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Abstract

The present study was conducted to establish an assessment system for carcinogenic risks of chemicals existing
in the human environment to be applicable for the situation of those who belong to cancer high-risk groups.
Male Fischer 344 rats (6 weeks old, 12 per group) were fed a basal diet or a choline-deficient, L-amino acid-
defined (CDAA) diet for 8 weeks, then administered varying doses of N-nirrosobis(hydroxypropyl)amine (BHP)
or aminophenylnorharman (APNH) for 16 weeks under feeding the basal diet, and sacrificed to assess
development of preneoplasmsin major organs. BHP induced liver preneplasms only in rats given the CDAA-
prefeeding, in which numbers of the preneoplasms increased in a dose-dependent manner. APNH induced liver
preneoplasms only at the highest dose in rats not given the CDAA-prefeeding but at the middle and high dosesin
rats given such atreatment. Furthermore, APNH exerted a similar effect also in the colon. These results
indicate that the CDAA-prefeeding introduces cancer-prone internal environment to enhance the carcinogenicity
of chemicals. It is thus suggested that using the CDAA-prefeeding or other comparable treatments,
carcinogenic risks of chemicals may be able to be assessed in a condition applicable for cancer high-risk groups.

Introduction

Cancer is one of the most horrible threats to humans. Because chemicals existing in the human environment
are the most major cause of cancers, carcinogenic risk assessment and management of chemicals, including
dioxins and other persistent organic pollutants, is crucially important to maintain and progress human health and
welfare. It iswell kwon that there are respective high-risk groups for frequent (if not all) cases of human
cancers, and most of these are commonly characterized by the continuous tissue injury with a background
signaling alteration complex, often by virtue of oxidative stress.*®  These situations sometimes induce cancers
per se, but in most cases they provide a cancer-prone internal environment in which carcinogenic processes are
to be enhanced, once risky chemicals are exposed.*®>  This s because behaviour of chemicals under such an
internal environment with altered metabolic, signaling, immunological and other circumstances must be different
from that under the “normal” internal environment. While carcinogenic risks of chemicals are usually assessed
using data obtained in animals (most frequently in rodents) through the extrapolation to the human situations, the
datais basically obtained using “normal” animalsto reflect the situation of general public. Recent effortsto use
avariety of genetically modified animals in carcinogenic risk assessments are made mainly for the improvement
of senditivity and not necessarily baring cancer high-risk groups in mind. An assessment system for
carcinogenic risks of chemicals, therefore, has not as yet been established to be applicable for the situation of
those who belong to cancer high-risk groups.  In this context, the present study was planned and conducted to
try to establish a basic model of such assessment systems.

Chronic liver injury represented by repeating death and proliferation of hepatocytes and fibro/cirrhogenesisin
association with a background signaling alteration complex, mainly by virtue of oxidative stress, is a major
factor and a cancer-prone internal environment for human hepatocarcinogenesis, which is caused by a variety of
reasons including chronic viral hepatitis, hemochromatosis, Wilson's disease, hon-al coholic steatohepatitis and
others, and related to the situation of metabolic syndrome that is also cancer-prone®® Dietary choline
deficiency in rodents well mimics most of phenomenological and mechanistic events occurring in the
aforementioned human situation and devel ops hepatocellular carcinomas in the absence of exposure of any
exogenous stimuli, and we ourselves have established one of the best rodent dietary choline deficiency models
by producing a choline-deficient, L-amino acid-defined (CDAA) diet.**® We have aready shown that a
combined treatment of a 1-week prefeeding and an 8-week postfeeding of the CDAA diet enhances
hepatocarcinogenicity of not only hepatocarcinogens but also carcinogens not usually targetting the liver, and
also enhances colon carcinogenicity of colon carcinogens.®™*  The mechanism underlying this phenomenon has
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been attributed to the introduction of a cancer-prone internal environment as described above.® The present
study was planned on the basis of this data and tried to use the CDAA diet in a more sophisticated way. We
featured 2 carcinogenic chemicals both present in the human environment as model test compounds. N-
nitrosobis(hydroxypropyl)amine (BHP) is present in medical supplies, intermediate products of rubber,
herbicides and surfactants, and it is a mutagenic carcinogen targetting the lung, liver, thyroid, kidney and urinary
bladder.****  Aminophenylnorharman (APNH) is a mutagenic compound internally synthesized from non-
mutagenic norharman (present in cigarette smoke and cooked food) and aniline (present in cigarette smoke and
some vegetables), and it is a carcinogen targetting mainly the liver and colon.**’

Materials and Methods

Our in-house committees eval uated the experimental protocol beforehand and monitored the actual experiment
to obey domestic and international laws, regulations, guidelines and rules for animal welfare. A total of 192
male Fischer 344 rats (Charles River Japan, Inc., Japan) were obtained at their 5 weeks of age, acclimatized for 1
week on the CE-2 basal diet (Clea Japan, Inc., Japan) and used for the experimentation at 6 weeks of age by
randomly divided into 16 groups each consisting of 12 animals. Animals were maintained in an air-conditioned
room under constant conditions of 24 + 2°C and 55 + 10% humidity with a 12-hour light/dark cycle, alowed free
access to food and drinking water and regularly monitored general condition, body weight, water intake and food
consumption. The CDAA diet, BHP and APNH were obtained from Dyets Inc. (USA), Nakalai Tesque Co., Ltd.
(Japan) and Nard Institute (Japan), respectively.

In the BHP experiment, groups 1, 2, 3 and 4 received the CE-2 diet and the plain drinking water for 8 weeks
and then the CE-2 diet and the drinking water containing BHP at concentrations of 0, 10 100 and 1000 ppm,
respectively, for 16 weeks. Groups 5, 6, 7 and 8 received the CDAA diet and the plain drinking water for 8
weeks and then the CE-2 diet and the drinking water containing BHP at concentrations of 0, 10 100 and 1000
ppm, respectively, for 16 weeks. At the end of week 24, all animals were sacrificed by exanguination under
light ether anesthesia, and after macroscopic observation major organs were removed. From the organs,
formalin-fixed, paraffin-embedded sections were prepared, stained by a standard hematoxylin and eosin staining
procedure, and used for histopathological

exami rlnation. In addition, (;Ievelopment of Table 1. Effect of the CDAA-prefeeding
preneolasm was quantitatively assessed in on the development of preneoplasms
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placental form (GST-P)-positive foci of

AT Group  Treatment(s) Liver preneoplasm
cel I.ullglrg alteratlo_n and aberrant crypt Number/cm? Average area (mm?)
foci,™™ respectively. In the APNH
. 1 CE-2 0
experiment, groups 1-8 were treated BHP 0 ppm
principally identical to the BHP experiment
with the exception that APNH at 2 CE-2 0
concentrations of 0, 0.4, 4 and 40 ppm were BHP 10 ppm
adm!nlstered by admixing into the CE-2 3 CE-2 0
diet instead of BHP. BHP 100 ppm
Numerical data was statistically assessed 4 CE-2 0
for the significance of intergroup difference BHP 1000 ppm
using a one-way analysis of variance and 5 CDAA 0.0035 + 0.0040%¢ 0.0024 + 0.0030
the Student-Newman-Keuls post-hoc test, BHP 0 ppm
where the difference with p value less than 6 CDAA 0.0060 + 0.0100 0.0017 + 0.0024
0.05 was considered significant. BHP 10 ppm
7 CDAA 0.0181 + 0.0100°¢ 0.0156 + 0.0189
Results and Discussion BHP 100 ppm

In the BHP expe” ment, GST-P—pOStIVG, 8 BHPC]?)Q&A - 0.1139 + 0.0790°¢ 0.0007 + 0.0006
liver preneoplasms were developed only in Pp
groups 5-8 given the CDAA-prefeedl ng aMean =+ standard deviation

(table 1). ) Among groups 5-8, the lesion Significantly different from "group 5 value or “BHP-same-dose group value
numbers increased in a dose-dependent (p<0.05)
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manner, and values of groups 7 and 8 (given the middle and high doses of BHP, respectively) became
significantly higher than that of group 5 (not given BHP) (table 1). The lesions were very small in groups 5, 6
and 8, whereas the lesion size was significantly larger in group 7 than in group 5 (table 1). It is thus apparent
that the CDAA-prefeeding clearly enhances hepatocarcinogenicity of BHP. In the lung, proliferative lesions
were developed only in groups 4 and 8 (both given the high dose of BHP) at the 100% incidence. They were
mostly atypical alveolar hyperplasias, but adenomas were observed in 1 rat of group 4 and 1 rat of group 8. No
difference was noted either for the incidence or the multiplicity of lung proliferative lesions between these 2
groups, indicating no influence of the CDAA-prefeeding.  In the other organs including the colon, no apparent
preneoplams were detected in any groups.

Table 2. Effect of the CDAA-prefeeding on the development of preneoplasms
in the liver and colon induced by APNH (12 animals per group)

Group  Treatment(s) Liver preneoplasm Colon preneoplasm
Number/cm? Average area (mm?) Number/animal Number of crypts/lesion
1 CE-2 0 - 0
APNH 0 ppm
2 CE-2 0.0003 = 0.00092 0.0006 + 0.0020 0
APNH 0.4 ppm
3 CE-2 0.0010 + 0.0020 0.0026 + 0.0054 0
APNH 4 ppm
4 CE-2 0.4583 +0.1318 0.1092 + 0.0209 1.33 £ 0.89° 1.88+£0.72
APNH 40 ppm
5 CDAA 0.0158 + 0.0069¢ 0.2920 + 0.1780¢ 0
APNH 0 ppm
6 CDAA 0.0210 + 0.0105¢ 0.1861 + 0.0002¢ 0
APNH 0.4 ppm
7 CDAA 0.0429 + 0.0124°%4 0.1640 + 0.0900¢ 0.08 +0.29 0.17 £0.58
APNH 4 ppm
8 CDAA 0.5500 + 0.1294¢°¢ 0.1248 + 0.0401¢ 2.67+1.67°4 3.53+1.08¢
APNH 40 ppm

aMean + standard deviation

Significantly different from Pgroup 1 value, cgroup 5 value or YAPNH-same-dose group value (p < 0.05)

Among groups 1-4 not given the CDAA-prefeeding in the APNH experiment, GST-P-positive, liver
preneoplasms were significantly developed only in group 4 (given the high dose of APNH) (table 2). Among
groups 5-8 given the CDAA-prefeeding, the lesion numbers were significantly higher in groups 7 and 8 (given
the middle and high doses of APNH, respectively) than in group 5 (not given APNH) (table 2). The lesion sizes
were not atered by the administration of any doses of APNH. Values of numbers and sizes of the lesions were
significantly higher in groups given the CDAA-prefeeding than in groups not given such atreatment. While
preneoplastic, aberrant crypt foci of the colon were significantly developed only in groups 4 and 8 (both given
the high dose of APNH), values of the lesion number and size were both significantly higher in group 8 (given
the CDAA-prefeeding) than in group 4 (not given the CDAA-prefeeding) (table 2). It is thus apparent that the
CDAA-prefeeding clearly enhanced not only hepatocarcinogenesis but also colon carcinogenesis of APNH.
Furthermore, whereas APNH has been shown to develop carcinomas in the liver and colon at 20 and 40 ppm, the
significant increase of their incidences has been obtained only at 40 ppm but not at 20 ppm.**  The present
results thus indicate that the CDAA-prefeeding makes carcinogenicity of low dose APNH significantly revealed
at least inthe liver.  In the other organs no apparent preneoplams were detected in any groups.

A 8week feeding of the CDAA diet causes chronic liver injury represented by repeating death and
proliferation of hepatocytes and scant fibrosis in association with a background signaling alteration complex,
mainly by virtue of oxidative stress.**'° Thisisatypical cancer-proneinternal environment for the liver as
aforementioned, corresponding to the situation of human high-risk group for liver cancer. The CDAA diet per
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se induces liver preneoplasms by feeding for 8 weeks, but these are incapable of progressing to hepatocellular
adenomas or carcinomas in the absence of further feeding of the CDAA diet.*** Dietary choline deficiency
exerts strong liver cancer promoting activity,>**° but in the present study the CDAA diet was not administered
after starting of the carcinogen exposure. It may thus be likely that the present enhancing effect of the CDAA-
prefeeding on the liver carcinogenicity of BHP and APNH as well as the colon carcinogenicity of APNH is due
to the introduction of cancer-prone internal environment as preliminarily shown previously.®  Thefact that the
CDAA-prefeeding enhanced the colon carcinogenicity of APNH is noteworthy, because even a long-term
administration of the CDAA diet for up to 2 years does not cause any apparent morphological changesin the
colon.®® This suggests that cancer-prone internal environment in one organ (in this case the liver) can infect
other organ(s) (in this case the colon). It isreasonable, because while the CDAA diet causes morphological
changes mostly in the liver, its causing oxidative stress and related signaling alterations are easily expected to
affect extracliver organs®®'® This may be analogous to human metabolic syndrome situation.”®

In conclusion, the CDAA-prefeeding introduces cancer-prone internal environment to enhance the
carcinogenicity of chemicals. It is thus suggested that using the CDAA-prefeeding or other comparable
treatments, carcinogenic risks of chemicals may be able to be assessed in a condition applicable for cancer high-
risk groups.

Ackonwledgments

The authors would like to thank Mss. Hiromi Asako (Toxicology and Environmental Science Department,
Biological Research Laboratories, Nissan Chemical Industries, Ltd., Japan) and Chinami Kajiwara (Department
of Neurology, Division of Neuroscience, Graduate School of Medicine and Faculty of Medicine, University of
Tokyo, Japan) for technical assistance. Thiswork was supported in part by Grant RO1 CA82506 from the
National Institutes of Health of USA (granted to DN).

References
1. Tazumas, KagjiyamaG. Langenbecks Arch Surg2001; 386: 224.
2. Ebert MP, Schandl L, Malferheiner P.  J Gastroenterol 2002; 37 Suppl 11: 61.
3. Peek RM Jr, Blasser MJ. Nature Rev Cancer 2002; 2:  28.
4. UmedaT, Hino O. Intern Med 2001; 40: 555.
5. UmedaT, Hino O. Oncology 2002; 62 Suppl 1: 38.
6. Nakae D. In: New Perspectives in Cancer Research and Therapy, Kuriyama S, Yoshiji H (eds),

Research Signpost, Trivandrum, 2005:  131.

Morita T, Tabata S, MineshitaM, Mizoue T, Moore MA, Kono S.  Asian Pac J Cancer Prev 2005; 6:

485.

8. Stoll BA. Eur JClin Nutr 1999; 53:  83.
9. NakaeD. Pathol Int 1999; 49: 1028.

10. NakaeD. In: Recent Research Developments in Cancer Vol 2, Pandalai SG (ed), Transworld Research
Network, Trivandrum, 2000: 143.

11. KishidaH, Nakae D, Kobayashi Y, Kusuoka O, Kitayama W, Denda A, Fukui H, Konishi, Y. Exp Toxicol
Pathol 2000; 52:  405.

12. Janne PA, Freidlin B, Saxman S, Johnson DH, Livingston RB, Shepherd FA Johnson BE.  Cancer 2002;
95. 1528.

13. OkamuraM, Moto M, KashidaY, Machida N, Mitsumori K. Toxicol Pathol 2004; 32: 474.

14. Kawamori T, Totsuka Y, UchiyaN, Kitamura T, ShibataH, Sugimura T, Wakabayashi K. Carcinogenesis
2004; 25: 1967.

15. Nishigaki R, Totsuka Y, Kataoka H, UshiyamaH, Goto S, Akasu T, Watanabe T, Sugimura T, Wakabayashi
K. Cancer Epidemiol Biomarkers Prev 2007; 16: 151.

16. Nishigaki R, TotsukaY, Takamura-Enya T, Sugimura T, Wakabayashi K. Mutat Res 2004; 562:  19.

17. TotsukayY, Takamura-EnyaT, Nishigaki R, Sugimura T, Wakabayashi K. J Chromatogr 2004; 802:
135.

18. Mori H, YamadaY, Kuno T, Hirose Y. Mutat Res 2004; 566: 191.

19. Takahashi M, Wakabayashi K. Cancer Sci 2004; 95:  475.

20. Andoh N. JNara Med Ass 2000; 51: 508 (in Japanese).

~

Organohalogen Compounds Vol 69 (2007) P-189 1824





