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Task Description:

Space flight may affect the delicate host-parasite relationship, thus increasing susceptibility to infectious disease.
Changes in the human immune response during space flight suggest that the ability to meet infectious challenges may be
attenuated. The early phases of the host response to infection depend on innate immunity in which a variety of innate
resistance mechanisms recognize and respond to the presence of a pathogen. Innate immunity is present in all
individuals at all times, does not increase with repeated exposure to a given pathogen, and does not discriminate
between pathogens. Our hypothesis is: essential functions of neutrophils, monocytes, and natural killer (NK) cells will
be altered during space flight. The constraints inherent in space flight (e.g., few subjects) mandated the use of
ground-based models to supplement flight investigations. These models included a closed population in a closed
environmental chamber and Antarctic expeditioners. These studies evaluated quantitative and functional data from
important components of the immune response such as: neutrophils, monocytes, platelets, and natural killer cells. Our
objectives are to determine the effects of space flight on: (1) neutrophil and monocyte functions such as phagocytosis,
degranulation, oxidative burst capacity, and expression of surface molecules (including adhesion molecules), and (2)
natural-killer cell and lymphokine-activated killer cell cytotoxicity against target cells, and cytokine production. Results
from these studies provide essential data complementing other ongoing space immunology investigations. Realization of
our specific aims will increase our understanding of the host-parasite relationship and the risk of infectious disease
during space flight. 

To determine changes in the immune functions associated with space flight 

Astronauts live and work in a relatively crowded and stressful environment. Stresses integral to space flight, such as
containment, isolation, space radiation, physical exertion, psychosocial interactions, anxiety, and sleep deprivation, can
adversely affect astronaut health. Addition of microgravity to the list of stressors and one can see that space flight is a
unique stress environment. 

Long duration exploration missions of the Moon and Mars require astronauts with fully functional and robust immune
systems to reduce the development of infections and tumor cell. Successful completion of this investigation will result in
a better understanding of the effects of space flight on an essential element of the human immune response. This will
complete one more piece of the immunity puzzle in an effort to determine if long duration space flight results in adverse
effects on the immune system. If medically significant changes occur, efforts to prevent or diminish adverse effects on
the immune system will be investigated. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

The reductions in neutrophil, monocyte, and NK-cell functions are most probably the result of stress associated with
space flight. We believe that space flight is a unique stress model, and new insight into the physiological effects of stress
will result from these immunological studies. Perhaps, the asymptomatic changes in immune function observed in these
studies may be helpful in determining clinically relevant thresholds in the human immune response. 
  

Task Progress:

A second study investigated the ability of the shuttle crew members’ monocytes to respond to Gram-negative endotoxin
that they could encounter during infections. Blood specimens were collected from 20 crew members and 15 control
subjects 10 days before launch, 3 to 4 h after landing, and 15 days after landing and from crew members during their
annual medical examination at 6 to 12 months after landing. When challenged with Gram-negative endotoxin, the crew
member’s monocytes collected at all three time points produced lower levels of interleukin-6 (IL-6) and IL-1 and higher
levels of IL-1ra and IL-8 compared to those of control subjects. Cytokines were assessed by measuring the number of
cells positive for intracellular cytokines. These values returned to normal 6 to 12 months after landing, except for IL-1ra,
which was still higher (5 to 6-fold) than in controls. This phenomenon was accompanied by an increased expression of
Toll-like receptor 4 and decreased expression of CD14 on the crew members’ monocytes at all time points. There were
also increased levels of the lipopolysaccharide binding protein in the plasma of the crew members 3 to 4 hour and 15
days after landing. This study shows that spaceflight-associated factors (in-flight and preflight) modulate the response of
monocytes to Gram-negative endotoxins. 
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