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ENHANCED SEIZURE SUSCEPTIBILITY AND COGNITIVE DEFICITS IN MICE EXPRESSING A GAIN-OF-FUNCTION EPILEPSY VARIANT IN THE PIP2-BINDING RESIDUE OF KV7.2
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Introduction
Kv7 potassium channels composed of Kv7.2 and Kv7.3 subunits are enriched at the axonal surface, where their current potently suppresses neuronal excitability. Dominant mutations in KCNQ2 and KCNQ3 genes that encode Kv7.2 and Kv7.3 cause benign familial neonatal epilepsy (BFNE) and epileptic encephalopathy (EE). Current treatments for EEs have limited efficacy in alleviating seizures and comorbidities, posing an urgent need to understand the underlying mechanisms. We have previously shown that a dual BFNE/EE variant K526N increases the sensitivity of Kv7.2 channels to the membrane lipid cofactor PIP2. Here, we investigated whether this gain-of-function underlie epileptic seizures and behavioural comorbidities. 
Methods
We generated heterozygous Kv7.2 knock-in (KI) mice containing the K555N mutation which corresponds to K526N in human Kv7.2. EEG recording and behaviour tasks were performed in mice to examine seizure susceptibility, cognition, and behaviours. Biochemical experiments and immunohistochemistry were used to assess Kv7 expression and localization, neurodegeneration, and neuroinflammation in vivo.  
Results
The heterozygous K555N KI mice showed comparable Kv7.2 expression in their hippocampi and cortices as the wild type (WT) mice. However, the KI mice displayed higher mortality and more generalized tonic clonic seizures and death when challenged by a GABAA receptor antagonist pentylenetetrazole (PTZ). This elevated seizure susceptibility was partially blocked by Kv7 agonist retigabine. Although the K555N KI mice showed normal motor coordination and locomotor activity, they displayed repetitive behavior and increased anxiety compared to the WT mice. Furthermore, the KI mice displayed significant reductions in object location memory, object recognition memory, and fear memory compared to the WT mice. We are currently conducting EEG and histological analyses to identify electrographic and pathological features in the KI mice.
Conclusions
These findings demonstrate that the BFNE/EE K555N mutation enhances seizure susceptibility although this variant is known to increase Kv7 current in the presence of PIP2. This mutation also impairs memory and induces enhanced repetitive and anxious behaviors. These cognitive and behavioral deficits are consistent with the symptoms of patients with the K526N mutation including moderate to drug-resistant neonatal seizures, severe intellectual disability, and behavioral deficits. Future studies will focus on molecular and cellular analysis of excitatory versus inhibitory neurons to identify how a gain-of-function of Kv7 current leads to seizures. 
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