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Epidemiology of H. pylori infection and exploration of its infection route

Shogo Kikuchi, Yngsong Lin
Department of Public Health, Aichi Medical University School of Medicine

Abstract
To build up a preventive strategy for H. pylori related diseases including gastric cancer,

infection ages and routes are important. Recently, several studies have explored them. In

advanced countries, most infections occur under five years of age. Mother to child in

some studies and sibling to sibling in others were dominant infection routes. As infection

ages and routes depend on countries, studies in Japan are indispensable. Infection in

kindergartens, nursery and elementary schools as well as in families should be explored.

Based on the findings, a strategy preventing infection to children should be build up to

prevention H. pylori related diseases.

Key words: intra—familial infection, infection in kindergarten or school, DNA finger-

printing. infection route, infection age
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SUMMARY. There are several established risk factors for
intrahepatic cholangiocarcinoma (ICC), namely primary
sclerosing cholangitis, fibropolycystic liver disease, parasitic
infection, intrahepatic biliary stones and chemical carcino-
gen exposure. However, the majority of patients with ICC do
not have any of these risk factors. Therefore, identification of
other risk factors is warranted for the prevention and early
detection of ICC. We evaluated the risk factors for ICC in a
large-scale cohort study in the province of Osaka, Japan. This
retrospective cohort study included 154,814 apparently
healthy individual blood donors, aged 40-64 years at the
time of blood donation in the period 1991-1993. The aver-
age observation period was 7.6 years, resulting in 1.25
million person-years of observation. Incident ICC cases were
identified by linking the blood-donor database to the records
in the population-based cancer registry for the province.
There were 11 incident ICC cases during follow-up, with an

incidence rate of 0.88 per 100 000 person-years. Compared
with subjects aged 40-49 years, the subjects aged
5054 years and 55-59 years had a significantly higher risk
for ICC (hazard ratio [HR] = 5.90; 95%CI:1.08-32.31 and
11.07; 95%CI:1.98-61.79, respectively). Compared with
those with ALT level of 19 Karmen Units (KU) or less, subjects
with ALT level of 40 KU or higher had a significantly higher
risk for ICC (HR: 8.30; 95%CI:1.47-46.83). Compared with
those who tested negative for both HBsAg and anti-HCV,
those who tested HBsAg-positive had a significantly higher
risk for ICC (HR: 8.56; 95%CL: 1.33-55.20). Our results
suggest that HBV infection and liver inflammation are inde-
pendently associated with ICC development. These findings
need to be verified by further large cohort studies.

Keywords: aetiology, cholangiocarcinoma, cohort studies,
hepatitis, inflammation, liver.

INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary liver cancer, accounting for approximately
10-20% of liver cancers [1]. Worldwide, it is estimated to
account for 3% of all gastrointestinal cancers [2]. Advanced
ICC has a very poor prognosis with a median survival of less
than 24 months [3]. There is extensive variation among the
incidence rates of ICC in different parts of the world, and the
incidence is reported to be higher in East Asia [1]. The
reported incidence of ICC in several developed countries has
been increasing in recent years [1,4,5].

Abbreviations: HBsAg, Hepatitis B surface antigen; HBV, hepatitis B
virus; HCV, hepatitis C virus; anti-HCV, antibody to HCV; HR,
hazard ratio; HTLV-1, human T-cell lymphotropic virus type 1; ICC,
intrahepatic cholangiocarcinoma; KU, Karmen Unit; OCR, Osaka
Cancer Registry.

Correspondence: Masahiro Tanaka, 1-3-3 Nakamichi, Higashinari-ku,
Osaka Japan 537-8511. E-mail: tanaka-ma2@mc.pref.osaka.jp
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There are several established risk factors for ICC [1,4],
namely primary sclerosing cholangitis, fibropolycystic liver
disease, parasitic infection, intrahepatic biliary stones and
chemical carcinogen exposure, but the majority of patients
with ICC do not have any of these risk factors. Therefore,
identification of other risk factors is warranted for the pre-
vention and early detection of ICC. In addition to the
established risk factors mentioned earlier, some other
potential risk factors for ICC have been suggested, such as
infection with hepatitis B virus (HBV) [6-9], hepatitis C virus
(HCV) [9-14] or liver cirrhosis [7,11,12]. Almost all of the
studies that suggested these potential risk factors, however,
were case—control studies. Also, half of the reported studies
were conducted in the USA or Italy, and their results may
not be applicable for populations in other countries or areas,
partly because the relative importance of risk factors may
vary by country or by area. To our knowledge, no cohort
study has been reported from a non-Western country on the
risk factors for ICC. In this background, we conducted a
retrospective cohort study in Japan, using a large group of
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apparently healthy blood donors, to assess the incidence and
risk factors for ICC.

MATERIALS AND METHODS

Subjects

The subjects were those who were involved in our previous
study on the risk of developing hepatocellular carcinoma,
which was reported elsewhere [15]. They were selected from
voluntary blood donors who gave 1 235 926 allogeneic
blood donations at the Osaka Red Cross Blood Center between
1991 and 1993. The blood centre is in charge of managing
volunteer blood donations in the province of Osaka, which
had a population of approximately 8.6 million during this
period. Conditions required for potential blood donors in
Japan during the study period were described elsewhere [16].
In brief, they had to be aged between 16 and 64 years and
have a haemoglobin level of 12 g/dL or higher. Potential
blood donors were preliminarily screened by a self-adminis-
tered questionnaire with items regarding past and present
illnesses, history of blood transfusion, illegal drug use and
high-risk sexual behaviours. Major exclusion criteria in the
preliminary screening included: (i) known or potential infec-
tion with HBV, HCV, human immunodeficiency virus (HIV) or
human T-cell lymphotropic virus type 1 (HTLV-1); (ii) pres-
ence or history of chronic liver disorders as well as malignant,
allergic or autoimmune disorders; (iii) history of illegal drug
use or high-risk sexual behaviour. Those who did not meet
any of the exclusion criteria in the preliminary screening
donated blood without monetary incentive. The donated
blood of these donors was tested for the earlier-described
viruses, and, if tested positive, the blood was discarded, but the
information on the positive-tested donors was kept in the
blood-donor database as was the information on the negative-
tested donors. Using this database containing information on
all of the donors and the results of the serologic screening test,
we identified 667 461 individual donors by donor birthdate,
sex, first name, family name and ABO blood type. From these
individuals, we selected residents in Osaka province, aged
40 years or older at the time of blood donation, who were
negative for antibodies to HIV and HTLV-1. Those who were
39 years or younger were excluded because the incidence of
ICC in this age-group in the Japanese population was negli-
gible. Those infected with HCV or HBV were first-time blood
donors who claimed to be asymptomatic at the time of blood
donation. Those who were infected with both HBV and HCV
(25 subjects) were also excluded. As a result, we identified
154 814 persons to be included in this cohort study.

Blood screening tests

The serum alanine aminotransferase (ALT) level expressed in
Karmen Units (KU) and serum total cholesterol level (mg/dL)
were obtained from the database. The ALT value in KU tested
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by the blood centre can be translated into a value in Inter-
national Units by multiplying with 1.5 [17]. An individual
was defined as having HCV infection if the titre of anti-HCV in
a second-generation passive hemagglutination assay (PHA)
(Dainabot Co., Ltd, Tokyo, Japan) was 2!2 or higher, because
the positive predictive value for being HCV-RNA-positive
using this cut-off point in Japanese blood donors was guar-
anteed [18]. An individual was considered to have HBV
infection if he/she was positive for HBsAg in a reverse passive
hemagglutination assay (Japan Red Cross, Tokyo, Japan).

Follow-up

The subjects were followed-up by record linkage between the
blood-donor database and the database of the Osaka Cancer
Registry (OCR) [19]. The records in the two databases were
linked by the parameters of sex, date of birth, address and
the first character of the family name in Chinese letters. The
OCR is a population-based cancer registry that covers all of
the population in Osaka province. The OCR registers all
incident cancer cases using reports from health care facilities
in the province as well as death certificate information
provided by the Osaka Provincial Government [19]. In the
OCR database, ICC cases were identified by the ICD-10 code
(C22.1). The diagnosis of ICC was based on histological
examination and/or combined clinical, radiological (echog-
raphy, computed tomography and endoscopic retrograde
cholangio-pancreatography) and laboratory findings. Sub-
jects who remained unaffected by ICC were censored at the
last date of follow-up, 31 December 2000, as were the
subjects in the previous study [15]. The study protocol was
approved by both the Ethical Committee of Osaka Medical
Center for Cancer and Cardiovascular Diseases, and the
Ethical Committee of the Osaka Red Cross Blood Center.

Statistical analyses

The number of person-years of observation of the subjects
was determined, and the incidence rate of ICC per 100 000
person-years was calculated by the strata of age-group, sex,
ALT level, cholesterol level and HBV/HCV infection status.
Ninety-five per cent confidence interval (95%CI) for the rate
was calculated using Byar’s approximation of the exact
Poisson test. Independent factors associated with the devel-
opment of ICC were analysed by Cox proportional hazards
model, and hazard ratios were calculated with 95%CI. In the
model, age-group, sex, ALT level, cholesterol level, and HBV/
HCV infection were included as independent variables. Data
analyses were performed with the SAS/PC statistical package
(SAS Institute, Cary, NC, USA).

RESULTS

The baseline characteristics of the 154 814 study subjects
and incidence rates of ICC stratified by different characteristics

© 2009 Blackwell Publishing Ltd



are shown in Table 1. The proportions of those with ALT level
of 40 KU or higher, with positive HBsAg test, and with posi-
tive anti-HCV test were 2.2%, 1.6% and 1.2%, respectively.
The average observation period was 7.6 years, resulting in
12.50 x 10° person-years. There were 11 incident ICC cases,
with an incidence rate of 0.88 per 100 000 person-years
(95%CI: 0.44-1.58). By strata, the point-estimate incidence
rate was higher among those aged 55-59 years, those with
ALT level of 40 KU or higher, or those who tested positive for
HBsAg or anti-HCV.

Factors associated with the development of ICC in blood
donors are shown in Table 2. Compared with subjects aged
40-49 years, the subjects aged 50-54 years and
55-59 years had a significantly higher risk for ICC. Compared
with those with ALT level of 19 KU or lower, subjects with
ALT level of 40 KU or higher had a significantly higher risk for
ICC. Compared with those who tested negative for both
HBsAg and anti-HCV, those who tested positive for HBsAg
had a significantly higher risk for ICC. The hazard ratio for
anti-HCV positivity was 2.63, although it was not significant.

The characteristics of the 11 ICC cases identified during the
follow-up period are summarized in Fig. 1. The observation
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period from the date of blood donation to the date of diagnosis
of ICC ranged from 14 to 90 months among the eight cases
not infected with HBV or HCV, while it was ‘41’, ‘77’ and
‘108’ months in the one HCV- and two HBV-infected cases.

DISCUSSION

To our knowledge, this is the first cohort study that inves-
tigated the risk factors for ICC in East Asia, where the
incidence of primary liver cancer is high [20]. A literature
search in Medline from January 1992 up to May 2009
revealed that all of the analytical studies on the risk factors
for ICC in the past employed the case—control design, except
for one study (Table 3). The only cohort study in the past
was reported from the USA in early 2009 and focused on the
risk of HCV infection for ICC and other hepatobiliary carci-
nomas [10]. The present study assessed whether HBV
infection or liver inflammation as expressed by the ALT level
was independently associated with ICC, which was not
scrutinized in the cohort study from the USA.

We found that the incidence rate of ICC among the
apparently healthy population aged 40-64 years was

Table 1 Baseline characteristics of the study subjects of blood donors aged 40-64 years and incidence rates of intrahepatic

cholangiocarcinoma.
ICC Incidence rate 95% Confidence interval*
incident Person-years of ICC (per 10° of ICC incidence rate
N (%) cases (x10%) person-years) (per 10° person-years)
All cases 154 814 100.0 11 12.50 0.88 0.44-1.58
Age at blood donation (years)
40-49 90 223 58.3 2 7.29 0.27 0.03-0.99
50-54 35 308 22.8 4 2.85 1.41 0.38-3.59
55-59 20 668 134 4 1.67 2.40 0.64-6.13
60-64 8615 5.6 1 0.69 1.44 0.02-8.06
Sex
Male 84 205 54.4 7 6.81 1.03 0.41-2.12
Female 70 609 45.6 4 5.68 0.70 0.19-1.80
ALT (KU)
19 or lower 127 757 82.5 7 10.32 0.68 0.27-1.40
20-39 23 666 15.3 2 191 1.05 0.12-3.78
40 or over 3391 2.2 2 0.27 7.36 0.83-26.74
Cholesterol (mg/dL)
139 or lower 4533 2.9 0 0.37 0.00 0.00-12.60
140-199 82 575 53.3 8 6.67 1.20 0.52-2.36
200 or over 67 706 43.7 3 5.46 0.55 0.11-1.61
Hepatitis B/C virus infection
HBsAg+ 2519 1.6 2 0.22 9.08 1.02-32.82
anti-HCV+ 1927 1.2 1 0.16 6.34 0.08-34.77
All negative 150 368 97.1 8 12.12 0.66 0.28-1.30

None of the subjects was positive for human immunodeficiency virus or human T-cell lymphotropic virus type 1. All negative:
tested negative for both anti-HCV and HBsAg. ALT, alanine aminotransferase; HBsAg+, tested positive for Hepatitis B surface
antigen and negative for Hepatitis C virus antibody; anti-HCV+, tested positive for anti Hepatitis C virus antibody and negative
for Hepatitis B surface antigen. *95% confidence interval was calculated by Byar’s approximation of the exact Poisson test.
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Table 2 Factors associated with the

Variable n 1cC Hazard ratio 95%CI development of intrahepatic cholangio-
Age at blood donation (years) carcinoma in blood donors according to
40-49 90 223 2 1.00 Cox proportional hazard analysis
50-54 35 308 4 5.90 1.08-32.31
55-59 20 668 4 11.07 1.98-61.79
60-64 8615 1 6.61 0.59-74.59
Sex
Male 84 205 7 1.00
Female 70 609 4 0.79 0.22-2.82
ALT level (KU) at blood donation
19 or lower 127 757 7 1.00
20-39 23 666 2 1.47 0.29-7.36
40 or over 3391 2 8.30 1.47-46.83
Cholesterol level at blood donation*
200 mg/dL or higher 67 706 3 1.00
140-199 82 575 8 2.36 0.60-9.26
139 or lower 4533 0 - -
Hepatitis B/C virus infection
All negative 150 368 8 1.00
HCV-Ab + 1927 1 2.63 0.25-27.73
HBs Ag+ 2519 2 8.56 1.33-55.20

None of the subjects was positive for human immunodeficiency virus or human
T-cell lymphotropic virus type 1. Age (4 categories), sex, serum ALT level at blood
donation (3 categories), and serum cholesterol level at blood donation (3 categories)
were included as independent variables in the Cox proportinal hazard analysis. ALT,
alanine aminotransferase; Cl, confidence interval; HBsAg-+, tested positive for
Hepatitis B surface antigen and negative for Hepatitis C virus antibody; HCV-Ab+,
tested positive for anti Hepatiis C virus antibody and negative for Hepatitis B surface
antigen; ICC, intrahepatic cholangiocarcinoma; KU, Karmen Unit.

roughly 1 * 0.5 per 100 000 person-years in Osaka where
the HCV carrier rate is relatively high [21]. This figure is
higher than the estimated incidence rate of 0.037 in the
population aged 40-69 years reported in another Japanese
study [22], of which the rate was underestimated because
the numerator was derived from a multi-centre survey of
primary liver cancer across Japan [23,24] with limited
population coverage. The point-estimate incidence rate of
ICC among anti-HCV positive subjects in our study (6.34 per
100 000 person years) was not very different from the
estimate in the cohort study from the USA (4.0 per 100 000
person years) [10}, even though our confidence interval was
quite large.

Our results suggest that HBV infection is likely to be an
independent risk factor for ICC in Japan. Studies in the past,
in aggregate, suggested that HBV and HCV infection are
potential risk factors for ICC, but their impact might be dif-
ferent across different countries or areas (Table 3). Several
studies from the USA and Italy {9-12,14] consistently found
that HCV infection was significantly associated with ICC,
while the association with HBV infection was inconsistent or
not assessed. On the other hand, recent hospital-based case—
control studies from Korea and Shanghai, China [7,8] found
that not HCV but HBV infection was significantly associated
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with ICC. The most recent study from Taiwan found that
both HBV and HCV are significantly associated with ICC [6].
To our knowledge, our study is the first cohort study to
demonstrate a significant association between HBV infection
and ICC. This higher level of evidence supports prior obser-
vations of the association in East Asia. Our finding is also
supported by the results of the earlier mentioned multi-cen-
tre primary liver cancer survey in Japan, which consistently
showed a high prevalence of HBsAg among ICC cases (4-9%)
since 1990 [24][detailed data since 1990 available in reports
by the The Japan Society of Hepatology (Japanese only)].
The mechanism of carcinogenesis by HBV in intrahepatic
bile ducts has not yet been elucidated, but HBV infection is
an established risk factor for hepatocellular carcinoma.
Because both hepatocytes and cholangiocytes differentiate
from the same progenitor cells, HBV might induce carcino-
genesis in both cell types through the same mechanism. The
HBV gene has been detected in cholangiocarcinoma tissue in
some studies [25,26], and its presence has been associated
with the potential of carcinogenesis in human cholangio-
cytes [27]. Alternatively, hepatitis-associated ICC may arise
from hepatic progenitor cells, as suggested by Lee et al. [6].
In our study, the association between ICC and HCV
infection was not significant, even though its hazard ratio

© 2009 Blackwell Publishing Ltd
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HCV/HBY  Duration of follow-up in months between regisiration

and diagnosis of ICC

Age at

diain:;is Sex ALT(KU) infection
Case1 51 M 10
Case2 61 M 157  HCV-Abs+
Case3 58 M 10
Cased 64 F 9
Case§ 57 M n
Case6 59 F 14
Case7 59 F 43
Case8 71 M 22
Case9 64 M 12 HBsAg+
Case 10 67 F 16
Case 11 51 M 22 HBsAg+

12

0

24 36 48 60

Month

72 84

HBsAg+: tested positive for HBs antigen only, HCV-Ab+: tested positive for anti HCV antibody only.
Blank in the "HCV/HBV infection” column means no infection identified. KU: Karmen Unit

Fig. 1 Characteristics of the 11 intrahepatic cholangiocarcinoma (ICC) cases identified among the cohort of blood donors

during the follow-up period.

was greater than unity. We might have seen a significant
association if our cohort had been even larger. In the multi-
centre survey in Japan, the prevalence of anti-HCV among
ICC cases (20—30%) has consistently been high since 1990
[24]. [detailed data since 1990 available in reports by The
Japan Society of Hepatology (Japanese only)].

Our findings also suggest that liver inflammation as
expressed by ALT level 240 KU may be an independent risk
factor for ICC after adjustment for HCV and HBV infection
status. In our previous study using the same cohort, we also
found that liver inflammation is an independent risk factor
for hepatocellular carcinoma [15]. The only study in the past
that assessed the impact of ALT level on the development of
ICC was performed in a case—control study [13], and found a
significant association between ICC and ALT level of 240 IU,
independent of HBV or HCV infection status. In addition to
viral hepatitis, fatty liver disease is likely to be a major cause
of liver inflammation in the subject population. Here,
inflammation of hepatocytes may connote inflammation of
intrahepatic bile ducts. Epidemiologic and experimental
evidence shows that inflammation of the bile duct from
various aetiologies induces carcinogenesis in cholangiocytes
[1,4,28]. Alternatively, inflammation of hepatic progenitor
cells may result in cholangiocarcinoma [6].

Liver cirrhosis has been suggested as an independent risk
factor for ICC in some case—control studies where liver
inflammation was not included as a covariate [7,11,12]. We
were not able to assess the risk of liver cirrhosis for ICC
because of lack of this information in the blood-donor
database, but patients with known liver cirrhosis were
excluded in our study upon screening before blood donation,
minimizing the effect of a potential confounding factor. In
part, the presence of liver cirrhosis among ICC cases in the
case—control studies right be a proxy of present or past liver

© 2009 Blackwell Publishing Ltd

inflammation. I so, ICC might be associated with liver
inflammation in cohort studies using subjects in a pre-
cirrhosis state, and with liver cirrhosis in case-control
studies. The only case—control study that included both liver
cirrhosis and inflammation as covariates demonstrated that
ICC was significantly associated with the presence of
inflammation but not with liver cirrhosis [13]. Further
studies on this issue are necessary.

Our study has some potential limitations. First, informa-
tion on the presence of established major risk factors for ICC,
namely infection with liver fluke, intrahepatic biliary stones,
fibropolycystic liver disease and primary sclerosing cholan-
gitis, was not available in the blood-donor database, and we
were not able to adjust the hazard ratios for them. However,
liver fluke (Clonorchis sinensis) infection was already rare in
Osaka and surrounding areas by the 1960s [29]. Also,
patients with chronic liver or autoimmune diseases were
excluded from blood donors upon their claim in the
screening questionnaire. Therefore, influence from known
confounding factors should be minimal in our study. Second,
the number of ICC cases in our study was fairly limited be-
cause of the relatively low incidence of ICC, resulting in a
wide confidence interval in the estimated incidence rates or
relative risks. Our findings on the risk of viral infection and
inflammation, however, were consistent with observations
in past studies, and it should, at least in part, warrant the
validity of our findings. Third, we may have underestimated
the incidence rates of ICC in our study, because the number
of person-years of observation described in the Results sec-
tion was not adjusted by the number of subjects who might
have moved out of the province or died, before the final date
of follow-up. The estimated incidence rates, after adjustment
using the revised values for these parameters, would be
approximately 25% higher than the figures described earlier.
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Table 3 Results of analytical studies on the association of intrahepatic cholangiocarcinoma (ICC) and hepatits B and C virus

RR (95% CI) RR (95% CI)

Authors Study No. of for HBV for HCV

and year area Type of study ICC case infection* infection*

Shin et al. Pusan, Case~control, 41 OR = 1.3 (0.3-5.3) OR = 3.9 (0.9-17.1)
1996 [30] Korea hospital- based

Donato et al. Italy Case—control, 26 OR = 2.7 (0.4-18.5) OR =9.7 (1.6-58.9)
2001 [14] hospital- based

Yamamoto et al. Osaka, Case—control, 50 OR = 1.8 (0.3-10.1) OR = 16.8 (5.7-50.0)
2004 [13] Japan hospital- based

Shaib et al. TX, USA Case—control, 625 OR = 0.8 (0.1-5.9) OR = 6.1 (4.3-8.6)
2005 [12] Medicare- beneficiaries

Welzel et al. USA Case—control, 535 - OR = 5.4 (2.9-10.2)
2007 [11] population-based

Shaib et al. TX, USA Case—control, 83 OR = 28.6 (3.9-1268.1)} OR = 7.9 (1.3-84.5)
2007 [9] hospital-based

Lee et al. Korea Case—control, 622 OR = 2.3 (1.6-3.3) OR = 1.0 (0.5-1.9)
2008 [7] hospital-based

Zhou et al. Shanghai, Case—control, 312 OR = 8.8 (5.9-13.1) OR = 0.9 (0.3-3.1)
2008 [8] China hospital-based

Lee et al. Taiwan Case—control, 160 OR = 5.0 (2.8-9.0) OR = 2.7 (1.2-6.3)
2009 [6] hospital-based

El-Serag et al. USA Cohort, veterans 37 - HR = 2.6 (1.3-5.0)
2009 [10] population

Tanaka et al. Osaka, Japan Cohort, blood 11 HR = 8.6 (1.3~55.2) HR = 2.6 (0.3-27.7)
(present) donor population

Note: Hepatitis B virus infection status was identified by the presence of HBs antigen except the study by Shaib et al. 2007. (~):
not asssessed as a covariate. Cl, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; RR, relative risk of develping
intrahepatic cholangiocarcinoma; OR, adjusted odds ratio by multiple logistic regression analysis; HR, adjusted hazard ratio by
Cox proportional hazard regression analysis. *The original figures reported in each study were rounded up to the first decimal
place. THBV infection status verified by the antiHBc+ and HBsAg—; Odds ratio for HBsAg+/antiHBc— was shown to be 2.9

(95%CI: 0.1-236.9).

Lastly, coverage of the cancer registry in Osaka was not
perfect, potentially reducing the estimated incidence of ICC.
Nevertheless, we assume that the coverage for cancers with
poor prognosis, like ICC, was sensitive enough because of the
use of death certificate information. Also, the imperfect
coverage of the registry should not affect the relative risk for
HBV/HCV infection or liver inflammation because the reg-
istry coverage was independent of the presence of these risk
factors.

In conclusion, our results suggest that HBV infection and
liver inflammation are independently associated with ICC
development. These findings as well as their association with
liver cirrhosis and other potential risk factors need to be
verified by further large cohort studies.

ACKNOWLEDGEMENT

This study was financially supported by a Grant-in-Aid for
Cancer Research and a Grant-in-Aid for the Third Term

233

Comprehensive 10-Year Strategy for Cancer Control from
the Japanese Ministry of Health, Labor and Welfare, and by a
Grant-in-Aid for Scientific Research (B) from the Japanese
Ministry of Education, Culture, Sports, Science, and Tech-
nology. We thank Dr Hiroshi OHMAE, Institutes of Infectious
Diseases, Tokyo Dr Kazuhito Katayama, Dr Katsuyuki
Nakanishi, and Ms Yasue KOUTANI, Osaka Medical Center
for Cancer and Cardiovascular Diseases, for their technical
assistance.

STATEMENT OF INTERESTS

Author’s declaration of personal interests: None of the au-
thors claim potential conflict of interest that pertains to this
manuscript.

Declaration of funding interests: This study was funded in
part by a Grant-in-Aid for Cancer Research and a Grant-in-
Aid for the Third Term Comprehensive 10-Year Strategy for
Cancer Control from the Japanese Ministry of Health, Labor

© 2009 Blackwell Publishing Ltd



and Welfare, and by a Grant-in-Aid for Scientific Research
(B) from the Japanese Ministry of Education, Culture, Sports,
Science, and Technology.

REFERENCES

1

10

11

12

13

14

15

Shaib Y, El Serag HB. The epidemiology of cholangiocarci-
noma. Semin Liver Dis 2004; 24: 115-125.

Vauthey N, Blumgart LH. Recent advances in the man-
agement of cholangiocarcinomas. Semin Liver Dis 1994; 14:
109-114.

Farley DR, Weaver AL, Nagorney DM. “Natural history” of
unresected cholangiocarcinoma: patient outcome after non-
curative intervention. Mayo Clin Proc 1995; 70: 425-429.
Khan SA, Thomas HC, Davidson BR, Taylor-Robinson SD.
Cholangiocarcinoma Lancet 2005; 366: 1303-1314.
Tanaka M, Tsukuma H. Epidemiology of cholangio-
carcinoma. Nippon Rinsho (Japanese). 2009; 67(Suppl. 3):
278-282.

Lee CH, Chang CJ, Lin YJ. Viral hepatitis-associated intra-
hepatic cholangiocarcinoma shares common disease pro-
cesses with hepatocellular carcinoma. Br J Cancer 2009;
100: 1765-1770.

Lee TY, Lee SS, Jung ST et al. Hepatitis B Virus Infection and
Intrahepatic Cholangiocarcinoma in Korea: A Case-Control
Study. Am ] Gastroenterol 2008; 103: 1716-1720.

Zhou YM, Yin ZF, Yang JM et al. Risk factors for intra-
hepatic cholangiocarcinoma: a case—control study in China.
World ] Gastroenterol 2008; 14: 632-635.

Shaib YH, El-Serag HB, Nooka AK et al. Risk factors for
intrahepatic and extrahepatic cholangiocarcinoma: a hos-
pital-based case-control study. Am ] Gastroenterol 2007;
102: 1016-1021.

El-Serag H, Engels E, Landgren O et al. Risk of hepatobiliary
and pancreatic cancers after hepatitis C virus infection: a
population-based study of U.S. veterans. Hepatology 2009;
49: 116-123.

Welzel TM, Graubard IB, El-Serag BH et al. Risk factors for
intra-and extrahepatic cholangiocarcinoma in the United
States: a population based case control study. Clin Gastro-
enterol Hepatol 2007; 5: 1221-1228.

Shaib YH, El-Serag HB, Davila JA, Morgan R, McGlyn KA.
Risk factors of intrahepatic cholangiocarcinoma in the
United States: a case-control study. Gastroenterology 2005;
128: 620-626.

Yamamoto S, Kubo S, Hai S et al. Hepatitis C virus infection
as a likely etiology of intrahepatic cholangiocarcinoma.
Cancer Sci 2004; 95: 592-595.

Donato F, Gelatti U, Tagger A et al. Intrahepatic cholan-
giocarcinoma and hepatitis C and B virus infection, alcohol
intake, and hepatolithiasis: a case-control study in Italy.
Cancer Causes Control 2001; 12: 959-964.

Tanaka H, Tsukuma H, Yamano H et al. Prospective study
on the risk of hepatocellular carcinoma among hepatitis C

© 2009 Blackwell Publishing Ltd

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

234

Intrahepatic cholangiocarcinoma and hepatitis virus 7

virus positive blood donors focusing on demographic fac-
tors, alanine aminotransferase, level at donation and
interaction with hepatitis B virus. Int | Cancer 2004; 112:
1075-1080.

Tanaka H, Tsukuma H, Hori Y et al. The risk of hepatitis C
virus infection among blood donors in Osaka, Japan.
] Epidemiol 1998; 8: 292-296.

Kotani K, Maekawa M, Kanno T. Reestimation of aspirate
aminotransferase/alanine aminotransferase ratio based on
JSCC consensus method. Jpn | Gastro-enterology (Japanese)
1994; 91: 154-161.

Watanabe ], Matsumoto C, Fujimura K et al. Predictive
value of screening tests for persistent hepatitis C virus
infection evidenced by viraemia. Japanese experience. Vox
Sang 1993; 65: 199-203.

Ajiki W, Tsukuma H, Oshima A et al. Osaka prefecture. In:
Parkin DM, Whelam SL, Ferlay J, Teppo L, Thomas DB, eds.
Cancer Incidence in Five Continents, Vol. 8. Lyon: IARC,
2002: 264-265.

International Agency for Cancer Research. Cancer Inci-
dence in Five Continents, vol. 8. Lyon: IARC Scientific
Publication No. 155, 2002.

Tsukuma H, Tanaka H, Ajiki W. Liver cancer and its pre-
vention. Asian Pac ] Cancer Prev, 2005; 6: 244-250.
Kobayashi M, Ikeda K, Saitoh 8 et al. Incidence of primary
cholangiocellular carcinoma of the liver in Japanese patients
with hepatitis C virus-related cirrhosis. Cancer 2000; 88:
2471-2477.

Okuda K. The Liver Cancer Study Group of Japan: primary
liver cancers in Japan. Cancer 1980; 45: 2663-2669.

Ikai I, Avii, Okazaki M et al. Report of the 17th Nationwide
Follow-up Survey of Primary Liver Cancer in Japan. Hepatol
Res 2007; 37: 676-691.

Perumal V, Wang ], Thuluvath P, Choti M, Torbenson M.
Hepatitis C and hepatitis B nucleic acids are present in int-
rahepatic cholangiocarcinomas from the United States. Hum
Pathol 2006; 37: 1211-1216.

Wang WL, Gu GY, Hu M. Expression and significance of
HBV genes and their antigens in human primary intrahe-
patic cholangiocarcinoma. World ] Gastroenterol 1998; 4:
392-396.

Zou SQ, Qu 7L, Li ZF, Wang X. Hepatitis B virus X gene
induces human telomerase reverse transcriptase mRNA
expression in cultured normal human cholangiocytes.
World | Gastroenterol 2004; 10: 2259-2262.

Blechacz B, Gores JG. Cholangiocarcinoma. Advances in
pathogenesis, diagnosis, and treatment Hepatology 2008;
48: 308-321.

Meguro Parasitological Museum. The distribution and epi-
demiology of liver flukes in Japan. Prog Med Parasitol Jpn
(Japanese) 1962; 2: 359-361.

Shin HR, Lee CU, Park HJ et al. Hepatitis B and C virus,
Clonorchis sinensis for the risk of liver cancer: a case control
study in Pusan, Korea. Int J Epidemiol 1996; 25: 933-940.



278

VL FBOZE

REaEORS

Epidemiology of cholangiocarcinoma

H Rz EAESSEH
DRI, IFPUINESR, B BEE Ry
TN 12X A 2000-04 4548, BLU, BAIFENES
- 12X B 2002-03 FE D ETIRT ﬁ%%ﬂj@ﬁﬂ@
MR, EBRERFSHE(ICD-10) Tl FEUMMEABRAEREIZOVTOEEHET
ﬁﬁﬁ&%ﬁ%ﬁwﬁﬁé.ﬁﬂmmmmﬂl A
REE MR8 (C22.1), AF3EME(C22.2), FILER KIRAT S A BEIE, KRR EEEICREL
IE(C22.3), ZOMOIFOANEC22.4), Foft FTNToOPAZ, HFRADOEREREIEKEL T
@%TﬁnfﬁmﬁMEaﬁ*€%<.mn THTL b WEST AHIETH Y, BT - RIE

A OB O S5 (C22.9) 0 7 BEIZ 5%
ENhA. HEMLRE (BTMABE #5Hi.ﬁ$WHﬂa
ERCHIRT BEET, FFPTERIE VB K
WIHED L ERBOMGIBEILESL T Lo
ML TLREL IS, LBREROIFEBLY
& OERETEHICEAE T HBERL IFPME
FEER L LRI, /MRS & *ﬁ*n%
FRE MR L, BB MEE o TS
KCHEETH 5.

A TIE, 1 ZLDIEMEIZBIT A8
HEDIRP - BHANIZ D VTR ¢ku>7fﬁﬁﬁ&%mﬁa
FORAEBERIZOWT, CRETOHMRLTH
BB,

1. XYEICSTEERRERED
ﬁﬁ’@ﬁ

KA Ua)@?‘ri@afrm%war@ ik RN
RL7. 09 b AOFBRCHTIELTE
AREERHFHEREEIC X A 2000-04 D 5 4F
MoORE BEMREHE KREPAZRHGFT— ¥

—EDERETT— ¥
IBTLRTF—-4IC

IR 2T S
N—RZ{bLLTw5 F1

BWTid, BEED 2000-04 FEIZBW ST
il o T TV EBRER O CEERF RS o —

FACD-OM & 3K IZ & 2527w, &KI

Parkin & O EIFRIEN RO 72D O MBI TR D Z
RV L — 7ML, ®AEAICICD-10142

I T7Oo0HTHFT) —IZHEBER L
RSO 5O 5 8E1 FBTHETRE

%6.0%. ZT110.0%, KEIFVAEHTIIE
50%. ZH85%, #EFEEZFTEIEN

37%, THESS% THo7z 25L, FhFh
D7 =5 OBRIIIFEBEVNLETH L. FLTH
EPCiE, BRI BHE L SR B E C220L8
T— F{E3N A0, BEMIREOLEINE/
FMEnaWetod s &, 2EFEETA
ETIEEFEMDORTEICHN I H 2 LN S
NBZE, KEFFABSRTIIBREMNOMAE
PITIZR & R 2y, R IR B
DEEFECZ L ERELTBL Lvaphdk

Masahiro Tanaka, Hideaki Tsukuma: Department of Cancer Control and Statistics, Osaka Medical Center for Cancer
and Cardiovascular Diseases KIRFFSZEARL > & — FHEH

0047-1852/09/¥40/5A/]JCLS



SHTIC X B)

AL
Az

ST E 7 A

B
67

%1 BERMFEOESEI K

Nippon Rinsho Vol 67, Suppl 3. 2009 279

I S B
= c&gmocrﬂg
— —
= z
W, M 0 W 0 = W©
dol * o mR | e — R w &
AR &
» <+ [Ep]
- Rl
BT
o =W T e B B B
—g_&i'isg <+ h o o 9 Q
EZa < =
T T
i g8° = 85
Sl o -3
<[ E
@i 3
k)
o R B My B I
) -0 O O SO D
& =3
i
A . 0 o O %O MY
wEwm g3 &
iﬁﬁm@%l\.ﬂ' 0
o S W w
- R
— T e -~
R iIX o [} <
=22 =
=y N O M O M 0 D
~ O Rl [o )
Hig 2w <
=® 3: o
L]
0o - - oS
) agoss g
~—t
5 R N )
et B o NN NN
R AR R R —
"l—xmukg_ S%
2R
O = R
@;@“80\3 gwoooog
< # = N S R N
B s
B oyl S
oo © ~
R <= =
-t
—
~
&
A%
B 4
H @@
W S
Ful =
e LB
S B o $
fm g xu =
= Sk S
' w mEEE
= Ee ECLE
5 DEEm DD E
A %i‘mﬁk‘gegum
P ..
ﬁ EEEEVY o
= S
o ;s
N NN NN o T
NN N NN NN
SUOUU(JQ)%‘E

SO A X BRI &L

&

W OHE D EER

SN VEBMOL 066 ) %k C

~

264 AR 0 BT 00 A RERS (C22.9) (2,030 B) 453 & UF Parkin & O 73381

Ei

i3 cholangiocellular carcinoma

*2000-04 4 O FHRE £ 18,838 B2 &,

rC22.14

L7

fi

13 mixed carcinoma & others &

C22.712

13T 7% { cystadenocarcinoma % & &7z,

7z

-

236

ASE T3 IS M R g VRS ATHE O 4-10 % 2
Er b, FO863BEL Y TEVEH
Wb,

%2 CRHARFSABFE RN D &Rk
m%wﬂ@mﬁﬂﬁﬁ%mLt.%&@ﬁyﬁ
FASELLLICRELTEY, £l 0FEmnE
ST Bl REMER O 2 DM
e R AARD 99 % Ul Ex GO Twt.

i, DL Eo PR A BRACA
N, KERFFIC BT 5 1980-84 4, 1990-94 4F,
200004 4E O AR HNANE 35 £ O BFAIIZRE O s
BRI EREL IR L, Rl EnE
MO AERBEREIC BT 5 C22.9 GEIIA ) D3t
iE C22.9 BV 7z (C22.0-22.4 B X UV C22.7
LB AFNFNOEES TS LTIR
B EICED, &I0RAEGHRER OIS L
RS MG o REE 2RI L IFREER
|OWINIIE, T HOERKRBEL T L EEHT
O DR Oy JREMEEIZ BT
1980 SE L LB W TR OSERB RIS B VT L R
mE WL TBY. 2000ERICA-THE
OEREE TV T2 WITNROEUIE
VT BN B3 P REBRIEE & DD
HHAL7z,

ORI A S AER L MRS, RIS
FRESHIIAEOREEL X U TRIEEEML
TWa L ORENEEDH V™, TORROFER
LT, FROMEFEOEEECEUE,
SWiEMomE, L TREROEOHENZ L
REZLENL, FLT, ZOWMMPEHORE -
IR THLND T &, HINEEIIEENALR

22k, WMEFROEASAOEEIIELYA
S ke oA O REEETEIEM

LTwaEDTELH LY. ZOBEHBIIODVT
i, JEESEmREoY A ERLERLLSED
WEFLNA.

2, BEMRECY ZVERA

RO ) A7 L ERTWAERITE,
Wl o, EFE IR J, FHEASA

BEHOFE, CEWE, 74 VAR &
Hidp Y TNHOEWNE IIE LEOE



280 A AR 67 % 53 (2009)
F2 ERERIICHEFEOBEBRIN KT SA RS 2000-04 §)
e e | EOWO | FoboBER
e y HH{HM’/{:’H H "(f Hlj ’fu H:}'ﬁ:ké: B:FHH'E l;ilﬂ.é - . " 1 ) ET 20 =L
SERRE Com0) | o2 | (C22) | (C22.3) WomlE  ShiiFoE & El
e R B "~ (C22.4) (C22.7)
0-14 2 0 16 0 2 i 0 20
(1000 (0.0 (80.0) (0.0 (10.0y ' 0.0 (100)
15-: 42 10 o 1 0 44
(95.5) (23 (00 00 (@23 (0.0 (100)
35-44 148 16 0 0 | 0 0 164
(90.2) (9.8) (0.0 oy (00 (0.0) (100)
45-54 1.069 79 0 0 1 1 1,150
(93.0) (6.9 (0.0) (0.0} w01 (0.1) - {100
55-64 3,272 229 0 4 3 2 3,510
(93.2) 5 (0.0 0.1} (0.1) (0.0 (100}
65-74 7,028 360 0 0 10 5 | 7,403
(94.9) (4.9 (0.0 (0.0 (0.1} (0.1 {100
75— 4,110 329 0 2 2 3 4,446
(92 4 (7.4 10.0) (0.0 (0.0 (0.1) (100}
wEt 15,671 1,014 16 6 19 11 16,737
(93.6) 6.1) (0.1) (0.0 0.1) 0.1 (100
[CD-10~D 538« HIREHE S FBESRES T - FUCD-OM &ML A E{Io 2
#%. Parkin & O ESIEHIEO - O OMBBIBEOE 21BN L — 71 L?",
2000 -04 4FE DF IR 118,838 #l7 5, ﬁ%%%@%@i%é {C22.9) (2,030 3, C22.0423
VT A ERAEENS BB X O Parkin 5 OIS HF U VCEAR O D @66 Fh TRt
O TNOEER %,
WIIELBHETALEZONL, i, & o bITHERKGEIE CREE M ALE ORI R R
HRAGIIALE, FFIRMEIESMEED FTELTEZONTEYY BEEUM/ERE
HigefE - BHICHEEL TEB YT &) bit 7 8-40 % %if;%b:ﬁﬁ”’ﬁ"{ﬂﬁﬁﬁmf-\ﬁfmf&v‘;h
¥4, SF A AV + ST THITOALND A% F i EEWKEKES HB’“*"EHB@JW#
Opisthorchis viverrini &, WHE - /i, &EH ~ HFETLHHLWONTWL, 15 ’fi@ HL &
b L THRATO RS 21/5 Clonorchis sinensis & X AR EERENRE D R ICEHEE kY

OBEINERE SN TWw5, & B iLER, HE,
BETHEDLNE LD, R BIGRKBDE
EAREL TR MIEEL, BiudEs LA
FHEIZHET 5.
PSR R LUREEHLEEE R, R
WELRL CBEHRERORRE 2, JEED
2814 48 F?b WML, REEERE~EBAT
BT EEMREEORA LERIIHEEST
EE R f‘oﬂfb\é"' A A EEDME
(e L BB O ) S EAHEE L TRAEL, kA
¥ A5 B S o) R AE MR i 0 BT BRI R A
WA ENS WS B 4

4 el

(

‘..,
g

[0

H

=0

& H
3
A o

- \G)

237

Flafec L, BEEMRBEORBRETICLLEE
AbITWA,

JEEMEOREL 20 ) 2{LFEMHEL L T
i, ReatEEEsl L LTlEbR/z b b S A b,

FAFFL Yy, ZbuH Iy, BUBEIZHETS
WHE, THAI—NVERREPREIN TN LY
JE% Ehﬁ@itm&iﬁﬁﬁﬁﬁb“}%
AR A NI Tha— R EoJEET
EFEECEAETAHEMRBELIRESLTY

A% Kobayashi 5”&, CHBFLY A NV AIZL B
FHE>»HETAHH0ERN00 AT FEY7.24HE
PR L, 11 AR IR, 3 AUZATHERRSE



Nippon Rinsho Vol 67, Suppl 3, 2009 281

AD0AH FriifaEERE
200 ~

35-44 % 45-548%F  S5-643E  65-74m  TSEMLE

AC107 2t fEEMaERERE
16 DO ,
14 - § TTI980-84 b e
| T 1990-94
127 L @ 2000-04
10 ~
8 N S0 HEEEREEE
5
4+ — —
ENDSSR  |

35-44 %% 45-D4 € 5564 65-T4 R BEELE SEMEEE

X1 FriaE BEAREOERS, ERNBEEOHERBAD0 A
(KRIFERAERT—7 X D)
FNFNOERPEIIEBT A BB (C22.9) 0L, C22.9 % E/2'C22.0-
WABLUPCRIEKE IBYLFNZFhOEETESLTMNASZIEICLY, 10
RSP R O ITHIRLSE - EMIREoRBEZEST L

LIBEMIRE R AR, 206 AMAFHIRE 0% X o THEBMREREY A/ 6-0BRES
RS, OB LONEMRERESRENE (I ETTHPRESIA TN, MMl LB
AAN—BAODPSDORERL B TEHVE SMLRFA CARAgL o2 L, T4 CEE
WU (EBIORETIE, BERZLEME K74 V2O RNADBEMILBLMKICHR S
EMFEEY RIS LTV AATYENLET Wi oREL L TORRMBERET 5725
HD) Fro EEIVANLAFLEBEMEE ERLREOAIIZLESROMETH L

DEFHEFRIET HHREDHEAOND. KK, FRBEISE, BREFEYAVABRICLY
43T, KEASE CRFLY AN ARE:  BEMREORE) AP 2BEREIIRLIL

;s

238




282 H ARSI 67 % BTY% 3 (2009)

NPE XN TWVAR?Y 1980 E/BELH 04 BENSHEMBEREZED LR EEDL O %
fET BABETIRCHFFLICLZFEIEN BEFHLONIIDE, SHOBIAVLETD
I FORSEIIFMRECL A0 5.

THHY, O EFKEFABERT —F TR

BxX [

1) BAEFRMESEHREZBES 17 BESEMEFREHRERE (2002-2003). FFE 48: 117~
140, 2007.

2) Parkin DM, et al: Histological Groups for Comparative Studies, International Agency for Research
on Cancer, Lyon, 1998.

3) Taylor-Robinson SD, et al: Increase in mortality rates from intrahepatic cholangiocarcinoma in Eng-
land and Wales 1968-1998. Gut 48: 816-820, 2001.

4) Patel T: Worldwide trends in mortality from biliary tract malignancies. BMC Cancer 2: 10, 2002.

5) Shaib YH, et al: Rising incidence of intrahepatic cholangiocarcinoma in the United States: a true
increase ? J Hepatol 40: 472477, 2004.

6) Khan S: Cholangiocarcinoma. Lancet 366: 1303-1314, 2005.

7) Vatanasapt V. et al: Liver flukes and liver cancer. In: Cancer Surveys, Infections and Human Can-
cer Vol. 33 (ed by Tooze J), p313-335, Cold Spring Harbor Laboratory Press, New York, 1999.

8) Shaib YH. et al: Risk factors of intrahepatic cholangiocarcinoma in the United States: a case—con-
trol study. Gastroenterology 128: 620-626, 2005.

9) Kobayashi M, et al: Incidence of primary cholangiocellular carcinoma of the liver in Japanese
patients with hepatitis C virus-related cirrhosis. Cancer 88: 2471-2477, 2000.

10) Yamarnoto S, et al: Hepatitis C virus infection as a likely etiology of intrahepatic cholangiocarcinoma.
Cancer Sci  95: 592-595, 2004.

11) Donato F, et al: Intrahepatic cholangiocarcinoma and hepatitis C and B virus infection, alcohol
intake, and hepatolithiasis: a case—control study in Italy. Cancer Causes Control 12: 959-964,
2001.

12) Lee TY, et al: Hepatitis B virus infection and intrahepatic cholangiocarcinoma in Korea: a case—con-
trol study. Am J Gastroenterol 103: 1716-1720, 2008.

239



Mutation Research 678 (2009) 38-42

Mutation Research/Genetic Toxicology and

journal homepage: www.elsevier.com/locate/gentox
Community address: www.elsevier.com/locate/mutres

Contents lists available at ScienceDirect

RESEARCH.

Environmental Mutagenesis

Induction of SCEs in CHL cells by dichlorobiphenyl derivative water pollutants,
2-phenylbenzotriazole (PBTA) congeners and river water concentrates

Takeshi Ohe?®*, Aki Suzuki?, Tetsushi Watanabe®, Tomohiro Hasei?, Haruo Nukaya®,
Yukari Totsukad, Keiji Wakabayashi

a Department of Food and Nutrition, Faculty of Home Economics, Kyoto Women's University, Kyoto 605-8501, Japan
b Department of Public Health, Kyoto Pharmaceutical University, Kyoto 607-8414, japan

< School of Pharmaceutical Science, University of Shizuoka, Shizuoka 422-8526, Japan

d Cancer Prevention Basic Research Project, National Cancer Center Research Institute, Tokyo 104-0045, Japan

ARTICLE INFO

Article history:

Received 4 March 2009

Received in revised form 10 June 2009
Accepted 13 june 2009

Available online 21 June 2009

Keywords:

Sister chromatid exchange (SCE)

Chinese hamster lung (CHL) cells

Ames test

3,3'-Dichlorobenzidine (DCB)
4,4'-Diamino-3,3'-dichloro-5-nitrobiphenyl
(5-nitro-DCB)

PBTA-1

PBTA-2

PBTA-6

1. Introduction

ABSTRACT

We recently identified dichlorobiphenyl (DCB) derivatives and 2-phenylbenzotriazole (PBTA) con-
geners as major mutagenic constituents of the waters of the Waka River and the Yodo River system
in Japan, respectively. In this study we examined sister chromatid exchange (SCE) induction by two
dichlorobiphenyl derivatives, 3,3'-dichlorobenzidine (DCB, 4,4'-diamino-3,3'-dichlorobiphenyl) and
4,4'-diamino-3,3'-dichloro-5-nitrobiphenyl (5-nitro-DCB); three PBTA congeners, 2-[2-(acetylamino)-
4-[bis(2-methoxyethyl)amino]-5-methoxyphenyl]-5-amino-7-bromo-4-chloro-2H-benzotriazole
(PBTA-1), 2-[2-(acetylamino)-4-[N-(2-cyanoethyl)ethylamino]-5-methoxyphenyl}-5-amino-7-bromo-
4-chioro-2H-benzotriazole (PBTA-2), and 2-[2-(acetylamino)aminoj-4-[bis(2-hydroxyethyl)amino]-
5-methoxyphenyl]-5-amino-7-bromo-4-chloro-2H-benzotriazole (PBTA-6); and water concentrates
from the Waka River in Chinese hamster lung (CHL) cells. Concentration-dependent induction of
SCE was found for all DCBs and PBTAs examined in the presence of S9 mix, and statistically sig-
nificant increases of SCEs were detected at 2 ug per ml of medium or higher concentrations. SCE
induction of MelQx was examined to compare genotoxic activities of these water pollutants. Accord-
ing to the results, a ranking of the SCE-inducing potency of these compounds is the following:
5-nitro-DCB ~ MelQx > PBTA6 > PBTA-1 ~ PBTA-2 > DCB.

Water samples collected at a site at the Waka River showed concentration-related increases in SCEs at
6.25-18.75 ml-equivalent of river water per ml of medium with S9 mix. The concentrations of 5-nitro-DCB
and DCB in the river water samples were from 2.5 to 19.4 ng/l and from 4100 to 18,900 ng/l, respectively.
However, these chemicals showed only small contribution to SCE induction by the Waka River water.

© 2009 Elsevier B.V. All rights reserved.

identified as major mutagens in the water of the Waka River
flowing through an industrial area in Wakayama, where a number

Genotoxic compounds are detected in many surface waters in
the world. These compounds are often released directly from indus-
trial discharges as a result of insufficient treatment of wastewater
or unintentional formation in the environment after discharge of
effluents [1-5]. In the previous studies, we found two novel chemi-
cal classes, dichlorobiphenyl derivatives and 2-phenylbenzotriazole
(PBTA) congeners, as major mutagenic constituents in the water of
rivers flowing through several industrial areas in Japan [6-20].

Among dichlorobiphenyl derivatives, 3,3’-dichlorobenzidine
(DCB, 4,4'-diamino-3,3'-dichlorobiphenyl), 4,4'-diamino-3,3'-
dichloro-5-nitrobiphenyl (5-nitro-DCB), and so forth were

* Corresponding author. Tel.: +81 75 531 7124; fax: +81 75 531 7170.
E-mail address: ooe@kyoto-wu.ac.jp (T. Ohe).

1383-5718/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.mrgentox.2009.06.003

of large chemical plants are found [6-9]. 5-Nitro-DCB is a novel
chemical and is presumed to be formed unintentionally by the
process of wastewater treatment of drainage water containing
DCB discharged from chemical plants [6]. DCB is a raw material
in the manufacture of polymers and dye intermediates, and there
are large-scale chemical plants producing DCB in this industrial
area. 5-Nitro-DCB is highly mutagenic in the Ames assay using
Salmonella typhimurium YG1024, which is an O-acetyltransferase-
overproducing derivative of TA98, with $9 mix, and its activity was
~7 times higher than that of DCB.

5-Nitro-DCB was detected in river water concentrates at the
maximum level of 6.9 pug/g of blue rayon. DCB was also detected in
the concentrates at 13.2-104 p.g/g of blue rayon. The percent con-
tributions of 5-nitro-DCB and DCB to the mutagenicity of the water
concentrates in YG1024 with S9 mix were 11% and 28%, respectively,
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