Pharmacological chaperones mitigate noise-induced hearing loss by attenuating sustained PERK activation
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Introduction. Noise-induced hearing loss (NIHL) can present as either a temporary threshold shift (TTS) or a permanent threshold shift (PTS), depending on the intensity and duration of noise exposure. While cellular mechanisms such as oxidative stress, immune responses, and apoptosis are implicated in cochlear damage, the precise molecular events that distinguish recovery in TTS from the lack of recovery in PTS remain unclear.
Aims. This study aimed to elucidate the differential molecular mechanisms governing hearing recovery after TTS and the sustained damage in PTS, with a particular focus on the unfolded protein response (UPR) and its therapeutic implications in NIHL.
Methods. We established mouse models of TTS and PTS via controlled noise exposure and performed longitudinal transcriptomic profiling of the cochlea. Key components of the UPR, including the PERK pathway and downstream effectors, were examined. Pharmacological interventions involved administering a PERK inhibitor and chemical chaperones before and after noise exposure to assess their impact on hearing recovery.
Results. Noise exposure induced endoplasmic reticulum (ER) stress and activated the UPR in both TTS and PTS models. In TTS, PERK pathway activation was transient and returned to baseline levels, whereas in PTS, PERK signaling remained persistently elevated. The pro-apoptotic factor CHOP was selectively upregulated in hair cells following PTS. Inhibition of PERK signaling impaired hearing recovery after TTS, suggesting its essential role in cochlear repair. Conversely, suppression of sustained PERK activation or CHOP expression promoted partial recovery following PTS.
Discussion. Our findings identify PERK-mediated UPR signaling as a critical determinant of hearing outcomes following noise exposure. Transient activation of the PERK pathway supports recovery after TTS, while sustained activation and CHOP induction contribute to irreversible damage in PTS. Targeted modulation of the UPR may thus represent a promising therapeutic approach for the treatment and prevention of NIHL.
