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SS enabling capability for research in cellular and molecular biology includes
equipment for in situ, on-orbit analysis of biomolecules

Applications of this growing capability range from biomedicine and biotechnology to
the growing field of Omics
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Opportunities of omics data
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¢ Space Biology Payloads Launched on SpX-13

Rodent Research-6

Cell Science Validation
Plant Gravity Perception
Microbial Tracking — 2
APEX-06

Fruit Fly Lab

Micro-11
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[ New Knowledge ]
Community Data type :
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- Disease states [ Analysis Working Groups ]
Pathway changes
- [ Galaxy GenomeSpace
Differential expression

Biologists Mapped reads
/ \ Raw data EB' PR'DE
ANILI MiiG' NCBI GEO

[Missions/Experiments ][ GenelLab Sample Processing ]
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Oct 1, 2017

GLDS 2.0 Release
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Phase 1 Phase2

Searchable Data~ Data Exchange
FY2014 —2015 FY2016-2017

N

ﬁ)ata System

v’ Public Website / Data System \
v Searchable Data v’ Link to Public
Repository Databases via Data
v Top Level Federation
Requirements v' Integrated Search
v" New Data and (e.g., data
mashup)

- /

Legacy Data
- /

Oct , 2018
GLDS 3.0 + ASGSR

Nov 2018

April 2019
April 234, 2018 Onward
AWG workshop March 2019 GenelLab
Visualization Academy and
Intern Network
Summer interns e

June 2018 Portal

Phase 3
Tool Integration
FY2018- 2019

A

/ Data System

-

N

Integrated Platform across model
organisms

Build Community via AWG

Provide access to biocomputational tools
for omics analysis

Oct 1, 2019
GLDS 4.0 Release

Phase 4
Maintenance
FY2020 — 2021

Provide collaboration framework and tools

)

/Open Source Maintenance \
e User community becomes
primary provider of new
tools/knowledge
¢ Maintain integrity of data, and

data system
hU /




Genelab GLDS 4.0

Exploratior

Astronaut Data should be possible
for Higher Order Data
Providing minimum metadata

VISUALIZATION PORTAL

Higher Order High

Private
(DGE) throughput

Lower Order Platform GENELAB

(Alignment) (AWG

pipelines)

Private Raw

WORKSPACE \\

No Human Sequences
(i.e. no Astronauts)




Opportunities

» Analysis Working Group Participation

— We are actively recruiting individuals and groups with varying degrees of
experience to participate, learn, publish!

« Workspace - Upload your own data, use our workspace to compare
against our data sets
— Set up an account, Galaxy tool suite available Oct 2018

 Visualization — create your own visualization tool and pull using our
API
e Student interns

— We bring in students every summer including some spots reserved for
international students. We provide funding!

o LSDA allows tissue requests from international labs

— One source of our tissues is the Life Sciences Data Archive. They have
archived tissue samples that can be obtained via an application request
available here:

— https://Isda.jsc.nasa.gov/Request/dataRequest
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GLDS Phase 2 (Release 2.0)

ence for Explor Google-like Search, Federated Search

Data federation/integration with heterogeneous bioinformatics external databases
(GEO, PRIDE, MG-RAST)

‘GeneLab _ |

Federated Search

Home Repository Data Data Mining Tools SubmitData Help Workspa

mouse myostatin Q

[F] Al [7] GeneLab [7] NIHGEO [ EBIPRIDE [F] ANL MG-RAST

mouse myostatin using fiter(s):

Bz &

Sort by Relevance

Myostatin inactivation effects on myogenesis in vitro and in vivo
hitp: nchi nim.nih. go uery/acc.cgi?
Key words: dystrophin, mdx meuse, Duchenne, fibrosis, dystrophy ABSTRACT Stim|
(MDSC) into myogenic, as opposed to lipefibrogenic, lineages is a promising therapes
(ﬂ)_ counteracting myostatin, a negative regulator of muscle mass and a pro-lipofibrotic

fibregenic capacity of MDSC from wild...
GSE28986

Mus musculus Robert Gelfand

The transcriptomic signature of myostatin inhibitory influence on the differenti

fac

GDF8 (myostatin) is a unigue cytokine strongly affecting the skeletal muscle phenoty]|

melecular mechanism of myostatin influence on the differentiation of mouse C2C12 nf

technique. Treatment with exogenous GDF8 strongly affected the growth and devel

proliferation and differentiatio..
Mus musculus

GSES9674 Zofia Wicik

Development of gene expression signature for defining the cell potency of mu|
genotypes

In order to determine the cell potency, by identification of genes responsible for pluri
isolated from five week old male wild type(WT), C57BIE] and another hypertrophied

microarray analysis and compared this gene expression to that of a standard mouse
and Mstn null mice using an esta

Mus musculus

GSE39765 Bipashs Bose

Rodent Research-3-CASIS: Mouse liver transcriptomic proteomic and epigen:

enelal 4.00 5-137

The Rodent Research-3 (RR-3) mission was designed to study the effectiveness of
occurs during spaceflight. Myostatin is a protein secreted by myoblasts that inhibits
block myostatin cause increases in muscle mass. The RR-3 experiment was sponsol

Advancement of Science in Space and ass..
Mus musculus

Migroaravity Treatment

.

transariotion osofiling o.

| @ ‘ gien_eLab

Search Filters for GenelLab

Home Repository Data Data Mining Tools Submit Data Help Workspace

mouse Q
All Genelab NIH GEO EBI PRIDE ANL MG-RAST
Search Filters (GeneLab Only)
Project Type  ~ Factors Organisms Assay Type ~ Clear
Ground Age Mus musculus deletion pool profiling
Spaceflight - mot  Anatomical Stru DNA methylation profiing  ictor Name = Age’ OR 'Study Factor Name = cage’)

! b Mycobacterium mai

Fuvw  wrgardSM = - 4 niniotic concel Oryzias latipes environmental gene survey 3

ULy oo Atmospheric Pre genome sequencing O
1

Pantoea conspicua

Bed Rest metabolite profiling

Pseudomonas aeru

Age and Space Irre Bleomycin Treat Rattus norvegicus protein expression profiling :inogenesis Risk

tips://genelab-app-1-si cage Rhodospirillum rubr RMNA methylation profiling . . . - .
Age play CANONT:Part transcription profilin nodeling the carcinogenesis process or estimating cancer risks.
Epidemi . Saccharomyces cel P P g :nce increases with age. This effect is commonly attributed to a lifetime
g accumul — call culture g miadie-age the incidence begins to decelerate and for many tumor sites it actually
decreas Staphylococcus
Irgar clinical treatmen ption profiling 11 GLDS-88 PIC Christine Afshin Edward L...
GLDS-137

e




Genelab GLDS Phase 2 (Release 2.0)

Open Science for Explor Customized NASA Collaborative Workspace

User Account Mgmt., Access Controls (e.g., Private, Shared, Public Folders)
|@ GeneLab |
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am granied socess s 8 violstion of Fedoral L, constituion Seh; and is
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Uptex Homeo » Public « gene

Filaname Tags Owner Slae Last Wcedifhed
g~ GLOS1 peralat
GLDS-10 gorolal
GLDS-100 peralat
BLDE-1H geralad
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B GLDS-108 ]
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Barriers to reproducible analysis of omics data:

1.

Large files are difficult to move around and
process

Workflows vary from user to user and details are
sometimes poorly documented

Galaxy platform:

1.

Open source, extensible platform for cloud based

analysis of omics data = Ga Iaxy

Allows scripts to be run and chained together into PROJECT
workflows galaxyproject.org
Workflows can published, shared and

downloaded

Afgan et al. The Galaxy platform for accessible, reproducible and collaborative biomedical
analyses: 2016 update. Nucleic Acids Research (2016)



GeneLab GenelLab Sample Processing

o Laboratory (SPL)

« Expertise:
 DNA/RNA/protein extraction
* Animal work

* Develop standards for sample processing (species dependent)
» Responsible for ~50% of GenelLab data by volume

7000

1 @ BRIC-19
| @ BRic20
60001 @ BRIC-23

1 @ RR3
50004 @@ RR1

4000 —

3000 —

Data volume (GB)

2000 —

1000 —

2015 2016 2017
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Open Science for Exploration

GenelLab Database

B sh A
B fruit flies
| human

Il invertebrate
| microbes /
I plant /

~ rodents

23.75% \

5.63%

B)

10.63% -
. 325%

1.88%
5%

20.63%

C) 76

2.75%
8.79% _a

2.2%
3.85%
1.65%

7.69%
0.55%

.69%

: >190 data sets

| Ground

Bl Spaceflight 53 ggo

46.94%

microarray
RNA-seq

),_,,/
- 2331%

Il ccletion pool profiling
I DNA methylation profiling

environmental gene survey

72.53% |} genome sequencing
| metabolite profiling

B protein expression profiling

Beheshti et al., Radiation Research 2018

'RNA methylation profiling
I transcription profiling



69 Ground Data Sets‘ Radiation and

GenelLab _ . :
simulated microgravity

A) - B) Homo Sapiens
Il Radiation onl Y
. I Mus Musculus

Bl Vicrogravity Only _
I Radiation + Microgravity L Rattus norvegicus
I Other B Microbes

23 (33.33%) B Flant

2 (2.9%) 14 (50%)
1 (3 57%)
(3. 57%
\ 1 (& 57%
26 (37.68%
18 (26.09%)

1 (39.29%)

C) 25
20

Irradiation Ground Datasets On GenelLab

-
$) ]

-
o

Datasets

Beheshti et al.,
Radiation Research
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Genelab Radiation Dosimetry for STS sampll'es
(ISS to follow)

Locations of Radiation Detectors and Animal Holders

inside BION-M1
(wall is 0.3 g/em* A}

STS-70 !
B.9 days) STS- 118 13days ;|

I sis121gl
| 12.19 days |
BION-M1 i i i
s ! I I

| |
ST
| y

STS-115 ,

"o @
Beheshti et al., Radiation Research 2018 0 1 2 3 4 25 30

Total Dose (mGy)



« ~60 individuals

4 Groups: Plants, Microbes, Animals, Multi-omics
 Monthly meetings

 Deliverables:

» Consensus pipelines for primary analysis of data
(Microarray, RNASeq, Bisulfite sequencing,
Proteomics, 16S metagenomics, Whole genome
metagenomics)

« Recommendations for visualization of data

------

brmland Poland

||||||||
.......

........



GenelLab GenelLab Analysis Working Groups

Open Science for Exploration

AWG (now)

Student interns
(June - Aug)

Implementation Post
(ideally in processed
Galaxy) data to
GenelLab

Public portal for
visualization of
GenelLab data

Processed data
GLDS or AWG scope for posting on

GenelLab

AWG (July - ?

requirements
and systems

publication (S)




» Cage Effects with rodent experiments: Carbon Dioxide as an
Environmental Stressor in Spaceflight

« Systems Biology analysis reveals biological spaceflight master
regulators

e Space Radiation induces long term impact on the cardiovascular
system by the activation of FYN through Reactive Oxygen Species

 AWG related work determines novel systemic biological factors
causing damage due to spaceflight



Cage Effects with rodent
experiments: Carbon Dioxide as
an Environmental Stressor In
Spaceflight

Beheshti A, Cekanaviciute E, Smith DJ, Costes SV. Global transcriptomic
analysis suggests carbon dioxide as an environmental stressor in spaceflight:
A systems biology GenelLab case study. Sci Rep. 2018;8(1):4191. doi:
10.1038/s41598-018-22613-1. PubMed PMID: 29520055; PMCID:
PMC5843582.



Genelab Carbon Dioxide as an Environmental

Stressor in Spaceflight

A) Cage Types

Historic and Projected CO2
Atmospheric Concentrations

Atmospheric CO2
1000

8.6"
Projections by

IPCGC scientists 300

Today’s CO, level 600
.'!E - is ~380 p.p.m.
SO ot ! The CO, level for thousands \
Animal Enclosure Module (AEM) of years was ~280 p.p.m. 400
B) l UP 35%
- - zm
S p-p.m.
GLDS-21 |STS-108| mouse | ~3000 v
1800 1900 2000 2100
Source: IPCC
e BF mouse | ~600 http:/fwww.ipcc.ch/present/graphics.htm
GLDS-111| BF | mouse | ~600 | 30 By RN 5
digitorum /

GLDS-25 |STS-135| mouse | ~3000 13 liver

~3000 ]
GLDS-63 | STS-70 rat (est) B mammary gland Mammary glands (3T5-70)

Beheshti, et al., Scientific Reports, 2018
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A) GLDS-25: §TS-135 Legend
Murine Liver ® AEM Control
@ Vivarium Control
I T 100
50
0 rg\"\
50 ¥
(L‘\
=100 QO
-150
-200 -150 -100 -50 0 50 100 150
PC1 (34.53%)
C) GLDS-111: BF ® [ ]
Murine Muscle
Legend

® Soleus muscle: AEM

© Soleus muscle: Vivarium ®

@ Extensor digitorum muscle: AEM

@ Extensor digitorum muscle: Vivarium °
-80 -60 -40 =20 0 20 40 60 8f

PC1 (26.11%)

R Tissue Type
I Mouse Group

20 40 60 80

-40 -20 0

-60

100

50

B) GLDS-21: 5TS-108
Murine skeletal musc

le

Legend
® AEM Control
© Vivarium Control
[ ]
! 60
‘ ﬂ'
20
0 o
=1 @TL‘J“’
40 ?Cﬂ«
=60
-100 -50 0 50 100 150
D) GLDS-63: STS-70 PC1 (38.74%)
Rat Mammary Gland Legend
® AEM Control
© Vivarium Control T
100
~
50 &°
0 \@b
QC’
-50
-150 -100 -50 0 50

PC1 (26.17%)

Rodent Group
Il 2Em control

. . I Mouse Group
Vivarium Control e Brou

AEM = Animal Enclosure Modules (now referred to as Rodent Habitats)
Vivarium = normal ground based rodent cages

Beheshti, et al., Scientific Reports, 2018



A) MG BFEDL K i B) Only Muscle Tissue
All Tissues DOWN  UP Skeletal F EDL
. BF
regg ??thways Liver SLS I, , ® ¢ . ® Muscle
- Skeletal JAK/STAT < v -
G Muscle Slgnallng Pathway - 0 BF SLS
¢ ® @ 9 o ? Oxidative
vy 2 @ Autoimmune Phosphorylation
Oxidative Disease N
Phosphorylation bt * ¢ € P Pathways Ny
Focal . n
JAK/STAT S |
> Adhesion & ® @ . ignaling
wd Cancer ® e P
Pathways € & @ ~
s .® ¢ o . "
e pS3 TGFp ) Neu_rotrophm Autoimmune Disease
@ Signaling Pathway ||mmune Response ® Pathways
@

GSEA: Kegg Pathways (network displayed using EnrichmentMap plugin for Cytoscape)

Beheshti, et al., Scientific Reports, 2018



Upstream regulators and c¢ahonical pathways
show response is tissue specific and highest
for high CO,

B) Canonical Pathways: AEM vs Vivarium

Explorat

GeqeLab_

A) Upstream Regulators: AEM vs Vivarium

—

Z-scores

F
1

I CO;, Levels N CO;, Levels
I Tissug Type || 1 Tissue Type 0
Data Set Data Set
TBX2 — [ p38 MAPK Signaling -1
PDLIM2 UVA-Induced MAPK Signaling
SET Cardiac Hypertrophy Signaling -2
ANXA2 G alpha 12/13 Signaling
miR-92a-3p P2Y Purigenic Receptor Signaling Pathway
miR-155-5p Neurotrophin/TRK Signaling
IFI16 PKC theta, Signaling in T Lymphocytes
CD3 IL-1 Signaling
SMAD7 G alpha q Signaling
Rb — Pancreatic Adenocarcinoma Signaling
mir-181 Actin Nucleation by ARP-WASP Complex
MYCN PI3K/AKT Signaling
PPARG mTOR Signaling
miR-1-3p Cardiac beta—-adrenergic Signaling
let-7a-5p HMGB1 Signaling
KLF3 Glioma Invasiveness Signaling
ESR1 Glioblastoma Multiforme Signaling
L4 Mouse Embryonic Stem Cell Pluripotency
TGFB1 Paxillin Signaling
EGFR Integrin Signaling
NFE2L2 Actin Cytoskeleton Signaling
A2M Z-sc%res FLT3 Signaling in Hematopoietic Progenitor Cells
E2F1
IL6 2 .
PDGF BB Tissue Type Data Set
TP73 1 Liver GLDS-25: STS135
IEKé;:\Ka 0 Mammary Gland GLDS-21: STS108
HOXD3 1 Skeletal Muscle GLDS-63: STS70
WLS Soleus Muscle GLDS-111: BF
-?;5"3 K Extensor Digitorum Longus
PGR CO- L
2 Levels . . -
RAF1
) 10x Vivarium Levels Beheshti, et al., Scientific Reports, 2018
Pke(s) . 2.2x Vivarium Levels
TCF7L2

Mild chronic hypoxia due to increased CO, levels could explain both the increase in immune responses

and a reduction in metabolism — Need to confirm with AEM experiments at ambient CO, levels.



Genelab Determination of Key Driving Genes

Open Science for Exploration

Genes
Involved with
predicted IPA
Biofunctions

Beheshti, et al. Cancer Research 2015

Beheshti, et al. Oncotarget 2015

Beheshti, et al. Cancer Informatics 2015

Beheshti, et al, Radiat Res. 2014 & J. Radiat Res. 2015.
Ravi, Beheshti, et al. Cancer Research 2016

Beheshti, et al. Scientific Reports 2018




GeneLab

Identifying Key Cage-Dependehf

Drivers

Cytoj

H$PB7

Regulated by Hypoxia

A) STS108: Skeletal Muscle B) BF: SLS C) BF: EDL D) STS135: Liver E) STS70: Mammary Gland
ST Plasma
AQT/R‘Z Memz:r;ne
Plasma
Plasma Plasma Membrane

/
Cytoplasm ’_l'

/
/

Key Gene

|ErbB Signaling
Pathway

Cytoplasm /
Cytoplasm Cytoplasm ,-I
&) m:®
Nucleus Nucleus C Cleus Nucleus 1
T S 0N f‘ — . Indirect
\Transcription (.~ . \~"/Transmembrane Growth ¢/ Direct === : :
@Regulator ”;\S" Kinase | Regulator L/ Phosphatase Factor | / Transporter _RelationshipRel_a"onSh'p
@ Upregulated Downregulated  @® Predicted Inhibition ) Other
——|eads to acitvation ——Leads to inhibition Findings inconsistent with state of downstream molecule =——Effect not predicted
F) STS108: G) BF: SLS H) BF: J) STS70: Mammary
Skeletal EDL Gland
Muscle

\__/

1) STS135: Liver

Beheshti, et al., Scientific Reports, 2018




* Through a systems biology approach we observed global
transcriptomic changes in rodents induced by spaceflight-matched
environment in AEM cages.

* Identify spaceflight CO, levels as a potential environmental stressor
that merits experimental investigation

« Systematically changing one environmental aspect at a time (gas
concentration, radiation, microgravity, etc.) and analyzing and
comparing transcriptional responses could be used to create a
network that could predict the most relevant causes and
countermeasures for spaceflight-associated conditions, as well as
confounding factors for spaceflight experiments.



Systems Biology analysis
reveals biological
spaceflight master

regulators

Beheshti, et al., PLOS One, in press



GeneLab Systems Biology analysis reveals

biological spaceflight master regulators

. General Approach.t Studylnga Systematic Responsge in the Host™

-/ An example for cancer

| ocal tumor-host Systemic tumor-host effects

Normal
tissue

Beheshti, et al. Oncotarget, 2015.



Genel ab Data Used to Generate
Results

_GeneLab

Extensor
Digitorum
Longus

Process after mice are
sacrificed

Muscle

Soleus
Muscle

7 ""\ Data Collection & Curation

I, -
’, - t Gastrocnemius
4
‘ = ! Muscle
" [} -
Quadriceps

i
Wi
\'[i "

Next Generation Research - 7\ 4 BT s
y Data Submission Tibialis
® -° - a =
. . i Anterior
\\\ I‘,
Sea Modeling and Validation a” Muscle

-
-

Mice Sacrificed

i3S

40 50 60 100
Time in Space Ry
oy, for Mice (days)
Muscle

Skeletal Extensor

Mice flown on STS
and Sacrificed after
Re-entry

Muscle Digitorum
Longus
Muscle




e Woonificdit Genicaiion @y
GeneLab Each Dataset

p-value < 0.05 FDR < 0.05

Number of | Flight Duration Species
Significant Genes l 9 days Mouse
12 days Rat
13 days
30 days
37 days
91 days

ADR Kidney Liver EDL GST Quad SLS Skin Thymus Liver MG SkIM SLS EDL
17— - ;- S _ | - S—

Pathway/Functional Predictions:
Fold-Change 2 ‘ Ingenuity Pathway Analysis (IPA)
|1.2] Gene Set Enrichment Analysis
(GSEA)

Beheshti, et al., PLOS One, in press T
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Upstream Regulators
[ | Age
Sex
Bl Tissue Type
Flight Duration
Flight Condition
Diota & ot

abueyn P>
D aouajenaid

i

m
[n]
il
X

T
55
]

PI3K (complex)
PI3K (family)
Pke(s)
. PPARA
| PTGER4
SREBF1
STAT3
STATSA
TP73

Age Tissue Type Flight Duration ~ Data Set
. 8 weeks Thymus 9 days l GLDS-25: STS135
11 weeks Mammary Gland 12 days GLDS-21: 8TS108
16 weeks Liver 13 days GLDS-63: STS70
20 weeks Kidney 30 days GLDS-111: BF
37 days GLDS-4: STS118

Adrenal Gland
Prevalence of Change Skin 91 days . GLDS-61: 1SS
GLDS-48: 1SS

g" (:Bg;:?set) l Skeletal Muscle
13 (86.7%) E‘xi.enscr Digl»iorum Longus Flight Condition
12 (80%) lelalis- Anterior . STS Sex
11 (73.3%) . Quadricep BF
10 (66.7%) Soleus Mus;le 1SS

. Gastrocnemius

Female

W vale

Canonical Pathways
Age
| Sex
Bl Tissue Type
Flight Duration
Flight Condition
Data Set
IL-8 Signaling
Protein Kinase A Signaling
Actin Cytoskeleton Signaling
Colorectal Cancer Metastasis Signaling

Phospholipase C Signaling

PPAR Signaling

Signaling by Rho Family GTPases
Cardiac Hypertrophy Signaling

NF-kB Signaling

PI3K/AKT Signaling

Reactive Oxygen Species in Macrophages
STAT3 Pathway

14-3-3-mediated Signaling
cAMP-mediated signaling

CREB Signaling in Neurons

Glioma Signaling
GNRH Signaling
Integrin Signaling

Maiimn TURNC ST - TP}

p53 found in all tissues

p53 is a transcription factor and in
response to genotoxic stress, DNA
damage, oncogene activation, and
hypoxia, it is recruited to sites in
chromatin, thus promoting transcription

of apoptosis related genes

e

Beheshti, et al.,
PLOS One, in
press

g ML A B B IR
o3 2 41 0 1 2 3 4 5 6
i Z-scores

Time
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GeneLab

Classical View of New Understanding of

Molecular Biology Molecular Biolo

siRNAs
pPiRNAs

- h Regulatory
RNA

A single miRNA has been estimated to regulate up to 500 mRNAs

* miRNAs are single-stranded RNA sequences, of about 22 nucleotides in
length, processed from longer transcripts.

MiRNASs are important regulators that repress the traigslation of mRNA

transcripti
e




b |[Mpact of Circulating microRNASs “‘
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e  SYStems Biology View of miRNAS Nasa

Tumor Suppressor miRNAs

' OncomiRNASs

Only looking at a single miRNA

I “ Tumors
"~ 1/'|Inhibited
o \ looking at a pair of miRNAS
B |
In prrsuir of the elusive miRNA... NO Ch ange 1N Tumors

Systems Biology
Approach: Looking at
how the entire system
Tumors Impacts the most
Promoted Important miRNASs

Tumors
Inhibited
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Open Science for Explor Microgravity Effects
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Integration Analysis of MicroRNA and
mRNA Expression Profiles in Human Peripheral Blood
Lymphocytes Cultured in Modeled Microgravity
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Copyright ® 2014 C. Girardi et al. This is an open access article distributed under the Creative Commons Attribution License,
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We analyzed miRNA and mRNA expression profiles in human peripheral blood lymphocytes (PBLs) incubated in microgravity 2o MIR-030
condition, simulated by a ground-based rotating wall vessel (RWV) bioreactor. Our results show that 42 miRNAs were differentially SRpresSI
expressed in MMG-incubated PBLs compared with 1g incubated ones. Among these, miR-9-5p, miR-9-3p, miR-155-5p, miR-150- hway. Gene
3p, and miR-378-3p were the most dysregulated. To improve the detection of functional miRNA-mRNA pairs, we performed ncubated in
gene expression profiles on the same samples assayed for miRNA profiling and we integrated miRNA and mRNA expression retween 1 g

data. The functional classification of miRNA-correlated genes evidenced significant enrichment in the biological processes of  ons derived
immune/inflammat esponse, signal transduction, regulation of response to s , regulation of programmed cell death, and
regulation of cell proliferation. We identified the correlation of miR-9-3p, miR-155-5p, miR-150-3p, and miR-378-3p expression
with that of genes involved in immune/inflammatory response (e.g., IFNG and IL17F), apoptosis (e.g., PDCD4 and PTEN), and
cell proliferation (e.g., NKX3-1and GADD45A). Experimental assays of cell viability and apoptosis induction validated the results
obtained by bioinformatics analyses demonstrating that in human PBLs the exposure to reduced gravitational force increases the

idence that

frequency of apoptosis and decreases cell proliferation
annctenus 14 11



@ Predicted Activation
@ Predicted Inhibition
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% ¢ A recent report showed that inactivation of p53 altered TGF-B signaling, which
ironically displayed both tumor-suppressive and pro-oncogenic functions. p53 _
functions to integrate crosstalk between Ras/MAPK and TGF-B signaling via ~
binding to Smad3, dislocating the Smad3/Smad4 complex formation and
differentially regulating subsets of TGF-3 target genes

Biological Health
Risk Increased

mir<146

Beheshti, et al., PLOS One, in press miR-2!
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Conclusions for this Study

s Systemic tumor-host effects % \
R 2.6

7

.

|

« Systems biology approach allows for®systemic understanding of the impact of
Microgravity. :

e Circulating miRNAs can influence overall progression of health risk to the
host. :

« miRNAs can potentially be used for novel minimally invasive therapeutics and
countermeasures

« GenelLab (genelab.nasa.gov) is a powerful tool to generate hypotheses and

direct future space research



Space Radiation induces long term
Impact on the cardiovascular system by
the activation of FYN through Reactive

Oxygen Species

Work in progress
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Space Radiation: Van Allen Belt

Outer Belt
12,000 — 25,000 miles

GPS Satellites ;
12,500 miles L

Géosynchronous Orbit (G'SO)
NASA's Solar
- Dynamics Observatory

/ 22’000 miles

Inner Belt .
1,000 — 8,000 miles

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

- . Van Allen Probe-A

Van Allen Probe-B



FEMALE ASTRONAUT

?

Female astronauts

(to date) do not exhibit
clinically significant visual
impairment

%\

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

@\

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

oW

Urinary tract
infections are
maore common in
female astronauts

Women mount
more potent
immune
responses

Large individual
variability to muscle
and bone loss in
Struvite kidney stones women

more common in women

@ Health effect observed on Earth

MALE ASTRONAUT

o

Some male astronauts
exhibit clinically significant
visual impairment

W

Male astronauts
less susceptible to
orthostatic intolerance

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

e\

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

o

Urinary tract
infections less
common in male
astronauts

Men mountless 1} - \ ) %

potent immune
responses

Large individual
variability to muscle
and bone loss in men

[N

Calcium oxalate kidney
stones more common
inmen

&
% Health effect observed in space

EFFECTS OF SPACE ON THE

HUMAN BODY

SENSORIMOTOR
Sensorimotor

disturbances can
impdir a person’s :
movement :
control. v

SPINE...........-.-.----
A body gets a

little taller in

space due to

the expansion

of the verte-

brae. Could

cause

back pain on

return to Edrth.

I

BONES...--...-....-)
Prolonged
exposure

to space

can cause loss

of bone mass

and bone
minerals.

«« CARDIOVASCULAR
Decreases in vascu-
lar function may
reduce oxygen
intake, which could
lead to poor
performance of
physically
demanding

Eooononn, tasks.

* MUSCLE
Lack of
gravity causes
muscle fibers
to shrink,
leaving a
person
weaker.

Goorroenns RADIATION
lhe body is at risk
for radiation
sickness and

cancer.

SLEEP

Loss of sleep can
lead to fatigue and
psychological

problems.
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Inflammatory cell

Endothelial cells are known to directly regulate the development

and activity of cardiomyocytes, and thus their response to
spaceflight should be highly correlated with cardiomyocytes.
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Focused on biological factors that will continue to have impact for all time
points after irradiation.



Functlonal Impac:t on Health
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 ROS are formed as a natural byproduct of the normal metabolism of
oxygen and have important roles in cell signaling and homeostasis.

« During times of environmental stress (e.g., radiation exposure), ROS
levels can increase dramatically.

« This may result in significant damage to cell structures.

« Cumulatively, this is known as oxidative stress.

 ROS are also generated by €X0genous sources such as ionizing radiation
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GenelLab Key Drivers Involved with Space

Radiation Induced Cardiovascular Risk
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Genelab MiRNA impact?
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Space radiation downregulate ROS functions

Key/driving genes: FYN, LCK, AKT1 are upregulated and LYN and
FOS are downregulated with FYN being the central driver/hub for the
cardiovascular response to space radiation.

— FYN is a key event that prevents cardiac cell death and ROS production.

From our study we thus hypothesize that a feedback loop occurs from
the oxidative stress caused by space radiation that upregulates FYN
which in turn reduces ROS levels and thus ROS pathways, preventing
cardiomyocyte and endothelial cell death and thus protecting the
cardiovascular systems.

We believe that this is a novel mechanism for space radiation induced
cardiovascular risk directly linking radiation ground studies to
spaceflight.



Analysis Working Group (AWG) Member
related work determines novel systemic
biological factors causing damage due to
spaceflight

Work in progress
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GenelLab Specific Datasets and Tissues AWG O

Members Analyzed

Soleus Muscle Helio Costa:
Katie Fisch: Transcriptomics
Transcriptomics Extensor Digitorum 7
Chris Mason: Lomrn, [Es ~International Space
- g GLDS99: RR1 e = -
Transcriptomics & : - Stat‘l’ﬁ’ﬁ( Q) i
Epigenetics  — | @CERLELELITEITERR
Deanne Taylor: G;DS;O_“ i g
3 = uadariceps
Trar‘lscrlpton'.ucs, . SIS Bt
Proteomics, & Epigenetics Tibialis Anterior

Muscle
GLDS105: RR1

Katie Fisch:
Transcriptomics Adrenal Glands
(RR1 only) CEDS e Rics Willian da Silveira/Gary Hardiman:
Chris Mason: GlLRass Rk _  Transcriptomics (RR1)
Transcriptomics & Kidney: Sucharita Dutta:
Epigenetics & EVSIARLTE Proteomics (RR1)
Deanne Taylor: il
Transcriptomics, Liver: Willian da Silveira/Gary Hardiman:
Proteomics, & Epigenetics GLDS137: RR3 S Transcriptomics (RR3)
GLDS48: RR1 Sucharita Dutta:

Proteomics (RR3)
Rodents Sacrificed

40 50 60
Time in Space
Muscle for Rodents

GLDS111: (days)

Rodents flown on STS SRR
and Sacrificed after
Re-entry

Skeletal Muscle

Digitorum
Mammary Gland (Rat) Longus

GLDS63: STSTE‘ Muscle

GLDS111:
Bion

» Additional Datasets
that are being
analyzed:

— Human datasets

« GLDS-54, GLDS-
174, GLDS-86,
GLDS-118,
GLDS-53, GLDS-
54, GLDS-13.
GLDS-52, or
GLDS-114 (Tyson
McDonald and
Yared Kidane)




Structural Hierarchy of the Human
Body

GeneLab

Level 7: The Body
Level 6: Organs

Level 5:
Tissues
Level 4: Level 3:
: The Cell and its Supra Level 2:  Level 1:
Organelles molecular  Macro Monomeric

Complexes molecules Units
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Hypothesis Develop'éd and Being
SRS SEHAE R S Worked On

« Spaceflight changes the physical properties of the cell components
Impacting from the molecular to the whole body level.

« The Mitochondria are the principal cellular component affect.

« The Liver is the principal organ affected in issues related to the
metabolism.

* Possible disease that can be associated with liver damage and pathways
IS: Oculocerebrorenal Syndrome of Lowe

» “Extensive research has demonstrated that OCRL-1 is Schematic diagram showing the organs affected in Lowe syndrome
involved in multiple intracellular processes involving C—
endocytic trafficking and actin skeleton dynamics. This — e

- plibility to sei
- Cystic lesions in brain

- Hypotonia

- Behavioural problems

explains the multi-organ manifestations of the E,emc';(

disease.” G St
 “The classic form of the oculocerebrorenal syndrome

of Lowe (OMIM #309000), first described by Lowe et

al. in 1952 [1], is characterized by the triad of

congenital cataracts, severe intellectual impairment, e

and renal tubular dysfunction with slowly progressive Cidney (Ronal)

renal failure” el wouter cidomts
o Patients with this disease manifest Cataract, “Renaiaiure

Glaucoma and Muscle hypotonia.

Mehta, Zenobia B et al. “The Cellular and Physiological Functions of
the Lowe Syndrome Protein OCRL1.” Traffic (2014).
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Home

About

Access GenoLab Data
Analysis Working Groups
Intern Resources
Publications
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FAQ

Contact Us
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2015-2018 NASA GaneLab

GeneLab

LATEST NEWS

NASA Genel ab Project: Bridging Space Radiation Omics
with Ground Studies

Accurate assessment of risks of long-term space missions is critcal for
human space exploration. It is essential to have a detailed understanding
of the biolagical effects on humans living and working in deep space
lonizing radiation from galactic cosmic rays (GCR) is a major health risk
factor for astronauts en extended missions outside the protective effects
of the Earth's magnetic field. Gurrently, there are gaps in our knowledge
of the health risks associated with chronic low-dose, low-dose-rate
ionizing radiation, specifically ions associated with high (H) atomic
number (Z) and energy (E). The NASA GeneLab project aims to provide
a detailed liorary of omics datasets associated with biological samples
exposed lo HZE... Read more

LabRoots: A Conversation with Sigrid
Reinsch — Public Access to
Spaceflight Omics Data

Social media :

» @NASAAmMes Facebook
* Twitter #GenelLab
 ResearchGate: https://www.researchgate.net/project/Omics-for-Space-Biology-The-GenelLab-project

Home Repository Duta DataMining Tools SubmitDaia Help Workspace

SPOTLIGHT ON RADIATION
Radiation Dosimetry Measurements Added to Data
Repositary

\C.
A

Marianne Sowa and Jack Miller Discuss Radiation
Science Using Genelab

ANALYSIS WORKING GROUPS.

Analysis Working Groups Reach Consensus on Pipelines
Needed to Generate Higher-order Data

RESEARCH ANNOUNCEMENT

NASA Research Announcement: Topics in Human Health
Countermeasures, Human Factors, and Behavioral
Performance

https://genelab.nasa.qgov

Participate in GeneLab
Analysis Working Groups



https://www.researchgate.net/project/Omics-for-Space-Biology-The-GeneLab-project
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[ New Knowledge ]
Community Data type :

)
- Disease states [ Analysis Working Groups ]
Pathway changes
- [ Galaxy GenomeSpace J
Differential expression

Biologists Mapped reads
/ \ Raw data EB' PR'DE
ANILI MiiG' NCBI GEO

[Missions/Experiments ][ GenelLab Sample Processing ]

Data SC|ent|sts

Open Data
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