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Introduction
KCNQ4 encodes a voltage-gated potassium channel (Kv7.4) expressed in the basolateral membrane of cochlear outer hair cells (OHCs), mediating potassium efflux essential for OHC repolarization and survival. Pathogenic variants cause DFNA2, an autosomal dominant nonsyndromic hearing loss characterized by late-onset, progressive, high-frequency loss spanning all frequencies with age. Most variants cluster around the pore region, exerting dominant-negative effects on wild-type Kv7.4 and disrupting potassium recycling, leading to progressive OHC degeneration. KCNQ4 is the most frequently mutated gene in autosomal dominant nonsyndromic hearing loss in our cohort, yet no curative treatment currently exists.
Methods
[bookmark: _GoBack]We systematically analyzed gnomAD and the Yonsei University Hearing Loss (YUHL) cohort to identify overlooked KCNQ4 variants, characterizing their functional impact by patch-clamp electrophysiology, surface biotinylation, and AlphaFold2 structural modeling. For therapeutic development, we generated Kcnq4 p.W276S knock-in mice and applied two allele-targeting strategies: (1) in vivo CRISPR/Cas9 gene editing to disrupt the dominant-negative allele in OHCs; and (2) allele-preferential antisense oligonucleotides (ASOs) delivered via round window membrane injection at postnatal days 1–3. Auditory function was assessed by ABR and DPOAE, and OHC function by patch-clamp and RNA sequencing.
Results
Numerous rare KCNQ4 pore-region variants in public databases and the Korean general population significantly impaired K+ channel activity via dominant-negative mechanisms, suggesting they are underappreciated contributors to adult-onset hearing loss. KCNQ activators rescued variants with residual channel activity, while pore-disrupting variants were non-responsive. In vivo CRISPR/Cas9-mediated allele disruption, even at ~0.6% editing efficiency, significantly improved ABR and DPOAE thresholds and restored hyperpolarized OHC membrane potential, confirmed by a novel ex vivo thallium flux assay. The lead ASO candidate (ASO-123) preferentially suppressed mutant over wild-type Kcnq4 transcripts, attenuated progressive hearing loss across all tested frequencies for up to 7 weeks, improved OHC survival in apical and mid-cochlear turns, and partially restored IK,n current and resting membrane potential. Transcriptomic analysis confirmed restoration of potassium transport and hearing maintenance programs without immune activation.
Conclusions
KCNQ4 variants contribute more broadly to progressive hearing loss than currently recognized. Both CRISPR/Cas9-based allele disruption and ASO-mediated allele silencing restored auditory function in the DFNA2 mouse model, establishing promising therapeutic platforms for dominant-negative KCNQ4-associated hearing loss.
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