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Abstract: Astronauts are constantly exposed to microgravity and space radiation including
high-energy charged particles, during long-term stays in space. However, many aspects of the
biological effects of combined microgravity and space radiation remain unclear. In the field of
space biology, it is presently difficult to investigate the combined effects of microgravity and
radiation because of the restricted nature of space experiments and replicate experiments. In 30th
symposium 2016, we reported the concept of new devices that analyze the combined effects of
radiation and microgravity. We report here the development and performance evaluation of
three-dimensional (3D) clinostat-synchronized heavy-ion irradiation systems. The systems could
irradiate rotating samples using the 3D clinostat simultaneously with samples in a horizontal
position. The samples were completely irradiated by the flatness and symmetry of the irradiation
fields. Doses calculated using the Carbon-ion calibration curve were almost the same for standing
and rotation conditions, with the difference being less than 5% under the assumption of 1 Gy
irradiation. It was possible to maintain a suitable temperature under atmospheric conditions. Live
imaging revealed that cellular adhesion and growth were almost the same for the standing control
sample and rotation sample over 48 h.

Next, the purpose of our study is to obtain data on comprehensive gene expression for the
combined effects of radiation and simulated microgravity using a newly developed system to
provide information for the assessment and management of human health risks in space. Normal
human fibroblasts 1BR-hTERT cells were cultured with CO,-independent medium in a disposable
closed cell culture chamber on a static stage (standing) or the 3D clinostat (rotation). The 3D
clinostat synchronized carbon-ion (290 MeV/n, 50 keV/um) irradiation of 1 Gy was performed
without stopping rotation. The cells were maintained in standing or rotation condition for 3 or 24
h after carbon-ion irradiation as part of a total culture time of 2 days. Gene expression was
analyzed at Tsukuba i-Laboratory LLP. Under the rotation conditions for 3 h treatment after
irradiation, 27 or 1 genes were up-regulated by the independent effect of radiation or microgravity,
respectively. In addition, 11 genes were up-regulated by the combined treatments. Meanwhile, 22
or 13 genes were down-regulated by the independent effect of radiation or microgravity,
respectively. Under the rotation conditions for 24 h treatment after irradiation, up- and
down-regulated gene expression was observed for 23 and 28 genes, respectively, after exposure
only to combined treatments. We are now able to determine the gene expression profile of normal
human fibroblasts exposed to heavy-ion irradiation and/or microgravity.

In future, this information by clarifying genetic roles that can be expected to have a greater
role in space radiation biology. In addition, using the newly developed system, we can replicate
experiments to obtain biological data and mechanisms of the combined effects.
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