


 
In all of the risks proposed for the Immunology, Infection, and Hematology Team, the principal 
focus must be the underlying stem cell damage that produces the immunological deficits that 
create the observed risks (e.g., infections on space flights occur because of underlying immune 
damage).  
  
6.3 GOALS 
The Immunology, Infection and Hematology Team has the following goals for its program: 
 
Risk-Based Goals 
Goal 1: Reduce risk of space flight conditions (isolation, containment, stress, microgravity, and 

radiation) damaging the human bone marrow stem cell and differentiated immune 
cells.  

 Goal 1 covers Risks 1 and 2. 
 
Goal 2: Reduce risk of astronauts developing new and reactivated infections, premature 

immune cell death, and malignancy.   
 Goal 2 covers Risks 3 and 4. 
 
Goal 3: Reduce risk of space flight-induced development of superstrains of microbial 

organisms.   
 Goal 3 covers Risk 5. 
 
Non-Risk-Based Goals 
Goal 4: Develop Earth-based applications of space flight studies to help diagnose and treat 

humans with secondary immunodeficiencies, reactivated viral infections, and 
malignancy. 

 
Goal 5: Integrate research and analysis. 
 
6.4 DESCRIPTION AND EVALUATION OF CURRENT PROGRAM 
The Immunology, Infection, and Hematology Team will seek to reduce the risks defined in 
Section 6.2 above.  The first step in this direction is to firmly establish the molecular and cellular 
consequences of exposure of the human stem cell and differentiated immune cells (peripheral 
blood, tissue, mucosa) to the conditions of space flight.  Knowing the precise damage to the 
human immune system will greatly facilitate the development of a countermeasures program.  A 
recent example of the team’s progress will illustrate this concept.  For 25 years, it has been 
known that humans in space and in the space-equivalent model of the Antarctic winter display 
weak, delayed-type hypersensitivity skin reactions to recall antigens.  This skin test is a very 
crude method of assessing immune system deficiencies.  Our team has greatly advanced 
knowledge of the precise molecular events taking place in the human immune system in 
response to space flight equivalent conditions by determining recently that TH2 CD4+ T-cells 
reduce the output of the proinflammatory cytokine interleukin-10 (IL-10) in humans in the 
Antarctic winter.  We plan also to define the early cellular changes in reactivated viral infections 
and the role of the stress (hypothalamic-pituitary-adrenal axis) system in creating secondary 
immunodeficiency, enhanced infection rates, and development of malignancy.  In addition, we 
will strive to understand the potential for the emergence of superstrains of bacteria, viruses, and 
fungi in irradiated hosts.  With this new information, we will be able to much better plan for an 
effective countermeasures program involving shielding (structural, chemical) for radiation, 
stress-reduction programs, nutritional, pharmacologic and immunologic prevention and 



treatment programs (for example, gene or cell inhibitors, immunizations and antibody, cytokine, 
or stem cell therapy), and a microbiocidal program for prevention of opportunistic infection. 
 
Following the award of the present three-year cycle of grant support that began in September 
2000, the Immunology, Infection, and Hematology Team was reconstituted with six projects that 
possessed a cohesive critical mass of investigators and projects (see Table 6.1).  The principal 
focus of five of the projects is the harm to the human immune system that might result from 
immunosuppressive factors in long-term space flight.  These factors include deep space 
radiation, microgravity, physical and psychological stress, isolation and containment, microbial 
contamination, altered microbial virulence, and sleep deprivation.  All of these factors have 
produced alterations in immune responses of humans and animals flown in space or their 
counterparts using earth-bound space-equivalent models. There is collaboration of investigators 
within a project and between projects.  The leadership of the team (Drs. William T. Shearer, 
Janet S. Butel, and Gerald Sonnenfeld), for example, participate in certain aspects of many of the 
projects (see Table 6.2).  Projects 1-5 deal with uncovering the pathogenic mechanisms of risk 
factors, whereas Project 6 concerns the detection system for pathologic microbes, currently 
bacteria, but in the future viruses and fungi that would cause immunosuppression. 
 
6.4.1 In terms of an overall team selection of priorities for a cohesive research program for 
the risk-based goals, we have decided to focus on two types of immunosuppresive factors—
radiation and microgravity, using: 1) radiation studies and 2) anti-orthostatic model studies, 
respectively.  All of the six projects will support these two team studies.  
 
6.4.1.1.  In the first of these team projects, the co-investigators will include Drs. Shearer, Butel, 
Ling, Conner, Reuben, and Rosenblatt, members of the NSBRI Immunology, Infection and 
Hematology Team from Baylor and Dr. Daila Gridley from Loma Linda University (LLU).  
Selected strains of mice (e.g., BALB/c, C57 black) will be exposed to proton and gamma ray 
radiation and subsequently to murine viruses (e.g., gamma 68, polyomavirus), in an attempt to 
determine the combined effects of space radiation and latent virus infection on the immune 
function of study animals.  This first approach will examine the simultaneous effects of radiation 
and infection and will then be followed by a sequential approach of infection first and radiation 
second, the likely scenario for human space travelers to Mars.  The dose of radiation that will be 
utilized initially (3Gy, the estimate of radiation received by astronauts on a Mars Mission) will 
be that used by Dr. Gridley and her colleagues who have demonstrated rapid and profound 
alterations in immune cells and immune responses in murine subjects.  Replicate and controlled 
experiments will be performed by both the LLU site and the Baylor site to insure that the same 
methods are followed at both sites and that the results of the experiments at Baylor confirm those 
of LLU.  If gamma radiation proves to be equivalent to proton radiation in terms of effects upon 
the immune system (e.g., spleen cell T-cell response to non-specific stimuli and specific antigen 
stimulation; plasma antibody formation to neoantigen; spleen lymphocyte subset distribution), it 
may be possible to avoid transfer of mice between institutions, as Baylor has a source of gamma 
radiation.  

 
In addition to examination of the effects of radiation and latent virus infection on immune cells 
and immune responses, study animals will be evaluated for the development of tumors and blood 
malignancies.  This will be carried out with the assistance of Dr. Cory Brayton, a veterinary 
pathologist at Baylor, who has agreed to collaborate on this project. 
 
Also, Dr. Alan Gewirtz at the University of Pennsylvania has begun collaborative NSBRI studies 
with Dr. Elizabeth Sutherland at the Brookhaven National Laboratory (BNL) with bone marrow-
derived human stem cell lines.  These cell lines were exposed to heavy metal ion (Fe56) radiation 





will be in individual cages, not housed with multiple animals per cage.  All hind-limb suspension 
experiments will commence in the morning between 9 and 11 AM.  Dr. Sonnenfeld has already 
had remarkable success with these procedures in demonstrating an at least two-fold increase in 
death in AOS mice challenged with Klebsiella pneumoniae.   
 
We plan to examine changes in differential gene expression in the immune system using 
commercially available low-density nylon-based gene array technology.  Each blot contains 23 
specific and two housekeeping genes.  Arrays are available that can detect specific sets of genes 
that are grouped based on their association with known signal transduction pathways.  Once 
changes in particular pathways are identified, pathway-specific gene arrays are available to 
elucidate changes in expression of pathway-specific genes.  In addition, arrays are available to 
detect changes in gene expression of mouse cytokines, interleukin receptors, chemokines, 
chemokine receptors, inflammatory cytokines, T-cell activation markers, and B-cell activation 
markers.  The approach is to catalog global changes in the immune system (cell distributions, 
cytokine production, gene expression) utilizing the AOS mouse model, and then to determine 
any additive effects of concomitant virus infection and/or proton irradiation on those patterns.  
This comprehensive approach will provide new insights into mucosal and systemic host immune 
functions.  Additionally, comparison of the results from the animal model and human studies 
should provide directions for future studies. 
 
6.4.2  In planning for the next 5 years of research, it is expected that the immediate research 
efforts will be directed toward uncovering the mechanisms behind the changes already observed 
in immunity due to exposure of subjects to space flight conditions.  An example of this process 
would be the information gained from projects that will examine the effects of protons, gamma 
rays, and heavy metal ions upon mature lymphocytes in the peripheral blood and the pleuripotent 
hematopoietic bone marrow stem cells in irradiated mice.  By carefully adjusting the timing and 
dose of irradiation, it will be possible to determine where the lesions due to radiation occur along 
the primordial stem cell to mature lymphocyte differentiation pathway.  There could be multiple 
hits, indicating that several differentiation steps are affected, or the result could be due primarily 
to stem cell damage early in the differentiation pathway.  Not only would this information be 
important for understanding the pathogenesis of radiation-induced immunosuppression, but it 
would also be important for construction of an effective countermeasures program.  A lethal hit 
to the primordial stem cell would mandate the countermeasure of replacement of stem cells, most 
likely by use of an autologous stem cell transfusion with stem cells harvested prior to space 
flight and preserved from the same radiation damage.  Appropriate repair of immune system 
damage should restore control of reactivated viruses and microbial infections. 
 
In terms of a 5-10 year plan of research, it is estimated that human evaluation of the 
countermeasures of the projects will take place in this phase of NSBRI-supported research.  It is 
most likely that the countermeasures will change during the first five years of research, as basic 
science investigations discover mechanisms unknown at present.  Using irradiation of the human 
bone marrow stem cell development pathway as the example, it will be important to know where 
radiation effects take place.  If the principal radiation damage is to a mature lymphocyte (e.g., 
CD4+ T-cell), there may not be the need for reconstitution with the primordial stem cell, but 
rather treatment with cytokines such as IL-7 and IL-12 that produce maturation of early 
lymphocyte precursors into mature lymphocytes.  Thus, the countermeasures proposed for today 
will yield to the basic scientific discoveries of the first five years of research.  Some 
countermeasures most likely will not change, such as the use of intravenous immunoglobulin 
(IVIG) in immunocompromised space travelers.  IVIG has a half-life of one month and can be 
used repeatedly in patients until a permanent reconstitution of immunoglobulin by B-cells takes 
place.  











 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All of the risk factors affecting cells of the immune system by themselves are known to represent 
risks to earthbound inhabitants.  Solar radiation, for example, is known to cause melanomas of 
the skin, a tumor that is controlled by T-cells.  As humans age, T-cell immunosurveillance 
weakens, and these forms of cancer appear.  Unpublished studies by NASA have already shown 
a 3-fold increased incidence of skin melanomas in astronauts as compared to earthbound NASA 
employees (295 astronauts compared to 909 controls, Longitudinal Study of Astronaut Health, 
Surveillance Epidemiology, and End Results Program).  Another example is that of reactivated 
latent viruses, leading to unregulated growth of B-cells and non-Hodgkin lymphomas.   
 
The role of the team is to scientifically define and quantitate the potential harmful effects of the 
conditions of space travel upon human immune responses and health.  Foremost in our efforts 
will be the constant search for countermeasures to the risks that we define and quantitate.  We 
are not content to merely document the probability that space risk factors exist and are likely to 
create infections and cancer in astronauts.  We want to use the immunological reagents and 
procedures that are already in use for humans with immunodeficiency on Earth for our astronauts 
whose immune responses are jeopardized by the immunosuppressive conditions of space travel.  
We have made progress so far in our team research, and a timeline for the strategic activities for 
each of our Goals is presented in Table 6.3.  For Goal 1 (Table 6.3A), the team is already well 

FIGURE 6.2 
Conditions of long-term spaceflight that may weaken cells of the immune system. 

 

Solar
Radiation

Microgravity
?Microflora

Latent
Viruses

Microflora

Stress
Isolation

Containment
Microbial

Contamination
Sleep Loss

CD16+
CD4+CD34+

Cells of the Immune System

CD8+ CD19+

SUN MARS

EARTH

Sp
ac

es
hi

p

CD56+

 
The voyage to and from the planet Mars is estimated to consume 3 years.  During that time, human space travelers will be 
exposed to stress, microgravity, isolation, containment, sleep disruption, microbial contamination, and solar radiation (up 
to 3 Gy of proton and gamma radiation). All of these conditions are known or suspected causes of immunosuppression, 
which is possibly sufficient to lead to reactivation of latent viral infections and malignancy.  The immune cells that may 
be susceptible to these causes of immunosuppression include the bone marrow stem cell (CD34+), helper T-cell (CD4+), 
cytotoxic T-cell (CD8+), B-cell (CD19+), monocyte-macrophage (CD16+) and natural killer cell (CD56+).  Because of the 
inherent difficulties of assessing these risks in space flight, ground-based models that incorporate some of the conditions 
of long-term space flight offer the best hope of adequately predicting the harm that may occur to the human immune 
system in interplanetary travel.  Taken from Shearer WT, et al. Antibody responses to phiX-174 in human subjects 
exposed to the Antarctic winter-over model of spaceflight. J Allergy Clin Immunol 2001;107:160-164. 



into the Countermeasure Development Phase 1 (Focused Mechanistic Research) and beginning 
to enter Phase 2 research (Preliminary Countermeasure Development Research).  We expect to 
complete Phase 2 research by 2009, but overlapping with development of Phase 3 research 
(Mature Countermeasure Development Research) by 2006-2010.  We anticipate beginning Phase 
4 research (Countermeasure Evaluation and Validation) during 2009-2011 and Phase 5 research 
(Operational Implementation of Countermeasure Strategy) during 2011-2012.  Similarly, with 
Goal 2 (Table 6.3B) and Goal 3 (Table 6.3C), we anticipate a steady and progressive 
development of team research from the present Phase 1 level to Phase 5 level over the next 10 
years. 
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Table 6.1.  Project Research Activities 
 

PI/Project 
Risk(s) 

Addressed 
Countermeasure 

Target 
Experimental 

System 

Phase 1 
Activities: 
Focused 

Mechanistic 
Research 

Phase 2 
Activities: 

Preliminary 
Countermeasure 

Development 
Research 

Phase 3 
Activities: 

Mature 
Countermeasure 

Development 
Research 

BUTEL/Viral Infections and 
Mucosal Immunity 

1-5 Pharmacological 
Agents 

AOS; IR; Humans Detect immune 
damage; Measure 
infection 

Formulate antiviral 
reagents 

 

FOX/Microorganisms in the 
Spacecraft Environment 

3-5 Pharmacological 
Therapy 

Microbes 
 

Develop microbe 
detection system 

Perfect microbe 
detection system 

Flight test  
detection system 

GEWIRTZ/Effect of Deep 
Space Radiation on Human 
Hematopoietic Stem Cells 

1,3,4 Stem Cell Therapy, 
Cancer 
Chemotherapy 

In Vitro Stem 
Cells 

Detect damage to 
stem cells 

Formulate autologous 
stem cell transplant 

Test stem cell 
Transplantation in 
space 

SHEARER/Space Flight 
Immunodeficiency 

1,3,4 Antibody Therapy, 
Stem Cell Therapy 

IR; 
Humans 

Measure apoptosis 
in thymocytes 

Adapt Earth Rx 
strategies 

Perform Rx in space 

SHI/Endogenous Opioid-
Mediated Fas Expression in 
Stress-Induced Lymphocyte 
Apotosis 

1,2,4 Cytokine Therapy AOS, IR Measure HPA in 
AOS, IR 

Formulate drug 
treatment program 

 

SONNENFELD/Suspension, 
the HPA Axis and Resistance 
to Infection 

2-5 Pharmacological 
Therapy 

AOS, IR Determination of 
role of different 
stressors on immune 
response 

Formulate anti-stress 
program 

Test program in 
space 

 
Risks Key: 1) Radiation damage to stem cell and immune system; 2) Microgravity damage to immune system; 3) Reactivation of latent viral infections; 4) 

Malignancy; 5) Altered microbes 
 
Definitions: AOS, anti-orthostatically suspended murine model; IR, irradiated mice; Humans, humans exposed to Antarctic winter or isolation in capsules; 

Microbes, microbial detection systems; HPA, hypothalamic pituitary axis; Rx, treatment  
 










