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Foundation Surface Habitat Expanded habitation capability

Gateway augmented and Habitable Mobility Platform  added to Gateway to enable Mars mission
e Expanding the range with international habitat ~ delivered to complete Mars mission dress rehearsal dress rehearsal with
?’” of surface exploration for increased capabilities -~ Artemis Base Camp at the Moon longer in-space
‘ and ISRU demonstrations ‘ D ‘ o ' , and surface durations

Testing landing and
ascent capabilities

Foundatlonal e

SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFACE EXPLORATION

MULTIPLE SCIENCE AND CARGO PAYLOADS | INTERNATIONAL PARTNERSHIP OPPORTUNITIES | TECHNOLOGY AND OPERATIONS DEMONSTRATIONS FOR MARS
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lonizing Radiation Exposure In Space

Annual GCR at sea level

US annual average
Abdominal CT scan

DOE rad. worker annual limit

6 months on ISS
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180 day transit to Mars
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500 days on Mars

Cancer, cardiovascular/immune/tissue degeneration, CNS risk



Central Nervous System Responses to
Simulated Deep Space Radiation

Neuronal damage
Neuroinflammation
In humans? >. Cognitive deficits

Mechanisms?

Blood-brain barrier?

Inflammation in the
rest of the body




Blood-Brain Barrier

Astrocytes

Blood: immune cells, cytokines, etc.

Adapted from: Rhea & Banks, Front Neurosci 2019



High-throughput 3D Human
b Neurovascular Model: OrganoPlates

2-lane plate setup
Endothelial cells

Astrocytes

3-lane plate setup

| ] | Endothelial cells
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Mimetas OrganoPlate(™)

Astrocytes
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OrganoPlates
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Sherina Malkani, Alejandra Lopez Macha 11




Quantifying Responses to lonizing
Radiation

Relative fluorescence of dye in

Full view of a 2-lane chip extracellular matrix channel / lumen channel

DAPI nuclear stain

R e N e..o(\' LN
AN N e v i

Extracellular matrix

Non-leaky barrier Leaky barrier

* Blood-brain barrier permeability and morphology
« Cellular damage
« Oxidative stress and cytokine production
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Simulated Deep Space Radiation
Increases Blood-Brain Barrier Permeability

Area under curve, endothelial cells +/- astrocytes,
155kDa dextran

] Endo 0 Gy
Endo 0.3 Gy
] Endo 0.82 Gy

B Endo + Astro 0 Gy
Endo + Astro 0.3 Gy
Il Endo + Astro 0.82 Gy

...but only when
astrocytes are
present!

Sherina Malkani
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Secreted 8-oxo-dG, ng/ml, 72h

Endo + Astro

Simulated Deep Space Radiation
Increases Oxidative Stress

] Endo 0 Gy
Endo 0.3 Gy
] Endo 0.82 Gy

B Endo + Astro 0 Gy
Endo + Astro 0.3 Gy
Il Endo + Astro 0.82 Gy

...especially
when astrocytes
are present!
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,f;/\\ySimulated Deep Space Radiation Changes

IL-1Ra, in astrocytes

Endo Endo + Astro 0Gy 0.3Gy 0.82Gy

...especially
when astrocytes
are present!

Endo Endo + Astro 15



Human Neurovascular Responses to
Simulated Deep Space Radiation

KAN 600MeV/n %6Fe

Oxidative ) -
stress 3
Astrocyte

IL-1RA
inhibition
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Next Steps in Neurovascular Model
Development

Personalized analysis: ; B .
iPSC-derived cells from a » - |

specific subject ~ .

L
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Payload
adaptation

Drug repurposing
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Human Variability and Genomic
Associations with Radiation Responses

@ 2 doses

IIIIIIIIIIIIIIII*

- %Fe
- 40Ar

Isolated . 28Gj
768 healthy donors |
18-75 years old PBMCs - Gamma rays

1:1 male:female

Baseline, 4h & 24h post irradiation

Low-coverage whole f} - Cell death . |
genome sequencing ® . Oxidative Stress “ZSZNO0N « DNA repair

« Exosome quantity and contents

Genomic associations with radiation responses
Biomarkers of response severity

Eloise Pariset, Margaux Petay, Sylvain Costes



Human Variability and Genomic
Associations with Radiation Responses

Radiation
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E3 Ar
E3 Si
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18-72 years old
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Low-coverage whole
genome sequencing
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Genomic associations with radiation responses
Biomarkers of response severity

Eloise Pariset, Margaux Petay, Sylvain Costes



§ Neuroimmune Responses to Space
Radiation

Neurovascular
damage
Individual variability Neuroinflammation

Mechanisms
-Omics

Deep space
radiation
Other spaceflight
stressors

Systemic inflammation
Peripheral blood
biomarkers
Countermeasures
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TRISH Announcement
- é - A Soliciting Postdoctoral Fellowship
‘£ ‘ , & : Applications
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POSTDOCTORAL PROGRAM \
Administered by USRA

SPACE HEALTH

Committee on Biological and Physical Sciences in Space

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