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At the intersection between sodium and potassium channels: M-current downregulation drives cortical hyperexcitability in the sodium channelopathy Dravet Syndrome
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Introduction
[bookmark: _GoBack]Dravet Syndrome (DS) is a severe developmental and epileptic encephalopathy caused by loss-of-function variants in the SCN1A gene. Traditionally, its pathogenesis has been attributed to impaired inhibition from parvalbumin-positive fast-spiking interneurons. Recent studies, however, suggest that this mechanism alone cannot fully explain lifelong seizures and comorbidities. Growing evidence implicates that secondary, maladaptive changes following the primary genetic defect can significantly contribute to diseases progression.

Methods
To explore these mechanisms, we examined a clinically relevant mouse model carrying the recurrent Scn1a p.(Ala1783Val) variant, focusing on the somatosensory cortex (SSC) at the pre-epileptic (P13-15) and epileptic (P20-23) stages. We combined patch-clamp recordings from acute mouse brain slices, with single-nuclei RNA-sequencing, and subsequently validated the transcriptomic findings with in silico modeling, pharmacological assays, and direct M-current recordings.
Results
We analyzed inhibitory function in the SSC and the properties of layer 5 pyramidal neurons (L5PN). While inhibitory function showed only very subtle alterations, we observed pronounced hyperexcitability in L5PN during the epileptic stage — a newly identified hallmark of pathological remodeling in DS.
To uncover the molecular drivers of this phenotype, we performed single-nuclei RNA-sequencing of SSC tissue and identified widespread transcriptional dysregulation, much of which preceded seizure onset. Integrated analyses—including differential gene expression, and pseudodisease trajectory analysis—highlighted aberrant developmental expression of Kcnq3 and Kcnq5 as key contributors. Replicating the transcriptomic alterations in an in silico model, sustained that reduction of M-current is one of the most likely culprit explaining the newly observed electrophysiological phenotype. Performing direct measurements of the M-current using the patch-clamp technique, we demonstrated that it was significantly reduced during the epileptic stage. We therefore performed pharmacological experiments and observed that (i) reducing the M-current in wild-type mice was sufficient to elicit the L5PN hyperexcitability phenotype, and (ii) restoring the M-current with the retigabine derivative c60 was sufficient to normalize excitability in DS mice.
Conclusions
We demonstrate that the M-current reduction is necessary and sufficient to the newly observed L5PN hyperexcitability in DS.
Taken together, these findings identify a novel, experimentally validated disease mechanism in DS and highlight a promising, druggable target for therapeutic intervention.
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