Glial KCNQ Channels Regulate Neuronal Excitability via Glial GABA Release
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Precise control of neuronal excitability is essential for normal nervous system development and function, and its disruption contributes to epilepsy, learning disabilities, and autism spectrum disorder (ASD). KCNQ (Kv7) potassium channels are key regulators of membrane excitability and are well studied in neurons. In contrast, although KCNQ channels are expressed in glial cells, their functional roles in glia have remained largely unexplored. We show that KCNQ channels expressed in Caenorhabditis elegans glia regulate glial membrane potential and intracellular Ca²⁺, enabling activity‑dependent GABA release from glial cells. This glial GABA signaling suppresses neuronal excitability through activation of neuronal GABAA receptors, revealing a previously unrecognized mechanism of excitability control. Expression of human KCNQ channels in nematode glia rescues hyperexcitability phenotypes, demonstrating strong functional conservation across species. Moreover, epilepsy‑ and ASD‑associated KCNQ2 loss‑ and gain‑of‑function variants disrupt glia‑to‑neuron GABA signaling in mutation‑specific ways. These defects are partially reversed by the KCNQ channel opener retigabine, highlighting therapeutic relevance. To extend these findings to mammals, we present emerging data from mouse astrocytes demonstrating functional KCNQ expression and a role in regulating astrocytic Ca²⁺ dynamics. Using Ca²⁺ imaging, we find that pharmacological manipulation of KCNQ activity significantly alters astrocytic excitability‑related signaling, supporting a conserved glial role for KCNQ channels. These data suggest that astrocytic KCNQ channels shape the ionic and Ca²⁺ landscape necessary for effective glia-neuron communication in mammalian neural circuits. Together, our findings identify glial KCNQ channels as conserved regulators of neuronal excitability that act by controlling glial Ca²⁺ signaling and inhibitory gliotransmission. This work expands the conceptual framework of KCNQ channel function beyond neurons and has important implications for understanding circuit dysfunction and therapeutic targeting in epilepsy and ASD.

