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Sensorineural hearing loss (SNHL) does not recover and only few exceptions exist. It is mostly
due to the reason that hair cells in the cochlea cannot regenerate once damaged. Therefore, clini-
cal approaches for SNHL mostly rely on the implantable or external device to deliver sound to
brain. Despite the advance of technology, current strategy does not replicate the sound percep-
tion of naive inner ear. To overcome this issue, novel trials to protect or rescue hair cells from
the ototoxic insults are investigated. One of these is gene therapy. Protective gene therapy has
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cochlear implant, in which it can be used as an enhancer of treatment outcome. Application of
neurotrophins resulted in increase of spiral ganglion densities as well as migration of peripheral
nervous fibers to the location which would be closer to the electrode when implanted.
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Fig. 1. Schematic image of inner
ear showing delivery route for gene
therapy. Canalostomy is the tech-
nique to deliver the viral vector or
other means that carrying gene or
possible enhancer or regulator of
gene expression to vestibular endo-
lymph. Cochleostomy is the technique
that is delivering the factors direct-
ly to the cochlea, this could be either
perilymph or endolymph delivery.
Adapted from Fukui et al. Hear Res
2013;297:99-105."
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Fig. 2. Representative image showing changes of nervous structures observed in peripheral cochlear nerve after forced overexpres-
sion of Ntf3 by gene therapy. Compared to normal density of hair cells (myosin Vlla, red), including inner and outer hair cell, peripheral
nerve fibers (neurofilament, green) show deformed morphologies, swollen nerve ending and medialization (A). Synaptic density (Ctbp2,
green) of the viral vector treated group were decreased compared to control group (B) (scale bars indicate 20 um). Adapted from Lee et

al. Mol Ther Methods Clin Dev 2016;3:16052." Adv.: adeno virus.
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Fig. 3. Representative image showing the protected inner hair cell (green) (A) in the ear treated by Adv.Hsp70 and damaged hair cells
(B) in the control ear. After the aminoglycoside ototoxicity inner hair cells were preserved in Hsp70 overexpressed ear by Adv. gene
therapy. Hair cells were stained by myosin Vlla which are expressed in green, Tdtomato which is expressed by cells that are transfect-
ed by Adv. are expressed in red (A). Ears without viral gene therapy showed massive damage of hair cell showing phalangeal scar for-
mation (P: pillar cellsz, image is stained with phalloidin (B) (scale bars indicate 20 um). Adapted from Takada et al. Mol Ther Methods Clin

Dev 2015;2:15019.* Adv.: adeno virus, Hsp: heat-shock protein.
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using ototoxic drug, showing flat epithelium expressed by honeycomb shape of actin fibers (phalloidin, green). Both cochleae treated
with Adv.Ntf3 (A) and Adv.BDNF (B) shows migration of thin peripheral nerve fibers toward the lateral part of organ of Corti (scale bars
indicate 50 um). Adapted from Budenz et al. Sci Rep 2015;5:8619.%” Adv.: adeno virus, BDNF: brain-derived neurotrophic factor.
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