Abstract for ARO 2025:

In all sensory systems, damage to peripheral organs reduces input to the brain, triggering brain plasticity to compensate for this loss. In the auditory system, cochlear damage induces compensatory changes in both cortical and subcortical regions, with the auditory cortex (AC) showing particularly robust plasticity. This plasticity results in increased neuronal responsiveness to the spared inputs, allowing neuronal sound-evoked responses to recover or even increase despite peripheral loss. While this plasticity supports recovery of sound detection, it can also lead to disorders like tinnitus and hyperacusis, characterized by neural hyperactivity and pathological perceptual sound hypersensitivity. Despite the impact of cortical plasticity on the recovery of auditory perception and associated disorders, the circuit, cellular, and synaptic mechanisms underlying this plasticity remain poorly understood, limiting the development of effective treatments.
Our recent studies in the AC unmasked cell-type-specific plasticity that is associated with restored, albeit maladaptive at times, neural and perceptual responses after noise-induced hearing loss (NIHL). This plasticity involves changes in the intrinsic (channel) properties of parvalbumin-expressing cortical interneurons (PVs), partly driven by biophysical changes in KCNQ potassium channels. Here, we report that transient post-NIHL activation of KCNQ channels with a highly specific small molecule induces a novel form of corrective plasticity that counteracts maladaptive changes, including neural and perceptual hypersensitivity to sound. 

