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Since the Apollo era, microgravity research has been on a quest to discern the 

governing elements of the microgravity environment, and to discover how those 
components individually and combinatorially affect human cellular and tissue 
responses.  For more than twenty years, our laboratory at NASA (Disease Modeling 
and Tissue Analogues Laboratory) has been developing 3D tissue models, which are 
superior to 2D systems in their ability to emulate many of the physiological 
characteristics of normal human tissues. This revolutionary development has led to 
the publication of more than 800 scientific articles and at least 28 US patents over as 
many years.  These advanced 3-dimensional human tissue models have flown on 16 
Shuttle and ISS missions, which has given us insight into the rigor of these models 
under varied space and earthbound conditions.  
 

We propose to employ scientifically validated models of 3D human lung and 
neural tissues, to study the cellular and subcellular changes observable during 
suborbital transition to microgravity.  This strategy will separate the initial 
microgravity response from later phenomena, which include radiation and 
electromagnetic influences.  Adaptive cellular responses can also be assessed by 
concomitant cultivation of human 3D models with human microbes, which are 
constitutively expressed as a consequence of pre-flight stress and in-flight exposure 
to a reduced gravity environment.  These data can then be coupled with previously 
acquired data from space flight missions assessing human genomics.  

 
 Gene expression and proteomic profiles can be used to characterize the 
behavior of these human tissue models at various stages of the suborbital trajectory 
and the suborbital environment.  These tissue models can also be used to 
characterize the metabolome (or the non-targeted small molecule pool) associated 
with the suborbital environment for the purpose of understanding metabolic 
networks.  ‘Omic data (gene, protein, metabolite) can be correlated with physical 
data (acceleration, G-force, vibration, etc) at each stage of flight to help us better 
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describe the transitional biological and biochemical events associated with 
suborbital flight.  In short, this project allows us to begin mapping the human tissue 
genome, proteome, and metabolome for suborbital spaceflight.  This will help us 
better understand events associated with human tolerance, host defenses, and array 
of performance-related issues. Ultimately these analyses will permit us to associate 
the suborbital changes with adaptations seen in longer term habitation of 
microgravity, thus serving to predict possible health risks and the need for 
countermeasure development. 
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