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ARRHYTHMIAS AND GENETIC HEART DISEASE

EEEEEEN > Arrhythmia Substrate

Indirect Relationship e.g. Hypertrophic Cardiomyopathy

Sarcomere 2 ’ Structural EEE > Ventricular
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Putative Direct Relationship e.g. Brugada Syndrome
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Provides potential for risk assessment and rescue



‘BRUGADA’ MOUSE MODEL
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HALF THE SODIUM CHANNELS

Mild Scn5a*" Strong Scn5a*"

| Wild-type (n=6)
gl 37 = 9 pA/pF

Scnb5a+t/- (n=5)
21 = 5 pA/pF

Proc Natl Acad Sci USA. 2002;99:6210-5
and Leoni et al. PLoS ONE 2010: 5(2):€9298



SLOW CONDUCTION

WILD-TYPE MUTANT (Scn5a+/-)




Slowed conduction and ventricular tachycardia after

targeted disruption of the cardiac sodium
channel gene Scn5a
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Speculative mechanism (Brugada Syndrome)

SCN5A Sodium
Mutations Channels

Ventricular Slowed
Arrhythmias Conduction



Structural observations in
SCN5A-mutant and ‘Brugada’ patients

Lev-Lenegre disease (1998)
DCM (2005)

Questions re phenotypes and overlap - mainly
ARVC

Conflicting observations - imaging, histology etc.



Interstitial fibrosis in old Scnb5a+/- mutants

Van Rijen et al. Circulation 2005; 112:1927-1935




Intrauterine lethality in Scnba -/- mutants

Failure of ventricular development

Scnba +/-

Scnba -/-
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Proc Natl Acad Sci USA. 2002;99:6210-5
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Voltage-gated Sodium Channels are required for
heart development in Zebrafish

104 h.p.f.

 Anti-sense knockdown
scn5Laa, scn5Lab
(homologues Scnba)

Chopraet al. Circ Res 2010; 106:1342-1350



Voltage-gated Sodium Channels are required for
heart development in Zebrafish
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104 h.p.f.
* Anti-sense knockdown

scn5Laa, scn5Lab
(homologues Scnba)

» Marked dysmorphogenesis
* Reduced precursors

* Decreased expression
nkx2.5, gata4 and hand?2.

Chopraet al. Circ Res 2010; 106:1342-1350



Voltage-gated Sodium Channels may regulate early cardiac development
Independently of membrane electrophysiology

¢
cmic2 (differentiation)

nkx 2.5 (specification)
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Chopra et al. Circ Res 2010; 106:1342-1350



Proposed mechanism Brugada Syndrome 2005 -2011

SCN5A Sodium
Mutations Channels

Ventricular Slowed
Arrhythmias Conduction
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HYPERTROPHIC CARDIOMYOPATHY
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Sudden Cardiac Death predicted with Paced

Electrogram Analysis
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Spatial and temporal heterogeneities confined to RVOT
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Delayed ECG effects of anterior epicardial ablation
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SCD Susceptibility Locus at 2924.2 in European Ancestry Individuals

« GWAS
* Meta-analysis (5 studies)

en=1,293 SCD cases and >
20,000 controls

 Increase risk 1.92-fold per
allele

Arking et al. PLoS Genetics 2011; 7:€1002158



SCD Susceptibility Locus at 2924.2 in European Ancestry Individuals

rs4665058

« GWAS
* Meta-analysis (5 studies)
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Voltage-gated Sodium Channels are associated
with indices of cardiac conduction

SCN5A-SCN10A region
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* Meta-analysis 7 studies

*n = 28,517

* role of common variants in

Q
o
T
T
o
e
o
8

channel/developmental genes in

onsnabusnaons codHXKHEALERA BELRRBRARRACHE S

conduction

SLc2E S
SLC22A12  eNnpOELT
Q3A1 ALVR2B

Chromosome 3 position (kb)

Pfeufer et al. Nature Genetics 2010; 42:153-159



S1103Y Cardiac Sodium Channel Variant associated
With ICD Discharge in Afro-Americans

* Long association variant with

risk in Afro-Americans

* Duke EPGEN repository

Sun et al. Circ Cardiovasc Genet 2011; 4:163-168
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Genes to arrhythmias and sudden cardiac death

Model systems/pathogenesis
« Conventional (mouse/zebrafish etc.)
« Human models human disease (iPS)

Clinical translation
* Phenotyping by understanding mechanism
 Targeted therapeutics by understanding

mechanism

Routine clinical applications of genetics
* Not yet other than targeted family screening
* Further identification of causal variants:

bioinformatics fine mapping, re-sequencing etc.



