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Task Description:

In addition to the risk of cancer, there is concern that prolonged exposure of astronauts to deep space radiation will lead
to degenerative changes in different organ systems, including the brain. Indeed we previously demonstrated that space
radiation impaired cognitive performance and exacerbated Alzheimer’s disease (AD) pathology in a widely used mouse
model of AD. Accumulation of the toxic peptide amyloid-ß occurs in AD and has been clearly established as an
inherited cause of the disease. Space radiation at relatively modest doses elicits chronic inflammation and oxidative
stress responses that alter normal brain function and may contribute to amyloid-ß accumulation by inhibiting normal
clearance mechanisms. Recent data from our laboratory shows reduced clearance of amyloid-ß in mouse brain many
months after exposure to space radiation. Thus, we hypothesize that radiation exacerbates Alzheimer’s disease pathology
by altering the ability of the brain to remove amyloid-ß. To address this hypothesis we propose experiments that explore
three possible cellular mechanisms linking radiation-induced neuroinflammation to reduced amyloid-ß clearance. We
also propose to determine whether a drug that reduces brain inflammation and enhances amyloid-ß clearance can
mitigate radiation-induced changes in Alzheimer’s pathology and cognitive decline in a mouse model of the disease.
Taken together, these studies will lead to a better understanding of the biological mechanisms underlying risks for
neurodegenerative disease after space radiation exposure. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Our research explores mechanisms by which toxic proteins involved in neurodegenerative diseases might accumulate in
brain tissue following radiation exposure. Our results in mice using space-relevant radiation types and doses may inform
about possible risks to individuals exposed to radiation on Earth whether during medical procedures or unplanned
accidental exposures. 
  

Task Progress:

Summary of Major Findings 
Aim 1 

• Abeta clearance was reduced at 4, 8, and 12 months following 50 cGy 600 MeV/µ iron exposure 

• An anti-LRP1 antibody inhibited Abeta clearance 

• We were not able to reproducibly demonstrate changes in LRP1 protein expression in isolated microvessels by Western
blot; we believe this is a technical issue related to variability in vessel isolation 

• Abeta clearance was reduced at 4 months following exposure to silicon (50 cGy 300 MeV/µ), protons (100 cGy SPE),
and a lower dose of iron (10 cGy) 

Aim 2 

• For nearly all the conditions tested, inulin clearance was not affected by radiation 

• Glymphatic flow assessed by penetration of radiotracers from the CSF (cerebrospinal fluid) was not influenced by 50
cGy iron (600 MeV/µ), 4 months post-irradiation 

• We were not able to show clear evidence of changes in astrocyte endfeet association with the vasculature after
radiation 

Aim 3 

• Unlike our findings with low-LET (linear energy transfer) radiation (at higher doses), initial analysis of microglial
proliferation in irradiated male mice after cortical needle stab injury showed variable results, but suggest that low
radiation doses increased proliferation 

• Our RNAseq analysis of microglia, six months after irradiation showed fewer changes with space radiation (iron,
silicon or protons) than a high dose (20 Gy) of low-LET (linear energy transfer) radiation 

• RNAseq analysis of microglia, 6 months after space irradiation, revealed more changes in male mice than in female
mice 

• Interestingly, with both types of radiation there was a greater number of downregulated transcripts 

Aim 4 

• Fluvastatin treatment mitigates reduced Abeta clearance using radiolabeled tracers in mice irradiated with 50 cGy iron
(600 MeV/µ). This is a very exciting finding that is consistent with previously observed effects of statin treatment on
LRP1 dependent Abeta transport. 

• We observed a trend for reduced novel object performance in female APP/PS1 mice irradiated with 50 cGy iron (600
MeV/n), but did not see clear effects of radiation or fluvastatin in irradiated male APP/PS1 mice 

• Initial analysis of amyloid deposition in this experiment showed no effect of radiation (50 cGy iron, 600 MeV/n) in
female APP/PS1 mice and variable effects in male mice, which were run in three separate groups 
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