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Remodelling of ion channels in heart failure 



Heart and Cardiac Conduction System 
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Ica = Ca2+ current 

If = hyperpolarisation activated current 

IK1 = inward rectifier K+ current 

IKr = rapid component of delayed rectifier 

current 

IKur = ultrarapid K+ current 

IKs = slow component of IK 

INa = Na+ current 
Ito = transient outward K+ current  
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Yu & Catterall (2003), Genome Biology 4, 207 

Structure of Na+ channel 
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Nav1.1 

(SCN1A) 
Cardiac myocytes, 

Central and peripheral neurons 

Nav1.2 

(SCN2A) 
Central and peripheral neurons 

Nav1.3 

(SCN3A) 
Cardiac myocytes, 

Central and peripheral neurons 

Nav1.4 

(SCN4A) 
Skeletal muscle 

Nav1.5 

(SCN5A) 

Cardiac myocytes, 
Central neurons and  

uninnervated Skeletal muscle 

Navb1 

(SCN1B) 
Heart,Central and peripheral neurons 

skeletal muscle 

Navb2 

(SCN2B) 
Heart,Central and peripheral neurons 

skeletal muscle 

Navb3 

(SCN3B) 
Central and peripheral neurons, adrenal gland 

skeletal muscle and kidney 

Navb4 

(SCN4B) 
Heart, Central and peripheral neurons 

skeletal muscle  
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channel 
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Immunohistochemistry of Nav1.5  
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Bourinet et al. (2004), J. Clin. Invest. 113, 1382-1384 

Structure of voltage-gated Ca2+ 

channels (Cav’s) 
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L-current     skeletal muscle  

L-current 
Cardiac myocytes, 
Endocrine cells, 

Neuronal cell bodies and 

Proximal dendrites 

L-current 

L-current Retina 

Nerve terminals and 

dendrities 
P/Q-current 

N-current 
Nerve terminals and 

dendrities 

Neuronal cell bodies and 

dendrities 
R-current 

T-current 

T-current 

T-current 

Cardiac myocytes, neuronal cell bodies  
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Cardiac myocytes, neuronal cell bodies  
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Family of Ca2+ 

channel 
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Jones SA, Boyett MR, Lancaster MK, Circulation. 2007 13; 115:1178-9 
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Structure of hyperpolarisation-activated 

cyclic nucleotide-gated channels (HCN’s) 

Dobrzynski, Boyett and Anderson (2007) Circulation 115,11183-1190 
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HCN1 

HCN2 

HCN3 

HCN4 

Heart (sinoatrial node & Purkinje fibres) 
Brain (neocortex, hippocampus,  

superior colliculus and cerebellum) 

Pacemaking 

Heart (ventricle, atrium and  

sinoatrial node) 
Brain (olfactory bulb, cerebral cortex, hippocampus, 

 thalamus, cerebellum and brainstem) 

Pacemaking 

Brain (olfactory bulb),  

liver, lung and kidney 

Heart (sinoatrial node, atrioventricular node 

& Purkinje fibres) 
Brain (olfactory bulb, thalamus and substantia nigra) 

Pacemaking 

Kaupp B and Seifert R, Annu. Rev. Physiol. 2001. 63:235–57 
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Family of HCN 

channels 
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200μm 

Immunohistochemistry of HCN4 



Remodelling of ion channels  

in heart failure 



Smith  Exp Physiol 2007;92:973-986 

HF causes ion channel remodelling in ventricle 



50 μm 

Control Congestive heart failure 
Lung 

Monocrotaline causes pulmonary hypertension 
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Control Congestive heart failure 

Pulmonary hypertension causes cardiac hypertrophy 



Pulmonary hypertension causes bradycardia 
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Right atrium Sinoatrial node 



Ca2+- handling proteins 
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↓ - - SUR2 

↓ ↓ ↓ SUR1 

↓ ↓ ↓ Kir6.2 

- - ↑ Kir6.1 

- - - Kir3.4 

↓ - - Kir2.2 
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↓ ↑ Cx30.2 

↔ ↑ TWIK2 

↔ ↑ Kir2.4 

↓ ↑ KvLQT1 

↓ ↑ ERG 

↓ ↔ Kv1.5 

↓ ↑ Kv1.4 

↔ ↑ Kv1.2 

↔ ↑ RYR3 

↓ ↔ RYR2 

↓ ↔ SERCA2a 

↓ ↔ NCX1 

↓ ↑ Cav3.1 

↓ ↔ Cav1.3 

↓ ↑ Cav1.2 

↓ ↑ HCN4 

↓ ↔ HCN1 
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Summary 

Approximately 100 ion channels are expressed 

in the heart. Regional differences in the 

expression of ion channels are responsible for 

regional differences of the action potentials in 

different parts of the heart 

Ion channel are dynamically expressed in the 

heart 

There are two pathways to SAN dysfunction in 

HF, one involving a downregulation of inward 

current-carrying channels and one involving an 

upregulation of outward current-carrying 

channels. 




