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Associate Professor Keiji Suzuki, Department of Molecular Oncology, was awarded the
Highly Cited Review Article Award (2021-2025) at the Joint Meeting of the 68th Annual
Meeting of the Japanese Radiation Research Society and the 6th Asian Congress of
Radiation Research (JRRS/ACRR 2025).
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Highly Cited Review Articles (2021-2025)

(from the category of “Fundamental Radiation Science”)

The role of mitochondrial oxidative stress and the tumor E -_-_.-.E
microenvironment in radiation-related cancer ;;::F.:-‘ﬁ.gf.
Tsutomu Shimura* ‘ :' e "_E'I,---".-I
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https://doi.org/10.1093/jrr/rraa090 E e
Published: 05 May 2021

Abstract

The health risks associated with low-dose radiation, which are a major concern after the Fukushima Daiichi nuclear
power plant accident (the Fukushima accident), have been extensively investigated, and the cancer risks from
low-dose radiation exposure (below ~ 100 mSv) are thought to be negligible. According to World Health Organization
and the United Nations Scientific Committee on the Effects of Atomic Radiation reports, the level of radiation
exposure from the Fukushima accident is limited, estimating no significant increased risk from the accident.
Radiation-induced cell injury is mainly caused by oxidative damage to biomolecules, including DNA, lipids and
proteins. Radiation stimulates metabolic activation within the mitochondria to provide energy for the DNA damage
response. Mitochondrial respiratory chain complexes | and IIl are the most important intracellular source of reactive
oxygen species (ROS) during oxidative phosphorylation in eukaryotic cells. Manganese superoxide dismutase and
glutathione are key players in redox control within cells. However, perturbation of the antioxidant response leads
to chronic oxidative stress in irradiated cells. Excess ROS of mitochondrial origin is reported in cancer-associated
fibroblast and promotes carcinogenesis. The aim of this review paper is to discuss critical roles of mitochondria in
radiation-related cancer by introducing our recent studies. In particular, elevated mitochondrial ROS in stromal
fibroblasts potentiate transforming growth factor-beta (TGF-p) signaling, which triggers smooth muscle actin (a-SMA)
expression to stimulate myofibroblast differentiation. Radiation-induced myofibroblasts promote tumor growth by
enhancing angiogenesis. Thus, radiation affects both malignant cancer cells and neighboring stromal cells through
secretion of soluble factors.

of radiation exposure in animal models.
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Abstract

While epidemiological data have greatly contributed to the estimation of the dose and dose-rate effectiveness
factor (DDREF) for human populations, studies using animal models have made significant contributions to provide
quantitative data with mechanistic insights. The current article aims at compiling the animal studies, specific to
rodents, with reference to the dose-rate effects of cancer development. This review focuses specifically on the
results that explain the biological mechanisms underlying dose-rate effects and their potential involvement in
radiation-induced carcinogenic processes. Since the adverse outcome pathway (AOP) concept together with
the key events holds promise for improving the estimation of radiation risk at low doses and low dose-rates,
the review intends to scrutinize dose-rate dependency of the key events in animal models and to consider
novel key events involved in the dose-rate effects, which enables identification of important underlying
mechanisms for linking animal experimental and human epidemiological studies in a unified manner.

Author Notes: K. Suzuki, T. Imaoka, M. Tomita and M. Sasatani contributed equally.



