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High prevalence of hepatitis B and C viral markers in Japanese patients with hepato-

cellular carcinoma
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Summary: In order to assess the etiologic role of hepatitis C virus (HCV) as well as hepatitis B virus (HBV)
in the etiology of HCC, we compared the prevalence of HCV-related antibodies (anti-C100-3, anti-CP9, anti-
CP10) and HBV-related markers (HBsAg, anti-HBs, anti-HBc) in sera of patients with liver cirrhosis (LC)
with (n=62) and without (n=54) hepatocellular carcinoma (HCC). In HBsAg-negative cases, at least one
HCV-related marker (including HCV RNA) was detected in 92.3% (48/52) of HCC cases and in all of the 44
LC cases without HCC, with no significant difference between these two groups. In HBsAg-positive cases,
the prevalence of either one of these HCV-related markers was 40.0% (4/10) both in patients with and
without HCC, and there was no significant difference between these two groups. Moreover, in HBsAg-nega-
tive cases and 11 cases of positive HCV-related markers, the prevalence of anti-HBs and/or anti-HBc was sig-
nificantly higher in LC patients with HCC (85.4%) than those without HCC (43.2%, P<0.001). These
results show a high prevalence of hepatitis B and C viral markers in Japanese patients with HCC and further
indicate that previous HBV infection is a risk factor in the occurrence of HCC in HBsAg-negative LC and

LC with positive HCV-related markers. Gastroenterol Jpn 1993;28:547-553.
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Introduction

Abundant epidemiologic and molecular biologic
evidence have established that hepatitis B virus
(HBV) is a major etiologic factor in the develop-
ment of hepatocellular carcinoma (HCC), and
direct linkage of HBV to carcinogenesis has also
been revealed'. It has been suspected that chronic
non-A, non-B virus (NANBYV) infection may also
lead to the development of HCC. In Japan, a sig-
nificant increase in the incidence of HCC has
been noted for the past 20 years despite a steady
decline in the prevalence of hepatitis B surface
antigen (HBsAg) among HCC patients, suggest-
ing the importance of NANBYV infection in the
pathogenesis of HCC. Indeed, shortly after the

Hepatitis B viral markers, Hepatitis C viral markers, Hepatocellular carcinoma, Liver cirrhosis.

identification of hepatitis C virus (HCV) by the
group at Chiron Laboratories? and the develop-
ment of the C100-3 antibody test kit®, it was
disclosed in Japan as well as in other countries
that the majority (60-90%) of HCC patients are
positive for HCV antibody*!!.

However, no report has provided comparative
data on the frequency of HBV and HCV viral
markers including HCV core antibody and HCV
RNA in HCC.

To assess the etiologic role of the two viruses in
the origin of HCC, we compared the prevalence of
various HBV and HCV viral markers in Japanese
patients with liver cirrhosis (LC) with and with-
out HCC.
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Meterials and Methods

Patients

The records of patients with LC admitted to the
Tsukuba University Hospital between January
1986 and March 1991 were reviewed. The diagno-
sis of LC was established if patients met either of
the following criteria: histologic diagnosis by
blind or laparoscopically guided liver biopsy or the
presence of ascites combined with either the pres-
ence of esophageal varices or typical sonographic
findings of the liver. The following were excluded:
patients with a history of chronic alcoholic con-
sumption (>80 g/day for 5 years or more), pa-
tients with autoimmune hepatitis (positive anti-
nuclear antibody), and those with hemochro-
matosis or primary biliary cirrhosis. One hundred
sixteen cases fulfilled the criteria for inclusion.
Among these, 62 cases had HCC. The diagnosis of
HCC was established either by a histologic diag-
nosis on ultrasonographically guided fine-needle
aspiration biopsy or by an elevated serum alpha-
fetoprotein value (>400ng/ml) combined with
positive results on at least one imaging study
(ultrasonography, computed tomography, angiog-
raphy). All serum samples were stored at —20°C
until tested.

Serum HBV markers

HBsAg was detected by reverse passive hemag-
glutination or radioimmunoassay (RIA). Antibod-
jies against HBsAg (anti-HBs) were measured by
passive hemagglutination. Antibody against the
core antigen of HBV (anti-HBc) was examined by
enzyme immunoassay (EIA) or RIA. The titers
for anti-HBc with more than a 70% inhibition at a
1:200 serum dilution were assessed as positive.

Serum HCV markers

All serum samples were tested for antibodies
against C100-3 by the enzyme-linked immunosor-
bent assay (ELISA, Anti-C100-3, Ortho Diagnos-
tic System Co., Ltd., Raritan, NJ, USA). Samples
with optical density (OD) values less than the cut-
off value (usually around 0.45) were considered
negative. Positive samples were further subclassi-
fied into two groups: strongly positive (OD values
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more than twice the cut-off limit) and weakly posi-
tive (OD values less than twice the cut-off limit).
Cases in which only anti-C100-3 was positive and
cases in which anti-C100-3 was weakly positive
were further examined by RIA (Dynabott Co.,
Ltd., Tokyo, Japan, anti-HCV RIA kit). All serum
samples were tested for HCV core antibody as well
as for anti-CP9 and anti-CP10 (by ELISA), which
react with HCV core protein'>!®, respectively.
Specimens with an OD cut-off value of more than
0.35 were assessed as positive. In cases in which
none of the HCV antibodies (anti-C100-3, anti-
CP9, and anti-CP10) were detected, HCV RNA
was further tested by the polymerase chain reac-
tion (PCR) method. Briefly, RNA was extracted
from serum samples followed by synthesis of
cDNA by transcriptase. As far as the primer is
concerned, we carried out two stages of PCR,
using the 5’-noncoding region of HCV sequence
determined by Okamoto and colleagues'‘. When
either one of the antibodies (anti-C100-3, anti-
core) or HCV RNA was positive, the samples were
considered infected by HCV.

Statistical analysis

Data concerning age, serum albumin, serum
total bilirubin, ICG R15 and prothrombin time
were statistically analyzed using the Mann-
Whitney test (two-sided test). Other data were sta-
tistically analyzed by chi-square test.

Results

The mean age of the patients was 58.6 years and 68
were males (58%). Thirty-four patients (29.3%)
had a history of blood transfusion. Table 1 sum-
marizes the clinical characteristics of the HBsAg-
positive as well as HBsAg-negative LC patients
with (LC-HCC) and without (LC-nHCC) HCC.
The mean age of HBsAg-positive LC-HCC (57.6
years) did not differ significantly from that of
HBsAg-positive LC-nHCC (53.7 years). Cases of
HBsAg-negative LC-HCC (61.6 years) showed a
significantly higher mean age than HBsAg-nega-
tive LC-nHCC (56.3 years, P<0.005). Patients
with HBsAg-negative LC-HCC were predomi-
nantly males, whereas those with HBsAg-negative
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Table 1. Clinical characteristics and laboratory findings of patients with liver cirrhosis with and without hepatocellular carcinoma

HBsAg-positive HBsAg-negative

LC with HCC LC without HCC LC with HCC LC without HCC
No. of subjects 10 10 52 44
Age (years) 57.6+124 537+ 79 61.6+ 7.6* 56.3+10.1*
Sex (M/F) 9/1 7/3 35/17* 17/28*
Past history of 2 (20.0%) 2 (20.0%) 12 (23.1%) 18 (40.9%)
blood transfusion
Serum albumin (g/dl) 3.8+ 0.6 40+ 05 3.7+ 0.6 3.9+ 06
Serum total 1.0+ 06 14+ 1.6 1.5+ 1.7 11+ 07
bilirubin (mg/dl)
ICG R15 (%) 147+ 83 20.7+129 2871164 23.4+135
Prothrombin time (%) 8321185 64.1£15.6 7851169 79.91+18.8

HBsAg, hepatitis B surface antigen; LC, liver cirrhosis; HCC, heptocellular carcinoma; M, males; F, females; ICG, indocyanine green. All
values are mean+S.D. *P<0.005 (Mann-Whitney test, two-sided test), **P<0.005 (chi-square test).

Table 2. Prevalence of virus markers for hepatitis C virus (HCV) in patients with liver cirrhosis (LC) with and without hepatocellular
carcinoma (HCC)

anti-HCV anti-HCV(+)
and/or
patients anti-C100-3 anti-CP9 anti-CP10 HCV RNA HCV RNA(+)
HBsAg-positive
LC with HCC 2/10 (20.0%) 2/10 (20.0%) 1/10 (10.0%) 0/6 (0.0%) 4/10 (40.0%)

LC without HCC 2/10 (20.0%) 0/6 (0.0%) 4/10 (40.0%)

HBsAg-negative

0/10 (0.0%) 2/10 (20.0%)

LC with HCC
LC without HCC

40/52 (76.9%)*
41/44 (93.2%)*

35/52 (67.3%)
35/44 (79.6%)

39/52 (75.0%)
38/44 (86.4%)

1/5 (20.0%)

48/52 (92.3%)
44/44 (100.0%)

anti-C100-3, antibody against C100-3; anti-CP9, antibody against CP9; anti-CP10, antibody against CP10. *P<0.05 (chi-square test).

LC-nHCC were mostly females. Cases of HBsAg-
negative LC-nHCC had the highest frequency of
past blood transfusions, although the incidence
did not differ significantly from that of the other
groups. No significant difference was observed
among these groups in liver function parameters,
except that the mean prothrombin time of
patients with HBsAg-positive LC-HCC (83.2%)
was significantly higher than that of patients with
HBsAg-positive LC-nHCC (64.1%, P<0.05).
Table 2 summarizes the results of the serologic
testings of the three anti-HCV antibodies (anti-
C100-3, anti-CP9, and anti-CP10) and HCV RNA
in HBsAg-positive as well as negative LC patients,
with and without HCC. In cases of HBsAg-posi-
tive LC, HCV-related antibodies were positive in 4
of 10 LC-HCC (40.0%) and in 4 of 10 LC-nHCC
(40.0%). Twelve cases with negative results on all 3

anti-HCV antibody testings also gave negative
results on HCV RNA. In HBsAg-negative cases,
on the other hand, a strikingly high prevalence of
HCV-related markers was obtained. The positivity
rates of anti-C100-3, anti-CP9, and anti-CP10 were
76.9%, 67.3%, and 75.0%, respectively in LC-HCC
cases, and 93.2%, 79.6%, 86.4%, respectively, in
LC-nHCC cases. The positivity rate of anti-C100-
3 was significantly higher in LC-nHCC cases
compared to that in LC-HCC cases (P<0.05),
whereas no-difference was observed, between
these two groups concerning the prevalence of
anti-CP9 and anti-CP10. In 11 LC-HCC cases and
8 LC-nHCC cases, the anti-C100-3 ELISA test
gave positive results, whereas both anti-CP9 and
anti-CP10 tests were negative. In these cases in
which only anti-C100-3 was positive, anti-C100-3
was also examined by RIA. Six of the 11 LC-HCC
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Table 3. Prevalence of antibodies for hepatitis B virus in patients with liver cirrhosis (LC) negative for HBsAg and positive for hepatitis C
virus-related markers with and without heaptocellular carcinoma (HCC)

anti-HBs-positive

Patients anti-HBs anti-HBc and/or
anti-HBc-positive
LC with HCC 25/48 (52.1%)* 38/48 (79.2%)** 41/48 (85.4%)***

LC without HCC 9/44 (20.5%)*

18/44 (40.9%)* 19/44 (43.2%)***

anti-HBs, antibody against HBsAg; anti-HBc, antibody against HB core antigen. *P<0.005 (chi-square test), **, **P<0.001 (chi-

square test).

cases (54.5%) as well as all 8 LC-nHCC cases
(100%) were positive by RIA. Only 5 HBsAg-
negative cases showed negative results on all 3
anti-HCV antibody tests. When HCV RNA was
examined in these cases, only one case was posi-
tive. In summary, at least one of these HCV-
related markers could be detected in 92 out of 96
cases (95.8%) with HBsAg-negative LC; in 48 out
of 52 LC-HCC (92.3%) cases and in all of the 44
LC-nHCC cases (100%).

The prevalence of HBV-related antibodies in
HBsAg-negative LC and LC with positive HCV-
related markers with or without HCC was then
examined (Table 3). In LC-HCC cases, remark-
ably high positivity rates of anti-HBs (52.1%) and
anti-HBc (79.2%) were observed, and either anti-
HBs or anti-HBc was positive in 41 of 48 cases
(85.4%). In LC-nHCC cases, on the other hand, a
significantly lower prevalence of anti-HBs (20.5%,
P<0.005 compared to HCC cases), and anti-HBc
(40.9%, P<0.001 compared to HCC cases) was
observed. Thus, these anti-HBV antibodies
(either anti-HBs or anti-HBc) were detected sig-
nificantly more frequently in LC-HCC (85.4%)
than in LC-nHCC (43.2%, P<0.001). All of the
anti-HBc positive sera showed a low antibody titer
of anti-HBc (inhibition rate of less than 90% at a
1:200 dilution).

Finally, the pattern of incidence of both anti-
HCYV and anti-HBV antibody in HBsAg-negative
LC was studied (Table 4). Positive results for both
anti-HBV antibodies and anti-HCV antibodies
were observed in 41 of 52 LC-HCC cases (78.8%),
which was significantly more frequent compared
to 19 of 44 LC-nHCC cases (43.2%, P<0.001).

Discussion

The HCV is a single chain RNA virus of 10,000
base pairs and is composed of a structural region,
which forms a core and envelope and a nonstruc-
tural region. Previous studies regarding the rela-
tionship between HCV and HCC have used anti-
C100-3 antibody, which reacts against the
NS3~NS$4 region of non-structural protein. A dra-
matic increase in the mortality rate of HBsAg-
negative HCC has been reported in Japan'®. The
incidence of HCV in HBsAg-negative HCC cases
as assessed using anti-C100-3, as has been report-
ed to be 76.2%" or 94.4%'® in Japan. Similar posi-
tivity rates of anti-C100-3 in cases of HBsAg-nega-
tive HCC have been reported in Spain (75%)’.
Italy (65%)3%, and Taiwan (63%)!’. However, a low
linkage between HCC and HCV has been report-
ed in France (25%)'® and in the United States
(29%)". The mortality rates of HCC in both males
and females, on the contrary, are 10 times higher
in Japan than in the United States per 100,000
people per year. A high carrier rate of anti-
C100-3 is found among the older generation with
HCC in Japan, whereas the peak carrier rate of
anti-C100-3 is in the age range 30-39 and 40-49 in
the United States. In other words, the interval
from the HCV infection until the emergence of
HCC is shorter in the United States. These differ-
ences may be related to differences in HCV sub-
types. Moreover, the differences in the incidence
of HBV infection and in drinking habits should
also be considered. Also, in these reports only
anti-C100-3 HCV antibody was quantified by
ELISA. ELISA quantification using anti-C100-3
may have produced a false positive result, espe-
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Table 4. The pattern of incidence of antibody to hepatitis B virus (anti-HBV) and antibody to hepatitis C virus (anti-HCV) in paitnets with
liver cirrhosis (LC) negative for HBsAg with and without hepatoceliular carcinoma (HCC)

LC with HCC LC without HCC
anti-HBV anti-HCV NO. % No. %
+ + 41 78.8 19 432
+ - 2 38 0 0
- + 9 17.3 25 56.8

P=0.002 (chi-square test). All cases gave positive results on either anti-HBV or anti-HCV.

cially when old serum samples or sera from
patients with autoimmune hepatitis were used®.

To overcome these shortcomings, more com-
prehensive assay methods, using antibodies to the
core region of HCV'>? or second generation
assay system, which detects both core and NS
antibody to HCV??, have been developed.
Therefore, to obtain the entire picture of HCV
infection, we measured both different anti-HCV
antibodies and HCV RNA in cases negative for
either anti-C100-3 or core antibodies.

To examine these from the viewpoint of the
etiology of HCC, we investigated the prevalence of
both HBV- and HCV-related markers in patients
with HBsAg-negative LC. We found a high inci-
dence of HCV-related markers in HBsAg-negative
LC with (92.3%) and without HCC (100%). Since
the positivity rate of HCV-related markers did not
differ between these two groups, it is suggested
that although HCV plays a major role in causing
LC, its direct linkage to HCC could not be deter-
mined. On the other hand, we measured HBV-
related antibodies in all patients with HBsAg-
negative LC to determine the association with
HBYV. Cases where either anti-HBs or anti-HBc
were positive represented 85.4% of LC-HCC, and
43.2% of LC-nHCC, showing a significant differ-
ence. In cases in which only anti-HBc was posi-
tive, none demonstrated a high inhibition rate at a
1:200 serum dilution, which suggests persistent
infection by HBV. In the present study, a past his-
tory of infection by HBV was found frequently in
HCV-related HCC. This indicated the possibility
that transient infection by HBV may have some
role in the development of HCV-related HCC.

In NANB-HCC patients with positive HBV-

related antibodies, a possible involvement of HBV
in the carcinogenesis has been pointed out?*?,
There are some reports of infection with the two
viruses, which some investigators have suggested
to increase the risk for HCC. These studies have
examined HBV markers and anti-C100-3%1%7.
Thus, we additionally studied HCV core antibod-
ies as well as HCV RNA, and found that there
were more cases with the appearance of HCV-
related markers and HBV-related antibodies in
patients with HBs-negative HCC. From these
findings, the possibility arose that HBV infection
might be involved in part of the HCC cases with
positive HCV-related markers in the carcinogenic
process.

In cases showing both positive HCV-related
markers and anti-HBc, the anti-HBc value was
low, indicating a past history of infection by HBV.
HBV DNA was detected in liver tissue®®*° from
HBsAg-negative HCC or in half of the anti-HBs
positive serum by PCR method’!. From these
reports, there may be persistent infection detected
in some of the patients with HBsAg-negative
chronic liver disease, which might induce liver
injury and hepatocarcinogenesis. It is impossible
to explain the origin of chronic liver disease by
only transient HBV infection, but we cannot
ignore that its occurrence may cause hepatocar-
cinogenesis through a “hit and run” mechanism??
with the existence of chronic liver disease by HCV
as a common lesion.

In HBsAg-positive LC, the prevalence of HCV-
related markers was 40.0% in patients with and
without HCC. According to previous reports, the
prevalence of HCV antibody (anti-C100-3) in
HBsAg-positive HCC ranged widely, from 2.2% to
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5804222273335 Our results were relatively high.
With the coexistence of HBsAg and HCV-related
markers, there was no significant difference in the
prevalence of HCV-related markers between
LC-HCC and LC-nHCC. Taking into considera-
tion that cirrhosis can progress to HCC, our data
suggest that coinfection with the two viruses plays
an important role in the origin of HCC.

Data strongly suggestive of direct involvement
of HBV in inducing HCC have recently been
demonstrated by Kim and colleagues!. On the
other hand, whether HCV is directly involved in
inducing HCC remains unclear. No evidence indi-
cates the existence of reverse transcriptase in flavi-
virus or RNA virus, and it is not integrated into
host DNA. Further studies are required to clarify
the mechanism of the HCV-related hepatocar-
cinogenesis. Our epidemiologic findings indicate
that a previous HBV infection might be a risk fac-
tor for the occurrence of HCC in HCV-related
LC. Concerning the mechanism of carcinogenesis
in patients with HCV-related HCC, the interac-
tion between HCV and HBV, and the possibility
that HBV is involved in carcinogenesis were pre-
dicted, but remain to be further elucidated.

The authors thank Dr. Masato Abei, Dr. Tadashi Yoshida, Dr.
Yoshimichi Chuganji and Mrs. Sawako Kikuchi for preparation of the
manuscript.
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