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How will lunar dust
simulants effect the
motility and cellular
composition of
engineered human
airway organoid
models?



< Motivations

} * Unknown effects of space flight stressors limit human space travel
& * Generally, space flight stressors result in lung capacity deficiencies
, .N'ﬂ‘\'
; * Lunar dust is a magor hazard for lunar missions, yet little is known
§ Sy | about its specific etfects 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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https://singularityhub.com/2017/11/27/how-will-humans-colonize-space-in-the-years-ahead/
https://creativecommons.org/licenses/by-nd/3.0/

§ Background

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

Interior pseudostratified e Q 8'Nae (o)
columnar epithelium: Sasement Membrane
characterized by multi-
ciliated cells, goblet cells,
and basal stem cells

basal stem cell ciliated cell goblet cell




Background - Airway Organoids

* 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



é 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




Mimic chemical and mineral
composition of true lunar dust



Mineralogy

Bulk Chemistry

Relative abundances.
Measured by XRF.

Background - LMS-1

As mixed.

* Formulated by Exolith Labs

* Particle size ranges from <0.4um -
1000um

* Mimics the lunar maria compared to the
lunar highlands

Component

Pyroxene

Glass-rich
basalt

Anorthosite
Olivine

limenite

Safety

Wt.%
32.8
32.0

19.8
11.1
4.3

See SDS for details.
Primary hazard is dust
inhalation; wear a
respirator in dusty

conditions.

Oxide
Sio,
TiO,
AlLO,
FeO
MnO
MgO
CaO
Na,o0
K,O0
P,O,
Lol*

Wt.%
46.9
3.6
124
8.6
0.2
16.8
7.0
1.7
0.7
0.2
0.9

Total™ 99.0
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» Background - JSC-1A

* Formulated by Johnson Space Center in
the 1990s

* Particle size ranges from <20um - 5mm

* Primarily glass-rich basaltic ash -
Flagstatf, AZ

Conc.
Wt %
47.71

1.59

0.82
0.18
0.04
0.66
0.71

Total 99.65

Std. Dev.
Wt %

0.10

0.01

0.03
0.05
0.09
0.03

0.02
0.00
0.00
0.01
0.05




Methods

, Transfer early-stage Take images of Fi d stai ids f
Culture basal stem cells in . d : IX and stain organoids tor . .
differentiation medium in cell repellent orgv\':]enlgisggdﬂleﬂcnt;?tézr;ed mattére.grganfcalds the following markers: Image organoids using
u-bottomed wells (1000 cells/well) and videos tor acetylated-alpha-tubulin, confocal microscopy

simulants tracking analysis MUGCSAC. DAPI




20X Size Comparison

y

Binary Image Outline
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§ 2D Locomotion Tracking
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2D Locomotion Track




Cellular Composition - Confocal
Microscopy

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

LMS1 CTRL

Acetylated-Alpha-Tubulin
DAPI
MUCSAC _,

100 pm

* % of pixels with positive presence of MUC5AC
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Cellular Composition -
Confocal Microscopy
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Future Directions

 [Lunar simulants + radiation

* Reactivation of lunar dust simulants via grinding
and UV exposure

Micrometeorites

w « Nanophase Fe' Solar Wind
| embedded silica-rich :
) , Condensatln

glass

‘-—-—
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