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Kv7.2 is the principal M-type K+ channel subunit modulating pain behaviours in rats.
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Introduction
Non-opioid pain therapeutics are still limited in their use and effectiveness in clinical settings. Kv7 (KCNQ, M-type) potassium channels may represent promising pain targets as these are functionally expressed in peripheral somatosensory neurons and impose strong control over excitability. However, there are five Kv7 subunits expressed in mammalian tissues and attempts to non-selectively target Kv7 channels have met significant barriers due to the side effects associated with non-selective activation of the different subunits in other tissues. As there is currently no consensus as to which subunits are the functionally dominant in nociceptive neurons, identifying principal Kv7 subunit(s) in nociceptive neurons is necessary to develop selective peripheral Kv7 targeting strategies with minimal on-target side effects.
Methods
Here we combine measures of protein expression with functional patch clamp analysis, pharmacological profiling, in vitro and in vivo gene knockdown via intrathecal injection using self-delivering siRNA and behavioural testing to identify the most influential subunits in modulating pain response in rats.
Results
Kv7.2, Kv7.3 and Kv7.5 were most abundantly expressed across the whole dorsal root ganglion (DRG) and in small-diameter nociceptive neurons, with limited expression of Kv7.4 and Kv7.1 in these neurons. We demonstrated that Kv7 activators with different selectivity profiles, such as ICA-272243 (Kv7.2; Kv7.2/7.3) and retigabine (all Kv7s except of Kv7.1) displayed similar augmentation of Kv7 current in TRPV1 positive neurons. Individual subunit knockdown revealed a reduction in Kv7 current and increase in neuronal excitability of TRPV1-positive neurons with kcnq2 knockdown, while manipulations of Kv7.3 or Kv7.5 activity or expression generally failed to produce significant effects. In vivo DRG knockdown of Kcnq2 but not Kcnq5 resulted in an increased thermal and mechanical sensitivity and an increase in nocifensive behaviour in response to capsaicin injection.
Conclusions
Whilst expression profile alone was not sufficient to reveal an obvious targetable subunit, both pharmacological and genetic targeting of Kv7.2 consistently effected the neuronal excitability of TRPV1-positive neurons and the nociceptive behaviours of rats. Therefore, we conclude that Kv7.2 is the most functionally significant Kv7 subunit modulating pain sensitivity in rats.
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