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De novo and heterozygous KCND3 variants, p.V401L and p.V401M were identified and the
gain-of-functional changes of these Ito channels by a KCND3 variants were reversed by quinidine and
SSRIs. Therefore, these candidates can be therapeutic options to prevent sudden cardiac death in
epilepsy.

De novo and heterozygous KCND3 variants, p.V401L and p.V401M were
identified in two young patients with refractory epilepsy. In the electrophysiological analysis,
Chinese Hamster Ovary (CHO) cells expressing variant channels showed significant increase of current

densities compared to those with WT. The activation curves of Ito with variants significantly
shifted to leftward. In addition, significant slow inactivation time constants were observed.
Related to the slow inactivation of variants, the recovery from inactivation in variants channels
was significantly slow. We next conducted pharmacological investigation and examined the inhibitory
effect of quinidine and Selective Serotonin Reuptake Inhibitors (SSRIs). Micromolar concentration of

quinidine and SSRIs normalized the slow inactivation of variant channels in a
concentration-dependent manner.
The variant carrying patients might have risk of sudden cardiac death in epilepsy, and quinidine and

SSRIs can be therapeutic options.
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1. WFERE Y 9D & Background and beginning of the research

Recent evidence suggests that acute and adaptive changes in heart rhythm in

epilepsy implicate cardiac dysfunction as a potential pathogenic mechanism in sudden

unexpected death in epilepsy (SUDEP), however, the underlying mechanism has not been

fully understood yet. Therefore, the elucidation of its pathogenesis and the development

of safe and effective therapy have been required. We have reported a gain-of-function
(GOF) KCND3 variant, p.G306A, which was
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Electrophysiological analysis of the variant

revealed increased Iy, and slower inactivation

(Figure 1la). In the simulation study, the J—
increased I, produced the early repolarization Figure 1 (a) Functinoal analysis of Kv4.3-
in the electrocardiogram (ECG). Therefore, G306A (b) effect of quinidine to the
KCND3-G306A was confirmed as the cause variant channel (Takayama et al. 2019)

of ERS. In addition, we evaluated the effect

of quinidine and as shown in Figure 1b, quinidine suppressed the increased Iy, current.
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After administration of quinidine to the patient, not only the diminish of ER in the ECG
but also improvement of epilepsy was observed (Takayama K, et al. Heart Rhythm 2019).
Recently, we identified two novel KCND3 variants, p.V401L and p.V401M in 2-year-old
female and 3-year-old male with refractory epilepsy (RE) without ER. These patients

might have a risk of developing ER syndromes leading to SUDEP. However, the
electrophysiological characteristics of these variants have not been analyzed yet, and the

pharmacological effect to the variant I, channel is unknown.
2. WF%E® HEY Purpose of the study

The main purpose of this study is to investigate the electrophysiological characteristics
of novel KCND3 variants and evaluate the pharmacological effect of quinidine and other

candidate therapeutics, Selective Serotonin Reuptake Inhibitors (SSRIs) to the variants.

3. WF2Ed J71E Methods of research

Using cultured cells transfected with KCND3 variants, we conducted the
electrophysiological and pharmacological investigation.



* Mutagenesis: Full-length cDNA encoding the short isoform of human KCND3 was
subcloned into pIRES-GFP expression vector and full-length cDNA encoding WT
KChIP2 encoding K* channel interacting protein (B-subunit of the channel) was
subcloned into the PCMV-IRS expression vector. The KCND3 missense variants were
introduced to the plasmid using a KOD FX Neo (TOYOBO) DNA polymerase.

* Transfection: WT or mutation introduced plasmids (KCND3-V401M or KCND3-
V401L) were transiently transfected with KChIP2 into Chinese hamster ovary (CHO)
cells using Lipofectamine LXT (Invitrogen).

» Electrophysiological analysis: Using whole-cell patch-clamp method, I, were
recorded at +37°C with an Axon instruments patch-clamp amplifier
(Axon™ Digidata® 1550B). Obtained data were analyzed using IgorPro 8§
(WaveMetrics) and SAS9.4 software (SAS). p<0.05 was determined by 1-way
ANOVA followed by Dunnett post hoc analysis comparing with Kv4.3-WT

* Pharmacological evaluation of quinidine and SSRIs to the KCND3 variants: After
confirming the effect of quinidine to the variant I;, channels, which is expected to
normalize the gain-of-function disorder, we applied several SSRIs and examined the
effect whether these candidates suppress the increased Iwo. Effects of SSRIs are

analyzed using paired t-test comparing values after drug application to baseline values
and p<0.05 considered significant.

4. e Research results
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chorea and dystonia and due to Figure 2 Topology of Kv4.3 encoded by KCND3
medically refractory epilepsy, he

chorea. The second novel variant,
c.1201 G>A, p.V401M, was identified

in a 3-year-old boy with a prominent

and progressive ataxia, as well as

required multiple anti-seizure medications. Codon 401 is located in the intracellular side
of segment 6 and the valine at 401 is highly conserved among species. In silico analysis,
both variants were predicted as deleterious and pathogenic.

Electrophysiological characteristics

We investigated the functional effect of the novel KCND3 variants on Iy,. Figure 1 shows
representative current traces, and CHO cells expressing variant channels showed
significant increase in current densities. Activation and inactivation kinetics were
assessed by double-step voltage protocol and activation curves of I, with variants
significantly shifted to leftward. The half-maximal activation and inactivation voltages
obtained from Boltzmann equation were significantly different from that of WT. The

half-maximal inactivation voltages of mutant channels were significantly different from



that of WT. Recovery from inactivation in variant channels both homozygous V401L and
V401M was slower comparing to that of WT (Figure 3).
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Figure 3 Functional analysis of Kv4.3 with KChIP2. A. Representative Kv4.3 currents with
KChIP2. Inset shows the protocol. B. Normalized activation conductance and inactivation

current, fitted to the Boltzmann equation. C. Recovery from inactivation.

Effect of quinidine on the Function of I

The inhibitory effect of quinidine on WT and variant channels at concentrations of 1 and
5 wmol/L was investigated. Figure 4 shows the representative current traces elicited by
depolarizing pulses to +50 mV from a holding potential of -80 mV at baseline and after
quinidine administration. Extracellular application of quinidine resulted in decrease of
the current densities in concentration dependently. Furthermore, slower inactivation time

constants and leftward shift of activation in variant channels were corrected by quinidine.
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Figure 4 Effect of quinidine (1 and 5 umol/l) on WT and variant Kv4.3 currents.



Effect of SSRIs on the Function of I

Besides quinidine, we searched for new candidate therapeutics and found that a Selective
Serotonin Reuptake Inhibitor (SSRI) - fluoxetine had the blocking effect on wild type
(WT) Kv4.3 (Jeong I et al. Brain Res. 2013). We applied fluoxetine to WT and mutant

Kv4.3, and it suppressed the increased I, with concentration dependently (Figure 5).
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Figure 5. Effect of quinidine and fluoxetine to the variant channels (unpublished data)

Conclusion: The GOF effect of I;, channel by a KCND3 variants (V401L and V401M)
was reversed by quinidine and SSRI, fluoxetine. The variant carrying patients might have
a risk of SUDEP, and our investigated therapeutics, quinidine and fluoxetine, can be a

therapeutic option to prevent sudden cardiac death in epilepsy.
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