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Mechanisms of atrial fibrillation
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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 4915 - PITX2, (ZFH3)

3" 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)
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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 4915 - PITX2, (ZFH3)
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@1 Arrhythmogenic cardiomyopathies can be
3P detected in the ECG
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ig‘@ Atrial action potential prolongation in LQT
> patients (right atrial monophasic APS)
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Atrial arrhythmias in LQT patients (ICD/PM)
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g5 The AKPQ-scn5a mouse model
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Heterozygous knock-in

deletion (A1505-A1507KPQ)

In the cardiac sodium
channel gene scnba
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Prolonged AP in AKPQ-scnba atria
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Py Flecainide reverses atrial AP prolongation
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Inducible arrhythmias AKPQ vs WT
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Pauses after pacing provoke atrial
&P arrhythmias in AKPQ hearts
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Frequency-dependent AP prolongation
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#y Early afterdepolarisations (0.5 Hz)
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"\3 Pacing at 0.5 Hz

- cell 1 (EAD)
- = cell 2 (triggered activity)

BN N

Lemoine MD, et al. Cardiovasc Res 92: 67-74. (2011)
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ghJ 10uM Ranolazine shortens atrial AP in AKPQ
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Ranolazine reduces EAD-occurrence in AKPQ
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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 4915 - 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
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ﬁg‘ Pitx2 deletion causes Axenfeld

. Rleger 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)
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X2c Is expressed in the adult left atrium
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No gross histo-pathologic changes

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



pitx2c*- mice have inducible AF
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pitx2c*- mice: shorter atrial APD, nhormal CV
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Paired-like homeodomain transcription factor 2 (Pitx

- K channel genes
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How do right and left atria differ?

B Whole-genome chip comparison of left and right atrial

A

MF1_3
(total: 395)

215
(120 + 95)*

SA_12

total: 189
(to ) 168

1+ )

MF1_12
(total: 322)

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

LA RA

BN MF1_3 BN MF1_12 B8 SA_12

-2 RN -7

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



pitx2c Is the single most differentially
expressed left atrial gene
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PITX2c protein is preferentially
expressed In the adult left atrium
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Pitx2c deletion reduces ,leftness”

daa .
=5

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.

MF1_3 LEFT ATRIUM
Gene FC (LA vs. RA) FC (Pitx2ct/- vs. MF1_3)
Ccl21b 8.74 53.0%
Ddit4l 6.50 64.8%
LOC100041504 5.01 60.4%
Ccl21c 5.16 61.0%
Phldai 4.57 101.7%
Pppirib 4.08 58.5%
Scarap 3.81 114.5%
Tnni2 3.78 85.6%
Cxcl14 3.75 70.3%

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



Summary

%w 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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