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Mutation of the Gap Junction Beta 2 gene (GJB2) is the most frequent cause of hereditary deafness worldwide and
accounts for up to 50% of non-syndromic sensorineural hearing loss. GJB2 encodes connexin (CX) 26, a component in
cochlear gap junction. We have demonstrated that the degradation of gap junction plaque (GJP) macromolecular complex
composed of CX26 and CX30 are critical pathogenesis starting at the embryonic days (Kamiya, J Clin Invest,
124(4):1598-1607, 2014). For the disease modeling, we developed a strategy to differentiate induced pluripotent stem
(iPS) cells into functional CX26-GJP-forming cells that exhibit physiological properties typical of the developing cochlea
(Fukunaga, Hum Mol Genet, 30(15):1429-1442, 2021). To establish the disease model cells from the patients with GJB2
related hearing loss, we developed human iPS cells from the patients with Japanese and East Asian typical GJB2
mutations, GJB2 V371, G45E/Y 136X and 235delC. These patients normally show mild, moderate/severe and profound

hearing loss respectively. In this study, we performed the comparative analysis among these typical mutations and
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elucidate the mechanism of aggravation in hearing loss in order to develop the optimal treatment strategy for each patient.
First, we improved the method for differentiation of iPS cells into CX26-GJP-forming cells. Cells prepared by the new
method had condensed GJP at the cell-cell boundaries, which reproduced well the cochlear supporting cells, allowing a
detailed comparative analysis of GJP. We used the new method to observe GJP in disease model cells derived from V371
and 235delC patients and revealed differences in molecular pathogenesis according to the severity of hearing loss. We
showed that GJP in 235delC cells could be recovered by adeno-associated virus-mediated delivery of the normal GJB2
gene, indicating efficacy of gene therapy for GJIB2-related hearing loss. Gap junction intercellular communication (GJIC)
in the disease model cells was evaluated by dye transfer assay. It showed that GJIC was reduced in proportion to the
severity of hearing loss. Reduction of GJIC in 235delC cells was further confirmed by patch clamp electrophysiology.
To understand the underlying mechanism, we performed bulk and single-cell RNA-seq and found several differentially
expressed genes in 235delC cells.

By utilizing disease iPS cells established from patients with GJB2-related hearing loss, this study clarified the
characteristics and differences of each mutation type. This enabled drug screening optimized for each GJB2 mutation
type and made significant progress towards the development of the world's first therapeutic drug for GJB2-related hearing

loss.



