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Background: Many variants in ion channel genes have been identified in monogenic AF families.  To elucidate the molecular mechanisms of AF may allow a mechanism-based approach to treatment: for example, patients with gain-of-function ion channel variants are likely to benefit from a drug that selectively blocks mutant channel complexes.  We here sought to determine the clinical impact of rare variants in AF-associated genes in patients with lone AF and characterized these variants electrophysiologically.
Methods and Results: We screened all coding regions in 10 AF-associated ion channel genes in 90 patients with lone AF, with an onset of 47 ± 11 years (66 men; mean age: 56 ± 13 years), by high-resolution melting curve analysis and DNA sequencing. The potassium and sodium currents were analyzed using whole-cell patch clamping.  In addition to using four individual in silico prediction tools, we extended those predictions to an integrated tool (Combined Annotation Dependent Depletion, CADD).  We identified seven rare variants in eight patients: H463R and T527M in KCNA5, L492_E493 ins DL in KCNQ1, T436M and T895M in KCNH2, R986Q in SCN5A, and T189M in SCN1B.  Probands with both KCNH2 variants had a family history of AF.  Electrophysiological studies revealed KCNA5-H463R and SCN5A-R986Q showed a loss-of-function, and KCNA5-T527M, KCNH2-T436M, KCNH2-T895M, and SCN1B-T189M showed a gain-of-function.  Five of six variants with electrophysiological abnormalities were predicted as pathogenic by CADD scores.  Two probands with SCN1B T189M, showed paroxysmal AF that was controlled well by pilsicainide.
Conclusions: In our cohort of lone AF patients, seven rare variants in cardiac ion channels were identified in eight probands, with a prevalence of approximately 9%.  More than half of AF-associated rare variants showed gain-of-function behavior, which may be targeted using genotype-specific pharmacological therapy. 

