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Exploring the Role of Nedd4-2 Ubiquitin Ligase in Hearing Function
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Background
Ubiquitination is an essential post-translational modification in which ubiquitin, a small regulatory protein, is covalently attached to substrate proteins. This dynamic process governs protein stability, turnover, subcellular localization, and activity, thereby exerting broad control over cellular homeostasis and function across all tissues. During development and functional maturation, ubiquitination is particularly critical for proper spatial and temporal control of protein networks. Consistent with its importance, mutations in the human gene encoding the E3 ubiquitin ligase NEDD4-2 (Neural precursor cell Expressed Developmentally Downregulated 4-2) have been linked to neurodevelopmental and sensory disorders, including periventricular nodular heterotopia and hearing impairments. Upon Nedd4-2 depletion, brain malformation has been shown to arise from defective neuronal migration around the cerebral ventricles, however, the mechanisms by which Nedd4-2 contribute to hearing loss remain unknown. 

Methods
We investigated the role of Nedd4-2 in inner ear organogenesis and auditory function using conditional knockout mouse models. Genetic depletion from the early otocyst was achieved by crossing Nedd4-2Lox/Lox with Foxg1Cre animals, while targeted deletion in sensory progenitors was induced using a tamoxifen-inducible Sox2Cre driver. Auditory function was assessed by auditory brainstem responses (ABR) and distortion product otoacoustic emissions (DPOAEs). Cochlear morphology and cellular integrity were evaluated by scanning electron microscopy and immunofluorescent staining over developmental time points. A yeast two-hybrid screen with an E16.5 mouse inner ear library was employed to identify Nedd4-2 interacting partners. Nedd4-2 was transfected in HEK293 cells, along with candidate substrates, to confirm protein interaction and outcome.
Results
Early otocyst-specific depletion of Nedd4-2 led to severe auditory deficits at hearing onset (P18), with elevated ABR thresholds and reduced DPOAEs across frequencies. Despite normal cochlear morphology at this stage, progressive degeneration of hair cells, spiral ganglion neurons, and stria vascularis was observed in a basal-to-apical gradient from P30 onwards. Depleting Nedd4-2 from sensory progenitors was sufficient to cause significant auditory impairments at young age, and also resulted in massive cochlear degeneration over time. Our yeast two-hybrid screen identified novel Nedd4-2 interactors, including an actin-binding protein localized at tight junctions around hair cells. This protein was degraded upon Nedd4-2 expression in HEK293 cells, and was found to accumulate in Nedd4-2-deficient cochleae at early postnatal stages.
Conclusion
Our findings demonstrate that Nedd4-2 is essential for auditory function and cochlear integrity in mice. Its loss leads to early-onset hearing deficits followed by progressive cochlear degeneration. Identification of a novel actin-binding junctional protein as a potential Nedd4-2 substrate provides new insight into molecular mechanisms that may underlie hearing loss, although its role in deafness and cochlear pathology requires further investigation.



Initial abstract (narrative format)
Ubiquitination is an essential post-translational modification in which ubiquitin, a small regulatory protein, is covalently attached to substrate proteins. This dynamic process governs protein stability, turnover, subcellular localization, and activity, thereby exerting broad control over cellular homeostasis and function across all tissues. During development and functional maturation, ubiquitination is particularly critical for proper spatial and temporal control of protein networks. Consistent with its importance, mutations in the human gene encoding the E3 ubiquitin ligase NEDD4-2 (Neural precursor cell Expressed Developmentally Downregulated 4-2) have been linked to neurodevelopmental and sensory disorders, including periventricular nodular heterotopia and hearing impairments. Upon Nedd4-2 depletion, brain malformation has been shown to arise from defective neuronal migration around the cerebral ventricles, however, the mechanisms by which Nedd4-2 contribute to hearing loss remain unknown. 
By using different conditional knockout mouse models, we examined the role of Nedd4-2 during inner ear organogenesis and functional maturation. We showed that genetic depletion from the early otocyst (crossing Nedd4-2Lox/Lox with Foxg1Cre animals) results in severe auditory deficits at hearing onset (P18), with drastic elevation of ABR thresholds, combined to reduced DPOAEs, across sound frequencies. At this age, cochlear morphology seemed normal, however hair cells, spiral ganglion neurons and stria vascularis progressively degenerated in a basal-to-apical gradient from P30 onwards. Restricting Nedd4-2 depletion to the sensory progenitors within the organ of Corti (Tamoxifen-inducible Sox2Cre driver), was sufficient to impair audition, although the hearing deficit of these young animals was milder than that observed in the first model. Massive cochlear degeneration also occurred, as surviving hair cells were only observed at the apical turn in 2 months-old mice.
Through a yeast two-hybrid screen, using a library of proteins from E16.5 mouse inner ears, we identified novel interacting partners of Nedd4-2. Among those, an actin-binding protein, located at tight junctions around hair cells, was shown to be degraded upon Nedd4-2 transfection in HEK293 cells. Consistently, this junctional protein accumulated in Nedd4-2-depleted cochleae at early postnatal stages. Whether this candidate substrate of Nedd4-2 may contribute to early deafness or progressive cochlear degeneration is currently under investigation.
