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Mutation of the Gap Junction Beta 2 gene (GJB2) is the most frequent cause of hereditary deafness
worldwide. GJB2 encodes connexin (CX) 26, a component in cochlear gap junction. We demonstrated that
the drastic disruption of gap junction plaque (GJP) macromolecular complex composed of Cx26 and Cx30
are critical pathogenesis starting before hearing onset (Kamiya, Journal of Clinical Investigation,
2014124 (4) :1598-1607). As effective therapeutic tool, Adeno associate virus (AAV) were used for the
GJB2 gene transfer and restoration of GJP (Iizuka, Human Molecular Genetics. 2015, 24(13):3651-61).
In this project, we developed AAV-Siabe, a vector suitable for GJB2 related hearing loss, by shuffling
capsid sequences between wild type serotypes and selecting AAV vectors with high efficacy of infection
to inner ear supporting cells. Dominant—negative mutations of GJB2, such as R75W, cause syndromic
hearing loss and palmoplantar keratoderma. We previously reported that R75W results in fragmentation
of GJPs. The fundamental treatment for this disease does not require gene-replacement therapy or

transient nucleic—acid drug therapy such as siRNA or an antisense oligonucleotide but rather treatment
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that corrects the underlying genomic mutation. Adenine base editor (ABE) repairs only a single mutated
site within a genome. Therefore, it has the advantage over conventional CRISPR-Cas genome editing
with donor DNA because ABEs do not lead to undesirable effects such as insertions or deletions.
However, in general, the recommended genome size that can be loaded onto an AAV is < 5.2 kb. Therefore,
we aimed to restore functionality to abnormal GJPs caused by a GJB2 dominant—negative mutation not
possible with gene-replacement therapy and to generate All-in—one AAV vector platform with a small
genome editor using ABE. Our All-in-one AAV vector, which includes an ABE targeting R75W within GJB2,
corrects this pathogenic mutation with up to high efficiency and facilitates recovery of the gap-—
junction intercellular communication network of GJP. In a transgenic mouse model with the GJB2 R75W
mutation, single AAV-mediated genome editing also restored the fragmented GJPs to orderly pentagonal
or hexagonal outlines in cochlea—supporting cells. We also developed human iPS cells from the patients
with Japanese and East Asian typical GJB2 mutations (GJB2 V37I), which normally show mild hearing
loss, and treated using All-in—one AAV vector for GJB2 V37I. As a result, AAV-genome editing corrected
pathogenic mutation and restored the fragmented GJPs to orderly pentagonal or hexagonal outlines. Our
results suggest that an ABE-based genome—-editing strategy can be an optimal treatment for the dominant
form of GJB2-related hearing loss and other deafness—related mutations, especially single-base
substitutions. We anticipate that All-in-one AAV vector, by virtue of its compact size and broad
targeting range, will enable a range of therapeutic applications for a variety of hereditary deafness

with improved safety and efficacy owing in part to ABE packaging into a single-vector system.



