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This symposium is meant to convey the basic wonder of the ear and of how the ear and brain together
provide our sense of hearing. Understanding the operation of the healthy ear and auditory brain is key to
understanding how sound sensing can fail.

The session begins with a talk on the historical development of ideas about cochlear sensitivity by physicist
Christopher Shera. Karl Grosh, an expert in the dynamic processing of the cochlea, will then review
cochlear mechanics. Laurel Carney will discuss how cochlear dynamics shape neural responses to sound,
including speech. Raymond Goldsworthy will discuss how the history of cochlear implants has led to the
modern device. Richard Einhorn, a composer with hearing loss, will discuss his experience with hearing
loss, and share his knowledge of modern hearing aids and personal sound amplification systems. Finally,
Debara Tucci will describe the global impact of hearing loss and efforts to improve accessibility.

Hearing is fundamental to communication. The impact of hearing loss, and therefore the impact of hearing
remediation, is profound. This symposium is a whirlwind tour of that story -- from the history, through the
basics, to what can and should and be done to address hearing health.

The Ear, the Eye, and the ARO: Cochlear Function Through the Ages
Christopher Shera, University of Southern California

The cochlea of the inner ear transforms air-borne pressure waves into neural impulses that are interpreted by
the brain as sound and speech. The cochlea is a snail-shaped electro-hydromechanical signal amplifier,
frequency analyzer, and transducer with an astounding constellation of performance characteristics,
including sensitivity to sub-atomic displacements with microsecond mechanical response times; wideband
operation spanning three orders-of-magnitude in frequency; and an input dynamic range of 120 dB,
corresponding to a million-million-fold change in signal energy. All of this is achieved not with the latest
silicon technology, but by self-maintaining biological tissue, most of which is salty water. How does the ear
do it? This presentation will review some of what we think we know about how the cochlea works and how
these ideas, and the ARO, have changed down through the ages.

Review of Cochlear Mechanics
Karl Grosh, University of Michigan

The mammalian cochlea performs a real-time, time-frequency analysis of incoming acoustic signals, and
transmits this information to the brain for processing. Normal hearing relies on a carefully orchestrated,
tripartite response of the mechanical, electrical, and acoustical (fluidic) domains of this organ. The outer hair
cell (OHC) of the mammalian cochlea is at the nexus of the active processes giving rise to the nonlinear,
biologically vulnerable, cochlear response that allows for the sensation of sound and system survival over a
million-fold change in excitation level. The biological, electromechanical feedback control algorithm that
achieves this result is, however, still incompletely understood. In this talk, the fundamental structure-
function relations of the cochlea are reviewed along with processes to translate these essential building
blocks (such as OHC electromotility and OHC hair bundle mechanoelectric transduction) into a
physiological-motivated, complete mathematical model. Fundamental challenges to modeling, including
efficient time domain simulation of three-dimensional linear and nonlinear models, are presented. We
discuss and exemplify (though numerical experiment) the manner in which biophysically-relevant model
elements can be varied and studied to address central questions in cochlear biophysics, such as the role of
somatic motility in cochlear amplification, possible fluid paths in acoustic emissions, and essential
nonlinearities in the cochlea. The ultimate objective of these experiments is to identify models that are



useful in making predictions, and that test the hypotheses underlying any cochlear mechanics model via
comparison to controlled experiments.

From the Ear to the Brain: A Neural Code That Leverages Inner-Ear Nonlinearities
Laurel H. Carney, Departments of Biomedical Engineering, Neuroscience, and Electrical and Computer
Engineering, University of Rochester, Rochester, NY

This symposium begins with a review of fundamental mechanisms in the inner ear, and works its way
towards perception and the problems associated with hearing impairment. In that context, this talk will
provide a bridge between response properties of the inner ear and the neural signals that carry information
from the ear to the brain. In particular, the nonlinear transduction of mechanical signals into electrical
signals by inner hair cells contributes to a robust neural code for sound spectra, carried by the relatively slow
fluctuations in neural responses. Illustrations of this neural fluctuation code in the responses of auditory-
nerve fibers to speech sounds will be reviewed. An important aspect of this code is its conversion to an
average rate profile by midbrain neurons, which are sensitive to fluctuations of their inputs. Implications of
this coding strategy for understanding hearing loss will be reviewed. Lastly, recent predictions of speech
intelligibility in listeners with and without hearing loss, based on computational models for neural
fluctuations in auditory-nerve responses and their representation in the midbrain, will be presented.

Back to the Future: How the History of Cochlear Implants Illuminates Future Directions
Raymond Goldsworthy, USC

The first procedure using an auditory implant to restore hearing to a totally deaf person was performed in
1957. In the time since, there have been vigorous debates concerning cochlear implants. The early debates
centered on whether they would work, which the years have decisively shown that they do. Today, close to a
million implants have been provided to people with hearing loss around the world. Outcomes are impressive
with most recipients achieving high levels of speech comprehension in quiet and moderate amounts of
background noise. While impressive, many recipients complain about the sound of music. Consequently,
many of the most entertaining debates of today center on improving music appreciation for recipients. In this
presentation, we will reflect on how the history of cochlear implants has led to a modern design that
emphasizes speech, sometimes at the expense of music. Attention will be given to the role of precise timing
in the auditory system, and how strategies of today and tomorrow strive to make better use of the
exceptional temporal precision that cochlear implants provide.

Current and Near-Future Trends in Hearing Technologies
Richard Einhorn, Hearing Technology Consultant

Hearing aids and cochlear implants have evolved considerably in the past 15 years. However, they still have
limitations which can often be addressed by modern consumer and professional audio technology. Many of
these solutions are little known or understood by both patients and hearing healthcare providers. This talk
will introduce basic concepts for effective assistive listening, highlight currently available devices and apps,
and discuss some unique solutions for especially difficult hearing situations. Additionally, the talk will
discuss Bluetooth LE Audio, the new consumer standard in wireless audio transmission which has
significant implications for improving the efficacy and scope of all hearing health technology.

Global Impact of Hearing Loss, and Efforts to Improve Accessibility Worldwide
Debara Tucci, National Institute on Deafness and Other Communication Disorders/NIH

Hearing loss is a significant global problem. More than 20% of the world’s population has mild to complete
loss in the better hearing ear, and more than 5% have moderate to complete loss. While the greatest burden
imposed by hearing loss in low- and middle-income countries (LMICs) is in the pediatric age groups, the
opposite is true in high income countries, where the burden is reflected predominately in aging populations.
Overall, hearing loss is the fourth leading cause of years lived with disability worldwide. The financial
burden of unaddressed hearing loss is immense, and it is estimated by the World Health Organization
(WHO) to exceed $750 billion annually, including health care and societal costs.



Although proven preventative measures and treatments exist, they are not routinely implemented in low- and
middle-income settings. Even in high income countries such as the United States and Europe, the
recognition of problems associated with hearing loss in older adults — including increased incidence of
hospitalization, falls, social isolation and depression, and apparent association with increased risk of
dementia — has not been sufficient to drive public policy and health care strategies toward prevention,
identification, and treatment of hearing loss.

Several efforts have been initiated in the past few years to change the trajectory of this ever-increasing
burden. One such effort is the WHO World Report on Hearing, which details the problem and proposes
strategies for mitigation worldwide. Another, the Lancet Commission on Hearing Loss (LCHL), will build
on the findings and recommendations put forth by the World Report on Hearing. The LCHL began in fall
2019, and is expected to submit recommendations late this year, with publication in 2023.

Within this Commission, over 100 commissioners and consultants with wide-ranging subject matter
expertise, from all over the world, have developed strategies for addressing these challenges from the
perspectives of prevention, mitigation, and treatment. Economic, cost-benefit analyses are expected to
inform recommendations to policy makers in a variety of regional and economic settings, who may then
apply solutions to their individual circumstances and health care priorities. For example, recognition that
otitis media is a major cause of pediatric hearing loss and childhood illness in LMICs may inform
approaches and prioritization of hearing health care in these settings. The importance of integrating hearing
health care into country level health care systems is of paramount importance, and it will ensure continued
improvements in and access to care.

The work to address this global problem will not end with the LCHL, but the commission will serve as a
beginning, providing a roadmap for future, prioritized, sustained, and collaborative work among all
stakeholders.

SpPARO Mentoring Session: Navigating the Grant Landscape
12:45 p.m. - 1:45 p.m.
Canaveral 1-2

This session will feature short presentations from a panel of leading scientists to introduce various grants
and fellowships for graduate students and postdoctoral fellows in the U.S. and Europe. The session will
focus on federal and private research funding sources, eligibility considerations for selected grants, the
application process, and the peer review process. This session will be an interactive forum with questions
and discussion.

Sarah Verhulst, Hearing Technology @ WAVES, Dept. of Information Technology, Ghent University
Peter Steyger, Creighton University

Podium #1 - Gene Therapy
2:00 p.m. - 4:00 p.m.
Ocean's Ballroom 5-12

Moderators: Ronna Hertzano and Jennifer Lentz

Delivery of Gene Therapy Through a Cerebrospinal Fluid Conduit to Rescue Hearing
Barbara Canlon*!, Barbara Mathiesen?, Leo Miyakoshi?, Christopher Cederroth®, Evangelia Tserga®,
Corstiaen Versteegh?, Peter Bork?, Natalie Hauglund?, Ryszard Gomolka?, Yuki Mori?, Niklas Edvall?,
Stephanie Rouse®, Kjeld Mgllgard?, Jeffrey Holt®, Maiken Nedergaard*

Karolinska Institute, 2University of Copenhagen, ®Boston Children's Hospital and Harvard Medical School,
*University of Copenhagen and University of Rochester Medical Center

Background: In mice, inner ear gene therapy has recently proven effective in restoring hearing in neonatal
animals but is complicated in adulthood by the structural inaccessibility of cochlea, which is embedded
within the temporal bone. New delivery routes may not only serve the advancement of auditory research, but
also prove useful when translated to humans with progressive genetic-mediated hearing loss. Cerebrospinal
fluid flow via the glymphatic system is emerging as a new approach for brain-wide drug delivery in rodents



as well as humans. The cerebrospinal fluid and the fluid of the inner ear are connected via the cochlear
aqueduct. To date, no previous studies have explored the possibility of delivering gene therapy via the
cerebrospinal fluid and restore hearing in adult mice.

Methods: Tracers or AAVSs into injected into the cisterna magna (CM) were performed in anesthetized
mice. A skin incision was made over the occipital crest and the neck muscles were separated to reveal the
atlanto-occipital membrane. A 30 G needle attached to a PE 10 tube filled with aCSF was inserted into
cisterna magna. Live imaging was performed using a preclinical scanner (BioSpec 94/30 USR). Computer
tomography scans were performed using a Vector4uCT system (MlLabs, Utrecht, Netherlands). AAV9-
PHP.B vectors carrying the coding sequences of eGFP or mouse VGLUT3 were generated by the Viral Core
at Boston Children’s Hospital. AM/CBA-VGLUT3-WPRE-BGH plasmids containing mouse VGLUT3
c¢DNA under control of chicken B-actin (CBA) promoter and cytomegalovirus (CMV) enhancer was kindly
provided by Omar Akil. AAVs were injected in the cisterna magna at a rate of 1 ul/min for 10 min.
Histology and immunohistochemical procedures were performed on fixed cochlea and were either
cryosectioned or prepared for surface preparations. Cochleae were stained for the quantification of the pre-
and post-synaptic elements, anti-myosin VIIA and anti-vesicular glutamate transporter 3 for observation of
the restoration of the hair cells. Auditory brainstem responses were recorded for determining thresholds and
signal generation and acquisition was done using Tucker-Davis Technologies System Il hardware and
software.

Results: Here we show that a single intracisternal injection of adeno-associated virus encoding vesicular
glutamate transporter-3 (VGLUTS3) rescues hearing in adult deaf Slc17A8 -/- mice by restoring VGLUT3
expression in inner hair cells, with limited ectopic expression in the brain and none in the liver. The cochlear
aqueduct was found to exhibit lymphatic-like characteristics. In-vivo time-lapse magnetic resonance
imaging, computed tomography and optical fluorescence microscopy show that large-particle tracers
injected in cerebrospinal fluid reach the inner ear by dispersive transport via the cochlear aqueduct in adult
mice.

Conclusions: Our findings demonstrate that cerebrospinal fluid transport comprises a novel and relatively
non-invasive route for effective gene delivery to the adult inner ear and represents a crucial step towards
using gene therapy to restore hearing in humans.

Gene Replacement Rescues Transduction and Synaptic Functions of the Clarin-2

Deafness Gene

Clara Mendia*!, Thibault Peineau?, Nawal S Yahiaoui, Chloé Felgerolle!, Samantha Papal®, Maureen
Wentling?, Pranav Patni', Audrey Maudoux®, Carlos Aguilar®, Sylvie Nouaille!, Michael R Bowl?, Sedigheh
Delmaghani?, Didier Dulon?, Sandrine Vitry*, Aziz EI Amraoui*

Unstitut Pasteur, Institut de I’ Audition, *Université de Bordeaux, 2UCL Ear Institute

Background: Hearing impairment is the most common sensory disorder in humans. While prosthetic
devices, such as cochlear implants, help alleviate the burden of hearing loss in a subpopulation of deaf
patients, effective biological treatments for cochlear functions are still missing. Promising successes using
adeno-associated virus (AAV)-mediated therapeutics have been obtained recently, often with only partial
recovery of all or certain sound frequencies. Several challenges such as efficiency (across frequencies), long
term stability, and therapeutic window need to be addressed. To tackle these issues, we used a model of
postnatal severe-to-profound hearing loss in human and mice. Defects in CLRN2 were recently found to
cause hearing deficits in humans, mice, and zebrafish, supporting evolutionary conservation of the key role
of the clarin tetraspan-like proteins in the inner ear.

Methods: We characterized auditory function by ABR and DPOAE recordings. Hair bundle structural
abnormalities were explored by confocal and scanning electron microscopy, while FM1-43 assays addressed
mechano-electrical transduction. Capacitance recordings were performed to assess synaptic function of
auditory inner hair cells.

Adeno-associated Viral delivery was used for gene supplementation, and gPCR and RNAscope imaging
were used to confirm gene ectopic expression in treated ears.

Results: Our in-depth characterization of the Clrn2—/— defective mouse revealed novel synaptic auditory
abnormalities, in addition to priorly established hair bundle structure and function defects. Our new data in
Clrn2—/— mice clearly show that gene supplementation using either the murine (Clrn2) or human (CLRN2)
clarin-2 gene preserves normal hearing.



Ectopic expression of Clrn2 successfully prevents the loss of mechano-electrical transducing stereocilia (i),
restores normal mechano-electrical transduction in auditory hair cells (ii) and IHC synaptic function (iii),
and preserves, over time, near normal ABR and DPOAE hearing thresholds (iv), confirming durable
recovery of function in both the inner and outer hair cells. Our findings also confirm the extreme
pathogenicity of the CLRN2 mutated allele, c.494C>A, recently reported to cause hearing loss in humans.
Indeed, in contrast to the expression of intact human CLRNZ2, leading to full recovery of hearing, neither
CLRN2T165K nor CLRN2G146fs26Stop (2 variants from CLRN2 deaf patients) prevent the severe-to-
profound hearing loss in Clrn2—/— mice. Finally, we explored the therapeutic time window, showing that the
maximal therapeutic beneficial outcomes are achieved by inoculation of the early neonatal mouse cochlea;
and that the diminishing improvement in sensory function upon injections at P5, P10 and P14 is linked to
decreased transduction efficiency in the auditory hair cells.

Conclusions: In summary, our findings demonstrate the feasibility of effective and durable restoration of
hearing using viral-mediated gene therapy in the inner ear.

Adult Gene Therapy Restores Auditory and Vestibular Function in P2rx2 V60L Mouse

Model for DFNA41

Wei Wei*!, Wenliang Zhu?, Stewart Silver!, Ariel Armstrong?, Arun Prabhu Rameshbabu?, Fletcher
Robbins?, Katherina Walz?, Xuezhong Liu?, Zheng-Yi Chen!

!Mass. Eye and Ear, 2University of Miami Miller School of Medicine

Background: Gene editing and gene therapy are rapidly developed to treat diverse forms of genetic hearing
loss. Most current editing and gene therapies are focused on the neonatal age and minimal studies show
efficacious outcome with intervention in adult. P2rx2 is an ATP-gated iron channel protein essential for
auditory and vestibular function. A pathogenic mutation in P2rx2, ¢.178G>T (p.V60L), causes autosomal
dominant deafness 41 (DFNAA41), a late-onset progressive hearing loss. We created a knock-in mouse model
of human DFNAA41, which mirrors deafness in humans. We explore the gene editing therapy to abolish the
mutation at adult age to rescue hearing and vestibular function in P2rx2 knock-in (K1) mice.

Methods: We designed sgRNAs to target the P2rx2 mutation and constructed plasmids containing
saCas9/sgRNA to transfect the primary skin fibroblast cells of P2rx2 KI mice in vitro. Editing efficiency and
off-target were determined by next-generation sequencing (NGS). The sgRNA and SaCas9 were packaged
into a single AAV2 known to transduce the auditory hair cells efficiently. AAV2-Cas9-sgRNA-P2rx2 was
microinjected into the fully mature mouse inner ear at 4 weeks of age. Auditory function and sensory cell
morphology were assessed by ABR, DPOAE, immunofluorescence, and Scanning Electron Microscopy.
Vestibular functions were tested by Rotarod Test and Open Field Test.

Results: To knock out P2rx2 KI mutant gene expression, we screened 5 sgRNAs for both spCas9 and
saCas9, and identified a saCas9/sgRNA-1-P2rx2 with robust editing efficiency and high specificity targeting
the P2rx2 V60L allele. We produced a single AAV product with SaCas9-sgRNA-1 and injected AAV2-
Cas9-sgRNA-1-P2rx2 into 4-week-old P2rx2 Kl inner ear. We detected hearing rescue by significant
reductions in ABR thresholds in low and middle frequency starting 12 weeks post injection. By 24 weeks
hearing rescue became more profound as the result of continuous hearing deterioration in uninjected control
ears whereas hearing was maintained in the injected and edited ears. Concomitantly, lower DPOAE
thresholds, higher wave 1 amplitudes, increased hair cell survival, and better hair cell bundle morphology
were observed in the injected ear compared to the un-injected ear. By the open field test, injected mice
explored the border of the field and displayed fewer full-body rotations compared to un-injected mice.
Conclusions: Our study demonstrates that editing therapy can be successfully applied to mature inner ear to
rescue auditory and vestibular function effectively long term and safely in the P2rx2 KI mouse model. The
study determined a time window for editing therapy intervention in mice which is relevant for patients with
late-onset progressive deafness caused by P2rx2 mutations. Successful editing and gene therapies in mature
inner ears open an avenue for the application in humans whose inner ears are fully mature from the birth.

AAYV Delivery of Tmcl Rescues Vestibular Function in Tmcl KO Mice

Evan Ratzan*!, John Lee?, Gwenaelle Geleoc?, Jeffrey Holt?

!Boston Children's Hospital/Harvard Medical School, 2National Institute on Deafness and Other
Communication Disorders, National Institutes of Health

Background: Transmembrane channel-like 1 (Tmc1) encodes a protein required for mechanosensory
transduction in auditory and vestibular hair cells. TMC1 and its counterpart TMC2 function together as pore



forming subunits of hair cell transduction channels and are necessary for auditory and vestibular function.
Mice lacking both Tmc1 and Tmc2 (Tmcl1/2 DKO) exhibit severe circling behavior, head bobbing, and
imbalance. Patch-clamp recording from Type 11 vestibular hair cells shows that DKO hair cells also lack
electrical responses to mechanical hair bundle deflections. Likewise, Tmc1/2 DKO mice fail produce
waveforms associated with normal responses to head jerk stimuli during vestibular evoked potentials
(VSEPs).

Methods: Evaluation of hair cell physiology through FM1-43 labeling of saccular hair cells and VSEP of
P60, P120, and P180 WT, Tmcl KO, Tmc2 KO, and Tmc1/2 DKO mice. Gene expression of Tmc1 and
Tmc2 was assessed quantitatively with gPCR and distribution of transcripts through fluorescent in situ
hybridization hairpin chain reaction. Phenotypic changes in protein expression was evaluated for calretinin,
oncomodulin, Pou4f3, and myosin Vlla through immunhistochemistry.

Results: Interestingly, Tmc2 KO mice show normal VSEP responses, but Tmc1l KO mice fail to produce
them. Restoration of Tmc1 expression through neonatal inner ear injection of adeno associated virus (AAV)
encoding Tmcl rescues VSEPs to near WT thresholds. FM1-43 dye uptake in vestibular hair cells indicates
the presence of functional transduction channels, but dye uptake is not uniform between different Tmc KO
genotypes. FM labeling of striolar hair cells in the saccule is stronger in Tmc1 KO mice, weaker in the
Tmc2 KO mice, and completely absent from all hair cells in Tmc1/2 DKO mice. Interestingly, Tmc2 KO
and Tmc1/2 DKO mice not only lack striolar FM uptake but also lose expression of calretinin in striolar
calyxes of the saccule. However, gPCR data shows much higher levels of Tmc1 than Tmc2 in the saccule.
Conclusions: One possible explanation for such a role for Tmcl is that Tmc1 and Tmc2 are expressed
differentially in striolar versus extrastriolar hair cells resulting in differential compensation for VSEP signal.
An alternative explanation is that Tmcl is differently expressed between Type | versus Il vestibular hair
cells and thus KO mice respond to head jerk stimuli differently. Finally, it is possible that Tmc1 and Tmc2
are expressed in all vestibular hair cells, but not at equal levels which results in Tmc1 being able to
compensate for loss of Tmc2, but not vice versa. Taken together, these data suggest that Tmc1 is essential
for encoding head jerk stimuli and can compensate in the absence of Tmc2 to provide normal VSEP
thresholds.

Congenital Deafness, Vestibular Dysfunction, and Progressive Visual Impairment in a

Rhesus Macaque Model of Usher Syndrome Type 1B

John Brigande*?, Junghyun Ryu?, Jon D. Hennebold?, Fernanda C. Burch?, J. Beth Kempton?, Edward V.
Porsov?, Lauren Renner®, Benjamin J. Burwitz*, Carol B. Hanna?, Martha Neuringer®

10regon Hearing Research Center, 2Division of Reproductive and Developmental Sciences, Oregon
National Primate Research Center, 3Division of Neuroscience, Oregon National Primate Research Center,
*Vaccine and Gene Therapy Institute, Oregon Health and Science University

Background: Our long-term goal is to define genetic mutations in the rhesus macaque that recapitulate
disease phenotypes in the human inner ear and eye and then identify gene therapies that durably restore
sensory function. We predict that therapeutics effective in treating hearing and vision loss in nonhuman
primate disease models will also meaningfully improve sensory perception in human patients. Inner ear and
eye anatomy, physiology, and development in the rhesus macaque closely models that in humans.
Importantly, sensitive low-frequency hearing is present at birth in rhesus macaques and overlaps with the
human speech frequencies needed for effective oral communication. The goal of this study is to create a null
mutation in the rhesus macaque Myosin 7A (MYOT7A) gene using a CRISPR/Cas9 genome editing strategy
and to characterize the neonatal sensory phenotypes. MYO7A is an unconventional myosin expressed in
auditory and vestibular hair cells, and in the retinal pigment epithelium and photoreceptors of the retina.
Mutations in MYO7A are responsible for ~50% of all Usher syndrome cases and affected patients
experience severe hearing loss and imbalance at birth with progressive blindness.

Methods: A compound heterozygous infant harboring a 1-base pair and a 63-base pair deletion in MYO7A
was born in November 2021. DNA from neonatal cheek, skin, and peripheral blood monocytes was
sequenced to confirm genotype. Tympanometry was performed to interrogate the middle ear function.
Auditory brainstem responses (ABR) and distortion product otoacoustic emissions (DPOAE) were
conducted to assess auditory function. Retinal multimodal imaging and electroretinograms (ERG) were
deployed to assess retinal structure and function.

Results: Tympanometry showed A-wave responses indicating patency of the middle ear conduction
pathways bilaterally. Neither ABR nor DPOAE responses were detected through 6 months indicating



congenital deafness. The infant displayed postural instability at birth and stumbling, a broadened gait, and
loss of balance while engaging an inclined plane. The infant hangs upside down a disproportionate amount
of time. Multimodal imaging at 4 months revealed patchy hyperfluorescence temporal to the optic nerve
with disruption of the photoreceptor layers and thinning of the outer nuclear layer. Full field ERGs showed
an ~50% reduction in response to scotopic, photopic, and flicker stimuli.

Conclusions: We conclude that the auditory, vestibular, and vision phenotypes in the CRISPR/Cas9-derived
MYO7A compound heterozygote faithfully model the pathogenesis of Usher syndrome type 1B (USH1B).
The rhesus macaque model of USH1B may be useful for testing novel therapeutics.

Rescue of Autosomal Dominant Hearing Loss by in Vivo Delivery of Mini dCas13X-

Derived RNA Base Editor

Yilai Shu*!, Qingquan Xiao?, Zhijiao Xu?, Yuanyuan Xue!, Chunlong Xu?, Geng-Lin Lit, Hui Yang?,
Huawei Lit

'Eye and ENT Hospital, Shanghai Medical College, Fudan University, ?Institute of Neuroscience, State Key
Laboratory of Neuroscience, Key Laboratory of Primate Neurobiology, CAS Center for Excellence in Brain
Science and Intelligence Technology, Shanghai Research Center for Brain Science and Brain-Inspired
Intelligence, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, 3Shanghai Center
for Brain Science and Brain-Inspired Intelligence Technology

Background: Programmable RNA editing tools enable the reversible correction of mutant transcripts,
reducing the potential risk associated with permanent genetic changes irreversibly installed by DNA editing
tools. However, validity of these RNA tools to treat disease remains unknown. Here, we explored the
potential of RNA correction therapy with Cas13-based RNA base editors in the Myo6C442Y/+ mouse
model that recapitulated the phenotypes of human dominant-inherited deafness.

Methods: In vitro, we screened and compared the Myo6C442Y correction efficiency and the off-target
effects among different RNA base editors and gRNAs targeting C442Y mutation. In vivo, single adeno-
associated virus (AAV)-mediated delivery of mxABE system was injected into the mouse cochlea, and the
auditory functions were assessed by auditory brainstem response (ABR) and distortion product otoacoustic
emission (DPOAE). Immunostaining, scanning electron microscope were preformed to observe the hair cell
survival and hair bundle morphology.

Results: The mxABE exhibited both high efficiency of A > G conversion and low off-target edits, and
showed remarkable correction of Myo6C442Y to Myo6WT allele in homozygous Myo6C442Y/C442Y
mice and induced significant increase of Myo6WT allele in the injected cochlea of Myo6C442Y/+ mice
compared with the uninjected ones. Rescue of auditory function was observed up to 3 months post AAV-
mxABE-Myo6 injection in Myo6C442Y/+ mice. We also observed increased survival rate of hair cells and
decreased degeneration of hair bundle morphology in the treated ears compared to untreated ears.
Conclusions: In summary, our results provide a proof-of-concept study for RNA editing tools as a
therapeutic treatment for various semi-dominant forms of hearing loss and other diseases.

In Vivo Outer Hair Cell Gene Editing With Cas9 Nuclease Partially Improves

Progressive Hearing Loss in Dominant-Negative Kcng4 Mouse Model

Byunghwa Noh**, John Hoon Rim?, Ramu Gopalappa?, Haiyue Lin%, Kyu Min kim?, Min Jin Kang®, Heon
Yung Gee?, Jae Young Choi®, Hyongbum Henry Kim?, Jinsei Jung®

!Department of Otorhinolaryngology, Graduate School of Medical Science, Brain Korea 21 Project for
Medical Science, Yonsei University College of Medicine, 2Department of Pharmacology Yonsei University
College of Medicine, Department of Otorhinolaryngology Yonsei University College of Medicine
Background: Hearing loss is a common sensory disorder with an incidence of 2.5 in 1,000 births, but there
are no effective drugs to treat hearing loss. KCNQ4 W276S variant that is one of the various pathogenic
variants in KCNQ4, voltage-gated potassium channel protein subfamily Q member 4 and expressing in
Outer hair cells (OHCs) and spiral ganglion neurons (SGNs), and is the only mutation found in common
among several DFNA2 families causes non-syndromic autosomal dominant progressive hearing loss
(DENAZ2) by strong dominant-negative effect. Recently, the potential of gene editing technology using the
CRISPR/Cas9 system in the inner ear to treat hearing loss caused by various gene dysfunction has been
demonstrated. In this study, we found that OHCs gene editing with Cas9 nuclease in the KcngdW276S/+
murine model partially rescued progressive hearing loss by improving the OHC membrane potential. This
result will provide a basis for the clinical application of the CRISPR/Cas9 system to treat deafness.



Methods: sgRNAs were generated to target ¢.830G> C, a missense mutation region in exon5 of the Kcng4
gene. Two anc80L65 vectors were packaged with N-term of SpCas9, sgRNA sequence, and C-term of
SpCas9, respectively. Post-auricular incision was 