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Background: Timothy syndrome (TS) is a disease of excessive cellular Ca2+ entry and life-threatening arrhythmias caused by a mutation in the primary cardiac L-type Ca2+ channel. Recently, a novel TS mutation (G1911R) was identified. While its genetic basis has become well-understood, the cellular mechanisms (especially the role of CaMKII) by which the mutation translates to arrhythmia susceptibility remain unclear. 
Objectives: This study aims at exploring mechanisms by which CaMKII modulates arrhythmogenesis and identifying potential targeted sites of antiarrhythmic therapy in TS.
Methods: A human ventricular cell model incorporated with a CaMKII activation module was used. Effects of CaMKII on L-type Ca2+ channel, RyR2 receptor and SERCA2a were considered. Parameters in the equations of ICaL were modified  to incorporate experimental data on G1911R mutation.
Results: Our results indicate that: 1) In intracellular ionic simulations, TS myocytes had excessive ICaL(155%), more activated CaMKII(10-fold), higher SR Ca2+ load (133%), larger amplitude Ca2+ transients(183%), and augmented frequency of Ca2+ waves(300%). The large SR Ca2+ release in TS had a profound effect on the kinetics of ICaL, increasing the rate of inactivation to a high level resulted from larger fraction of CaMKII activation. 2) In action potential simulations, CaMKII-dependent ICaL facilitation contributes to excessive action potential prolongation(from 413.6 to 1133.9 ms) which favors the generation of early afterdepolarizations (EADs); CaMKII-dependent SR overload results in SR Ca2+ leak for triggering delayed afterdepolarizations (DADs). 3) In CaMKII inhibition simulations, CaMKII inhibition reversed an increase in intracellular Ca2+, normalized action potential and prevented afterdepolarizations. 

Conclusions: TS-mediated Ca2+ influx is an upstream initiating event for arrhythmia phenotypes that are ultimately dependent on CaMKII activation. Thus, ICaL block in combination with partial CaMKII inhibition may be potentially a new therapeutic target to treat TS patients.

