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Sources of Deep Space Radiation

Image credit Cortese et. Al 2018



Effects of Deep Space Radiation

Image credit Cortese et. al, 2018

Image credit NASA



DNA Damage Response
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Volume 47, 1 

August 2018, 

Pages 192-200



The NASA Twins Study
A multidimensional analysis of a year-long human spaceflight, Science, 12 Apr 2019, Vol 364, 

Issue 6436

“Also consistent with IR exposure, genes 

whose expression was altered inflight were 

significantly enriched in pathways related to 

DNA damage responses in LD, CD4, CD8, 

and PBMCs”



Rezaei S. et al. Effect of spaceflight experience on human brain structure, microstructure, and function: systematic 

review of neuroimaging studies. Brain Imaging Behav. 2024 Oct.

Long duration trip to the ISS had a “squeezing” effect on the brain



Wuyts, F.L., Deblieck, C., 

Vandevoorde, C. et al. Nat. 

Rev. Neurosci. (2025). 



A Case of the “Space Stupids” - actual term coined by US 

astronauts

Image Credit NASAImage Credit L. Frontiero

Image Credit NASA



DNA Damage and Memory Formation





Galactic Comic Radiation (GCR) simulation

High
Medium
Low

NASA’s first ground-based Galactic Cosmic Ray Simulator: Enabling a new era in space
radiobiology research, PLoS Biol 18(5): e3000669. 2020



PRISM (Probe with a viral proxy for Instability of DNA Surveillance/repair in somatic brain Mosaicism)

El-Saadi et al., Science Advances, 
2022



G34-mScarlet/ G13-tagBFP/DAPI Image credit: Lu

PRISM sensor in neuron







G34-mScarlet/ G13-BFP/DAPI G34-mScarlet/ G13-BFP/DAPI

High dose (80 cGy irradiation)Control (no irradiation)



How does DNA damage 

cause cognitive deficits?



Using CRISPR-Cas9 to Replicate 

Radiation Damage



5 X1011 VG gRNA 1 X1011 VG gRNA

0.5 X1011 VG gRNA

Non-invasive and expansive CRISPR/Cas9 mediated DSB in CNS





Engrams: A window into the memory trace

Memory Engrams

Investigating the relationship between DNA damage 

and memory engrams







Ongoing Study: Evaluate caffeine as a 

potential therapy for spaceflight
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