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Deciphering the mechanism underlying the dose rate effect of
radiation carcinogenesis using animal and mathematical models.
Development of a stem cell dynamics model

Yuya Hattori', Ritsuko Watanabe?, Akinari Yokoya?

1 National Institute of Technology, Kure College
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Abstract

A mechanism-based, quantitative approach is needed to clarify whether the cancer risk of low dose
rate exposure is lower than the risk of high dose rate exposure. The objective of the present study is to
elucidate the factors contributing to the dose rate effect in a mathematical model. We have previously built a
prototype of a mathematical model describing the dynamics of the rat mammary gland structure containing
the progenitor cells (i.e., terminal end bud or TEB). In this project, we developed an analytical and predictive
model to deal with the carcinogenesis process of rat mammary glands. Our model consisted of four
components—the TEB model, the damage repair model, the carcinogenic process model, and the dose rate
model. In the previous two years of the project, we refined the TEB model to include the spatial structure
based on the observed data. We also constructed the carcinogenesis process model and the dose rate model.
We evaluated damage repair dynamics and cell cycle changes in the rat mammary gland and reflected them
in the mathematical model. This year, we integrated all those previous mathematical models and constructed
a mathematical model that represents various phenomena in the mammary gland as a separate dimensional
state. We used this model to analyze the dose-rate effect of cancer risk in the rat mammary gland. As a result,
we showed that the integrated model explained the dose rate effect (i.e., low cancer risk at low dose rates

with the same accumulated dose) under certain conditions.
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