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69 Ground Data Sets: Radiation and 
simulated microgravity
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Radiation Ground Studies
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Radiation Dosimetry for STS samples 
(ISS to follow)
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Space Radiation

Image obtained from: 
https://www.nasa.gov/audience/fore
ducators/stem-on-
station/learning_launchers_radiation



Space Radiation: Van Allen Belt

Image obtained from: https://www.nasa.gov/mission_pages/sunearth/news/gallery/20130228-radiationbelts.html



Space Radiation Risk On Astronauts

Select health effects due to space radiation 
exposures.
From: J. Chancellor et al., Space Radiation: The Number One Risk 
to Astronaut Health beyond Low Earth Orbit. Life, 4(3), 491-510;



• Analyzed 3 datasets from GeneLab:
– GLDS-117 and GLDS-109:

• Are ground studies of cardiomyocytes followed-up for 28 days after exposure to
90cGy of proton at 1GeV and 15cGy of 56Fe at 1GeV

• Cardiomyocytes are the muscle cells (myocytes) that make up the cardiac muscle
(heart muscle).

– GLDS-52:
• human endothelial cells (HUVECs) that were cultured for 10 days on the ISS

• Endothelial cells are known to directly regulate the development
and activity of cardiomyocytes, and thus their response to
spaceflight should be highly correlated with cardiomyocytes.

• The ground studies were designed to characterize the long-term
impact following space irradiation on cardiomyocytes for 5 different
time points up to 28 days after irradiation.

• Our analysis was guided by the hypothesis that there are common
persistent molecules affecting the cardiovascular system due to
radiation effects during spaceflight.

GeneLab Data Used and Hypothesis

From: T. Kamo et al., Circ 
Res. 2015;117:89-98



Global View of Impact of Space 
Irradiation

Focused on biological factors that will continue to have impact for all time 
points after irradiation.



Functional Impact on Health: GSEA

• ROS are formed as a natural byproduct of the normal metabolism of 
oxygen and have important roles in cell signaling and homeostasis.

• During times of environmental stress (e.g., radiation exposure), ROS 
levels can increase dramatically.

• This may result in significant damage to cell structures. 
• ROS are also generated by exogenous sources such as ionizing radiation



Functional Impact on Health: GSEA



Functional Impact on Health: IPA

• It is interesting to note that the functional predictions show that the 
spaceflight samples cluster (or behave) very similar to the proton irradiated 
samples.

• Possible indication (and hypothesis) that in general samples from the ISS 
may be experiencing more proton ions than other type of ions.



Determination of Key Driving Genes

Beheshti, et al. Cancer Research 2015
Beheshti, et al. Oncotarget 2015
Beheshti, et al. Cancer Informatics 2015
Beheshti, et al, Radiat Res. 2014 & J. Radiat Res. 2015.
Ravi, Beheshti, et al. Cancer Research 2016
Beheshti, et al. Scientific Reports 2018
Beheshti, et al. PLOS One 2018



Key Drivers Involved with Space 
Radiation Induced Cardiovascular Risk

It is worth noting the activation of FYN is a key 
event that prevents cardiac cell death and ROS 
production. 



miRNA impact?

Circulating miRNAs predicted to be 
involved in general with spaceflight 
from Beheshti et al. PLOS One 2018



• Space radiation causes downregulation of ROS functions in the cardiovascular 
system

• Astronauts and samples on the ISS might be experiencing more proton IR than any 
other type of space radiation.

• Key/driving genes: FYN, LCK, AKT1 are upregulated and LYN and FOS are 
downregulated with FYN being the central driver/hub for the cardiovascular 
response to space radiation. 
– FYN is a key event that prevents cardiac cell death 

and ROS production. 

Conclusions from this Study

• From our study we thus hypothesize that a 
feedback loop occurs from the oxidative stress 
caused by space radiation that upregulates FYN 
which in turn reduces ROS levels and thus ROS 
pathways, preventing cardiomyocyte and 
endothelial cell death and thus protecting the 
cardiovascular systems. 

• We believe that this is a novel mechanism for space 
radiation induced cardiovascular risk directly linking 
radiation ground studies to spaceflight.
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