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Mechanisms of atrial fibrillation 

Schotten U, et al. Physiol Rev 91: 265-325. (2011) 



Inherited factors predispose to AF 

• Monogenic AF:  

• AF is found in 5-25% of patients with inherited 

cardiomyopathies, e.g. HCM, Brugada, LQT 

• 5% of „lone“ AF patients carry SCN5A mutations 

• Polygenic AF:  

• Subtle genetic alterations in transcriptional 

regulators are associated with AF in the 

population, most strongly 4q15 - PITX2, (ZFH3) 

• … 

3rd AFNET/EHRA consensus conference report. Kirchhof P, et al. Europace published on line July 26th, 

http://europace.oxfordjournals.org/content/early/2011/07/26/europace.eur241.full.pdf+html (2011) 

and Kirchhof P, et al. Thromb Haemost in press. (2011) 

http://europace.oxfordjournals.org/content/early/2011/07/26/europace.eur241.full.pdf+html
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Arrhythmogenic cardiomyopathies can be 

detected in the ECG 

II 

V1 

long QT Syndromes 

short QT Syndromes 

WPW Syndrome 

Brugada Syndrome(s) 

adapted from Kirchhof P, et al. Heart.92: 1873-1878 (2006) 

ARVC 

HCM 
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PQ 0.2s 

QRS 0.1s 

QT  

0.35 – 0.44 s (rate corrected) 



Atrial action potential prolongation in LQT 

patients (right atrial monophasic APs) 

Kirchhof P et al. J Cardiovasc Electrophysiol 14:1027-33 (2003) 



Polymorphic atrial tachycardias 

Kirchhof P et al. J Cardiovasc Electrophysiol 14:1027-33 (2003) 



Atrial arrhythmias in LQT patients (ICD/PM) 

Zellerhoff S, et al. J Cardiovasc Electrophysiol.20: 401-407 (2009) 



Heterozygous knock-in 

deletion (∆1505-∆1507KPQ) 

in the cardiac sodium   

channel gene scn5a 

Nuyens D et al., Nature Med;7:2021-7 (2001)  

Fabritz L, et al. Cardiovasc Res 57: 1085-1093. (2003) 

Fabritz L et al., Cardiovasc Res; 87:60-72 (2010)  

Prolonged QT Interval 

The ∆KPQ-scn5a mouse model 

Clinical features of 

LQT3 syndrome 

Gain-of-function :  

increased late sodium current 
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Lethal TdP storm in ΔKPQ-Scn5a 
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Blana A, et al. Heart Rhythm 7: 1862-1869. (2010) 

Dautova Y, et al. Pflugers Arch 458: 443-457. (2009) 

Prolonged AP in ∆KPQ-scn5a atria 
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Flecainide reverses atrial AP prolongation 

Blana A, et al. Heart Rhythm 7: 1862-1869. (2010) 



Inducible arrhythmias ∆KPQ vs WT 

Blana A, et al. Heart Rhythm 7: 1862-1869. (2010) 



Pauses after pacing provoke atrial 

arrhythmias in ∆KPQ hearts 

Blana A, et al. Heart Rhythm 7: 1862-1869. (2010) 
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Lemoine MD, et al. Cardiovasc Res 92: 67-74. (2011) 

Increased INa,late in ∆KPQ atrial cells 
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Lemoine MD, et al. Cardiovasc Res 92: 67-74. (2011) 

Cellular AP prolongation in ∆KPQ atrial cells  
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Lemoine MD, et al. Cardiovasc Res 92: 67-74. (2011) 

Frequency-dependent AP prolongation 
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Lemoine MD, et al. Cardiovasc Res 92: 67-74. (2011) 

Early afterdepolarisations (0.5 Hz) 
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Lemoine MD, et al. Cardiovasc Res 92: 67-74. (2011) 

Triggered activity 
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Single trace examples: 

Lemoine MD, et al. Cardiovasc Res 92: 67-74. (2011) 

10 µM Ranolazine reduces INa,late 
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10µM Ranolazine shortens atrial AP in ΔKPQ 
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Lemoine MD, et al. Cardiovasc Res 92: 67-74. (2011) 



Inherited factors predispose to AF 

• Monogenic AF:  

• AF is found in 5-25% of patients with inherited 

cardiomyopathies, e.g. HCM, Brugada, LQT 

• 5% of „lone“ AF patients carry SCN5A mutations 

• Polygenic AF:  

• Subtle genetic alterations in transcriptional 

regulators are associated with AF in the 

population, most strongly 4q15 - PITX2, (ZFH3) 

• … 

Kirchhof, P., et al. Europace published on line July 26th, (2011) 

Kirchhof, P., et al. Thromb Haemost in press. (2011) 



Several gene variants (SNPs) associate 

with early-onset AF in populations 

Gudbjartsson DF, et al. Nature 448: 353-357. (2007) 

Benjamin EJ, et al. Nat Genet 41: 879-881. (2009) 

Kaab S, et al. Eur Heart J 30: 813-819. (2009) 

Ellinor, P. T., et al. Nat Genet 42: 240-244. (2010) 

• 4q25 

• 1q23 

• 16q22 



Pitx2 deletion causes Axenfeld 

Rieger Syndrome 

• Non-occluding glaucoma (anterior segment dysgenesis of the eye) 

• Umbilical skin abundance, hypodontia, craniofacial dysmorphism 

• PITX2 or FOXC1 mutations  

• intragenic, submicroscopic deletions, chromosomal rearrangements 

• autosomal dominant inheritance, variable penetrance 

• PITX2 alterations associated with extraocular changes 

Semina EV, et al. Nat Genet.14: 392-399 (1996) 

Lin CR, et al. Nature.401: 279-282 (1999) 

Lu MF, et al. Nature.401: 276-278 (1999) 

Tumer Z, Bach-Holm D. Eur J Hum Genet.17: 1527-1539 (2009) 



pitx2c is expressed in murine left atrium 

Wang J, et al. PNAS 107: 9753-9758. (2010) 



PITX2c is expressed in the adult left atrium 

Kirchhof P, Kahr, P, et al. Circ Cardiovasc Genet 4: 123-133. (2011) 



pitx2c+/- mice: normal heart size & function 

Kirchhof P, Kahr P, et al. Circ Cardiovasc Genet 4: 123-133. (2011) 



Cardiac morphology and function 
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Masson‘s trichrome 

wt (n=3) pitx2c+/- (n=6) 

No gross histo-pathologic changes 

Kirchhof P, Kahr P, et al. Circ Cardiovasc Genet 4: 123-133. (2011) 



pitx2c+/- mice have inducible AF 

Kirchhof P, Kahr P, et al. Circ Cardiovasc Genet 4: 123-133. (2011) 



pitx2c+/- mice: shorter atrial APD, 

Kirchhof P, Kahr P, et al. Circ Cardiovasc Genet 4: 123-133. (2011) 

normal CV 



pitx2c+/- mice: Changes in gene expression 

• pitx2c 

• K channel genes 

• cell-cell contacts 

• calcium handling 

• fibroblast regulation 

Kirchhof P, Kahr P, et al. Circ Cardiovasc Genet 4: 123-133. (2011) 



How do right and left atria differ? 
Whole-genome chip comparison of left and right atrial 

tissue in wild-type mice (3 and 12 months, 2 strains) 

Kahr P, Piccini I, et al. PLoS ONE, in press 



pitx2c is the single most differentially 

expressed left atrial gene 

Kahr P, Piccini I, et al. PLoS ONE, in press 



PITX2c protein is preferentially 

expressed in the adult left atrium 

Kahr P, Piccini I, et al. PLoS ONE, in press 



Pitx2c deletion reduces „leftness“ 

Shown is a list of the 9 most differentially expressed left atrial 

genes (left column) and the relative expression change 

observed in left atria of pitx2c+/- vs. wild type mice. 

Kahr P, Piccini I, et al. PLoS ONE, in press 



Summary 
Monogenic AF:  

• Prolongation of the atrial action potential by increased late 

sodium current can cause atrial EADs and AF. 

• Look out for abnormal ECGs in patients with early-onset AF 

Polygenic AF: 

• SNPs close to the pitx2 gene associates with AF in 

populations, stronger than any other genetic abnormality. 

• Pitx2c is expressed in the murine and human adult left 

atrium (100fold higher than in other heart chambers). 

• Pitx2c deletion predisposes to AF by shortening the left atrial 

action potential without relevant structural changes, and by 

allowing „loss of leftness“. 

• Understanding the downstream biological changes 

associated with pitx2c deletion may identify novel genetic 

factors of AF. 
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