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[2] Improving global networking in low-dose radiation research. https://www. oecd—
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[3] The Global Register on Low Dose Research Projects. https://www.oecd—
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[4] Adverse Outcome Pathway: A Path towards better Data Consolidation and Global
Co-ordination of Radiation Research. Vinita Chauhan, Danielle Beaton, Nobuyuki
Hamada, Ruth Wilkins, Julie Burtt, Julie Leblanc, Donald Cool, Jacqueline Garnier—
Laplace, Dominique Laurier, Yevgeniya Le, Yukata Yamada, Knut Erik Tollefsen, Intl.

J. Radiat. Biol., 98, 1694-1703, (2022)
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[6] A high-level overview of the OECD AOP Development Programme. Vinita Chauhan,
Nobuyuki Hamada, Ruth Wilkins, Jacqueline Garnier-Laplace, Dominique Laurier,

Danielle Beaton, Knut Erik Tollefsen, Intl. J. Radiat. Biol., 98, 1704-1713, (2022)

[6] Radiation Adverse Outcome Pathways (AOPs) are on the Horizon: advancing
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Burtt, Julie Leblanc, Kristi Randhawa, Addie Ivanova, Murray A. Rudd, Ruth Wilkins,
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Applegate, Donald Cool, Danielle Beaton, Knut Erik Tollefsen, Jacqueline Garnier—
Laplace, Dominique Laurier & Vinita Chauhan, Intl. J. Radiat. Biol., 98, 1763-1776,
(2022)
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Chauhan, Nobuyuki Hamada, Jacqueline Garnier—Laplace, Dominique Laurier, Danielle
Beato, Knut Erik Tollefsen, Paul A Locke, Intl. J. Radiat. Biol., 98, 1714-1721,
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5) #IEL . BASBALSNOEBEO R ORI E, BEMEOBICET 2514 4
~——%ZEE, B, MEEL., FEITHRERGEICIE, TORMALFEBTLHZ L, 2
D DOFEIRANA A~ —H— & | B 2R e R BRI RO R ERIT O Fr = 72 3 A
F~v—h— L ORAREREF L., BRRTLOIUNERH D,

6) W, ER, ZOMDar— MIBIT DEMRE - ARFERPWLEONADY R 7 H#HE
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A7 7O, BEIY (6) BfiIAX NV EZIE LILD D7D EK S T-3E - Il
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radiation-related carcinogenesis)
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International Mini Workshop on Low Dose and Low Dose-
Rate Radiation Research:
Current Status and Future Prospects

October 20 (Thu), 2022
On Web meeting
National Institute of Radiological Sciences
National Institutes for Quantum Science and Technology, JAPAN

PROGRAM

09:00-09:05 JST
Welcome Address Shunichi YAMASHITA (NIRS, QST)

Chair: Yoshiya SHIMADA (IES)
09:05-09:20 JST
PLANET - PLanning and Acting NETwork for Low Dose Radiation Research in Japan

Michiaki KAI (Nippon Bunri Univ.)

09:20-09:35 JST
Review of biological studies of low-dose/low-dose-rate radiation

Keiji SUZUKI (Nagasaki Univ.)

Chair: Munechika MISUMI (RERF)
09:35-09:50 JST
Estimation of dose-rate effectiveness factor for malignant tumor mortality: Joint analysis of

the data of mice exposed chronically and acutely to radiation

Kazutaka DOI (NIRS, QST)

09:50-10:05 JST
Cross-species comparison of time to cancer mortality in the LSS cohort and the archival

radiobiology data of NIRS and IES using a multistage carcinogenesis model
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Tatsuhiko IMAOKA (NIRS, QST)

Break (10 min)

Chair: Hiroshi TAUCHI (Ibaraki Univ.)

Short oral presentations on posters by invited early-career researchers (2 min each)
10:15-10:45 JST
Lung cancer risk in mice after low dose and low-dose-rate irradiation

Kenshi SUZUKI (NIRS, QST)

Genomic profile of radiation-induced mouse B-cell lymphoma is similar to that of
Philadelphia chromosome-like B-cell leukemia
Hirotaka TACHIBANA (NIRS, QST)

L63X/+

Genomic analysis of radiation-induced breast cancer in the Brca rat model

Yuzuki NAKAMURA (NIRS, QST)

Development of a method to discriminate radiation-induced intestinal tumors of C3B6F1

ApcM™* mice

Hiromi YANAGIHARA (NIRS, QST)
Cellular dynamics of luminal cells in rat mammary gland after exposure to low dose-rate
radiation

Kento NAGATA (NIRS, QST)
Molecular analysis of precursor B-cell lymphoma developed in mice irradiated with gamma-
rays and heavy-ions

Kenta AMANO (NIRS, QST)

Chemoprevention of radiation-induced intestinal tumors by frans-Resveratrol on C3B6F1
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Apc M mice

Kenta TAKEUCHI (NIRS, QST)

Biological effects of low dose-rate radiation exposure /n Utero

Rei NAKAHIRA (IES)

Evaluation of shifting toward a younger age of death by irradiation in mice and humans

Yuki FUJIMICHI (CRIEPI)

Chair: Toshiyasu IWASAKI (CRIEPI)
10:45-11:00 JST
Consideration on the bridge between animal experiments and epidemiology

Yutaka YAMADA (NIRS, QST)

Chair: Kazuo SAKAI (Tokyo Healthcare Univ.,, REA)
11:00-11:30 JST
Low-Dose and Low-Dose-Rate Radiation Effects from Long-Term Animal Studies

Gayle E. WOLOSCHAK (Northwestern Univ.)

Chair: Michiaki KAl (Nippon Bunri Univ.)

Round Table Discussion
11:30-12:10 JST

PLANET members and all participants

Short comments

Shinji YOSHINAGA (Hiroshima Univ.)

Junya KOBAYASHI (IUHW)

Hiroshi YASUDA (Hiroshima Univ.)

Takashi SUGIHARA (IES)

Poster Award Ceremony
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12:10-12:15 JST

Closing Remarks

12:15-12:20 JST

Reiko KANDA (NIRS, QST)
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PLANET - PLanning and Acting NETwork for Low Dose Radiation Research in Japan

Michiaki KAI
PLANET Chair,

PLANET was created based on the need to establish all-Japan network among regulators, academic
and research institutes, and other stakeholders. It is expected to serve as a research platform to facilitate
collaboration among related experts and research organizations. The role of PLANET is to propose
strategies to improve quantitative estimation of health risk at low dose and low-dose rates. In the low-
dose research topics, PLANET focuses on 1) low-dose epidemiology, 2) mechanistic studies, 3)
integration of animal radiobiology and epidemiology, 4) identifying modifying factors and 5)
database/archives construction. The working groups (WG) of PLANET have been conducting several
works. The WG1 on dose-rate effects conducted joint analysis of the animal data to estimate the dose-
rate effectiveness factor (DREF). The WG revealed the DREF of 3.0 (95%CI,1.8-5.1) for 21 mGy/day
using the model taking dependence on age-at-exposure into account. The WG1 also reviewed dose-
rate dependence of the key events related to carcinogenesis, and concluded that more studies are still
needed, especially those with experimental animal models, although a list of key events consisting
adverse outcome pathway (AOP) could be made. New WGs will be created; WG2 on dose and dose-
rate mapping for radiation risk studies aims to identify the range of dose and dose rates used for risk
estimation, WG3 on organ-specific risk consideration aims to review studies for systematically
organizing the difference in cell division and death in terms of stem cell turnover, and WG4 aims to
develop the necessary future research mapping of radiation-related carcinogenesis for an input into
AOP. Another role of PLANET is to foster young researchers who can continue low-dose research
contributing to radiological protection issues. PLANET also intends to strengthen cooperation and
collaboration among regulatory organizations, research institutions and the stakeholders in Japan, and
to facilitate the development of human resources in the field of radiation risk and protection through

joint research and research collaboration.
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Review of biological studies of low-dose/low-dose-rate radiation

Keiji Suzuki', Tatsuhiko Imaoka?, Masanori Tomita®, Megumi Sasatani®,
Kazutaka Doi?, Satoshi Tanaka®, Michiaki Kai®, Yutaka Yamada?, Shizuko Kakinuma?®
"Nagasaki Univ, 2QST-NIRS, *CRIEPI, “Hiroshima Univ, *IES, ®Nippon Bunri Univ

While epidemiological data are available for the dose and dose-rate effectiveness factor for human
populations, animal models have contributed significantly to providing quantitative data with
mechanistic insights. In order to quantitatively assess low-dose and low-dose-rate radiation risks, the
administration committee for PLANET has set the working Group for dose-rate effectiveness factor,
and the WG is about to publish the review articles entitled "Biological mechanisms with respect to the
dose-rate-dependent adverse effects of radiation exposure as studied in animal models". The aim of
the review is to summarize both the in vitro experiments on dose-rate effects of DNA damage and
repair, and the animal studies with reference to the dose-rate effects of cancer development. It has
selected five tissues/organs, namely the mammary gland, digestive tract, hematopoietic tissue, lung,
and liver, based upon the higher tissue weighting factor and the amount of available data for the dose-
rate effect. The review focused on results concerning the underlying biological mechanisms and
discuss their possible involvement in the process of radiation-induced carcinogenesis. In particular, as
a systematic representation of current knowledge, the concept of adverse outcome pathway with key
events is expected to facilitate evaluation of the biological basis of causation from the initial physical
events to the cellular and tissue/organ events, and to the individual and population levels, so that it
scrutinizes the dose-rate dependency of the key events, hoping that it will enable unification of the
underlying critical mechanisms to connect animal experimental studies with human epidemiological

studies. In this talk, an overview of this review will be presented.
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Estimation of dose-rate effectiveness factor for malignant tumor mortality: Joint analysis of the data

of mice exposed chronically and acutely to radiation

Kazutaka Doi!, Michiaki Kai?, Keiji Suzuki®, Tatsuhiko Imaoka', Megumi Sasatani®,
Satoshi Tanaka®, Yutaka Yamada', Shizuko Kakinuma'

!QST-NIRS, *Nippon Bunri Univ, *Nagasaki Univ, “Hiroshima Univ, IES

Since the Fukushima Daiichi nuclear power plant accident, a crucial need arose to understand the
effect of chronic exposure to low dose-rate radiation. Although several epidemiological studies of
subjects exposed to low dose-rate radiation have been conducted, the current knowledge on the effects
of low dose-rate radiation exposure is still limited because such studies often have uncertainties due
to confounding factors. Animal experiments, where individual subjects are considered to be nearly
identical and environmental factors are tightly controlled, can complement the limitations of
epidemiological studies. Thus, we conducted a joint analysis of the previously published cancer
mortality data of B6C3F1 female mice chronically and acutely exposed to 1*’Cs y-rays to estimate the
dose-rate effectiveness factor. The chronic exposure experiment was conducted at the Institute for
Environmental Sciences, and the mice were irradiated at dose rates of 0.05, 1.1 and 21 mGy per day
for 400 days from 8 weeks of age. The acute exposure experiment was conducted at the National
Institute of Radiological Sciences, and the mice were irradiated at 35, 105, 240 or 365 days of age at
the dose of 1.9, 3.8 or 5.9 Gy at a dose rate of 0.98 Gy per minute. Because the preliminary analysis
suggested that the risk was dependent on the age at exposure, a model was applied that took into
account the risk difference depending on the age at exposure. The model analysis revealed a three-fold
significantly decreased risk per Gy in mice exposed to 21 mGy per day compared to that in acutely
irradiated mice. In the analyses at dose rates of 0.05 and 1.1 mGy per day, no clear conclusion can be
suggested due to very wide confidence intervals. This resulted in a dose-rate effectiveness factor larger

than that reported previously.
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Cross-species comparison of time to cancer mortality in the LSS cohort and the archival

radiobiology data of NIRS and IES using a multistage carcinogenesis model

Tatsuhiko Imaoka', Satoshi Tanaka?, Masanori Tomita®, Kazutaka Doi,
Megumi Sasatani®, Keiji Suzuki®, Yutaka Yamada', Shizuko Kakinuma', Michiaki Kai®

IQST-NIRS, 2IES, *CRIEPI, “Hiroshima Univ, *Nagasaki Univ, *Nippon Bunri Univ

Radiation-induced carcinogenesis has been interpreted as enhancement of a multistage process by
addition of mutation(s). In the mathematical model of multistage carcinogenesis, an assumption of
radiation-related increase in the mutation rate is expected to result in earlier onset of carcinogenesis.
Herein, using a multistage carcinogenesis model as well as a conventional excess relative risk (ERR)
model, we made a quantitative interspecies comparison of the cancer mortality data from the LSS
cohort (Ozasa et al. Radiat Res 2012;177:229) and B6C3F1 mouse experiments of the National
Institute of Radiological Sciences (NIRS, Sasaki J Radiat Res 1991;32:S73) and the Institute for
Environmental Sciences (IES, Tanaka et al. Radiat Res 2007;167:417). As expected, the multistage
model predicted that radiation shortens the time to cancer mortality after the end of exposure. In the
LSS data, the dose response of the radiation-induced shortening of time was linear at doses <2 Gy (6.1
years/Gy, age 30 years at exposure) whereas that of ERR displayed a significant upward curvature. In
the NIRS experiment of acute high-dose-rate exposure (0.98 Gy/min), the dose response of the
shortening of time was again linear (0.16 years/Gy, age 35 days at exposure) whereas that of ERR
exhibited a significant upward curvature. In the IES experiment of continuous low-dose-rate exposure
(0.05, 1, 20 mGy/day), the shortening of time per Gy was significantly smaller than predicted from
the acute exposure data, indicating a dose rate effectiveness factor (DREF) of 1.7 (95% confidence
interval, 1.4-2.2). Part of the cross-species difference of the multistage model parameters is
understandable in the light of the inversely proportional relationship between the spontaneous somatic
mutation rate and the lifespan across mammals (Cagan et al. Nature 2022;604:517) and the radiation-
induced mutation rate common to human and rodent cellular systems (Sankaranarayanan Mutat Res
1991;258:75). Thus, the present study demonstrates a linear dose response of the shortening of time
to cancer mortality in both human and mice, with a DREF of 1.7 in mice, consistent with current

knowledge on the spontaneous and radiation-induced mutation rate across species.
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Consideration on the bridge between animal experiments and epidemiology

Yutaka Yamada, lizuka Daisuke, Tatsuhiko Imaoka, Takamitsu Morioka,
Chizuru Tsuruoka, Shizuko Kakinuma

QST-NIRS

The epidemiological study has an advantage to handle human data directly, but there is difficulty in
excluding the effect of confounding factors. On the other hand, the biological research by molecular,
cellular, and animal experiments can investigate radiation effects and their underlying mechanisms. It
is, however, usually difficult to apply the results from animal data to humans. Thus, these two
approaches, the epidemiological study and the animal research, are complementary, and general
understanding about the risk of the low-dose and low-dose-rate radiation will be reached via
integration of the two approaches.

The following three elements are required to estimate the risk of the low-dose and low-dose-rate
radiation: (1) epidemiological studies on low-dose and low-dose-rate radiation appropriately designed
for risk evaluation, (2) mechanistic elucidation for estimation of risk from low-dose and low-dose-
rate radiation, and (3) translational research to interpret the results of epidemiological study using
animal experiment data. On the basis of the knowledge provided by the mechanistic studies of
radiation effects, the translational research will need utilization of mathematical models.

It is necessary that the pathway by which the radiation exposure leads to biologically significant
effects is clarified by the knowledge that these studies provide. In the ecotoxicology research field,
the toxic effects of chemical substances are summarized, and adverse outcome pathways (AOPs)
are devised as a conceptual framework to support risk assessment. Now, the AOP framework is
being applied to the evaluation of the radiation effects. However, an adverse outcome (AO) may
not always be related to the same set of key events (KEs), and the KEs relevant to low-dose and
low-dose-rate radiation may be different from those relevant to high-dose radiation. Therefore, it
is necessary to clarify the specific KEs and AOPs to the low-dose and low-dose-rate radiation.
Using medulloblastomas from irradiated Ptchl"”~ mice, we showed possibilities that the
interstitial deletions on chromosome 13 (which harbors the Ptchl gene) are the signature of low-
dose radiation exposure (Tsuruoka et al., 2016). The use of radiation signature allows for unique
mechanistic insight into the action of radiation to induce DNA lesions with known causal
relationship to a specific tumor type in low-dose and low-dose-rate radiation exposure. The
accumulation of knowledges from the mechanistic studies and the construction of the AOP

thereby can more accurately estimate the low-dose and low-dose-rate radiation effects.
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Low-Dose and Low-Dose-Rate Radiation Effects from Long-Term Animal Studies

Gayle E. Woloschak, PhD,
Professor of Radiation Oncology, Northwestern University School of Medicine, Chicago IL 60611;

g-woloschak@northwestern.edu

The US Department of Energy embarked on the study of short- and long-term effects of ionizing
radiation beginning from around 1940 until 1995 by examining life-shortening effects of radiation on
burros, pigs, rats, mice, dogs, primates and other species. Of these many studies, data are available
for most while tissues remain only from some rats, dogs, and mice. A total of over 120,000 animals
were studied (and probably the number is much larger!). The experiments were done in a systematic
way with tissues studied and archived, detailed pathologies and diseases recorded, and much of the
information provided in database format. Many of the logistics of the experiments, data on each
individual animal for a variety of endpoints, and available tissues from the animal can be found at the
janus.northwestern.edu/wololab website. Experiments were done to evaluate the effects of radiation
quality, dose and dose-rate, effects of in utero exposures, external beam and internal emitters, and
many more. These datasets have been used in past and present research, particularly focusing on the
effects of low dose and low dose rate effects. Ramifications for DREF and DDREF have been
explored. In addition, the value of the tissues for further study is evident; this is particularly true for
understanding the effects of exposure to a variety of different internal radionuclides in several animal

species, most especially the dog.
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