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Overview

* During the Apollo moon missions, there were consistent |FNSSTSVHIS—..
reports of lunar dust exposure leading to upper Visible Adherence
. . of Lunar Dust :
respiratory symptoms in both astronauts and ground
support personnel

* Crew members and landing vehicles will inevitably be
exposed to lunar dust in future lunar missions and the Y .
hazards associated with this are essentially unknown. Gene ceman-<Afolo 17 varson s~ aolgfi

* The goal of this study is to determine, in a simple cell
culture experiment, if lunar dust has the capacity to
serve as an allergen, an adjuvant, or a cellular toxin.
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Methods

e Co-cultures
 PBMCs
*  Whole blood
e Eosinophil cell line
e Basophil cell line

e Stimulation
* Staphylococcus enterotoxin B
* Der pl-common household dust
mite
* Fine ground silica quartz
e Lunar dust

* Qutcomes
* Flow cytometry
e Milliplex
 ELISA
e Cell proliferation
* Microscopy
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Flow Cytometry Data

Cellular identification and activation markers
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Activated T cells

T and B Cells

* SEB and CD3/CD28 significantly
activate T and B cells compared to
untreated in WB and PBMC
cultures
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Monocytes

Activated Monocytes

* No significant findings in

monocyte activation in o _ m Untreated
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Eosinophils and Basophils

* No significant findings in activation
of eosinophils or basophils
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Activated EOL-1 Eosinophil Cells

Cell Lines -

* Silica and lunar dust treatment g
significantly induce eosinophil 3 1]
activation in the single cell line o
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Cytokine Data

13 plex array

2024 Human Research Program

Audrie Colorado| audrie.a.colorado@nasa.gov Investigators’ Workshop




150 *
—_ *kk
E
S, 100+
=
'8
(]
Q 50
=
o
oL -
> £

1500

IL-2 (pg/mL)

1000+
500
[ e

X

15000
*
£ 10000
D
2
z
£ 5000
0 T I 1 I
o & N X
S L F L
RS
9 &
o 3
* %
o kokkk
200 prrx
—~ 150+
.|
E
2100
¥
-
= 50+
0-
& D N2
R AP
OSES
o &
o i

Human whole blood cultures

*oRk K
10009 %%
800
-
E
) 600 -
2
© 400
2
200
0=— T ii T
S D D2 S
Y R
% $§° P q}déb
4 O
1500
*kk
)
£ 1000+
=)
2
i
L 500
[
0_
S P S &
o "o'b\oo o?} é\\\é§
Q
& 5

25  **
250 Lx
3 204
E 2004
2 15- =
> = 150
~ 2
Q. 10 —
o © 100
= 5 2
50
0- 0
S R N o2 T LS —
& oo‘b BN > LR P> PE
o & P A S
oy R o 9 &
A" 00 \9
2000 * 150- .
— 1500 —- =
-
E g100-
21000 2
g T s0
= 500+ =
0-! 0
N SN > ® ~
(&) 603\00 o@‘ 6\\\ 1}‘6\) 0\'.\ %Q/@DQW Q(Q '\i\o boe
& & & &
. o) S

* %k

2000+
~ 1500
E
(=]
£ 1000
Q.
T
= 500
0 1 1 1
> > N X
cﬁ»é§9 ¥ R §§°e§b
AT F 9 &
QO &
d S
*
300009 *
1
T "
E 20000
o
Z
-
' 10000
0-
> B N X
F LS LT
A9 D &
Q &
S S




— . .;- R

Eosinophil Cell Line Basophil Cell Line
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ELISA Data

Histamine, IgE, Leukotriene
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Whole Blood Eosinophil cell line Basophil cell line
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Microscopy Images

ESEM analysis of cell-lunar dust interactions
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Lunar Dust — Particle Size Distribution

ESEM Imaging of LD Particle Id For Size Distribution

Section Area(um2) Width(um] Height{um)

1 3.19E+00 1.61E+00 2.48E+00
2 2.16E+01 6.33E+00 5.46E+00
3 1.96E+01 4.09E+00 6.45E+00
4 1LI3E+01 3.47E+00 A.71E+00
5 3. 26E+00 1.99E+00 2.73E+00
6 5. 40E+H00 2.85E+00 2.85E+00
! 2.40E+01 6.08E+00 5.33E+00
8 6.03E+01 B.56E+00 1.04E+01
9 1.20E+01 4.59E+00 3.72E+00
10 3.96E+H00 2.73E+00 1.86E+00
11 3.23E-01 JA4E-01 4.96E-01
12 1.00E+D1 3.35E+00 4.22E+00
13 1.24E+01 4 47E+00 3.97E+00
14 7.80E+00 4.22E+00 A.08E+00
15 1.35E+01 4.96E+00 4.34E+00
16 3. 79E+01 7.32E+00 6.95E+00
17 1.16E+01 3.72E+00 4.47E+00
18 1. 15E+01 4.22E+00 3.85E+00

HW det WD HFW mag = . 100 pm
10.00 KV GAD 10.1 mm 254 um 500 x Immune Cells - Lunar Dust

Size distribution of lunar dust sample used in co-culture of Immune cells. Size distribution range from surface area 0.323 pm?
with a width of 0.744 um and height of 0.709 um, up to a surface area of 60.3 pm? with a width of 8.56 pm and height of
10.4 um. This depicts the large variability in the size distribution of the Lunar dust samples used for this study.



ESEM Imaging of LD In Cell Co-culture Sample Particle Id For Size Distribution

HY det WD HFW mag . 100 pm
10.00 kV GAD 9.7 mm 181 pm 700 x Immune Cells - Lunar Dust

Section Area[pmz} Width (um) Height (pm)

Size distribution of lunar dust particle that was in immune cell co-culture of 1 1836402 | 2.066+01 | 1.686+01

. . . 2 9.93E+00 4.52E+00 3.46E+00
confirmed cellular uptake. The large particle size had a surface area of 5760 pm om0 | 3emor | 529000

with a width of 75.8 um and height of 111 pum. Particles of smaller size 5766403 | 7.58E+01 | 1.11€+02

1.56E+00 1.42E+00 1.42E+00

distributions also present with the smallest particle size having a surface area of
4.72E-01 7.09E-01 7.0%E-01

0.472 um? with a width and length of 0.709 um. This depicts the large variability 376400 | 1.86E+00 | 2.48E+00

0O | ~J | | LN | | LD

8.27E-01 1.15E+00 1.06E+00

in the size distribution of the Lunar dust samples used for this study.




Lunar Dust PBMC Ingested Particle

HV det WD HFW |mag ¢ —— 10 um
10.00 kV GAD 10.0 mm 25.4 pm 5 000 x Immune Cells - Lunar Dust




Conclusions

* Lunar dust does not significantly impact activation of eosinophils,
basophils, T cells, B cells, or monocytes

 Lunar did not increase lymphocyte proliferation (data not shown)
e Silica and lunar dust increased activation of eosinophils cell line
* Lunar dust increases leukotrienes and histamine in both cell lines

* The lack of response seen in primary cell cultures indicates a low risk
for allergenicity of lunar dust
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