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What are miRNAs and why study miRNAs
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• A single miRNA has been estimated to regulate up to 500 mRNAs.
• miRNAs are 22nt 
• Due to the size and stability of the miRNAs, it can float freely in the blood.
• miRNAs are now known to be involved in all aspects of diseases.
• miRNA are not only found in mammals, but everything else living: plants, 

microbes, fish,  C. Elegans, fruit flies, insects, etc…
• miRNAs play a big role in radiation response (which also relates to space 

radiation). Silva, S.S., et al., Forensic miRNA: potential biomarker for 
body fluids? Forensic Sci Int Genet, 2015. 14: p. 1-10.

A) Classical View of Molecular Biology 
DNA 

! Translation 

Ill 
r::: 
0 
:.:; 
CV 

.!:! 

.c 
::s 
Q. 

<( 
z 
1k: ·e 

12000 

10000 

8000 

6000 

4000 

2000 

0 

B) miRNA Publications over Time 

•• 
• . ,,,, . ... 
• 

•• ,.-
/ ., 

I 

• ' 
I ., 

I ._, 
/ 

I 

• 
1992 1995 1998 2001 2004 2007 2010 2013 2016 2019 

Year 

C) New Understanding of Molecular Biology 
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In pursuit of the elusive miRNA ... 
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Space Environment

Image obtained from: https://www.nasa.gov/mission_pages/sunearth/news/gallery/20130228
radiationbelts.html
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Space Health Risks On Astronauts

Select health effects due to space radiation 
exposures.
From: J. Chancellor et al., Space Radiation: The Number One Risk to 
Astronaut Health beyond Low Earth Orbit. Life, 4(3), 491-510;

FEMALE ASTRONAUT 

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

Women demonstrate 
a slight bias towards 
accuracy versus 
speed 1n response to 
an alertness test 

Women mount 
ma,e potent 
imml.rle 
responses 

Struvite kidney stones 
more common In women 

9 Female astronauts, 
(to dale) do not exhibit 
clinically sigmflcant visual 
impairment 

Female astronauts are 
ma,e susceptible to 
orthostatlc intolerance 

Urinary tracl 
infections are 
more common In 
female astronauts 

Health effect observed on Earth 

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 
alenness test 

Men mount less 
potent Immune 
responses 

Calcium oxalate kidney 
stones more common 
In men 

MALE ASTRONAUT 

ct 

Health effect observed in space 

• Some male astronauts 
exhibit clinically significant 
visual impa~ment 

Male astronauts 

Large individual 
vanabihty to muscle 
and bone loss in men 

Cataract formation 

Increased 
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Changes to bone, 
muscle and cartilage 
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Neurobehavioral decrements 
(anxiety, fatigue , performance) 

Damage to quiescent 
neural stem cells in the 
hippocampus 

Degenerative damage to 
the circulatory system 

Prodromal effects 
such as nausea 
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Gonads susceptible 
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Systems Biology View of miRNAs
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Only looking at 
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No Change for Health Risk 

C) 

Decreased 
Health Risk 

Increased 
Health Risk 

Systems Biology Approach: Looking at how the 
most important miRNAs impact the entire system 
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Abstract 

Translating fundamental biological discoveries from NA.SA Space Biology program into 

health risk from space flights has been an ongoing challenge. We propose to use NA.SA 

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 regu lators· coordinating a sys

temic response to microgravity and/or space radiation with TGF-f31 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-~1 that can be 
potential circulating factors impacting space biology. This study exemplifies the utility of the 
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Determining miRNA signature associated with diseases: 

Lymphoma
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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 (mi RNA) signatures in the 

host influence diffuse large B cell lymphoma (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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miRNAs Associated with DLBCL Development: in Humans

Manuscript Accepted
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miRNA Signature Prediction Associated with Space Flight

https://genelab.nasa.gov/
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Abstract 
Translating fundamental biological discoveries lrom NASA Space Biology program into 

health risk from space !lights has been an ongoing challenge. We propose to use NASA 

Gerielab database to gain new knowledge on poteritia1 systemic responses to space. Unbi• 
ased systems biology analysis of transcriptomic data from seven different rodent datasets 

reveals f°' the first time the exister,ce of potential "master regulators• coordinating a sys

temic response to microgravity ancVor space radiation with TGF·l31 being the most common 
regulator. We hypothesized the space environment leads to the release ol biomolecules cir• 

culating inside the blood stream. Through data mining we Identified 13 candidate microRNAs 
(miRNA) which are common in all studies and directly interact with TGF-131 that can be 

potential circulating lact°'s impacting space blology. This study exemplifies the utility ol the 

Gene lab data repository to aid in the process of performing novel hypothesis-based 

research. 
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Predicted miRNAs Involved with Spaceflight

Beheshti, et al., PLOS One, 2018
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Research Article 
Integration Analysis of MicroRNA and 
mRNA Expression Profiles in Human Peripheral Blood 
Lymphocytes Cultured in Modeled Microgravity 

Hindawi 
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We analyzed miRNA and mRNA expression profiles in human peripheral blood lymphoq1es (PBLs) incubated in microgra,•ily 
condition, simulated by a ground-based rotating wall vessel (RWV) bioreactor. Our results show that 42 miRNAs were differentially 
expressed in MMC-incubated PBLscomparcd with I g incubated ones. Among these. miR-9-Sp, miR-9-Jp. miR-155-Sp, miR-IS0-
3p, and mlR-378-Jp were the most dysrcgulatcd. To impro\'C the detection of functional miRNA-mRNA pairs. we performed 
gene expression profiles on the same samples assayed for miRNA profiling and we in tegrated 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 prognmmed cell death, and 
l't'gUlation of cell proliferation. We idenlificd the correlation of miR-9-Jp, miR-ISS..Sp, mlR-1S0-Jp, and miR-378-Jp expression 
with that of genes invoh'e'd Ill immune/inflammatory response (e.g., IFNG and ILl7F), apoptosis (e.g., PDC04 and PTEN). and 
cell proliferation (e.g., NKXJ-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 cdl proliferation. 
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Technique to Quantify miRNAs
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Presence of miRNA signature in Serum of Mice in Simulated 

Space Environment

Significance 

compared to serum 

from Sham NL (Time 

Post IR)

* p-value < 0.05

** p-value < 0.01

*** p-value < 0.001

• HU for an initial three 
days followed by IR 
and continuation of 
HU for another 1 or 
11 days

• Radiation exposure:  
Total body irradiation 
on conscious mice
• 2Gy Gamma
• 600 MeV/n 56Fe 

(1 Gy and 2 Gy)
• 150 MeV Proton 

(1Gy) 
• ‘1Gy Mix' (0.5Gy 

56Fe and 0.5Gy 
Proton)
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Irradiation I Sham 
2Gy Gamma 
1Gy Proton 

miR- 145- 5p 

miR-17-5p 

miR- 125b- 5p 

miR-16-5p 

miR-21- 5p 

miR- 26a-5p 

1Gy Iron • 2Gylron 
1Gy Mix 

Type of Loading • Normal Loading • Hindlimb Unloading 

let-7a-5p 
4 

2 
let-7c-5p 

0 
miR- 223- 3p - 2 
miR- 92a-3p -4 

Type of Loading 
0 HU 
• NL 

Irradiation 
e Sham 
e 2Gy Gamma 
e 1Gy Proton 
e 1Gy Iron 
e 2Gy Iron 
• 1Gy Mix 

Time Post IR 
e 11 days 
• 1day 



Confirmation exists in the miRNAs from the NASA 

Twin Study!!!

Predicted Targets for the Space Environment miRNA Signature

Circulating miRNA in Serum (Significant miRNAs only) 

1 day After IR 11 days After IR 

let-7c-5p 

let-7a-5p 

miR-146a-5p 

miR-92a-3p 

miR-17-5p 

miR-223-3p .084 p = 0.084 

miR-34a-5p 

miR-145-5p 

miR-125b-5p 
i< 
i< p = 0.076 

i< 
i< 

miR-21-5p i< i< 

p = 0.089 
i< 

miR-16-5p 
i< 

p = 0.093 

i< 

miR-26a-5p i< i< 

i< 
i< 

miR-24-3p i< 
i< 

-3 -2 -1 0 1 2 3 4 -2 -1 0 1 2 3 

1 Day Post IR 
- HU+1GyMix 
- NL+1GyMix 
- HU+2Gy Gamma 
- NL +2Gy Gamma 
-HU 
11 Days Post IR 

NL+2Gy Iron 
NL+1Gy Iron 
NL +1 Gy Proton 
HU+1Gy Mix 
NL+1Gy Mix 
HU 

4 

• p-value > 0.05 
•• p-value > 0.01 
••• p-value > 0.001 

5 
Fold-Change (Log2) vs Sham+NL, 1 Day post IR Fold-Change (Log2) vs Sham+NL, 11 days post IR 

A) Top 50 Gene Targets for the miRNA Siganture 
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fibroblast growth factor receptor signaling pathway 
small molecule metabolic process 

B) Diseases Regulated by the miRNA Signature 

Hepatitis B 
Lysine degradation - 5 
Hippo signaling pathway 
Adherens junc1ion -10 
Proleoglycans in cancer 
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Bacterial invasion of epithelial cells 
Thyroid hormone signaling pathway 
Pathways in cancer 
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miRNA Research will Further Assist with NASA’s Future Missions

HUMAN EXPLORATION 
NASA's Path to Mars 

RETURN TO EARTH: HOURS 

Mastering fundamentals 
aboard the International 

Space Station 

U.S. companies 
provide access to 

low-Earth orbit 

www. nasa.gov 

RETURN TO EARTH: DAYS 

Expanding capabilities by 
visiting an asteroid redirected 

to a lunar distant retrograde orbit 

,..a.. 
The next step: traveling beyond low-Earth~ , _.,, 

orbit with the Space Launch System ...- · 
rocket and Orion spacecraft \ 

' n ·1 \/ ,- '\ n s I 'I I I : I l_) ,) I t / ·, I_ 

RETURN TO EARTH: MONTHS 

Developing planetary independence 
by exploring Mars, its moons and 

other deep space destinations 

EXPAND HUMAN KNOWLEDGE THROUGH NEW 
SCIENTIFIC DISCOVERIES. 

EXTEND HUMAN PRESENCE DEEPER INTO SPACE 
AND TO THE MOON FOR SUSTAINABLE LONG
TERM EXPLORATION AND UTILIZATION 

~J ADDRESS NATIONAL CHALLENGES AND 
., CATALYZE ECONOMIC GROWTH. 

ENABLE ~ OPTIMIZE CAPABILITIES AND OPERATIONS. , 
· I Framewor NASA 2018 Strategic Pan 

Theme Strategic Goal 

EXPAND HUMAN KNOWLEDGE 
THROUGH NEW SCIENTIFIC 
DISCOVERIES. 

EXTEND HUMAN PRESENCE 
DEEPER INTO SPACE ANO TO 

EXPLORE THE MOON FOR SUSTAINABLE 
LONG-TERM EXPLORATION ANO 
UTILIZATION. 

ADDRESS NATIONAL 
DEVELOP CHALLENGES ANO CATALYZE 

ECONOMIC GROWTH. 

OPTIMIZE CAPABILITIES ANO 
OPERATIONS. 

Strategic Objective 

1.2: Unde!stand Responses of Physical and Biological Systems lo 
Spacefhghl. 

2 1· Lay lhe Foundation foc Amenca to Maintain a Constant Human 
Presence in Low Earth Orbn Enabled by a Comrrercial Market. 

2.2: Condud Exploralion in Deep Space, Including to the Surface rJ the 
Moon. 

3.1. Develop and Transfer Revolutionary Technologies to Enable 
Explocation Capabilrties foc NASA and the Nation. 

3 2: Transf..-m AV1ation Through Revolutionary Technology Research, 
Development, and Transfer. 

3 3: lnspre and Engage lhe Public in Aeronautics. Space, and Science. 

4. 1 · Engage in Partnersl11p Strateg10S 

4.2: Enable Space Access and Serv,ces. 

4.3. Assure Safety and Mission Success. 

4.4: Manage Human Capnal. 

4.5· Ensure Ent8fjlfise Protecton 

4 6: Sustain lnfrastruch.<e Capabil/ies and Operations 
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