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Task Description:

To reduce the uncertainty in estimates of cancer and cardiovascular risks from space radiation, we will evaluate changes
in molecular biomarkers in rodents and rabbits exposed to ions relevant to exposures of astronauts in the space
environment. Serum, heart, liver, and lung tissues collected from exposed animals and matching controls will be used
for biomarker discovery following systems-biology approaches. The study will use modern analytic technologies and
rigorous statistics for assessing changes in expression of microRNAs (miRNAs), long non-coding RNAs (lncRNAs),
and messenger RNAs (mRNAs) associated with clinical endpoints for mechanistic understanding of disease initiation
and progression. Analysis of samples from patients receiving radiation therapy and organ targeted and organ protected
low-linear energy transfer (LET) irradiation model studies have shown changes in circulating miRNAs originating from
organ systems as a function of dose and time, correlating with disease states. Archived cardiac specimens from rabbits
and rats previously exposed to 0.5 Gy Proton or Oxygen ions with respective sham controls will be used for discovery
and validation of space radiation-induced cardiovascular diseases. Changes in miRNAs mechanistically connected to
inflammation and pathological changes using clinical, imaging, and biochemical endpoints of cardiovascular diseases
will be evaluated. miRNAs and lncRNAs in lung, liver, and serum collected from mice exposed to low doses of
neutrons ions will be compared with gamma rays and sham controls of changes in cancer endpoints. The availability of
specimens from on-going or completed Carcinogenesis NASA Specialized Center of Research (NSCOR) and National
Space Biomedical Research Institute (NSBRI) for Space Radiation Research studies focusing on cardiovascular diseases
are ensured. Our project is cost-effective and unique because we will use samples both for developing cancer and
cardiovascular risk assessment. Cellular and molecular mechanisms involved in space radiation-induced cardiovascular
disease, lung, and liver cancer will be studied, which will significantly contribute to the testing of and validating
effective countermeasures. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:
The goal is to develop blood test for early detection of delayed cardiovascular complications and cancers resulting from
high-LET radiation exposure to astronauts during long duration space travel. 
  

Task Progress:

To identify molecular biomarkers that have potential to provide early readout of delayed and late effects, specimens
available through tissue sharing program were evaluated for changes in the expression of microRNAs. For discovery of
microRNA biomarkers that are altered as a function of time after exposure to space radiation, an unbiased
amplification-free hybridization based direct digital counting method (nanoString Counter profiling) was used.
Robustness of the responses of candidate biomarkers identified from nanoString profiling is being validated by
quantitative real-time PCR based approaches. The discovery and validation of biomarkers in multiple animal models is
expected to help risk assessment and evaluation of the efficacy of countermeasures. 
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