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A Murine Model for Studying the Effects of Prolonged Space Flight on the Cells of the Immune System 

Lisa White 

I. Abstract: 

The anti-orthostatic suspension mouse model is vital to observing changes within the blood over a long 

period of time of microgravity. Blood samples were analyzed by flow cytometry to observe the effects of 

the suspension phenotype and function of the lymphocyte populations over five weeks. After the mice 

were removed from the suspension, blood samples were taken for another two weeks to monitor the 

normalization of the immune system. The concentration of nucleated cells found in the blood dropped 

dramatically during suspension and then rose back to normal after removal from the suspension. The 

phenotypic populations most affected by the suspension model were the T cell and NK cell populations. 

The T to NK cell ratio was greatly affected right after suspension and then again after removal from 

suspension. During the suspension, however, the ratio stayed within the normal range predicted by 

Time 0. There were no significant changes found in the B cell populations nor in the functional data. 

Throughout suspension the ratio of T cell and NK cells adapts to the change in environment, however 

the number of cells available continually drops, possibly leading to the symptoms of 

immunosuppression described by previous research. 
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Introduction: 

The possibility for long-term space travel makes research on the effects of space flight on the 

body more relevant. Previous research has indicated that space flight can affect the populations of and 

expression of certain genes in monocytes, T cells, and natural cytotoxic cells. However, there are 

conflicting results about whether the T cell populations increase or decrease after flight [6]. As the 

current study will show, those results could be an effect of how long the flight lasted and how quickly 

the researchers were able to obtain blood samples for analysis after landing.  

These changes negatively impact the body’s ability to heal, recognize infected or damaged cells, 

and fight against diseases. When presented with antigens CD4+ T helper cells become activated to help 

macrophages and B cells in immune responses. They also activate CD8+ cytotoxic T cells, which induce 

apoptosis in cells that contain viruses or cells that are damaged or potentially cancerous. If either of the 

T cell populations or pathways are negatively affected by microgravity, then the immune system would 

be subject to higher risks of infection or cancer.  

A previous study showed that microgravity increases bacterial virulence and mutation [2]. Both 

of these changes can increase resistance against the human immune system and antibacterial drugs. The 

bacterial changes coupled with the chance of radiation induced “immune dysfunction” and the 

activation of endogenous viruses can make the prospect of space flight daunting even without 

considering the external dangers of space and human engineering [6]. 

The overall hypothesis of this project was that there would be a significant decrease in leukocyte 

concentration as well as a decrease in lymphocyte subpopulations. The model used to replicate 

microgravity on Earth was an anti-orthostatic suspension murine models. Previous research has shown 

that this method accurately reproduces the effects of microgravity on the body of the mouse [3, 4, 5]. 
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The leukocyte populations were measured from murine blood samples each week and either counted or 

used for flow cytometry analysis.  

One portion of the cells were stained with antibodies for phenotypic analysis which included 

markers for antigens characteristic of T cells, B cells, and NK cells. The rest of the cells were used for 

functional analysis after being stimulated.. The antibody stains used for this study included IL-12 Rβ2, 

IFN-γ, IL-4R, IL-5, and STAT6.  

 

Methods: 

The blood from the mice was analyzed each week in the same way described below for eight 

weeks. The first five weeks the mice were kept suspended and at the fifth week, the two suspended 

mice were removed from the apparatus and placed in a regular sized mouse cage. 

Mouse Suspension Technique 

Rat cages were used to suspend the experimental mice while the control mice were kept 

together in one regular mouse cage in the University Animal Care Facilities. A loop pierced in the mouse 

tail was loaded onto a low resistance hook attached to the top of the cage. The height of the hook was 

adjusted until its hindlimbs could not touch the floor of the cage (about 30-45° angle). The mouse was 

suspended by its tail so the hindlimbs do not touch the ground but it is still able to walk on its front legs 

to get to food pellets and water.  

This technique was adapted from the Anti-orthostatic suspension as a model for the effects of 

spaceflight on the immune system [4]. 

Blood Sample Procedure 
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Each week blood samples were taken from the submandibular vein. These samples were roughly 

40- 90 μl in volume.  The red blood cells were lysed using 2 ml ammonium-chloride-potassium (ACK) 

lysis buffer and then placed on ice. 3 ml flow buffer (10% FBS in PBS) was added to the samples and the 

tubes were centrifuged at 800G for 5 minutes and the supernatant discarded. 500 μl PBS was added to 

the pellet and a 10 μl sample of the blood was taken and stained with 10 μl of Turk’s dye to count the 

number of nucleated blood cells left (dilution factor of 2). 2x105 cells from each sample were reserved 

for functional flow cytometry analysis. 

Phenotype Staining 

The cells used for phenotypic staining were washed again with 3 ml of flow buffer and then 

resuspended in 100 μl flow buffer. Mouse Fc block buffer was added to the cell suspensions. 5 minutes 

after adding the block buffer, fluorescent antibodies for the antigens listed in Table 1 were added. The 

samples were left to incubate on ice for 30 minutes. After the incubation period the cells were washed 

with 3 ml of flow buffer again and then fixed with 1% paraformaldehyde in PBS. 

Phenotypic Antibodies - Fluorochromes Functional Antibodies - Fluorochromes 

CD3e – V450 T1 helper cells IL-12 Rβ2 – APC 

CD19 – PerCp- Cy5.5 IFN-γ – CFSE 

CD8a – FITC  T-bet – PerCP 

CD5 – R-PE T2 helper cells IL-4 R – CFSE 

CD28 – PE-Cy7 IL-5 – PE 

KLRG1 – APC  STAT6 – APC  

Table 1. The antibodies used for phenotypic analysis on the left were used to indicate the proportions of different 

leukocyte populations within the blood. The antibodies shown on the right were used to determine whether the 

cytokine producing pathways of the T helper cells were affected (i.e., functional analyses). 
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Functional Staining 

A 48 well tissue culture plate was used for the stimulation of the cells reserved for functional 

staining. The cells reserved from each sample were split and placed into two different wells. One of the 

wells had 50 μl of a stimulation cocktail added and the other half had 50 μl of alpha MEM media as a 

control. Alpha MEM media was added to each of the wells before the cells were plated in order to bring 

the total volume in each of the wells up to 500 μl. The plate was placed in a 37C incubator and left for 20 

hours. 

After the incubation period the cells were put into flow tubes, labeled for Th1 staining and then 

centrifuged. The supernatant was removed and the cells were resuspended in 0.5 ml 

Fixation/Permeabilization Buffer and then incubated at 10C for 30 minutes. The buffer was washed by 

centrifugation and the pellet was resuspended in 200 ml Permeabilization/Wash buffer. Each of the 

tubes were split so 100 ml of each suspension was moved to a separate tube to stain for the Th2 

markers. The cells were stained according to the protocol given by the manufacturer, R&D Systems Inc, 

and then taken to flow cytometer analysis. 

Data Analysis 

The results shown for the suspended mice are normalized against the control mice to account 

for human error. The blue shaded area is the time in which the mice were anti-orthostatically 

suspended. The unshaded region is when the mice were removed from the suspension apparatus. Each 

time point represents one week. The first, t0 being the week when the blood sample was taken right 

before suspension. 

The cell count and T:NK cell ratio was normalized by calculating the average of the control data 

at time 0, called μ0, and then calculating the average for the following weeks’ data points t1-7, called 

μn, n being weeks 1 through 7. The normalizing ratio was found by dividing μ0 by μn. Then the 
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experimental results were multiplied by this ratio to get the normalized results as shown in the following 

equation: 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝐸𝑥𝑝𝑛 =  
μ0

μ𝑛
× 𝐸𝑥𝑝𝑛 , if Expn is the experimental result from week n. 

The graphs in Figures 1 and 2 contain only the data from the two experimental mice because 

they are normalized against the control mice using the equation above.  

The following data, Figures 3-6, were normalized by dividing the data at time point n (n being 

the week of the experiment) by the first time point t0 for each of the samples. Both experimental mice 

and control mice are shown in these figures because they are normalized against their time 0 data 

points. 

 

Results:  

Phenotypic Data 

 

Figure 1 The concentration of nucleated blood cells counted from the control mice per milliliter. The nucleated 

cells were counted using Turks Dye.  
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There was a sharp increase in the nucleated cell count a week after suspension which is 

followed by a rapid decline in nucleated blood cells soon after. Right before the mice were removed 

from the suspension the nucleated count began to stabilize and then, once removed, the counts 

returned to the same level as initially. This pattern was observed in the blood counts even before the 

normalization of the experimental data. 

 

 

Figure 2 The number of events (i.e., cells) indicated by flow cytometry for the CD3 and KLRG1 antigen markers 

representative of T cells and NK cells, respectively. The ratio is the number of events of CD3+ cells divided by the 

number of events of KLRG1+ cells.  

There was a decline in the ratio of T cells to NK cells immediately after the mice were 

suspended, but it then spiked up and steadily adjusted back to the t0 ratio level as though the ratio was 

readjusting back to the original equilibrium or possibly a new equilibrium. This was observed until the 

mice were removed from suspension and the ratio fell back down and then past the original t0 point in 

an attempt to get back to the original equilibrium. 
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Figure 3 The number of CD4+ cells were divided by the number of T cells to produce the percentage of T helper 

cells found in the flow sample. The number of T cells was found by gating the CD3+ cells during flow analysis. 

This graph was compared to the graph in Figure 2 to determine whether the percentage of T 

helper cells affected the T/NK cell ratio. The only point that was similar to Figure 2 was the peak at t2. 

However, that peak was within the normal range from t0 so it can be observed that the number of T 

helper cells did not affect the T/NK cells ratio. 
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Figure 4 The number of CD8+ cells were divided by the number of T cells to produce the percentage of cytotoxic T 

cells found in the sample. The number of total T cells found during flow cytometry analysis was found by gating the 

CD3+ (CD8+ ?) cells. 

This graph was also compared to Figure 2 to determine whether the number of T cytotoxic cells 

affected the T/NK cell ratio. The general pattern for both of the mice follows the pattern from the ratio 

of T/NK cells in that there is a large peak at t3 which could possibly correspond to the peak at t2 in 

Figure 2. However, this peak was also present in the control populations. This means that it was possible 

that the expression of cytotoxic T cells affected the ratio between NK cells and the total number of T 

cells but it is not certain because the control group exhibits the same pattern.  
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Figure 5 The percentage of NK cells was taken by measuring the number of KLRG1+ cells and dividing that number 

by the total number of gated cells that had similar sizes and granularities as lymphocytes.  

To determine whether the pattern shown in this graph resembles that of Figure 2, one must 

note that if the number of NK cells affected the ratio, then it would have a pattern that is inverse of the 

T/NK cell ratio. This is because the number of gated KLRG1+ cells is found in the denominator of the 

calculation. 

As such, the pattern in this figure most closely resembles the inverse of the graph found in 

Figure 2. Though at t1 the mice differ in comparison to t0 in that the percentage of NK cells from 035N 

drops slightly after being suspended, whereas in 036L, it sharply increases. Otherwise, both of the mice 

have similar patterns which resemble the inverse of the T/NK cell ratio which indicates that the changes 

in the ratio could have been mostly due to the change in NK cell populations and not just T cell 

populations. 
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Figure 6 The number of B cells present in the sample was determined by the number of cells positive for CD19. 

 At the beginning of suspension, the experimental mice show a decrease in B cells with one 

occurring until t2 and the other occurring until t4. Exp 1 follows the same pattern as the control mice 

until t2 where it separates but then rejoins after being removed from suspension. Exp 2 has a decrease 

in B cells immediately after suspension but then joins the control mice pattern about halfway through 

suspension. 
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Functional Data 

 

Figure 7 The graphs shown in this figure are not normalized. The average of the two control mice is shown along 

with the two experimental mice listed by ID number. Both graphs show the stimulated sample that was stained 

using the Th1 Multi-Color Flow Cytometry kit. The time points 3, 4, and 6 are missing because of technical 

difficulties with flow analysis. 

 Both of the graphs in this figure show that the changes occurring in the experimental mice do 

not differ greatly from the control mice average. The strongest difference is in the second graph on the 

right at T1. The 036L mouse has an increase in the expression of the IL-12 Rβ2 while the other two mice 

do not have a significant change in expression. In the same graph, the same mouse has a decrease in 

expression while the other two have a slight increase in receptor expression. 
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Discussion: 

 The clearest change that occurred during the anti-orthostatic suspension was the steady 

decrease of nucleated blood cells after the first week of suspension up until the suspension was ended. 

The sharp increase in the nucleated blood cells indicated that there was some kind of shock that 

occurred followed by a decrease in nucleated cell populations. None of the other populations observed 

in this study showed a similar change in population expression. This means that either another non-

lymphocyte population was changing or the overall population of lymphocytes was changing according 

to the pattern shown in Figure 1 (probably due to changes in neutrophils). Individuals exposed to 

microgravity have a risk of osteoporosis-like bone loss which could be a factor in changing the number 

of lymphocytes present in the blood since lymphocyte precursors are found in bone marrow.  That is, 

white blood cell production may have been affected. 

 The drop in the T/NK cell ratio found in Figure 2 on t1 is the opposite of the t1 in Figure 1. This 

either means that the higher number of nucleated cells present in the blood favored natural killer cells 

or expressed less T cells than normal.  

 The sharp changes occurring after suspension in both Figure 1 and Figure 2 indicated that there 

was some kind of shock occurring that causes an imbalance in the model’s immune system. In Figure 1, 

the nucleated population did not return to normal until after the mice were no longer suspended. Figure 

2 shows that over time the balance of T cells and natural killer cells tried to return to normal until the 

mouse was removed from suspension and the balance is once again disrupted. The ratio trying to return 

to normal may be because the system was trying to adapt to the new “environment.”  

 Figure 3-6 were added to determine whether the change in the T/NK cell ratio was due to the 

change in T cells, natural killer cells, or B cells. If the change is caused by one of the T cell populations, 

then the T helper and/or cytotoxic T cell graphs, Figures 3 and 4, respectively would show similar 
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changes to the graph in Figure 2. As explained in the results section, the only graph that followed the 

general pattern from the T/NK ratio was Figure 4, the cytotoxic T cells.  

 When comparing Figure 5 with Figure 2, as noted under Figure 5, the graph needed to show the 

inverse of the pattern found in Figure 2. The inverse pattern was found in Figure 5 which meant that the 

NK cell population did affect the T/NK cell ratio in some way. From this graph and the graph from Figure 

4, we could observe that cytotoxic T cells and NK cells were affected by the anti-orthostatic suspension 

in the first week. The NK cell percentage increased while the cytotoxic T cell percentage decreased by 

week 1. After this change, the two populations adjusted back to a new equilibrium until the mice were 

removed from suspension and then the two changed dramatically once more. 

 Looking at Figures 2, 4, and 5, the results showed that it might be possible for this specific 

immune system ratio to adjust to a certain equilibrium under microgravity. Though even if the ratio 

changed back to normal, the number of leukocytes present in the blood was probably more important. 

The clear drop in nucleated cell population over the course of suspension was worrisome even if the 

ratios of the immune system remained the same.  On the other hand, if the drop in lymphocytes was 

due to an osteoporosis-like symptoms, then regular exercise could see the cell populations stay closer to 

the normal range. 

 The effects of skeletal unloading is very organ dependent. A previous study showed that during 

anti-orthostatic suspension lymph node T cells were less likely to proliferate while the T cells from the 

spleen were more likely to proliferate after stimulation [7]. This could explain why the T cell population 

did not drastically change over the course of the suspension. If one organ decreased in T cell 

proliferation while another continually stimulated T cell proliferation, then the total number of T cells 

found in the blood could only look unaffected. Though, in actuality, the origins of the T cells was 

different from before. 
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 Since we were able to track the immune cell population changes even after the mice were free 

to walk around, we could observe that there is a similar shock effect in the leukocyte populations after 

suspension. This means that previous data taken from astronauts and other immune system models 

taken to space could be affected by the sudden influence of gravity and not because of the lack of it [1, 

6]. Their immune systems could react in one way once they reach space and then equilibrate to it, but 

then once they arrive on Earth their systems could show completely different signs from what was 

occurring while in space. Consequently, future studies may benefit from using the anti-orthostatic 

suspension technique while observing changes in the immune system over time. Since previous research 

has indicated that the changes in microgravity are organ-dependent, those studies could use twice as 

many mice to observe the organ specific changes after being suspended and then after being released 

form suspension [1, 7].  

 The phenotypic data collected for the functional analysis was omitted from the Results section 

because there were no obvious changes observed between the experimental and control mice even 

after normalization. The functional data for the TH2 cell flow cytometry analysis was indecipherable due 

to technical problems while the TH1 data did not show consistent (but unchanging) results between the 

two mice used. 

The issues with inconsistent results could be because the experiment only used two suspended 

mice so data points that were suspected to be outliers could actually be significant changes within one 

of the mice. There was only one other mouse to which to compare these points so it was assumed large 

changes that weren’t seen in both mice were outliers. As seen in Figure 6, both of the suspended mice’s 

B cell populations were unique in their reactions to suspension. One mouse had a delayed reaction to 

the suspension while the other was immediately affected by it, although both mice were affected. This 

finding shows that these results can be highly variable because of the small number of mice used in this 

project.  



17 
 

In conclusion, this project has found that although there was a great change in the phenotypic 

expression during the first week of suspension, the population proportions adjusted over the rest of the 

suspension period. After the mice were removed from suspension, the expression changed slightly and 

then readjusted once more. At first the body is in shock but then it adjusts over time to the new 

environment. Although the adjustment in phenotypic ratios is not indicative of the body being able to 

adapt to the environment. As seen in Figure 1, the number of white blood cells in the body dramatically 

decreased over time during suspension and only returned to normal levels after the mice were no 

longer suspended. This could be because the cells are moving into the lymphatic tissues during 

suspension or because of the decrease in bone mass. Nonetheless, future research will need to be done 

to investigate the cause of the decrease in white blood cells. 
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