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Pharmacological activation of KCNQ4 suppresses peripheral nociceptive signaling in mice
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MAIN TEXT:
Introduction
Peripheral ion channels are important regulators of nociceptive excitability and represent promising targets for non-opioid analgesic development. KCNQ/Kv7 potassium channels provide a stabilizing outward conductance that limits neuronal hyperexcitability; however, the therapeutic value of targeting individual KCNQ subtypes remains incompletely defined. Here, we investigated whether pharmacological activation of KCNQ4 could modulate peripheral nociceptive signaling and produce analgesic benefit.
Methods
We combined molecular profiling, genetic loss-of-function analysis, whole-cell patch-clamp recordings, ex vivo functional assays, and in vivo pharmacology. KCNQ4 expression and functional contribution were assessed in peripheral nociception-related tissues. A newly developed small-molecule activator was evaluated in heterologous expression systems. Primary sensory neuron recordings and animal behavioral studies were used to assess its functional and pharmacological effects.
Results
KCNQ4 was detected in peripheral compartments associated with nociceptive regulation, and genetic deletion of Kcnq4 enhanced pain-related sensitivity, supporting an endogenous inhibitory role for this channel. A newly developed small-molecule activator potentiated KCNQ4 currents and was further evaluated in peripheral preparations. In primary sensory neurons, the compound enhanced KCNQ-mediated M-current and suppressed action potential firing; these effects were markedly reduced in Kcnq4-deficient neurons. In vivo, the compound produced significant analgesic efficacy in multiple preclinical assays, with effects substantially attenuated in Kcnq4-deficient mice. Behavioral safety assays did not reveal obvious locomotor suppression or motor impairment under the tested conditions.
Conclusions
These findings identify KCNQ4 as a peripheral inhibitory regulator of nociceptive signaling and support pharmacological activation of KCNQ4 as a promising non-opioid strategy for analgesic development. The newly developed small-molecule activator provides a useful chemical probe for dissecting KCNQ4 function in peripheral nociceptive regulation.
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