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Introduction of microRNA 

• Short (19-24 nucleotides) non-coding RNAs 

• The first described microRNA, lin-4 was cloned and 

characterised from C. elegans (1993) 

• Primarily functions as translational repressors by 

binding to complementary target sequences in the 3’ 

UTR (untranslated region) of mRNA.  

• Between 60% of all human genes  are a target for 

microRNA regulation (Firedman et al, 2009).  

• A single target gene regulated by multiple microRNAs, 

a single microRNA regulates multiple genes. 



•MicroRNAs are transcribed in a RNA Polymerase II-dependent manner as  

large polyadenylated pri-microRNAs. 

•RNAPII catalyzes the transcription of DNA to synthesize precursors of 

mRNA and most snRNA and microRNA Yang CGFR 16:397, 2005 

RNA-inducing 

silencing complexes 
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Location of microRNA 

- 40% introns of coding RNA 

- 10% introns of noncoding RNA 

- 13% exons of noncoding RNA 

- 37% intergenic 

RNA-inducing silencing complexes 



• Post-transcriptional degradation of target mRNA transcript 

– microRNA triggers the destruction of target 

 

 

Mechanisms for microRNA regulation 

• Translational repression 

– microRNA prevents translation to protein 

 

RISC 

Transcription 

RISC 

Transcription 

Translation 



• Search for predicted microRNA targets in 
mammals (/worm/fly) 3’ UTRs. 
• Find conserved 8mer and 7mer sites that 
match the seed region of each miRNA.  
• Predictions are ranked based on the predicted 
efficacy of targeting as calculated using the 
context+ scores of the sites 





-  Aggregate PCT : 

identifying targeting 

interactions not only 

likely to be effective 

but also those that 

are more likely to be 

consequential for 

the animal. 

- Context scores: 

predictive for all types 

of interactions, 

including those of 

miRNAs that are not 

highly conserved.  





Mir 31 - broadly conserved* 

microRNA 

* conserved across most vertebrates, usually to zebrafish 



What are the regulating mechanisms of microRNA? 

• Regulation of microRNA gene transcription 

– Activators / Repressors 

– Regulatory networks 

• Regulation of microRNA processing 

– DROSHA, DICER, binding proteins 

• Regulation of microRNA function 

– AGO, GW182 



Transcriptional regulation of microRNA 

The widespread regulation of microRNA biogenesis, function and decay 

Nature Reviews Genetics. 2010;11:597-610 



Reciprocal negative feedback loop 
between miR-22 and c-Myc 

C-Myc 

miR-22 
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miRs involved in endothelial cell regulation 

• EC-Specific Dicer Knockout 
– indistinguishable from littermate controls  

– Decreased Tie-1, -2, VEGF-R2 

– Increased eNOS 

• MiR-17-92 Cluster 
– MiR-92a, an endogenous repressor of 

the angiogenic program 

• MiR-126 
– Master regulator of EC function 

– Targeted deletion causing leaky vessels 

and hemorrhages 

• KLF2 induces miR-126 but 
represses miR-92a 

• Hypoxia induces miR-210, 
leading to angiogenesis 

MicroRNAs in Vascular and Metabolic Disease.  

Review article. Circ Res. 2012;110:508-522 



miRs involved in VSMC regulation 

• SMC-Specific Dicer 

Knockout 
– Embryonic lethal d/t extensive 

hemorrhages  

– Dysorganized elastic lamellae 

– Loss of actin, contractile dysfunction  

• MiR-143/145 Cluster 
– Downregulated in synthetic SMC 

– Promoting a contractile phenotype 

– Overexpression leading to reduced 

neointima formation 

• MiR-21, MiR-133, MiR-221, 

and MiR-222 
– Upregulated in neointimal lesions 

– Promoting SMC proliferation while 

inhibiting apoptosis 

MicroRNAs in Vascular and Metabolic Disease.  

Review article. Circ Res. 2012;110:508-522 



miRs involved in cardiac hypertrophy 

• 4 microRNAs highly expressed in the heart: “Myo-MiR” 

– miR-1, miR-133, miR-208, miR-499 
 

 

 

MicroRNAs in control of cardiac hypertrophy.  

Review article. Cardiovascular Research 2012;93:563–572 

Anti-hypertrophic miRs 

Pro-hypertrophic miRs 



Anti-hypertrophic miR-1 

• Among the most abundantly expressed 
miRNAs in the human heart 

• miR-1 overexpression causing developmental 
arrest due to dilated ventricles and heart 
failure at E9.0 

• Validated targets of miR-1 

– Calcium signalling mediators, calmodulin 

– cytoskeletal regulatory protein twinfilin 1 (Twf1) 

– insulin-like growth factor (IGF-1) 



Pro-hypertrophic miRs: miR-499, -208 
• Pro-hypertrophic miRs located within MHC genes 

– miR-208a: Myh6 encoding fast-twitch a-MHC 

– miR-208b: Myh7 encoding slow-twitch b-isoform 

– miR-499: Myh7b encoding another fast-twitch isoform 

• May play a crucial role in regulation of myosin gene 
expression and the cardiac stress response 

• Deletion of miR-208a resulting in viable animals with 
normal cardiac size and function at baseline, but starting 
mild decline in cardiac function up to 5 months of age 

• In response to cardiac stress, miR knockout hearts 
developed a greater cardiac dysfunction, without evident 
signs of cell hypertrophic growth or fibrosis. 



miR-499, evolutionarily conserved 
muscle-specific miRNA 

• Increased in human and murine 

cardiac hypertrophy and 

cardiomyopathy 

• Sufficient to cause murine heart 

failure, and accelerates 

maladaptation to pressure 

overloading 

Direct and indirect involvement of MicroRNA-499 in clinical and 

experimental cardiomyopathy. Circ Res. 2012;111:521-531 



miR-21 regulating pathological hypertrophy & fibrosis 

• Contributing myocardial remodelling through 
regulation of the ERK-MAP kinase-signalling pathway, 
a crucial signalling pathway in fibroblast survival and 
activation 

• Strongly induced in the failing myocardium and 
mostly predominant in fibroblasts  

• Silencing preventing cardiac dysfunction in a mouse 
model of cardiac pressure overload 

• Overexpression inducing interstitial fibrosis and 
cardiac hypertrophy  



Circulating microRNAs as biomarker 



 

In the HF group, more than one-third had an ejection fraction of 45% (11 

of 30 subjects), suggesting preserved systolic function (HFpEF).  

Preliminary evidence suggests that miR423-5p levels were elevated 

similarly in both patient groups. 



Circulating microRNAs evaluating etiologic 
mechanism / disease progress of heart failure 

• From AMI Pts, the level of miR-208b, -499,  -1 level 
significantly elevated. When Pts with recent cardiac 
ischemia or infarction excluded, no increases in those 
miRs found in HF patients. 

• EC-specific miR-126 negatively correlated with age, BNP, 
and NYHA class in HF. miR-126 also decreased in 
atherosclerotic CAD, & in Pts with type 2 DM, reflecting 
the condition of vascular endothelial cells in HF Pts. 

• 72% of miRs differentially regulated in LVAD treated 
patients normalized after treatment 

Circ Res. 2012;110:483-495 



MicroRNA with increased levels in 

sera of heart failure patients 

European Journal of Heart Failure (2012) 14, 147–154 



MicroRNA with increased levels in 

sera of heart failure patients 

European Journal of Heart Failure (2012) 14, 147–154 



Discrimination between the heart failure and 

control groups using the microRNA score 

European Journal of Heart Failure (2012) 14, 147–154 

miRNA-score: cumulative level of the four miRNAs 

with the most significantly increased levels 

in the HF group when compared with the control 



Significant associations between the microRNA 
(miRNA) score and clinical parameters 

Spearman correlation: 0.63 (P=3e-4) 



Circulating miRNAs have many requisite 
features of good biomarkers 

• Stable in various bodily fluids 

• Sequences of most miRNAs conserved among different species 

• Expression of some miRNAs specific to tissues or biological stages 

– using specific miRNA levels in blood to detect drug-induced liver injury 

• Compared with different post-translational modifications of 

protein-based biomarkers, miRNA are relatively homogenous. 

• Polymerase chain reaction (PCR) measurement is more sensitive 

than ELISA 

• Readily available antagomir for miR regulation 

A. Etheridge et al. Mutation Research 2011;717:85– 90 



Issues associated with miRNA measurement. 

• Measurement 
– Low correlation between different measurement platforms 

– Short and conserved sequences in paralogs  

– Difficult to distinguish between precursor and mature forms 

• Sample 
– Concentration measurement for miRNA in sample is difficult 

• Data processing 
– Normalization among different samples, especially for extracellular miRNA 

• Predictive 
– whether circulating miRNAs track with disease progression?  

– whether changes in miRNAs are indicative of therapeutic efficacy? 

A. Etheridge et al. Mutation Research 2011;717:85– 90 
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Angiotensin II and microRNA 

 Predicted miRs that target the 3’-UTR of 

CYR61: TargetScan & miRANDA 

 

 miR microarray of angiotensin II-treated 

VSMCs 



Candidate miRs that were downregulated  

by Angiotensin II 

miR-145 

miR-22 

miR-181a 

miR-340 

miR-221 

miR-181d 



Angiotensin II induces  

sustained downregulation of miR-22 

* 
* * 

*p < 0.05 compared to control  

4 h after angiotensin II treatment 



Angiotensin II downregulates miR-

22 expression via AT1R-cMyc 

Cont Ang II 

Cont siRNA si-c-Myc 

Cont Ang II 

P < 0.05 
P = NS 

P < 0.05 

P = NS 

Cont Ang II 

Cont siRNA si-AT1R 

Cont Ang II 



Angiotensin II downregulates miR-22 to 

promote calcification 

Cont Ang II 

miR control 

Cont Ang II 

Pre-miR-22 

Cont Ang II 

Anti-miR-22 

SS 

BMP2 

Pre- 

miR-22 

Control Ang II 

miR control 

Control Ang II 

Anti-miR-22 

Control Ang II 

Pre-miR-22 

miR control Pre-miR-22 

BMP2 

p < 0.05 p = NS p < 0.05 p = NS 



• miR-22 functions as an integrator of calcium 
homeostasis in heart? 



miR-22 as a critical regulator of cardiomyocyte 
hypertrophy and cardiac remodeling 

• Cardiac and skeletal muscle enriched  
microRNA upregulated during myocyte  
differentiation and (physiologic) hypertrophy 

• Overexpression sufficient to induce  
cardiomyocyte hypertrophy 

• Global and cardiac-specific deletion  
showing essential role for hypertrophic  
cardiac growth in response to stress 

• Deletion had little impact on normal hearts 

• Deleted mice sensitized to development of D-CMP under stress 
conditions 

• 50% of null mice died in utero (some with cardiac defects), 
suggesting housekeeping/developmental function 

Circ Res. 2013 
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MicroRNAs are the hottest topics 

in cardiovascular research  

Eva Rooji, Arthur A Levin 

Circ Res 2012 



Developing microRNA therapeutics 

• Anti-miR 

– Modified antisense oligonucleotides harboring the full or partial complementary 
reverse sequence of a mature miRNA, reducing endogenous levels of an miRNA 

• PremiR 

– artificial small nucleotide sequences, double-strand, similar to miRNA precursors 

• Benefit of microRNA pharmacodynamics 
– anti-miR are cleared from plasma within hours by uptake into tissues. But, inside 

cells, anti-miRs are so metabolically stable that their clearance is slow, and half-
lives in tissues are often reaching weeks 

– Because of their high water solubility, it is possible to dissolve anti-miRs in 
aqueous solutions at volumes that are amenable to administration by the 
subcutaneous or parenteral route. 

• Limitation to be solved 

– Off-target effect: exaggerated pharmacology making toxicity resulting from binding 
and inactivating unintended target or acting in inappropriate cells  

Eva Rooji, Arthur A Levin Circ Res 2012;110:496-507 



Forced-expression experiment 

: Duration of forced-expressed miRNA 





Therapeutic Inhibition of miR-208a improves 

cardiac function and survival during heart failure 

Dahl hypertensive rat  

with 8% high-salt diet  

Dahl hypertensive rat  

with low-salt diet  

Dahl hypertensive rat  

with 8% high-salt diet 

+ SC anti-miR208a  

Dahl hypertensive rat  

with 8% high-salt diet 

+ SC control  

Circulation. 2011;124:1537-1547 

Subcutaneous delivery of anti-miRs 



Use of myo-microRNAs in the fight against 
heart failure 

Mol Biol Rep. 2013;40:2663–2670 



Summary and conclusion 
• microRNAs are suggested to regulate > 60% of all human genes; 

Single target gene regulated by multiple microRNAs, single microRNA 

regulates multiple genes. 

• Recently, the crucial role of myo-miRNAs has been widely recognized 

including pro-hypertrophy, anti-hypertrophy, pathologic remodeling and 

fibrosis. 

• Circulating miRNAs are remarkably stable, raising the possibility as 

novel diagnostic markers.   

• MicroRNA therapeutics are the hottest topic in cardiovascular research 

especially in terms of microRNA silencing using anti-miR. 

• Systems biology approach is being pursued in order to integrate 

microRNA networks regulating multiple targets in disease pathway. 

 

 


