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Lessons Learned From Our Previous Speakers

AI/ML models key in producing novel findings with 
publicly available data on images and big datasets!!!

Shaheen A. 
Dewji, Ph.D.

Ceferino Obcemea, 
Ph.D. ML models are great curve-fitting tools and provide 

key analysis for object recognition!!! 



Computational Modeling in Biology

Artificial Intelligence
Computational technique that enables mimic of human 
intelligence

Machine Learning 
A field of AI that utilizes statistical methods/algorithm to 
enable computers to learn from experience to improve 
performance as it is exposed to more data over time

Deep Learning
Subset of machine learning utilizing multilayer neural networks 
to learn from vast amount of data

Relating Systems Biology techniques key to integrate with AI/ML tools!!!



What is Systems Biology?
• Systems biology attempts to understand biological organisms or systems as a whole rather 
than researching their individual components in isolation from one another.

• NIH defines Systems Biology as: “Systems biology is an approach in biomedical research to 
understanding the larger picture—be it at the level of the organism, tissue, or cell—by putting 
its pieces together. It’s in stark contrast to decades of reductionist biology, which involves taking 
the pieces apart.”

Created with BioRender



What is Omics?



Why Care About Spaceflight?



777

Image obtained from: 
https://www.nasa.gov/mission_pages/sunearth/news/gallery/20130228-
radiationbelts.html
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http://photojournal.jpl.nasa.gov/jpeg/PIA16938.jpg


Galactic Cosmic Radiation (High LET)

Takeuchi, K., Tada, M., Sakamoto, T., Kuboyama, S. (2020). An Evaluation of Single Event Effects by Heavy Ion Irradiation on Atom Switch 
ROM/FPGA. In: Aono, M. (eds) Atomic Switch. Advances in Atom and Single Molecule Machines. Springer, Cham. https://doi.org/10.1007/978-3-
030-34875-5_4



Space Environment Health Risks On Astronauts
Cell

https://www.nasa.gov/content/men-women-spaceflight-adaptation



Type of Experiments Related to Space Biology

Hindlimb Unloading (HU)

Microgravity Simulated 

Experiments

Experiments Done in Space Space Radiation Simulated 

Experiments
Brookhaven National Laboratory



GeneLab (genelab.nasa.gov)

Space Omics Platform that The Public can Use!!



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!!
www.immport.org



Hypothesis: 

Does spaceflight increase the chance of 

potential birth defects?



Dataset on ImmPort Related to Small-for-gestational-age fetuses (SGA) 

https://en.wikipedia.org/wiki/Small_for_gestational_age

https://www.immport.org/shared/study/SDY1871

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://www.immport.org/shared/study/SDY1871

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.

https://en.wikipedia.org/wiki/Small_for_gestational_age

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 miRNAs and why study miRNAs?

• 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.

Entire 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)

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


Peter GrabhamAmber Paul

miRNAs and Space: What I have done so far!
Cell Reports

iScience iScience
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miRNAs and Space: What I have done so far!
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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

Figure from: Paul et al., Beheshti A. Beyond Low-Earth Orbit: Characterizing Immune 
and microRNA Differentials following Simulated Deep Spaceflight Conditions in Mice. 
iScience. 2020 Nov 25;23(12):101747. doi: 10.1016/j.isci.2020.101747. PMID: 33376970; 
PMCID: PMC7756144.



Overall Pattern of miRNAs Compared to Controls

Manuscript in Preparation



Overall Pattern of miRNAs Compared to Controls

Manuscript in Preparation



Common Circulating miRNAs Between SGA and Spaceflight

Manuscript in Preparation



Common Circulating miRNAs Between SGA and Spaceflight

Manuscript in Preparation
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Francisco “Paco”

Enguita, PhD

Conserved miRNAs Between Mice and Humans

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!!

Manuscript in Preparation



Health Risks Associated with the Common miRNAs

Manuscript in Preparation



Biological Functions Associated with the Common miRNAs

Manuscript in Preparation



Mitochondrial Related Pathways Impacted: Global miRNA Profile

Manuscript in Preparation



Similar Mitochondrial Related Pathways Impacted between SGA and 
Spaceflight: Global miRNA Profile

What is the function of Mitochondria?

• “Batteries” of the cells
• Provides the energy your cells need to survive
• Produce more than 90% of the body’s energy

Manuscript in Preparation



Similar Mitochondrial Related Pathways Impacted between SGA and 
Spaceflight: Global miRNA Profile

What is the function of Mitochondria?

• “Batteries” of the cells
• Provides the energy your cells need to survive
• Produce more than 90% of the body’s energy

Manuscript in Preparation



General Pathways Impacted: Global miRNA Profile

Manuscript in Preparation



Similar General Related Pathways Impacted between SGA and 
Spaceflight: Global miRNA Profile

Manuscript in Preparation



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 (manuscript in review)

• 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
Manuscript Under Review



sChemNET’s predictions for our miRNA signature 
miRNA Tissue Atlas database
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Enrichment was calculated using Fisher’s Exact Test with BH correction for multiple testing
Diego Galeano, PhDManuscript in Preparation



sChemNET’s Predicted Common Small Molecule Drugs

triamcinolone
perfluorodecalin

Diego Galeano, 

PhDManuscript in Preparation



sChemNET’s Predicted Common Small Molecule Drugs

triamcinolone
perfluorodecalin

Diego Galeano, 

PhDManuscript in Preparation

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

licensed under CC BY-NC-ND 4.0:
https://creativecommons.org/licenses/by-nc-nd/4.0/ 



Computational Biology is Key in Advancement of Therapy and Countermeasure 
Development

• The need for integrated computational biology in 
all research is the way of the future to push the 
boundaries of biology.

• Using Creativity to combine different publicly 
available platforms from both NIAID and NASA 
can benefit for space biology and the clinic!!!

• ML techniques can be easily used as a “plug and 
play” method to apply to many experimental 
conditions and disease models.

• The combination of Systems Biology and AI/ML 
approaches will drive future research

• Collaborators welcome!!!
Diego 

Galeano Francisco

Enguita
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