 7ovs SUA REVIONST  HO

It: ‘has<been’:shown: thet:theclinicak outeome of
chronic:: hepatitis: < B is winflienced: +by ! HBVi:igeéno-
typesisIn Asian' patients: 'withtichronic:-hepatitis: B,
genétype Ciis tdsécidted . with later :serocdnversion of
hepatitis B e antigen! (HBeAg)/and moretdeéviréiliver
da.mage than genotype B [K,ao et al., 202%0 Omtg et al

;- CHIY et 6L, 2002: Disig of al * 9002 Sughtic

IRTCRLE

that gehetype Tis adsociated’ vnth more severe liver
disease than genotype A [Thakur et al., 2002]. Geno-
type A is peculiar in that A1896 in the precore region
occurs infrequently, because it causes instability of the
stem-loop structures of the pregenome encapsidation
signal [1i et al., 1993; Lok et al., 1994]. These reports
suggest that HBV genotypes also influence the clinical
characteristics of acute hepatitis. Recent, studles on
small numbers : of : patients : with .. acute. hepatltls B
suggest that the clinical'cotirse may differ amongtin-
fections with distinct HBV. genotypes [Mayerat et'al.,
1999; Kobayashl et ‘al.,” 2002;" Ogawa ‘et 'al.,’ 2002]
HOWever ‘the assoc1at10n between viral’ genotype and
sevemty of liver disease remains uncertam in acute
HBYV infection. .

Toevaluate the effect of HBV genotypes on: the chmcal
characteristics of acute hepatitis B, a multi-center study
on 145 patients was conducted in Japan. .

Am ngthe 147

Yotsuyanagi et al.

MATERIALS AND METHODS
Patients

During 1992 through 2001, serum samples were col-
lected fy om 147 pgtxents d1agnosed Knth acute hepaqtls
'Bin-dik institht] ﬁ@..f@ﬁlj abientsifroiwhdnd sefd at

ru& the ogset -of hepatl is Were {stored were 1ncluded in
thoots THERS

idy . iSikbyiniRs: EYAT ) Watients ived i/ F Thétr-
politan areas ( % kyo.and roza; ,M‘Iy}@
the others in M % gsipka} %{ﬁé Nggi%ya

Sapporo: Criteria for the chagnoeus of acute hepatitis B

were: 1 Aqute onset of liver injury without a hlstory of
“Tyby: af,zsﬁmcﬁwfr Enﬂ"ﬂetiectmn of hepatlfls 7B fswfaee

Fintiger (HBSAY tHf Weruii? énd (zn ntibid

chiré’ féﬁlﬁ HB fing’h'i:i "’C‘ n With 'é ti i
Avu'us or hei)a tiE Gttt '” ¥ d’&e& bfy’*'é'ero glcal
feBtS EATE IR R N QUETIR ETL PO “ '. ceab e bt G

gaﬁlente"acute h "é,tlns B in'six’ (4%)
complicatéd by’ héﬁaﬁ eficep opatb and’
" longed ‘prothrombin  time f(‘)‘i“ th‘é“ ‘
nant:hepatic failure, Other fwo (1%), pgtlente Ter
smve for. HBsAg for, l@nger than 6, months, and,th
.were considered to have, acquired chrome mfectlon.‘ W
; Sera from the; 14\7\patlents with acute hepatitis Bwere
-exaninedvirelogicallyfiand the resultswere ¢brrelated
with clinical'and demographic characteristics. Informed
' consent was obtained f%-:)m ‘each patierit for the purpése
of this study. The study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki and
approved by the Ethics Committees of our 1nst1tut:10ns

sy A EED Howrtire Wil T 2

S Determmatlon of: HB\Z DNA Y

] "“H’BVDI;I wereaete.f’

i ;"' ‘.ﬁ d,ampliﬁca ii)‘nA
n B8ss,

ETEN Y

' Jap'en) as {amisdngo

et al., 1999]. "The range of detectmn"by TMA was from
3.7 log 'gétioimé equi“valenﬁs (;LGE)/mI (10%7 copiey
CorT pomﬁng td'Sg ,_-_{‘3, ies/mi) to 8!7° LGE/ml (1

HBV:igenotypes: in:idost::samples were -deterined
with comniercial énZyme imimunodssay kits (HBV: Geno-
type EIA; Institate of Tthmurnology Co:: Litd:,"'Tokyo,
Japan)-involving!mondclonal -antibodies' to genotype-
specific’ epitopes in‘theipreS2iregion, ag reported: pre-
viously [Usuda -et<al., 1999, /2000; Kato: et al.; :12001].
Genotypes in 18 (12%) sarnples were: determmed by
genotype-specific probe assay (Smitest HBV Genotyping
Kit,; GenomeScience, Fukushima, Japan). Inbrief, DNA
extractéd from serum was amplified by the polymerase
chainreaction (PCR) with-three sense primers (s1: &'-
ACC AAG CCT €TGGGATTCTTT €C-3/, s2: 5'-ACC
AAT CCF CTG GGA TTC.TTC €G-8’ and 83: 5-AGC
AAT CCT'CTA GGA TTC:CTT CC-3' [nt 2902-29241)
and an‘antisense primer (asl: 5-GAG CCT GAG GGC
TCC ACC C-3' [nt 3091-30731) biotinated at the 5 -end;
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they ‘were ‘déduced: from conserved sequences in ‘the:
preS1 region of HBV. The biotin-labeled and amplified

HBV DNA was denatured in an alkaline solution, .and..
tested for hybridization to probes specific for one or other
of the seven genotypes (A—G) immobilized on wells of a
96-well microplate. Thereafter, hybiridization was de-
tected by staining with the streptavidine-horseradish
peroxidase (HRP) conjugate [Kato et al., 2003].
Subtypes of genotype B, in terms of Ba with the

recombination with genotype C and’ Bj Wlthout It‘._
were detemnned by dlrect sequencing of precore and"

core regions by the method reported prevxously [Sugau-
chi et al 2002b]

Amplifying and Sequencmg HBV DNA i
of Genotype A Isolates K

A subgroup of genotypeA is reported w1th the d931gna-
tion of A’ from South' Afnca Phlhppmes, Malawi, and

Belgium [Bowyer et al, 1997; Kramvis et al., 2002;
Sugauchi et al., 2004] :Randomly. selected HBV/A

samples were classxﬁed into genotype A and subtype A’ »
by sequencmg the S fegmn For amphﬁcatlon and se+’

quencing, the entire S region was divided into two,

fragments, spanning nt 3130-478 and nt 378-878,

respectively, and they were amplified by two-stage PCR.

The outer primers for amplification of the 1st fragment
were: 5-ACC AAT CGG CAG TCA GGA AG-3' (sense: nt
3121~3140) and 5!-CTG GAATTAGAGGAC AAACG-3
(antisense: nt 488—-469) and the inner primers were: 5
CAG TCAGGAAGG CAG CET AGT-3! (sense: nt 81.30—
3150)::and: 5-AGG ACA AAC- -GGG CAA: CAT/ AC-3/
{antisense: nt 478-459). The outer primers for amplifi-
cation of the:2nd fragment were: 5~FGT.CCT GGT TAT
CGC TGG AT-3" (sense: nit 359-378) and 5-CAA CGT
ACC CCAACT TCCAA-3" (antisense: nt 909-890) and
the inner primers were: 5-TGE.GTC TGC:GGC: GTT
TTATC-8 (sense: nt 378+897) and 5-ATG: AAG TTT
AGG GAATAA CC-3/ (antisense: nt 878859+ i

" The first stage of amplification was carried-out.in.a
thermal cycler for 40 eycles. (94°C; 1 min3i55°C; .1 min;
72°C; 1 min)in 100 pl of the reaction mixture containing
200:uM dNTPs,:1.0. pM:each:of primers:and. 1 x PCR
buffer (50 mM KCl, 10 mM Tris-HCI (pH 8.3),:1.5 mM
MgCl; and 0.001% (wt/vol)'gelatin) and 2 of Ampli-Taq
polymerase (Perkin Elmer Cetus Corp:; Connecticut),
PCR praducts (2 11} were subjected to the second stage
of amplificatior urider the'saine conditions as the first
stage.- Standard- précautions  to: avoid contamination
were-exercised. during. PCR with a negatwe control
serum included in each run. ‘

. Amplification products were punﬁed on leard PCR
preps DNA purification resin (Promega, Wisconsin), and
sequenced! bidirectionally. ‘with:.the - Dye: Terminator
Cycle. Sequencing Ready Reaction Kit (PE Applied
Biosvstems, California) using the PCR primers. Sequen-
cing was performed in an automated DNA sequencer
(ABI 377: PE Applied Biosystems).

- The nucleotide sequences of HBV/A 1solates from
patients were compared with:those of 25 reference HBV/

HE

41

“Astrains including'subtype A’ retrieved from the DDBJ/
'EMBL/GenBank database, as well as representatives of
‘,.the other six major genotypes (B—G). Phylogenetic trees

were constructed with the mega program version 2.1
using the Kimura two-parameter matrix and the
neighbor-joining method [Sugita et al.,, 1991]. To con-
_firm the reliability’ of phylogenetic tree analysis, boot-
strap resampling, and reconstructmn were carned out
500t1mes : R L
Detectmn of Pomt Mutations in the Precore iy
and BCP Reglons of HBV :

by enzyme-hnked minisequence assay (Smltest HBV
Pre-C ELMA, Roche: Diagnostics, Tokyo, Japan):-and
mutations in the BCP reglon for ' T1762/A1764: Were
 detedted by enzyme-hnked specific probe assay (Smltesp
HBV, Core. Promoter Mutation Detection Kit;;Genome
- Science. Laboratory, :Tokyo, Japan) accordmg to.the
manufacturer’s instructions, after ‘the principles- de&
‘cribed p;rewously [Orito et al., 2001b], Thé reéstilts § Were
‘recorded as “the wild- type” and “fhe. mutant- type”
expressed dommantly by HBV 1solates‘ : . .

Statlstlcal Analyms

Data were analyzed by chi-square test or Fisher’s
exact test for categorical data and Student’s z-test or
Mann—~Whitney: U-test, for..continuous: variables.;\R-
velues. Jess: than,0.05.iwere ;regarded as..statistically
significamti: Logistic: ‘regression;; (backward - logistic: re-
gression) was . msed :in: the multivariate analysis. fo
evaluate the factors associated: mth dlfferences betWeen
genotypesAandC* ; Sl

" sttrlbutlon of HBV Genotypes .

FHBV: genotypes were detérmined in'145 of the* 147
(99%) patlents‘ with’acute hepatitis B; they were in-
typeable‘in the remiaining twopatietits (’I‘able I). Geno-
type A wis detected in'27 (19%) patlents Bin8§(5%),Cin
109 (75%); ‘atid mized genotypes with' B-and C:ift- ‘the
remaindrig one:(1%). ‘In - ‘the 69" patients’-with:acute
hepatitis B from mefropolitan areas (Tokyo, Kawasaki,
and Tokorozawa), genotype A was found in'2¥(30%); B
in 5 (7%), anid Cin 43(63%). In'the 76: patients:fromithe
‘'other ‘areas in: the' mainland, by contrast,: genotype A
occurred in 6 (8%); B in'3(4%), C in 66 (87%), and mixed
genotypes with-B-and: C'in one (1%). Thus, genotype A
was significantly more frequent in patients with’ acute
hepatitis B from’the metropohtan than the other areas
(30% vs! 8% P < 0 001) :

Demog’raphlc and Chmcal leferences '

' Among Patienis Infected wu:h.nxs\’
of Dlstmct Genotypes '

Chmcal and demographxc backgrounds in patlents
with acute hepatitis B-who were infected with HBV of
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TABLE 1. Damographm and Clinical. Differences. Among Patients, Wlth Acute. Hepatms Who Were Infeoted, Wlth I{BV 1y
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"Maximum dsta are shown for alanine ammotransferase (ALT) bl.hrubm :
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dlfferedt genotypes e compared?m Table i ’Patlents
with geriotypeA wére youngerthan these Wwith genotype
C+ (29:3 & 8/07uvsi 866 13:6 yearsy P = 0,016)!: The
proportion: of 'male’ Patients ! was thigheruin genotype
A thar -G dnfeétiort | (93% Vs 57%, P 201003);'The
main route of transmission identified i the patients
with acute hepatitis B was extramarital heterosexusl
contacts. Homosexual: actiyify;was more frequent in
patients with genot‘yPe A than C (5/27 (19%) vs. 2/109
(1 8%), P 2 0160%7 T Ty preisiedia el

; The{maximunz ALT levels were lower, in patients
w1th; genotype 4 than.B.or, G- mfectlon (2069 #1075,
2952 +1106and 2889 . 1867 IU/L;zespectively:Avs.B,
P=0.02;Avs: C,B=, Q3} Themax&mumbxhrubmand
alkaline phosphatase levels:were,na different:.among
patients; infected, ;with; HBV. of different genotypes.
Fulminant  hepatic; failure..developed. in; :one;; (13%)
patient with:genotype B and- ﬁve (5%). with.genotype.C;
no: patientswith, genotype A camerdown:with it. Evolu-
tion,inte.chronig infectionioceurred in.two patients (one
with. genotype “Anand one with . genotype; G).J.The, re-
maining 137 (96%) patlents ran & non-ﬁllmmant and
self-limited disease., . «cis it vy ol
..HBeAg .was; found in; ;24=~,0£ the, 26 (92%) patlents
vnth genotype A, 4 of the 8 (50%):with genotype B and
57 of the 93 (61%) with genotype C; it was no dif-
ferent between, genotype A than genotype C infection
(P= 0.‘35 O e é i ﬁﬂrﬁinant hepatic
failure, only one (17%} had‘ﬂBé :

With logistic’ Hultiviriate” regressxon analysis, the
variables for: differences between genotypes:A .and C
were sex (odds ratio(OR), 6.45;95% confidence interval

(CD), 1£378-80.218; P = 010018) aﬁa Atk (OR 0. 25, 95%

(I, 0:076-0:830; P=:0.0024)c0; « 1635 - et 5oy vamgremt i1
:Rotites: ofr tratisthission were-compaﬁedr".be”cWeen

'geﬁoty'ﬁés Afatid Cihpatients vith dedté HepatitisiB

frommetropolitavareas  Although'the mean agewasmo

diffettent} fréqdently: the proportionof male patients
was! Kigherih geriotyp&A than G inféction 1 YH20/21

(95908 28/M3465%); P== 0.012)! Herodexual patients
Hadmorefréqiently: génttype A than C infection: (5/21
(24%) Wet-1/44/(2%); R==0.012).. Additionally Hetérose®-
uals with #ivltiple unspecifi¢ partnets hadlin genétype
Amorefrequently than@infection i~ (7/¥2 (68%)+v4. 6/
28:1(23%);\P=+©.0385; iréspectively): : However, with
logistic i multivariate! tregregsion’ - analysis; i noné of
thése vapiables: dxﬁ'ered ‘between! genotype A /and xC
mfectmns A DT L {

#:Figure/l eompares seruin HBV DNA leVels on aﬂmls—
sien:among patients infected with differént genotypes.

{r[n;} i-‘y§

HBV DNA:levelswérethigher inr patients with gendtype

A than C(5.90 4 #:45 ve:5:13:+1.36 LGE/ml, P0.002).
- Amongthe 145 patients-whose HBV! gefistypes equld
be determined;54(A- 15, B: 4.l and: €:1:35) were followed
for HBsAg in serum every 2«4 weeks until it .disap-
peared.: The time between: the firstand last:detéctioh of
HBsAg-was: défined as (the- duration ' of :HBgAg; :and
compared between: patiénts infected with/HBV of geno-
typesiA and G Fig.:2a). The durationof HBsAg: was
longer' in patients with :genotype-A: than G-infection
(1.95 £ 1,09 (= 15) v8.::11.28 £ :1.42: months (n=35),
P =0.02). When patients with fulminant hepatic failure
were excluded, thie nrean duration of HBsAg in patients
with' genotype € became longer, but it was still shorter
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7 nnm ff Aﬁmﬁwl ran 3w Ataod b
3 srypkio s h:ﬂ

V-DNA. ig. patxents w;th acute- hepal
genotypes ‘A, B, or'C t, the presentatlon Box plots are glven with
horizonthlliies forthé médisns, ipper and lower édges indleating the
25th:and (75th centiles; fespectively, and:bars represent the extrémes
thhqut including: outliers, Shaded areas are out51de the range of
detectxon by the TMA 1 éthod

than that an; those with- genotype A (1 95 :f: 1 09 (nf— 15)
vs: LA4l4 1. 42 n= 3],) months P AN

Among the 257 I-IBV/A 1solates, :9: were selecte at
randomv ‘and the: entire’ 3;regionr was!amplified:'and
sequenced for them: Seven of them were!clasgified-into
genotype A and the reémaining 2-into subgroup A/, The
sequence; /divergence : within - the.seven -genotype. A
isolates ranged from 0.12% to 2.01% in:pair-wise com-
parison, while that between two subgroup A’ and seven
genotype A isolates spanned from.5.70% t0:6.53%. ... :.

A phylogenetic tree was constructed.on: the entire.S-
gene $equences. from: these nine .sequences along with
these from 31 HBV isolates retrieved from the database
(Fig. 3). The seven-(78%) -HBV. isolates: classified into
genotype A’ clustered 'with’ reported . HBV/A: isolates,
while the remaining two isolates:classified:into :sub-
group A/ (cases 3and 4) joined the branch of subgroup A’.
~-8ix of the eight HBV/B:isolates ‘were. available for
analysis of subtypes.- Two (both from:the metrépolitan
area) were classified as.Ba and the remaining four, in-
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X

()}

(months)

T 3. 3 4 3 8 {months)

" TFig. 2. Thedurationof HBsAgin patients with acute hepatitis B with

genotypes A or C. The results are shown for (a) all patients, and (b)
patients w1th the wild-type sequences both in precore and BCP regions
of HBV.

Bj::One; of the four patlent 'mfected with subtype BJ
‘developed fulminant hepatlc:faﬂure, whilé the remair-
Aing three With subtipe Bj 48 Weﬂ agthétwo W1th subtype
Barana non-fuhmnant course, :: . .- :

.. Point Mutations in the Precore : and Basic .
T Gore Promot;er Reglons of HBV

All the 27 HBViisolates of genotypeAm Whlch muta—
tions were sought had the . wild-type sequences both in
‘the ‘precore -and; BCI?.regmnspIn contrast; of the:102
genotype C isolates whose precore. and BCP sequences
were examined, 27 (26%).had mutations in the precore
or BCP-regions (P=0.096); Furthermore, of the four
genotypei. Q. isolates. from:. patients: with: fulminant
hepatie. failure - whose igenetic ‘mutations -could :be de-
termined; -three. had :mutations 'in’ the - BCP region
{T1762/A1764) and two had a'mutation in the. precore
region: (A1896). Only one isolate had .the wild-type se-
quences both in the precore and BCP: regions. Of
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AF090841

AB014370
AF143298
[ AF143308
AF143303
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D23678

Fig. 3. A phylogenetlc tree constructed on HBV DNA sequences
spanning the mgjor S-gene of all known HBV genomes, including the
nine of gemotype A::The. borizenial . har_indicates: the number,; of
nucleotlde substxtuf,lons per site. ion numbers are shown for
the igolates) which'have boen degorited il the PDBI/EMBYL/GA1B
datﬁaﬁ }Ivg‘\;/zecmencesm casesk«9 We;e W in t‘t:le przs:hnt
stu e sequ&noesf,xton;cag.ee 69 elustered with the
Buropean-American’ gbndtype ‘A, whil * ¢ thoss fromt chses 3° artd’ 4
clustered with genotype A’ that igithe Afrxcan isubgroup of genvtype A

the elght genotype B 1301\ s, two (25: 5 had Hitations
in the precoré or BCP F8gion (Ta\ble 7.

~-'T'o examineifurther differences -betwéén ‘genotype A
and’ & infections; patients:infected with- HBV: strains
with the wild:type: sequences:both iii precore and:BCP
regions were ¢ompared: The mazimum ALT levels were
still lewer: in patients.with \gendtype A than ©:infec-
tion (206941075 and 259441015 IU/L, respéctively,
P=0.02); but the maximumbilirubin: and alkaline
phosphatase levels were no different amongst patients
infected with HBV of distinct: genotypes There were no
differences in the duration. of serum HBsAg betweén
patients:with genotype A and ¢ infections- (1.95+1.09
vs. 1.68 +- 1.24 months, P=0.35) (Fig. 2b). -+ -

ot

st Yotsuyanagi et al.
DiSCTJSSION
The sahent ﬁndmg in this study is that 1nfect10n w1th

.....

[Kobayash1 et al,, 2002 Ogawa et al., 2002]. Substantial

portion of patlents w1th acute hepatltls were infect-
‘ed withigenotype A, which is debected rarely among

pahents with chronlc hepatltls in Japan [Orito'et &l,,
2001a; Kobayashi et al., 2002]. Genotype A prevalls in

North-Western Europe, United States, Central Africa,

and India [Kao 2002; Miyakawa and Mizokami, 2003].

This ' genotype may be prevalent in countnes elsewhere

since the distribution of HBV genotypes has not be¢h
:examined in many districts of the world. Phylogenetic
.' analysm has shown that seven (78%) HBV/A strains:of
the nine patients exarmned with acute hepatltls B wéfe
of the European-Amemcan type. Although the HBV/A
-sequiences from four, (cases 1,2, 5, and 7) clustered with
'those reported prewously, those from three (cases 6, 8,

iand |9) were separated genetlcally (Fig. 3), whlch sug-
‘gests their distinet geographic origin.

Netably, the genotype distribution dlﬁ"ered between

: patients with acute hepatitis B from metropolitan areas

and the others including many large cities. As genotype

‘A is seen rarely in patients with' chronic hepatitis [Orito

et al., 2001a; KobayasHi et al., 2002 it is suspected that
genofype Atin metropolitan areas hag)a distinet geo-
graphic origin. Many patients with genotype A infection
in these areas hadvihistory of extramarital sexual
contacts with plural unspemﬁed partners. Such sexual
behavior may Jnicréase the rigk' ‘of infection With gero-
type A, In support of this'y view, ‘most homosexual peoplé
in: Tokyo who have huinan. mmunodeﬁcxency vn'us type
I ate coinfected with HBV gériotyé A [Koibuchi &

2001]. Taken together, homosexu actlwty would i 1n~
crease the risk of genotype A infection in metropolitan
areasuFitthermolecular-analysis on HBV isolatés from
transmitters arid: recipients will vérify this hypethesis.
With respect to genotype B, both Ba, and Bj subtypes
[Sugauchx et al., 2002 (lﬂyfere qetected Although the

(IR I Pt

number of Sladisd 1 patients ‘was small’ ‘patients with
subtype Ba were found: ity the/Tok}id mistropolitan area
exclusively: Whethersubtype Ba'intringic to the metro-
politan'ared-has-a :peculiari geographic omgm is: cur-
rently unknown and aWwaits further analyses. -

. Another point-made in.this study-is:that HBV geno—
types:influenee clifitedl featiires :and: the:outcomeé of
acute hepatitis B+t has been shown that the proportion
of patients'who develop-chironic HBV.infection is.close to
10% in: European and: American countries {Bherlock S,
1997] butrare in Japan {Kobaydshiet al:; 2002): Recent
studies 'suggest thiat chancesfor evoléstion into chroni-
city may- differ- among patients acutely infécted with
HBY of'distinict'genotypes [Mayerat et al.; 1999; Ogawa
et al.; 2002]::Our! study ‘has shown that patiefits:with
genotypeA had higher HBV:-DNA and lower ALT levels,
as well as alonger duration of HBsAg it serum. Develop-
ment of chronic hepatitis was:seén in.one.of the 27 (4%)
patients with genotype A as:against one of the 109 (1%)
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with genotype C infection: -Although- the number. of
patients studied was'not large enough’ for ‘statistical
evaluation, the transition to chronic infection may be
more frequent.in: infection. with genotype A than the
other genotypes; insofar ashigherviralloads can predict
chronic ihfection [Fong et al;, 1994]. Further stiidies on
more patients are.required . to evaluate whether. or.not
viral persistence ocecurs-more.often after HBV mfectlon
vnth genotype A than the other genotypes,’’, "

Patients with fulminant hepatic failure in thé present
study were infected with either.genotypes B or C; no
paﬁent ‘with genotypé A deVeYoped hepatlc failure. As
mutatmns at'nt 1896 in the | precore and:nt 1762/1764 in
the BCP regions, which are found fréquently in patients
with fulminant hepatic- failure:[Carman et al.;’ 1991;
Kosalka et al., 1991; Liatig et al., 1991;;Omata et al,
1991; Hawkins et al., 1994; Sato ot al., 1995; Baumert
et:al., 1996; -Chu et al:.1996], were: not detected- in
patlents with genotype' A, low frequency of fulminant
hepatic failure associated with genotype A infectiont may
be attributed to the lack ofithese mutations.. The high
frequency of HBeAg'in genotype:A mfectlon may also be
related to.low’ fréqueney of fulthihant hepatlc ‘failure.
Howeyer, interpretation on. this data should be made
carefully, because the number of patients studied 'was
small. Further research is necessary to determme if the
genotype itself “affects' the 'clinical ' course ' of. acute
hepatitis B.

In summary, (1) infection with HBV genotype A is
common in patients with acute hepatitis in Japan; (2)
patients with genotype A are more frequent in metro-
politan areas and may be associated with particular
sexual behavior; (3) patients with genotype A have a
milder but longer course of infection, which may lead to
increased risk of progression to chronic disease.
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Background. Cytochrome c is known as a substance
related- to apoptosis. We ‘investigated serum cyto-
chrome c levels in patients with ‘fulminant hepatitis
(FH).compared with these levels in patients with acute
or chronic liver diseases. Methods. Serum cytochrome c
was measured by an electrochemiluminescence immu-
noassay (ECLIA) method. The numbers of patients
were-as follows: fulminant hepatitis (FH; n =-.15), acute
hepatitis (AH; n = 12), chronic hepatitis (CH; n-= 30),
chronic hepatitis with acute aggravation (CHA; n = 6),
liver cirrhosis (LC; n = 30); hepatocellular carcinoma
(HCC; n = 30), and healthy volunteers (controls; n =
9). Results. The serum cytochrome c level in FH was
10686 x 7787 pg/ml, with a significant difference (P <
0.01) compared to levels in the other groups. In the FH
patients, the serum cytochrome c level was significantly
correlated to serum mitochondria (m)-GOT, hepato-
cyte growth factor (HGF), aspartate aminotransferase
(AST), lactic dehydrogenase (LDH), and alkaline phos-
phatase (ALP), and it was negatively correlated to
serum alpha-fetoprotein (AFP), and total  bilirubin
(T.Bil) The serum cytochrome c level seemed to paral-
lel the severity.of hepatic coma. Immunohistochemical
study indicated TdT mediated dUTP nick end labeling
(TUNEL)-positive cells in the livers of patients with
FH.: Conclusions. These results suggest that serum cyto-
chrome ¢ may be a possible new marker for acute liver
failure. : : :

Key words: acute liver failure, hepatic coma, apoptosis
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Introduction

Itis well known that apoptosis is a cellular process of self-
destruction characterized by organized nuclear and cel-
lular fragmentation, and that this process playsaroleina
wide variety of liver diseases, including viral hepatitis.!?
During apoptosis, caspases are activated by two major
pathways. (i) Induced by stress; cytochrome cisreleased
from the mitochondria, and binds to apoptotic protease-
activating factor-1 (Apaf-1), leading to the activation of
caspase-9. Then cytochrome c activates the downstream
caspases that amplify the death process.# (ii) Members
of the so-called death family of tumor necrosis factor
(TNF), of which TNF-receptor-1 and Fas (CD95/APO-
1) are best characterized,’ activate other caspases. Al-
though other mitochondrial proteins may be released as
well, cytochrome ¢ has been investigated in the greatest
depth. Studies have shown' that, in vitro, the inner
mitochondrial membrane undergoes an increase in per-
meability, called mitochondrial permeability transition
(MPT), opening an inner membranal high-conductance
channel, called the permeability transition pore (PTP),¢
and this is accompanied by cytochrome c release.” This
relationship apparently depends on the duration for
which the pore is open.? Large channels or pores in the
outer mitoechondrial membrane conduct soluble proteins
out of the mitochondria and thereby transport cyto-
chrome c.® The precise mechanisms underlying cyto-
chrome c release are still unknown. The present study
was performed to: (i) measure the levels of soluble cyto-
chrome c in serum in patients with chronic liver diseases
and in healthy controls; (ii) analyze possible correlations
of serum cytochrome c coneentration and other serum
markers with fulminant hepatitis; and (iii) analyze the
possible correlation of levels of soluble cytochrome c
with hepatic.coma. The aim of this study was to deter-
mine whether cytochrome: ¢ could be a possible. new
marker for both fulminant hepatitis and for the level of
hepatic coma due to'brain damage.
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Subjects

This study examined 15 patients with fulminant hepati-
tis (FH), 12 with acute hepatitis (AH), 30 with chronic
hepatitis (CH), 6 with chronic hepatitis with acute
aggravation (CHA), 30 with liver cirrhosis (LC), 30
with hepatocellular carcinoma (HCC), and 9 healthy
volunteers (controls; C). Serum cytochrome c¢ levels in
CH, LC, and HCC patients were measured at the time
point when the serum alanine aminotransferase (ALT)
levels in these patients had been less than 501U/ for
1 month. Serum cytochrome c levels in FH, AH, and
CHA patients were measured at different time points
during the clinical course. Thus, a total of 420 samples
were measured for serum cytochrome c, whereas the
total number of subjects was 132. The samples were
measured for various serum markers (e.g., ALT, aspar-
tate aminotransferase (AST), and prothrombin time
(PT), as shown in the text. The correlation between
cytochrome ¢ and the severity of hepatic coma was
also examined. Statistical analysis was performed using
Pearson’s correlation coefficient. A P value of less than
0.05 was considered to be significant. The values for
results are reported as means = SD unless otherwise
indicated. Informed consent was obtained from all
patients, or from their families when patients were in a
coma.

Methods

Cytochrome c assay

The serum cytochrome c level was measured by a sand-
wich electrochemiluminescence immunoassay (Eisai,
Tokyo, Japan), as described below.1

Preparation of microbeads coated with anti-cytochrome
¢ antibody

One milliliter (30mg microbeads) of microbeads in
0.15M phosphate-buffered saline (PBS), pH 7.8, was
coated with 200pg of anti-cytochrome ¢ monoclonal
antibody (Becton Dickinson, San Diego, CA, USA) by
overnight stirring at room temperature.

Preparation of antibody labeled with ruthenium
(Ru)-chelate

Male Japanese white rabbits were obtained from SLC
Breeding Laboratories (Tokyo, Japan). Rat and bovine
cytochrome ¢ were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Rabbits were immunized subcutane-
ously with 100pg of rat cytochrome ¢, emulsified in
Freund’s complete adjuvant, to make antisera. The an-
tisera were purified by ammonium sulfate fractionation,
to obtain anti-cytochrome ¢ polyclonal antibody (Ab),

I. Sakaida et al.: New marker for fulminant hepatitis

IgG F (Ab'), fragment, and labeled with the ruthenium
(Ru)-chelate.

Immunoassay

Immunoassay for cytochrome ¢ was performed by the
following procedure. We mixed 50ul of the sample,
150l of dilution buffer (0.05M Tris-HCI [pH 7.5] con-
taining 5% bovine serum albumin [BSA], 0.15M Na(l,
and 0.1% NaN3), and 25ul of coated microbeads, and
incubated the mixture, with stirring, at 30°C for 9min.
After incubation, the microbeads were washed two
times with Picolumi Washing Buffer (Sanko Junyaku,
Tokyo, Japan) to remove nonreacted specimens.
Two hundred microliters of Ru-Ab was added, and the
Ru-Ab-microbead mixture was incubated, with stirring,
at 30°C for 9min. Then the microbeads were washed
two times with Picolumi Washing Buffer (Sankyo
Junyaku) to remove nonreacted Ru-Ab, followed by
suspension with 300ul of Picolumi Electrolyte Buffer
(Sanko Junyaku); after which it was fed into magnet-
mounted flow-cell electrodes to measure the quantity of
the emission. The cytochrome ¢ concentration of the
sample was calculated using rat cytochrome ¢ solutions
at concentrations between 100ng/ml and 10pg/ml as
standards. All these operations were carried out auto-
matically with a Picolumi 8220 (Sanko Junyaku), except
for the dilution of the sample.

Histological study

Liver specimens, obtained either after liver trans-
plantation or from liver biopsy specimens obtained
with a Silverman needle (12G), were fixed in 10%
formalin, embedded in paraffin, and cut into 4-pm
sections.

A TdT mediated dUTP nick end labeling (TUNEL)
assay was periormed to detect apoptosis as a marker of
cell death. Liver tissue sections were deparaffinized and
rehydrated through three changes of xylene and graded
alcohol, washed in PBS for 5min, and then incubated in
20 mg/ml proteinase K for 15min at room temperature.
An ApoTag in-situ apoptosis peroxidase detection kit
was used (Intergen, New York, NY, USA) according
to the manufacturer’s instructions. Briefly, endogenous
peroxidase activity in the liver sections was blocked by
incubation for 5 min with 3% H,O, in PBS., followed by
incubation for 10s with equilibration buffer. The sec-
tions were then incubated for 60min at 37°C with ter-
minal deoxynucleotidyl transferase (TdT) enzyme in
reaction buffer. The reaction was terminated by incuba-
tion with stop buffer at room temperature. Sections
were then incubated with a peroxidase-conjugated anti-
digoxigenin antibody for 30min at room temperature,
and the reaction was developed with diaminobenzidine
substrate for 4min at room temperature. Sections were
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AST (IU/1)
17 (13-24)*
1468 (67-5030)

ALT (1U/)

13 (4-27)*
2012 (58-5315)

Etiology (B/Cfunknown) Cytochrome-c (pg/ml)

Table 1. Clinical features of patients, and serum parameters

Age, years

Number of patients Male/Female

'LDH (1U/1)

148 (124-186)*
789 (185-3462)*
© 175 (119-243)*
958 (216-644)*
362 (159-2220)
227 (123-392)*

70 (34-186)*
958 (120-2 111)*
61 (23-145)*
73 (28-175)*
3314 (268-8142) 3792 (281-11304) 3409 (275-12573)

83 (21-206)*
1040 (57-2640)*
52 (16-118)*
55 (23-112)*

3040 (265-12098)*

112 (0-200)*
255 (0-550)*
749 (0-2036)*
441 (46-2800)*
323 (19-1000)*
10686 (1800-25900)

AN AN TN NN N
SETERER
3
[ I\?(}_l |
V) O e O oD
N= Nt AN
S S Nt gt st et e’
RN DO NOY
NN i ™
TR BC O
~ _ NO
TN e X~~~
e TR el el e el e
FRENRSD
~— —
CNDOVO DN
—~ @& AR
TR GO
(GRS Rt
VLU0 QAT

*P < 0.01 vs FH; **P < 0.05 vs FH
Figure in parentheses are ranges
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dehydrated through a graded series of alcohol for
microscopy.

Statistical analysis

Values for results are presented as means = SD. Analy-

- sis in each group was performed using the Wilcoxon

test. To assess significant correlations; the Spearman
rank correlation test was used. Values of P < 0.05 were
regarded as statistically significant.

Ethics

To maintain confidentiality, patients’ initials were re-
placed by a code, and the date of birth was replaced
by the age in the database. All procedures were done

" after informed consent was obtained from the patient or
" family.

Results

Seruim cytochrome ¢ concentration

Various serum markers were measured in all patients
with liver diseases, as well as in the healthy volunteers.
The serum cytochrome c level in FH was 10686 pg/ml

* (range, 1800-25900pg/ml), and this was significantly

(P < 0.01) greater than the levels in the other groups
(Table 1).

Although the serum cytochrome ¢ concentrations in
the AH and CHA groups were higher than those in
most other groups, that of the FH group was signifi-
cantly higher than the levels in the AH and CHA
groups. Results for serum ALT, AST, and lactic dehy-
drogenase (LDH) levels were similar to these for serum
cytochrome c.

The cytochrome c concentration in the healthy volun-
teers was very low (Table 1), with a small SD.

Correlation coefficients in all groups

Among the many serum markers tested, the serum
cytochrome c level was significantly correlated only to
serum AST (r = 0.808; P < 0.0001), ALT (r = 0.637;
P < 0.0001), and LDH (r = 0.765; P < 0.0001) in all
patients and healthy volunteers.

Correlation coefficients in the FH group

Among the FH patients, the serum cytochrome c level
was strongly correlated with serum mitochondria (m)-
GOT, hepatocyte growth factor (HGF), AST, LDH,
and alkaline phosphatase (ALP). But it was negatively
correlated with serum alpha-fetoprotein (AFP; r =
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X 10°pg/ml Cytochrome ¢

mmol/l

NH3
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Fig. 1. Various serum markers, and serum cytochrome c, were measured in relation to coma grade (horizoﬁtal axis) in patients
with fulminant hepatitis. There was no coma grade I patient. D.Bil, direct bilirubin; 7,Bil, total bilirubin; AST, aspartate
aminotranferase; ALT, alarinine aminotransferase; m-GOT, mitochondria-GOT,; PT, prothrombin time; BUN, blood urea

nitrogen; HGF, hepatocyte growth factor.

Table 2. Correlation coefficients and their statistical signifi-
cance in the FH group

Correlation coefficient =~ ° P value
m-GOT 0.835 <0.0001
HGF 0.830 0.0002
LDH 0.782 0.0009
AST 0.719 0.0017
ALP - 0.696. 0.0029
AFP .. —0.542 . 0.044
T.Bil -0.518 . 0.047

—0.542; P = 0.044) and total bilirubin (T.Bil; r =
—0.518; P = 0.047; Tabie 2).

Relationship between hepatic coma grade and
serum parameters '

The serum cytochrome c level of patients With,hepatic
coma grade IV was significantly (P < 0.05) increased

compared with that of patients with hepatic coma
grade 0, and the level tended to increase with the sever-
ity of the coma, though this difference was without
significance (Fig. 1). The serum NH, level seemed to
exhibit the same pattern as cytochrome ¢, but was
different from the pattern of serum AST, ALT, and
LDH, the levels of which were reduced at the point of
coma grade I'V. However, serum NH; had no significant
correlation with the cytochrome c level; m-GOT levels
had the same tendency as levels of serum ALT and
AST, and were reduced at the point of severe coma
grade.

Immunohistochemistry

Figure 2A shows TUNEL-positive-hepatocytes in the
liver of a patient with FH, with a high serum cyto-
chrome c level, who had living-donor transplantation.
No expression of TUNEL-positive hepatocytes was
seen in the transplanted liver (Fig. 2B). Apoptosis had
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