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Welcome to the 20d International Symposium on Genotoxic and Carcinogenic Thresholds

Since the disaster at the Fukushima No. 1 nuclear power plant in March 2011, people
became concerned about adverse effects of radiation, in particular those of low dose radiation
strongly. The effects of radiation on chromosome DNA are events of probability, and thus it is
thought that radiation poses cancer risk to humans even at very low doses. Likewise,
genotoxic compounds, which interact with DNA and induce mutations, are assumed to have
no thresholds for their action. These compounds are used to be called “radiomimetic
compounds”. Hence, genotoxic carcinogens, which induce cancer via genotoxic mechanisms,
are regulated based on a paradigm that they have no thresholds for the cancer risk. Recéntly,
however, the parédigm has been challenged by research on analyzes of carcinogenicity and
. genotoxicity of chemicals at low doses. Organisms including humans possess various
self-defense mechanisms, such as detoxication metabolism, DNA repair, error-free translesion
DNA synthesis, and apoptosis etc., which may suppress genotoxicity of chemicals at low doses
and reduce the mutation freqﬁency to spontaneous levels. These self defense mechanisms
may constitute “apparent” or “practical” thresholds for genotoxic carcinogens.

In this symposium, six and four experts’of genotoxicity and chemical carcinogenicity are
invited from inside and outside of Japan, respectively, to discuss genotoxicity and
carcinogenicity at low doses and the regulatory policies. This symposium follows the
precedent symposia “International Symposium — threshold of carcinogenicity and
genotoxicity” in Kobe in Japan in 2006, and “The 1st International symposium on genotoxic
and carcinogenic threshold” in Tokyo in 2008. It is our hope that presentation and diécussion

in this symposium will be beneficial to all the participants.
Takehiko Nohmi Ph.D.

Meeting Co-chairperson
Head, Division of Genetics and Mutagenesis

National Institute of Health Sciences, Japan
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The 224 International Symposium on Genotoxic and Carcinogenic Thresholds
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November 23, 2011 .
Hitotsubashi Memorial Hall
National Center of Sciences Building
Hitotsubashi 2-1-2, Chiyoda-ku, Tokyo 101-0003, Japan

Opening Address
Takehiko Nohmi (Meeting Co-chairperson)

12:00 Session 1 |
Chair: Shoji Fukushima & Samuel M. Cohen

Genotoxic thresholds: identification of mutations in vivo and mechanistic studies
in vitro

Takehiko Nohmi (National Institute of Health Sciences, Japan)

Threshold of genotoxic carcinogens: it is central concerns of carcinogenic risk
assessment : .

Shoji Fukushima (Japan Bioassay Research Center, J apan)
Lessons Learned From 40,000-Animal Cancer Dose-Response Studies
George S. Bailey (Oregon State University, U.S.A.)

Urinary Bladder Carcinogenesis by DNA Reactive and Non Reactive Chemicals:
Non-linearity’s and Thresholds

Samuel M. Cohen (University of Nebraska Medical Center, U.S.A.)
13:30 Lunch

15:30 Session 2
Chair: Teruhisa Tsuzuki & Elmaf Gocke

A threshold for the murme T-cell lymphoma 1nduct10n by N-ethyl-N-nitrosourea
and/or radiation

Shizuko Kakinuma (National Institute of Radiological Sciences, Japan)

Exposure to ethylating agents: Where do the thresholds for
mutagenic/clastogenic effects arise?

Elmar Gocke (F. Hoffmann-La Roche Ltd., Switzerland)



14:30  Oxidative stress-induced tumorigenesis in the small intestine of Mutyh-deficient
mice: the effect of low-level exposure to KBrOs

Teruhisa Tsuzuki (Kyushu University, Japan)

15:00  How do thresholds for mutagenicity and clastogenicity arise for DNA damaging
agents?

George E. Johnson (Swansea University, U.K.)
15:30 - 16:00  Coffee Break

16:00 — 17:30  Session 3
Chair: Yasunobu Aoki & George S. Bailey

16:00  Health risk assessment of air pollutants: Air pollutant genotoxicity and its
enhancement on suppression of phase II drug-metabolizing enzymes

Yaéuhobu Aoki (National Institute for Environmental Studies, Japan)

1 16:30 Toxicity testing strategy based on the concept of the threshold of toxicological
concern (TTC)

Akihiko Hirose (National Institute of Health Sciences, Japan)

17:00 Closing Remarks
Shoji Fukushima (Meeting Co-chairperson)
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10:30  Threshold of genotoxic carcinogens: it is central concerns of carcinogenic risk
assessment
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" 11:00 Cancer and biomarker response at ultra-low carcinogen dose: A 42,000 animal
study .

George S. Bailey (Oregon State University, U.S.A.)
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Samuel M. Cohen (University of Nebraska Medical Center, U.S.A.)
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14:30 Oxidative stress-induced tumorigenesis in the small intestine of
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15:00 Investigating DNA repair as the genotoxic threshold mechanism for DNA
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George E. Johnson (Swansea University, U.K.)
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16:00-17:30 Ewvalr 3 B  HAR ER, George S.Bailey
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Genotoxic thresholds: identification of mutations im vive and mechanistic studies i vitro

Takehiko Nohmi!, Kenichi Masumura?, Petr Gruz!, Naomi Toyoda-Hokaiwado!, Makiko
Takamune!, Naoko Niimi!, Tetsuya Suzukil, Yuki Kanemaru!, Manabu Yasuil, Masami
Yamada!, Masamitsu Honma!, Noritaka Adachi?, and Akiyoshi Nishikawa3

!Division of Genetics and Mutagenesis, National Institute of Health Sciences, Tokyo
158-8501, Japan; 2Graduate School of Nanobioscience, Yokohama City University,
Yokohama 236-0027, Japan; 3Division of Pathology, National Institute of Health Sciences,
Tokyo 158-8501, Japan

Currently, genotoxic carcinogens are regulated based on an assumption that
carcinogens with genotoxic properties have no thresholds for their risk on humans.
However, there are several issues to be discussed on the policy. The first is a practical
issue: how to identify genotoxicity of chemicals. At present, bacterial reverse mutation
assay (Ames test) is most widely used for identification of chemicals that interact with
DNA and induce muﬁations. However, there is a gap between results of in vitro and in
vivo mutagenicity tests. The second is a mechanistic issue. Organisms including humans
possess defense mechanisms against toxic compounds including genotoxic chemicals.
Therefore, the defense mechanisms may reduce the level of mutations induced by the
chemicals to the level of spontaneous mutations, thereby generating “practical
thresholds” for genotoXic compounds. We address these two issues by in vivo and in vitro
approaches.

In in vivo studies, we have established transgenic mice and rats, i.e., gpt delta -
mice and rats, for identification of mutagenicity of chemicals in targets organs of
carcinogens. These transgenic rodents allow to detect mutagenicity of chemicals in any
organs of mice and rats and the mutations can be identified at sequence levels. We
present basic features of gpt delta mice (C57BL/6J background) and rats (Sprague
Dawley and Fischer 344 background), and discuss their significance in regulatory
toxicology. '

In in vitro studies, we have established human cells expressing genetically
modified specialized DNA polymerases (Pol), i.e., Pol { and Pol «, involved in translesion
DNA synthesis (TLS).TLS is a process where Pols continue DNA synthesis across DNA
lesions. The process may be error free or error prone. In either case, TLS rescues
damaged cells from genotoxic effects of chemicals by continuing chromosome replication.
The established human cells expressing modified specialized DNA polymerases displayed i
different sénsitiifity to mutagenicity and cytotoxicity of chemical carcinogens such as
benzolalpyrene diolepoxide or hydrogen peroxide. We are examining the possibility
whether TLS is involved in generation of “practical thresholds” against genotoxic
carcinogens. In addition, we report an endeavor to introduce single DNA adduct, ie.,
8-0x0-7,8-dihydro-2'-deoxyguanosine , into a specific site of human chromosome. These
experiments could answer the question of whether formation of DNA adducts in the

chromosome inevitably leads to induction of mutations or not.
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Threshold of genotoxic carcinogens: :
it is central concerns of carcinogenic risk assessment

Shoji Fukushima!, Min Wei?2, Apna Kakehashi 2, and Hideki Wanibuchi 2

!Japan Bioassay Research Center, Japan Industrial Safety & Health Association
% Department of Pathology, Osaka City University Medical School

The presence or absence of a carcinogenic threshold will determine the reliability -
of risk assessment of chemical carcinogen when extrapolated from high dose rodent
testing. Therefore, it is essential to verify scientifically whether the non-threshold
cohcept 1s valid, especially for genotoxic carcinogens. Herein, we present low-dose
carcinogenicity data based oh medium-term rat liver bioassays for 3 genotoxic
heptocarcinogens: 2-amino-3,8-dimethylimidazo[4,5I-f]quinoxaline (MeIQx) - and
2-amino-3-methylimidazo [4,5-flquinoline (IQ), heterocyclic amines contained in seared
meat and fish; N-nitrosodiethylamine (DEN), a N-nitrosocompound synthesized in the
stomach through fhe reaction of secondary amines and nitrites. Very low doses of MelQx
induced formation of DNA-MelIQx adducts; somewhat higher doses caused elevation of
8-hydroxy-2’-deoxyquanosine (8-OHdAG) levels, gene mutationé and initiation activity;
and the more ‘h'igher dose induced formation of glutathione S-transferase placental form
(GST-P) positive foci in the liver, a well-known preneoplastic lesion marker in rat
hepatocarcinogenesis. Similarly, only the higher doses of IQ caused an increase in the
number of GST-P positive foci in the liver, the lower doses had no effect. Furthermore, the
finding that p21Ci/WAFL wag significantly induced in the liver at doses well below those
required for IQ mediated carcinogenic effects, suggests that induction of P21Ci/WAFL 15 one
of the mechanisms responsible for no-effect doses for IQ carcinogenicity. We also
demonstrated that low doses of DEN did not induce either GST-P positive foci formation

A or gene mutation in the liver. Moreover, concurrent administration of low doses of MeIQx
with DEN that had no effects on GST-P positive foci formation still did not increase the
GST-P' positive foci formation compared to the MeIQx alone, DEN alone and
non-treatment control groups, while concurrent administi‘ation of high dose of MelIQx
with DEN showed at least an additive effect. Based on the above findings of existence of
no-effect doses for markers that cells typically acquire as they move through the
initiation and promotion‘stages of carcinogenesis, we argue strongly for the existence of a
threshold, at least a practical threshold, for the carcinogenic effects of these three

genotoxic carcinogens in the rat.
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