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Endothelial Kv7.5 Channels Regulate Blood–Brain Barrier Integrity and Seizure Susceptibility
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Introduction Blood-brain barrier (BBB) disruption and consequent alterations of ion transport play a pivotal role in the onset and progression of many neurological diseases. Notably, BBB breakdown represents a risk factor for epilepsy, and seizures can damage brain endothelial cells (BECs), thus further exacerbating the disease. However, the molecular mechanisms linking endothelial dysfunction to seizure susceptibility remain poorly understood. We recently demonstrated that KCNQ-encoded voltage-gated potassium Kv7 channels (specifically, Kv7.1, Kv7.4 and Kv7.5) are expressed in BECs and regulate BBB permeability. Moreover, we showed that Kv7.5 was selectively reduced in brain microvessels (BMVs) from epileptic rats, and that pharmacological activation of Kv7 channels reduced BECs damage induced by kainic acid (KA). Building on these evidence, in this study we investigated if KCNQ5 deletion affected BBB function and seizure susceptibility in vivo, and endothelial permeability in vitro; moreover, we evaluated the possible effects of carnosic acid (CA), a rosemary-derived Kv7.5 opener, on BMVs integrity in vitro and seizure protection in vivo. 
Methods BBB permeability was assessed by measuring fluorescein isothiocyanate (FITC)–dextran uptake in freshly isolated BMVs from 6–10 week old wild type (wt) and kcnq5-/- male rats. Status epilepticus (SE) was induced by repeated KA injections until the appearance of stage ≥3 seizures, scored using the modified Racine scale. CA was administered at 10 mg/kg 30 min prior to induction of seizures. Animals were culled 24 h after reaching SE and brains were collected to isolate BMVs. Permeability in BECs derived from induced pluripotent stem cells (hiBECs) was evaluated by trans-endothelial electrical resistance (TEER) measurements. 
Results BMVs from kcnq5-/- rats displayed increased basal permeability by about 45% compared to wt controls, accompanied by a selective reduced expression of the tight junction protein Zonula Occludens 1. When exposed to epileptogenic stimuli, kcnq5‑/‑ rats required lower KA doses to reach SE and exhibited shorter seizure latency compared to wt animals. Interestingly, while KA markedly increased BBB permeability in wt rats, FITC-dextran uptake in Kv7.5‑deficient animals remained unchanged, suggesting pre‑existing maximal damage. Consistently, KCNQ5-/- hiBECs displayed reduced TEER values by about 40% compared to isogenic controls, suggesting impaired barrier function. Finally, CA treatment reduced both seizure severity and BBB disruption in wt rats, whilst did not ameliorate seizure outcome in kcnq5‑/‑ rats. 
Conclusions Together, these findings identify Kv7.5 as a critical determinant of BBB integrity and seizure susceptibility, highlighting its potential as a therapeutic target in epilepsy and other disorders characterized by impaired BBB.
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