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Neuroimmune Responses to Space Radiation
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Hazards of Space Exploration
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Spaceflight-Associated Changes in the 
Central Nervous System
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Simulated at NASA Space Radiation Laboratory in Brookhaven National Lab

Galactic Cosmic Rays:
~87% protons
~12% 4He
~1% high mass-charge particles through 56Fe



Ionizing Radiation Exposure In Space
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Annual GCR at sea level

US annual average

Abdominal CT scan

DOE rad. worker annual limit

6 months on ISS

180 day transit to Mars

500 days on Mars

Cancer, cardiovascular/immune/tissue degeneration, CNS risk
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Central Nervous System Responses to 
Simulated Deep Space Radiation

In humans?

Mechanisms?

Simulated 
deep space 

radiation Blood-brain barrier?

Neuronal damage
Neuroinflammation
Cognitive deficits

Inflammation in the 
rest of the body
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Blood-Brain Barrier

9

Astrocytes

Pericytes

Endothelial cells

Blood: immune cells, cytokines, etc. 

Adapted from: Rhea & Banks, Front Neurosci 2019



High-throughput 3D Human 
Neurovascular Model: OrganoPlates

10

Mimetas OrganoPlate(TM) 

2-lane plate setup
Endothelial cells

3-lane plate setup
Endothelial cells
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Astrocytes
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Astrocytes
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OrganoPlates
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Sherina Malkani, Alejandra Lopez Macha
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Quantifying Responses to Ionizing 
Radiation

Relative fluorescence of dye in 
extracellular matrix channel / lumen channel

Leaky barrierNon-leaky barrier

• Blood-brain barrier permeability and morphology
• Cellular damage
• Oxidative stress and cytokine production



Simulated Deep Space Radiation 
Increases Blood-Brain Barrier Permeability
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Sherina Malkani

...but only when 
astrocytes are 
present!



Simulated Deep Space Radiation 
Increases Oxidative Stress
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...especially 
when astrocytes 
are present!
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Simulated Deep Space Radiation Changes 
IL-1RA Associated Cytokine Expression
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...especially 
when astrocytes 
are present!

Endo Endo + Astro
0

2

4

6

8

IL-1Ra

pg
/m

l
0 Gy
0.82 Gy

Endo Endo + Astro
0

1

2

3

4

5

IL-1a

pg
/m

l

0 Gy
0.82 Gy



Human Neurovascular Responses to 
Simulated Deep Space Radiation
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Next Steps in Neurovascular Model 
Development

Pathway 
Hierarchy

Food
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Reaction

Gene

Side effects
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Disease
Symptoms

Pathway

Cellular 
component

Molecular 
function

Biological process

Compound

Anatomy

Drug repurposing

Payload 
adaptation

Personalized analysis: 
iPSC-derived cells from a 

specific subject
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768 healthy donors
18-75 years old
1:1 male:female

Isolated 
PBMCs

• 56Fe 
• 40Ar 
• 28Si 
• Gamma rays

2 doses

Low-coverage whole 
genome sequencing

Eloise Pariset, Margaux Petay, Sylvain Costes

Human Variability and Genomic 
Associations with Radiation Responses

Baseline, 4h & 24h post irradiation
• Cell death
• Oxidative Stress   • DNA repair

• Exosome quantity and contents

Genomic associations with radiation responses
Biomarkers of response severity
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Human Variability and Genomic 
Associations with Radiation Responses

Low-coverage whole 
genome sequencing

Genomic associations with radiation responses
Biomarkers of response severity
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1:1 male:female



Neuroimmune Responses to Space 
Radiation
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Deep space 
radiation

Other spaceflight 
stressors

Systemic inflammation
Peripheral blood 

biomarkers

Individual variability

Countermeasures

Mechanisms
-Omics

Blood-brain barrier

Neurovascular 
damage

Neuroinflammation
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NASEM Decadal Study: contribute to white papers to shape the 
next decade of space biosciences!



Neuroimmune Responses to Space 
Radiation
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Deep space 
radiation

Other spaceflight 
stressors

Systemic inflammation
Peripheral blood 
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Individual variability

Countermeasures
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-Omics

Blood-brain barrier
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damage
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