A Distinct Molecular Mechanism by which Phenytoin Rescues
a Novel Long QT 3 Variant
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OBJECTIVES METHODS

Simulations attempted to recapitulate the electrophysiology results and infer molecular and cellular
modifications caused by Q1475P mutation through mathematical modeling of ion channel gating.

Mutations in the SCN5A gene, which encodes the primary cardiac Na*
channel (Na,1.5), can cause arrhythmic disorders such as Type 3 Long QT
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(2) what modified cellular properties could explain the patient’s LQT3
phenotype;

(3) what molecular changes are induced by phenytoin that are able to
\ restore normal cardiac rhythm. / RESU I-TS

Modeling to infer altered gating transitions in Q1475P and drug-treated Q1475P channels:

|NTRODUCTION * A nine state Markov model was used to * Modeling predicts changes in gating parameters induced
model the Na* channel. The parameters by Q1475P mutation and by treatment with drugs. Since

Long QT syndrome (LQTS) is a genetic disease characterized by describing the baseline model were mexiletine and phenytoin induce the same alterations in
orolongation of the QT interval manifesting as episodes of syncope, replaced with the ones obtained from the Q1475P Na, 1.5 gating, in these simulations they are
torsades de pointes (TdP) and sudden cardiac death (SCD). The long QT genetic algorithm and the model was used treated as the same drug.
syndrome 3 (LQT3) is the third most common variant and is caused by to produce populations of steady-state I st
genetic variants in SCN5A, resulting in gain of function mutations in the activation, inactivation and recovery curves. y T » % . e ., Qu475Pchannels,
NaV1.5 subunit. Activation/Inactivation | Recovery from inactivation gﬁ:ﬁ:o °"’°: }aﬁ » o %“; ?:oos ;_? ________ ;_?%oo ;\%n \E)aaizzi’v::: Srrr:s\cjl\;sn
Clinical Correlation: WP’\M\”‘ e 018_ = Wik gl o.@. E:Zj: X ay I(;lrj%gzﬁi—g;z?:’ed
* Case report describing a Full-term female infant = apl " | ot o “°° compared with

B BB BV BPNE BAGRE 0.6} N N I untreated channels are

06F -1
Q11 P11 U1z B12 043 By 03 B3 a; ag By a5 Bs 011 B1q 043 B1z 43 By 03 B3 Oy 0y By 05 Bs Shown in b|ue_

presenting with Atrioventricular block, long QT
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Multiscale Quantitative Systems Pharmacology: CONCLUSIONS

 Molecular properties of WT, mutant, and treated sodium channels

were described using Markov models Mathematical modeling suggested which channel gating steps are most likely to be affected by the mutation and
* Simulations recapitulated the electrophysiology protocols and created phenytoin and what are the possible mechanisms at the cellular level that can explain the patient’s phenotype
a population of variants to be integrated in a mathematical model of and the increased efficiency of phenytoin compared to mexiletine.
the human ventricular action potential to predict cellular phenotype The results provide important insight into this patient’s LQT3 phenotype and demonstrate how multiscale
Markov Model SCN5A Ventricular myocyte Action Potential mathematical modeling can generate mechanistic hypotheses about: (1) alterations in ion channel gating that
\result from mutations; and (2) differential efficacy of drugs in the treatment of cardiac channelopathies. y
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