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Task Description:

Our proposal addresses the risks of cardiac damage that could ensue during long term manned space flight. We will
accomplish this by examining global protein (proteomic) changes that occur following exposure of cells and tissues to
simulated microgravity, one of the stresses during manned spaceflight. In our studies we will examine the effect of
microgravity on the proteome of a widely used cardiac cell type (rat neonatal cardiomyocytes) and well as on specimens
of human heart tissue. The utilization of cardiac tissues from humans is a meaningful, relevant, and novel model that can
directly address the NASA concerns. In addition, proteomics is a sensitive and cutting edge method to monitor protein
changes on these human tissues induced by stresses that astronauts encounter during space flight. Being able to identify
cardiac damage at an early stage will allow countermeasures to be administered earlier and may mitigate or reverse
damage and prevent end stage heart failure. Results from this study may lead to the development of a simple blood test
that could be performed on a chip to identify the current state of the cardiovascular system. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

In our simulated microgravity experiments we are examining the proteomics changes occurring to cardiac cells and
tissues exposed to microgravity compared Earth gravity controls. Therefore, the extensive proteomics data set derived
from the Earth gravity controls will be used to inform other studies that perform comparative analysis of cardiac cells
exposed to other forms of stress relevant to heart injury and disease. The extensive proteomics data set can also be mined
for new targets of heart disease or injury diagnosis or treatments. The data mining may enable new discoveries and
products relevant to human heart disease that may be quickly translated into clinical applications. Clinical practice has
the potential to be impacted and improved, for example, by the development of assays to assess cardiotoxicity of drugs,
new biomarkers to assess disease progression and improvement, and new and better targeted therapeutics for cardiac
disease, injury, and failure. 
  

Task Progress:

To date we have focused on Aim 1: 
Aim 1. To determine the proteomic and phosphoproteomic changes which occur to rat neonatal cardiomyocytes
(RNNCM) upon exposure to microgravity. RNNCM will be placed in the NASA bioreactor, also referred to as the
Rotating Wall Vessel (RWV). RNNC were chosen for the first aim in this pilot as they are a readily attainable and hardy
cell type which can withstand being cultured for weeks, for determining the minimum time needed for observable
simulated microgravity effects via proteomics analysis. Initially we planned to evaluate proteomic changes at 1 week, 2
week, and 1 month of (+/-) exposure to simulated microgravity. 

Although we proposed to evaluate changes at 1 week, 2 week, and 1 month, our preliminary data (on the poster
presented at the HRP Investigators' Workshop, Galveston 2013) indicated that proteomics changes were observed as
soon as 12 hours post exposure to simulated microgravity. Therefore in our series of experiments for Aim1 we modified
the experiment to evaluate changes at 12, 48, and 120 hours of simulated microgravity. In addition, we modified our
experiments to include stable isotope labeling by amino acids in cell culture (SILAC) to evaluate changes in protein
synthesis as a consequence of microgravity exposure. 

These experiments described above were performed three independent times. The samples were then quantified using
mass spectrometry proteomics analysis by the Duke Proteomics Core Facility. Data analysis resulted in over 6,100
peptides and 848 proteins quantified, with 492 proteins having more than 1 peptide to match. There were over 1,400
peptides identified as having incorporated amino acid isotopes. The indicates that incorporation rates can be calculated
for many proteins and that we will be able to evaluate protein levels change as a result in protein synthesis or
degradation. 

We have just begun to analyze the data. The samples (microgravity and 1x gravity) are trending together with time. We
plan to begin to analyze the data between time points, to determine what is differentially expressed between for example
48 hr and 12 hr, and 120 hr versus 12 hr. We plan to perform these analyses independently for the microgravity and 1x
gravity controls. This type of analysis should provide us with information on the changes occurring to protein expression
as a function of time. A second analysis will help confirm these findings but will specifically compare expression at 12,
48, and 120 hr between microgravity and 1x gravity. This should help us to classify quickly the proteins that are
changing differently as a function of time, between 1x gravity and microgravity. 
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