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Task Description:

The health risks to astronauts exposed to space radiation include cognitive deficits and possibly accelerated aging.
While the pathogenesis of radiation-induced cognitive dysfunction remains largely uncharacterized, it is thought to
include loss of neural progenitors from the brain. Understanding of the molecular and cellular bases underlying neuronal
loss and/or dysfunction is absolutely required for the development of counter measures before, during and possibly after
space missions. Since experiments in humans are not possible, studies in this direction will benefit from appropriate
biological model systems. The neurodegenerative effects of space radiation are likely to derive from DNA damage in the
central nervous system (CNS). Therefore, research involving repair of this type of DNA lesions is critical for the
development of new neuroprotective countermeasures. In the present proposal, we introduce an in vitro model of neural
progenitors (neurospheres), which is derive from the brain of mouse embryo from neurodegenerative transgenic mice to
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study the detrimental effects of space radiation at the mechanistic level. Using this biological model, we will study DNA
damage repair and apoptosis of proliferating and differentiated neural progenitor exposed to low dose of high charge
and energy nuclei and protons. The proposed studies will provide novel insights into the molecular and cellular
mechanisms underlying CNS risks from space radiation and will help to predict and countermeasure health risks from
space radiation particularly with regard to effects on the CNS. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

This proposal will study the mechanism of DNA damage and oxidative stress in neuronal cells induced by high energy
particle, iron, and protons, compared to X-ray. This study will provide possible ways to develop accurate quantitative
estimates to the risk of the central nervous system (CNS) from galactic cosmic ray (GCR) and solar particles events
following long-term space travel. 
  

Task Progress:

We described DNA repair pathways (PARP-1 and ATM) in neural cell survival following exposure to high LET
radiation. High energy particles induced larger RBE in cell survival and DNA damage of hippocampal neurons
compared to X-ray radiation. 
PARP and ATM deficiency increased the RBE of cell survival and DNA damage induced by high charge and energy
particles. 

We found that Inhibition of cyclin dependent kinase 5 and glycogen synthase kinase 3 beta could reverse radiation
sensitivity in neuronal cells and neurospheres, but enhance radiation sensitivity in glioblastoma cells. 
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