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Abstract

Background: Andersen-Tawil syndrome type 1 (ATS1), caused by trafficking deficient mutations in the gene KCNJZ2
coding the inward rectifier K* channel Kir2.1, is associated with life-threatening arrhythmias, which in some patients
resemble catecholaminergic polymorphic ventricular tachycardia (CPVT), but the mechanisms are poorly understood.
We tested the hypothesis that dysfunction of two different populations of mutant Kir2.1 channels, one at the
sarcolemma, and the other at the sarcoplasmic reticulum (SR) membrane, directly alters conduction and intracellular
calcium dynamics, respectively, to promaote the ATS1 phenotype and arrhiythmias that resemble CPVT.

Methods: We generated a naw mouse model of ATS1 by a single i.v. injection of cardiac specific adenc-associated viral
(AAV) transduction with Kir2 1431%3% 4o and cellular, structural and functional analyses of the model were carried
out by electrocardiogram (ECG), magnetic resonance imaging {(MRI), intracardiac stimulation, patch-clamping,
membrane fractionation. western blot, immunolocalization and live calcium imaging.

Results: Qur mouse model carrying mutant Kir2 1221438 recapitulated the ATS1 phenotype without modifying
venfricular function. On ECG, Kir2.122%2%8 mice had prolonged PR, QRS and QT intervals and occasional U waves.
They showed significantly slower conduction velocities than wildtype mice in response to flecaidine-induced Na™-
channel blockade, additional QT prolongation in response to isoproterenol, and increased vulnerability to cardiac
fibrillation. Cardiomyocytes from Kir2 1231425 mice had significantly reduced inward rectifier K* and Na* inward
currents, depolarized resting membrane potential and prolonged action potential duration. Immunolocalization in
wildtype cardiomyocytes and skeletal muscle cells revealed a novel SR micredomain of functional Kir2.1 channels
confributing to intracellular Ca®* homeostasis. Kir2. 12225 cardiomyocytes showed defects in SR Kir2.1 localization
and function, which contributed to abnormal spontaneous Ca®” release events.

Conclusions: Cardiac-specific AAV transduction with Kir2. 123'%31% in mice recapitulates the ATS1 phenotype by

disrupting localization and function of Kir2.1 channels at the SR, and the Kir2.1-Na,1.5 channelosome at the
sarcolemma. These results reveal a novel dual mechanism of arrhythmogenesis in ATS1 involving defects in Kir2.1
channel trafficking and function at two different microdomains. They also provide the first demonstration at the molecular
level of the mechanism underlying the overlap betwesn ATS1 and CPVT associated with defects in intracellular calcium
homeostasis.



