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Remodeling of the heart 

• Myocyte hypertrophy 

• Apoptosis 

• Fibrosis 

• Metabolic shift 

• Reduced cAMP generation 

• Fetal gene activation (α → β - myosin switch) 
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MicroRNA biogenesis & conservation 

van Rooij & Olson JCI 2007 
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A microRNA signature of heart disease 

van Rooij et al. PNAS 2006 



miR-15 family is upregulated  

in human heart failure 

“Ongoing loss of cardiac myocytes is responsible for the 

development and worsening of heart failure .” 
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Cardiac microRNA regulation during neonatal  

cell cycle arrest 

Porrello et al. Circ Res 2011 
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Up-regulation of miR-15 family 

p1 versus p10 hearts 



miR-15 controls cell cycle and survival 

Cyclins: 
-Cyclin E1 
-Cyclin D2 
-Cyclin T2 
-Cyclin M2 
-Cyclin D1 
-Cyclin D3 

Cell cycle / survival: 
-CDCA4 
-CDC42 
-BCL2L2 
-CDC27 
-Smad7 
-E2F7 
-Smad5 
-PDCD4 
-PBBP6 

-CDC37L1 
-CHEK1 
-CDC25A 
-CDC14B 
-CDK5R1 
-Smad3 
-CAPRIN1 
-CDC14A 
-E2F3 
-Tcl-1 

 
-PDCD6IP 
-CDC23 
-G0S2 
-CCNJL 
-CDC25B 
-CDCA7L 
-CRKRS 
-PAK7 
-CDK6 
-BCL2 
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Myocyte differentiation  

& survival 

Stress  

signals 

Hullinger et al. Circ Res 2012 

Porrello et al. Circ Res 2011 



MicroRNA expression in response to 

ischemic injury 
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van Rooij et al. PNAS 2008 



miR-29 regulates ECM 

Decrease in miR-29 

- Tissue fibrosis 

Increase in miR-29 

- Aneurysm 

- Plaque destabilization 

 



Cardiac myosin switching 

Stress 

Hypothyroidism 

MHC  - high ATPase activity 

            - downregulated during heart disease 

            - upregulated by thyroid hormone  

Thyroid hormone 

Slow skeletal 

muscle 

MHC  - low ATPase activity 

            - upregulated during heart disease 

            - upregulated by hypothyroidism 



miR-208 is cardiac specific and  

co-expressed with MHC 

25.8 kb 

miR-208 

Myosin heavy chain 

van Rooij et al. Science 2007 



Genetic deletion of miR-208 blocks stress-induced 

remodeling and MHC expression 



miR-208 targets Thrap1 / MED13 

MED13 

(Thrap1) 

MED13 3’UTR 

5271 431-439 531-533 757 4234 

miR-208a/b 
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miR-208a/b 

miR-499 

miR-208a/b 

miR-499 miR-208a/b 

AAA 



miR-208 controls a network of transcriptional repressors 

cardiac fibrosis and hypertrophy 

Sox6 

MyomiRs 

myosins 

Stress-responsive genes 
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Pur TR 

Thyroid 

hormone 

van Rooij et al. Dev Cell 2009 



Basics of microRNA biology 

• MiRNAs are conserved across species  

• MiRNAs are regulated during disease  

• MiRNAs are more important under stress conditions, i.e. during 

disease 

• The genome can contain multiple copies of a microRNA and they 

often target multiple genes involved in a similar cellular process or 

signaling pathway 

• Intronic miRNAs often influence the function of the hostgene 

• Presence of multiple binding sites within an UTR can correlate to 

the relevance of the miRNA/mRNA interaction  

• The level of gene regulation is moderate, but the combined 

influence of these relatively small changes can have a profound 

downstream effects  

 



MicroRNA function in cardiac disease 

van Rooij et al., PNAS, 2006, 2008;  Science, 2007;  JCI, 2007;  Dev Cell, 2009;  Wang et al., Dev Cell, 

2008; Liu et al., Genes & Dev, 2008; Xin et al., Genes & Dev, 2009; Williams et al., Science, 2009 



MicroRNA modulation 



  Science, 28 March 2008 

   

October 2011 

Feb 2007, n=2 



AntimiR chemistries 

van Rooij and Olson. Nature Rev Drug Discovery 



miR-15 family upregulated in response to ischemic injury  

in pigs 

Hullinger et al. Circ Res 2011 



miR-15 family inhibition using antimiRs 
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Experimental set-up: 

 

-IV injection C57Bl6 

-Doses ranging from 0.033 mg/kg to 33 mg/kg 

-Collected tissues 7 days after injection 

-Determined knockdown by realtime PCR 

analysis 



miR-15 family inhibition induces target derepression in 

cardiomyocytes 

c 

c 



AntimiR-15 reduces infarct size in response to 

 ischemic injury 

Hullinger et al. Circ Res 2011 

saline antimiR-15 control 



miR-15 inhibition reduces remodeling and improves cardiac 

function in response to ischemic damage 

saline antimiR-15 control 



AntimiR-208a 

Montgomery et al. Circ 2012 

control 1 2 4 6 

week 

antimiR-208a 

3x33 mg/kg 

MHC 
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Dahl Salt-Sensitive rat model 

  

     Dahl Salt-Sensitive Model is a high-quality 

     rodent model for diastolic heart failure 
 

     High salt diet causes continuous increase in 

     blood pressure which leads to remodeling  

     of the heart 
 

  hypertrophy 

  fibrosis 

  increase hypertrophic markers 

  switch from MHC to MHC 
 

 

Stiffening of the ventricle diminishes elasticity,   

relaxation of the LV 
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LS/Saline HS/Saline HS/antimiR-208a HS/Control 

Montgomery et al. Circ 2012 



AntimiR-208 improves survival during heart failure 



MicroRNA modulation 



MicroRNA mimicry in multiple tissues 

Montgomery et al. EMBO Mol Med 2014 



The stability of a microRNA mimic is tissue dependent 

100 mg/kg iv 



miR-29 mimicry blocks pulmonary fibrosis 



miR-29 mimicry reverses signs of pulmonary fibrosis 



pH sensitive Upy hydrogel for cardiac delivery of  

novel therapeutics 

Dankers, TU/e 



In vivo delivery of Upy hydrogel in porcine myocardial 

infarction model 

Dankers, TU/e 

Towards other drugs 

and possibly other formulations 

TU/e and UMC Utrecht 



pH sensitive Upy hydrogel for cardiac delivery of  

microRNA therapeutics 



MicroRNA therapeutics 

• AntimiRs can induce longlasting, potent and specific inhibition of a 

microRNA 

• AntimiRs can be used to target cardiac microRNAs, but 

preferentially deliver to the kidney and liver – what are the 

implications for chronic indications? 

• AntimiRs can be delivered subcutaneously (but do not cross the GI 

tract) – will an injectable be attractive enough? 

• MicroRNA mimic can increase a microRNA in vivo 

 

 



Efficacy studies using antimiRs in rodents 



Species dependent target regulation 

Target regulation in 

mice 

phenotype 
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miR-92a inhibition reduces infarct size and enhances 

cardiac function in a porcine IR model 
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Hinkel et al. Circ 2013 
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