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How will lunar dust 
simulants effect the 
motility and cellular 

composition of 
engineered human 
airway organoid 

models?



• Unknown effects of space flight stressors limit human space travel

• Generally, space flight stressors result in lung capacity deficiencies 

• Lunar dust is a major hazard for lunar missions, yet little is known 
about its specific effects on the human respiratory system

• Critical insight on risk of chronic lunar dust exposure to the human 
airway

• Mitigation strategies for astronauts on lunar missions
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Motivations

https://singularityhub.com/2017/11/27/how-will-humans-colonize-space-in-the-years-ahead/
https://creativecommons.org/licenses/by-nd/3.0/


Background 
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Two main units of the lung: 
     (i) The airway zone
     (ii) The respiratory zone

Interior pseudostratified 
columnar epithelium: 
characterized by multi-
ciliated cells, goblet cells, 
and basal stem cells



Background – Airway Organoids
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• Spheroids formed from human airway 
basal stem cells

• Conventional airway organoids have an 
apical-in epithelial polarity

• Unable to expose to external 
environment

• Build-up of cellular debris within 
organoid



Background – Apical-out Airway Organoids 

• Differentiated ciliated cells are on the 
exterior of the organoid

• Mimics the native human airway 
epithelium more accurately 

• Engineered by culturing in an ECM-
deprived culture 

• Allows for access to apical surface
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Background – Lunar Dust Simulants 

Mimic chemical and mineral 
composition of true lunar dust
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Background – LMS-1
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• Formulated by Exolith Labs
• Particle size ranges from <0.4um – 
1000um
•Mimics the lunar maria compared to the 
lunar highlands



Background – JSC-1A
• Formulated by Johnson Space Center in 
the 1990s 
• Particle size ranges from <20um – 5mm
• Primarily glass-rich basaltic ash – 
Flagstaff, AZ
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Methods



20X Size Comparison 
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Original Image            Binary Image        Outline 

100 µm
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20X Size Comparison 

Organoid size 
comparison –
combined & 
standardized 

to control



2D Locomotion Tracking 
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2D Locomotion Tracking 
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Organoid velocity 
comparison – 
combined & 

standardized to 
control



Cellular Composition – Confocal 
Microscopy

• Markers: Acetylated-Alpha-Tubulin, DAPI, MUC5AC
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Acetylated-Alpha-Tubulin
DAPI
MUC5AC

LMS1             CTRL          JSC1A

• % of pixels with positive presence of MUC5AC

100 µm



Cellular Composition - 
Confocal Microscopy
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MUC5AC(+) area 
comparison– 
combined & 

standardized to 
control



Future Directions 
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• Lunar simulants + radiation 

• Reactivation of lunar dust simulants via grinding 
and UV exposure

• Nanophase Fe0 

   embedded silica-rich 
   glass 

(Loftus et al., 2010)
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