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MICRORNA?

▪ Short non-coding 
RNA molecules

▪ Each microRNA 
targets multiple 
gene transcripts 

▪ Each mRNA is 
regulated by 
numerous 
microRNAs. 
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MICRORNA: MODE OF ACTION

PERMANENT 

DEGRADATION

TEMPORARY 

SUPPRESSION

LACK OF 

SUPPRESION      

7Hadj-Moussa, Hawkins, & Storey. 2021. miRNomics II.
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MRD: Metabolic Rate Depression 



Extreme Brains 

• Brains in Nature survive massive environmental insults. 

• Frozen solid 

• No Oxygen  -- No problem 

• Cold mammal brain …….. “I got this” 

• Bottom of the ocean, dry in the desert  

• Adaptation = CALL on Epigenetics & microRNA 

• VERSUS 

• Human brains = NOT SO MUCH ! 
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Cold

Hibernation

Freeze tolerance Freeze avoidance
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Hot and Dry

Estivation Anhydrobiosis
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Oxygen deprivation

Anoxia tolerance Hypoxia tolerance
PAPERS:     

https://pubmed.ncbi.nlm.nih.gov/?term=storey+kb&sort=date&size=100

https://pubmed.ncbi.nlm.nih.gov/?term=storey+kb&sort=date&size=100 

https://pubmed.ncbi.nlm.nih.gov/?term=storey+kb&sort=date&size=100


Why microRNAs 
are excellent 
controllers

Rapid 
targeting

Reversible 
regulation

Energetically 
cheap to 

make

Control virtually 
all biological 

functions 

Conserved 
sequences

1

2

3

4

5



Hadj-Moussa, Hawkins, & Storey. 2021. miRNomics II. 15

MRD: Metabolic Rate Depression 



METABOLIC RATE 
DEPRESSION

1) TURN OFF most genes and biological processes

2) Conserve energy usage

3) Protect from the accumulation of damaging waste products

4) Activate protective cellular defenses 
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Gene 544 (2014) 67-74 

Bat Brain – Hibernate at 5°C 

miRNA shows changes in  cell 
processes 

Differentiation of Neurons 
[ neurons “grow back’] 

NeuroProtection **
MRD is a stress 
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Wood frogs freeze up to ~70% 
of body water as ice:

No heart rate

No brain activity

No breathing
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Wood frogs:  freeze up to 
~70% of body water as 
extracellular ice:

No heart rate

No brain activity

No breathing
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FROZEN BRAIN

• MR = OFF
• Neuroprotection 
• Synaptic signals 
• Injury Protection 
• “CryoProtection”  



21Naked Mole Rats



Chronic low Oxygen (~6 % O2)

- Can survive weeks of hypoxia

- Can survive 18 min of anoxia
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Hypoxic naked mole-rat brains use microRNA to coordinate 
hypometabolic fuels and neuroprotective defenses
Hanane Hadj-Moussa, Matthew E Pamenter, Kenneth B Storey

J. Cell Physiol. 2021.   236(7), 5080-5097. doi: 10.1002/jcp.30216.

Abstract
Naked mole-rats are among the mammalian champions of hypoxia tolerance. They evolved 
adaptations centered around reducing metabolic rate to overcome the challenges experienced in 
their underground burrows. In this study, we used next-generation sequencing to investigate one of 
the factors likely supporting hypoxia tolerance in naked mole-rat brains, posttranscriptional 
microRNAs (miRNAs). Of the 212 conserved miRNAs identified using small RNA sequencing, 18 
displayed significant differential expression during hypoxia. Bioinformatic enrichment revealed that
hypoxia-mediated miRNAs were suppressing energy expensive processes including de novo protein 

translation and cellular proliferation. This suppression occurred alongside the activation of 
neuroprotective and neuroinflammatory pathways, and the induction of central signal transduction 
pathways including HIF-1α and NFκB via miR-335, miR-101, and miR-155. MiRNAs also coordinated 
anaerobic glycolytic fuel sources, where hypoxia-upregulated miR-365 likely suppressed protein levels
of ketohexokinase, the enzyme responsible for catalyzing the first committed step of fructose 
catabolism. This was further supported by a hypoxia-mediated reduction in glucose transporter 5 
proteins that import fructose into the cell. Yet, messenger RNA and protein levels of lactate 
dehydrogenase, which converts pyruvate to lactate in the absence of oxygen, were elevated during 
hypoxia. Together, this demonstrated the induction of anaerobic glycolysis despite a lack of reliance 
on fructose as the primary fuel source, suggesting that hypoxic brains are metabolically different than 
anoxic naked mole-rat brains that were previously found to shift to fructose-based glycolysis. Our 
findings contribute to the growing body of oxygen-responsive miRNAs "OxymiRs" that facilitate 
natural miRNA-mediated mechanisms for successful hypoxic exposures.

NAKED MOLE RATS 

*hypoxia tolerance 
Mammal champion 
• miRNA :  OxymiRs 

• Signal transduction roles
• Glucose transport 
• Role of ANOXIA  

https://pubmed.ncbi.nlm.nih.gov/?sort=date&show_snippets=off&term=Hadj-Moussa+H&cauthor_id=33305831
https://pubmed.ncbi.nlm.nih.gov/?sort=date&show_snippets=off&term=Pamenter+ME&cauthor_id=33305831
https://pubmed.ncbi.nlm.nih.gov/?sort=date&show_snippets=off&term=Storey+KB&cauthor_id=33305831
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MicroRNAs:
▪ Limit carb usage in hypoxic 

brains

▪ Protect from oxidative 
damage

▪ Turn off non-essential 
energy expensive processes
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MRD: Metabolic Rate Depression 
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DEHYDRATION – MRD
NAKED MOLE RATS 

Prosurvival miRNA 
* Many organs

MRD at ‘room temperature’  
Antioxidant defence 
Heat shock proteins 

Dehydrated organs for transplant
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Squid have maximal MR at surface 
and  ~ZERO MR at the bottom of 

the ocean . 

• This happens every evening 
• Aerobic at surface 
• Anoxic at bottom 

• Changes happens in the brain 
• Regeneration paths ON 
• Anti-Apoptosis ON 
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SLOWING HUMANS DOWN
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HUMAN HIBERNATION? 

• Last resort 

• Many trauma patients die of blood 
loss before treatable injuries can 
be fixed.

• Induce hypothermia to 10°C in 
trauma (gunshot) victims

• Instead of 5-10 min to operate, 
doctors have over 1 hour
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MOVE AWAY FROM → perfuse, chill, pack in a cooler, and run !

2018
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2018

Nature inspired cryoprotectants

MicroRNA to precondition donor organs



NORMOTHERMIC PRINCIPLES: 

▪ Exploit strategies from warm hibernators to 
reboot normothermic organ preservation.

▪ Currently, donor organs are 
cooled to ~ 4°C to reduce 
metabolic rate, but this cooling 
is damaging.
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WARM PERFUSIONS IMPROVE GRAFT

SUCCESS:

1) Organs experience near-normal 
physiological conditions (e.g. keep a heart 
beating). 

2) Continuous assessment of metabolic 
parameters prior to implant.

3) Infusion of substrates, nutrients, drugs, etc. 
as needed. 

4) Organs avoid waste product accumulation. 
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On the long trip to Mars, can induced 
hibernation be used to protect the 

health of space travelers and to 
maximize extremely limited resources?
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THE MEDICAL PART OF THE PLAN

MicroRNAs and gene silencing

MicroRNAs and animal adaptations 

MicroRNAs and novel innovations

• MicroRNAs -- diseases and treatments
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UNIQUE MICRORNA 
‘FINGERPRINTS’

Neurodegenerative 
▪ Alzheimer’s disease

▪ Parkinson’s disease

Cancers… all of them

Coronary heart disease

Stroke

Liver disease

Kidney disease

Epilepsy 

Depression

Immune-related diseases
▪ Diabetes

▪ Multiple sclerosis

▪ Arthritis

▪ Lupus 

Viral diseases
▪ HIV 

▪ Influenza

▪ COVID-19
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MICRORNAS IN NEURODEGENERATION

38Juzwik, et al. 2019. Progress in Neurobiology.
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MICRORNA BIOMARKERS

• Identify the disease, progression, stage, and 
genetic link

• Each disease can have one or many miRNA 
biomarkers that identify a health outcome

• Many microRNA biomarker trials are currently 
registered as phase 4 clinical trials.



MICRORNA 
MEDICAL

INTERVENTIONS

▪ Currently, no 
approved 
microRNA drugs 
are on the market

40Hanna et al., 2019. Frontiers in Genetics. 
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QUESTIONS?
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