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c.                                                                                    d. 

 
e.                                                     f.                                                      g. 

Figure 8: Total radiation dose rate. a. Flight. b. Ascent. c. Cruise. d. Descent. e. For comparison, we show the TEPC 
absorbed dose rate for Holbrook to Memphis as measured by the ARMAS system. f. TEPC for Holbrook to 
Indianapolis. g. TEPC for Houston to Los Angeles, August 2011. 

There is a clear trend line at the beginning and 
at the tail end of the data suggesting that the strength 
and the frequency of particles strikes raise and lowers at 
a time coinciding with the WB-57 aircraft’s ascent and 
descent phases. The maximum dose during those spike 
moments was recorded to be 48 µGy. This can be 
explained by the particles, which strike parallel to the 
surface and track across the length of the instrument. 
This results in the particle leaving a longer trace on the 
sensor than what would be observed if the particle was 
to strike the sensor head-on. 

For comparison, previous studies [3] provide 
evidence of tissue-equivalent proportional encounters 
(TEPC) radiation doses of about 3.29 µSv/h (Figure 8e), 
2.70 µSv/h (Figure 8f) and 1.81 µSv/h (Figure 8g), 
respectively during cruise at about 9.8 km (32,152 feet) 
for various flights in 2011 (Figure 8) using the 
Automated Radiation Measurements For Aerospace 
Safety (ARMAS) system. These radiation dose rates 
translate to total dose equivalent of 5.88 µSv (Figure 8e), 
2.63 µSv (Figure 8f) and 3.96 µSv (Figure 8g), 

respectively, or total absorbed doses of 2.34 µGy, 1.19 
µGv and 2.20 µGv, respectively. 

d) In-Vitro Experiment Visual Inspection 
Given our biological payload consisted of 

sensitive cells, we inspected the cells as soon as we 
were given them back. On a preliminary inspection done 
at the Hangar, the Eppendorf tubes which had been 
cataloged pre-flight (Figure 9a) were laid out. It was 
noticed that 10 of the 32 cell mediums exhibited a 
change in color, which can be attributed to the 
temperature change. The cells which underwent 
temperature alterations were the ones placed in the 
avionics section of the NanoLabs and not directly over 
the heating pad. This can be attributed to the lack of 
heat transfer by convection due to the low density of air 
at the cruising altitude of the WB-57 aircraft. The two 
Eppendorf tubes (top right corner in Figure 9c) placed 
on the outside of the NanoLabs and exposed to the 
outside air temperature had the same indication of 
temperature change.  

 

a.                                             b.                                                c. 

Figure 9: Cells (a) before and (b,c) after the flight after immediately taking them out of the NanoLabs 
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Our goal was to keep the cells at 30 °C (with the 
heating pads) because that is their preferential 
temperature. However, the actual measured 
temperatures ranged from about 21 °C to 26 °C. Given 
the tubes containing the cells were sealed and placed 
on top of the heating pads, it is plausible to assume that 
the actual temperature inside the tubes was about 3 °C 
to 4 °C higher.   

i. Effect of Flight Stressors on the Expression of CD8 
and CD4 Populations 

Exposure to flight led to an increased 
expression of CD8 cells in all conditions for naïve cells 
population with the most robust effect observed in IL-12 
alone or in combination with IL-2 condition (Figure 10a). 

SCNE also led to a profound increase. There was a 
decreased expression in the CD4 population in flown 
cells compared to the ground controls, except for the 
SCNE treatment (Figure 10b). Overall, the CD4/CD8 
ratio was decreased, except for the cells treated with 
SCNE. A similar pattern of CD8 expression was 
observed in activated T cells (Figure 11a). CD4 
expression was decreased in all flight conditions 
compared to control cells (Figure 11b). The difference of 
CD4/CD8 expression between flown and control cells 
was higher in activated cells (Figure 11c) as compared 
to naïve cells. Interestingly, we observed a very 
noticeable increase in CD4 expression in activated T 
cells treated with SCNE (Figure 11c). 

 

Figure 10: Assessment of naïve cells exposure to 60,000 feet flight on (top left) CD8, (top right) CD4, and (bottom) 
CD4/CD8 ratio expression with indicated cell culture conditions. Data represented as means +/SEM.  



 

Figure 11: Assessment of activated T cells exposure to 60,000 feet flight on (top left) CD8, (top right) CD4, and 
(bottom) CD4/CD8 ratio expression with indicated cell culture conditions. Data represented as means +/SEM.  

ii. Flight Stressors Effect on the influence of the Cell 
Cycle  

T cell proliferation is essential for an effective 
adaptive immune response. A key element of 
proliferation is the entry of cells into the cell cycle, by 
transitioning from G1 into the S phase (Figure 12b), a 
complex process that is tightly controlled by the 
expression of cyclins and other enzymatic activities. 
There are several growth factors, known to induce T cell 
proliferation, such as interleukins IL-2 and IL-12. 
Therefore, we sought to determine, whether exposure to 
flight would modulate the cell cycle for T cells and 
whether the addition of cytokines and SCNE would have 
any effect on cell cycle. Usually, naïve cells stay in 
GO/G1 cell cycle phase. However, naïve cells treated 
with cytokines are known to enter other phases of the 
cell cycle [25]. Our data suggest that naïve cells treated 
with cytokines entered S and G2 phases and there was 
a slight difference in ground and flight conditions (Figure 
12 a). Also, exposure to flight altered the cell cycle in T 
cells depending on the T cell culture conditions (Figure 
12b). 
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Figure 12: Cell cycle analysis of T cells exposed to 60,000 feet flight and their corresponded ground controls. Cells 
were harvested, fixed, stained with propidium iodide (PI) and analyzed by flow cytometry. (Top left) indicates % of 
frequency of naïve cells in GO/G1, S, and G2/M phases for each condition. (Top right) shows the diagram of cellular 
processes happening in each cell cycle phase. (Bottom) shows the distribution of activated T cells.   

iii. Flight Stressors and T Cell Proliferation Data  
We next assessed cell proliferation capabilities 

(Figure 13). We counted flown and ground cells post-
flight. Our data indicate that adding IL-2 and IL-12 
cytokines into T cell cultures leads to an enhanced T cell 
proliferation. We saw an uncommon decrease in cell 
numbers in activated ground T cells cultured in IL-2 and 
an increase in IL-12 (Figure 13 b). Thus, an increase in 
naïve ground cells cultured in SCNE (Figure 13 a). 
Except for the conditions mentioned above, there was 
not a profound difference in the ground and flown cell 
viability. 
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Figure 13: Assessment of (a) naïve and (b) activated T cells viability by staining cells with the trypan blue dye 

iv. Effect of Flight Stressors on the T cell Activation 
Marker CD25 

We next looked at the activation marker CD25. T 
cell activation is associated with the early synthesis of 
IL-2 and up regulation of IL-2 Receptor (R) CD25. 
Because CD25 expression requires T cell activation, IL-
2R expression on resting naive T cells is limited to the 
low-affinity βγ IL-2R. Recent findings [11] indicated 

thought that IL-2Rβγ on naive CD8 T cells is functional 
and allows the cells to respond vigorously to moderate 
concentrations of IL-2 as manifested by proliferation and 
differentiation into effect or cells, both in vitro and in vivo. 
Our data on T cells show the increased expression of 
CD25 in all flight conditions compared to ground 
controls (Figure 14a). A similar pattern of expression 
was observed in naïve cells too (Figure 14b). 

 

Figure 14: Assessment of CD25 expression on (left) activated T cells and (right) naïve cells for the                  
indicated conditions. Data represented as means ± SEM 
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v. Exposure to Flight Stressors Alters the Expression 
of Multiple Cytokines Detected from T Cell Culture 
Supernatants 

T cells are usually classified by the expression 
of glycol proteins and by the ability to produce cytokines 
within specific groups, such as Th1- or Th2-. Therefore, 
we assessed an array of different pro- and anti-
inflammatory cytokines released to the cells' culture 
media of flown cells and their ground controls. Given IL-
2 stimulated cells are unable to produce IFN-γ, we did 
see its expression in IL-2 conditions (Figure 15a). 
However, our data indicate that IFNγ expression was 
elevated in both naïve and activated T cells across all IL-

12 culture conditions compared to ground controls. 
Supplementing IL-2 with IL-12 also led to strong 
induction of IFN-γ expression. TNFα expression was 
decreased in all naïve cell conditions in almost all flight 
conditions, except for the IL-12 condition (Figure 15b). 
The up-regulation of TNFα by IL-12 has been reported 
before [17]. IL-2 expression was elevated in nearly all 
activated T cell conditions, except for the IL-2/IL-12, 
whereas in naïve cells IL-2 was decreased except for the 
IL-12 and SCNE conditions (Figure 15c). As expected, 
IL-12 expression was elevated in IL-12 conditions 
(Figure 15d). 

 

Figure 15: Th1 type cytokines expression on naïve and activated cells including (top left) IFNɣ, (top right) TNFα, 
(bottom left) IL-2, and (bottom right) IL-12 (p70). Expression of cytokines is displayed as the Fluorescence Intensity 
(FI). Data represented as means +/SEM.  

The pro-inflammatory cytokine IL-6 expression 
was elevated in all flight conditions for both naïve and 
activated cells except for SCNE in naïve cells (Figure 
16a). The colony-stimulating factor (G-CSF) was 
elevated in most flown cell conditions, apart from naïve 
cells not cultured with any cytokines and SCNE as well 
as T cells either cultured with IL-2 alone or in 
combination with IL-12 (Figure 16b). IL-5 expression was 
elevated in all flight conditions for T cells (Figure 16c) 
and it was the opposite effect in leukemia inhibitory 
factor (LIF) expression (Figure 16d).Next, we looked at 

the expression of IL-3, IL-4, IL-5, and IL-17 (Figures 
17a,b,c,d). We saw mostly elevated expression in all of 
them in flown conditions, except for the IL-3 and IL-17 
expression in cells cultured in IL-2 and SCNE for the 
latter.  
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Figure 16: Cytokines expression on naïve and activated cells including (top left) IL-6, (top right) G-CSF,                   

(bottom left) IL-10, and (bottom right) LIF. Data represented as means +/SEM 
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Figure 17: Cytokines expression on naïve and activated cells including (top left) IL-3, (top right) IL-4,                       
(bottom left) IL-5, and (bottom right) IL-17. Data represented as means +/SEM 

Our data show that exposure to flight leads to 
decreased expression of recombinant human 
macrophage inflammatory protein MIP-1α (Figure 18a) 
but decreased expression of MIP-1β (Figure 18b) in 
naïve cells in most conditions. Also, decreased 
expression of MIP-2 (Figure 18c), and RANTES (Figure 
18d), except for the IL-12 condition. 
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Figure 18: Cytokines expression on naïve and activated cells including (top left) MIP-1α, (top right) MIP-1β,               
(bottom left) MIP-2, and (bottom right) RANTES. Data represented as means +/SEM 

Finally, our data show the decreased 
expression of chemokine IP-10 in naïve cells, except for 
the IL-12 condition (Figure 19a). An opposite trend was 
observed in neutrophil chemokine (KC) expression 
(Figure 19b). The expression of monokine induced by 
interferon-gamma (MIG) was decreased in all naïve cell 
conditions (Figure 19c) and similar pattern observed in 
vascular endothelial growth factor (VEGF) expression 
(Figure 19d), except in activated T cells treated with IL-
12. Our data highlight the differences in the responses 
of different cell culture conditions to exposure of flight 
stressors, including cosmic radiation. 
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Figure 19: Cytokines expression on naïve and activated cells including (top left) IP-10, (top right) KC,               
(bottom left) MIG, and (bottom right) VEGF. Data represented as means +/SEM 

Table 1: Statistical Analyses on Naïve and T Cells expressed as Mean ± SEM 

Naïve Cells and T Cells vs. Ground Samples. Value as Mean ± SEM. 
Expression Control IL-2 IL-12 IL-2/IL-12 SCNE 

Percentage % Naïve Cells Flight vs. Ground 
CD8 43.8 ± 3.8 45.3 ± 2.6 52.2 ± 3.8 45.4 ± 7.1 43.8 ± 3.8 
CD4 38.0 ± 32.4 36.1 ± 5.6 39.7 ± 5.0 36.5 ± 2.9 32.1 ± 23.1 

CD25 7.4 ± 2.3 7.4 ± 1.0 9.4 ± 1.0 7.9 ± 1.9 7.6 ± 0.8 
Fluorescence Intensity Naïve Cells Flight vs. Ground 

IFN-ϒ 387.0 ± 15.5 1040.6 ± 87.9 11395.1 ± 3023.1 29556.4 ± 7.9 
2254.3 ± 

1200.0 
IL-6 142.3 ± 2.3 372.4 ± 74.9 492.1 ± 34.6 1279.9 ± 64.4 222.3 ± 21.8 
Il-17 150.4 ± 5.4 426.9 ± 22.1 284.3 ± 18.8 575.3 ± 16.3 234.0 ± 20.0 

Percentage % T Cells Flight vs. Ground 
CD8 66.3 ± 3.9 63.4 ± 3.7 67.4 ± 1.1 65.0 ± 2.2 58.0 ± 6.1 
CD4 60.5 ± 10.9 61.3 ± 8.7 63.2 ± 10.1 64.0 ± 8.9 64.0 ± 7.8 

CD25 30.8 ± 0.5 30.9 ± 2.7 32.7 ± 1.4 34.6 ± 1.1 32.5 ± 3.6 
Fluorescence Intensity T Cells Flight vs. Ground 

IFN-ϒ 1060.8 ± 16.3 992.5 ± 4.0 21385.3 ± 2315.3 15794.6 ± 1077.9 1475.3 ± 25.8 
IL-6 270.6 ± 128.4 154.0 ± 40.5 259.8 ± 80.5 162.1 ± 17.4 113.4 ± 19.9 
Il-17 1339.0 ± 35.5 1196.6 ± 21.4 1624.5 ± 146.0 1509.5 ± 42.0 963.4 ± 23.1 

IV. Discussion 

This multidisciplinary research project was a 
collaborative effort across different disciplines and 

universitiesnation wide to enhance students' experience 
in STEM and to obtain valuable technological and 
scientific data. Several space agencies including ESA, 
NASA, and the Chinese space agency, as well as 
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private sectors such as Space X and Blue Origin are 
pursuing human activities in deep space. Space X is 
currently building several spaceports in Brownsville, 
Texas. Therefore, the technology tested in our payloads 
(e.g.  ADS-B) can enhance the understanding of current 
and probable future operational procedures of 
spaceflight operations in the Gulf of Mexico region and 
to improve surveillance over the region. Understanding 
suborbital requirements, procedures, and ADS-B 
performance are critical to better assess prospective 
point-to-point suborbital flights [2]. This was a valuable 
opportunity to observe the WB-57, due a high-altitude 
performance aircraft, which flies at high speeds (756 km 
per hour or about 0.6 Mach) and is of interest in testing 
the functionality of ADS-B technologies during these 
analog suborbital trajectories. The Sky Guard TWX 
Vision-Pro Plus kit was the ADS-B used for this 
experiment.  

Numerous challenges are facing space industry 
today. Exposure to radiation is one of the main concerns 
about space travel [20, 21]. Short-term radiation effects 
can be originated from intense solar energetic particles 
(SEPs) which could induce acute radiation syndrome 
(ARS) or sickness, poisoning or toxicity if the body is 
exposed to high radiation doses at the Gy level [20]. We 
suggest conducting further research and expose these 
cells to space environment during various solar activities 
to further assess the effects of radiation on the immune 
system since varying radiation intensities may derive 
from different solar cycles.  

There were some previously reported studies 
examining the effect of radiation on the T cells. For 
example, previous research [5] used the T cells derived 
from the same strain of mice as ours  which were 
exposed to-low-dose/low-dose-rate (LDR) (57) Co γ-
rays (0.01 Gy, 0.03 cGy/h), with and without acute 2 Gy 
proton (1 Gy/min) or γ-ray (0.9 Gy/min) irradiation; 
analyses of which were done on days 21 and 56 post-
exposure. Our results are consistent with reported 
literature which showed the significant increase in CD4 
expression in human T cells of HIV patients treated with 
neem tree derived extract [13]. Previous studies [14] 
investigating the effect of radiation on lymphocytes 
reported CD4 population being more sensitive to 
radiation than CD8 which is in alignment with our 
findings. Also, some reports [15] suggested that CD8 
population might be resistant to radiation of lower 
doses, but very sensitive to 2 Gy. However, most past 
studies were conducted using whole animal radiation 
exposure, therefore the comparison of our results with 
previous studies might be not comparable. Thus, our 
data suggest that adding IL-12 to naïve cell cultures 
leads to a higher expression of CD8, whereas adding 
SCNE leads to a higher expression of both CD8 and 
CD4 in flight but not in ground conditions.   

We also saw an increased expression of CD25 
which is in alignment with the previous report [16] 

showing the increased expression of CD25 in irradiated 
mice using a much higher dose of radiation than in our 
recordings, but from the same strain mouse as ours. 
The difference between ground and flight conditions 
were more evident in naïve cells. 

Finally, we looked at the expression of many 
cytokines released in the supernatants of T cells. T cells' 
ability to release cytokines plays a critical role in their 
functional activity, as it determines the nature and the 
outcome of the immune response. Thus, their ability to 
produce multiple cytokines has been associated with 
beneficial immune responses. Previous studies [19] 
have shown that exposure to high-LET iron ion radiation 
on immune T cells induces pathological changes –
relevant to assess the long-term potential effects on 
astronauts that may experience during their long 
exploratory missions in space. The expression of most 
cytokines was shown to decrease after low doses of 
radiation and to increase after high doses. For example, 
IL-6 was reported to react at early times and IL-10 at 
later times, whereas IL-5 levels were consistently 
elevated indicating the differences in the responses to a 
low and high dose of radiation [15]. Our data show very 
high levels of IL-5 in all flight conditions. 

It is important to note that most other previous 
studies used the whole-body radiation exposure on the 
immune cells in mice, therefore comparing our study 
findings with past studies might be complicated. In our 
study, we report differences in T cell subpopulations, 
cell cycle alterations, and cytokine release possibilities 
in flown cells compared to ground controls. Although 
unlikely, but these changes might have been also 
influenced by the temperature changes as we saw color 
changes in the cells. Also, we were surprised to see the 
decreased expression of cells in ground cells cultured in 
IL-2. This could be due to the technical error or due to 
the different temperature the cells were exposed at the 
NASA Hangar. Our previous feasibility studies [26] 
conducted by exposing cells to different temperatures 
revealed that cells are capable to survive and proliferate 
at the temperatures experienced during this flight. 
Finally, we got insights into the effect of neem tree 
extract on naïve and activated T cells' behavior. Given 
the beneficial properties of this extract [18], further 
research is needed to elucidate its mechanism of action.

 

V.
 

Conclusions
 

Space travel induces numerous health hazards 
and technical challenges. In this study, we designed 
and tested the various technologies to maximize 
scientific findings. Our results indicate that the maximum 
dose of radiation was 48 µGy with ten instances of high 
radiation dose above 15 µGy/hr during the cruise, 
totaling about 9.5 µGy during the cruise, and radiation 
doses of about 1.2 µGy and 0.8 µGy during ascent and 
descent, respectively. These radiation doses are about 
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six times, sixteen, and five times larger than the radiation 
dosed experienced by the ground control samples. This 
radiation data was accurately measured by NASA's 
Timepix instrument. Thus, we obtained valuable 
scientific data on naïve and activated murine T cells 
exposed to the 60,000 feet flight and cosmic radiation. 
Our findings demonstrate that flown cells showed fewer 
CD4 positive cells, but an increased number of CD8 
cells. Herein, we observed a beneficial outcome of 
adding cytokines IL-2 and IL-12 to the T cell cultures. 
This finding presents a simple strategy to enhance T 
cells' behavior in future studies.  

T cells exposed to this flight environment 
expressed slightly higher than ground samples for CD8, 
but these flight T cells expressed approximately 20% 
less than the ground samples for every single condition 
when using CD4. However, naive cells showed a 
significant yield for both CD 4 and CD8. For CD4, when 
naïve cells were manipulated with SCNE or IL-2/IL-12 
combined, flight samples showed much higher 
expression (near 90% higher for SCNE and near 25 % 
higher for IL-2/IL-12). For CD8, when naïve cells 
manipulated with SCNE, yield expression was about 
85% higher than for ground cells, and it was nearly 10% 
lower for every other condition. As for CD25, a larger % 
expression is observed in the T cells versus the naïve 
cells, but relative % expression seems to be larger for 
the naïve cells.  

Looking at the fluorescence intensity (FI), we 
observed that it is significantly larger for naïve cells, both 
flight, and ground than for T cells, especially for IL-6, G-
CSF, IP-10, KC, MIG and VEGF, MIP-1α, MIP-2, and 
RANTES expressions when using IL-2 and IL-12 
combined. Another important observation is that T cells, 
both flight, and ground, are significantly higher for IL-3, 
IL-4, IL-5, and IL-17 expressions for every single 
condition (no cytokine, IL-2, IL-12, IL-2/IL-12, and 
SCNE).  

Our research findings indicate that the various 
levels of radiation doses may have had a significant 
impact on the cells, since cellular alterations of both 
flight naïve and activated T cells were noted. These cells 
received about six and five times more radiation levels 
than the ground controls during ascent and descent, 
respectively, and over 16 times more during the cruise. 
Temperature variations may have contributed to the 
cellular alterations, these variations were maintained 
within ± 6 °C to 7 °C of the desired 30 °C during the 
cruise for cells.  Temperature variations during ascent 
and descent were within a few °C for approximately 40 
minutes of flight for each segment. The temperature 
variation when the cells landed at Ellington Field airport, 
was between 17 °C to 18 °C, at that time, the AOD team 
was unloading our payload inside the hangar. These 
small temperature variations may have been associated 
with the fact that the payload had already been 
unpowered from the aircraft but because payload was 

inside the hangar, the temperature was relatively 
constant at about 14 °C to 15 °C inside the hangar. 
Temperature variations may have contributed to the 
cellular alterations, although the variation of temperature 
was relatively small. Although the active thermal system 
was proved to provide good temperature stability, 
especially during the cruise, our team will further work 
on refining the thermal system to increase its reliability to 
narrow down the temperature stability range within ± 2 
°C for the entire flight.   

As we embark for long-term human space 
exploration, it is critical to gain a better understanding of 
radiation effect on immune cells and other body 
systems. The results obtained from this study will be 
valuable for the development of further payloads against 
the damage of space induced radiation.  
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