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Work on Multiple Areas of Research: Central 
Theme of Research

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/En

cyclopedia/Article/80)

Open Science and Large Network of Collaborators

Systems Biology

https://three.jsc.nasa.gov/Encyclopedia/Article/80
https://three.jsc.nasa.gov/Encyclopedia/Article/80


Work on Multiple Areas of Research: Space Biology

• Space is an accelerated model for aging and mitochondrial 

disease

• Countermeasures and biomarkers developed for health risks 

associated with the space environment can easily be applied to 

similar clinical diseases

• miRNAs as a key biomarker for health risks associated with 

spaceflight and target for countermeasures

• In general understanding health risks due to spaceflight



https://space.pitt.edu/



https://space.pitt.edu/



https://space.pitt.edu/about/space-biomedicine



Large Collaborative Model for
Education and Outreach for the 

Space Biomedicine Program



Education and Outreach Space Biomedicine Program

The Global Education Certificate Space Program at the University of Pittsburgh (Pitt) aims to establish a 

cross-institutional and global education initiative that brings together leading academic, industry, and 

nonprofit entities to educate the next generation of space biology and biomedicine scientists. This 

innovative program will encompass student exchanges, joint seminars, integrated curricula, and co-

teaching by faculty across multiple institutions globally, with Pitt as the central hub.



Education and Outreach Space Biomedicine Program
Initial Ideas for Implementation:
1. Degree Programs and Curriculum Development:

o Develop a curriculum that enables students to earn a degree in Space Biomedicine/Biology. At Pitt, we’ve already introduced an “Introduction to Space Engineering” 
course, which has seen high demand. Building on this momentum, we could develop and offer Space Biomedicine courses in future semesters that will be applied as 
a cross-institutional approach, that would amplify our impact!

2. Credit Transfer and Course Structure:
o Ensure course credits are transferable across all participating institutions. Classes will be available in both in-person and virtual formats. Faculty and scientists from 

various institutions could co-teach courses, allowing us to leverage diverse expertise and avoid overburdening any single instructor.
3. Industry and Non-Profit Collaboration:

o Collaborate with industry partners to sponsor and support student programs. Industry experts could also provide courses on translating academic research into 
commercial applications, which is crucial for space biomedicine and rapid deployment of key technologies and countermeasures.

4. Space Industry Partnerships:
o Engage space industry partners such as SpaceX, Axiom, and hardware developers like my collaborator from EcoAtoms and Ice Cubes. As the program develops, we 

can involve additional partners to broaden our network and capabilities.
5. Incorporating GeneLab for Universities (GL4U):

o Utilize the existing GeneLab 4 University program. We can evolve this into a core component of our curriculum.
6. Global, Collaborative Effort:

o Create a community-driven program that integrates space biomedicine/biology education across institutions. The program will cover foundational to advanced topics, 
reflecting the rapid advancements in this field. 

7. Support from Space Agencies and Funding Opportunities:
o I have had preliminary discussions with a couple people at NASA, and they mentioned there might be potential funds they can provide for such an effort, at least in the 

US. I will be exploring this further next week. This will probably take a while to put in place, BUT there is very positive and enthusiastic interest.
o I am also in touch with colleagues at ESA, who are very supportive and keen to participate. I will be discussing this with them in a few weeks.

8. Nonprofit and Industry Engagement:
o Engaging nonprofits and industry stakeholders will be critical. With initial momentum, I believe we can secure their support fairly easily.

https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.youtube.com%2Fplaylist%3Flist%3DPLMrYR62DKn6FIsqFofyAA4durC7EZFLbl&data=05%7C02%7CBEHESHTI%40pitt.edu%7Caf4647bd78144ad6795e08dcd9863d65%7C9ef9f489e0a04eeb87cc3a526112fd0d%7C1%7C0%7C638624417810777189%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=YfR51BajcS98vxvnlTCl14dENj2VDXaRf9lwkuy9TMA%3D&reserved=0


Interested Universities and Agencies for Education So Far



Why Care and Research Space?

and accelerated Mitochondria Disease. 

Ultimate platform for accelerated model 

for many diseases



The Second Space Age



The Next Stage of Missions in 
Space: All Planned Future 

Space Missions







5 Hazards of Spaceflight
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5 Hazards of Spaceflight



Space Environment

Image obtained from: 

https://www.nasa.gov/mission_pages/sunearth/news/gallery/20130228-

radiationbelts.html
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Galactic Cosmic Radiation (High LET) – a cautionary tale



The reality: 

(Would make for a 
very short Marvel 

movie)

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



Type of Experiments Related to Space Biology



Type of Experiments Related to Space Biology



https://osdr.nasa.gov

Space Omics/Data Platform that The Public can Use!!



GeneLab Multi-Omics Analysis Working Group
https://osdr.nasa.gov https://www.nasa.gov/osdr-working-groups-awg-about/



Lots of Papers Published on Space Biology in 11/2020!!

Chris MasonAfshin Beheshti

Susan Bailey

https://www.cell.com/c/the-biology-of-spaceflight



New Nature Portfolio Paper Package Launched on June 11th 2024!!

• Central theme around the 

Inspiration 4 mission, JAXA 

missions, and commercial 

missions in general

• 44 space biology related papers 

total part of the package

Chris MasonAfshin Beheshti
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The Second Space Age
https://www.morganstanley.com/Themes/global-space-economy

https://fortune.com/2023/07/24/space-industry-revenue-growth-five-years/

https://www.weforum.org/agenda/2024/04/space-economy-

technology-invest-rocket-opportunity/

https://www.discoverm

agazine.com/the-

sciences/the-dawn-of-

a-new-frontier-why-did-

the-commercialization-

of-space-happen



Question:

 Can we leverage other publicly 

available data platforms to 

determine novel hypothesis and 

data for advancing both clinical and 

spaceflight related issues?



Short Answer: Yes!!Question: Can we leverage 

multiple publicly available data 

platforms to determine novel 

hypothesis and data for 

advancing both clinical and 

spaceflight related issues?

www.immport.org



GeneLab (genelab.nasa.gov)

Space Omics Platform that The Public can Use!!

https://osdr.nasa.gov



Dataset on ImmPort Related to Small-for-gestational-age fetuses (SGA) 
https://en.wikipedia.org/wiki/Small_for_gestational

_age

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7708817/pdf/main.p

https://www.immport.org/shared/study/SDY18

71

Maternal plasma samples were extracted from whole blood and collected 

prospectively at three time-points; 12+0 - 14+6 (time-point A), 15+0 - 17+6 (time-point 

B) and/or 18+0 – 21+6 (time-point C) weeks gestation.



Dataset on ImmPort Related to Small-for-gestational-age fetuses (SGA) 
https://en.wikipedia.org/wiki/Small_for_gestational

_age

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7708817/pdf/main.p

https://www.immport.org/shared/study/SDY18

71

Maternal plasma samples were extracted from whole blood and collected 

prospectively at three time-points; 12+0 - 14+6 (time-point A), 15+0 - 17+6 (time-point 

B) and/or 18+0 – 21+6 (time-point C) weeks gestation.
Are miRNAs associated with SGA 

elevated in the plasma of females 

during spaceflight and can 

increase the risk of birth defects 

after returning to Earth???



What are microRNAs (miRNAs)?
https://wi.mit.edu/news/intro-rna-biology-cartoon-

edition

• MicroRNAs (miRNAs) are one of the many types of RNAs 

that don’t code for proteins. 

• Instead, they target and bind to sequences in specific 

mRNAs (i.e. genes) and can block the mRNA from being 

translated.

• MiRNAs don’t travel alone: they pair up with a large 

protein called Argonaute, which protects them from 

destructive enzymes called nucleases in the cell. 

• Because of this protective protein, miRNAs can live in 

the cell for up to a week, floating around and 

targeting mRNAs for degradation.



What are miRNAs and why study miRNAs?

39

• A single miRNA can 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.

• miRNAs can be good biomarkers and therapeutic targets for many diseases

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/Enc

yclopedia/Article/80)

Weber, B., Franz, N., Marzi, I. et al. Extracellular vesicles as mediators and markers of acute organ injury: current 

concepts. Eur J Trauma Emerg Surg 48, 1525–1544 (2022). https://doi.org/10.1007/s00068-021-01607-1

https://three.jsc.nasa.gov/Encyclopedia/Article/80
https://three.jsc.nasa.gov/Encyclopedia/Article/80
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https://three.jsc.nasa.gov/Encyclopedia/Article/80


Systems Biology View of miRNAs

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/Encyc

lopedia/Article/80)

Circulating miRNAs

Beheshti, et al. Oncotarget 2015

https://three.jsc.nasa.gov/Encyclopedia/Article/80
https://three.jsc.nasa.gov/Encyclopedia/Article/80


miRNAs and Space: What I have done so far!

Peter 

Grabham
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miRNAs Important Focus for Space Research in the next 10 years!!!

https://nap.nationalacademies.org/catalog/26750/thriving-in-space-ensuring-the-future-of-biological-and-

physical-sciences-research-a-decadal-survey-for-2023-2032



Hypothesis: 
Does spaceflight increase the chance of potential 

birth defects?

Are miRNAs associated 

with SGA elevated in the 

plasma of females during 

spaceflight and can 

increase the risk of birth 

defects after returning to 

Earth???
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Relating Spaceflight Data to Clinical Data

PBLs = Peripheral Blood Lymphocytes
https://osdr.nasa.gov/bio/repo/data/studies/OSD-

336

https://osdr.nasa.gov/bio/repo/data/studies/OSD-

55

Female C57BL/6 mice



Global miRNA Response Comparing Spaceflight and SGA



Global miRNA Response Comparing Spaceflight and SGA



Global miRNA Response Comparing Spaceflight and SGA

FDR < 0.25 



Common Circulating miRNAs Between SGA and 
Spaceflight

Percentage of homology 
(same nucleotides in 
the same positions) 
between mouse and 
human miRNAs shows 
the 13 mature miRNAs 
are 100% conserved 
between the two 
species!!

Francisco “Paco”

Enguita, PhD



Health Risks Associated with the Common miRNAs



Biological Functions Associated with the Common miRNAs



Gene Targets for the Common miRNAs



Gene Targets for the Common miRNAs in Astronauts

Chris Mason, PhD JangKeun Kim, PhD



miRNAs and Gene Targets in other Tissues

LD = Lymphocyte Depleted

CPT = PBMC



miRNAs and Gene Targets in other Tissues

LD = Lymphocyte Depleted

CPT = PBMC



Can we determine potential countermeasures to 
mitigate the impact of SGA in females during 

spaceflight and the clinic???



sChemNET: A deep learning framework for predicting miRNA targets of small 
molecules based on chemical structure

Diego Galeano, 

PhD

https://www.nature.com/articles/s41467-024-49813-w



sChemNET: A deep learning framework for predicting miRNA targets of small 
molecules based on chemical structure

• Given a small molecule’s chemical 
structure, sChemNET predicts 
whether it will affect miRNA targets

• We tested sChemNET for chemical 
data from homo sapiens and other 
model organisms 

• sChemNET can be used in any 
chemical library for an in-silico 
screening against miRNA targets

sChemNET minimizes the 
following loss function

Diego Galeano, 

PhD



sChemNET’s predictions for our miRNA signature 

Diego Galeano, 

PhD



sChemNET’s predictions for our miRNA signature 

Diego Galeano, 

PhD

Triamcinolone is a glucocorticoid used to treat a number 

of different medical conditions, such as eczema, alopecia 

areata, lichen sclerosus, psoriasis, arthritis, allergies, 

ulcerative colitis, lupus, sympathetic ophthalmia, temporal 

arteritis, uveitis, ocular inflammation, keloids, urushiol-

induced contact dermatitis, aphthous ulcers (usually as 

triamcinolone acetonide), central retinal vein occlusion, 

visualization during vitrectomy and the prevention of 

asthma attacks.
Perfluorodecalin was an ingredient in Fluosol, an 

artificial blood product developed by Green Cross 

Corporation in the 1980s. It is also being studied for use in 

liquid breathing.Perfluorodecalin can be applied topically, 

to provide extra oxygen to a specific location, to 

accelerate wound healing. Organs and tissues can be 

stored for longer in oxygenated perfluorodecalin; the "two-

layer method" uses perfluorodecalin and UW solution to 

preserve tissue for pancreas transplants
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Current Space Funding

https://science.nasa.gov/science-research/biological-physical-

sciences/nasa-selects-11-space-biology-research-projects/
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