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Introduction
Developmental and epileptic encephalopathies (DEEs) are severe neurodevelopmental disorders characterized by early-onset, treatment-resistant seizures and persistent cognitive impairment. KCNQ2-DEE is frequently caused by dominant-negative loss-of-function variants in KCNQ2, which encodes the Kv7.2 potassium channel, a key regulator of the neuronal M-current and intrinsic excitability. The recurrent variant p.Thr274Met reduces M-current density and leads to neuronal hyperexcitability with a developmental trajectory that appears to differ across brain regions. While cortical pyramidal neurons show sustained hyperexcitability from neonatal stages onwards, hippocampal neurons may exhibit a more transient phenotype. This raises the possibility that disease mechanisms and therapeutic windows are region- and age-dependent. Here, we examined the spatiotemporal profile of Kv7.2 dysfunction and assessed the efficacy of a novel Kv7 channel modulator (C60).

Methods
Whole-cell patch-clamp recordings were performed in acute hippocampal and cortical slices from a knock-in mouse model (Kcnq2WT/T274M) across defined developmental stages. Intrinsic excitability and M-current were assessed in hippocampal pyramidal neurons and compared to cortical pyramidal neurons. Furthermore, modulation of neuronal excitability by the retigabine analogue C60 was assessed by patch-clamp recordings. For translational validation, C60 was then evaluated in human cortical tissue obtained from neurosurgical resections using microelectrode array (MEA) recordings in organotypic slices and whole-cell patch-clamp recordings in acute slices.
Results
Hippocampal pyramidal neurons displayed increased excitability during the first postnatal week, which diminished at later stages. In contrast, cortical pyramidal neurons exhibited persistent hyperexcitability across developmental stages of Kcnq2WT/T274M mice. Modulation by C60 was evaluated at two developmental time windows, and was found to reduce neuronal firing in hyperexcitable cortical neurons. In human cortical tissue, C60 similarly decreased neuronal firing  in both pediatric and adult samples. Notably, this effect was observed at approximately ten-fold lower concentration compared to retigabine, indicating enhanced potency. These findings suggest that cortical hyperexcitability is sustained despite partial normalization of hippocampal function.
Conclusions
Kv7.2 dysfunction leads to region-specific and developmentally dynamic alterations in neuronal excitability, with transient hippocampal and sustained cortical phenotypes. These findings point to an area-dependent, early , developmentally restricted window for  intervention and support C60 as a potent Kv7 channel modulator with translational potential.
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