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Background: Studying the development of the cardiac conduction system can provide useful insight 
into mechanisms behind specific arrhythmias. Multiple embryonic signalling pathways are re-activated 
during cardiovascular disease in the adult heart. This could also be the case for arrhythmia prone 
areas. The RhoA-ROCK signalling pathway is involved in cellular processes like migration, 
proliferation and myogenic differentiation. RhoA is expressed within the developing cardiac conduction 
system in chick and disruption in adult mice results in arrhythmias. In this study we provide insight into 
the electrophysiological and morphological changes within the sinoatrial  (SAN) and atrioventricular 
(AVN) nodal areas during avian heart development and the role of ROCK signalling.   
Methods: Electrophysiological changes of developing hearts were assessed in vivo by ex ovo local 
electrophysiological recordings and in vitro by multi-electrode arrays. The morphology of the 
developing SAN and AVN areas was studied by expression patterns of the cardiac markers cTnI, 
Nkx2.5, the gap junction protein Cx43, and the cation channel HCN4. The role of ROCK signalling was 
studied using chemical inhibition(Y-27632).  
Results: Early in development the entire sinus venosus myocardium, including the right-sided SAN 
and a transient left-sided SAN, has the potential to generate the first electrical activity and a specific 
expression pattern showing cTnI and Hcn4 expression but no Nkx2.5. Conduction properties differ 
depending on the initial activation site. Eventually, the electrical potential and cTnI and Hcn4 
expression become restricted to the right-sided SAN. We observed a significant increase in heart rate 
and atrioventricular delay during development, indicative of maturation of the cardiac conduction 
system. In hearts with diminished ROCK signalling, atrioventricular conduction time changed as 
expected during development. However, the heart rate did not increase and atrial activation pattern 
rates were disrupted, suggestive of an immature SAN state.  
Conclusions: Significant electrophysiological and morphological remodelling occurs during SAN and 
AVN development. ROCK signalling may play a role in mechanisms regulating changes in heart rate 
during development.  
 


