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Background on 
Spaceflight, 
Experiments, and 
Resources for 
the Data That 
was used for the 
Mitochondrial 
project



Why Care About Space Biology Research
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Image obtained from: 
https://www.nasa.gov/mission_pages/sunearth/news/gallery/20130228-
radiationbelts.html

Space Environment

From: https://photojournal.jpl.nasa.gov/catalog/PIA17061
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Galactic Cosmic Radiation (High LET) – a cautionary tale



Space Environment Health Risks On Astronauts



Type of Experiments Related to Space Biology

Hindlimb Unloading (HU)

Microgravity Simulated 

Experiments

Partial Weight Bearing Rat Model

https://www.rutkovelab.org/nasa/

Experiments Done in Space Space Radiation Simulated 

Experiments
Brookhaven National Laboratory

Seward Rutkove Marie Mortreux



Other Types of Experiments on the ISS

C. elegans culture chambers for 
the Space Aging experiment 
aboard the ISS

Credits: JAXA

Credits: JAXA

Credits: NASA

The Zebrafish Muscle 
investigation employs the ISS 
Aquatic Habitat, an aquarium 
in microgravity.

emergence of mustard seedlings

Credits: NASA

Credits: NASA

Credits: NASA

Interior view of an incubator cassette 
from the Bioculture System

Credits: NASACredits: NASA/Ames Research Center/Dominic Hart

Credits: NASA / JPLCredits: NASA

Credits: NASA



Lots of Papers Published on Space Biology in 11/2020!!
https://www.cell.com/c/the-biology-of-spaceflight

Chris Mason

Susan Bailey

Afshin Beheshti



GeneLab (genelab.nasa.gov)

GeneLab Analysis Working Groups 

(AWGs) consist of 300+ scientists from 

multiple space agencies, international 

institutions, and industry. Scientists meet 

monthly with each group to analyze data 

in the GeneLab repository. Majority of 

members are non-NASA PI’s – many 

have applied for NASA funding following 

AWG interactions.

https://genelab.nasa.gov/awg/join

Members are now group leads
AWG Members Per Group:

Animal 39
Multi-Omics/System Biology 250+

Plants 44
Microbes 25

I lead the Multi-Omics Group

https://genelab.nasa.gov/awg/join


Spaceflight 
Impact on the 
Mitochondria
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Overview of Data Utilized for this Work and Project

Largest amount 

of astronaut data 

in one paper!!Paper Link:



Universal Mitochondrial Changes Translates to Astronauts 

Integrated Stress 
Response Genes

OXPHOS Genes

Increased levels of 8-OHdG and prostaglandin F2 alpha is a 

biomarker of cellular oxidative stress



Ongoing work: Detailed Mitochondrial Analysis on Data from 
Astronauts

Chris Mason  JangKeun Kim

6 astronauts 120 days on the ISS

4 astronauts 3 days 590km in elevation (accumulated radiation dose 
equivalent to 9 months on ISS

Manuscript in 
preparation



Can we mitigate 
the damage 
caused to the 
mitochondria in 
space?
Short answer: 
Maybe with 
miRNAs!!



What are miRNAs and why study miRNAs?
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• A single miRNA has been estimated to regulate 100s to 1000s of mRNAs.
• miRNAs are 22nt 
• Due to the size and stability of the miRNAs, it can float freely in the blood.
• miRNAs are now known to be involved in all aspects of diseases.
• miRNA are not only found in mammals, but everything else living: plants, 

microbes, fish,  C. Elegans, fruit flies, insects, etc…
• miRNAs are highly conserved across species.

Silva, S.S., et al., Forensic miRNA: potential biomarker for 
body fluids? Forensic Sci Int Genet, 2015. 14: p. 1-10.

Figure from Vanderburg and 

Beheshti, MicroRNAs 

(miRNAs), the Final Frontier: 

The Hidden Master 

Regulators Impacting 

Biological Response in All 

Organisms Due to Spaceflight, 

THREE, 2020. 

(https://three.jsc.nasa.gov/artic

les/miRNA_Beheshti.cfm)

https://three.jsc.nasa.gov/articles/miRNA_Beheshti.cfm


Mitochondrial miRNAs (mitomiRs) Related to Countermeasures



Targeted Based miRNA Therapy Mitigates Space Radiation Health Risks!!

Peter Grabham

• Utilized 3D human microvascular tissue

models to determine functional impact

of miRNAs and start development of

miRNA based countermeasures.

• After 0.5Gy GCR irradiation Mature

Vessels Collapse

• Applied combination of all 3 self-

delivery antagomirs (AUM Biotech,

www.aumbiotech.com) 24 hours prior

irradiation at 0.5mM for each

antagomir, then cultured for 6 days

after IR.

Ion 

species

Energy 

(MeV/n)

LET

(keV

/µm)

Dose 

(mGy)

Dose 

fraction 

(mGy)

Proton 1000 0.2 175 0.35
28Si 600 50.4 5 0.01
4He 250 1.6 90 0.18
16O 350 20.9 30 0.06
56Fe 600 173 5 0.01

Proton 250 0.4 195 0.39

Simplified GCR Sim Irradiation

Veenu Aishwarya

http://www.aumbiotech.com/


miRNAs impact on Angiogenesis and Antagomir 
Countermeasures

Peter Grabham



Combination and Single Antagomir Treatment

Manuscript under review

Peter Grabham

* p-value < 0.05
** p-value < 0.01
*** p-value < 0.001
**** p-value < 0.0001



In vitro experiments with antagomirs: Further analysis with the impact of 
antagomirs on the 3D tissue model

Manuscript under review

Significantly Regulated Gene targets for 
all 3 miRNAs with 0.5Gy vs 0Gy, but are 
not significant anymore for 0.5Gy 
Antagomir vs 0Gy



Further analysis with the impact of antagomirs on the 3D tissue Mature model: 
Mitochondrial Impact!

Manuscript under review



In vivo experiments with antagomirs: Cardiovascular Impact after Simulated Space 
Environment

Peter Jirak

Paracelsus Medical 
University, Salzburg



Summary of the Work

• This spaceflight associated miRNA signature

can be a novel minimally invasive biomarker to

monitor increased health risks for long-term space

missions.

• Also can be used for development of novel

miRNA based therapeutic/countermeasure

Dysregulates other key 
biological processes
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