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56 - Evaluating the predictive potential of the polarity effect on auditory nerve health using the
electrically evoked compound action potential in guinea pigs
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Department of Otorhinolaryngology, University Medical Center Utrecht, Utrecht, Netherlands (V) - MED-EL
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Introduction: Cochlear implants (Cls) directly stimulate the spiral ganglion cells (SGCs) of the auditory nerve,
which in the absence of hair cells degenerate over time. Several computational models predict that anodic
currents stimulate the SGC cell body and central axon, whereas cathodic currents stimulate the peripheral
processes (PPs) (e.g. Resnick et al., 2018, Hear. Res. 361). The difference in excitation efficacy between the
two polarities is known as the polarity effect, which is hypothesized to be an estimate for SGC degeneration —
in particular the extent of degeneration of PPs prior to that of the cell bodies. For an intact auditory nerve, a
preference for cathodic stimulation is expected, while with substantial PP degeneration anodic stimulation
would be more effective. Since this theoretical polarity effect has not been indisputably experimentally
demonstrated, we here compare electrically evoked compound action potentials (eCAPs) for separate pulse
polarities to SGC and PP histology in order to establish whether the polarity effect is in fact a predictor of
auditory nerve health.

Methods: eCAPs were recorded in 42 chronically or acutely implanted guinea pigs using a PULSAR implant
(MED-EL, Innsbruck, Austria) with biphasic current pulses with alternating polarity. The polarity effect on
various eCAP outcomes, such as amplitude, threshold, and latency was measured and compared between
normal-hearing and ototoxically deafened guinea pigs, and related to quantified histology of SGCs and PPs.
Artifact-only recordings were performed post-mortem immediately after euthanasia in order to obtain artifact-
free eCAPs for the individual pulse polarities (i.e., anodic-first and cathodic-first).

Results: The applied artifact reduction method for individual polarities adequately reduced the stimulus
artifact. The cathodic-first stimulus had higher excitation efficacy: in both normal-hearing and deafened guinea
pigs the eCAPs evoked by cathodic-first stimulation had higher amplitudes and lower thresholds than those
evoked by anodic-first stimulation. For all animals and conditions, the eCAP latency was substantially shorter
for cathodic-first stimuli, indicating that the cathodic phase was the excitatory one in both pulse configurations.
In all normal-hearing animals eCAPs could be evoked with anodic-first pulses (with roughly half the amplitude
of cathodic-first-evoked eCAPs), while in deafened animals with approximately 50% SGC survival anodic-first
pulses regularly failed to evoke eCAPs.

Conclusion: The observation of an overall preference for cathodic-leading stimuli and of a shift in relative
contribution of both polarities after deafening are in agreement with the existing literature on the polarity effect.
Whether or not the polarity is informative of neural health will be based on the ratio of PPs and SGCs in
histology.
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143 - Piezoelectric nanomaterial biocompatibility on in vitro inner ear sensory-neural models
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To date, cochlear implantation (IC) is the only way to recover deep sensory-neural hearing loss (SNHL).
Unfortunately, there are still disadvantages related to the shape and structure of the electrode and the
compliance of patients to be solved, such as residual hearing loss, tonotopy, interference with magnetic
resonance imaging etc. Researchers are improving Cls by exploiting new technologies, from optogenetics to
drug delivery systems, to the development of piezoelectric nanomaterials. Our research aimed to test the
biocompatibility of nano-compounds that can be used to produce an innovative new CI.

The BaTiO3 and LiNbO3 nano-compounds have been tested in vitro on Organ of Corti sensory-like cells (OC-
k3) and on neuronal-like cells (PC12). Cell viability, cell morphology, apoptosis and oxidative stress were
tested on both cell lines for up to 48 hours. The viability tests confirmed the absence of cytotoxic effects; the
morphological investigation showed a good shape of the nucleus and cytoskeleton and an improvement of the
neuritic-network; oxidative stress tests and apoptotic studies confirmed their biocompatibility.
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In conclusion these piezoelectric nanoparticles could be applied in the production of an innovative "self-
powered" whole implanted ClI, which will allow to stimulate cochlear neurons bypassing damaged inner ear
cells preserving residual hearing and cochlear tonotopy.

This study was performed as part of the Italian Health Ministry project “New self-powered devices for cochlear
stimulation based on piezoelectric nanomaterials” (RF-2011-02350464), the “4NanoEARDRM” project funded
under the frame of EuroNanoMed Ill, and by the Italian Ministry of Education, University and Research (MIUR),
Italy [grant n. PRIN-2010S58B38_004].
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104 - AAV-mediated gene therapy improves hearing In a DFNB93 mouse model
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As gene therapy strategies improve and new vectors emerge that offer higher efficiency and higher expression
of the target gene, gene therapy of the inner ear is close to becoming a more selective treatment option to
target monogenic hearing impairment. Among others, one big advantage is the restoration of close to normal
hearing performance. We tested an AAV-based gene therapeutic approach to target non-syndromic
autosomal recessive hearing impairment DFNB93. In the field AAV-based gene therapeutics have already
proven to be able to efficiently restore hearing in mouse models of genetic hearing disorders. Defects in the
CABP2 gene are responsible for DFNB93 as it is coding for Calcium-binding protein 2 (CaBP2) which modifies
voltage-gated calcium channels CaV1.3 in inner hair cells (IHCs). Enhanced steady-state inactivation of IHC
CaV1.3 channels was proposed as the underlying disease mechanism and therefore, fewer channels are
available to trigger synaptic transmission. We employed AAV variant AAV2/1 and synthetic AAV-PHP.eB,
which both contained the Cabp2 coding sequence. Both viruses were injected into the inner ear of early
postnatal Cabp2—/— mice to promote Cabp2 expression in IHCs. We deployed in vitro and in vivo techniques
and observed restoration of CaV1.3 properties close to wild-type levels that resulted in significant hearing
improvement of Cabp2—/— mice. This data provides evidence for the possibility of DFNB93 gene therapy.
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41 - Third-generation lentiviral gene therapy rescues function in a mouse model of Usher 1B
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Usher syndrome 1B is a devastating genetic disorder with congenital deafness, loss of vestibular function and
blindness caused by mutations in the myosin-Vila (MYO7A) gene. The auditory-vestibular deficits of this
disorder can be modelled in homozygous Shaker-1 mice, which develop hearing and balance loss after
postnatal day 14 due to Myo7a mutation. Heterozygous animals were found to have normal hearing and
vestibular function until 6 months of age, when they developed severe hearing loss across all frequencies. We
used a novel third-generation, high-capacity lentiviral vector system to deliver the large 6645 bp MYO7A cDNA
plus a dTomato reporter gene in one vector. MYO7A and dTomato were successfully expressed upon in-vitro
transduction of the cochlea-derived cell line HEI-OC1. Ectopic in-vivo expression of MYO7A upon lentiviral
vector injection into normal hearing mice did not show any adverse effects. In Shaker-1 mice, the dTomato
reporter indicated successful transduction of inner, outer and vestibular hair cells, the main inner ear cells
targeted by Usher syndrome. Delivery of MYO7A at postnatal day 17 achieved a partial recovery of auditory
function and strongly reduced balance deficits in homozygous mutant mice. MYO7A delivery prior to the onset
of hearing did not improve hearing outcomes but reduced impaired balance-associated circling behavior. In
heterozygous mutant mice, lentiviral MYO7A gene therapy completely rescued hearing with hearing thresholds
similar to wild-type litermates. This is the first demonstration of a functional effect using lentiviral vector
technology in the inner ear to treat a hearing and balance disorder.
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