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Adapted from D. Bers, Circ Res, 2002 

Role of Ca2+ in Cardiac Excitation-Contraction coupling 
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Diastolic Ca2+ Ca2+ entry E-C coupling 

Ca2+-dependent Arrhythmias in cardiomyocytes 
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Spontaneous Ca2+ waves in cardiomyocytes 

Thireau et al., revision CVR 
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Spontaneous Ca2+ waves in cardiomyocytes 

1) CPVT  (TV Catéchol. Polym) 

 (heart structurally normal ; 

alterations of Ca2+ signaling) 

 

2) CO  
 (heart with normal function ; 

alterations of Ca2+ signaling) 

 

3) Duchenne Muscular Dystrophy 

(mdx) 

  (progressive cardiomyopathy; 

fatal cardiac arrhythmias) 

 

4) Heart Failure  
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SG. Priori, C. Napolitano 

RyR2 R4496C 

Cerrone et al., Circ Res. 2005;96:e77-82   
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Arrhythmia in CPVT 
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Spontaneous APs 
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Spontaneous Ca2+ waves in RyRR4496C +/- 
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Spontaneous Ca Waves Liu, N. et al. Circ Res 2006;99:292-298 
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http://circres.ahajournals.org/content/vol96/issue10/images/large/15FF3.jpeg
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Facilitating effect of Isoproterenol 
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Spontaneous AP 
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WT + 1 µM Iso 

RyR24496C+/- + 1 µM Iso 

… more Ca2+ waves with isoproterenol 
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Spontaneous Ca Waves 
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Abnormal  
Ca2+ release 
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Spontaneous RyR2 activity = Ca2+ sparks 
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Spontaneous RyR2 activity is increased 
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1) CPVT  
 (heart structurally normal ; 

alterations of Ca2+ signaling) 

 

2) CO  
 (heart with normal function ; 

alterations of Ca2+ signaling) 

 

3) Duchenne Muscular Dystrophy 

(mdx) 

  (progressive cardiomyopathy; 

fatal cardiac arrhythmias) 

 

4) Heart Failure  

15 june 2011 5 avril 2012 

Spontaneous Ca2+ waves in cardiomyocytes 
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André et al., 2010, Am J Respir Crit Care Med 
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Hormones 

Abnormal  
Ca2+ release 

Altered  
Ca2+ reuptake Adapted from   

D. Bers, Circ Res, 2002 
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Origin of Ca2+ overload and related arrhythmias 
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1) CPVT  
 (heart structurally normal ; 

alterations of Ca2+ signaling) 

 

2) CO  
 (heart with normal function ; 

alterations of Ca2+ signaling) 

 

3) Duchenne Muscular Dystrophy 

(mdx) 

  (progressive cardiomyopathy; 

fatal cardiac arrhythmias) 

 

4) Heart Failure  
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Spontaneous Ca2+ waves in cardiomyocytes 
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High diastolic Ca2+ and Ca2+ waves 

WT mdx 

Fauconnier et al., 2010, PNAS  
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1) CPVT  
 (heart structurally normal ; 

alterations of Ca2+ signaling) 

 

2) CO  
 (heart with normal function ; 

alterations of Ca2+ signaling) 

 

3) Duchenne Muscular Dystrophy 

(mdx) 
  (progressive cardiomyopathy; 

fatal cardiac arrhythmias) 

 

4) Heart Failure  

15 june 2011 12 mars 2012 

Spontaneous Ca2+ waves in cardiomyocytes 
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Beuckelmann et al., Circulation, 1992 
Elevated diastolic Ca2+ 

Prolongation of  

 Ca2+ transients 

Decreased systolic Ca2+ 

Ca2+ handling disorders are critical in HF 

Ca2+ entry 

Resting [Ca2+]i 
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Abnormal RyR2 openings during diastole promote  

Ca2+ waves and spontaneous AP 
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SR Ca2+ leak  

via RyR2 
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RyR2 dysfunction Arrhythmia / SCD 

Abnormal  

Ca2+ release 

Molecular  mechanisms 

Ca2+-dependent 

 ionic currents 

Cellular mechanisms 

Cellular Mechanisms translating RyR2 dysfunction 

into electrical abnormalities? 

? 
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Adapted from D. Bers Adapted from  D. Bers, Circ Res, 2002 

Sub-cellular Mechanisms converting RyR2 

dysfunction into electrical abnormalities 
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Normalization of RyR2 activity: therapeutic avenue?  
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Hormones 

Abnormal  
Ca2+ release 

Altered  
Ca2+ reuptake 

Adapted from D. Bers, Circ Res, 2002 
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SERCA2a, Ca2+ overload and upstream Therapy (HF) 
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