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Lessons Learned From Our Previous Speakers

Take home message:

1. ML is in essence, an interpolation scheme between data points. CNNs are used to classify “what “ is the object (i.e. object recognition)
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Ceferino Obcemea,

Ph.D. ML models are great curve-fitting tools and provide
key analysis for object recognition!!!

Al >CFPD - Advanced Mathematics
Singular Value Decomposition: Principal Component Analysis

Extracts the dimension or “Component” in the data with more linear variance.
Essentially it looks for the direction in which the data is most spread

— Al = CFPD
Morphological Techniques: CT Segmentation Upper HRT i
Nasal cavity, automatic segmentation algorithm:

Complex geometry

= o % ; ‘ Unsharping
" #RED? ﬁ =
Shaheen A.

Binary operations

2l . +  Very challenging to capture all the sinus (in fact most of the manual
"‘3=D 1 . segmentations by physicians does not consider some cavities)
= \. Y, Smooth+threshold Al > CFPD
R - R T % Application - Fluid and Particle Dynamics in Respiratory Tract
i|| £ i _

' Al >CFPD - Advanced Mathematics = Al = Advanced Mathematics
" Biokinetic Modeling: Evaluation of Radiation Mechanism

Inhalation ) Biokinetic Model via compartmental analysis
of the human respiratory tract describing the
residency of deposited particles

Dewiji, Ph.D. :%

Al/ML models key in producing novel findings with |7 = — _

publicly available data on images and big datasets!!!




Computational Modeling in Biology

Artificial Intelligence
Computational technique that enables mimic of human
il intelligence

yareWsenes

Machine Learning

adhine \earnin® A field of Al 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 Al/ML tools!!! |




What is Systems Blo\ogy?

 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.” new nsih

new data Created with BioRender



Genetic Profiling

Gen

Transcriptome
RNA-seq

Microarrays

miRnome
miRNA-seq
Arrays

Proteome

Mass

Protein Microarrays
Nanotechnologies

DNA-seq
etic Mapping
Epigenome

WGBS
Methylation

Metabolome
NMR spectroscopy
Mass spectrometry

Spectrometry

Genel.ab
TCGA
etc

Public Databases

Use Public databases
with mulitple omics
datasets to determine
overall behavior of

the system

Challenges to multi-omics datasets |

What 1s Omics?

Genomics

Interactions between
the different omics to
provide complete
understanding of
the entire system
beign studied

Datasets
Poor Controls
Bad biological replicates
Bad experimental setup

Computing Power
Lack of Computer Clusters

Time to Preprocess Data

Analysis Methods
Normalization

Biased analysis
No uniform data processing

Possible Solutions

From analysis done on
public data
demonstrate how to
setup proper
future experiments

Supercomputer clusters
made available on the
cloud to process data

Create universal pipeline
for unbiased analysis
of all omics data




Why Care About Spaceflight?
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Radiation

1,000 — 8,000 miles

r Energetic Particles
(Solar Particle Events or
Coronal Mass Ejections)

NASA/JPL-Caltech/SwRI - http://photojournal.jpl.nasa.gov/jpea/P1A16938.jpg

Outer Belt
12,000 — 25,000 miles

GPS Satellites
12,500 miles

Geosynchronous Orbit (GSO)
NASA's Solar
Dynamics Observatory

/ 22,000 miles

Inner Belt

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

Van Allen Probe-A
"Image obtained from: Van Allén Probe-B

https://www.nasa.gov/mission_pages/sunearth/news/gallery/20130228-
radiationbelts.htmil
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Enable Deep-Space Exploration

Ebrahim Afshinnekoo

Chnstopher E. Mason

Ryan T.Scott
* [ « Afshin Beheshti 2

Space risks

3 . Matthew J. MacKay **

Show all authors «

Sylvain V. Costes 2 * =1+

Show footnotes

DOL: hitps //doi org/10. 1016/ cell 2020.10.050 o t :

NASA hazards

Risks and health consequences

e~ Limited health care

: e
Distance {g‘_‘m Support and resources 9 ¢
Confinement @~ Fitness t @ ®
Nutrition L Sleep
Hostile and £ and mood disruption
closed @~ Infections [ ] ©~ Stress
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fi stress hypercapnia
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Radiation Cancer Bone loss Q [
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Analyses and experimentation

Space environment

monitoring
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and predictions
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http://photojournal.jpl.nasa.gov/jpeg/PIA16938.jpg
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Space Environment Health Risks On Astronauts EE=E=

FEMALE ASTRONAUT

Female astronauts,

(to date) do not exhibit
clinically significant visual
impairment

A&

Female astronauts are
more susceptible to
orthostatic intolerance

Women suffer less from hearing
loss with advancing age, and do
not display a bias towards loss
of hearing In the left ear

e\

Women demonstrate
a slight bias towards
accuracy versus
speed in response to
an alertness test

LA

Women mount
more potent
immune
responses

Urinary tract
infections are
more common in
female astronauts

Large individual
variability to muscle
and bone loss in

Struvite kidney stones women

more common in women

e Health effect observed on Earth

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

MALE ASTRONAUT

Men suffer more from hearing
loss with advancing age, and
display a bias towards loss of
hearing in the left ear

o\ @

Men demonstrate a
slight bias towards
speed versus accuracy
in response to an
alertness test

oy

Men mount less
potent immune
responses

Calcium oxalate kidney
stones more common
in men

&\ Health effect observed in space

Some male astronauts
exhibit clinically significant
visual impairment

k3

Male astronauts
less susceptible to
orthostatic intolerance

W

Urinary tract
infections less
commeon in male
astronauts

W

Large individual
variability to muscle
and bone loss in men

W

M) Check for updates

A Mission and long-term health risks
Mission type Low Earth Low Earth Deep space | Lunarvisit/ | Deep space Planetary
orbit orbit sortie habitat journey visit/habitat
Mission duration 6 months 12 months 1 month 12 months 12 months 36 months
Return duration <=1 day <=1 day < 5 days 5 days Weeks/ Months
months
Radiation Van Allen Van Allen Deep Space Lunar Deep Space Variable
Gravity Micro Micro Micro 1/6g Micro Variable
Health risks | wssen | 208" | moson | tore | ison | 4308 | wson | 120" [ mosen | tne- | wson | 1200
Renal
Medical
SANS
Arrhythmia
BMed

Occupant protection
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Type of Experiments Related to Space Biology

Space Radiation Simulated

Experiments
rookhaven National Laboratory

Experiments Done in Space

Microgravity Simulated
Experiments
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INTRODUCTION PROTOCOL

® GENETICS

Exploring the Effects of Spaceflight on Mouse Physiology using the Open Access NASA GenelLab
Platform

Afshin Beheshti', Yasaman Shirazi-Fard?, Sungshin Choi', Daniel Berrios3, Samrawit G. Gebre!, Jonathan M. Galazka?, Sylvain V. Costes?

'WYLE Labs, Space Biosciences Division, NASA Ames Research Center, 2Space Biosciences Division, NASA Ames Research Center, USRA, NASA Ames

Research Center




Space Omics Platform that The Public can Use!!

G:neLab Open Science for Life in Space Home About + Data & Tools «~ Research & Resources « Working Groups « Help ~

a GenelLab (genelab.nasa.gov)

Welcome to NASA Genelab - the first comprehensive space-related omics database; users can upload, download, share, store, and analyze
spaceflight and spaceflight-relevant data from experiments using model organisms.

Data Repository u Analyze Data 0 Environmental Data
Search and upload spaceflight datasets Perform large-scale analysis of biological Radiation data collected during experiments

omics data conducted in space

= | Collaborative Workspace Submit Data Visualize Data

] ; Share, organize and store files Have space-relevant data to submit to Interact with GenelLab processed data
BEEE Genelab?




Question:

Can we leverage other publicly available data
platforms to determine novel hypothesis and
data for advancing both clinical and
spaceflight related issues?



www.immport.org

ImmPort is funded by the NIH, NIAID and DAIT in support of the NIH mission to share data with the
public. Data shared through ImmPort has been provided by NIH-funded programs, other research
organizations and individual scientists ensuring these discoveries will be the foundation of future

research.

Data uploading or sharing questions? Please coniact ImmPort_Helpdesk@immport org.

2 IMMPORT

BIOINFORMATICS FOR THE FUTURE OF

Short Answer: Yes

ImmPort Resources % Data Mz

Shared Data

v

Program specific resource links:

Upload =

IMMPORT
Shared Data

« APl Documentation
+ Ask ImmPort Questions

IMMUNOLOGY

« Browse Shared Data using Faceted Search
« Download Data (Login Required)

[oQl Data~ About~

Search www.immport.org

Data Model

Help =

= News
30-May-23 ImmPort Data Release 48 is out! 58 new
studies. For details please see the Data Release
notes. [
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Hypothesis:
Does spaceflight increase the chance of

potential birth defects?



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

ImmPort

Upload - urces % Data Management and Sharing Plan Search www.immport.org Q About =

Shared Data

https://www.immport.org/shared/study/SDY1871
SDY1871 - Maternal plasma miRNAs as potential biomarkers for detecting risk of SGA

& Download

Data Catalogs Data Model Help~

Design Adverse Event Assessment Interventions Medications Substance Demographics Lab Tests Mechanistic Assays Study Files

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

- . 5000
Maternal plasma samples were extracted from whole blood and collected prospectively at -
. . . . . . 4500
v Summary three time-points; 12*9 - 14*¢ (time-point A), 150 - 17*¢ (time-point B) and/or 18*0—21%6 o oot
(OLINRY o
. . . 4000 (A \¥
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Z 3500 ° AGA
Title Maternal plasma miRMNAs as potential biomarkers for detecting risk of SGA g \vof'
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S 2500 | ALr

Brief To investigate the miRNA biomarkers asssociated with the BgEIRTI S ERENBGEIRERERERNEEE (SGA) condition, maternal plasma samples from 29 women /\z.z@“o /

Description (N=1& normal, N=13 5GA) were selected to form a discovery cohort in which expression data for a total of 800 miRNAs was determined using the = / \oQ/ < SGA
Manostring nCounter miRNA assay. Differential expression of two miRNA markers; hsa-miR-374a-5p (p = 070176) and hsa-let-7d-5p (p = 070036), were 1500 vl ‘(\\‘\&0 =
validated in an independent population of 95 women (SGA n = 12, Control n = 83). S OQ\PQ

1000 O
e
Research Focus Pregnancy @e‘}
500 -

Condition Small for Gestational Age 2 26 38 30 32 31 35 3TEEEE o4 45

Studied I Preterm I Term IPostterm I

Start Date Weeks of Gestation

Detailed Small-for-gestational-age fetuses (SGA) (birthweight <10th centile) are at high risk for stillbirth or long-term adverse outcomes. Here, we investigate the

Description ability of circulating maternal plasma miRNAs to determine the risk of SGA births. Maternal plasma samples from 29 women of whom 16 subsequently

delivered normally grown babies and 13 delivered SGA (birthweight <5th centile) were selected from a total of 5311 women recruited to form a discovery
cohort in which expression data for a total of 800 miRNAs was determined using the Nanostring nCounter miRMNA assay. Validation by RT-gPCR was
performed in an independent cohort. Findings: Partial least-squares discriminant analysis (PL5-DA) of the Nanostring nCounter miRMNA assay initially
identified seven miRMAs at 12714 +6 weeks gestation, which discriminated between SGA cases and controls, Four of these were technically validated by RT-
qPCR. Differential expression of two miRNA markers: hsa-miR-374a-5p (p = 070176) and hsa-let-7d-5p (p = 070036), were validated in an independent
population of 95 women (SGA n = 12, Control n = 83). In the validation cohort, which was enriched for SGA cases, the ROC AUCs were 0771 for hsa-
miR-374a-5p, and 0774 for hsa-let-7d-5p, and 0?77 for the two combined. Whilst larger population-wide studies are required to validate their performance,
these findings highlight the potential of circulating miRMAs to act as biomarkers for early prediction of SGA births
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Dataset on ImmPort Related to Small-for-gestational-age fetuses (SGA)

ImmPort Upload - Shared An : urces % Data Management and Sharing Plan Search www.immport.org Q [k About =

Shared Data Data Catalogs Data Model Help~

https://www.immport.org/shared/study/SDY1871
SDY1871 - Maternal plasma miRNAs as potential biomarkers for detecting risk of SGA

& Download

Design Adverse Event Assessment Interventions Medications Substance Demographics Lab Tests Mechanistic Assays Study Files
https://en.wikipedia.org/wiki/Small_for_gestational_age
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birth defects after returning to Earth??? | -
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. 24 26 28 30 32 34 36 38 40 42 44 46
Studied I Preterm I Term |Postterm I
Start Date Weeks of Gestation
Detailed Small-for-gestational-age fetuses (SGA) (birthweight <10th centile) are at high risk for stillbirth or long-term adverse outcomes. Here, we investigate the
Description ability of circulating maternal plasma miRNAs to determine the risk of SGA births. Maternal plasma samples from 29 women of whom 16 subsequently

delivered normally grown babies and 13 delivered SGA (birthweight <5th centile) were selected from a total of 5311 women recruited to form a discovery
cohort in which expression data for a total of 800 miRNAs was determined using the Nanostring nCounter miRMNA assay. Validation by RT-gPCR was
performed in an independent cohort. Findings: Partial least-squares discriminant analysis (PL5-DA) of the Nanostring nCounter miRMNA assay initially
identified seven miRMAs at 12714 +6 weeks gestation, which discriminated between SGA cases and controls, Four of these were technically validated by RT-
qPCR. Differential expression of two miRNA markers: hsa-miR-374a-5p (p = 070176) and hsa-let-7d-5p (p = 070036), were validated in an independent
population of 95 women (SGA n = 12, Control n = 83). In the validation cohort, which was enriched for SGA cases, the ROC AUCs were 0771 for hsa-
miR-374a-5p, and 0774 for hsa-let-7d-5p, and 0?77 for the two combined. Whilst larger population-wide studies are required to validate their performance,
these findings highlight the potential of circulating miRMAs to act as biomarkers for early prediction of SGA births




What are miRNAs and why study miRNAS?

A) Classical View of Molecular Biology

DNA
Transcription
RNA
l Translation
Protein

miRNA publications

12000

B) miRNA Publications over Time
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C) New Understanding of Molecular Biology

DTV DIDIN

Transcription
RNA _

11 Translation
Protein

* Asingle 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.

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)

 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.



https://three.jsc.nasa.gov/Encyclopedia/Article/80
https://three.jsc.nasa.gov/Encyclopedia/Article/80
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MIRNAs and Space: What | have done so far!

Cell Reports

iScience

ARTICLE

Circulating miRNA Spaceflight Signature Reveals Targets for
Countermeasure Development

ARTICLE | VOLUM

Sherina Malkani 2  Christopher R. Chin %? « Egle Cekanaviciute > Peter Grabham
Christopher E. Mason & Afshin Beheshti 2 2 Show all authors » Show footnotes
Published: November 25, 2020 * DOI: https://doi.org/10.1016/j.ceirep.2020.108448
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Highlights

« Spaceflight miRNA signature validated in muitiple organism models

\, Highlights
!

@ CelPr:

« Components of miRNA signature related to space radiation and microgravity

« Downstream targets and circulating dependence of miRNAs in NASA Twins Study

licensed under CC BY-NC-ND 4.0:
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« Murine immune profiles from simulated deep spaceflight condif
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« Inhibition of key microvasculature miRNAs mitigates space radiation impact H dysregulation
bBJ_ECTIVE RESULTS VALIDATION IN HUMAN
::?g;tllzing miRNA signature from multiple CELLS AND ASTRONAUTS
miRNAs rodent models Primary blood cells
impacted by
spaceflight
|MODELS

Deep space radiation

miRNA-seq
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- Robert Meller « Peter Grabham:

« Immune profiling revealed unique immune diversity with each experimental conditio

« Plasma microRNA sequence analysis revealed involvement in immune system

Beyond Low-Earth Orbit: Characterizing Immune and microRNA
Differentials following Simulated Deep Spaceflight Conditions infMice
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LET-Dependent Low Dose and Synergistic Inhibition of Human
Angiogenesis by Charged Particles: Validation of miRNAs that Drive
Inhibition
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Description

In the present study we analyzed miRNA and mRNA expression profiles in human peripheral blood lymphocytes (PBLs) incubated in
microgravity condition, simulated by a ground-based Rotating Wall Vessel (RW\W) bioreactor. Our results show that 42 miRNAS were
differentially expressed in MMG-incubated PBLs compared with 1g-incubated ones. Among these, miR-9-5p, miR-9-3p, miR-155-5p,
miR-150-3p, and miR-378-3p were the most dysregulated. To improve the detection of functional miRNA-mRNA pairs we performed gene
expression profiles on the same samples assayed for miRNA profiling and we integrated miRNA and mRNA expression data. The
functional classification of miRNA-correlated genes evidenced significant enrichments in the biological processes of immune/inflammatory
response. signal transduction, regulation of response fo stress, regulation of programmed cell death and regulation of cell proliferation.
We identified the correlation between miR-9-3p, miR-155-5p, miR-150-3p and miR-378-3p expression with that of genes involved in
immune/inflammatory response (eg. IFNG and IL17F), apoptosis (eg. PDCD4 and PTEN) and cell proliferation (eg. NKX3-1 and
GADD45A). Experimental assays of cell viability and apoptosis induction validated the resulis obtained by bioinformatics analyses
demonstrating that in human PBLs the exposure to reduced gravitational force increases the frequency of apoptosis and decreases cell
proliferation. microRNA expression profiling were carried out on total RNA extracted from PBLs of twelve healthy donors at the end of
24h-incubation time in MMG and in 1g conditions. Analyses were performed by using the Human miRMA Microarray kit (V2) (Agilent
Technologies), that allows the detection of 723 known human (miRBase v.10.1) and 76 human viral miRNAs. By comparing the
expression profile of MMG-incubated vs. 1g-incubated PBLs of the same donor, we found 42 differentially expressed miRNAs, 25 up-
regulated and 17 down-regulated.
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Common Circulating miRNAs Between SGA and Spaceflight
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Health Risks Associated with the Common miRNAS

Diseases Associated with 13 Common miRNAs
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Biological Functions Associated with the Common miRNAs

Functions Associated with 13 Common miRNAs
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Mitochondrial Related Pathways Impacted: Global miRNA Profile
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Similar Mitochondrial Related Pathways Impacted between SGA and

OXPHOS -

Cl subunits -
Complex | -
OXPHOS subunits -

Metabolism
Lipid metabolism

Mitochondrial central dogma
Mitochondrial ribosome
Translation

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

MitoPathway 3.0
ImmPort
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Similar Mitochondrial Related Pathways Impacted between SGA and
Spaceflight: Global miRNA Profile

MitoPathway 3.0
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* NASA Twin Study data validates mitochondrial dysfunction during space missions
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Similar General Related Pathways Impacted between SGA and
Spaceflight: Global miRNA Profile
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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)
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small molecules
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. . 44 ;
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hsa-miR-106b-5p

hsa-miR-22-3p

hsa-miR-27b-3p
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Enrichment was calculated using Fisher’s Exact Test with BH correction for multiple testing



s Predicted Common Small Molecule Brugs

Small Molecule Drug Predictions for Targeting Spaceflight/SGA miRNA Signature
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sChemNET’s Predicted Common Small Molecule Brugs

ecule Drug Predictions for Targeting Spaceflight/SGA miRNA Signature

Triamcinolone is a glucocorticoid used to treat a number of } Cinical Prase
different medical conditions, such as eczema, alopecia areata, ; §
lichen sclerosus, psoriasis, arthritis, allergies, ulcerative colitis, @ ..mporm o o " - -
lupus, sympathetic ophthalmia, temporal arteritis, uveitis, R e g s ; [ Ih ﬂh{

ocular inflammation, keloids, urushiol-induced contact o LR R T e f :
dermatitis, aphthous ulcers (usually as triamcinolone — —

Small Molecule Drug

acetonide), central retinal vein occlusion, visualization durin . . .
) ) ) 8 ng Spaceflight/SGA miRMA Si~natuiwa
vitrectomy and the prevention of asthma attacks.
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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
Created with BioRender play” method to apply to many experimental
conditions and disease models.
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* The combination of Systems Biology and Al/ML
approaches will drive future research

e Collaborators welcome!!!
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