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binding site [37], and is indispensable for AFP promoter func-
tion. However, it is possible that the degree of AFP promoter
activity is also affected by expression levels of several tran-
scription factors, in addition to HNF-1 and NF-1, their post-
translational modifications (including phosphorylation), and
interactions.

The AFP gene is frequently re-expressed in hepatocellular
carcinomas (HCC), and serum AFP assays have led to the de-
tection of HCCs at an early stage [6]. This indicates that the
AFP regulatory sequences have the potential to express the
cytostatic or cytotoxic genes in a hepatoma-specific manner.
We previously reported on hepatoma-specific gene therapy
using the human AFP 0.3-kb promoter alone to target AFP-
producing hepatoma cells [24,38,39]. It has become possible,
however, to clinically detect HCCs at an early stage, and AFP
expression in these tumors has been found to be relatively
low [6]. Additionally, without the far upstream enhancer re-
gions, the activity of the AFP promoter alone is not strong
enough to induce an anti-tumor effect on low- or non-AFP
producing hepatoma cells [24,39]. Therefore, enhancement
of the AFP promoter activity is likely required to induce a
therapeutic effect. Recently, we have proposed two strategies
to increase expression of therapeutic genes driven from the
AFP promoter: the variant-type human AFP promoter having
a —119g — a HNF-1 binding site mutation, and the hypoxia-
inducible enhancer linked to the wild-type AFP promoter
[25,40]. Both approaches successfully induced an increase
in anti-tumor effects in a hepatoma-specific manner. In the
present study, however, the variant-type AFP promoter was
also active in adult mouse liver, indicating that gene therapy
using the variant-type AFP promoter has the potential to in-
duce cytotoxic effects not only in hepatoma cells, but also in
normal hepatocytes. Therefore, when using the variant-type
AFP promoter, hepatoma-specific gene transfer or therapeu-
tic genes that function specifically in malignant cells should
be used. Alternatively, a combination of wild-type AFP pro-
moter and tumor-specific enhancers, which are activated by
hypoxia or hypoglycemia, may be more suitable for gene
therapy targeting for HCCs producing varied amounts of AFP
[40].

In conclusion, we report two unrelated Japanese HPAFP
families with a heterozygous —119g — a substitution in the
distal HNF-1 binding site of the AFP promoter. Further elu-
cidation of the molecular mechanisms of HPAFP should in-
crease our understanding of the developmental regulation of
AFP transcription, as well as aid in developing strategies for
HCC-targeting gene therapy.
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SUMMARY. Most studies of hepatitis C virus (HCV) quasi-
species have reported the results of sequencing only three
to five clones per sample. The possibility that sequencing
so few clones might not provide a representative picture of
the quasispecies present in a sample has never been
evaluated. The present study was conducted to evaluate
whether sequencing greater numbers of clones results in

better information about the HCV quasispecies number and.

distribution, and to compare the HCV guasispecies in liver
cancer cases and controls. RNA was extracted from serial
serum samples from six subjects with HCV-associated liver
cancer and 11 age- and sex-matched HCV-infected controls
without liver cancer. The hypervariable region 1 (HVR1)
of the HCV genome was amplified, cloned, and sequenced.
For further studies of 12 serum samples from two liver

cancer cases and two matched controls, successive groups
of 10 additional clones were sequenced up to a total of 50
clones per serum sample. When only 10 clones were
sequenced from each specimen, no consistent differences
were seen between the number of HCV quasispecies in the
six liver cancer cases and the 11 controls. However,
sequencing 40 clones from each of 12 samples from two
liver cancer cases and two controls revealed a greater
number of quasispecies in liver cancer cases than in con-
trols. Testing an additional 10 clones (50 clones per
sample) did not significantly increase the number of
quasispecies detected.

Keywords: hepatitis C virus, hepatocellular carcinoma,
quasispecies.

INTRODUCTION

One of the important characteristics of hepatitis C virus
(HCV) is that its genome exhibits significant genetic het-
erogeneity as a result of the accumulation of mutations
during viral replication. This high mutation rate, which is
characteristic of RNA viruses, can be attributed to an error-
prone RNA-dependent RNA polymerase that lacks proof-
reading activity. HCV, like other RNA viruses, circulates in

Abbreviations: 5-NCR, 5-noncoding region; HCC, hepatocellnlar
carcinoma; HCV, hepatitis C virus; HVR1, hypervariable region 1;
PCR, polymerase chain reaction.
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an infected individual as a population of closely related, yet

heterogeneous, quasispecies. The quasispecies population is

generally composed of one dominant viral sequence (the

master sequence) and a number of other sequences differ- -
ing from the master sequence to various extents. The HCV

hypervariable region 1 (HVR1) undergoes extensive vari-

ation during the course of chronic infection, and some of

these changes may correspond to the emergence of

immune-escape mutants, a proposed mechanism of HCV

persistence.

In the present study, the genetic diversity of the HCV
genome was evaluated in serum samples obtained pro-
spectively in individuals with HCV infections who later
developed liver cancer, and in matched control subjects.
The impact of the number of clones sequenced on the
number of quasispecies detected was further studied by
sequential sampling of a large number of clones from
selected serum samples.
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MATERIALS AND METHODS

Study subjects

Serum samples were obtained from residents of one village in
Miyazaki, Japan, who attended free, government-sponsored
health examinations from November 1984 to November
2000. The prevalence of antibody to HCV (anti-HCV) in this
village was 23% [1].

Serum samples

Sequential serum samples were evaluated from six anti-HCV
positive individuals who developed liver cancer between
1984 and 1999. Each of the six liver cancer cases was
matched to two anti-HCV-positive coritrols by gender, age,
and year of study enrollment, except for case no. 6, who was
only matched with one control (a total of six cases and 11
controls). All 63 serum samples (23 from cases and 40 from
controls) were coded. Samples had undergone fewer than
two freeze-thaw cycles and had otherwise been kept at
—80 °C until use.

Reverse transcription-polymerase chain reaction

RNA was extracted from 0.25 mL of each serum sample
and cDNA was synthesized. The 176 base pair (bp) HCV E2
fragment (containing the 81-nucleotide HVR1 and an
additional 35 nucleotides upstream and 60 nucleotides
downstream) and the 256-bp 5"-noncoding region (5-NCR)
fragment were amplified with gene-specific primers using
nested polymerase chain reaction (PCR) (Table 1) [2].

To amplify the HVR1 fragment, the first round of PCR was
performed with one sense primer [HCVHf1 (Table 1)] and a

Table 1 Primers for amplifying HVR1 and 5-NCR of HCV

Quantifying hepatitis C virus quasispecies 47

mixture of two antisense primers (HCVHb1 and HCVHb2);
the second round of PCR was performed with one sense
primer (HCVHf2) and a mixture of two antisense primers
(HCVHb3 and HCVHb4). The amplification of the 5-NCR
fragment was carried out by conventional nested PCR using
one sense (P-285) and one antisense primer (P-43) for the
first round of PCR and one sense (P-276) and one antisense
primer (P-50) for the second round of PCR [2]. The amplified
HVR1 fragment was a 176-bp product from position +1366
to +1541 according to the numbering system of Choo et al.
[3]. The amplified 5-NCR fragment was a 256-bp product
that extended from nucleotide position —276 to —-21.

Cloning and sequencing of PCR products

Polymerase chain reaction products were purified and
cloned. Plasmid DNA was then extracted and sequenced on
an automated DNA sequencer (model P310; PE/ABI, Foster
City, CA, USA) with the BigDye Terminator Cycle Sequence
Ready Reaction Kit (PE/ABI) using a universal M13 reverse
primer according to protocols provided by the manufacturer.
For most cases and controls, 10 clones from the HVR1 and
five clones from the 5’-NCR were studied. However, for cases
no. 3 and 5, and controls no. 3 and 5, 50 clones of the HVR1
fragment from each serum sample were amplified and
sequenced in order to determine the extent to which exam-
ining additional clones would increase the number of
quasispecies detected.

Sequence analysis

The number of viral variants and the genetic diversity of the
HCV quasispecies were assessed by examining viral
sequences of the HVR1 and 5’-NCR genes. DNA sequence
data were analysed with Edview software (PE/ABI).

Name Sequence

Positions

HVR1 - first PCR

HCVHI1 5’-GCC ATA TAA CGG GTC ACC GCA TGG C-3/ 1208 to 1232
HCVHb1 5’-CCC CAC GAC AAC AGG AC-3' 1811 to 1827
HCVHb2 5°-TCC CAC CAC CAC GGG GC-3’ 1811 to 1827

HVR1 - second PCR

HCVHI2 5-ATG GTG GGG AAC TGG GCG AAG G-3' 1366 to 1387

HCVHbD3 5-ATG TGC CAA CTG CCG TTG GT-3 1522 to 1541

HCVHb4 5-AGG TGC CAA CTG CCG TTG GT-3' 1522 to 1541
5’.NCR - first PCR

P-285 5’-ACT GTC TTC ACG CAG AAA GCG TCT AGC CAT-3’ -285to -256

P-43 5-CGA GAC CTC CCG GGG CAC TCG CAA GCA CCC-37 —14 to —43
5’-NCR - second PCR

P-276 5-ACG CAG AAA GCG TCT AGC CAT GGC GTT AGT-3* —-276 to ~247

P-50 5-TCC CGG GGC ACT CGC AAG CAC CCT ATC AGG-3’ ~21 to =50

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 46-50
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Sequence alignment and phylogenetic analysis were per-
formed using MacVector V6.5 software (Oxford Molecular
Group, Madison, WL, USA) and the GCG Wisconsin Package
software (GCG, Madison, WI, USA). Genetic distance, a
pairwise comparison of evolutionary distance between
aligned sequences, was determined using the GCG Wisconsin
Package software (GCG). For each serum sample (from the
six cases and 11 controls), the DNA sequences from each of
10 clones of the PCR products were compared with the other
nine clones (a total of 100 comparisons for each serum
sample). The numerical result produced by the software re-
flects the number of substitutions per 100 nucleotides as well
as the nature of the substitutions.

RESULTS

The average genetic distance among 10 clones prepared
from each serum sample was 18.3 among six cases (23
serum samples) and 6.7 among 11 controls (40 serum
samples) (P < 0.001) (Fig. 1). Initially, 10 clones of HVR1
were sequenced from each serum sample. The number of
quasispecies detected in each serum sample did not differ
significantly between cases (average of 6.6 quasispecies) and

30 ¢

(]

£

E ¢

@ 25

£ 6

]

o

c 8

2 20 &6

5 —§2-183

e 466

=

8 15 0 °

z : o

ﬁ ®
ee0

§ i0 é oo®

5 ¢ =

o X

D

£ 5 -

o esee
000

0 BB
Cases Controls

Fig. 1 Each mark represents the ‘genetic distance’ (see text
for definition) between HCV RNA in the 10 clones from
each of the serial serum samples from six liver cancer cases
and 11 controls (63 serum samples total). Genetic distance,
a pairwise comparison of evolutionary distance, was
expressed as substitutions per 100 nucleotides. The average
genetic distance within each serum specimen was 18.3 in
cases and 6.7 in controls.
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Fig. 2 Number of HCV quasispecies detected by sequencing
10 clones for each of 63 serum samples. There was no

statistically significant difference between cases (average of
6.6 quasispecies) and controls (average of 5.1 quasispecies).

controls (average of 5.1 quasispecies) when only 10 clones
were sequenced from each sample (Fig. 2). In addition, no
differences were seen in the number of quasispecies detected
in early -and late serum samples from the same individuals
among both cases and controls when only 10 clones were
sequenced (data not shown).

Forty additional clones each were analysed in sequential
groups of 10 clones from cases no. 3 and 5 and their
matched controls in samples obtained at the time of entry
into the study, 1 year later, and 5 or 10 years later, for a
total of 50 clones from each serum sample. After having
sequenced 40 clones per sample, sequencing an additional
10 clones per sample detected only one or no additional
quasispecies (Fig. 3).

During disease progression, the number of quasispecies
detected by analysing 50 clones per sample in case no. 3
increased from 16 in 1984 to 22 in 1989, in control no. 3
from eight in 1984 to 15 in 1989, in case no. 5 from 18 in
1989 to 25 in 1994, and in control no. 5 increased {rom 6
in 1984 to 23 in 1994 (Fig. 3). The difference in the number
of quasispecies between these cases and controls at the time
of entry into the study (1984, average of 17 quasispecies in
cases and seven in controls) was higher than 5-10 years
later (1989 or 1994, average of 23.5 quasispecies in cases
and 19 in controls).

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 4650
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Fig. 3 Correlation between the number
of clones sequenced and the number of
additional quasispecies detected. Fifty
clones were sequentially analysed in
incremental groups of 10 clones each
from cases no. 3 and 5 and controls no.
3 and 5, using serum samples obtained
at entry to the study, 1 year later, and
5 or 10 years later. The bars indicate
the number of additional quasispecies
detected among those 10 clones (over
and above those detected by testing
prior groups of 10 clones each). The
ability to detect additional quasispecies
decreased as more clones were ana-
lysed. Nearly all detectable quasispecies

12 -
10 -

Number of additional quasispecies detected

h

1984 1985

Case 5

S N B O

were detected in the first 40 clones (i.e.
one or no additional quasispecies were
detected by testing 50 clones, compared
with testing 40 clones).

1984

DISCUSSION

The quasispecies nature of HCV is thought to play an
important role in maintaining and modulating viral repli-
cation [4,5], and the increasing diversity of the quasispecies
in one individual is associated with more advanced liver
damage caused by HCV [6]. In the present study, the qua-
sispecies diversity in those who subsequently developed
hepatocellular carcinoma (HCC) was greater than that in
controls (average genetic distance 18.3 in cases and 6.7 in
controls).

In the present study, the number of quasispecies was seen
to increase dramatically over 5-10 years in four patients
and controls from whom 50 clones per sample were studied,
reaching a level between 15 and 25 quasispecies per serum
sample. However, overall sample-to-sample fluctuation was
seen for each of the other seven patients and controls, from
whom only 10 clones per sample were studied.

The present study shows the importance of sequencing a
large number of clones in order to obtain the most accurate
assessment of quasispecies diversity. Most published studies

Control 3

1985

1985

1994
Control 5

of HCV quasispecies have reported the results of sequencing
only three to five clones per sample. However, Torres-Puente
et al. [7] recently reported that no significant difference was
observed in genetic variability tested in small numbers of
samples (10 sequences) compared with large numbers (100
sequences). In contrast, the present study shows that
sequencing a small number of clones per sample provides
less information about quasispecies diversity than sequen-
cing 20, 30, or 40 clones per sample. The data in this study
also suggest that the maximum number of quasispecies in a
serum sample usually can be detected by sequencing about
40 clones per sample.

Obtaining an accurate picture of the quasispecies diversity
in the serum of individuals infected with HCV may lead to a
better understanding of the pathogenesis. There may be
differences in virulence among quasispecies; some of the
quasispecies in an individual are not transmitted in at least
some cases of maternal-fetal transmission [8], needlestick
accidents {2], or experimental transmission to chimpanzees
[9]. Theoretically, some quasispecies might bind to cellular
receptors more readily or might escape the host immune

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 46~50
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response more easily. The association of quasispecies diver-
sity with the emergence of escape mutants [10], and the
correlation of greater HCV quasispecies diversity with more
severe liver damage [11], indicate that quasispecies diversity
plays an important role in the course of HCV infection.
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SUMMARY. A new immuno-radiometric assay (IRMA) to
detect hepatitis C virus (HCV) core antigen (HCVcAg) has
been developed. The aim of the present study was to
investigate the sensitivity and specificity of this IRMA to
measure HCV antigenemia, based on the detection of HCV
RNA as the gold standard, and to assess the utility of the
IRMA in a community-based population. Anti-HCV positive
residents in a hyperendemic area of HCV infection in Japan
were studied. Serum levels of HCVcAg were measured using
IRMA, and the presence of HCV RNA was determined by a
qualitative reverse transcription-polymerase chain reaction
(RT-PCR) assay. The sensitivity and the specificity of the
IRMA were 96.4 and 100%, respectively. The sensitivity of
the IRMA was similar between serological HCV group I (HCV

genotypes 1a and 1b) (97.6%) and group II (HCV genotypes
2a and 2b) (94.0%). There was a strong correlation between
serum HCVcAg level and HCV-RNA measured by a quanti-
tative RT-PCR (r = 0.832, P < 0.0001). There also was a
very strong correlation of HCVcAg level between IRMA
measurements performed on serum and those performed on
plasma (r = 0.984, P < 0.0001). In conclusion, this new
IRMA is useful for the detection of HCV core antigen in a
community-based population.

Keywords: community-based population, hepatitis C virus
core antigen, immuno-radiometric assay, serological hepa-
titis C virus group.

INTRODUCTION

Persistent infection with hepatitis C virus (HCV), as well as
hepatitis B virus (HBV), is a primary cause of chronic liver
disease, such as chronic hepatitis, liver cirrhosis and he-
patocellular carcinoma (HCC). In Town C of Miyazaki Pre-
fecture in Japan, the average annual mortality from liver
disease was estimated to be 102.5/100 000 between 1995
and 1997, which was substantially higher than the estimate
of 37.6/100 000 for all of the prefecture, as reported by the
prefectural public health service. In 1993, over 4000 resi-
dents of Town C were tested for antibody to HCV (anti-HCV)
and HBV surface antigen (HBsAg) in conjunction with the
local, government-sponsored general health examination
conducted in the town. The prevalence of anti-HCV positivity

Abbreviation: EIA, enzyme immunoassay; HCC, hepatocellular
carcinoma; IRMA, immuno-radiometric assay; RT-PCR, reverse
transcription-polymerase chain reaction; US, ultrasonography.
Correspondence: Katsuhiro Hayashi, 5,200 Kihara, Kiyotake,
Miyazaki 889-1692, Japan. E-mail: katuhaya@med.miyazaki-u.
ac.jp
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was found to be 22.5% and that of HBsAg positivity, 1.1%.
Thus, the elevated mortality from liver disease in Town C is
considered to be due to the high prevalence of HCV infection
in this population.

Measurement of anti-HCV is generally used to screen for
HCV infection. However, not all anti-HCV positive people are
persistently infected with the virus. Therefore, a simple,
quick, and inexpensive method for measuring HCV viremia
is required for population-based testing. Although the
detection of HCV RNA by reverse transcription-polymerase
chain reaction (RT-PCR) represents the most sensitive
method for determining persistent HCV infection, the assay
is time-consuming, costly, and technically demanding. In
contrast, enzyme immunoassays (ELAs) to detect HCV core
antigen (HCVcAg) are simple and relatively inexpensive [1].
A number of reports have demonstrated the utility of
measuring HCVcAg using EIAs [2-5]. Recently, a new im-
muno-radiometric assay (IRMA) to detect HCVcAg was
developed.

The aim of the present study was to investigate the sen-
sitivity and specificity of this new IRMA to measure HCV
antigenemia, based on the detection of HCV RNA as the gold
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standard, and to assess the utility of the IRMA in a com-
munity-based population such as Town C.

Methods and subjects

Since 1994, 1083 Town C residents have been identified as
being positive for anti-HCV and have been screened annually
for the early detection of HCC by ultrasonography (US)
examination. To elucidate the natural history of HCV infection
and the risk factors for HCC, additional virologic, epidemio-
logic, and clinical data also have been collected at these US
examinations, beginning in 2001. Blood samples for CBC, liver
function test, tumour markers (alpha-fetoprotein and PIVKA-
1I), hepatic fibrosis markers (hyaluronic acid and type IV col-
lagen) and HCV-associated markers (anti-HCV antibody titre,
serological genotyping of HCV, virus load, presence of HCV
RNA) are collected after taking an informed consent. In 2002,
931 subjects were invited to the annual US examination, of
whom 674 (72%) attended and provided a blood sample.

Anti-HCV antibody

Anti-HCV antibody was measured by chemiluminescent
enzyme immunoassay using a third generation HCV anti-
body kit (Lumipulse Ortho II; Ortho-Clinical Diagonostics
K. K., Tokyo, Japan).

HCV antigen load

At the 2002 US screening, the new IRMA (Ortho HCV Ag
IRMA Test; Ortho-Clinical Diagnostics K. K.) was used to
detect HCVcAg. Testing using the IRMA was carried out as
indicated by the manufacturer. Briefly, serum or standard
sample was added to pretreatment solution in a plastic tube
and incubated at 5660 °C. After adding the reaction solu-
tion and one bead coated with two different monoclonal
antibodies against HCVcAg to each tube, the mixture was
incubated at room temperature. Two different horse-radish
peroxidase-conjugated monoclonal antibodies against HCVc
Ag was added to each tube. '2°I-conjugated polyclonal
antibodies against peroxidase then were added, and the
radioactivity of the sample and the standard was measured
with a y-scintillation counter. The concentration of HCVcAg
was expressed as femto-mol/L (fmol/L). The range of the
IRMA was from 20 to 20 000 fmol/L. When the titre of
HCVcAg was less than 20 fmol/L, the sample was judged as
negative. The plasma levels of HCVcAg also were measured,
by the same IRMA method, for a subset of 40 subjects.

HCV RNA detection and quantification

The presence of HCV RNA in serum was determined by a
qualitative RT-PCR assay kit (Amplicore® HCV; Nippon
Roche, Tokyo, Japan). The detectable HCV-RNA by this
assay kit was 10 copy/mL. The serum HCV RNA level was
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measured using a quantitative RT-PCR assay kit (Ampli-
core® GT HCV Monitor v2.0; Nippon Roche) on a random
sample of 100 HCV RNA positive subjects. However, four of
the subjects had an insufficient sample for measuring HCV
RNA level. The concentration of HCV RNA was expressed as
KIU/mL, and the range was from 0.5 to 850 KIU/mL. When
the titres of HCV-RNA were less than 0.5 KIU/mL, the
sample was judged as negative.

Serological HCV group

Serological HCV groups were determined by a serological
genotyping assay (Immunocheck F-HCV Grouping; Inter-
national Reagents Co., Kobe, Japan) [6]. When the serolog-
ical group could not be clearly classified by this assay, HCV
genotypes were determined by the RT-PCR method (7]
Genotypes 1a and 1b were defined as serological HCV group
I, and genotypes 2a and 2b as group II.

RESULTS

A total of 613 (90.9%) of the 674 residents who attended
the 2002 US screening and provided a blood sample were
anti-HCV antibody positive and 61 were negative. Thirty-
eight per cent of the subjects studied were men (n = 233),
and the overall mean age was 69.3 years.

The results of the IRMA testing are summarized in Table 1.
HCVcAg was detected by IRMA in 424 (69.2%) of the 613
anti-HCV positive subjects; HCV RNA was detected by
RT-PCR in 440 (71.8%). Based on the HCV RNA status as the
gold standard, the sensitivity of the IRMA was 96.4% (424/
440), with a specificity of 100%. All 61 subjects who were
anti-HCV negative were negative for both HCVcAg and HCV-
RNA. Ninety-six randomly selected serum samples were tes-
ted for HCV-RNA level using a quantitative RT-PCR assay
(Table 2). Neither HCVcAg by IRMA nor HCV-RNA by
RT-PCR was detected in four samples. In three samples, HCV-
RNA was detected only by RT-PCR. The HCV-RNA level of
these samples was 1.3, 7.1 and 19 KIU/mL. There were no
samples that were HCVcAg positive but negative for HCV-
RNA (Tables 1 and 2). Figure 1 shows a strong correlation

Table 1 Comparison of the detection of HCV core antigen by
immuno-radiometric assay with the detection of HCV-RNA
by RT-PCR

HCV-RNA by qualitative

RT-PCR
HCVcAg by IRMA + -
+ 424 0
- 16 173

HCV, hepatitis C virus; RT-PCR, reverse transcription-
polymerase chain reaction.

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 106-110
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Table 2 Comparison of the detection of HCV core antigen
by IRMA and HCV-RNA by quantitative RT-PCR in
HCV-RNA positive subjects

Table 3 Comparison of the detection of HCV core antigen
by IRMA with the detection of HCV RNA by RT-PCR,
by serological HCV group

HCV-RNA by quantitative

RT-PCR
HCVcAg by
IRMA + -
+ 89 0
- 3 4

HCV-RNA by RT-PCR

HCV, hepatitis C virus; IRMA, immuno-radiometric assay;
RT-PCR, reverse transcription-polymerase chain reaction.
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Fig. 1 Correlation between concentration of HCV RNA
measured by AMPLICOR Monitor test and HCV core antigen
measured by immuno-radiometric assay. The serum HCV
RNA level was measured using a quantitative RT-PCR assay
kit (Amplicore® GT HCV Monitor v2.0) on a random sample
of ninety-six HCV RNA positive subjects. The levels of serum
HCVcAg measured by IRMA were strongly correlated with
HCV-RNA levels by RT-PCR (Pearson correlation coefficient,
r = 0.832, P < (0.0001).

between serum HCVcAg level measured by IRMA and HCV-
RNA level by RT-PCR (r = 0.832, P < 0.0001).

The HCV genotype group could be determined by sero-
logical genotyping or RT-PCR assay for 524 subjects who
attended the 2002 screening (Table 3). The distribution of
subjects by HCV genotype group was 356 (67.9%) of the
524 subjects in group I and 168 (32.1%) in group I The
sensitivity of the IRMA was similar in the two serological
HCV genotype groups (97.6% in group I and 94.0% in group
II) (Table 3). It is noteworthy that the average amount of
HCVcAg detected by the IRMA was similar in the two-
genotype groups (median of 3060 fmol/L in group I and
median of 3350 fmol/L in group II).

The correlation between serum and plasma levels of
HCVcAg detected by IRMA was analysed in a subset of the

HCVcAg by
IRMA + -
Serological HCV group I
+ 282 0
- 7 67
Serological HCV group I
+ 141 0
- 9 18

HCV, hepatitis C virus; IRMA, immuno-radiometric assay;
RT-PCR, reverse transcription-polymerase chain reaction.
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Fig. 2 Correlation between HCV core antigen levels in ser-
um and in plasma measured by immuno-radiometric assay.
The subjects were classified into six groups according to
their serum HCVcAg levels (<20, 20-100, 100-1,000,.
1000-10 000, 10 000-20 000, >20 000 fmol/L). Plasma
samples from five or six subjects were randomly selected
from each group for a total of 40 subjects and were mea-
sured by IRMA. The levels of HCVcAg in plasma were
strongly correlated with those in serum (Pearson correla-
tion coefficient, r = 0.984, P < 0.0001).

Town C residents who attended the 2002 US screening
(Fig. 2). The levels of HCVcAg in plasma were strongly
correlated with those in serum (Pearson correlation coeffi-
cient, r = 0.984, P < 0.0001).

DISCUSSION

HCV core antigen was first detected in the circulation of
HCV-infected hosts using EIA-based methods [1,8,9]. Many

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis, 12, 106-110

- b62 -



reports have demonstrated the utility of EIA to detect HCV-
cAg for monitoring the effect of interferon therapy {1}, for
following liver transplantation patients with HCV recurrence
[2], for quantitative evaluation of HCV viremia in anti-HCV
positive patients {3], and as a marker of HCV viremia in the
serological window-phase period [4]. However, the first
versions of the EIA for HCVcAg had some limitations. They
could not detect HCVcAg below a level of 20 KIU/mL of HCV
RNA, so that their use was limited to the monitoring of late
events during and after antiviral treatment [10]. In addition,
the pretreatment process of the sample was somewhat
complicated, with three steps required to expose the epitopes
of HCVcAg bound by low-density lipoprotein or anti-HCV
core antibody. The sensitivity of the EIA also was affected by
mutations in the HCV core region [11]. Moreover, differ-
ences in the detectable levels of HCVcAg titres between
the serological HCV genotype groups resulted in a lower
sensitivity of the EIA among people infected with HCV
genotype 2 [12].

In 1999, Aoyagi and colleagues developed a modified
version of the EIA for HCVcAg [5]. In this version, the
epitope of HCVcAg could be easily exposed, and binding by
anti-HCV core antibody in the serum could be reduced by
incubation with three types of detergents. Since the modi-
fied EIA required only one pretreatment step, it was simpler
than the first generation versions of the assay. In addition,
it had a 100-fold increase in sensitivity over the earlier
versions. Tanaka et al. demonstrated that the second gen-
eration of the EIA for HCVcAg was useful for the diagnosis
of acute and chronic hepatitis C and for predicting and
monitoring the effect of inferferon treatment [13]. More
recently, a new IRMA-based test for detecting HCVcAg,
which is a further modification of the Aoyagi et al
EIA method, was developed.

In the present study, we investigated the sensitivity and
specificity of this IRMA, to detect HCV persistent infection
based on the presence of HCV RNA as the gold standard. The
sensitivity of the IRMA was 96.4%. In contrast, we tested for
HCVcAg by a first generation assay at the 2001 US
screening and found its sensitivity was 85.4% (data not
shown). Of the randomly selected 96 samples, there was a
strong correlation between serum HCVcAg level measured
by the IRMA and HCV-RNA level by a commercial quanti-
tative RT-PCR assay. This result is the same as that previ-
ously reported by Tanaka et al. [13]. Moreover, the IRMA for
HCVcAg overcomes the problem of the effect of serological
HCV genotype group on the level of HCVcAg detectable by
EIA in serum [12]. In our population, the sensitivity of the
first generation EIA was significantly lower in serological
group II (HCV genotypes 2a and 2b) (74.7%) than in group 1
(HCV genotypes 1a and 1b) (90.5%) (data not shown). In
striking contrast, the sensitivity of the IRMA was 94% or
higher in both serological HCV genotype groups. It is not
clear why the sensitivity of the IRMA is not affected by HCV
genotype group. Both the EIA [1] and the IRMA [5] use
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high-affinity monoclonal antibodies that recognize amino
acid sequences known to be relatively well conserved across
the six HCV genotypes. However, small differences in these
amino acid sequences between genotype groups I and I may
exist, which render the monoclonal antibodies in the first
generation EIA less sensitive to detect genotype group II core
antigen. Moreover, the four different monoclonal antibodies
used in the second generation IRMA may enhance the
ability of this assay to detect HCVcAg in persons$ infected
with HCV group II genotypes.

The presence of HCV RNA is considered the gold stand-
ard for determining HCV persistence, and RT-PCR is a very
sensitive method to detect HCV RNA. However, the RT-PCR
assay requires additional amplification procedures and
specially-trained personnel and carries the risk of contam-
ination. In addition, it has been reported that the RT-PCR
method pfoduces false negative results for heparinized
samples [14] and may not detect the lower HCV RNA levels
found for persons infected with HCV genotypes 2a or 2b
[15]. There also is a progressive and significant loss of HCV
RNA activity when the time from the formation of the clot
until centrifugation is longer than 2 h from the collection
of the blood specimen [16]. In contrast, EIA-based methods

" to detect HCVcAg offer several advantages over RT-PCR for

measuring HCV persistence. First, EIAs are not influenced
by the anticoagulants EDTA, heparin, or sodium citrate [5].
In the current study, there was a very strong correlation
between HCVcAg levels in serum and those in plasma as
measured by the new IRMA. Second since the HCVcAg
detected by EIA is stable [5], extra precautions in processing
and storing specimens also should not be necessary.
Moreover, the IRMA appears to be sufficiently sensitive to
identify persistent group II HCV infection. Finally, the cost
of the IRMA kit is less than one-third that of the RT-PCR
assay.

The majority of HCV carriers are asymptomatic, and some
may display advanced liver disease, including liver cirrhosis
and HCC, without the awareness that they are infected with
HCV. Thus it is important that persons with persistent HCV
infection can be identified. In the present study, we dem-
onstrated the usefulness of a new IRMA for the detection of
HCV antigenemia in the community-based Town C popula-
tion in Japan. The assay is relatively simple and inexpensive
and has a high sensitivity to detect HCVcAg in people
infected with HCV genotypes 1 or 2. Thus, this new IRMA is
an economically viable option for identifying individuals
with chronic HCV infection when screening large numbers
of people on a population level.
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T v ML v b HGF 1.0mg/kg % 8 H K4
FIRNEST5 L, RETVTI UHHEMTAH. R
M7V TIVOEMEY YT RICETTEZ &0
b, RPHET7T VT I VHlZIX HGF IZ & 5 EF M
DEZFNV T —h—ER)S5B2LBELLN
5. F7z, BUNRZLT7Fo v ERE WS B
BEEEL R ERIIR SN0 7.

CHERT 22 ENHREING. BICTFHERER
ZBNEFRESERMICB VT, HGF DRk
ERHIEMRIIRELEREHOLDOLE R
bhs.
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1. FEIEE R

M2 e N HGF 28 RAZRE T L EZ2D
FRINT 24 H LD, BRARSTHIF
FRIZBIT S c-Met 71 2 VE{LATEE
ahY, BEFAEPHEEETFVICHT 2
HGF OEZEITHRAK S THE I Tw
B, —F, #IRPHRES SNz v b HGE
D% AIFFIRICRITL, U oS TId
BB, R, B BATT AW,

2. BEMHE
INFEFTCARICHEES SN LDV
2t b HGF OZE&MEE W IZHERT 5 5
P, TOBRKRIGHICB 2 RDKELEET
HbH. Bxk, (XM FFr7ouy—gHE
RmOFERIZB T 2 HEWEFM] 4 F
A VIZEDWCHERREBR 2 ED TV 5.
HE5EWRBRCIBCHEE 2 5MR
37 <, BILEIL 40mg/kg Y ETHAB. L
L, Jv bEBVERERSEERETI
F NI RPFBEL, B CIEREKEDE
FEMEAEVRED LN, LALIhS0ESE
PR H T, HGF OKIETER L, BUN
RIVTFVOLEREIR OV, E51,
Mz € b HGF OREXRS CIRPHET
VTIULEmMT LAY (F3), Zo&Ebix
FUNRTRICKITLTHET LI L2 b, B
FEUEOE=F) I —H—E LTHATH
BLEZTWA, F72, MMtz v b HGF @
FR R B & OBER RIS AT T BB 2 AT
TLREUFEEFBROLELEZ ONL20,
BEI=ZT7T2HORBR2ERL Tna.
FrlfaZ I U & LzfE 4 o kRl
xf U CHEREER %> HCGF &k
3, EEICHEERIES S5, HGE o k
FGUVAV Ly IR W EERTII,
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=£1 EERA8LUERETRT2OSE (1998~2002 F)

SR
(n=272)

R
(n=280)

ERMFAR2
(n=52)

KGR (%) (HIF)

AEEDAEE 54.0 (128/237) 23.4 (48/205)
Tz 74.3 (26/35) 80.0 (60/75)
24k 56.6 (154/272) 38.6 (108/280)

12.2 (5/41)
72.7 (8/11)
25.0 (13/52)

(BAESBEETRESRITEEE [HEEOFRECHT 257 T

15 FEREEY LY FIHRE)

FORBPBELBBERBFIIEVD B OD, %
FEARHE T 723 & WO AR B RED
ENTWASY, L FEBEEHERBRE LT,
FEEZERICHEERETLII) VRET
I BMBRAEAFAEFTS v MCHEEEZ © M HGF
# 9 ARARERSL, TONFIEREL X
CHBEOREICRIZTREL RS L7270,
HGF #5143t LA FEEZ T 2 @M EZ R
L7z GREERF—%). LaL, FARICE
EHREBETERTY, BERTTHSH HGF
DREHEREBIBETHILITTE W,
L7255 T, HGF 2L 2R BEHIITETE
BWEWIRY VAT, JAZ&RAT 4 v
FOBAD CERRBOZ L2 RET 24
EhRH L EEZ LN

EIEFAS L UERMEFAEAD
EERISAICAIT T

Mz v + HGF OBKRIGAI, ZORE
POV A7 LR ME Y BUE£SB L UER
MEHAEE R LS - IMHE L, EfM
NEET HEBEE LTERT HEETH 5.
INEFETARICHEE SN DR VETRZ
v + HGF OBESHETIX, FOHRKRRAERD
FUEAIMT LV EETH 5. B, BUEFE
B L OEREFAEICB W THE—FFBHLO M
A 70~80% DFAEIFHF I NLIBREL
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ERCTERVEMNEIRETHIELEZERT
w5, BIEFROSERET—FIZX DL LM
BWATA FI4 v CHBEOBELE SN/ZHF
BHEIEERGITIZH 75% BT LTS Z
&, E-FRHLUANCER R EEE L S
NTWEWI &b, e OBIRFLEIIIEF
PEOLNDEIDEEZTWA, BHEFLEB X
CEBFEFAEOF T 0 L) R EEE
W&k E LT, £7:1LC HGF OFRME % 5H-if
TELODPREEPERLEZATHIY, A
HDTAMRCHERE SN Az e b HGF O
REB T, 20ReEN (BEFLROFH)
ZEMTAIEMMTL Y BRSNS FHET
HY, HGF © X9 FHBBRBEORREEH
T CHEFTICB T 2 BEBETHROELN
TWEPIIRE > TIThbNL ARSI DTH A L
TS, bbEAABETNRE L-HER
THHDT, FHEOLWREREZIT) &I
DIGHMRENRH L EEZONLID, B
EFMICBOCEMEI R I N TSRS
BEPORBTAEIETHS.
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R2 BUHERTRICHT 2HBHEDA A K51 (XB® L Y351H)

THEBREOERETS
1. F# 45 8Ll E

3. 7OrOCE R D 10% ki
4. MEVIEZIRE 1 18.0mg/d/ I E
5. EEMEVILESH 1067 T

2. 7O RECECEREDY 50% LI ICE
UEDH> BT, BHONZERHEY
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WEE 7B EOFIL LT 258 TH 5.
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T PRBONGLLTHETLIEE L.
L7225 C, EHEEOBEN S 5EH % B
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BHIZEETERVWEWVWI R Y YV ATH45%A
VIA—AR-avEYINEFIE, 7
BRI BREO L VTFHRARORENES &
CERUEFAZEENRET L0, VAT &
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Kusumoto Kazunori Tsubouchi Hirohito
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VE4E, HEDEROHCEETERICHEE LB
I EBTBY, 205 EFET V- VIERE
JFREE (non—alcoholic fatty liver disease ; NAFLD) T
HrrEz bbb, NAFLDITIXFEE, FENLE
174 537 v a2 — VB2 (non—alcoholic steato-
hepatitis ; NASH) F& T THBY, ERIFLETH
A, IhALHEAFZRY 7YY Fu—LLOMELE
BahTsY, ThOoOHREHETENTS.
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1. BREBICH T ZITHEEREE ENASHOHEE
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BETIEHB% U EEENL TS, Zhid7va—n
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WaEEZLNBEY. KIFTHREFEOERIIZHEY:,
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