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Sources of Deep Space Radiation
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Effects of Deep Space Radiation
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DNA Damage Response
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The NASA Twins Study

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

Issue 6436
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TWINS STUDY RESULTS AT A GLANGCE:

What They Found and Why it's Important

@\ ASA’s Twins Study revealed interesting and assuring data on how 2 human adapted to space é

“Also consistent with IR exposure, genes
whose expression was altered inflight were
significantly enriched in pathways related to

DNA damage responses in LD, CD4, CDS8,
and PBMCs”



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

Rezaei S. et al. Effect of spaceflight experience on humah brain structure, microstructufe, and function: systematic
review of neuroimaging studies. Brain Imaging Behav. 2024 Oct.




Gray Matter Changes from Pre to Post Flight in 27 astronauts
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A Case of the “Space Stupids” - - actual term coined by US
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DNA Damage and Memory Formation
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Galactic Comic Radlatlon (GCR) simulation

In order of delivery

lon Energy (MeV/n) Fraction ] ﬂ W
H 1000 35%
Si 600 1% [ 1]
He 250 18%
0] 350 6%
Fe 600 1% i‘
H 250 39% - o - -
Exploration Mission Duration Dose Equivalent (mSv)"
Mission
ISS in LEO 6 months 50-100
1SS in LEO 1 year 100-200
Sortie to Gateway (free space) 30 days 55
Lunar Surface Mission (2 weeks on surface) 42 days 70
§ Sustained Lunar Operations 1 year 300-400 LOW
Deep-Space Habitat 1 year 500-650 Med i ut
Mars Mission 650 to 920 days 870-1200 High

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




Host cellular genome Genotoxic agents (e.g., environmental toxicants)
f Host DNA Damage Response (DDR)

Sequester DDR proteins to host cell genome to alleviate repression to rAAV genome processing
Episomal rAAV viral proxy
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SM sensor for all cell types in hippocampus




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

L]
|
&
i
AR A
NS N n
s g,
e, o
» .
i &
S SN | A -
o~
~ ST
i S 2 s |

| G13-BFP/DAPI | G13-BFP/DAPI



i '

" How does DNA damage
cause cognitive deficits?



Using CRISPR-Cas9 to Replicate
Radiation Damage

Dual AAV PHP.eB vector
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Non-invasive and expansive CRISPR/Cas9 mediated DSB in CNS

0.5 X101 VG gRNA
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Habituation Training Contextual Recall Cued Recall
15 min/day 9 min total 6 min total 1 min habituation, 6 min tone
I |
Day 1-3 Day 4 Day 5
Shock Shock Shock
1s, 1s, 1s,
0.75mA 0.75mA 0.75mA
Habituation ™)) =) )
Tone Tone Tone
85dB, 85dB, 85dB,
6000Hz 6000Hz 6000Hz
i | p— | p— 1
120s 20s 60s 20s 60s 20s 60s 147s
10s 10s 10s rest
delay delay delay

9 minutes total



Memory Engrams Engram formation and !abelliln?
‘Engrams: A window into the memory trace ”
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Ongoing Study: Evaluate caffeine as a

potential therapy for spaceflight

Caffeine Pre-treatment

Stereotaxic Injection
-28 davs -10 to -3 days

9))
((’(l

Caffeine only and GCRsim +
caffeine receive 300mg/L oral

4 mice per group receive e St
caffeine in drinking water for 7 days

engram tracing virus in CA1

region n = 20 total for each group, 4 engram

tracing, 16 behavior + pathology

GCRsim Caffeine Post-treatment
Day 0 1 to 8 days
~
)
( If}

Caffeine only and GCRsim +
GCRsim only and GCRsim + caffeine receive 300mg/L oral
caffeine groups receive GCRsim  caffeine in drinking water for 7
n = 20 total for each group, 4 days
engram tracing, 16 behavior +
pathology, after GCRsim, sac 4/
group for acute pathology

n = 16 total for each group, 4
engram tracing, 12 chronic
behavior and pathology

*

Trace Fear Conditioning
11 to 12 days

TFC recall on day 2, all groups
n =16 total per group,
engram tracing mice receive TAM
injection 1 hour prior to recall and are
sacrificed after recall

Behavioral Testing
Up to 8 weeks
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12 mice per group complete the

following before euthanasia:

1. Open Field Test
2. T Maze

3. Long Term Recall

4. Novel Object Recognition

n = 8 brain samples per group analyzed

for chronic pathology
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