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What are miRNAs and why study miRNAs

A) Classical View of Molecular Biology C) New Understanding of Molecular Biology

LINA B) miRNA Publications over Time DA
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 miRNAs are now known to be involved in all aspects of diseases. == =l e T e

* miRNA are not only found in mammals, but everything else living: plants, T R .
microbes, fish, C. Elegans, fruit flies, insects, etc... venous s Ry T .

* miRNAs play a big role in radiation response (which also relates to space M mamd e
radiation)- Silva, S.S., et al., Forensic miRNA: potential biomarker for Rz ey

body fluids? Forensic Sci Int Genet, 2015. 14: p. 1-10.



Systems Biology View of miIRNAs

Systems Biology View of miRNAs
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Systems Biology Approach: Looking at how the
most important miRNAs impact the entire system
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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. In press.
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SLPS Impact of Circulating microRNAs
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Abstract

Extensive epidemiological data have demonstrated an exponential rise in the incidence of
non-Hodgkin lymphoma (NHL) that is associated with increasing age. The molecular etiol-
ogy of this remains largely unknown, which impacts the effectiveness of treatment for
patients. We proposed that age-dependent circulating microRNA (miRNA) signatures in the
host influence diffuse large B cell ymphoma (DLBCL) development. Our objective was to
examine tumor development in an age-based DLBCL system using an inventive systems
biology approach. We harnessed a novel murine model of spontaneous DLBCL initiation
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Determining miRNA signature associated with diseases:

Lymphoma
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Quantifying miRNASs
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MIRNAs Associated with DLBCL Development
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MIRNAs Associated with DLBCL Development: in Humans
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MIRNAS in DLBCL Patients After Remission
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SLPS Conclusion Part 1: DLBCL miRNA Signature
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SLPS MIiRNASs related to Space Biology

Human Health
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Space Environment
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Space Environment Health Risks On Astronauts

FEMALE ASTRONAUT

Female astronauts,
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From: J. Chancellor et al., Space Radiation: The Number One Risk to
Astronaut Health beyond Low Earth Orbit. Life, 4(3), 491-510;



SLPS Type of Experiments Related to Space Biology

Space Radiation Simulated Microgravity Simulated
Experiments Experlmepts‘»
Brookhaven National Laboratory : e ——

Experiments Done in Space
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RESEARCH ARTICLE

A microRNA signature and TGF-B1 response
were identified as the key master regulators
for spaceflight response
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Abstract

Translating fundamental biological discoveries from NASA Space Biology program into
health risk from space flights has been an ongoing challenge. We propose to use NASA
GeneLab database to gain new knowledge on potential systemic responses to space. Unbi-
ased systems biology analysis of transcriptomic data from seven different rodent datasets
reveals for the first time the existence of potential “master regulators” coordinating a sys-
temic response to microgravity and/or space radiation with TGF-B1 being the most common
regulator. We hypothesized the space environment leads to the release of biomolecules cir-
culating inside the blood stream. Through datamining we identified 13 candidate microRNAs
(mIRNA) which are common in all studies and directly interact with TGF-B1 that can be
potential circulating factors impacting space biology. This study exemplifies the utility of the
GenelLab data repository to aid in the process of performing novel hypothesis-based
research.
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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 (RWV) 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 enrichment in the biological processes of
immune/inflammatory response, signal transduction, regulation of response to stress, regulation of programmed cell death, 2
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 ILI7F), apoptosis (e.g, PDCD4 and PTEN), and
cell proliferation (e.g., NKX3-1 and 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

frequency of apoptosis and decreases cell proliferation,
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Predict miRNAs with Space Radiation Cardiovascular Risk
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culating inside the blood stream. Through datamining we identified 13 candidate microRNAs
(miRNA]) which are common in all studies and directly interact with TGF-B1 that can be
potential circulating facters impacting space biology. This study exemplifies the utility of the
Genelab data repository to aid in the process of performing novel hypothesis-based
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Technique to Quantify miRNAs
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Presence of miRNA signature in Serum of Mice in Simulated

Space Environment
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Circulating miRNA in Serum (Significant miRNAs only)
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Partial Weight Bearing Rat Model
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« Human peripheral blood
mononuclear cells (PBMCs) were
irradiated at BNL with 0.3Gy and
0.82Gy °%Fe.

« PBMCs from different individuals.

* Cells were fixed 4 hrs after
irradiation.
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MiRNA data from the NASA Twin Study
also confirms that this miRNA signature
does exist in astronauts flown in space!!
(Unfortunately can’t show results until
getting final approvals from NASA)
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Conclusion part 2: General Spaceflight miRNA Signature Can Be

Utilized for Monitoring Spaceflight Health Risks

This spaceflight associated
MiRNA signhature can be a
novel minimally invasive
biomarker to monitor
increased health risks for
long-term space missions

Health Risk Due to miRNAs @

@ Predicted Activation @@3
@D Predicted Inhibition Ry L

HRS :
O Negative Impact on H
O Positive Impact on Health

O Both Positive and Negative Impact

ealth Biological Health

Risk Increased

FEMALE ASTRONAUT

Q Female astronauts,
(to date) do not exhibit

clinically significant visual
impairment

L}

Female astronauts are
more susceptible to
orthostatic intolerance

L}

Urinary tract
infections are
more common in
female astronauts

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

Women demonstrate
a slight bias towards
accuracy versus

speed in response to
an alertness test

S\ ‘:"

(i) )
Women mount o/ J)
more potent \g
immune
responses

&

Struvite kidney stones
more common in women

Large individual
variability to muscle
and bone loss in
women

@ Health effect observed on Earth

MALE ASTRONAUT

o

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

Some male astronauts
exhibit clinically significant
visual impairment

k3

Male astronauts
less susceptible to
orthostatic intolerance

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

k Urinary tract
> infections less
A common in male
¢ % Y astronauts
| \K
(sl W)
Men mount less ~) \ 2 1

potent immune
responses

Large individual
variability to muscle
and bone loss in men

Calcium oxalate kidney

stones more common
in men

“\r Health effect observed in space
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Determining Deep Space miRNA signature Associated with
Cardiovascular Health Risks

SLPSRA

‘After 2030

2020s 5 - Leaving the Earth-Moon System
AR s . Operating in the Lunar and Reaching Mars Orbit
Now . > . " Vicinity (proving ground) 5 '
Using the 3

International Space Station

~

Phase 0 "Phase 1 _ St * Phase 2

Phases 3 and 4
Continue research and - .

Begin missions in - Complete Deep Begin sustained

testing on ISS to solve

- exploration challenges.

Evaluate potential for
-lunar resources..
Develop standards.

cislunar space. Build

Deep Space Gateway..
Initiate assembly of .
Deep Space Transport.

Space Transport
and conduct
yearlong Mars
simulation -mission,

~ crew expeditions

to Martian system .
and-surface of
Mars. ~



Determining Deep Space miRNA signature Associated with
(SLPBRA . .
Cardiovascular Health Risks
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Determining Deep Space miRNA signature Associated with

Cardiovascular Health Risks

Project Aims

SPECIFIC AIM 1: To determine the impact and mechanisms of circulating miRNA signatures that drive microvascular disease and muscle
degeneration associated with and without space irradiation and simulated microgravity

SPECIFIC AIM 2: Establish functional significance and develop countermeasure strategies for circulating miRNAs and signaling pathways

associated with microvascular disease and muscle degeneration with space irradiation and simulated microgravity (SMG).

Specific Aim 1: Identify Key miRNA Signature

Use CS7BL!6 wild-type mice (N=40 total)

' iy \\1“1 Wy

miRNA-Seq ddPCR
Total of N=10 mice RS o a s o \°." Heart, Livef,
per control group | = % = g 7 [ LS LS —  Serum,
. (L N - amuscie.
Collect Blood S = = = Collect Blood > =
0.5Gy GCR Sim Model 1Gy SPE Sim 5Gy 1‘7Cesmm Gamma-Rays
T\,
ddPCR \‘1 “1 \‘1 \‘1 \“ “1 ddPCR
Total of N=10 mice per - U N & Heart, Liver, "
hindlimb suspension [ N=10 S [ N=10 - RN IOERE - N=t10 | Serum 7
group . _ = .‘,\—7’ TN \ R ol \\&\Muscie g
== = 552 : — == 1 -
C57BL/6 mice um!er Hindlimb Suspension (N=40 total) miRNA-Seq ddPCR

Specific Aim 2: Utilize 3D microvascular
tissue models to determine functional
impact of miRNAs and start development
of miRNA based countermeasures with
both in vitro and in vivo models.

Peter Grabham

CoLuMBIA UNIVERSITY
IrRVING MEDICAL CENTER

% 0)

-

um vessel/1000um?
-
(=3
(=4
(=]

—— Control
= Spin

6000
4000

2000

Control
Clinostat rotation

Multi-miRNA Detection and
Countermeasures (MMRDacC)

@» Predicted Activation
@ Predicted Inhibition

O Negative Impact on Health
O Positive Impact on Health
. Both Positive and

" Negative Impact

HRS = -12.79

Biological Health Biological Health

Risk Decreased

Risk Increased



Mice Irradiated at NSRL at BNL

Hindlimb Unloaded (HU) Mice

—,-‘—ﬁqﬂ o\ J

_ Radiation
Experiment Group Exposure

ngr Sham None 0.0 Gy
Sham + HU None 0.0 Gy
Gamma Gamma 5.0 Gy
r Gamma + HU Gamma 5.0 Gy
1
1.0 Gy
1.0 Gy
0.5 Gy
GCR Sim + HU GCR Sim 0.5 Gy
T . SPE Sim
e
lon species | Energy LET Dose Dose fraction (MeV/n) (cGy)
(MeV/n) |  (keV/um) (mGy) (mGy) | Proton RGN 91.7
| Proton [TV 0.2 175 0.35 | Proton [N 2.9
PEEER 600 50.4 5 0.01 | Proton [N/ 2.0
250 1.6 90 0.18 [ Proton [N 15
350 20.9 30 0.06 | Proton (BT 1.1
600 173.8 5 0.01 [ Proton  [EEEETVO) 0.8
250 0.4 195 0.39 110 0.6
Use C57B=_IG wild-type mice (N=40 total) 1 20 0.4
1 1
“\‘\‘“\‘\“’\‘ \1“‘\1 \\“‘L‘ \“‘\\1 \““\‘ miRNA-Se'q\ ddtPCR 130 0.3
Total of N=10 mice 4 ":7_7 L \‘;\ p N=;° ke /\}.\ ' 4 /;‘;1;*;‘\";\‘ p N=710\\ \- ’H&n;l_m \’: 140 0.2
— T @ W W W 150 0.1
'\ 0.5Gy GCR Sim Model 1Gy SPE Sim 5 Gy '*’Cesium Gamma-Rays '\
_pe‘\‘“‘“\“ ‘k‘“‘“‘“ ‘\\“ ‘“‘“ s Thanks to Adam Rusek, Peter Guida,
hindlimb suspension (( N=10 = ), | N=10 L}iﬂ; ‘ =, (=D, | seum, . .
~ e wee WET WET |, WL Mike Sivertz, BLAF, and NSRL!!!

C57BL/6 mice um!er Hindlimb Suspension (N=40 total) miRNA-Seq ddPCR



Weights of Organs 24 hours after Irradiation

Muscles

p-values compared to NL
** p-value < 0.01

*** p-value < 0.001

Extensor digitorum longus
Left
SPE: HU vs NL = Right

Heart Gamma: HU vs NL
p-values compared to Sham NL

¥ **p-value < 0.001
¥

dedek
*kk X%

Gamma HU vs Sham NL

SPE HU vs Sham NL

GCR: HU vs NL

GCR HU vs Sham NL

*kk

Sham: HU vs NL

*
*
l* T

o0 o2  Wos o8 A A B B R R B B i
Normalized Weight Fold ) 20 15 1.0 0.5 0.0
Normalized Weight Fold-Changes (log,)

All weights normalized _ _ _
to total body weight ~35% increase in weight!



Samples that were miRNA-sequenced

Samples Sequenced

Use CS7BL/6 wild-type mice (N=40 total)
___sample | Total Number _ | ,
Heart 80 \“‘\1\\‘ \‘1 \\‘\\1 \L \\1 \‘1\‘\1 \\1 “\1 N | miRNA-Seq

Total of N=10 mice e : 2l ‘ Y S Heart Livok £,

Serum 80 per control group i 'N=10 N it \ = ‘ et \ N (i N0 = Serum,
\\“—‘ . \\\__,, < ‘\_\,_\,, - - \&Muscle '
Li 80 Collect Blood e ' e T Collect Bjpod =
iver 0.5Gy GCR Sim Model  1Gy SPE Sim 5 Gy “Cesium Gamma-Rays
V
Soleus Muscle 80 ddPCR \‘1‘\‘ \\\k \\1\\1 \\1\‘1 \“\\1 \\1\1,

Total of N=10 mice per » ' ae Heart, Liver, "
hindlimb suspension [ N=10 : 5 " N=10 2 : - NaAg: . % > Serum, °
« Total of 320 samples for e N W —\_1 ; \\;_,\ | ,\», > el

MIRNA-sequencing [ - : : - ]
C57BL/6 mice un(!er Hindlimb Suspension (N=40 total) miRNA-Seq

All miRNA-seq data will be
deposited on GenelLab after
first publication!!




t-SNE Dimension 2

t-SNE Dimension 2

miRNA-seq
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Global View of miRNAS

miRNA-seq
Heart
Type of Loading
O HU
@ NL 44
~N (3]
Tissue 5 _| @ s
O Heart 2 ® 2
[ Liver Q Q
Serum £ o ® £
Soleus a v @S a
w w
zZ P4
%) %)
adiation L L
®
0.5Gy GCR Sim B
1.0Gy SPE Sim i ~
5Gy Gamma 4
Sham
- ' . v
-2 -1 0 1
t-SNE Dimension 1
miRNA-seq
Liver
507 @
254 @
N _
=
] 2]
: g
a 001 ) =
w
z
7]
L
254
t
©
@
=

-25 00 25
t-SNE Dimension 1

T
5.0

miRNA-seq
Serum ..while ignoring the effects of gravity. .In a vacuum.
Assume a spherical cow of uniform density
CAN'T,
BAEATHE
2] o
MO0 =
e /’
@
_34 &
bastard theoretical physicists
o] How do you sleep at night?
61 - T = 1
-5' 0 -2.5 0.0 2 - =r
t-SNE Dimension 1 R _v_i. |
- 1T '
value ] A1 e A
1.00 ' e i T
b LT A
0.75 . -
0.50 At ¥l
————— 4 I
0.25 o
0.00 ] "
D 5Gy Gamma i [
Sham
| 1Gy SPE ] ‘.::i
0.5Gy GCR |
NL

[Jnu

U
O'EE00 BN EE0] EEC] EE0] BNl ] =&

Liver

Heart

Color Key




Global View of miRNAS

Statistics of Pathway Enrichment Statistics of GO Enrichment

A result Conserved statistics o

Toxoplasmosis -

n sensory perception of smell = [
p— p— f Rheumatoid arthritis - [ ]
i - (]
LOts o Pyruvate metabolism - protein transport
600- -
co n Se rved Porphyrin and chlorophyll metabolism - ] protein binding -.
. R N A Peroxisome - plasma membrane - .
Offactory transduction - oxidoreductase activity - [ ]
between mouse i Gene_number ool
- oxidation-reduction process = ®
Legionellosis [ ® 250 .
a n d h u m a n ! ! Inflammatory bowel disease (IBD)= . 500 olfactory receptor activity - L] 3e-11
4007 Glycosphingolipid biosynthesis - lacto and neolact - . 750 nucleotide binding - 2e-11
Glycolysis / Gluconeogenesis - ] mitochondrion - ® fe-11
pvalue |
Glycerolipid metabolism = membrane -
Y P 0.0100 .
pral component of membrane - . Gene_numbe
' hydrolase activity - o @ 2000
. 4000
200- . P oy - ._,.: x -, Golgi membrane = .
: i ( ) ( @ oo
Ale Golgi apparatus - o
. plasmic reticulum membrane - ®
endoplasmic reticulum - [ ]
stimulus involved in sensory - [ ]
0- cytosol = ®
Al
cytoplasm - .
0.750 0.775 0.800 0.825 0.850
Rich factor

Human miRNAs Mouse miRNAs In the miRNA world this

depiction is great!!



Potential Conserved Circulating miRNAs

GCR HU vs Sham NL SPE HU vs Sham NL
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SLPS Additional data that is being generated by Collaborators from other tissues: Initial

data on the Whole blood related to i

Paladini et al. Journal of Experimental & Clinical Cancer Research (2016) 35:103

DO 10.1186/513046-016-0375-2 Journal of Experimental &
Clinical Cancer Research

Table 1 MicroRNAs involved in Innate and Adaptive Immune System Functions

Cell lineage Cellular process MicroRNAs , 5 @W
T —TE— Targeting microRNAs as key modulators of
Hematopoietic stem cells Cell maintenance let-7e?, miR-29a, miR-99b® miR-125a, miR-126, miR-212/132 cluster tU mor Immune response hsa-miR-378c R-4
Multipotent progenitors Cell development miR-10 family, miR-126, miR-196b, miR-221/222 = Laura Paladini', Linda Fabris?, Giulia Bottai', Carlotta Raschioni', George A. Calin® and Libero . N
g Y. mmu-miR-210-3p !
Common miyeloid progenitors Cell development miR-17, miR-24, miR-126, miR-128, miR-155, miR-181a
Common lymphoid progenitors Cell development miR-126, miR-128, miR-146, miR-181a mmu-mlR-27a-5p
Granulocyte-macrophage progenitors  Cell development miR-16, miR-103, miR-107 D|ff( mmu-miR-503-5p
Macrophage progenitors Cell development miR-17-5p, miR-20a, miR-106a
Granulocyte progenitors Cell development  miR-223 nvolved in Innate and Adaptive Immune System Functions (Continued)
Erythroid precursors Cell development miR-155, miR-221/222 Cell activation miR-155, miR-181a, MiR-182, miR-214
Megakaryocyte precursors Cell development miR-10a/b, miR-17, miR-20, miR-126 T helper cells Cell differentiation  miR-125h, miR-150
Innate immunity e ety PG ey e .
Monocytes Cell differentiation  miR-17-5p, miR-20a, miR-21, miR-106a, miR-155, miR-196b, miR-223, mi | T helper 1 cells Cell differentiation  miR-17/92 cluster, miR-29, miR-146a, miR-148a, miR-155, miR-210, miR-326
Ce“ aCf\vat'\Oh mlR‘155, mlR-424 Herper Cels e dierertdaton TIR=ZT, TIIR=Z7, TTIIR=Z0 :
Dendritic cells Cell differentiation ~ miR-21, miR-34a Cell function miR-155
Cell function miR-10a, miR-148/152, miR-155, miR-223 T eytotoxic cells Cell differentiation  Let-7f, miR-15b, miR-16, miR-17/92 cluster, miR-21, miR-139, miR-142, miR-150, miR-155,
Macrophages Cell differentiation  miR-15a, miR-16, miR-19a-3p, miR-21, miR-107, miR-146a, mik-424 Cell function miR-17/92 cluster, miR-21, miR-29, miR-23a, miR-24, miR-27a, miR-30b, miR-130/301, m
Cell function Let-7, miR-9, miR-21, miR-101, miR-125b, miR-146a, miR-147, miR-155, miR-150, miR-155, miR-214 |
miR-378, miR-487b, miR-1224 T regulatory cells Cell differentiation  miR-17/92 cluster, miR-10, miR-99a/miR-150, miR-155
Cell polarization let-7¢, let-7f, miR-9, miR-21, miR-33, miR-101, miR-124, miR-125, miR-146, Cell function miR-142-3p, miR-146a, miR-155
miR-223 miR-342 miR-378 miR-511
T helper 17 cells Cell differentiation miR-10a, MiR-19b, miR-17, miR-155, miR-210, miR-212/132 cluster, miR-301, miR-326
Granulocytes Cell differentiation miR-15a, miR-21, miR-27, miR-196b, miR-223
T follicular helper cells Cell differentiation miR-10a, miR-17/92 cluster
Cell function miR-223
s are in bold. MDSCs, Myeloid-Derived Suppressor Cells
Neutrophils Cell function miR-223 s required
MDSCs Cell function miR-494, miR-17-5p/20a
Megakaryocytes Cell differentiation miR-10a, miR-130a, miR-146a, miR-150, miR-155, miR-223 affect in nate System
Erythrocytes Cell differentiation miR-15a, miR-16, miR-24, miR-144, miR-150, miR-155, miR-221/222 cluster, miR-223, miR-451 |f t /
Natural killer cells Cell differentiation miR-150, miR-181a/b (non_pro ITera Ing
Cell function miR-15/16, miR-27a, miR-29, miR-30c-1, miR-30e, MiR-155, miR-223, miR-378 terminal Iy
SARE RN differentiated cells) as
B cells Cell differentiation miR-17/92 cluster, miR-23a, miR-34a, miR-142, miR-150, miR-155, miR-181 family, miR-212/132 cluster h d t
Cell activation miR-9, miR-17/92 cluster, miR-30, miR-125b, miR-155, miR-181hb, miR-223 I I I I I I I I much as ada ve
Plasma cells Cell differentiation  miR-148a Immune system
T cells Cell differentiation  miR-17/92 cluster, miR-21, miR-142-3p, miR-150, miR-181a, miR-223 Sham GCR SPE Gamma (prolife rating Cel |5)




* More analysis on the miRNA-seq data
— More Analysis on the GCR specific data
— SPE specific analysis
— Gamma specific analysis
— Hindlimb unloading specific analysis
« Countermeasure experiments

— Use antagomirs to potentially mitigate radiation
effects

“‘-\RNA Targe,s
Multi-miRNA Detection and

@2@ Countermeasures (MMRDaC)

@R-17-5D
X ® Predicted Activation O
- iR-26a-5p
> <

@ Predicted Inhibition

O Negative Impact on Health
O Positive Impact on Health
Biological Health , Both Positive and Biological Health

Risk Increased Negative Impact Risk Decreased

HRS =-12.79

« Complementary results on Deep RNA-sequencing
on the whole blood

— Rob Meller is providing and analyzing
complementary results on deep sequencing on
the whole blood from these mice

casigean

—— Control
Spin

Control

|||||||

Clinostat rotation

Utilize 3D microvascular tissue models to determine
functional impact of miRNAs and start development of
MIRNA based countermeasures.

* Irradiated 3D tissue model with 1Gy SPE sim

« Irradiated 3D tissue model with 0.5Gy GCR sim model with and
without 3 antagomir countermeasure

* Promising results so far and more experiments and results to
come soon!

Robert Meller

MOREHOUSE Peter Grabham
d SCHOOL OF MEDICINE
m CoLumMBIA UNIVERSITY
WA IrRvVING MEDICAL CENTER




Current On-Going Work and What to Expect to See

Soon!

* Their team is assisting with designing a silk based drug
delivery system to apply miRNA antagonists for

countermeasures
* We are planning on testing the silk based antagomir capsules
, ' in the BNL spring run both in mice and the 3D tissue model
David Kaplan Laura Chambre Nafis Hasan
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Overall Conclusion with miRNA studies

« Can apply similar techniques for
majority of diseases to determine 6)00 NEWS! L{oumeﬁ

circulating miRNA signature INDICATES THAT 0u'2€
. . . IN THE NORMAL RANGE'
assoclated with each disease for
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Thanks to Systems
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a clear picture of
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