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GenelLab Space Radiation: Van Allen Belt

Outer Belt
12,000 — 25,000 miles

GPS Satellites $
12,500 miles P

Géosynchronous Orbit (C-fSO)
NASA's Solar
- Dynamics Observatory

/ 22’000 miles

Inner Belt .
1,000 — 8,000 miles

Low-Earth Orbit (LEO)
International Space Station
230 miles

Van Allen Probe-A

Van Allen Probe-B

Image obtained from: https://www.nasa.gov/mission_pages/sunearth/news/gallery/20130228-radiationbelts.html
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l0ss with advancing age, and do
not display a bias towards loss
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female astronauts
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Large individual
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@ Health effect observed on Earth
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Cataract formation

Damage to quiescent
neural stem cells in the
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MALE ASTRONAUT
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Men suffer more from hearing Some male astronauts Increased
loss with advancing age, and exhibit clinically significant R
display a bias towards loss of visual impairment cancer risk
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Male astronauts
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speed versus accuracy %&

in response to an
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Urinary tract
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Degenerative damage to
the circulatory system

Prodromal effects
such as nausea
ey and vomiting
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r:ﬁl::;gg;nune (Gonads susceptible
to cancer and genetic

Skin burns germling mutations

Large individual
variability to muscle
and bone loss in men

Calcium oxalate kidney
slones more common

In men Changes to bone

%\ muscle and carlilage

microarchitecture

%\ Health effect observed in space

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;
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e Our analysis was guided by the hypothesis that there are common
persistent molecules affecting the cardiovascular system due to
radiation effects during spaceflight.
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Global View of Impact of Spac'e'

Irradiation
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Focused on biological factors that will continue to have |mpact for all time

points after irradiation.
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« ROS are formed as a natural byproduct of the normal metabolism of I
oxygen and have important roles in cell signaling and homeostasis.

« During times of environmental stress (e.g., radiation exposure), ROS L -
‘ levels can increase dramatically. ’Sstfa’;L
« This may result in significant damage to cell structures. i
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It is interesting to note that the functional predictions show that the
spaceflight samples cluster (or behave) very similar to the proton irradiated

» Possible indication (and hypothesis) that in general samples from the ISS
may be experiencing more proton ions than other type of ions.
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Genelab Determination of Key Driving Genes
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predicted IPA
Biofunctions

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




s Radiation Induced Cardiovascular Risk

Genelab Key Drivers Involved with Spacé'
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A microRNA signature and TGF-B1 response
were identified as the key master regulators
for spaceflight response
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Abstract

Translating fundamental biological discoveries fram NASA Space Bialogy program inta
health risk from space flights has been an ongoing challenge. We propose to use NASA
GeneLab database to gain new knawledge on potential systerric responses to space. Unbi-
ased sysiems hiology analysis of franscripiomic data from seven different rodent datasets
reveals for the first time the existence of potential “master regulators” coordinating a sys-
temic raspanse ta micregravity andvar space radiation with TGF-B1 baing the most cammen
regulator. We hypothesized the space enviranment leads ta the release of biomolecules cir-
culating inside the biood stream. Through datamining we identified 13 candidate microRNAS
(MIRNA) which are comman in all studies and directly intaract with TGF-R1 that can ba
polential iroulating factors impacting space biology. This study exempliies the utility of the
GeneLab data repository 1o aid in the process of performing novel hypethesis-based
research.
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Genelab Conclusions from this Study

« 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.

* 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

cardiovascular systems. N\ Key:y///
« We believe that this is a novel mechanism for space 90cGy Protons

{(1GeV)

radiation induced cardiovascular risk directly linking
radiation ground studies to spaceflight.
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