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Task Description:

As NASA plans future exploration missions to the Lunar and Martian surfaces, realistic ground-based analog studies and
more predictive biodosimetry are needed to assess whether the space radiation poses a detrimental risk of brain genomic
instability and neurodegeneration that leads to late-onset behavioral deterioration for spaceflight crews. Implementing a
recently developed method of recreating the intravehicular (IVA) radiation environment expected on spaceflight vehicles
and habitats and a novel genetic sensor, this proposal addresses Research Topic 3 – Animal Biology Studies in support
of Human Space Exploration and Sub-topic AB1-A – Behavior and underlying neural function in Appendix D:
Solicitation of Proposals for Flight and Ground Space Biology Research. We propose to determine how the space
environment and sex affect brain genomic stability and consequent age-related brain structure and function changes.
Our studies will support Human Space Exploration, by contributing the first biodosimetry for quantifying brain DNA
instability and neurodegenerative changes to predict clinical health outcomes in human spaceflight crews and the utility
of available ground-based analogs to realize basic mechanisms that can lead to the development of biologic
counter-measures. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Our studies will support Human Space Exploration, by contributing the first biodosimetry for quantifying brain DNA
instability and neurodegenerative changes to predict clinical health outcomes in human spaceflight crews and the utility
of available ground-based analogs to realize basic mechanisms that can lead to the development of biologic
counter-measures. 
  

Task Progress:

In the past year, we have two beamline exposures at the NASA Space Radiation Laboratory (NSRL). We used two
method to develop a realistic ground-based simulation of galactic cosmic radiation (GCR) exposure. We also further
modified a genetic sensor to generate a quantitative ratiometric sensor with membrane-tethered fluorescence protein to
report different levels of genomic instability and visualize neuropathology. The radiometric sensors were administered
in transgenic mice to label specific groups of neurons that are highly vulnerable to neurodegeneration. A radiation
mimic, Bleomycin, increased genetic labeling neurons with genomic instability in the mouse brains. Simulated GCR
exposure (iron modulator) at 80 cGy robustly increased the sensor labeling across the whole brain. The ratio of genetic
labeling also increased, suggesting the sensor can report different levels of genomic instability. The DNA repair of the
double stand breaks was also impaired. Mice that received simulated GCR exposure at 80 cGy showed multiple
behavioral deficits (sensorimotor, cognition, and emotion/sociability) with gender differences three months
post-irradiation. Finally, we also established the method to quantify single-neuron pathology and neuroinflammation
and the method of mapping brain genotoxic stress using deep learning augmented volume imaging after GCR exposure. 
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