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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

Tokyo Institute of Technology

Key words: terminal end bud, mathematical model, dose rate effect, carcinogenesis, stem cell

Abstract

A mechanism-based 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 purpose of this study is to elucidate the factors
contributing to the dose rate effect by using a mathematical model. We have previously built a prototype of
a mathematical model describing the dynamics of the rat mammary gland structure containing the stem cells
(i.e., terminal end bud; TEB). In this project, we developed the model to deal with the carcinogenesis process
of rat mammary gland. Our analytical and prediction models to be constructed consist of four models: a TEB
model, a damage repair model, a carcinogenic process model, and a dose rate model. In the first year of the
project, the TEB model was refined to include the spatial structure based on the observed data. Also, the
carcinogenesis process model and the dose rate model were constructed. For each model, the single-cell state-
change tracking was made available. In this year, we introduced some lines of experimental evidence into
the mathematical models. The DNA damage repair kinetics in the mammary gland after irradiation were
experimentally clarified and introduced as the parameters of the damage repair model. The mutation
probability of carcinogenesis process was determined from the data of rat mammary cancer. Using these
mathematical models with the determined parameters, the dose-rate effect on the carcinogenesis was
simulated. The simulation showed that the dose-rate effect could be reproduced under some conditions. In
the next year, we aim to identify the critical factors in the dose rate effect on the carcinogenesis by using the

developed mathematical model.
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