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Neurogenesis, the generation of new neurons throughout life, is essential for formation of new spatial memory and
mood control in the hippocampus. New neurons are formed from neural stem cells, which are very sensitive to all forms
of radiation. If exposed, they die and therefore, neurogenesis declines leading to decline in learning and memory as well
as depression. Therefore, understanding this phenomenon in the context of space radiation is of utmost importance if we
are to avoid at least some of the cognitive and mental health pathologies during space flight.

Herein, we propose to examine neurogenesis in the human brain organoid models exposed to Linear Energy Transfer
(LET) proton beam to mimic Galactic Cosmic Rays (GCR). These models are ideal not only to examine the effects of
radiation on neural stem cells but also the effects of drug compounds, because they provide a high-throughput system
with multiple neurogenic sites (rosettes) and diverse cell types including both neurons and astrocytes. We will use two
complementary cerebral organoid models and will expose them to the proton beam at the MD Anderson Proton Center at
different time points and different frequency of exposure and will examine molecular, metabolic, cellular, and
physiological properties of the variety of cell types that are part of the neurogenic niche. Furthermore, we will take
advantage of our new small molecules that promote neural stem cell self-renewal and neurogenesis in animal models in
vivo. Based on their mechanism of action, they may also decrease microglial inflammation, thus targeting multiple
elements of the neurogenic niche. In addition, we will use transient bursts of electrical stimulation as a
non-pharmacological countermeasure to GCR-radiation, as increased neuronal activity promotes neurogenesis.

Overall, our proposal is responsive to all requirements of this solicitation and stands to deliver new data relevant to the
effects of space radiation on multiple human cell types that are part of the neurogenic niche and the efficacy of
countermeasures on molecular, metabolic, cellular, and physiological properties of these cells. Our work focuses on
neurogenesis as this is the only natural mechanism to regenerate lost brain tissue in vivo in the center for learning and
memory and mood control. Thus, the relevance to this solicitation and NASA objective in general is high.

New project for FY2021.
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