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Why Care About Space Biology Research
Future of Exploration—- NasA
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Fundamental Biological Features of Spaceflight: Advancing the Field to
Enable Deep-Space Exploration
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Galactic Cosmic Radiation (High LET) — a cautionary tale
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Space Environment Health Risks On Astronauts pessssss

FEMALE ASTRONAUT

Female astronauts,

(to date) do not exhibit
clinically significant visual
impairment

A&

Female astronauts are
more susceptible to
orthostatic intolerance

A

Urinary tract
infections are
more common in

female astronauts
S

(}‘ ) %\

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

Women mount
more potent
immune
responses

Struvite kidney stones
more common in women

Large individual
variability to muscle
and bone loss in
women

e Health effect observed on Earth

MALE ASTRONAUT

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

@

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

Male astronauts
less susceptible to
orthostatic intolerance

\

Urinary tract
infections less
commeon in male
astronauts

W

Large individual
variability to muscle
and bone loss in men

A

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
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Type of Experiments Related to Space Biology

Experiments Done in Space Space Radlat_lon Simulated
Experiments
Brookhaven National Laboratory

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

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

Login  Register  Subscribe

@ CellPress

Introduction - Spaceflight considerations «- Biological impacts + Radiation risks ¥ Microgravity ¥ Featured journals 4 Work in progress

Related resources - Contributing lab groups - Consortia Hub A

The biology of spaceflight

As humankind reaches for the stars to journey to the next frontier in space, research on spaceflight biology is critical for understanding how living
systems, including human health, may be affected by spaceflight and space exploration. This special collection on the biolegy of spaceflight, published
in Cell and other Cell Press journals, includes research articles, short communications, and a review article that cover studies with model systems and
astronaut samples. The work, which was done in collaboration between NASA and other space agencies around the world, uncovers the impact of
known hazards of spaceflight, such as radiation and microgravity, and discusses the standards for multi-omics from space and the preparations

needed for Mars and other missions in the next two decades.
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Highlights

+ Multi-omics analysis and techniques with NASA's GeneLab platform

» The largest cohort of astronaut data to date utilized for analysis CIRCADIAN RHYTHM

» Mitochondrial dysregulation driving spaceflight health risks

» NASA Twin Study data validates mitochondrial dysfunction during space missions
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GenelLab (genelab.nasa.gov)

e
s 4
Open Science for Life in Space Home About ~
<Y A}\

Keywords Q

Welcome to NASA GenelLab - 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
D Search and upload spaceflight datasets

© | Collaborative Workspace >

2 g Share, organize and store files II
2R

Data & Tools +~

Analyze Data

Perform large-scale analysis of biological

omics data

Submit Data

Have space-relevant data to submit to

Genel.ab?

Research & Resources v  Working Groups v

Environmental Data

Radiation data collected during experiments
conducted in space

Visualize Data

Interact with GeneLab processed data

cLh I EL) Open Science for Life in Space

. &

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

GenelLab Analysis Working Groups
(AWGSs) consist of 300+ scientists from
multiple space agencies, international
institutions, and industry. Scientists meet
monthly with each group to analyze data
in the GenelLab repository. Majority of
members are non-NASA PIl’'s — many
have applied for NASA funding following
AWG interactions.

https://genelab.nasa.qgov/awqg/join
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Spaceflight
Impact on the
Mitochondria

MITOCHONDRIA
THE CELL'S POWER HOUSE

theAwkwardYeticom

0202 'S J2quWanoN 000—000 S3bed G JSquINN £81 SWNjOA

Volume 183
Number 5§
November 25, 2020

2 N

Cell an Q

ARTICLE | VOLUME 183, ISSUE 5, P1185-1201.£20, NOVEMBER 25, 2020

Comprehensive Multi-omics Analysis Reveals Mitochondrial
Stress as a Central Biological Hub for Spaceflight Impact
Willian A. da Silveira 2* « Hossein Fazelinia 2* « Sara Brin Rosenthal * « ...

Christopher E. Mason 2* « Sylvain V. Costes 2* « Afshin Beheshti & %% 25 1« Show all 2
Show footnotesDOI: https:/doi.org/

Highlights

* Multi-omics ana and techniques with NASA's | ab platform
data to date utilized for analysis
light health risks

Twin Study ¢ alid nitochondrial dysfunction during space missions

Determine the impact of spaceflight at the Human cells and tissues
molecular level across cells and tissues Open Science for Life in Space
v

Multiple mouse organs

Endothelial cells @) Hair follicles

Analysis of omic data at
multiple levels of biology

DNA methylation Metabolites

|‘|| .

MS/MS spectrum

Identifed functional Confirmed with astronauts’ pathophysiological
hubs that impact MITOCHONDRIAL response to spaceflight be g

cellular, tissue, and FUNCTION CELLULAR

organismal function METABOLISM

Astronaut
blood

biochemistry and
genetic data

RENIN-ANGIOTENSIN-ALDOSTERONE
M

Angotensinagen
%~ Renin

Angiotensin |



Analysis Working Group (AWG) Members and Others Involved

Willian da Silveira Deanne Taylor Hossein Fazelinia ~ Komal Rathi  Douglas Wallace Larry Singh ~ Benjamin ~ “Jimmy” Man S Brin Rosenthal Jonathan

[ | Kim .
] G[..I Children’s Hospital Perelm an Stear UNIVERSITY of CALIFORNIA, SAN DIEGO Schisler
STAFFORDSHIRE of Philadelphia" School of Medicine SCHOOL OF MEDICINE AUNC :

UNIVERSITY UNIVERSITY 0f PENNSYLVANIA

i m s

Chris Mason C Meydan Jonathan Evagelia Laiakis ~J. Tyson Yared Scott Smith Brian Crucian Sara Zwart  Susana

'
Foox o McDonald Jeffrey Willey Kidane OPq QUEEN'S 5%; céNrgr Zanello
(@ oo WAKE FOREST stomsyTEismL | | B2 &g UNIVERSITY HOUSTON

---------- BELFAST Marned Space Fight Edueation Foundat

Todd Treangen  Leo Elworth  Nick Sapoval Sonja Dong Stacy Nandan Helio Costa  Kathryn Grabek Afshin Beheshti gxc/’l\slii;g
PR Schrepfer, Wang Horner  Gokhale Robert Meller " STANFORD SILICON
L’(\ﬂ: w Duke University MOREHOUSE UNIVERSITY VALLEY

Univarsity of Galforna School of Medicine SCHOOL OF MEDICINE AMES RESEARCH CEN

San Francisco




BN S T R ———"
Overview of Data Utilized for this Work and Project

Paper Link:

Determine the impact of spaceflight at the e
molecular level across cells and tissues

Analysis of omic data at
multiple levels of biology

DNA methylation

Identifed functional
hubs that impact
cellular, tissue, and
organismal function

CIRCADIAN RHYTHM

RNA Protein
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Human cells and tissues
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Circulating miRNA Spaceflight Signature Reveals Targets for
Countermeasure Development
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What are miRNAs and why study miRNAs?

A) Classical View of Molecular Biology C) New Understanding of Molecular Biology Figure from Vanderburg and
DNA DNA Beheshti, MicroRNAs

B) miRNA Publications over Time (miRNAS), the Final Frontier:
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* Asingle miRNA has been estimated to regulate 100s to 1000s of mRNAs. i mam mon ;ﬁ* ~ perotoneat
« miRNAs are ~22nt /oS \~ T
* Due to the size and stability of the miRNAs, it can float freely in the blood. — =Mk ﬁ miones s e
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* miRNAs are now known to be involved in all aspects of diseases. i A fmnm: s, | MR o
« miRNA are not only found in mammals, but everything else living: plants, e TR I Rl
o . . . . miR-593* ,' i ::ﬁiﬁ ' miR-451
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Interplay of mitochondrial metabolism and microRNAs
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Volume 164, 1 November 2016, Pages 60-70

miR-15a/miR-16 induces
mitochondrial dependent apoptosis in
breast cancer cells by suppressing
oncogene BMI1
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Abstract

Dichloroacetate (DCA) is a metabolic modulator that inhibits pyruvate dehydrogenase activity and promotes the influx
of pyruvate into the tricarboxylic acid cycle for complete oxidation of glucose. DCA stimulates oxidative phosphorylation
(OXPHOS) more than glycolysis by altering the morphology of the mitochendria and supports mitochondrial apoptosis.
As a consequence, DCA induces apoptosis in cancer cells and inhibits the proliferation of cancer cells. Recently, the role
of miRNAs has been reported in regulating gene expression at the transcriptional level and also in reprogramming energy
metabolism. In this article, we indicate that DCA treatment leads to the upregulation of let-7a expression, but DCA-
induced cancer cell death is independent of let-7a. We observed that the combined effect of DCA and let-7a induces
apoptosis, reduces reactive oxygen species generation and autophagy, and stimulates mitochondrial biogenesis. This was
later accompanied by stimulation of OXPHOS in combined treatment and was thus involved in metabolic reprogramming
of MDA-MB-231 cells.
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7Department of Cardiology. Faculty of Medicine. Kashan University of Medical Sciences. Kashan, Irat

shear-mediated NO release. TGF-B1 induced mitochondrial dysfunction was linked to a nitration-mediated ac-

tivation of Akt and the subsequent mitochondrial translocation of endothelial NO synthasc (€NOS) resulting in
the nitration of carnitine acetyl transferase (GrAT) and the disruption of canitine homeostasis. The inercase in
Akt] nitration correlated with increased NADPH oxidase activity associated with inercased levels of pa7,
P677%, and Racl. The increase in NADPH oxidase was associated with a decrease in peroxisome proliferator-

activated receptor type gamma (PPARy) and the PPARy antagonist, GW9662, was ablc to

FResearch Center for Biochemistry and Nutrition in Metabolic Diseases, Institute for Basic Sciences,

of Medical Sciences, Kashan, Iran
mimic the disruptive

effect of TGF-B1 on mitochondrial bioencrgetics. Together, our studics reveal for the first time, that TGF-B1 can

disrupt mitochondrial function through the disruption of cellular camitine homeostasis
mulating carinitine homeostasis may be an avenue (o treat pulmonary vascular discase.

and suggest that sti-
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The Mitochondrial Calcium Uniporter Matches
Energetic Supply with Cardiac Workload during
Stress and Modulates Permeability Transition
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In Brief

Luongo et al. show, using a conditional
knockout mouse model, that the
mitochondrial Ca2* uniporter (MCU),
although dispensable for homeostatic
function, is necessary for the cardiac
“fight-or-flight” contractile response and
a significant contributor to mitochondrial
permeability transition during ischemia-
reperfusion injury.
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