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Presidential Symposium
8:00 a.m. - 10:00 a.m.

Platinum Salon 6

Presidential Symposium: The Clinician-Scientist Workforce in Otolaryngology: Strategies for the
Future
Chair: Yuri Agrawal, University of Colorado

Background and Overview of Clinician-Scientists in Otolaryngology
Aaron Remenschneider!

'Boston Children's Hospital

Individual Abstract: Surgeon-scientists bridge the gap between clinical practice and scientific inquiry,
driving investigation that can directly impact patient care. Successful translational research efforts come from
surgeons across the practice spectrum and career stage; however, a variety of barriers to the success of a
surgeon scientist workforce exist. The focus of this presentation is to review the present state of the surgeon-
scientist workforce in otolaryngology and discuss areas for synergy between basic scientists and
otolaryngologists at the individual, institutional and national level. At the trainee stage, published NRMP data
on dual degree applicants to U.S. otolaryngology residencies and trends in NIH-T32 programs and outcomes
for in-residency training of surgeon-scientists are examined. At the institutional level, models for funding
surgeon-scientists, the economics of K-awards, and alternate compensation models that encourage academic
productivity and collaboration with basic scientists are reviewed. At the national level, successful NIH
programs that have targeted and improved the surgeon-scientist workforce in other specialties and the role for
such programs at NIDCD is discussed. Data from a 2021 surgeon-scientist survey by the American
Neurotology Society is reviewed to identify challenges to and opportunities for creating a supportive academic
environment for translational research. Identified barriers to success include limitations in protected research
time, increasing clinical and teaching demands, student debt burdens and a paucity of diverse role models.
Societies such as ARO provide a unique forum for the career development of junior surgeon-scientists, for
featuring critical aspects of team based translational research and for the promotion of bidirectional
mentorship between otolaryngologists and basic scientists across the entire career arc.

Mentoring and Supporting Clinician-Scientists in Diverse Otolaryngology Departments: A PhD’s
Perspective
Jennifer Stone!

YWniversity of Washington, Virginia Merrill Bloedel Hearing Resource Center

Individual Abstract: Dr. Stone is the current Program Director for a NIDCD T32 supporting research training
for medical students and residents and the Director for Research in Otolaryngology at the University of
Washington. For 20 years, she has conducted collaborative projects, offered mentorship to clinical residents
and faculty, and provided training and guidance to students and residents with budding research interests.
More recently, she has worked to sustain the productive research environment that was established in UW
Otolaryngology over 40 years ago. She will share her perspectives on the ways in which clinician scientists
and basic scientists can interact in mutually beneficial and enriching ways to build and sustain strong research
and training programs in Otolaryngology. She will discuss the importance of establishing and reinforcing
goals amongst a diverse faculty of basic scientists and clinician scientists who have varying interest, time, and
resources for research. In addition, she will touch upon ways in which having a NIH-funded research training
program has enriched her department’s culture and empowered residents to continue research throughout their
career.



How Should we Train the Next Generation of Physician-Scientists?
Alan Cheng!

IStanford University

Individual Abstract: Physician scientists are significant contributors to scientific discoveries and innovative
therapies (e.g. otoferlin gene therapy). The contribution is unique and can go beyond research investigation,
given their medical training and their role as health care providers. They are also essential components of
academic departments and institutions (e.g. NIH institute directors, department chairs). Despite their
recognized roles and a steady increase in the health care workforce and NIH funding, the number of physician
scientists has declined. This decline is concerning as it can limit the recruitment and training of future
physician-scientists who are often inspired and mentored by established investigators. It further hinders the
generation of a diverse physician-scientist workforce. Many factors contribute to this decline, including but
not limited to financial responsibilities and limited research time. I will discuss the numerous national and
regional programs established in order to replenish the physician scientist workforce, and share approaches
and challenges along the way, with a focus on the training of future otolaryngologist-scientists.

Role of the Department Chair in Supporting Clinician-Scientists
Marlan Hansen'!

YUIHC

Individual Abstract: This presentation will attempt to address the responsibilities, opportunities, challenges,
strategies, and rewards of department and institutional leadership to recruit, develop and mentor, and promote
clinician-scientists.

Developing and Sustaining the Clinician-Scientist Workforce: NIDCD Perspective
Debara Tucci'

National Institute on Deafness and Other Communication Disorders/NIH

Individual Abstract: A robust clinician-scientist workforce is critical to successful translation of scientific
discovery into evidence-based clinical care. After many years of declining numbers, we have recently begun
to see an increase in surgeons and other clinicians funded by NIH. One of the challenges to maintaining a
vibrant clinician-scientist workforce is the sequential loss of investigators across various stages of training
and career development, described as the ‘leaky pipeline.” The contributions of all clinician-scientists,
inclusive of those with diverse perspectives, such as women and underrepresented and/or marginalized
investigators, are critically important to scientific discovery.

To address these challenges, NIDCD has a number of programs in place to support the training and
development of the clinician-scientist workforce. This presentation will review the current status of NIH
funding of the workforce, mechanisms put in place to address challenges, and future opportunities for
progress, including the need for a collaborative approach among NIH, other funders, academic medical centers
and professional societies.

Ultimately, NIDCD seeks to support the integration of research into clinical care and the democratization of
research to facilitate broad and diverse participation by both practitioners and research participants. Clinician-
scientist leadership is critically important for the success of this goal to optimize the health of the population
and must be prioritized in our training programs and health systems.

Late Breaking Presidential Symposium
10:00 a.m. - 12:00 p.m.

Platinum Salon 5



OTOF Gene Therapy Clinical Trial
Chair: Yuri Agrawal, University of Colorado
Co-Chair: ZhengYi Chen, Massachusetts Eye and Ear Infirmary

SENS-501 Gene Therapy for Autosomal Recessive Non-Syndromic Deafness 9 (DFNB9)

Guillaume Oliver!, Lise Barrot!, Julie Dos Reis!, Pierre Rambaud!, Sandra Pierredon!, Audrey Broussy',
Anne-Gabrielle Harrus!, Selma Dadak!, Geraldine Petit!, Jerome Nevoux?, Ghizlene Lahlou?, Natalie
Loundon?, Marie-Jose LeComte?, Saaid Saffiedine?, Christine Petit?, Christine Le Bec!, Emilie Bousquetl,
Arnaud Giese', Laurent Desire*!

ISensorion, *Institut de I'Audition/ Institut Pasteur, 3H(5pital Necker-Enfants Malades

Individual Abstract: Congenital sensorineural hearing defects heavily impact patients' life and their ability
to communicate. Among this family of disorders, the non-syndromic autosomal recessive deathess 9 (DFNB9)
is a common form of congenital deafness. This severe-to-profound auditory neuropathy, which typically
presents with absent or reduced auditory brainstem responses (ABR) and present otoacoustic emissions, is
caused by biallelic loss-of-function in the OTOF gene. OTOF gene encodes for OTOFERLIN, a calcium
sensor protein important for neurotransmitter release at presynaptic level between inner sensory hair cells
(IHCs) and spiral ganglion neurons.

In this talk, we present an overview of SENS-501 development strategy for DFNB9. SENS-501 is an adeno-
associated virus (AAV)-based dual-vector gene therapy designed to restore the expression of the full-length
active human Otoferlin, thereby providing durable and physiological hearing restoration to individuals with
hearing loss caused by OTOF gene mutations.

SENS-501 efficacy is supported by multiple proof-of-concept and efficacy studies in congenitally deaf
DFNB9 (Otof-/- ) mutant mice, in which long-term reversal of the deafness phenotype is demonstrated and is
supported by behavioral assessment confirming the ability of corrected DFNB9 mutant mice to integrate
sounds.

In mice and non-human primates (NHPs), dose-ranging and early biodistribution studies helped to design 3-
month NHP and 6-month mice toxicity and biodistribution studies that were performed under Good
Laboratory Practice (GLP) in these two species to support the conduct of a first-in-human clinical trial. NHP
studies served to develop and validate the surgical approach and SENS-501 delivery modality to be used in
clinics. In the GLP studies, SENS-501 was well tolerated, with no SENS-501-related clinical signs or adverse
effects either in the inner ear or outside the inner ear tissue.

Biodistribution data indicated that the vast majority of SENS-501 vector components remained in the inner
ear and that SENS-501 shedding in fluids was limited. In NHPs, presence of pre-existing neutralizing anti-
AAVS8 antibodies was not associated with loss of transgene expression in IHCs or with safety issues,
suggesting that pre-existing systemic anti-capsid neutralizing antibodies may be of limited impact on local
delivery of SENS-501.

Altogether, our nonclinical pharmacology, safety, biodistribution, and two ongoing natural history studies
support the clinical development of SENS-501 and the initiation of our phase I/II clinical trial first half of
2024,



Clinical Development of AK-OTOF Gene Therapy for OTOF-Mediated Hearing Loss

Emmanuel J. Simons™!, John A. Germiller?, Oliver Haag?, Chen-Chi Wu* Ann E. Hickox', Michelle D.
Valero!, Eva Andres-Mateos', Michael J. McKenna!, Brian Lin', William A. Sewell!, Shimon P. Francis',
Yuan Gao', Emily Liu!, Katie Wachtel', Donna Mackey'!, Amy Burke!, Aaron D. Tward!, Kathleen Z.
Reape!, Jennifer A. Wellman!

Ydkouos, Inc., *The Children’s Hospital of Philadelphia, 3Sant Joan de Déu Barcelona Hospital, 4National
Taiwan University Hospital

Individual Abstract: The otoferlin gene (OTOF) encodes otoferlin, a protein critical for signaling at the inner
hair cell synapse; individuals with mutations in OTOF typically present with congenital, Severe to Profound
sensorineural hearing loss. Recent advances in gene therapy and intracochlear delivery support the potential
to restore hearing in individuals with OTOF-mediated hearing loss using a one-time, local administration of
AK-OTOF (AAVAnc80-hOTOF). A phase 1/2 clinical trial (NCT05821959) has been initiated to assess the
safety, tolerability, and bioactivity of escalating doses of AKOTOF in children with Profound hearing loss
due to OTOF mutations.

Nonclinical studies in otoferlin knock-out mice and non-human primates (NHPs) evaluated the delivery of
genetic medicines to the inner ear, including the development of a dual adeno-associated viral vector encoding
full-length human otoferlin, a delivery device, and an intracochlear administration procedure. These studies
informed the design of the clinical investigation of AK-OTOF, including demonstration of biological
plausibility, evaluation of intervention window, identification of biologically active dose levels, assessment
of onset and durability of functional recovery, and evaluation of safety. Participants in the AK-OTOF-101
Clinical Trial have Profound hearing loss at baseline and receive, via a minimally invasive external auditory
canal approach, a single intracochlear administration of AK-OTOF in one ear; participants in the first cohort
receive AK-OTOF at a dose of 4.1E11 total vector genomes. Hearing restoration is assessed by behavioral
audiometry and auditory brainstem response.

Administration of AK-OTOF to NHPs and otoferlin knock-out mice results in robust expression of full-length
otoferlin, with restoration of auditory function observed in the knock-out mice. Safety data demonstrate AK-
OTOF was systemically and locally well tolerated, with no adverse effects related to AK-OTOF, including in
clinical pathology, otic or systemic histopathology, or cochlear and auditory function. In the AK-OTOF-101
Clinical Trial, the first participant, an 11 year old with Profound congenital hearing loss, experienced restored
hearing within 30 days of AK-OTOF administration, achieving thresholds of 65 to 20 dB HL. The surgical
administration procedure and the product candidate were well tolerated, and no serious adverse events
occurred. Safety and efficacy data from participants receiving AKOTOF prior to January 2024 will be
presented.

The AK-OTOF preclinical development strategy, leading to an actively enrolling interventional clinical trial
in children with OTOF-mediated hearing loss, can serve as an exemplary path to achieving the broader goal
of developing precision genetic medicines with the potential to restore, improve, and preserve high-acuity
physiologic hearing.

CHORD: A Phase 1/2 Open-Label, Multicenter Trial to Evaluate Intracochlear Administration of Db-
Oto Gene Therapy in Pediatric Patients with Profound Sensorineural Hearing Loss Due to Biallelic
Otoferlin Mutations

Vassili Valayannopoulos'

'Regeneron

Individual Abstract: DB-OTO is a one-time gene therapy intended to provide hearing function to pediatric
patients diagnosed with congenital auditory neuropathy secondary to biallelic mutations of the otoferlin
(OTOF) gene. Patients with OTOF-related auditory neuropathy typically present at birth with profound



hearing loss, characterized phenotypically by an absent auditory brainstem response (ABR) contrasting with
normal otoacoustic emissions, and have no expected natural recovery. While cochlear implants (CI) have been
successfully adopted in these patients, they present notable shortcomings including acute and delayed risks
associated with the surgery, limitations associated with the CI device, and limited efficacy compared with
natural hearing. DB-OTO is a dual adeno-associated virus 1 gene therapy vector carrying a hair cell-specific
promoter, myosin 15 and driving the expression of a complementary DNA encoding the human OTOF isoform
5. DB-OTO is administered by surgical injection into the cochlea and targets the inner hair cells that use
otoferlin for proper synaptic transmission to the auditory nerve. Nonclinical studies with DB-OTO in murine
models of OTOF-related hearing loss, showed durable, dose-dependent recovery of ABR, which is an
objective, surrogate measure of hearing function. Toxicology studies with DB-OTO in murine models have
revealed a tolerable local and systemic profile. Further, evaluation of DB-OTO and its surgical delivery in
nonhuman primates has supported the foundation for translation to humans. DB-OTO is currently being
evaluated in a multicenter, phase 1/2 open-label trial (CHORD, NCT05788536) in children and infants with
profound hearing loss secondary to biallelic, loss-of-function OTOF mutations. The trial is composed of two
parts. Part A is a single ascending dose trial with DB-OTO injected unilaterally (contralateral ear may or may
not have the standard of care CI). Part B is a cohort expansion involving the injection of DB-OTO bilaterally
at a dose determined from safety and efficacy from Part A.

A 10-month-old female, with profound OTOF-related hearing loss at baseline, received a single intracochlear
injection of DB-OTO (7.2 x 1012 vg). DB-OTO was infused into the right inner ear perilymph via the round
window using a standard facial recess approach; a CI was placed in the left ear. At 12 weeks post-injection,
the DB-OTO treated ear showed measurable improvements (55 dB HL) in thresholds versus baseline (absent
thresholds at 100 dB HL, maximum air conduction intensity tested, 2504000 Hz). ABR showed hearing
recovery via positive wave V response with thresholds of 40—80 dB; no response was elicited at 100 dB at
baseline (5004000 Hz). Through week 12, no dose-limiting toxicities and no DB-OTO related adverse events
were reported, including absence of vestibular manifestations tested clinically and by cervical vestibular-
evoked myogenic potentials. LittlEARS auditory questionnaire indicated improvement in hearing based on
natural vocalizations (without CI) observed by caregivers.

AAV-Mediated Gene Therapy Restores Hearing in Patients with DFNB9 Deafness

Jieyu Qi*!, Fangzhi Tan', Liyan Zhang', Ling Lu?, Shanzhong Zhang?, Yabo Zhao!, Yicheng Lu', Xiaoyun
Qian?, Wendi Dong?, Yinyi Zhou', Ziyu Zhang', Xuehan Yang', Lulu Jiang®, Chaorong Yu®, Jiancheng
Liu?, Yilai Shu*, Lei Xu’, Xia Gao?, Huawei Li®, Renjie Chai!

LSoutheast University, >The Affiliated Drum Tower Hospital of Nanjing University Medical School, China,
3Otovia Therapeutics Inc, *ENT Institute, Eye and ENT Hospital, Fudan University, >Shandong Provincial
ENT Hospital

Individual Abstract: Mutations in OTOFERLIN (OTOF) lead to the autosomal recessive deafness 9
(DFNB9). The efficacy of adeno-associated virus (AAV)-mediated OTOF gene replacement therapy is
extensively validated in Otof-deficient mice. However, the clinical safety and efficacy of AAV-OTOF is not
reported. Here, AAV-OTOF is generated using good manufacturing practice and validated its efficacy and
safety in mouse and non-human primates in order to determine the optimal injection dose, volume, and
administration route for clinical trials. Subsequently, AAV-OTOF is delivered into one cochlea of a 5-year-
old deaf patient and into the bilateral cochleae of an 8-year-old deaf patient with OTOF mutations. Obvious
hearing improvement is detected by the auditory brainstem response (ABR) and the pure-tone audiometry
(PTA) in these two patients. Hearing in the injected ear of the 5-year-old patient can be restored to the normal
range at 1 month after AAV-OTOF injection, while the 8-year-old

patient can hear the conversational sounds. Most importantly, the 5-year-old patient can hear and recognize
speech only through the AAV-OTOF-injected ear. This study is the first to demonstrate the safety and efficacy
of AAV-OTOF in patients, expands and optimizes current OTOF-related gene therapy and provides valuable
information for further application of gene therapies for deafness.



AAV1-HOTOF Gene Therapy for Children with Autosomal Recessive Deafness 9

Yilai Shu*!, Jun Lv', Hui Wang!, Xiaoting Cheng', Yuxin Chen!, Daqi Wang', Longlong Zhang', Qi Cao',
Honghai Tang', Kaiyu Gao?, Mengzhao Xun!, Biyun Zhu', Chong Cui', Luo Guo', Luoying Jiang', Bing
Chen', Wuging Wang', Renjie Chai®, Zheng-Yi Chen*, Huawei Li!

VENT institute, Eye and ENT Hospital, State Key Laboratory of Medical Neurobiology and MOE Frontiers
Center for Brain Science, Fudan University, >Shanghai Refreshgene Therapeutics Co., Ltd., *State Key
Laboratory of Digital Medical Engineering, Zhongda Hospital, School of Life Sciences and Technology,
Advanced Institute for Life and Health, Jiangsu Province High-Tech Key Laboratory for Bio-Medical
Research, Southeast University *Harvard Medical School, Eaton-Peabody Laboratory, Massachusetts Eye
and Ear

Individual Abstract: Autosomal recessive deafness 9 (DFNBY), caused by mutations of the OTOF gene, is
characterized by congenital or prelingual, severe-to-complete bilateral hearing loss. However, no drug
treatment is available for hereditary deafness. AAV1-hOTOF, adeno-associated virus (AAV) serotype 1
carrying a human OTOF transgene, was designed to treat patients with DFNB9. Here, we report the safety
and efficacy of AAV1-hOTOF gene therapy as the treatment of children with DFNB9 via unilateral or binaural
injection.

In this single-arm trial, patients (1-18 years of age) with severe-to-complete hearing loss were eligible.
AAV1-hOTOF was administered into one or two cochleas through the round window. The primary outcome
was dose-limiting toxicity (DLT). Adverse events (AEs), immune response, auditory function and speech
perception were evaluated.

From December 2022, to September, 2023, 9 patients with 95 dB of average auditory brainstem response
(ABR) thresholds at 0.5-4 kHz were enrolled. Six patients received unilateral injection, of which patient #1
received 9x1011 vg dose and patients #2—6 received 1.5%1011 vg dose. Subsequently, patients #7-9 received
binaural injection at a dose of 1.5x1011 vg. Follow-up visits ranged from 6 to 26 weeks. No DLT was
observed. 61 adverse events were observed, with 97% (59/61) being grade 1 or 2, and 3% (2/61) being grade
3. In patient #1, the average ABR threshold was recovered to 68 dB at 4 weeks, 53 dB at 13 weeks, and 45 dB
at 26 weeks. In patients #2-5, the average ABR thresholds were greater than 95, 48, 38, and 40 dB at 26 weeks,
respectively, while the average ABR threshold was 60 dB in patient #6 at 13 weeks. In patients #7-8, the
average ABR thresholds of left (right) ear were reduced to 63 (63), 88 (83) at 13 weeks. In patients #9, the
average ABR thresholds of left (right) ear were reduced to 60 (63) at 13 weeks. Speech perception was
improved in 5 patients who had hearing recovery. The ability of sound source localization was improved in
all patients who received binaural injection.

The AAVI-hOTOF gene therapy is safe and efficacious as a novel treatment for patients with DFNB9.

Poster Session 1
1:00 p.m. - 3:00 p.m.

Marquis Ballroom

S1. Open Board

S2. Neurofeedback Training of Auditory Spatial Attention Changes Oscillatory Activity of Parietal
Cortex

Hwan Shim*!, Akira Takeuchi!, Inyong Choi®, Sungyoung Kim'
'Rochester Institute of Technology, *University of Iowa



Category: Auditory Cortex and Thalamus: Human Studies
Background: Selective attention, which enhances cortical responses to attended sensory inputs while
suppressing others, can be beneficial for speech-in-noise (SiN) interpretation. Attentional modulation Yue Ren

describes this cortical process. Our previous work has shown that neurofeedback training paradigms are
effective in improving attentional modulation of cortical auditory evoked responses, but we are still in the
early stages of understanding how this neurofeedback training improves attentional modulation.

Methods: A modified neurofeedback training paradigm was created to enhance the control of cortical auditory
evoked responses by auditory spatial attention. A voice repeating “Up” five times and a voice repeating
“Down” four times were played concurrently from the left and right loudspeakers, respectively, in a female
or male voice. Participants received a neurofeedback that had been gamified i.e., if the "up" stream was
attended, an object would travel upward on the computer screen, and vice versa. The “neurofeedback training"
was repeated by the subjects over the course of two occasions which were often two weeks.

Results: Subjects demonstrated stronger alpha oscillation in the right parietal cortex during the after-cue-
before-sound period during the second experiment compared to the first, indicating that spatial inhibitory
processing to block sound inputs from the left was enhanced. Following the two weeks of training, there was
higher attentional modulation of beta oscillation in the right parietal cortex, indicating improved brain activity
in predicting the target. Additionally, the strength of attentional modulation on sound-evoked cortical
responses improved.

Conclusions: These results show that training with neurofeedback improves top-down processing and
auditory grouping in the parietal cortical network for auditory spatial selective attention.

S3. Self-Vocalizations Evoke Neural Activity in the Auditory Cortex of Neonatal Mice

Didhiti Mukherjee*!, Chih-Ting Chen', Patrick O. Kanold'
Johns Hopkins University

Category: Development: Cellular/Systems

Background: Early sensory experience from the periphery aids neural development and plasticity in the
neonatal sensory cortices. For example, in the developing mouse auditory cortex (ACx), peripheral sound-
driven activity is observed during the pre-critical period, even before the ear canals are open, and early sound
deprivation alters its functional connectivity. The critical question that must be addressed is what natural
environmental sounds activate the infant ACx. Since developing synapses exhibit high rates of adaptation to
ongoing stimuli and young neurons cannot sustain high firing rates, rare, intermittent sounds are likely to be
the most effective for activating the ACx. Some prominent intermittent sounds are produced by self- and other-
produced vocalizations by littermates or the mother. Other-produced vocalizations, however, are likely to be
attenuated by the closed ear canals in altricial pups, whereas self-vocalization will be less attenuated.
Therefore, we hypothesized that self-vocalizations activate the ACx in newborn pups.

Methods: To test this hypothesis, we performed in vivo widefield imaging of the ACx on both hemispheres
in awake mouse pups using a bilateral widefield microscope. We imaged pups expressing calcium indicator
GCaMP6 in excitatory neurons from postnatal days (P) 9 (before ear-opening) to P15 (soon after ear opening).
We imaged the neural activity of the ACx while simultaneously recording the pups’ spontaneous vocalization.
Results: We found that self-vocalization triggers fluorescence responses in multiple regions of the ACx in
both hemispheres at all ages. Our results show that self-vocalizations trigger neural activity in the developing
ACx even before the ear canals are open.

Conclusions: These findings suggest a role of early vocalizations in shaping cortical responses and the
tonotopic organization of the ACx.

S4. Auditory Cortical Coding of Task-Relevant Variables During Active Listening

Nathan Schneider!, Michael Malina?, Rebecca Krall', Ross Williamson*!
University of Pittsburgh, *Carnegie-Mellon University

Category: Auditory Cortex and Thalamus: Structure and Function



Background: Auditory-guided behavior is a fundamental aspect of our daily lives, as we rely on auditory
information to guide our decisions and actions. The primary route for auditory information to propagate from
the ACtx is through intratelencephalic (IT) and extratelencephalic (ET) neurons in layer (L) 5. These neurons
form the major output of the ACtx and, as a result, are in a privileged position to readily influence auditory-
guided behavior.

Methods: To investigate the behavioral role of IT and ET neurons, we devised a head-fixed choice task where
mice categorized the rate of sinusoidal amplitude-modulated (sAM) noise bursts as either fast or slow to
receive a water reward. To ascertain the necessity of ACtx, we conducted bilateral optogenetic inhibition with
GtACR?2 and observed a significant decrease in hit rate during inhibition trials. We then used two-photon
calcium imaging alongside selective GCaMP8s expression to monitor the activity of L5 IT and ET
populations.

Results: Clustering analyses of these populations revealed heterogenous response motifs that correlated with
various stimulus and task variables. Of particular interest was a distinct motif primarily present in ET neurons,
characterized by “categorical” firing patterns that indicated a preference for either slow or fast SAM rates.
This categorical selectivity was not initially present, but was revealed through longitudinal recordings,
illustrating dynamic alterations in the responses of ET neurons across learning to align with distinct perceptual
categories. Critically, this categorical selectivity in ET neurons did not manifest during passive exposure to
identical stimuli. This suggests that learned categorical selectivity is shaped via top-down inputs that act as a
flexible, task-dependent filter. Moreover, ET activity reflected behavioral choices independently of stimulus
identity or reward outcome, with choice selectivity increasing throughout learning.

In contrast, L5 IT neurons initially exhibited category information which then degraded as mice acquired task
proficiency. Furthermore, the ability to decode both stimulus identity and behavioral choice from IT activity
decreased across learning. This suggests a tradeoff of information between these two distinct populations
within L5, with IT projections playing a role in initial task acquisition, while ET projections are recruited and
reinforced throughout the learning process.

Conclusions: Collectively, these findings underscore the differential roles of L5 neurons and contribute to
our understanding of how auditory information is processed and utilized to guide decision-making and action.

SS. In-Vivo Holographic Stimulation Reveals Functionally Interacting Subnetworks in the Auditory
Cortex

HiJee Kang*l, Travis Babola', Patrick Kanold'
ohns Hopkins University

Category: Auditory Cortex and Thalamus: Structure and Function

Background: Sensory perception requires fast encoding of relevant input from a mixture of complex signals.
The auditory cortex (AC) plays a key role for processing of incoming acoustic signals. A group of co-tuned
neurons, rather than all neurons in the AC, is activated together for processing a specific acoustic feature.
Thus, even though neurons are tuned for a particular sound feature, they might not respond every time.
However, how evoked activities are distributed among co-tuned neurons is unknown. In addition, it is
unknown how this population allocation of activity changes with aging, which may be a candidate for
degraded central hearing ability for aging population, even with no peripheral hearing loss.

Methods: Here, we test how small groups of neurons in AC coordinate their activity in vivo using holographic
optogenetic stimulation targeting. This technique allows the stimulation of a small number of neurons. We
combine holographic optogenetic stimulation with in-vivo 2-photon imaging in awake adult mice. We first
imaged neural activities on a population of neurons to either 100-ms 16 kHz or 54 kHz pure tones using 2-
photon imaging (baseline session). We then add the holographic stimulation of 5 neurons that are responsive
to a 16 kHz pure tone (target tone), along with pure tone presentations (experimental session). By doing so,
we are increasing the activity in a small subset of co-tuned neurons. We then compared the changes in the
sound-evoked responses to 16kHz and 54kHz in neurons co-tuned with the stimulated neurons and non co-
tuned neurons.

Results: In young adult mice, stimulated neurons showed increased response amplitude during the
experimental session compared to the baseline session, regardless of the presented pure tone frequencies. More
importantly, non-stimulated, co-tuned neurons, showed response amplitude decrease only when the target tone



(16 kHz) was played along with stimulation. In contrast, in non-stimulated, non co-tuned neurons, such
amplitude decrease was not observed.

Conclusions: Our data suggest that neurons sharing the same functional characteristics adjust their evoked
activities for processing target sensory input when activities from a small group of neurons within the
subnetwork are manipulated. By doing so, the average activity level among co-tuned neurons is maintained.
We speculate that such rapid adjustment of evoked activities across co-tuned neurons deteriorates with aging.
Our results suggest that the subnetwork activity can be controlled by only a small subset of neurons, and the
network change is highly related to the functional properties of neurons which could contribute to efficient
sensory processing.

S6. Unsupervised Analysis of Attention Level-Dependent Temporal Coherence Processing Reveals
Auditory Cortical Specializations for Acoustic and Cognitive Coding

Kunpeng Yu*!, Hemant Kumar Srivastava!, Justin Fine!, Ben Hayden!, Kit Jaspe', Nikolas A. Scarcelli',
Hong Jiang!, Matthew J. McGinley'

'Baylor College of Medicine

Category: Auditory Cortex and Thalamus: Structure and Function

Background: Temporal coherence (TC) between frequency channels is crucial for differentiating a target
sound from its background. This mechanism is especially vital during concentrated and deliberate listening
and is believed to be processed within the auditory cortex (ACX). To investigate the neural processing of TC,
we executed electrophysiological recording in the ACX of mice engaged in a sustained attention value task.
The mice were trained to detect TC within a continuous, random tone cloud to earn a sugar water reward. The
task necessitated effortful sustained attention to distinguish TC from the tone cloud, and we modulated this
attentional demand by varying the reward size between 6 consecutive blocks of 60 trails in each session (De
Gee et al, 2022 for task details).

De Gee, Jan Willem et al. "Mice regulate their attentional intensity and arousal to exploit increases in task
utility." bioRxiv (2022).

Methods: To understand neural dynamics of different groups of neurons across multiple timescales, we here
utilize tensor component analysis to decompose electrophysiology data as a tensor and factorize each
component into three interconnected, low-dimensional descriptions of the data: neuron factors, reflecting
neuron assemblies; temporal factors, reflecting rapid neural dynamics within each trial; and trial factors,
describing both long-term and trial-to-trial changes in neural dynamics (H. Williams et al, 2018 for algorithmic
details).

H. Williams, Alex et al. “Unsupervised Discovery of Demixed, Low Dimensional Neural Dynamics across
Multiple Timescales through Tensor Component Analysis.” Neuron (2018).

Results: Our preliminary analysis shows a major component associated with a specific group of neurons that
increases their firing rate in response to TC emergence whose activity is correlated with trials with correct
response. We also see tensor components associated with fluctuating pupil-indexed arousal.

Conclusions: In ongoing work, we are further analyzing decomposed factors associated with different task
events (tone cloud emergence, temporal coherence emergence, animal response) and study how attention
effort impacts the neural dynamics of each component.

S7. Auditory Cortex Processing of Vocalizations in Natural Bouts

Estelle in 't Zandt*!, Dan Sanes!
'New York University

Category: Auditory Cortex and Thalamus: Structure and Function

Background: Animal vocalizations are often produced in sequences, or bouts, comparable to the production
of words within the context of a sentence. Studies in mice and some songbirds have demonstrated that animals
are highly sensitive to the particular order of vocalizations in a bout. Despite these behavioral findings, the
underlying neural mechanisms driving these perceptual responses remain unclear. Vocalization responses in



the auditory cortex (AC) have been primarily investigated as single syllables in anesthetized or head-fixed
animals. However, since vocalizations are ethologically relevant stimuli to animals, it is crucial to investigate
AC responses to vocalizations in their naturally-produced bouts in an awake, freely-moving state. Here, we
investigated how gerbil AC responses differ across complete bouts of vocalizations, and how single-syllable
manipulations affect those responses.

Methods: We recorded AC responses to vocalization bouts in awake, freely-moving adolescent (n=4) and
sexually mature (n=2) Mongolian gerbils (Meriones unguiculatus). Gerbils are a highly social rodent species
with a rich vocal repertoire consisting of vocalizations that span the sonic and ultrasonic hearing range. We
used chronically-implanted, high-density silicon probes to wirelessly record single AC neuron responses in
the same animals across weeks of adolescence or adulthood. We used multiple types of vocalization bouts that
were emitted by gerbils in an undisturbed family context. During recording sessions, we presented syllables
from different call types either in isolation, within their original bout, or in a bout following a spectrotemporal
manipulation of the previous syllable. For all analyses, we only included neurons that displayed a significant
response to the original version of the bout, assessed either by a significant change in firing rate from baseline,
or through temporally-reliable responses across trials.

Results: Overall, we found that 28% of all cells recorded displayed significant responses to at least one of the
vocalization bouts presented (425/1505 recorded single units). For 6 out of 8 syllables tested, we found a
significant difference between the firing rate of the AC population to isolated syllables as compared to those
same syllables presented within their natural bout (p less than 0.05, two-tailed paired t-test). However, within
that population, only 11-24% of neurons had significant modulation by the bout, depending on the stimulus
type.

Conclusions: These results suggest that vocalization encoding in AC is sparse, and most neurons do not
integrate across the bout for longer than the length of a single syllable. This suggests that bout integration is
likely to occur downstream of AC, thereby supporting discrimination of vocal classes or individual vocalizers.
Further analyses using a population classifier will address this question.

S8. Probing AMPA Receptors Activity at Ribbon Synapses in the Mammalian Cochlea by Glutamate
Uncaging

Juan Goutman*!', Mona Jawad?, James Huettner?, Mark Rutherford?
YINGEBI (CONICET), *Washington University in St. Louis

Category: Auditory Nerve

Background: AMPA receptors in the mammalian brain mediate fast neurotransmission. These glutamate
receptors are concentrated in specific regions of the synapse called postsynaptic densities (PSDs), in close
opposition to presynaptic active zones. Across synapses a great variability of PSDs sizes and number of
AMPA receptors have been described. This morphological and molecular heterogeneity is a determinant of
functional responses in the postsynaptic neuron. In the mammalian inner ear, glutamatergic synapses are also
formed between inner hair cells (IHCs) and spiral ganglion neurons (SGNs). Postsynaptic terminals of SGNs
are characterized by large PSDs, 5-10 times bigger than those found in the brain. Presynaptically, the IHC
ribbon synapse supports high rates of vesicular exocytosis onto a single SGN PSD. However, the sizes and
locations of events of glutamate release relative to the PSD are not well understood. We speculate that PSDs
are not saturated by glutamate during low/moderate rates of release and are able to accommodate large
amounts of glutamate released by IHCs.

Methods: Explants of the organ of Corti from C57/BL6 mice of 15-17 days of age were used. A glutamate
photolysis method was implemented on an upright microscope within an electrophysiology set up. The
expanded beam of a 405 nm diode-laser was projected onto the back aperture of a 60x objective producing a
diffraction-limited illumination spot at the objective focal plane. The laser light was flashed upon the tissue
previously bathed with a caged-glutamate compound (MNI-glutamate), producing fast transients in glutamate
concentration. The lateral width of the laser spot was approximately 0.2microns.

Results: Responses to glutamate uncaging were recorded by patch-clamp directly on SGNs terminals. Both
intensity and duration of laser pulses could be modulated to generate glutamate transients of different sizes.
The relationship was drawn between amplitudes of responses to glutamate photolysis (Iphotol) and laser
intensities, obtaining complete curves with maximal responses for n =4 SGNs. The average maximal Iphotol
was 1,483 £261 pA with a holding potential (Vh) of -50 mV, which corresponds to 29.6 + 5.2 nS (or 2,076 £



366 pA with Vh =-70 mV). In parallel, spontaneous EPSCs were recorded in n =5 SGNs (greater than 1000
events each) evoked by the superfusion of a high K+ extracellular solution. In agreement with previous results,
the EPSC average amplitude was 381 + 57 pA (Vh = -70 mV), whereas the largest EPSC in each recording
averaged 887 £+ 129 pA.

Conclusions: In summary, Iphotol were recorded at SGNs terminals in response to brief (0.05 — 0.5 ms) laser
pulses of different intensities. The maximal Iphotol was 2.3X greater than the largest spontaneous EPSC
recorded in high-K+ solution and 3.9X larger than the average EPSC, suggesting that AMPA receptors on
PSDs at SGNs are not saturated during low/moderate neurotransmission.

S9. Cx30 (GJB6) is Required for Neural Development and Distribution in the Cochlea

Liman Liu*!, Tian-Ying Zhai!, Yang Yang!, Yi-Ding Yu!, Yong Kong?, Hong-Bo Zhao'
YYale University Medical School, *Yale School of Public Health

Category: Auditory Nerve

Background: Cx26 and Cx30 are predominant isoforms in the cochlea. Both Cx26 mutations and Cx30
mutations can cause hearing loss. However, there are no Cx26 and Cx30 expressions in the hair cells and
spiral ganglion neurons in the inner ear. Our previous studies reveal that Cx26 deficiency can cause cochlear
developmental disorders. In this study, we found that Cx30 deficiency can cause spiral neuron development
and distribution disorders.

Methods: Cx30 KO mice and littermate wild-type (WT) mice were used. Hearing function was tested by
ABR, DPOAE, and cochlear microphonics (CM) recordings. The spiral neuron development and the ribbon
synapses distribution were examined by immunofluorescent staining with confocal microscopy. Animal
behavior was also examined by acoustic startle response (ASR). Gene transcriptional changes were analyzed
by RNA-Seq technique.

Results: Cx30 KO mice showed hearing loss in comparison with WT mice. In comparison with WT mice,
innervations of auditory nerves with inner hair cells (IHCs) in Cx30 KO mice were significantly reduced.
Ribbon synapses in Cx30 KO mice were also reduced and demonstrated a “deer-hoof-print” like distribution
under IHCs. The behavioral test measured by acoustic startle response (ASR) showed that Cx30 KO mice had
the similar ASR as WT mice. However, the peak-time of ASR in Cx30 KO mice had significant delay. In
addition, as age increased, the responses of acoustic startle in Cx30 mice was significantly decreased in
comparison with WT mice. Consistent with morphological and behavioral changes, RNA-Seq analysis
revealed that Cx30 KO caused significant changes in axon and synapse formation and specialization pathways,
even spiral ganglion neurons have no Cx30 expression.

Conclusions: These data indicate that gap junction gene Cx30 can modify cochlear neural development and
distribution, even though there is no Cx30 expression in the spiral ganglion neurons. These results also reveal
that connexin GlJs play a critical role not only in the cochlear development but also in the neural development
in the inner ear.

Supported by NIH RO1 DC019687

S10. Inferred Neural Deficits Associated With Difficult Word-Recognition Tasks are Consistent With a
Preferential Loss of Low- And Medium-SR Fibers in Normal-Hearing Subjects

Viacheslav Vasilkov*!, M. Charles Liberman', Stéphane F. Maison!
'Harvard Medical School / Mass Eye and Ear

Category: Auditory Nerve

Background: Difficulty understanding speech in noisy backgrounds is the most common complaint
associated with sensorineural hearing loss. Previous studies have shown that measures of cochlear nerve
degeneration (CND) in normal-hearing listeners were correlated with performance on difficult word-
recognition tasks (Grant et al, 2020; Mepani et al, 2021). Here, we examine in normal-hearing subjects if 1)
word scores are correlated with suprathreshold envelope-following responses (EFRs) to rectangular



amplitude-modulated (RAM) stimuli and 2) if deficits in performance are consistent with a preferential loss
of low-/mid- spontaneous rate (SR) fibers as inferred by a model of the auditory periphery.

Methods: 80 native speakers of English, 19-72 yrs old, with normal audiometric thresholds (<20 dB HL) at
both standard and extended frequencies (9-16 kHz) were enrolled.

Word-recognition performance was assessed by counting the number of correctly repeated words from a list
of 50 words from the Northwestern University Auditory corpus (NU-6) presented at 70 dB HL with 65%
“time compression” and added 0.3 sec reverberation.

EFRs were recorded using a vertical montage with the ground on Fpz, the inverting electrode over the
ipsilateral mastoid bone and the other non-inverting electrode on Fz. EFRs were obtained in response to 600-
ms long rectangular amplitude-modulated (RAM) tones at 3 kHz delivered at 70 dB SPL using a 120 Hz
modulation frequency with 100% modulation depth and a 25% duty cycle.

The Zilany, Bruce, and Carney (2014) model of the peripheral auditory system was used to simulate the
responses of three auditory-nerve fiber types of different spontaneous rates (SR): low (0.1 spikes/s), medium
(5 spikes/s) and high (100 spikes/s). A time-domain waveform of individual words extracted from the word
lists was inputted to the model. The model’s output from each fiber type was compared against the wavelet
spectrogram of the stimulus using two-dimensional correlation analysis.

Results: Suprathreshold EFRs to RAM stimuli were correlated with word-recognition scores obtained on
CNC words presented with 65%-time compression with added reverberation (r = 0.27, p less than 0.001).
Correlation coefficients between speech stimulus spectrograms and the simulated neural response obtained
from the model varied as a function of SR and stimulus presentation level: at higher SPLs, words with time
compression and added reverberation were better represented for low-SR and mid-SR than for high-SR fibers
(t-test at 90 dB SPL: p less than 0.001 for low-SR or mid-SR vs high-SR).

Conclusions: Model simulations suggest that the low-/medium-SR fibers provide a better spectro-temporal
representation of CNC words presented with time-compression and reverberation at suprathreshold levels
when compared to high-SR fibers. These results support the hypothesis that loss of low-/mid-SR fibers is
associated with poorer performance on difficult word-recognition tasks in normal-hearing subjects.

Research supported by a grant from the NIDCD (P50 DC015857).

S11. Peripheral Speech Encoding Mechanisms: Comparative Analysis Between Simulations and
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Background: Phoneme and vowel discrimination in speech perception depend on information derived from
spectro-temporal differences. However, how speech is encoded in the cochlea and is impaired by peripheral
hearing damage remains unclear. Simulated single-unit auditory nerve (AN) responses as well as compound
action potentials (CAP) to phonemes and vowels using models of auditory processing mechanisms, can
provide insight into these speech coding mechanisms. Especially when comparing the simulations to direct
measures of AN responses elicited by the same stimuli in humans and gerbils.

Methods: Four phonemes: /du/, /bu/, /di/, /bi/ and four vowels: /o/, /u/, /i/ and /y/ were presented at 70 dB
SPL and were presented in pairs to assess neural discriminability: /du/-/bu/, /di/-/bi/, /o/-/u/ and /i/-/y/. By
shifting the formant locations within a pair, a sequential 9-step morphing was generated between the extremes
within a pair. Simulated single-unit and summed AN responses were generated by using the Verhulst et al.
(2018) model for humans, along with a new version that was adapted to simulate gerbil hearing. For pairs
/du/-/bu/ and /o/-/u/, the spectral region below 1.5kHz differs, primarily targeting temporal fine structure (TFS)
coding ability for discrimination. The /i/-/y/ and /di/-/bi/ pairs differed in the spectral region above 1.5 kHz
and target the ability to use temporal envelope (TENV) cues. Simulations were performed for normal and



hearing-impaired cochleae (outer-hair-cell or AN damage) and compared to collected human CAP data
(Reims) and single-unit gerbil AN data (Montpellier).

Results: Both in simulations and in recordings, the summed AN responses to /i/-/y/ were similar across all
steps of morphing. This contrasts the simulations and recordings of the summed /du/-/bu/ and /o/-/u/ responses
that show apparent waveform differences across morphing steps with /o/-/u/ showing the most pronounced
differences, indicating easy neural discriminability for the provided TFS cues. There was a discrepancy
between simulated and recorded human /di/-/bi/ responses, where the recordings showed stronger visual
differences than the simulations. Here, neurograms that show the AN fiber activation across characteristic
frequencies can help to disentangle the difference between population and single-unit place coding
mechanisms.

Conclusions: Comparisons between recordings and simulations indicate some interesting overlap suggesting
that the simulated TFS/TENV coding mechanisms can capture the experimentally observed responses.
Hearing-impairment simulations can furthermore help elucidate which coding aspects (vowel, consonant,
TFS, TENV) are predominantly affected, to steer the future development of hearing-impairment treatments.

Work supported by ERA-NET Neuron grant CoSySpeech (ANR R21034FF and FWO GOH6420N).
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Background: Speech perception relies on the detection of a variety of subtle acoustic spectro-temporal
contrasts, but little is known about the speech encoding in cochlea. Here, we performed single-fiber recordings
from gerbil auditory nerve in response to vowels featuring specific spectro-temporal contrasts.

Methods: Four synthetic vowels were prepared: /o/, /u/, /i/, and /y/. For each of the /o/—/u/ and /i/~/y/ vowel
pairs a sequential 5-step morphing was generated between the two elements of the pair by shifting formant
locations. Specifically, the vowels of the pair /o/—/u/ differ in the spectral region below 1.5 kHz which
primarily concerns temporal fine structure coding. The vowels of the pair /i/—/y/ differ in the spectral region
above 1.5 kHz and are thus thought to primarily rely on envelope coding for distinction. Single-fiber
recordings from the auditory nerve were performed in anesthetized gerbils (2-3 months of age, males). Sounds
were delivered in closed field, and extracellular action potentials from single auditory nerve fibers (ANFs)
were recorded with a glass microelectrode.

Results: Single-unit recordings were performed in 270 ANFs. The distribution of spontaneous discharge rate
(SR), characteristic frequency (CF), and threshold of fibers was similar to that reported in previous studies.
The response of individual fibers to each morphed pairs of stimuli was recorded at 70 dB SPL (same polarity,
30 presentations per stimulus). In response to vowels /o/, /i/, and /y/, most of the fibers’ firing patterns were
phase-locked to the temporal envelope of the vowel. In response to /u/, some fibers also fired in synchrony
with the phase of the fine structure of the sound. For the vowels generated by morphing /i/ to /y/, the response
of most the fibers remained unchanged across the five steps of the morph. In contrast, morphing between
vowels /o/ to /u/ evoked gradual changes of firing patterns in a fraction of fibers, thus suggesting a better
ability of ANFs to encode in a discriminatory manner the pair of vowels /o/-/u/ rather than the pair /i/-/y/.
Conclusions: These preliminary results suggest presence of distinct neural coding of different vowels (notably
/o/-/u/) in individual ANFs that relies largely on the envelope coding. Further analyses using other stimuli
(e.g. syllables) and population fibers responses (neurograms) are ongoing.

Work supported by ERA-NET Neuron grant CoSySpeech (ANR R21034FF and FWO GOH6420N).
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Background: The spiral and vestibular ganglia contain diverse neuronal subtypes with distinct functions.
Among the signatures of age-dependent plasticity are degeneration of the ganglionic neurons. Understanding
the mechanisms of age-related hearing loss and vestibular hypofunction may require the identification of
relevant molecular markers of aging. Single-cell analysis provides insights for understanding unique features
of neuronal populations, cellular lineage, function, differentiation, impacts of microenvironments, and
discovery of rare cell types in a complex system such as the auditory and vestibular systems.

Methods: Single-cell sequencing-based transcriptomic profiling (scRNA-Seq) is now commercially available
and broadly accessible. However, single-cell transcriptomics only captures part of the molecular state of a
cell. Cellular structures and functions are determined mainly by the proteome.

Results: We generated unbiased and in-depth single-cell protein profiles of auditory and vestibular neurons
in 2-3, 12, and 24-28 most old CBA mice. We used the nanoPOTS and LC-MS-based proteomics platforms
for sensitive and high-throughput single-cell proteomics. The unbiased profiling of auditory and vestibular
neurons provides a depth of coverage of greater than 1000-3000 proteins/cell, thus providing a capability for
direct protein measurement analogous to single-cell RNA-seq. We will analyze the proteome, provide a
complete picture, and identify protein markers associated with ARHL and vestibular hypofunction.
Conclusions: We generated unbiased and in-depth single-cell protein profiles of auditory and vestibular
neurons in 2-3, 12, and 24-28 most old CBA mice. We used the nanoPOTS and LC-MS-based proteomics
platforms for sensitive and high-throughput single-cell proteomics. The unbiased profiling of auditory and
vestibular neurons provides a depth of coverage of greater than 1000-3000 proteins/cell, thus providing a
capability for direct protein measurement analogous to single-cell RNA-seq. We will analyze the proteome,
provide a complete picture, and identify protein markers associated with ARHL and vestibular hypofunction.

S14. Hyperpolarization-Activated Cation Channels Confer Tonotopic Specializations in the Cochlear
Nucleus

Kwame Owusu-Nyantakyi*!, Lashaka Hamlette!, Stefan Oline!, Paul Asadourian', R. Michael Burger!
Lehigh University

Category: Brainstem: Structure and Function

Background: The intrinsic properties of neurons within auditory circuitry are crucial for accurate signal
processing. In the avian model, the brainstem neurons of the nucleus magnocellularis (NM) receive primary
auditory input from nVIII fibers and are distributed systematically according to characteristic frequency
tuning, an arrangement known as tonotopy. Although NM cells are relatively homogeneous in structure and
function, they display several prominent physiological properties that vary systematically along the tonotopic
axis. One such property is the tonotopic expression of voltage-gated ion channels. One such channel, HCN,
mediates hyperpolarization-activated cation conductances (Ih). We investigated the distribution and functional
role of Th channels in shaping response properties of NM cells to simulated synaptic input.

Methods: We used whole-cell current and voltage clamp methods to assess the function and contribution of
HCN channels in the cochlear nucleus magnocellularis cells. Immunohistochemistry was used to evaluate the
expression of the HCN1 channel subunit.

Results: We previously established two measures of membrane excitability that vary systematically along the
tonotopic axis: slope threshold and integration period. The slope threshold decreased and the integration period
increased in NM cells across the tonotopic axis following the application of the HCN1 channel blocker ZD-
7288 (40uM). Additionally, the block of Ih channels influenced NM response thresholds and entrainment to
pulse stimuli that simulated phase-locked synaptic input over a range of input frequencies.

Conclusions: Together, these results show a novel tonotopic expression gradient of hyperpolarization-
activated cation channels (HCN) and their conductances (Ih). Further, they suggest that Ih regulates



excitability and response fidelity during sustained stimulus periods primarily by influencing the input
resistance of NM cells.

S15. Characteristics of Suprathreshold Parallel Auditory Brainstem Responses (pABR)

Isabel Herb*!, Melissa Polonenko!
YWniversity of Minnesota

Category: Other, Auditory Brainstem: Human

Background: Auditory brainstem responses (ABR) are used to objectively evaluate hearing status in both
research and the clinic, but obtaining complete tests often requires a lot of time. Time is a commodity when
testing infants, toddlers, and adults who cannot complete behavioral testing or when multiple conditions are
needed in the same session. The parallel ABR (pABR) speeds up testing by simultaneously presenting all
frequencies in both ears. To date, only wave V of the pABR has been characterized because it is the prominent
component that reliably predicts hearing threshold — the most common application of ABR testing. However,
the pABR at suprathreshold levels may add clinical and research value by evaluating different parts of the
early auditory system pathway at different frequencies. This study aimed to assess the proportion of
participants with identifiable ABR waves [-V and middle latency responses (MLR) and then characterize these
components of the suprathreshold pABR.

Methods: Data were downloaded from an open-set repository on Dryad. This dataset included 20 normal
hearing adult participants (13 females, 6 males, 1 non-identifying, ages 18—35 years) who listened to pABR
stimuli (0.5, 1, 2, 4, 8 kHz in both ears) at six stimulation rates (20—120 Hz) and two intensities of 51 and 81
dB peSPL (~30—40 and 60—70 dB nHL respectively). Only the higher intensity responses were analyzed for
this study. ABR and MLR waves were visually chosen and analyzed for their presence, latency, and amplitude.
Peak picking consistency across two markers was analyzed using the intraclass correlation type III coefficient.
Peak amplitude and latencies were analyzed using linear mixed-effects modeling with participant and peak
marker as random effects.

Results: Chosen peaks were reliable across two markers and showed a prominent wave V for all participants.
Preliminary results indicate identifiable waves I and III for mid/high frequency responses and at low/mid
stimulation rates. Furthermore, latencies and amplitudes differed for each ABR peak, frequency, and
stimulation rate. MLR responses were consistently visible and will be further characterized. The ability to
identify and characterize ABR and MLR components is significant given the moderate intensity of 60—70 dB
nHL of the multi-frequency pABR stimuli compared to the high-intensity 80—-90 dB nHL broadband click
stimuli typically used in suprathreshold ABR testing.

Conclusions: Suprathreshold testing using the pABR provides information about multiple early stages of
auditory processing while using a moderate intensity. Using such a tolerable level to gain this information
may facilitate further insights into hearing function beyond sensitivity in future research and clinical practice,
particularly for those populations from which it is challenging to obtain behavioral responses.

S16. Neuropeptide Y mRNA Has Altered Expression With Age in the Inferior Colliculus in Fischer
Brown Norway Rats

Laila Almassri*!, Kristen Crane?, Sean Hergenrother!, Milena Iafrate!, Nick Tokar!, Andrew Ohl!, Jeffrey
Mellott'

'NEOMED, *Akron University, NEOMED

Category: Brainstem: Structure and Function

Background: Neuropeptide Y (NPY) is one of the most abundant peptides in the brain, it is primarily
expressed by a subset of GABAergic neurons and its neuromodulatory effects shape neuronal activity. In the
inferior colliculus (IC), the central hub of the auditory pathway, NPY signaling broadly dampens neural
excitability, making it a potential influencer of the excitation/inhibition balance that is disrupted in age-related
hearing loss. The aim of the present study was to investigate regional changes of NPY mRNA expression in
the aging IC.



Methods: We used 3- and 28-month-old Fischer Brown Norway (FBN) rats, which develop low frequency
hearing loss at ~24 months of age. Unfixed brains were flash frozen in liquid nitrogen and sectioned coronally
at 12 um. Single molecule fluorescent in situ hybridization assays were performed using the RNAscope
Multiplex Fluorescent Reagent Kit v2 according to the manufacturer’s instructions (ACDBio) to express NPY
mRNA and GAD1 mRNA. Sections were counterstained with NeuroTrace and DAPI to reveal profile areas
and nuclei, respectively. The Paxinos and Watson (‘98) rat brain atlas and Neurolucida (MBF Bioscience)
were used to contour the IC sections and subdivide into central nucleus (ICc), dorsal cortex (ICd), and lateral
cortex (IClc). We manually quantified NPY mRNA and measured profile areas of each cell across the IC
subdivisions using Neurolucida. Cells were classified as small, medium, or large, as determined by our
previous studies.

Results: Nearly all (99.3%) NPY cells also co-expressed GAD1 mRNA. However, the number of GADI
positive cells that were also NPY positive ranged from 69% in ICd to 43% in ICc to 38% in IClc. While each
IC subdivision had a large population of NPY cells, ICd has the greatest density. Most (~80%) cells expressing
NPY mRNA had medium cell profile areas with an average profile of 237.4 um?2 at young age and 232.7 pm?2
at old age. The average number of NPY mRNA in medium young cells was 81.8 in the ICd and 76.5 in the
IClc. In medium old cells, the average number of NPY mRNA was 54.1 in the ICd and 49.8 in the IClc, a
reduction of 33.9% and 34.9%, respectively. The number of NPY mRNA did not change in medium cells in
the ICc (62 in young and 61.2 in old) with age. Reductions in small and large cells were not as robust.
Conclusions: Our findings demonstrate that NPY-mediated inhibition is likely reduced at old age, in particular
the non-lemniscal IC. As NPY dampens neural excitability in the IC, the loss of NPY with age may contribute
to an imbalance of inhibitory/excitatory neurotransmission. In turn, the poor temporal precision routinely
present in elderly populations with hearing loss may be driven by the downregulation of NPY in the auditory
brainstem.

S17. Effects of Noise-Induced Hearing Loss on Dorsal Cochlear Nucleus Neurons in Late Adolescent
NF107:Ai32 Mice
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Background: Noise exposure causes multiple changes in cellular physiology of central auditory neurons and
in their sensory responses. However, many physiological studies at the cellular level have used young animals,
and it remains unknown whether the reported changes in electrical excitability and synaptic function are the
same when noise exposure occurs later in life. Here, we investigated intrinsic excitability and synaptic
responses to stimulation of type 1-c spiral ganglion cell (SGC) terminals in the dorsal cochlear nucleus (DCN)
of late adolescent mice.

Methods: NF107 mice (FVB background) were crossed with the Ai32 ChR2-EYFP mice, to express ChR2-
EYFP in the type 1-c SGCs. There were 4 experimental groups: control mice with no expsoure, mice exposed
to 115 dB SPL octave-band (8-16 kHz) at P42D and recorded ~2 weeks (2W, P56D) later, mice exposed to
115 dB SPL octave-band noise at P53D and recorded at ~P56D (3D), and mice exposed to 96-106 dB SPL
octave-band noise at P42D. ABRs were performed on all subjects prior to slice preparation. All recordings
were performed blinded to treatment. Brain slices were prepared following transcardial perfusion with an
NMDG-based solution, and intracellular recordings made with K-gluconate electrodes containing
tetramethylrhodamine-biocytin for cell identification. Responses to current injection were collected to assess
intrinsic excitability and spike shape. Responses to laser-scanning photostimulation were collected to evaluate
synaptic input from type 1c SGCs. Results from all groups were analyzed with custom programs. Treatment
effects were analyzed using omnibus tests followed by multiple-comparison corrected post-hoc tests.
Results: Recordings revealed few changes in intrinsic excitability. Three days after 115 dB SPL exposure,
firing rate adaptation in pyramidal cells slightly increased. All 3 noise exposure conditions reduced the
maximum rising slope of pyramidal cell APs. Tuberculoventral cells showed an increased firing rate gain with
current injection 2W after exposure at either level; increased gain was not apparent 3D after noise exposure.
Cartwheel cells showed few changes. There were no changes in the time course of spontaneous EPSCs or



auditory-nerve evoked EPSCs, or in the amplitude of spontaneous EPSCs. The rate of spontaneous EPSCs in
pyramidal cells significantly increased 2W after exposure at both sound levels.

Conclusions: As compared to previous studies in which juvenile mice or rats were challenged with noise
exposures resulting in multiple changes in neuron excitability and synaptic transmission, we found that in
older mice there were fewer central consequences that could be detected. Surprisingly, the tuberculoventral
cells, a class of glycinergic interneuron in the DCN that projects throughout the cochlear nucleus, showed
increased firing gain. Given there was very little functional recovery from the higher-level noise exposures,
these results suggest that there is limited plasticity of intrinsic excitability in DCN neurons after hearing loss.

S18. Glutamatergic Pathway-Specific Loss-Of-Function of mGluRS Disrupts the Development of
Synaptic Excitatory Transmission Onto Mouse MNTB Neurons

Huimei Wang*!, Yong Lu?
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Background: Glutamatergic transmission plays important roles in the development of sensory systems,
partially via mGluR5 modulation. Consequently, a number of neurodevelopmental disorders involve mGIuRS5
misexpression and dysfunction. Previous studies on mGluR5 modulation in the auditory system, including our
own, have used almost exclusively animal models with intact mGluR expression. However, the exact
mechanism underlying mGIluRS5 contribution to developmental neuropathology remains largely unknown. To
fill this critical gap, we propose to study the consequences of mGIluR5 deficiency on the development of
brainstem sound localization circuit.

Methods: Using the Cre-loxP system, we generated a conditional KO (cKO) mouse line in which mGIuRS
on the glutamatergic pathways in the auditory brainstem was genetically eliminated, by crossing mGluR5-
floxed mice with transgenic mice expressing Cre recombinases under the control of VGluT2 promotor. These
two mouse lines were crossed with a ROSA26 reporter mouse line. Then, the mGluR5-loxP and VGIuT2-Cre
mice were crossed to generate F1 offspring (heterozygous), which were crossed to generate cKO and littermate
control mice. Brainstem slices were prepared from mice at the ages of P14 (range 14-15) and P30 (range 30-
35). Using whole-cell patch clamp, we studied synaptic excitatory properties of MNTB neurons, at 35 °C. t-
test was used to detect differences between cKO and their WT littermates.

Results: Elimination of mGIluRS in the glutamatergic pathways compromised the synaptic properties required
for precise temporal processing in MNTB, especially at P30. The amplitude of spontaneous EPSCs in the cKO
at P30 was significantly larger than that of WT. In response to synaptic stimulation with increasing intensity,
evoked EPSCs in the cKO varied widely in latency, whereas in the WT the synchronized eEPSCs had a
constant latency. The varying latencies of the eEPSCs could be caused by increased number of inputs. The
frequency of asynchronized (delayed) glutamate release following a train synaptic stimulation (100 Hz, 20
pulses) increased significantly in the cKO at P30, indicative for compromised temporal coding.
Conclusions: Glutamatergic pathway-specific cKO of mGluRS disrupted the cellular properties required for
temporal processing at the AVCN-MNTB synapse. The results are consistent with the idea of increased
excitatory inputs in the cKO, suggesting a role of mGluRS5 in synapse formation and maturation during
development.

Supported by NIH R56DC016054

S19. Age-Dependent Characterization of Fusiform Cells

Reginald Edwards*!, Michael Kasten?, Kendall Hutson?, Paul Manis?
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Category: Brainstem: Structure and Function

Background: The cochlear nucleus (CN) receives the entire output from the cochlea via the auditory nerve.
The CN is comprised of 3 main compartments, the posterior ventral cochlear nucleus, anterior ventral cochlear
nucleus, and dorsal cochlear nucleus (DCN). The DCN integrates auditory information with somatosensory,



vestibular, and proprioceptive signals for external sound localization and inhibition of self-generated sounds
(Ryugo et al., 2003; Singla et al., 2017). This function is orchestrated by a wide variety of inhibitory and
excitatory neuronal circuits within the DCN. The primary excitatory output neurons of the DCN are fusiform
cells. Fusiform cells change their electrophysiological properties during the onset of hearing at least up to p22
in mice (Benites et al., 2023). However, bushy cells (an excitatory projection neuron found in the ventral CN)
demonstrate continued physiological changes at 6-7 months (Xie and Manis, 2013), and likewise
morphological changes (Ryugo et al. 2006) out to at least 3 months. This study seeks to extend the
characterization of morphological and physiological properties of DCN fusiform cells into adulthood; thus,
providing foundational knowledge for how fusiform cells maintain or modulate morphological and
physiological properties post-maturation. This insight is imperative to complete our understanding of how the
CN, and the auditory system, reach their mature form and function.

Methods: CBA/CAJ mice at 4 age points were used for experiments: preweaning (p12-18), pubescent (p20-
40), young adult (p50-90), and mature adult (p180+). Mice were euthanized and perfused with an NMDG-
based solution before DCN collection. Brain slices (250 microns thick) of DCN were prepared on a vibratome.
Fusiform cells in DCN were subjected to whole-cell recording and filled with tetramethylrhodamine-biocytin
before fixation. Post fixation, brain slices were imaged on the Zeiss 780 confocal laser scanning microscope.
Z-stack images, 30-50 microns thick, were imported into Imaris for 3D reconstruction of filled fusiform cells.
Quantitative analysis of morphology was derived from individual filled cells.

Results: Preliminary results indicate an increase in dendritic complexity with age. The number of branch
points per dendrite increases with age, indicating a more complex fusiform cell dendritic tree. Interestingly,
although the number of branch points increases with age, the total cell surface area remains consistent.
Physiologically, intrinsic firing properties are qualitatively similar across this age range.

Conclusions: In this study, we characterize fusiform cell morphology and physiology into maturity. This work
will give critical insights into understanding the continued development of these key auditory neurons, and
their potential changes that can affect auditory processing with age.

S20. Three-Dimensional Imaging of Granule Cell Regions in Cochlear Nucleus of NF107:Ai32 Mice

Kendall A. Hutson*!, Michael R. Kasten', Reginald J. Edwards', Paul B. Manis!
YWniversity of North Carolina

Category: Brainstem: Structure and Function

Background: Axons of spiral ganglion cells (SGC’s) form the auditory nerve, projecting onto cells of the
cochlear nucleus (CN). However, many details of how different molecular sub-types of SGC axons, and their
endings, are distributed across the CN are not well understood. We previously presented evidence suggesting
that in NF107:Ai32 mice, a subset of SGC’s express ChR2-EYFP and co-localize with Pou4fl — a putative
marker for low spontaneous rate SGC’s. Here, we combine GABA receptor immunolabeling to distinguish
granule cell regions in these mice with axonal projections (relative to granule cell regions) to investigate if
these patterns also reflect features characteristic of low spontaneous rate SGCs.

Methods: Adult NF-107-Cre mice cross bred with Ai32 (ChR2-EYFP) mice express ChR2-EYFP in a sub-
population of SGC’s, which can be immunostained for EYFP to study their projections to the CN. In addition,
the CN was immunolabeled with antibodies to GABAA receptor a6 subunit to mark granule cell regions and
examine how EYFP labeled axons are distributed relative to the granule cell regions. For this, CN tissue was
processed and cleared for imaging using light sheet fluorescent microscopy. Images were imported into Imaris
software for visualization in three-dimensional (3D) space.

Results: The granule cell region has an extensive distribution across the CN, similar to other animals. It
encapsulates the margins of the CN, broken only to allow fibers to enter or exit from the nucleus. Internally,
a portion of the granule cell region forms the boundary between ventral and dorsal CN (VCN and DCN),
abutting a region in the VCN also termed the small cell cap. Within the DCN, there is a district granule cell
layer, characteristically fractured into island-like cellular segments. The small cell cap region is of particular
interest for two reasons. In 3D, the granule cells in this region do not form a continuous layer, but rather a
sheet punctuated by multiple lacunae. Many small lacunae were filled with EYFP positive puncta, and larger
lacunae often contained numerous EYFP labeled fibers — forming what appear to be conduits for fibers
coursing between the DCN and VCN, including some auditory nerve fibers. The second reason is that EYFP



labeled auditory nerve fibers form a plexus along the ventral surface of the small cell cap throughout its extent
— a pattern similar to that shown in single-fiber studies of low spontaneous rate SGC'’s.

Conclusions: The present results, together with our Pou4f1 co-localization observations, further point to the
NF107:Ai32 mice as expressing EYFP predominantly, if not exclusively, in a specific subset of SGC’s. The
central projection patterns from these SGC’s exhibit a particularly close relationship to granule cell regions.
Together, these observations suggest these mice provide a useful model for examining structure-function
properties of a specific sub-type of SGC.

S21. Influences of Sensory-Motor and Predictive Mechanisms on the Frequency Following Response
(FFR): Listening While Playing the Organ

Isabelle Arseneau-Bruneau*!', Marcel Farres Franch!, Lucy Core!, Amy Li', Emily Chen!, Emily Issa?,
Alexandre Payoma3, Nayemur Rahman?, Sebastian Kolde!, Martha Liu!, Patrick Bermudez*, Fernando
Llanos?, Emily B.J. Coffey3, Robert J. Zatorre!

'Montreal Neurological Institute - McGill University, 2Dawson College, *Concordia University, *Canadian
Open Neuroscience Platform, °>University of Texas at Austin

Category: Other, Auditory Perception

Background: The frequency following response (FFR) is typically considered as a passive response to
auditory stimuli that can be used to quantify the quality of auditory encoding. However, predictive coding
theory suggests that perception is the outcome of top-down prediction interacting with sensory (bottom-up)
processes. Therefore, self-produced sounds may generate different FFRs than passively generated sounds, and
previous auditory-motor experience may interact with these mechanisms. Our study aims to explore these
interactions, as well as the improvements related to music training in auditory perception, by examining the
FFR specifically in the context of auditory-motor integration.

Methods: Using newly developed procedures that combine electroencephalography [EEG] and a modified
digital organ, our protocol compares the FFRs of highly trained pianists and non-musicians while they play a
short melody and while they hear the same sounds passively. To discriminate between motor and perceptual
factors, the listening/playing tasks included conditions in which the auditory feedback was also predictable or
unpredictable (2x2 design). This study encompassed two experiments. In a first experiment, we compared the
specific FFR components that are modified (FO amplitude, pitch tracking, latency) by the motor activity,
predictability of the auditory pattern, or by both factors. In a second experiment, the procedures were
replicated, but the motor conditions were performed with the feet on the pedal keyboard of the organ, instead
of the left hand. The aim of experiment two was to make comparisons with the hand condition to identify if
FFR modifications may be linked to motor processes associated with a specific effector or to generic motor
responses. Comparing both sessions also allowed to observe learning effects.

Results: Among the most salient findings, experiment 1 (fingers) shows reduced FO amplitudes in the
auditory-motor versus the purely auditory condition. The unpredictable conditions also showed reduced
amplitudes compared to the predictable conditions (n=14). These predictability effects are in line with
predictive coding as well as sensory-motor interaction models. Experiment 2 (feet) showed amplitude gains
in the auditory (predictable) condition compared to the auditory-motor (predictable) condition. Learning
effects were also observed between the fingers and feet experiments, suggesting auditory-motor consolidation
or transfer learning effects. Such neural response modifications support the perceptual nature of the FFR,
rather than limiting its function as a neuro-acoustic representation.

Conclusions: To the best of our knowledge, our protocol is the first to compare actively produced music tones
stimuli (auditory-motor conditions) to the same passive tones stimuli (auditory conditions). Taken together,
these results allow to better understand how auditory-motor and predictability mechanisms may modify the
FFR, which will help to develop better theoretical models of auditory cognitive processing.

S22. Compartmental-Specific CD47 and Microglial SIRP-A Expression in the Developing Lateral
Cortex of the Inferior Colliculus

Maddie Book*!, Sophie Khadr!, Sophia Lindauer!, Mark Gabriele!



James Madison University

Category: Midbrain: Structure and Function

Background: The lateral cortex of the inferior colliculus (LCIC), a multisensory midbrain structure, is
organized into two distinct subregions: modular zones which receive somatosensory inputs, and a surrounding
matrix which receives auditory inputs. This interfacing of afferent streams with its compartmental structure
develops during an early postnatal critical period (postnatal day 0-12). Microglial cells (MGCs) are known to
serve a variety of developmental functions, including a prominent role in synaptic remodeling. Such sculpting
is thought to involve a balance between MGC recognition of “eat me” tags to remove unnecessary connections,
coupled with “don’t eat me tags” that serve to protect contacts being actively utilized. The classic complement
signaling cascade (C3-CR3) has been implicated in unimodal systems in identifying and pruning exuberant
connections, while CD47-SIRP-a interactions detect active synapses that should be avoided and maintained.
MGCs expressing the SIRP-a receptor recognize CD47 “don’t eat me” tags selectively expressed on
connections that are highly utilized, thereby protecting them from subsequent engulfment. Whether CD47-
SIRP-a signaling is involved in shaping multisensory circuits during early critical periods of development
remains unaddressed. The present study investigates CD47 and SIRP-a expression in relation to the
developing modular-matrix framework of the LCIC.

Methods: Fluorescence immunocytochemistry for CD47 (BD Pharmingen [BD Biosciences], #555297,
1:500, RRID:AB_395713) and SIRP-a (QED Bioscience, #2428, 1:50, RRID:AB_130075) was performed in
a developmental series of GAD67-GFP mice (PO, P4, P8, P12, and P20). This mouse line enables easy
visualization of emerging LCIC modular zones that are GAD-positive. Additional labeling was performed in
CX3CR1-GFP mice to determine whether MGCs co-express the fractalkine receptor (CX3CR1) and SIRP-a.
Widefield epifluorescence imaging was performed on a Nikon Eclipse Ti-2 microscope and an extended depth
of focus (EDF) algorithm was used for two-dimensional renderings of acquired Z-stacks.

Results: CD47 expression is robust and homogenously expressed throughout the LCIC early on (P0-P4), prior
to it exhibiting a matrix bias that is most heavily concentrated ringing modular confines (P§8-P12). SIRP-a
expressing MGCs are present in the LCIC at birth and localize specifically to the matrix as the compartmental
arrangement emerges by P4. This organization is apparent through the critical period peak (P8), prior to its
downregulation shortly thereafter. SIRP-a and CX3CR 1-positive microglia were non-overlapping, suggesting
microglial heterogeneity and subsets with distinct expression profiles during early critical periods of
development.

Conclusions: These findings implicate CD47-SIRP-a signaling in the sculpting of early LCIC circuits, and
that deficits in such signaling may yield multisensory network maps that are subject to over-pruning. Ongoing
experiments will test the hypothesis that CD47 and/or SIRP[J deletion results in increased engulfment of
labeled LCIC terminals and decreased overlap of its multimodal afferent patterns relative to controls.

S23. Cholinergic Excitation and Inhibition of NPY Neurons in the Inferior Colliculus

Elie Huez*!, Marina Silveira', Michael Roberts'
YWniversity of Michigan, Kresge Hearing Research Institute

Category: Midbrain: Structure and Function

Background: The inferior colliculus (IC), a major integration hub in the central auditory pathway, receives
dense cholinergic projections from the pedunculopontine tegmental nucleus (PPT), a brain region involved in
arousal and attention. However, how cholinergic signaling modulates inhibitory neurons in the IC remains
largely unknown. We recently identified Neuropeptide Y (NPY) as a marker for a class of GABAergic IC
neurons. Here, we show that the excitability of NPY neurons can be enhanced or inhibited by acetylcholine
(ACh). Using electrophysiology and pharmacology, we are testing the hypothesis that this bidirectional
regulation of NPY neuron excitability is due to the differential expression of muscarinic (mAChRs) and
nicotinic ACh receptors (nAChRs) in subpopulations of NPY neurons.

Methods: To selectively target recordings to NPY neurons we utilized NPY-IRES2-FIpO x Ai65F mice in
which NPY neurons express tdTomato. We used brain slice electrophysiology in acutely prepared IC slices to
record the changes in membrane potential of NPY neurons during puff applications of 1 mM ACh. After
recording control responses to ACh, we perfused various muscarinic and nicotinic receptor antagonists for 10
minutes and assessed how responses to ACh puffs changed.



Results: We found that ImM ACh puffs onto NPY neurons induced depolarizing and hyperpolarizing
responses. To test the roles of muscarinic and nicotinic receptors in mediating these responses, we are
sequentially applying selective mAChR and nAChR antagonists on IC brain slices and assessing their ability
to block responses to ACh puffs. Our preliminary data suggest that individual NPY neurons can express
mAChRs, or nAChRs.

Conclusions: We find that ACh elicits depolarizing and hyperpolarizing responses in subpopulations of NPY
neurons. Our results to date suggest that nAChR and mAChR expression regulate the depolarizing and
hyperpolarizing effects, respectively, of ACh on NPY neuron excitability. We, therefore, propose that
cholinergic signaling in the IC may use selective and differential modulation of inhibitory circuits to enhance
certain IC computations while inhibiting others.

S24. Altered Predictive Processing in the Inferior Colliculus of a Rat Model of Autism

Sara Cacciato Salcedo*!, Ana Belén Lao-Rodriguez', Manuel Sanchez Malmierca'

YCognitive and Auditory Neuroscience Laboratory (CANELAB), Institute of Neuroscience of Castilla y Leon
(INCYL), University of Salamanca

Category: Midbrain: Structure and Function

Background: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by atypical
social behaviour and restrictive, repetitive interests. Latest diagnostic criteria included unusual reactivity to
sensory inputs (e.g., aversion or engagement to specific sounds) among the restrictive, repetitive behaviours.
Interestingly, the predictive coding theory can explain these sensory issues. This theory postulates that the
brain actively predicts upcoming sensory inputs, and that prediction errors occur when these are violated. This
updates the predictions to the new sensory information. The predictive coding theory of ASD proposes a
decreased ability to anticipate upcoming sensory information due to overly precise predictions. Especially
when situations (e.g., social) or stimuli (e.g., sounds) become highly dynamic, which explains the difficulties
in interpreting and responding to context-dependent stimuli in ASD.

Methods: Here, we studied the predictive processing of auditory stimuli at the subcortical level in a rat model
of ASD. To induce ASD in the offspring, pregnant rats were injected with valproic acid. The mechanism that
underlies the mismatch negativity generation was investigated, as it has been found to be different in autistic
individuals. Specifically, female and male rats in pubertal (PD 30-48) and adult (PD 65 and 120) stages were
used, addressing sex and neurodevelopmental differences in neurotypical and neuroatypical animals. We made
single-unit recordings in the inferior colliculus in response to a classical oddball paradigm, which elicited the
violation (deviant) of the regularity generated by the repetitive stimuli (standard).

Results: Results so far show alterations in neuronal mismatch negativity responses at the midbrain level,
supporting atypical low-level predictive processing in this model of ASD. The time course of adaptation is
also different, suggesting atypical dynamic of adaptation to the regularity.

Conclusions: These results support the notion of atypical predictive processing in autistic individuals, which
explains the unusual adaptability to unexpected events.

S25. Subcortical Plasticity During Auditory Perceptual Learning

Rose Ying*!, Daniel Stolzberg?, Melissa Caras®
YWniversity of Maryland - College Park, *Otolith Labs, Inc., *University of Maryland

Category: Midbrain: Structure and Function

Background: Sensory perception is highly dynamic, capable of both rapid context-dependent shifts, as well
as slower changes that emerge over time with extended training. Previous research has shown that these
perceptual fluctuations are driven by corresponding changes in the sensitivity of auditory cortical neurons to
sound. However, it is unclear whether these changes emerge in the ascending auditory pathway and are
inherited by the auditory cortex, or arise in the cortex de novo.

Methods: As a first step towards answering this question, we implanted Mongolian gerbils with chronic
microelectrode arrays in either the central nucleus of the inferior colliculus (CIC) or the ventral medial
geniculate nucleus (VMGN). We recorded single-unit activity as animals trained and improved on an aversive



go/mo-go amplitude modulation (AM) detection task, and during passive exposure to the same AM sounds.
AM-evoked firing rates, power, and vector strengths were calculated and transformed into the signal detection
metric d’. Neural thresholds were obtained for each training day by fitting d’ values across AM depths and
determining the depth at which d” = 1. Thresholds were compared between periods of task performance and
passive sound exposure across several days of training to determine whether there were context-dependent
and/or learning-related changes in activity.

Results: Neural thresholds obtained from CIC and vMGN were lower (better) when animals performed the
behavioral task, compared to when they were passively exposed to sounds. A subset of neurons also exhibited
a context-dependent change in coding strategy, with AM stimuli encoded by vector strength during passive
exposure and by firing rate during task performance. In the CIC, learning-based improvements in firing rate-
and power-based neural thresholds were observed when animals were actively performing the task. In the
vMGN, however, learning-related changes were gated by behavioral context, such that improvements were
only observed when the animals performed the task.

Conclusions: These data suggest that extended perceptual training improves neural sensitivity by acting at or
below the level of the auditory midbrain, and that rapid, context-dependent sensitivity enhancements are
strengthened with learning in the auditory thalamus. Our results contribute to a deeper understanding of the
circuits supporting perceptual flexibility, and may ultimately inform strategies for improving sound perception
in hearing-impaired individuals.

S26. Probing Correlations between Different Types of Feature Selectivity in Inferior Colliculus of
Awake Rabbit

Chenyang Li'!, Kylie E. Roloson!, Swapna Agarwalla', Daniel R. Guest', Laurel H. Carney', Chenyang Li*!
YWniversity of Rochester

Category: Midbrain: Structure and Function

Background: The inferior colliculus (IC), a key structure in the auditory midbrain, integrates information
from several parallel ascending pathways. Although many types of feature selectivity, such as tuning to
amplitude modulation and sensitivity to interaural differences, have been characterized in IC neurons, less
attention has been paid to how individual neurons simultaneously encode multiple features. Few studies have
explored how different types of feature selectivity are correlated across the population of IC neurons.
Methods: To address this gap in the literature, we re-analyzed an existing dataset of extracellular single-unit
recordings from awake rabbit IC. Two human raters classified sensitivities of single units based on trends in
average discharge rate in response to: (1) pure tones at different frequencies and levels (response maps; RMs),
(2) amplitude-modulated (AM) noise at different modulation rates (modulation transfer functions; MTFs), (3)
gaussian noise presented to the ipsilateral, contralateral, or both ears at different sound levels, (4) gaussian
noise presented at different interaural level differences (ILDs) and interaural time differences (ITDs), and (5)
fast frequency sweeps with varying sweep direction and velocity. Resulting classifications were analyzed to
explore correlations between different types of feature sensitivity. Relationships between feature tuning and
absolute threshold, spontaneous rate, and characteristic frequency (CF) were also characterized.

Results: Consistent with prior results (Kim et al., 2020), most neurons were sensitive to AM frequency, with
roughly even proportions of neurons with enhanced, suppressed, or both enhanced and suppressed rates over
different ranges of modulation frequencies (band-enhanced [BE], band-suppressed [BS], and hybrid,
respectively). Hybrid MTFs were either enhanced at lower modulation frequencies and suppressed at higher
modulation frequencies, or vice versa. Neurons with BS MTFs tended to have RMs with tuning bandwidth
that remained fairly constant with increasing sound level (i.e., I-type RMs). Neurons that were excited
exclusively by binaural sound tended to have BS MTFs. Interestingly, neurons with hybrid MTFs that were
suppressed over higher modulation-frequency bands exhibited patterns similar to BS neurons, whereas hybrids
were enhanced over higher modulation-frequency bands exhibited patterns more similar to BE neurons. As
expected, neurons that were excited by the contralateral ear and inhibited by the ipsilateral ear (EI) tended to
have ILD sensitivity; however, a substantial proportion of non-EI neurons also exhibited ILD sensitivity.
Conclusions: The varied response sensitivities of IC neurons provide a rich database for probing
interconnections between physiological mechanisms. The analyses revealed intriguing correlations between
sensitivities to conceptually unrelated features of sound, such as AM tuning and interaural sensitivities. Our



results are a step towards understanding how neural populations in IC simultaneously encode multiple features
of complex sounds in realistic spatial environments.

Supported by NIH R01-DC001641, NIH R01-DC010813.

S27. Investigating Potential Sources of Modulation Enhancement in Noise Through Physiologically
Recorded and Model Neural Responses
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Category: Midbrain: Structure and Function

Background: The presence of noise typically challenges hearing, especially for those with hearing loss or
hearing assistive devices. There is a substantial amount of variability in the severity of noise impacts on
listening ability that cannot always be linked to standard audiometry. Hence, characterizing the auditory
system’s ability to naturally suppress noise is paramount. Interestingly, recent human studies indicate that in
some circumstances, the presence of mild noise (20+dB SNR) can lead to enhanced coding of modulated
stimuli, evidenced by increased envelope-following responses (EFRs) and perception. It has been suggested
that the unmasking effect of the medial olivocochlear (MOC) efferent system could play a significant role in
these observations. Here, we explore this hypothesis further using a combination of computational auditory
modeling and animal physiological experiments.

Methods: A subcortical auditory model that incorporates the MOC efferent dynamic gain control system with
inputs from the auditory brainstem and also the midbrain (Farhadi et al.2023) was used to assess simulated
responses at the level of the auditory nerve and inferior colliculus (IC). We expanded this model and leveraged
physiological data from chinchillas to simulate EFRs for a more direct comparison of simulated and
experimental findings. We explored responses to various modulated stimuli (e.g., sinusoidal/rectangular AM,
tone complex) in a background of speech-shaped noise. To date, we have collected awake and anesthetized
data in two chinchilla models — normal hearing and selective inner-hair-cell (IHC) dysfunction - based on the
expectation that anesthesia and reduced IHC-driven output each limit efferent activation.

Results: Preliminary experimental data suggest modulation enhancement in noise is stimulus- and level-
dependent, and is strongest in awake normal-hearing chinchillas. The low-frequency envelope coding of tone
complexes appears preserved, despite noise substantially reducing the preservation of spectral cues. Modeling
of these responses similarly predicts a stimulus and level-dependence of this effect, suggesting the strongest
enhancement occurs with lower overall stimulus levels (~40 dB SPL). The enhancement observed in the
modeling results exists only with the activation of the efferent system.

Conclusions: Computational modeling assists our ongoing data collection to effectively characterize efferent-
related contributors to modulation enhancement, though it is possible there are additional cortical contributors.
Preliminary physiological findings in chinchillas corroborate this, suggesting an active efferent system is
necessary to observe this neural-coding enhancement.

S28. Micro-Goldwire Electrode for Neural Signal Recording

Jordan Villa*!, Joaquin Cury!, Xiaodong Tan'!, Claus-Peter Richter?
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Category: Midbrain: Structure and Function

Background: Microelectrode arrays are essential tools for auditory physiologists, unlocking the complexities
of neural processes in hearing. Their introduction has prompted in-depth studies into auditory processing
within the central nervous system (CNS), shedding light on top-down and bottom-up mechanisms. This
knowledge is pivotal for mapping auditory pathways and refining neuroprosthetic devices such as cochlear
implants (Cls), auditory brainstem implants (ABIs), and auditory midbrain implants (AMIs).

Several studies showed that anaesthesia can significantly alter neural responses. It has been demonstrated
distinct neuronal activity in the inferior colliculus of anesthetized rabbits compared to awake ones.
Additionally, another research showed changes in the frequency tuning of neurons in the rat primary auditory



cortex under anaesthesia. With these findings, it is evident that accurate neural recordings require awake
subjects. Long-term recording becomes crucial, allowing for continuous observation of neural activities and a
deeper understanding of the dynamic nature of neural networks. Electrodes designed for this purpose need to
be biocompatible, minimize tissue response, and withstand the mechanical stress from subjects’ movements
to ensure consistent and precise data collection.

Various electrode materials, such as stainless steel and tungsten, have been examined in the past. Among
them, micro-gold wire has emerged as a particularly promising candidate due to its flexibility and compliance,
which minimizes potential tissue damage. In the present study, we focus on assessing the mechanical and
biological attributes of micro-gold wires when used to capture neural activity in the ICC. Our objective is to
design electrodes optimized for chronic neural recordings in the auditory field and beyond; and evaluate their
performance.

Methods: We used insulated micro-gold wires of 25 micrometres in diameter (GF32175569, Sigma Aldrich,
USA). Prior to implantation, these wires were soldered to a board. To facilitate the insertion process, we coated
the wires with a biocompatible gel, designed to dissolve after implantation. The tips of these wires varied
intentionally in length, a design choice to capture neurons with a range of characteristic frequencies. For our
subjects, we chose normal hearing guinea pigs. Neural recordings from ICC were made using our micro-gold
wires and the NeuroNexus electrode comprising 16 recording channels (A1x16-5mm-100-177), allowing for
a direct comparison within individual animals.

Results: The study is ongoing. We successfully fabricated an implantable multi-channel micro-gold wire
electrode tailored for neural recordings within the brain.

Conclusions: Preliminary results show that this micro-gold wire electrode is proficient in capturing neural
activity within the ICC.

S29. Effects of Auditory Learning on the Activity of Parvalbumin-Positive (PV+) Interneurons and
Perineuronal Nets in the Auditory Cortex
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Category: Other, Auditory Learning

Background: Positive parvalbumin (PV+) interneurons modulate auditory cortical responses and contribute
to learning. Perineuronal nets (PNNs) are an extracellular matrix structure surrounding PV+ cells. Reduced
expression of PV and PNN has been associated with decreased GABAergic signaling and high cortical
plasticity. We hypothesize that both PV and PNN expression are regulated during auditory learning, indicative
of shifts in the activity of PV cells of the primary auditory cortex (A1) during auditory training.

Methods: Mongolian gerbils were trained on an aversive go/no go amplitude modulation (AM) detection task.
Training was divided into two stages. During procedural training, animals learned to drink water during non-
AM noise and to stop drinking during a highly salient (0 dB re: 100% depth) AM noise to avoid a shock. After
animals achieved a d’ greater than 2 for two consecutive sessions, the animals progressed to the perceptual
training stage, during which weaker AM depths were presented over several days. PV and PNN expression
was assessed via immunohistochemistry in untrained animals, animals that completed procedural training, and
animals that completed two or seven days of perceptual training. In a different group of animals, we used a
Miniscope to monitor the calcium responses of individual PV+ Al cells throughout both procedural and
perceptual training.

Results: Auditory training significantly affected PV expression in layer (L) 2/3, L4, and L5 of A1 but had no
significant effect in L6. PV expression was lower after procedural training than in untrained controls (L2/3:
p=0.0002, L4: P=0.002, L5: p=0.0001). In contrast, PV expression was higher after two days of perceptual
training than after procedural training (L2/3: p=0.0001, L4=0.001, L5: p=0.0001) or after seven days of
perceptual training (L2/3: p=0.0002, L4: p=0.0001, L5: p=0.0002). Auditory training also significantly
affected the proportion of PV+ cells surrounded by PNNs in Al. After procedural training, the proportion of
PV+/PNN+ cells was reduced compared to untrained controls (L2/3: p=0.03, L5: p=0.01). In contrast, the
proportion of PV+/PNN+ cells was higher after seven days of perceptual training than after procedural training
(L2/3: p=0.0077, L4: p= 0.0477; L5: p=0.0022), or two days of perceptual training in L.2/3 (p=0.0274).



Conclusions: Our results suggest that PV and PNN expression decreases initially, opening a window for
neural plasticity. After extended training, overexpression and renormalization of PV and PNN levels may
stabilize network modifications and newly acquired auditory expertise. PV+ calcium responses will be
analyzed within the context of these findings.

S30. A Multimodal Convolutional Neural Network Reveals Position-Dependent Changes in Single-
Neuron Representations of Natural Sounds during Free-Movement.
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Background: Hearing, and sensation more generally, are active processes. Humans and animals often change
their position or tilt their head in order to hear and localize sound sources more accurately. These behaviors
may play an integral role in real-world selective attention, and understanding how motor activity and listener’s
position affect auditory neural coding will be beneficial to improved auditory prostheses. Despite these
observations, most previous research has focused on how the auditory system extracts information about the
environment from a head-fixed posture. The current study explores the relationship between top-down input
from self-motion and spatial representations of sound, thereby elucidating dynamics of the auditory system
during active exploration.

Methods: Single unit neural activity was recorded from auditory cortex (AC) of two ferrets while they
performed a simple tone detection task that required movement back and forth across a small arena (80 x 100
cm). Semi-chronic Neuropixels implants permitted multiple recording sites in each animal (10-15
insertions/animal, 20-50 units/insertion). During recordings, a sequence of natural sound samples was
presented continuously from two spatially separated speakers outside the arena, and animal position was
recorded using an overhead video camera. Markerless pose estimation was used to recover head position and
angle, which was then aligned temporally to stimulus and spike events. An acoustic model based on sound
level throughout the arena and a head-related transfer function was used to infer the sound spectrogram
reaching each ear as the animal moved through the arena (approximately 15 dB level variability). A
multimodal convolutional neural network (CNN) was trained to predict the time-varying spike rate of each
neuron as a function of sound and head position/angle. Permutation analysis was used to evaluate the
contribution of each modality to model performance. Dynamic spectro-temporal receptive field (dSTRF)
analysis was applied to the CNN to compare spectro-temporal tuning at different arena positions.

Results: The multimodal CNN was able to predict single-trial neural activity above chance for about 60% of
AC neurons. Both the addition of the acoustic model and addition of information about head position improved
model accuracy over a model based only on the sound spectrogram. dSTRF analysis revealed that the spectro-
temporal tuning of individual neurons was modulated by arena position. Incorporating the HRTF/acoustic
model reduced tuning variability across space only for some neurons.

Conclusions: This study demonstrates the feasibility of measuring the encoding properties of auditory neurons
in free-moving animals, opening up the possibility of assessing dynamic control of sound processing in this
naturalistic context. Current results indicate that an animal’s position modulates spectro-temporal tuning,
consistent with the idea that individual neurons are modulated by distinct hippocampus-like place signals.
Further analysis will assess the relationship between position-related and task event-related changes in
spectro-temporal tuning.

S31. Murine GRXCR1 Has a Different Function Than GRXCR?2 in the Morphogenesis of Stereocilia

Chang Liu*!, Bo Zhao!

Undiana University School of Medicine

Category: Hair Cells: Anatomy and Physiology

Background: Mutations in human Glutaredoxin domain-containing cysteine-rich protein 1 (GRXCR1) have

been linked to hearing loss in humans. Although both GRXCRI1 and its paralog GRXCR?2 are required for the
morphogenesis of stereocilia in cochlear hair cells, multiple evidence have suggested that they have distinct



functions in hair cells. First, in contrast to Grxcr2-deficient hair cells, Grxcrl-deficient hair cells have
stereocilia that are extremely thin and contain less F-actin (Liu et al., 2021). Second, GRXCRI is diffusely
distributed throughout the stereocilia, while GRXCR2 is concentrated at the base of the stereocilia (Liu et al.,
2021). Third, while reducing the expression level of taperin rescues the morphological defects of stereocilia
and hearing loss in Grxcr2-deficient mice (Liu et al., 2018), it does not rescue the defects of hair cells in
Grxcrl-deficient mice (Liu et al., 2021). To investigate the functions of GRXCRI1, an unbiased yeast-two-
hybrid screening was performed using full length GRXCRI1 as bait. We identified ~100 positive clones from
~7 million transformants. Remarkably, many of these GRXCR1-interacting proteins are associated with the
actin cytoskeleton, indicating that GRXCRI is involved in stereocilia morphogenesis by regulating actin
filaments.

Methods: In this study, we analyzed the localization of GRXCR1 and GRXCR?2 in hair cells. We reduced
taperin expression level in Grxcrl mutant and characterized different mouse lines bearing Grxcrl and/or
taperin mutations. In addition, we purified murine GRXCR1 protein and measured the glutaredoxin activity.
Our results suggest that GRXCR1 has different functions than GRXCR2 during the morphogenesis of
stereocilia.

Results: First, in contrast to Grxcr2-deficient hair cells, Grxcrl-deficient hair cells have stereocilia that are
extremely thin and contain less F-actin. Second, GRXCRI1 is diffusely distributed throughout the stereocilia,
while GRXCR?2 is concentrated at the base of the stereocilia. Third, while reducing the expression level of
taperin rescues the morphological defects of stereocilia and hearing loss in Grxcr2-deficient mice (Liu et al.,
2018), it does not rescue the defects of hair cells in Grxcrl-deficient mice.

Conclusions: Although GRXCR1 and GRXCR?2 have similar amino acid sequences, only GRXCR2 binds to
taperin. In addition, different localization patterns of these two proteins in stereocilia also suggest that they
probably have different binding partners in hair cells. To extensively illustrate the functions of GRXCRI and
mechanisms of Grxcerl deficiency-induced hearing loss, it will be of interest to screen interacting proteins of
GRXCRI1 and investigate the extent to which those binding partners are required for GRXCRI1 functions and
stereocilia morphogenesis in hair cells.

S32. Ultrasonic Characteristics of Prestin Complex Nonlinear Capacitance (cNLC) in the Mouse:
Mutation and Molecular Dynamics (MD)

Joseph Santos-Sacchi*!, Jun-Ping Bai!, Chenou Zhang?, Dominik Oliver®, Oliver Beckstein?, Dhasakumar
Navaratnam!

YYale University School of Medicine, *Arizona State University, *Marburg University
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Background: We measured ultrasonic frequency responses of prestin’s cNLC under voltage clamp in guinea
pig (GP) OHC membrane patches where cellular loads are absent (Santos-Sacchi et al., J Neuro, 2023). Real
and imaginary components of cNLC report on prestin’s influence on cochlear amplification, since prestin’s
charge movements drive electromotility. The frequency where the imaginary component intersects the real
component (Fis), reveals this cut-off, near 20 kHz for GP. Fis depends on prestin’s kinetics, which is
influenced by intracellular chloride levels (Santos-Sacchi and Song, BJ, 2016) and membrane fluidity (Santos-
Sacchi et al., BJ, 2022). In the mouse, we test a knock-in prestin mutation that may alter chloride binding
influence on ultrasonic conformational switching. We also use MD to probe the potential influence of
phospholipids on cNLC.

Methods: cNLC was measured (4-120 kHz) as described for GP membrane macro-patches, using admittance-
based techniques (Santos-Sacchi et al., J] Neuro, 2023). Control OHCs and knock-in mouse OHCs with the
prestin chloride binding site mutation (S396E) were compared. For MD we used the structure we determined
by cryo-EM (Butan et al., BioRxiv, 2021; Butan et al., Nature Comm., 2022). Simulations were run on Anton2
at 296K and 333K, ranging up to 12 ps.

Results: On average, Fis for both control and S396E OHCs (n=4-5 patches) have similar cut-offs, namely
27.8 and 25.8 kHz. These values are greater than for GP (20 kHz), possibly resulting from differing membrane
characteristics between species. To evaluate phospholipid influence on prestin charge movement we employed
MD, where we monitored the separation (center of mass of 3 end terminal residues) of TM12 and TM6 over
time. After about 2 ps following imposition of a negative potential across the membrane, these TM helices
separated near the inner leaflet, permitting the intercalation of two phospholipids from the bilayer into prestin.



At higher temperatures, the intercalation occurred sooner. Those helices possess charged residues that we
suggested to contribute to prestin’s voltage sensor (Bai et al., BJ, 2009). Thus, unusually intimate interactions
between protein and lipid may impact on prestin’s complex charge movements.

Conclusions: Voltage-driven charged residue movements trigger electromotility, and the phase of those
movements relative to driving voltage varies across frequency, as revealed by measures of cNLC. We show
that chloride binding, absent in the S396E mouse, has little effect on cNLC high frequency response. Lower
frequency activity could be impacted to a greater extent since we found that salicylate blocks low frequency
components of NLC (Santos-Sacchi and Tan, iScience, 2019). We suggest that the stretched-exponential
nature of prestin’s NLC results from viscoelastic interaction with membrane components, whereby the
evolution of the imaginary component may correspond to phospholipid intercalation within the protein itself,
which changes the restrictive environment through which prestin charge moves.

S33. Natural History of Vestibular Dysfunction in Mice With Mutations in Tmc1, Tmc2 and Tmie
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YWniversity of Mississippi Medical Center, *School of Medicine, University of Mississippi Medical Center,
3Boston Children's Hospital, Harvard Medical School

Category: Hair Cells: Anatomy and Physiology

Background: The transmembrane channel-like 1, 2 (Tmc1 and Tmc2) and transmembrane inner ear (Tmie)
genes encode proteins are components of the mechanotransduction channel complex in auditory and vestibular
hair cells. Mutations in Tmc1, Tmc2 and Tmie have been shown to be associated with hearing loss and balance
disorders. While the effects of the mutations on auditory function have been extensively studied, their effects
on vestibular function remain to be elucidated. The goal of this study is to investigate how mutations in Tmcl,
Tmc2 and Tmie affect vestibular function throughout the lifespan of a mouse.

Methods: WT mice (C57BL/6) and mice with mutations in Tmcl (Tmcl-/-), Tmc2 (Tmc2-/-) and Tmie
(Tmie-/-) were used in this study. Vestibular function was assessed by measuring the rotational and
translational vestibulo-ocular reflexes (rVOR: 0.2-4Hz; tVOR: 0.2-2 Hz) using an ISCAN eye tracking system
across a range of ages, from 1 month to 12 months.

Results: Preliminary analysis showed that Tmc1-/- mice exhibited WT-like rVOR responses. However, they
displayed reduced tVOR responses. Tmc2-/- mice demonstrated comparable tVOR responses to WT mice, but
showed reduced rVOR responses, particular at 12 months of age. Tmie-/- mice exhibited minimal rVOR and
tVOR responses across all ages tested.

Conclusions: While preliminary, these results suggest that mutations in Tmcl, Tmc2 and Tmie result in
distinct patterns of dysfunction within the canals and otoliths. Future studies will incorporate single unit

recordings of vestibular afferents in the mutants, along with a more comprehensive characterization of their
rVORs and tVORs.

S34. G-a Interacting Protein, C-terminus 3 (GIPC3) Regulates Vesicular Trafficking in Mammalian
Auditory Hair Cells
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Background: GIPC3 is a small adaptor protein essential for hearing in both mice and humans (Rehman et al.,
2011; Charizopoulou et al., 2011). GIPC proteins contain a PDZ binding domain, potentially facilitating many
molecular interactions within auditory hair cells. The roles of GIPC proteins in vesicular trafficking and cell
signaling are well-established in other systems, particularly GIPC interaction with myosin VI (MYO6)
(Naccache et. al., 2006; Reed et. al., 2005). Data suggests that GIPC has the unique ability to facilitate both
clathrin-mediated (coated) and uncoated endocytosis though coupling of MYO6 and its cargo (Naccache et.
al., 2006). Interestingly, both GIPC3 and MYO6 are enriched along the cuticular plate and pericuticular
necklace (Hasson, 1997, Chatterjee et. al., 2023), where trafficking and endocytosis are highly active in



cochlear hair cells (Kachar et. al., 1997, Griesinger et. al., 2004). Previous data also suggests that vesicular
apicobasal transport in hair cells is MYO6-dependent (Harasztosi et. al., 2020). Consistently, we have strong
biochemical and structural data for interaction between GIPC3 and MY O6 (see companion poster by Vander
Kooi et al.). While the role of GIPC3 and MY O6 in shaping the cuticular plate of hair cells was recently shown
(Chatterjee et. al., 2023), here we test the hypothesis that GIPC3-MYO6 complex may additionally play an
important role in vesicular trafficking and endocytosis in the apical region of mammalian auditory hair cells.
Methods: We generated a mouse model lacking GIPC3, Gipc3-/-. Organ of Corti explants were harvested
from young (P7-P8) or adult (P21) mice and prepared for electron or confocal microscopy. To investigate
intracellular trafficking, we used focused-ion beam (FIB) scanning electron microscopy (SEM) with 20 nm
serial sectioning to visualize the apical region of Gipc3+/+ and Gipc3-/- hair cells in fast-frozen freeze-
substituted preparations. SEM was used to visualize the apical surface of hair cells. To determine the potential
mis-localization of MYO6 in Gipc3-/- mutants, we used MYO6 immunolabeling and fluorescent confocal
microscopy.

Results: We have observed abnormal accumulation of vesicles and multiple disrupted Golgi apparatuses in
the apical compartment of outer hair cells in Gipc3-/- mice. Similar but less profound abnormalities were
observed in Gipc3-/- inner hair cells. SEM revealed increased membrane blebbing around the pericuticular
necklace in both young and adult Gipc3 mutant mice, a well-known site of endocytosis in the hair cells.
Immunolabeling revealed abnormal localization of MYO6 within the pericuticular necklace and kinocilium
regions of Gipc3-/- hair cells.

Conclusions: We conclude that GIPC3 is required for proper apex-to-base vesicular transport within hair
cells, most likely through its interaction with MY O6.

Supported by NIDCD/NIH (R01DC019054, F31DC020639, SI00D025130).
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Background: TRPAI channels are involved in detecting pain-like signals in nociceptive neurons. They are
activated directly and indirectly via several ways, primarily related to tissue damage. TRPA1 channels are
also present in the cochlea in inner hair cells (IHC), outer hair cells (OHC), and many supporting cells. We
recently found that mice lacking TRPA1 exhibit a shorter temporary threshold shift (TTS) and permanent
changes in their auditory brainstem response waveform after noise exposure (Velez-Ortega, et al. Nat
Commun, 2023). In addition, we have also observed abnormal cochlear innervation patterns in Trpal-/- mice.
Here, we tested whether TRPA 1-deficient mice exhibit changes in IHC and OHC ribbon synapses with age or
after noise exposure.

Methods: We used C57B1/6 Trpal knockout mice and wild-type littermates. Anesthetized young (4 week old)
mice were exposed to 100 dB SPL broadband noise for 30 minutes, and temporal bones collected 2 weeks
after noise exposure. Cochlear epithelia were immunolabeled with antibodies against CtBP2/RIBEYE, myosin
VIIA, and neurofilament heavy chain (NF-H). Confocal images were obtained with a Leica SP8 upright
confocal microscope. Ribbon counts and positions were quantified using ImagelJ software.

Results: Our results show a decrease in the OHC ribbon counts after noise exposure in both wild-type and in
TRPA1-deficient mice. This conflicts with a previous study done on wild-type mice before and after noise
exposure of awake mice where no differences in the total number of ribbons in OHC was found (Wood et al.,
JARO, 2021). Quantifications of OHC ribbon position in young and older mice are still ongoing.
Conclusions: Additional examinations of OHC ribbon counts and positions are required to fully understand
their dynamic changes after noise exposure in anesthetized and awake conditions. Whether TRPA1-dependent
signaling pathways are involved in the relocation of OHC ribbon synapses after noise exposure is still under
exploration.

Supported by NIH/NIDCD (R01DC021324) and by the Hearing Health Foundation (2018 ERG) to A.C.V.
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Background: Sensory perception in the inner-ear takes place in hair cells and relies on the mechanical
activation of ion channels by the pulling of tip-link filaments. Mature tip links are composed of cadherin-23
(CDH23) and protocadherin-15 (PCDH15) proteins, while the transmembrane channel-like proteins (TMCs)
1 and 2 comprise the pore-forming subunits of the transduction apparatus, which features other coupled
accessory proteins. How tip link proteins respond to mechanical force to activate transduction channels is
poorly understood.

Methods: Here we present structural, biochemical, and computational studies aimed at elucidating the
molecular mechanisms underlying mechanical function of hair-cell tip links.

Results: Data from X-ray crystallography, small-angle X-ray scattering, analytical ultracentrifugation
experiments and low-resolution cryo-EM along with AlphaFold2 predictions aided us in building atomic-
resolution models of the entire tip link ectodomain. Steered molecular dynamics simulations of these models
predicted the strength of structural domains relevant for tip-link mechanics.

Conclusions: We conclude that dimerization and membrane adjacent domains (MADs) account for rigid and
elastic responses of the tip link responsible for modulation of force propagation in the hair-cell transduction
apparatus. These data and models, obtained from a combination of experimental and computational
approaches, are providing a rigorous molecular view of tip-link function in hair-cell mechanotransduction.

S37. Identification of a Novel Otoferlin Isoform and Its Role in Auditory Function

Huihui Liu*!, Hongchao Liu', Cai Ruijie!, Lei Song', Hao Wu!
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Background: Previously, we identified a novel otoferlin isoform, transcribed from exon 6B, with inner ear
specificity using single cell RNA isoform sequencing. This work will investigate the possible roles of this
novel isoform.

Methods: To investigate the functional consequences of otoferlin isoforms, we generated: 1) exon 2 knockout
(KO) mice with disrupted expression of the canonical isoform (Otof-AC); and 2) exon 6 KO mice targeting
expression of the short isoform (Otof-AS). Otof -/- mice (exon 14-15 deletions) served as negative control.
Electrophysiological recordings and morphological studies were performed both in vitro and in vivo.
Results: 1) a novel function of otoferlin in endocytic membrane retrieval, which has not been well studied, 2)
impairment of synaptic vesicle recycling as a novel mechanism of occult hearing loss, and 3) otoferlin isoform
distributions exhibited a longitudinal gradient along the length of the cochlea, which also changed in response
to environmental stress and ageing.

Conclusions: In summary, these results provided new insights into the mechanisms of auditory physiological
and pathophysiological processes at the isoform level.

S38. The Transmembrane Channel 1 (TMC1) Interacts With the Piezol Mechano-Sensitive Channel
and Function
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Chiamvimonvat?
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Background: Transducer ion channels are the gateway for the sensory information-brain interface. Among
the sensory systems, the role of mechanoelectrical transducer (MET) channels in engaging sensory stimuli in
inner ear hair cells to control sound and balance remains incomplete.

Methods: The Piezo (Pz) and transmembrane channels (Tmc) are potential components of the MET complex.
We assessed the murine model’s utilization of Pz1 as a MET partner and its interactions with other components
of the MET complex, including Tmc1 in Neuro-2a mouse neuroblast cells. Neuro-2a cells were transfected
with mPiezol-mClover3 and mTmc1-mRuby3.

Results: Cells were also transfected with mPiezo-mClover3 and truncated mTmcl-mRuby3 constructs,
including C1-TM4 (a.a. 1-455), EC3-TM8 (a.a. 457-616), and TM10-C6 (a.a. 692-717). We used
Fluorescence Resonance Energy Transfer (FRET) and Total Internal Reflection Fluorescence (TIRF) to assess
the interactions and stoichiometry in the protein complex of mPiezol and mTmcl. FRET of single
transfections of Neuro-2a cells by donor constructs was performed as controls for the bleaching of donor
fluorescent signals. We found that mPiezol and mTmcl interacted with a FRET efficiency of ~11%.
Truncated constructs of mTmcl, C1-TM4, and TM10-C6 had no significant FRET with mPiezol, but EC3-
TMS had significant FRET with mPiezol, suggesting the specific interaction region in mTmcl. Moreover, a
stoichiometric ratio of mTmc1 to mPiezol was estimated to be close to 2 1.

Conclusions: Our findings demonstrate that the MET channel comprises the Pz1 channel associating and
interacting with mTmc1 and other MET complex proteins, suggesting the critical role of the Pzl channel in
inner ear mechanotransduction and hearing generation.

Funded by; DC015135, DC016099, DC015252, AG051443, and AG060504.
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Background: Cochlear variability has been studied up to two turns, limited to the resolution of current
clinical/laboratory-based computed tomography (CT). Therefore, the anatomical variations along the cochlear
length are not well quantified, and it is unclear if all cochleae can accommodate deep cochlear implant (CI)
electrode insertions. Furthermore, it has not been established how deep CI electrodes can be inserted and
accommodated in the ST anatomy. However, deep insertions have been correlated with improved outcomes.
Synchrotron-radiation phase contrast imaging (SR-PCI) has proven to be an effective approach to imaging the
entire cochlear length. It obviates the need for staining or slicing required in histological analysis, and provides
improved soft tissue contrast and reduced metal artifacts compared to micro-CT. The objectives are to use
SR-PCI on un-implanted and implanted human cadaveric cochleae to quantify cochlear morphology, along
the entire cochlear length, and assess CI electrode trajectories.

Methods: Thirty-five un-implanted and three implanted human cadaveric cochleae were scanned using SR-
PCI at a 9 um isotropic voxel size. For each SR-PCI image, the scala tympani (ST), scala vestibuli combined
with the scala media, and the CI electrode sheath (for the implanted samples) were segmented. The three-
dimensional segmentations were aligned to the cochlear coordinate system, then were radially sliced at 5°
increments about the modiolar axis. The radial mid-modiolar cross-sections were analyzed from the cochlear
base to the apex to obtain measurements of the cross-sectional diameter, defined by the largest inscribed circle,
and measurements of the cross-sectional area along the entire cochlea. Additionally, the horizontal trajectory
of the largest inscribed circle, the most lateral fitting inscribed 0.4 mm circle (representative of a CI electrode
tip diameter), and the CI electrode relative to the modiolus were assessed for both un-implanted and implanted
cochleae.

Results: The cross-sectional diameter and area generally decreased as angular depth increased up to the
cochlear apex. At 720°, the largest inscribed circle reached a diameter of 0.4 mm, representative of a CI
electrode tip, indicating this is the deepest an electrode can be accommodated in the ST. The horizontal
trajectory of the largest inscribed circle and the most lateral fitting inscribed circle generally moved closer to
the modiolus as angular depth increased for both non-implanted and implanted samples. For all implanted
samples, the horizontal trajectory of the CI electrode array closely followed the path of the most lateral



inscribed circle. This is clinically significant because it begins to identify the lateral positions an array can
occupy within the ST morphology.

Conclusions: This is the first study to visualize and quantify the entire cochlear morphology using SR-PCI.
This work indicates that the ST cochlear anatomy can accommodate a 0.4 mm diameter electrode insertion up
to two turns for CI recipients, increasing the restored hearing range.

S40. Effects of Acoustic Crossover Between Ears on ABR Thresholds and Waveform in Mice (Mus
Musculus)
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Background: Acoustic crossover refers to a transmission of sound stimulus between the ears including both
air conduction and tissue/bone conduction in closed field stimulation. Acoustic crossover stimulation can
evoke responses in the unstimulated ear and is well-understood in human psychophysics and clinical
audiology. However, the amount of acoustic crossover in the mice (Mus musculus) has not been thoroughly
characterized and is often underestimated. Here, we characterized the amount and effects of acoustic crossover
in the mouse from air and tissue/bone conduction.

Methods: C57B1/6 mice (n=12) with normal cochlear function were unilaterally deafened by insertion of a
glass pipette through the round window and sterile water injection. ABR and DPOAE were recorded with the
mice on their side and an acoustic system making a semi-closed seal to their ear canal. Responses were
compared with and without an earplug in the contralateral ear. ABRs were recorded both with the standard
vertical electrode montage (vertex [positive] to base of ipsilateral pinna), and horizontal montage (base of
contralateral pinna [positive] to base of ipsilateral pinna). Finally, the intact ear was deafened then ABR and
DPOAE were recorded to confirm initial deafening.

Results: Following unilateral deafening, complete loss of DPOAE was observed in the deafened ear. In
contrast, using the vertical electrode montage ABR was present with thresholds ~40 dB higher than the intact
ear over 4-32 kHz when tested without an earplug. With an earplug, thresholds were 60—70 dB higher than
the intact ear with higher thresholds for higher frequencies. We further investigated whether ABR waveform
shape and latency can be utilized to identify the ear generating the signal using the horizontal electrode
montage. Comparing waveforms in response to the deafened and intact ears at equal levels relative to threshold
revealed that the ABR waveform in response to stimulation in the deafened ear is an inverted waveform of the
response to the intact ear. No DPOAE or ABR signal was detected after deafening the intact ear, confirming
the previously observed response in the unilaterally deafened ear was due to the acoustic crossover to the
intact ear.

Conclusions: We report approximately 40 dB attenuation between ears without earplugging and an average
of 60—70 dB with earplugging. ABR waveform shape confirms the response to stimulation in the deafened ear
is generated by the intact ear. Acoustic crossover can lead to erroneous conclusions in studies investigating
treatment effects in damage or transgenic models or studies evaluating safety of treatment in normal hearing
animals. Measures to ameliorate or avoid acoustic crossover response (earplugs, contralateral deafening, etc.)
should be utilized when possible, and results should be interpreted with consideration for acoustic crossover.

S41. Estimating Human Cochlear Health in Situ From the Basal High-Frequency Region With High
Spatial Resolution Optical Coherence Tomography (OCT)

Paul Secchia*!, Nam Hyun Cho!, Christopher McHugh?, Jingxin Jessica Feng?, Sunil Puria', Hideko Heidi
Nakajima'

'Harvard Medical School, Mass. Eye and Ear Infirmary, *“Massachusetts Eye and Ear Infirmary, *Smith
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Background: Considerable efforts are being devoted to improve or restore hearing through molecular
methods that regenerate cochlear structures. These potential future therapies rely on the existence of



supporting cells or normal cochlear cytoarchitecture. However, there remains no present way to assess
cochlear health with clinical imaging modalities such as MRI and CT. With OCT in fresh human specimens,
we imaged the basal cochlear partition in situ through the intact round window membrane (RWM) and
visualized internal structures of the cochlea to evaluate cochlear health.

Methods: Fresh (10-40 h postmortem) human temporal bones (N=18) were obtained from Massachusetts
General Hospital donors and the basal region was imaged through the RWM using a 900-nm center
wavelength OCT system (Gan6201C1, Thorlabs, Germany) with an axial resolution of 2.23 um (in water) and
lateral resolution of ~8 pm as previously described (Cho et al., 2022 JARO 23(2):195-211). Measurements of
the organ of Corti (OoC) height, tectorial membrane — reticular lamina (TM-RL) gap height, TM size, and
other quantifiers of cochlear health were recorded with Imagel software. Anatomical cochlear health was
scored on a semiquantitative health scale from 0-3 adapted from (Kaur et al., 2023 Hear Res 435:108815).
Patient health history included age, sex, postmortem time, history of drugs, and hearing loss (when available).
Results: OCT images showed good detail to enable assessment of microanatomy related to human cochlear
health. Six cochleae had a perfect health score of 3 with a robust OoC and relatively small TM-RL gap height.
Eight cochleae received a score of 2, indicative of recognizable cytoarchitecture with some loss of cellular
structures. Two cochleae received a score of 1 that had a small, short mound of OoC, and 3 cochleae received
score of 0 where there was just the basilar membrane but no OoC. Two available audiograms of normal hearing
and severe hearing loss corresponded to ears with health scores of 3 and 0 respectively. Statistically significant
age effects were found for OoC height and the TM-RL gap height, where older patients had smaller OoC
height and a relatively larger TM-RL gap height. Older donors also had lower and more varied cochlear health
scores than younger donors.

Conclusions: We were able to determine the health of human OoC with OCT imaging in fresh cadaver
specimens. We demonstrated that OCT could be used to visualize clinically relevant cochlear anatomy via the
middle-ear cavity approach without opening the cochlea. With future development of high-resolution
endoscopic OCT for in vivo imaging, it may be possible to identify and target candidates for regenerative drug
therapies that restore hearing. Supported by grants RO1 DC013303 and T32 DC000038 (Training for Speech
and Hearing Sciences) from the NIDCD/NIH, and the Amelia Peabody Scholars Fund.
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Background: Recent advances in fate mapping and single-cell technologies have revealed how tissue-resident
macrophages are shaped by their environment to fulfill specific functions and maintain their host-tissue
homeostasis. However, while it is established that macrophages inhabit the cochlea, cochlear macrophages
remain understudied, and little is known about their diversity, cell dynamics, transcriptomic signatures, and
functions. Previous reports have suggested that cochlea macrophages are replenished by circulating monocytes
over time, however, these studies have used an irradiation and bone-marrow transplantation paradigm that is
now known to disrupt barriers and lead to the artificial entry of peripheral cells into tissues.

Methods: Using more physiological approaches, such as fate-mapping and parabiosis experiments, we sought
to determine the developmental origin of macrophages in the cochlea, as well as their self-renewal capacity.
In addition, we performed single-cell transcriptomic analysis to uncover myeloid cell diversity in the cochlea
and identify specific gene signatures and putative functions attributed to each subpopulation.

Results: Fate mapping analysis during development has shown that cochlear macrophages partially originate
in the embryonic yolk sac. At the adult stage, most of the cochlear macrophages are long-lived resident
macrophages, except in the spiral lamina and the spiral limbus which both displayed a slow and progressive
contribution of circulating monocytes to the cochlear macrophage pool over time. Single-cell transcriptomic
analysis identified five different myeloid cell populations in the cochlea (three macrophage subsets, one



monocyte subset, and one dendritic cell subset), all exhibiting distinct transcriptional signatures and functions.
Immunofluorescent staining confirmed the presence of the three macrophage subsets with distinct distribution
across cochlear compartments.

Conclusions: We have shown that macrophages exhibit an unappreciated diversity in terms of developmental
origin, cell dynamics, and transcriptional identity in the cochlea during steady-state conditions.

S43. Cochlear Aqueduct Post-Natal Growth in Human: A Computed Tomography Study
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Category: Inner Ear: Anatomy and Physiology

Background: The cochlear aqueduct (CA) is a bony canal located at the base of the scala tympani of the
cochlea. It connects the inner ear perilymph fluid to the cerebrospinal fluid of the posterior cerebral fossa. Its
function is not well understood, as it seems to be present in only a fraction of adult patients. Indirect
observations argue in favor of the CA to be more present in children.

Methods: To study the CA morphology in infants, and to find out a potential age-related change of CA
morphology, we performed a retrospective single-center study of 72 temporal bone scans of infants with a
mean age of 2.26 +/- 1.92 years (47 days of life up to 18 years). A total of 38 infants were divided into 3
different age groups and each temporal bone was considered as an individual sample. CA were classified into
four different types. Group 1 included infants less than 1 year of age (21 scans), group 2 between 1 to 2 years
(17 scans), and group 3 infants more than 2 years (34 scans). The CA morphology measurements included its
type, its total length, and its funnel length and width (wider intracranial portion).

Results: Our results showed a statistical correlation between the CA morphology as a function of age. The
CA total length increased in size rapidly in the first years of life and then follows a slow growth until
adulthood. The types of CA were not different between groups. The total length of group 1 (0.73 mm +/-
0.10), group 2 (0.92 +/- 0.10) and group 3 (1.16 +/- 0.16) were statistically different (p less than 0.0001). The
funnel length was different between group 1 (0.27 +/- 0.46) and 2 (0.40 +/- 0.20) (p=0.0037) but not between
2 and 3 (0.44 +/- 0.14, p=0.51). The funnel width was not different between group 1 (0.23 +/- 0.05) and 2
(0.31 +/- 0.08) (p=0.15) but was between 2 and 3 (0.41 +/- 0.15, p less than 0.0001).

Conclusions: Our study shows significant postnatal growth of the cochlear aqueduct, particularly fast before
the age of 2 years. A significantly shorter and wider CA were observed at its base in young infants. These
findings highlight the differences between the CA morphology in adults and children and raise the question
of differences in function. Moreover, it is important to take these differences into account when designing
future drugs or gene delivery into the human inner ear. In fact, administration of drugs or viral vectors at the
base of the cochlea could present an increased diffusion toward the subarachnoid space in children. Reversely,
diffusion from the subarachnoid space could be facilitated. Further studies are required, both on the histology
of temporal bones and on the function of the CA in children.

S44. Bmil-Regulated Genome-Wide H3K27me3 Modification Pattern Modulates Auditory Sensory
Epithelial Cell Proliferation and Cell Death in the Mouse Inner Ear
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'Eye and ENT Hospital, Fudan University

Category: Inner Ear: Cochlear Mechanics

Background: Bmil, a core member of the Polycomb repressive complex 1 (PRC1), functions as a
transcriptional repressor by regulating chromatin structure. Previous studies have highlighted the crucial role
of Bmil in neonatal mouse cochleae and its depletion leading to hair cell loss. However, the specific
mechanism through which Bmil influences cell proliferation remains elusive.



Methods: To address this, we performed a genome-wide analysis of the distribution of H3k27 tri-methylation
(H3k27me3) marks and performed RNA-sequence analysis of auditory sensory epithelium from neonatal
Bmil-deficient and control mice.

Results: The RNA-seq analysis revealed significant transcriptional changes in auditory cells due to Bmil
deficiency, affecting genes associated with cell proliferation, senescence, and death. Whole-genome analysis
of H3K27me3 marks exhibited enrichment in genes relevant to gene expression profiles in mouse cochleae.
Combining the H3K27me3 ChIP-seq and RNA-seq data unveiled a notable decrease in the number of
H3K27me3 peak enrichments in Bmil-deficient mice, which correlated with elevated expression levels.
Conclusions: This study provides valuable insights into the connection between histone modification
mapping and gene expression profiles in transgenic mice, shedding light on the mechanisms underlying Bmil's
impact on auditory development.

S45. Aminoglycoside Triggers the Translocation of RIPOR2 and Phosphatidylserine Externalization by
Different Mechanisms

Jinan Li*!', Bo Zhao'
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Category: Inner Ear: Cochlear Mechanics

Background: Aminoglycosides (AGs) are widely used to treat severe infections. However, systemically
administered AGs preferentially kill cochlear hair cells, resulting in irreversible hearing loss. Recently, we
found that AGs induce a rapid translocation of RIPOR2 in hair cells, which activates the autophagy/mitophagy
pathway, resulting in the irreversible death of hair cells and permanent hearing loss. Notably, AGs also trigger
a rapid phosphatidylserine (PS) externalization in hair cells, which is due to inhibition of the
mechanotransduction channels.

Methods:

Cochlear explants were dissected and cultured in DMEM/F12 media at 37 °C. Then, explants were treated
with ImM AGs. Samples were fixed with 4%PFA, blocked with HBSS containing 5% BSA and 0.5%
TritonX-100, and then incubated overnight at4 -C with primary antibodies in HBSS containing 1%BSA.
Tissues were washed in HBSS and incubated with secondary antibodies for 2 hours at room temperature.
Then, images were captured by a DM6 FS automated deconvolution microscope (Leica).

Results: To determine whether AG-triggered rapid RIPOR2 translocation and PS externalization are
independent, RIPOR2 cycling and PS externalization were systematically investigated in wild-type hair cells
treated with AG for different amounts of time. Additionally, to investigate the extent to which PS
externalization requires RIPOR2, PS externalization was studied in wild-type, Ripor2+/- and Ripor2-/- hair
cells.

Conclusions: Our results suggest that AG triggers the translocation of RIPOR2 and PS externalization by
different mechanisms.

S46. A Hybrid Fem and Experimental Study on the Relation Between Temporal Bone 3D Motion and
Intracochlear Pressure Under Bone Conduction
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Category: Inner Ear: Cochlear Mechanics

Background: Numerical and experimental investigation of the 3D motion across the temporal bone,
particularly the otic capsule, during bone conduction (BC) stimulation at different frequencies, and its
correlation with the intracochlear pressure difference across the cochlear partition are being investigated
experimentally and numerically.

Methods: Experimental data has been collected from six samples from three fresh frozen cadaver heads,
including: 3D velocity at 130-200 points across the lateral and medial surfaces of the ipsilateral temporal bone
and skull base; 3D motion of a single point at the promontory and stapes; differential intracochlear pressure.



Excitation was provided sequentially to the ipsilateral mastoid and classical BAHA location via a
percutaneous coupling, in the 0.1-20 kHz frequency range. The experiment was digitally recreated by a custom
finite element model (FEM), based on the LiUHead, with the addition of a middle ear and cochlea. The Young
modulus of the bone domain within the FEM was varied between 4, 8, and 20 GPa.

Results: Predicted differential intracochlear pressure, normalized by the promontory motion, was within the
confidence intervals of the experimental data for most frequencies. The spatial variation of the amount of
deformation across the skull base, and the otic capsule in particular, was dependent on the material properties
of the FEM and closely matched the experimental data. The model indicated that the relation between
intracochlear pressure and the rigid body motion of the cochlear was affected by the Young modulus of the
skull, and it followed the experimentally observed trends.

Conclusions: Both methods indicated that the otic capsule acted as a rigid accelerometer within the temporal
bone, thus exerting primarily inertial load on the cochlear fluid even above 10 kHz.

S47. Pou3f4 is Necessary for Normal Patterns of Cochlear Spontaneous Activity and IGF Signaling
During Development

Yifan Zhou*!, Paige Brooks', Kevin Rose?, Ronna Hertzano?, Thomas Coate!
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Category: Inner Ear: Cochlear Mechanics

Background: POU3F4 is a transcription factor expressed by otic mesenchyme cells (OMCs) and is associated
with X-linked deafness. Loss of Pou3f4 leads to reduced endocochlear potential and spiral ganglion neuron
(SGN) guidance and survival defects. Until the onset of hearing, the immature inner ear in newborn rodents
cannot process sound waves, but the cochlea still generates spontaneous action potentials. This spontaneous
activity originates in inner support cells, and activates hair cells, SGNs, and the ascending auditory pathway.
Spontaneous activity is crucial for multiple aspects of auditory development, such as the maturation of
auditory circuits and SGN differentiation and survival. Our data preliminarily show that Pou3f4 knockout
cochleae lack spontaneous activity on postnatal day 1 (P1). In addition, single cell RNAseq results suggest
Insulin-like growth factor (IGF) signaling is altered in the Pou3f4 knockout mice. We predict that POU3F4
(in OMCs) regulates the differentiation of cochlear epithelial cells by promoting IGF signaling.

Methods: Ca2+ imaging was performed to evaluate SGN spontaneous activity at P1 and P4 in Pou3f4 mutants
and controls. Pou3f4y/--Snap25-GCaMP6s mice and Pou3f4y/+; Snap25-GCaMP6s littermate controls were
generated and used to measure SGN activity. In samples lacking Snap25-GCaMP6s, Fluo4-AM dye was used
to evaluate Ca2+ imaging on cochlear epithelial cells. Immunohistochemistry and Western blotting were used
to evaluate IGF receptor activation in Pou3f4y/- and control cochleae.

Results: Overall, Pou3f4y/--Snap25-GCaMP6s mice showed reduced SGN activity compared to controls.
Similarly, our Fluo4-AM experiments showed reduced activity in inner support cells, where spontaneous
activity originates. In Pou3f4 mutants, spontaneous activity was absent at P1, but returned at P4, albeit with
considerable variability. Immunohistochemistry revealed that Pou3f4y/- cochleae show increased levels of
phosphorylated IGF1R (pIGFR) on the surface of outer hair cells, but lower levels of pIGFR elsewhere. In
Western blots, cochleae from Pou3f4y/- mice showed lower pIGF1R levels compared to controls.
Conclusions: Our findings show that Pou3f4 knockout cochleae show reduced levels of spontaneous activity
and altered patterns of IGF receptor activation. These data may support a model by which POU3F4 promotes
IGF signaling upstream of cochlear spontaneous activity and SGN survival.

S48. Single-AAV Packaged RNA Base Editor Cures Hearing Loss Induced by OTOF Gene Mutation

Yong Tao!, Yuanyuan Xue?, Xueling Wang', Hui Yang?, Hao Wu', Chenxi Jin*!
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Category: Gene Therapy
Background: Mutations in the OTOF (otoferlin) gene are the most common reasons for auditory neuropathy
induced hearing impairments and deafness. Nonsense mutation ¢.2485C greater than T (p. Q829X) in the



OTOF gene is responsible for about 3% of all cases of recessive prelingual deafness in the Spanish population.
Although previous studies have adopted a dual-AAV (adeno-associated virus) gene therapy approach using
two different recombinant AAV vectors to overexpress the otoferlin, the efficacy was limited.

Methods: AAV mediated base editor was injected into neonatal or adult OTOF Q829X/Q829X mice, hearing
and histology examination was performed from 1 month to 7 months.

Results: We developed an enhanced mini-dCas13X RNA base editor (emxABE) delivered by an AAV
serotype 9 variant with optimal transfection efficiency on hair cells (almost 100%) for the treatment of
OTOFQ829X, achieving high A-to-I (TAG greater than TGG, Q829 greater than W) conversion efficiency
(~80%) in humanized Otof Q829X/Q829X mice. After a single scala media injection of emxABE targeting
OTOFQ829X (emxABE-T) to the postnatal day 0-3 (P0-3) of OTOF Q829X/Q829X mice, otoferlin was
restored in nearly 100% of the inner hair cells (IHCs), and auditory function was rescued to near wild-type
levels for at least 7 months. We also observed the restoration of auditory function in P5-7 and P30 OTOF
Q829X/Q829X mice via round window injection of emxABE-T.

Conclusions: Our findings demonstrate not only a preferential therapeutic strategy for potentially curing
OTOF-Q829X induced hearing loss, but also suggest emxABE as the promising toolkits for the treatment of
other monogenic diseases with premature termination codons.

S49. Upregulation of Atohl by Crispr Activation Promotes Vestibular Hair Cell Regeneration and
Function Recovery in Mice

Yong Tao', Chenxi Jin*', Hao Wu!
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Category: Gene Therapy

Background: The vestibular system is important for maintaining balance. Hair cells (HCs) are the major
sensory receptor cells which convert hear movements ionto electrical signals. HCs owe limited regeneration
capacity, supporting cells are able to transdifferentiate into HCs by Atoh1 activation. However, in most cases
vestibular function cannot recover spontaneous or by viral mediated Atohl upregulation. Gene editing is
widely used in treating hereditary diseases recently, and gene activation by gene editing is unveiled in inner
ear. This project proves the vestibular HC regeneration and function recovery after injury by regulating Atohl
expression using CRISPR activation system.

Methods: The vestibular system is important for maintaining balance. Hair cells (HCs) are the major sensory
receptor cells which convert hear movements ionto electrical signals. HCs owe limited regeneration capacity,
supporting cells are able to transdifferentiate into HCs by Atohl activation. However, in most cases vestibular
function cannot recover spontaneous or by viral mediated Atohl upregulation. Gene editing is widely used in
treating hereditary diseases recently, and gene activation by gene editing is unveiled in inner ear. This project
proves the vestibular HC regeneration and function recovery after injury by regulating Atoh1 expression using
CRISPR activation system.

Results: To evaluate the curative effect, the mice were tested 1 month and 6 months after administration.
Compared to the damaged group, the number of VHCs of treatment group got a significant increase, and most
of them had bundled stereocilia and neuron connection. The vestibular electrophysiological function and
balance function were largely recovered. The VHCs can regenerate and largely recover the balance function
after injury by regulating Atohl expression using CRISPRa.

Conclusions: The VHCs can regenerate and largely recover the balance function after injury by regulating
Atohl expression using CRISPRa.

S50. Mini-PCDH15b Gene Therapy Rescues Visual Deficits in a Zebrafish Model of Usher Syndrome
Type 1F
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Background: Usher syndrome is a devastating hereditary deafness and blindness caused by mutation of any
of nine genes. Mutations in one gene, PCDHI15, cause Usher syndrome type 1F (USHI1F), manifesting as
profound deafness and lack of balance at birth, and blindness developing over several decades. Currently,
treatment for Usher 1F is limited to cochlear implants, and there is no treatment for the blindness. Gene
addition therapy could be an attractive treatment, however the PCDH15 coding sequence of ~5.8 kb is too
large to fit into a single AAV capsid. We used rational, structure-based design to engineer a mini-PCDH15
gene in which 5 of the 11 extracellular cadherin repeats were deleted, but which demonstrated proper protein
localization and remarkable rescue of hearing in mouse models of USHI1F deafness. To test mini-PCDH15
gene therapy for blindness, we used a zebrafish USH1F model which exhibits retinopathy, including early and
progressive defects in photoreceptor morphology and impairment of visual function.

Methods: We used Pcdh15b-mutant zebrafish which have a 7-bp deletion in exon 8 leading to a premature
stop codon. No Pcdhl5b is expressed. Using a transposon-insertion strategy at the one-cell stage, we
introduced mini-Pcdh15b, expressed under a photoreceptor-specific promoter, into Pcdh15b-mutant zebrafish.
Mosaic mini-Pcdh15b animals were grown to adulthood and bred with wild-type individuals. A stable
transgenic line was generated. Progeny were fin-clipped and sequenced to confirm germ-line transmission.
We assayed rescue of visual function with electroretinogram (ERG) and optokinetic reflex (OKR) tests. We
performed immunofluorescence and electron microscopy studies to localize the mini-Pcdh15b within
photoreceptors in treated fish, and compared results with untreated mutant fish.

Results: Pcdh15b-mutant zebrafish exhibit an early and progressive defect in photoreceptor morphology and
visual function. Immunohistochemistry and electron microscopy of mutant photoreceptors revealed abnormal
calyceal processes and distorted outer segments. In 7-dpf mutant larvae, ERGs showed attenuated a- and b-
wave amplitudes, and OKR responses were less robust.

Pcdh15b mutant zebrafish expressing mini-Pcdh15b demonstrated rescue of vision to wild type levels, as
assessed with ERG and OKR recording. With immunofluorescence and immunogold SEM, strong mini-
Pcdh15 signal was detected along calyceal processes of photoreceptors. Immunohistochemical and SEM
analysis showed robust rescue of photoreceptor morphology, comparable to that in normal larvae.

Conclusions: Mini-Pcdh15b expression restores vision in a zebrafish model of Usher 1F, and mediates
expression and normal localization of Pcdhl5b in photoreceptors, suggesting that a mini-PCDH15 gene
therapy is a promising approach for the treatment of the progressive blindness in human Usher 1F.
Furthermore, this work demonstrates that shortened versions of genes based on detailed knowledge of atomic
structure may be used to treat certain forms of vision loss for which the gene product is too large for AAV’s
packaging limit.

S51. Preclinical Evaluation of the Efficacy and Safety of AAV1-HOTOF in Mice and Non-Human
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Category: Gene Therapy

Background: Pathogenic mutations in the OTOF gene cause autosomal recessive hearing loss 9 (DFNB9),
one of the most common forms of auditory neuropathy. Previous studies have reported the rescue of hearing
in DFNB9 mice using a dual AAV-mediated OTOF gene therapy strategy. However, the safety was unknown.
Due to the imperative of assessing the safety of the strategy before its clinical application, we evaluated the
efficacy and safety of AAVI-hOTOF gene therapy in animal models.



Methods: We first designed an OTOF gene therapy agent, a dual-AAV1-Hyb (AK) approach in which the
human OTOF CDS was driven by the hair cell (HC)-specific promoter Myol5, named AAV1-hOTOF. To
evaluate the efficacy of AAV1-hOTOF in treating OTOF —/— mice, we injected newborn and adult mice via
the round window membrane (RWM), immunohistochemistry was used to identified otoferlin expression and
Auditory Brainstem Response (ABR) was performed to test the hearing recovery of the mice. We further
report the assessment of the safety of the AAV1-hOTOF in wild-type (WT) mice and non-human primates
(NHPs) through pharmacodynamics measurements, behavioral tests, and histopathology analysis.

Results: AAV1-hOTOF significantly recovered hearing in OTOF —/— mice without affecting normal hearing
in WT mice. AAV1 was predominately distributed to the cochlea although it was detected in other organs
such as the central nervous system and the liver. The normal behavior and the parameters of routine blood test
and serum chemistry were not affected, and no obvious pathological changes or signs of inflammation or
fibrosis were observed in WT mice. Delivery of AAV1-GFP via RWM in the NHP inner ear resulted in
efficient expression in HCs, and systemic toxicity was not detected by serum chemistry or routine blood test,
with the values mostly within the normal reference range after injection.

Conclusions: Our study have established a therapeutic agent — AAV1-hOTOF — for DFNB9 and demonstrated
its efficacy and safety in mouse models. Additionally, we explored the transduction and tolerance of AAV1-
GFP in NHPs. These findings strongly support the clinical development of AAV1-hOTOF.
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Category: Gene Therapy

Background: Otoferlin is a calcium-sensing protein involved in inner hair cell vesicular transport and
exocytosis, a process critical for inner hair cell signal transmission to afferent auditory nerve fibers. Biallelic
mutations in the otoferlin gene (OTOF) typically produce auditory neuropathy characterized by prelingual
severe-to-profound sensorineural hearing loss. In these patients, the auditory brainstem response (ABR) is
absent or severely reduced with normal outer hair cell function as indicated by the presence of otoacoustic
emissions (OAE). Although cochlear implants are effective, replacement of the otoferlin gene is hypothesized
to provide instatement of natural, physiologic and high-quality hearing. DB-OTO is a dual adeno-associated
virus (AAV1) vector with a Myol5 promoter that drives inner hair cell-selective expression of cDNA for
human OTOF. Nonclinical GLP studies with intracochlear DB-OTO have been completed in otoferlin-
deficient mice and in non-human primates to inform the clinical dose and safety. In this first-in-human clinical
trial with DB-OTO (CHORD), the safety and preliminary efficacy of DB-OTO administered by intracochlear
injection is evaluated in pediatric patients with profound hearing loss caused by OTOF mutations.

Methods: Pediatric patients (<2 years of age in Spain, UK less than 18 years of age staggered by age in the
US) with biallelic pathogenic OTOF mutations and profound sensorineural hearing loss (<90 dB HL) will be
enrolled. Eligible patients will have experienced minimal benefit from amplification and meet the cochlear
implantation criteria in the ear to be injected with DB-OTO. Present outer hair cell function is confirmed via
the presence of OAE (patients <2 yr of age) or cochlear microphonic (patients greater than 2 years and less
than 18 yrs of age). Patients with a history of prior treatment with gene therapy, anatomy that would preclude
the planned surgical approach, or the presence of cochlear implants (CI) in the ear to be injected with DB-
OTO are excluded. In Part A, the initial dose escalation phase of the study, DB-OTO will be administered
unilaterally by intracochlear injection through the round window using a typical facial recess approach similar
to CI surgery.

In Part B, an expansion cohort will receive bilateral DB-OTO administration with the selected dose in Part A.
After administration of DB-OTO, patients are assessed for safety (labs, vital signs, antibody and shedding



assays, physical exams, otoscopy, tympanometry, DPOAEs, vestibular assessments) and efficacy (ABR,
behavioral audiometry, speech audiometry, hearing-related questionnaires) over a 5-year follow-up period.

Results: This trial has begun enrolling patients globally. Available safety and efficacy results in patients dosed
by January 2024 will be presented.

Conclusions: We report on the trial design of a first in human, Phase 1/2 gene therapy trial with DB-OTO in
pediatric patients with otoferlin related hearing loss. The trial is actively enrolling and key initial safety and
efficacy results will be presented.

S53. Ultrastructure of Noise-Induced Cochlear Synaptopathy
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Background: Noise-induced cochlear synaptopathy, in which synapses between auditory nerve fibers (ANFs)
and inner hair cells (IHCs) degenerate though hair cells do not, has been extensively studied via confocal light
microscopy. However, the disappearance of immunostained pre- and/or post-synaptic puncta provides an
incomplete view of the underlying pathology. Here, we present a serial-section ultrastructural study of the
IHC innervation 24 hours and 1 week after exposure to a synaptopathic noise producing 50% loss of synapses
despite only transient elevations of cochlear threshold.

Methods: CBA/Cal mice at 7 weeks were exposed to an 8-16 kHz noise band for 2 hours at 98 dB SPL. After
24 hours or 1 week, cochleas were extracted after intravascular perfusion with glutaraldehyde and
paraformaldehyde, decalcified, micro dissected, en bloc stained by serial incubation in osmium, lead aspartate,
ferrocyanide and thiocarbohydrazide and embedded in plastic. After cochlear mapping, the 32 kHz region
(where synaptic loss peaks) was removed by razor cuts and mounted for FIB-SEM and serial milling (at 20
nm per slice) in a Zeiss Crossbeam. Age-matched control mice received no acoustic overexposure. Images
were acquired at 5 nm resolution in x and y, spanning the unmyelinated terminals from the habenula to the
IHC synapse. ANFs, IHCs, mitochondria and synaptic ribbons were segmented in Dragonfly software, aided
by the Artificial Intelligence Deep Learning Tool.

Results: In control ears, 71/75 reconstructed ANFs made synaptic contact with a single IHC; of the remaining
four, two contacted an IHC without a synapse and two failed to reach a hair cell. In exposed ears, at both
survival times, ANF terminals were normal in number, but synaptic counts were reduced by half. Most non-
synapsing fibers remained in contact with, or in close proximity to [HCs (within 2 [Jm) and contained healthy-
looking organelles. ANFs showed a transient increase in mitochondrial content and efferent innervation at 1
day post exposure. Fibers maintaining synaptic connections showed hypertrophy of pre-synaptic ribbons at
both 1 day and 1 week. Non-synaptic fibers were lower in mitochondrial content and typically on the modiolar
side of the IHC, consistent with selective damage to ANFs with high-thresholds and low spontaneous rates.
Even I-week post-exposure, most unmyelinated ANF terminals remained intact despite loss of synaptic
specializations.

Conclusions: Prior in vitro work on excitotoxic challenge suggested that ANFs immediately retract away
from the IHC, and in vivo confocal work on noise-induced synaptopathy was ambiguous in this regard. Here,
we show that, even 1 week post-exposure, most synaptopathic ANFs remain in intimate contact with the IHC,
with intact efferent innervation and intracellular organelles, including mitochondria. Thus, attempts to enhance
regeneration do not require neurite extension, even when the trauma-treatment interval is as long as 1 week.

S54. Development of Piezoelectric PVDF Device for Cochlear Implants
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Background: Sensorineural hearing loss (SNHL) is one of the most common sensory deficits in humans,
affecting millions of people worldwide, and has been primarily attributed to inner ear dysfunction. Cochlear
implants (Cls) have revolutionized the care of patients with severe to profound SNHL and have catalyzed the
development of multi-electrode devices to replace the loss of inner ear hair cell function by applying direct
electrical stimulation to the cochlear neurons. However, existing minimally invasive technologies are greatly
limited by their inability to preserve residual normal cellular structures and hearing due to their traumatic
cochlear insertion. Furthermore, current devices fail to reach the apical end of the cochlea, which is responsible
for transducing speech frequency sounds and where most of the residual functional neurons are located.
Addressing these limitations may lead to improved hearing outcomes and quality of life for patients with
severe to profound SNHL.

Methods: In this work, we developed piezoelectric microfibers made of polyvinylidene fluoride (PVDF)
polymer as a potential device for neuronal stimulation in the inner ear. The piezoelectric PVDF microfibers
with gold layers fabricated by excimer laser micromachining technology enable generating electrical charges
on its surface upon acoustic stimulation, stimulating neuronal cells. The gold layers on both sides serve as
electrically conductive as well as biocompatible surfaces.

Results: The Atomic Force Microscope (AFM) results showed that the microfibers with sizes of 30 um % 90
um and 15 um x 90 um possess the great piezoelectric properties. The in-air testing results using the scale-up
PVDF fibers with the size of 0.5 cm X 3 cm demonstrated that the amplitude of the output voltage of the fiber
varies with the frequencies, and it could reach out to 76 mV at around 900 Hz. Biocompatibility and toxic
tests demonstrated that the microfibers are safe and have no toxic effects on cell proliferations. Furthermore,
both in vitro and ex vivo experiments demonstrated that the PVDF fibers can effectively stimulate the rat brain
cortical neurons under the acoustic stimulations.

Conclusions: The proposed device has an excellent merit with holding a great potential to be used in cochlear
implants.

SS5. Investigating the Role of Aryl Hydrocarbon Receptor Signaling in Protection and Regeneration of
Cochlear Hair Cells

Sujata Pandey*!, Shelley Tischakau', Brandon Cox!
LSouthern Illinois University School of Medicine

Category: Inner Ear: Damage and Protection

Background: Investigating compounds that can provide protective effects and/or induce regeneration of inner
ear hair cells is crucial for addressing permanent hearing loss occurring from acoustic trauma, ototoxin
exposure or aging. Aryl hydrocarbon receptor (AhR) signaling is involved in various cellular processes such
as development, differentiation and proliferation, in addition to its anti-inflammatory and protective functions
in response to xenobiotics. Recent studies have demonstrated that AhR signaling is regulated by Wnt/Beta-
catenin, a pathway known to promote the regeneration of hair cells after damage. Increased AhR expression
in response to neomycin-induced hair cell damage was also observed in a RNAseq study done in chicken
basilar papilla suggesting that AhR might have a role in the cellular processes that occur after hair cell injury
and during regeneration. However, no studies have been done to explore the potential role of AhR in hair cell
development, regeneration or protection. Here, we used different AhR ligands to investigate the effect on hair
cell numbers after neomycin-induced hair cell damage using a cochlear explant model.

Methods: The organ of Corti from C57BL/6 mouse pups at postnatal day (P) 2 or P3 were microdissected to
establish cochlear explant cultures and incubated overnight in media containing 10% fetal bovine serum (FBS)
and N2 supplement. The following day, the cochlear explants were exposed to 600uM neomycin (in media
containing 2 % FBS and N2 supplement) for 24 hours to induce a mosaic pattern of hair cell death. Next
explants were washed in media 3 times and treated with Oto-39, an endogenous AhR ligand, at the
concentrations of 1-100 nM. After 96 hours, the explants were fixed, immunostained with the hair cell marker,
Myosin Vlla, and analyzed by confocal microcopy to quantify the number of inner and outer hair cells in the
middle and basal turns of the cochlea.

Results: Toxicity screening using naive explants showed that 1-100 nM Oto-39 did not cause hair cell damage.
Treatment with 100 nM Oto-39 after neomycin exposure resulted in a significant increase in outer hair cell
numbers compared to controls treated with neomycin only. Specifically, this increase was 35% in the middle
turn and 41% in basal turn. Similar explant studies are ongoing with additional compounds that are AhR



ligands or that increase AhR expression. We also plan to use fate-mapping of supporting cells in our explants
to track the lineage of the increased numbers of outer hair cells. This will help determine whether the AhR
ligands are mediating protective or regenerative effects.

Conclusions: These preliminary results suggest that AhR ligands are involved in the cellular processes that
occurs after hair cell injury and indicate a novel role for AhR signaling in the inner ear.

S56. Novel Electrophysiological Marker for Focal Spiral Ganglion Neuron Degeneration

Wiebke Konerding*l, Julie Arenbergz, Andrej Kral!, Peter Baumhoff!
'Hannover Medical School, >Massachusettes Eye and Ear Infirmary, Eaton Peabody Laboratory
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Background: Varying spiral ganglion nerve (SGN) density along individual cochleae is a candidate factor for
impaired hearing outcomes in cochlear implant (CI) users. Diagnostic tools for SGN loss or degeneration are
therefore of high clinical relevance. We used an animal model to derive a non-invasive electrophysiological
marker to identify lesions in individual ears.

Methods: Therefore, the SGN of normal-hearing guinea pigs were allowed to degenerate for ~9 days, after a
focal micro-lesion. Via pCT-imaging and histology, we individually identified the CI-contact closest to the
lesion, the degeneration profile (i.e., peripheral to central) and the lesion size, in 12 ears. The diameter of the
lesion was histologically verified and had an average apical-basal extent of 475 um. Electrophysiological
responses of chronically lesioned ears were compared to intact, control ears (n=8). After acute,
pharmacological elimination of hair cells, we recorded electrically-evoked compound action potentials
(eCAP) to biphasic pulses (50us/phase) in monopolar mode via a 6-contact, species-adapted CI (MedEl
comp.). We characterized the input/output functions of the clinically relevant early N1P1 component to
averaged polarities and confirmed results via the late N2P2 eCAP component that allows separation of anodic-
leading and cathodic-leading stimuli. Applying median-splitting categorization we assessed the accuracy of
the eCAP measures to identify lesioned ears.

Results: These small lesions lead to significant threshold elevation and reduced peak-to-peak amplitudes
compared to healthy control ears for averages over all stimulation contacts. We introduced the inefficiency-
of-stimulation index [A/V], which is the ratio of the introduced current to the resultant maximum eCAP
amplitude at maximal outputs. This ratio is expected to reflect the maximal excitable tissue for stimulation
with a given CI contact. From all eCAP measures analysed, including their respective polarity effects (PE),
this Inefficiency index was the only measure that allowed for an individualized separation of healthy and
focally lesioned ears, with a classification accuracy of more than 80%. For 10 out of 12 cases, the Inefficiency
index could identify the contact closest to the lesion within 1.4 mm (~0.54 octaves) from the histologically
defined lesion site. Furthermore, the variation in lesion size explained more than 60% of its variance.
Reanalysing previous data on acute micro-lesions, we revealed that the changes in Inefficiency-index
predicted the presence of a chronic degeneration, but not an acute damage with remaining excitable structures,
central to the lesion. Whereas the threshold PE was significantly elevated only in the presence of damaged
somata and not in damaged primary afferents, the Inefficiency-index was applicable independently of the
degeneration profile.

Conclusions: The Inefficiency index informed about the presence, site and size of the lesion, without any a
priori assumptions, and showed high classification accuracy irrespective of the type of chronic SGN
degeneration. Thus, we propose the Inefficiency index as valuable tool for clinical diagnostics.

S57. Role of Lipid Mediators in Eosinophilic Otitis Media (EOM)-Associated Sensorineural Hearing
Loss: An in Vitro and in Vivo Analysis

Takeshi Fujita*!, Toru Miwa?, Natsumi Uehara', Mie Kubo!, Jun Yokoi', Yukako Goto®, Katsumi Doi?,
Masakazu Shinohara®, Akinobu Kakigi', Ken-ichi Nibu'

Kobe University Graduate School of Medicine, *Osaka Metropolitan University, Konan Medical Center,

ISEIKAI International General Hospital, °Integrated Center for Mass Spectrometry, Kobe University
Graduate School of Medicine
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Background: Eosinophilic otitis media (EOM) is an intractable otitis media characterized by highly viscous
middle ear effusion and is frequently associated with bronchial asthma. There is an increased risk of persistent
and progressive sensorineural hearing loss (SNHL) over time in patients with EOM. However, the
mechanisms driving this progression remain unclear. We hypothesized that lipid mediators present in the
middle ear effusion of EOM patients might impact the inner ear through the round window and oval window.
To test this hypothesis, we analyzed these lipid mediators using mass spectrometry and assessed their effects
on the inner ear both in vitro and in vivo.

Methods: Middle ear effusions were collected from patients with EOM (n=10) and patients with otitis media
with effusion (OME) (n=10). Lipid mediators were profiled using liquid chromatography/tandem mass
spectrometry. Detected major mediators, like prostaglandin E2 (PGE2) and leukotriene B4 (LTB4), were
exposed to HEI-OC1, a mouse auditory cell line. Additionally, LTB4 was introduced to the mouse middle ear,
after which hearing functionality and histological alterations were observed.

Results: Expression of lipid mediators in the middle ear effusion of patients with EOM were significantly
higher than those of the patients with OME. LTB4 demonstrated concentration-dependent cytotoxicity to OCI
cells. Furthermore, in mice, LTB4 administration to the middle ear affected the wave-I amplitude at 32kHz
without altering the auditory brainstem response (ABR) threshold. This observation was further supported by
the diminished number of synapses in the cochlea.

Conclusions: Lipid mediators, especially LTB4, are upregulated in the middle ear effusion of patients with
EOM and exhibit cytotoxicity to the inner ear both in vitro and in vivo. These results imply that lipid mediators
in EOM's middle ear fluid may play a role in causing sensorineural hearing loss.

S58. Spatial Distribution and Relationship of PSD9S, GluA2 and CtBP2 Puncta and Their
Reorganization After Noise-Induced Cochlear Synaptopathy in Mice

Ning Hu*!, Steven Green'!
YWniversity of Iowa
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Background: AMPA-type glutamate receptors (AMPARSs) of spiral ganglion neuron (SGN) postsynaptic
densities (PSDs) consist of GluA2, GluA3 and GluA4 subunits. AMPARSs containing GluA2 have low Ca2+-
permeability. GluA2-lacking Ca2+-permeable AMPA receptors (CP-AMPARSs) play a major role in synaptic
excitotoxicity and noise-induced cochlear synaptopathy (NICS). Although every synapse has GluA2, it is
distributed unevenly within the PSD and there are GluA2-deficient domains that can allow Ca2+ entry. This
heterogeneity is presumably due to GluA2 trafficking in and out of the PSD, which might be affected by noise
exposure. To assess this possibility and determine whether the distribution recovers after noise exposure, we
measured the volumes and spatial relationships of PDS95, GluA2 and CtBP2 puncta, based on 3D-analysis of
confocal images of cochlear wholemount preparations.

Methods: 12-14 week-old CBA/CalJ male mice were divided into the following groups: non-noise-exposed
control, immediately post-noise (post-noise day zero, PNDO), PND1, and PND14. NICS was caused by a 2-
hr exposure to 100 dBSPL 8-16 kHz octave-band noise and confirmed by ABR measures and synapse counts.
The organs of Corti were removed intact and the wholemounts visualized by confocal microscopy. Presynaptic
ribbons, PSDs and AMPAR-GIuA2 subunits were labeled with, respectively, anti-CtBP2, anti-PSD95 and
anti-GluA2 antibodies. 3D images were quantitatively analyzed with Bitplane Imaris software. The volume
of each punctum was measured. The spatial location of each punctum associated with an inner hair cell (IHC)
was determined in reference to a 3D coordinate centered at the nucleus of that IHC.

Results: We confirm that ribbons exhibit size gradients within the IHC, with decreasing size along the
modiolar-pillar and the basilar-reticular axes; in contrast, GluA2 puncta have increasing size along these axes.
We further show that PSD95 puncta follow the size gradients as GluA2. These gradients and spatial
distributions were significantly disrupted by moderate noise exposure that causes ~30% synapse loss. Among
the surviving synapses, on PND1, the size gradients for ribbons, PSDs, and GluA2 puncta along the modiolar-
pillar axis are abolished. By PND14, the size gradients for the structural elements of the synapse, ribbons and
PSDs, have been reestablished. Notably, the size gradient for GluA2 puncta was not reestablished which
suggesting long-term disruption in trafficking of GluA2 subunits postnoise. We observed a bimodal
distribution of synapses across the modiolar-pillar axis, with greater numbers on the modiolar and pillar sides



relative to the middle. This distribution pattern is also abolished at PNDI but largely restored by PND14.
However, we did not observe a preferential synapse loss on either the pillar or modiolar side of IHCs.
Conclusions: In general, noise exposure disrupts spatial distribution patterns and relationships for structural

elements and GluA2 subunits of synapses. Some features can be restored postnoise, others may stay in long-
term disruption. (Supported by NIH RO1 DC015790, DoD CDMRP grant RH210047).

S59. Concussion-Induced Vestibular Peripheral Functional Deficits in Mice
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Background: Vestibular dysfunction is prevalent following concussion, with about 30-80% of individuals
affected reporting dizziness, imbalance, and vertigo. Concussions involve not only the impact on the central
nervous system caused by the rapid accelerations and decelerations of the head but also potentially affect the
peripheral vestibular system within the bony labyrinth of the inner ear. In previous studies, we have developed
a mouse model of concussion-induced vestibular deficits, in which a closed head impact model of engineered
rotational acceleration (CHIMERA) was employed to generate consistent, repeatable concussions in mice. We
found that multiple impacts caused substantial reductions in the sensitivity of the vestibulo-ocular reflexes. In
the present study, to elucidate the mechanisms underlying the concussion-induced vestibular dysfunction, we
further investigated the impact of concussion on the peripheral vestibular function by analyzing single unit
vestibular afferents activities.

Methods: C57BL/6J mice were anesthetized and subjected to three repetitive head impacts over three
consecutive days, each at an intensity of 0.52]. A control group received sham injuries. Single-unit recordings
of vestibular afferents were conducted at two time points: one day and twenty-eight days following the last
impact. Under ketamine anesthesia, a craniotomy was performed to provide access to the 8th nerve using a
microelectrode. We analyzed the spontaneous firing rates, regularity, and sensitivity of vestibular afferents to
both head rotation and translation. Additionally, to assess signal to noise ratios of afferent responses to head
movement, we computed a distortion index based on FFT (Fast Fourier Transform) analysis. Afferents with
distortions larger than 30% in responses to both rotation and translation were categorized as mo-response’
units.

Results: A total of 904 units were recorded. The head impacts resulted in a significant reduction in the
spontaneous firing rates of both canal and otolith afferents. The sensitivities of regular otolith afferents to 1Hz
sinusoidal head translation significantly declined 28 days after the injuries. There was an increased proportion
of 'no-response' afferents observed at both 1 day and 28 days following the injuries. Moreover, the percentage
of vestibular afferents with a low distortion index (less than 5%) also decreased following the head impacts,
indicating that the compromised vestibular nerves exhibited a lower signal-to-noise ratio in their responses to
head movement.

Conclusions: In summary, our results demonstrate that repeated concussions, as modeled by the CHIMERA
system, led to impairments in both the canal and the otolith function. These results indicate that peripheral
vestibular injuries play a significant role in the development of acute and sub-chronic vestibular symptoms
following a concussion.

S60. Immune Response in the Spiral Ganglion Following Aminoglycoside-Induced Hair Cell Loss

Adrianna Caro*!, Steven H. Green'
YWniversity of Iowa
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Background: Spiral ganglion neurons (SGNs) slowly die after neonatal aminoglycoside deafening of rats,
resulting in the death of greater than 80% of all SGNs over the course of ~14 weeks. Our lab has previously
shown that an inflammatory response involving components of both the innate and adaptive immune systems
occurs in the rat cochlea after hair cell loss. Additionally, using a mouse Pou4f+/huDTR strain, we have shown



that knockout of MHCII prevents SGN death after hair cell ablation, implicating the adaptive immune system.
To further assess the role of the adaptive immune response in SGN death, we compared SGN survival between
T cell deficient RNU nude rats and control littermates.

Methods: Sprague-Dawley (SD), Crl:NIH-Foxnlrnu/rnu (RNU nude, T cell deficient) and Crl:NIH-
Foxnlrnu/+ (RNU+, normal T cells) were intraperitoneally injected 1x/day with kanamycin from P8 to P16.
Cohorts of deafened and hearing control rats were euthanized at various ages and cochlea were sectioned for
immunohistochemistry to detect hair cells, neurons, macrophages, and T and B lymphocytes.

Results: We have previously shown using SD rats that macrophage abundance and activation increase in the
spiral ganglion weeks prior to the start of significant SGN death. Here, we report an increase in the population
of spherical CD45+/IBA1- cells (presumably lymphocytes) in SD rats within the spiral ganglion concurrent
with the start of post-deafening SGN death. This population includes CD4+ helper T cells and CD8+ cytotoxic
T cells. The RNU nude rats had a small number of spherical CD45+/IBA1-/CD19- cells in the spiral ganglion
that are presumably NK cells (a possibility we are further investigating). To determine if T cells are necessary
for SGN death after deafening, we assessed neuronal survival in RNU rats and found that neuronal survival
in RNU nude rats is not significantly different from that in RNU+ rats.

Conclusions: In SD rats, a macrophage-dominated immune response is elicited in the spiral ganglion weeks
prior to significant SGN death, indicating that the immune response is not responding to dead/dying neurons
but rather may be causal to SGN death after deafening. This is accompanied by a delayed response from CD4+
and CD8+ T cells that appear in the ganglion concurrent with significant SGN death. We directly assessed the
role of T cells in SGN death after deafening using T cell deficient RNU nude rats and found that T cells are
not required for SGN death after hair cell loss. Future studies are planned to identify the population of
CD45+/IBA1-/CD19- cells seen in the RNU nudes. In addition, we will assess neuronal survival in SRG rats
(T, B, and NK cell deficient) to assess whether other components of the adaptive immune system are required
for SGN death after hair cell loss.

S61. Early Players Involved in Both Cisplatin-Induced Ototoxicity and SENS-401 Protection in Intact
Organ Cultures

Selma Dadak!, Anne-Gabrielle Harrus', Audrey Broussyl, Vincent Descossyl, Laura Gallot!, Arnaud Giese!,
Geraldine H. Petit', Laurent DESIRE*!
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Background: Cisplatin is a widely used effective chemotherapeutic agent, which at the same time causes
irreversible hearing loss by damaging fundamental inner ear structures. Most of the deleterious effects
described are cellular loss of essential auditory hair cells and spiral ganglion neurons, representing mainly
later stages of cisplatin impact. With SENS-401, R-azasetron besylate, we are aiming at preventing and
protecting from cisplatin-induced ototoxicity (CIO) by acting on early-stage pathways. The objective of this
study is to characterize early pathways involved in both CIO and protective effects of SENS-401.

Methods: Organotypic explant cultures, including both spiral ganglion and organ of Corti intact tissue, were
prepared from P3 to P5 Wistar rat pups. Kinetics of early signalling involved in CIO were studied by
immunofluorescence staining using markers, such as cleaved caspase 3, an early apoptosis marker. Targets of
SENS-401, 5-HT3 receptors and calcineurin A (CaN A), were also analyzed by Western blot and
immunofluorescence staining. To characterize the full mechanisms of action of both CIO and SENS-401, we
also performed unbiased proteomics approaches.

Results: Here, we provide the timeline of cisplatin action. One of the early- to mid-apoptotic pathways
initiated in response to cisplatin is via cleaved caspase 3 activation. Immunofluorescence staining shows early
cisplatin-induced apoptosis occurring around 16 to 24h after lesion onset at a concentration as low as 20 M.
While at this concentration a small number of hair cells and spiral ganglion neurons are affected, the initial
impact of cisplatin is predominantly seen on supporting cells of the surrounding sulcus of the organ of Corti.
In addition, clinically relevant doses of SENS-401, applied prior to cisplatin, protected from CIO. We also
describe the presence of 5-HT3 receptors and CaN A, both known as targets of azasetron. Here, we provide
proteomics, Western blot, and immunofluorescence outcomes that characterize 1) the broad signature of early
impact of cisplatin and 2) investigate target engagement and the protective mechanisms elicited by SENS-401
in the context of CIO.



Conclusions: The present study provides both a broad overview of early CIO events and pathways involved
in protective and preventive therapeutic effects of SENS-401.

S62. Ubiquitin Protein Ligase NEDD4L is Essential for Hair Cell Maintenance and Hearing Function

Soo min Kim*!, Hyehyun Min!, Heiyeun Koo!, Yujin Choi!, Sung Huhn Kim?, Jinwoong Bok'

BK21 PLUS Project for Medical Science, Yonsei University College of Medicine, *Yonsei University College
of Medicine
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Background: NEDD4L (Neural precursor cell expressed developmentally downregulated gene 4-like), a
member of the NEDD4 family of HECT domain E3 ubiquitin ligase, is known to play a crucial role in
regulating protein degradation through the ubiquitin-proteasome pathway. Recently, several studies have
suggested that NEDDA4L directly regulates the ubiquitination of ULKI, thereby modulating cellular
autophagy. Mutations in the NEDD4L gene have been associated with neural defects and hearing loss in
humans. However, the molecular mechanism by which NEDDA4L deficiency causes hearing loss remains
unclear.

Methods: To elucidate the mechanism of hearing loss associated with NEDD4L deficiency, we characterized
conditional knockout (cKO) mouse models of Nedd4l. Nedd4l-floxed mice were crossed with three different
Cre recombinase lines; Pax2-Cre for both inner ear epithelium and spiral ganglion, Emx2-Cre for inner ear
epithelium, and Bhlhe22-Cre for spiral ganglion. Hearing function was assessed by measuring auditory
brainstem responses (ABRs) and distortion product oto-acoustic emissions (DPOAEs). Hair cell bundles
morphology and the presence of the autophagy markers were observed by scanning electron microscopy and
immunofluorescence staining, respectively.

Results: Fusion and degeneration of stereocilia were observed at 3 weeks of age in both Pax2-Cre; Nedd4l {/f
and Emx2-Cre; Nedd4l f/f mice, but not in Bhlhe22-Cre; Nedd4l f/f mice. The morphological abnormalities
of the stereocilia progressively worsened with age. The degree of hearing loss in Nedd4l cKO mice was
correlated with the fusion and degeneration of the stereociliary bundles. Specifically, Pax2-Cre; Nedd4l f/f
and Emx2-Cre; Nedd4l f/f mice showed elevated thresholds at 3 weeks of age, progressing to profound
deafness by 8 weeks. In contrast, Bhlhe22-Cre; Nedd4l f/f mice showed normal hearing at 3 weeks and
elevated thresholds at 8 weeks. In addition, the autophagy marker LC3 was increased in the cochlea of Pax2-
Cre; Nedd4l f/fand Emx2-Cre; Nedd4l f/f mice compared to control mice at early postnatal stages, suggesting
an overactivation of autophagy in the absence of NEDDAL function. We are currently investigating differential
roles of NEDDA4L in the inner ear epithelium and spiral ganglion neurons.

Conclusions: This study shows that NEDDA4L plays a more prominent role in the inner ear epithelium than in
spiral ganglion neurons. Our results suggest that NEDD4L E3 ligase mediated regulation of autophagy may
be critical for maintaining the integrity of hair cell stereociliary bundles and preserving auditory function.

S63. Open Board

S64. Gonadal Hormones Depletion Reduces Auditory Impacts of Lgals3 Knockout in Female Mice

Mengxiao Ye!, Jolie McCutcheon?, Bohua Hu*!
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Background: Galectin-3, a B-galactoside-binding lectin, plays a pivotal role in various biological processes,
including inflammation, apoptosis regulation, fibrosis, and host defense. Our prior research demonstrated that
the absence of galectin-3 due to Lgals3 knockout Preferentially impacts the auditory function of female mice.
This study investigates the influence of gonadal hormones on these knockout effects.

Methods: We used 24 B6.Cg-Lgals3tm1Poi/J mice (16 females, 8 males) aged 1-6 months, categorized into
three groups: ovariectomized females (OVX), sham surgery females, and males. Female mice underwent
ovariectomy or sham surgery at 5 weeks of age. Hearing assessments for auditory brainstem responses (ABR)
and distortion product otoacoustic emissions (DPOAE) were conducted before surgery (at 5 weeks) and at



three subsequent time points (4, 5, and 6 months of age). We measured ABR thresholds, DPOAE thresholds,
and the area under the curve (AUC) of DPOAE responses, which reflects the performance and dynamic range
of outer hair cell function. After the final hearing assessment, cochleae were collected to quantify the number
of missing hair cells.

Results: At 5 weeks of age, the ABR thresholds were similar across the three groups, but DPOAE thresholds
were lower, and the AUC of DPOAE responses was higher in males compared to the two female groups (sham
and OVX). This aligns with our previous findings indicating a preference for Lgals3 knockout effects in
female mice. As mice aged, the OVX group exhibited the least ABR threshold shifts, while the sham group
displayed the greatest shift, with the male group falling in between. The most notable difference was observed
at 24 kHz. By the age of 6 months, ABR threshold shifts were 41.6 + 14.6, 25.0 + 14.8, and 34.7 + 17.0 dB
for the Sham, OVX, and male groups, respectively. Similarly, the assessment of DPOAE thresholds revealed
the most significant changes in the sham group, followed by the male group, and then the OVX group at the
24 kHz testing frequency. By the age of 5 months, the AUC had decreased from the pre-surgery level by 72.6
+ 32.3%, 31.8 £ 28.6%, and 56.1 £ 35.1% in the sham, OVX, and male groups, respectively. In line with the
functional results, hair cell quantification showed a significant difference in hair cell pathogenesis among the
groups, with the numbers of missing outer hair cells being 216 + 77, 131 £ 70, 171 + 90 for the sham, male,
and OVX groups, respectively, in the cochlear range between 70% and 90% from the apex, where active
sensory cell pathogenesis occurred.

Conclusions: Gonadal hormones significantly influence Lgals3 knockout effects in female mice. This finding
underscores the potential role of female hormones in modulating the effects of galactin-3 deficiency on
auditory function in female mice.

S65. Synthesis and Characterization of Hyaluronan-Antioxidant Conjugates as Potential Therapeutics
for Noise-Induced Hearing Loss
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Background: Mechanistically, the production and recruitment of reactive oxygen species (ROS) is a major
contributor to noise-induced hearing loss (NIHL). Therefore, targeting the reactive oxygen species from NIHL
seems a viable prophylactic and therapeutic approach. However, due to the complexity of the ear anatomy,
treatment and prophylaxis of hearing loss are difficult and extremely limited. Experimental approaches are
often focused on invasive topical drug delivery methods or systemic drug delivery leading to damage of ear
structures, off target effects, and low concentration reaching the cochlea. Our group has previously
investigated several hyaluronan (HA) conjugates with antioxidants that show promise in accessing the inner
ear structures and providing protection to inner ear cells against oxidative damage. In this study we explore a
new series of HA-antioxidant conjugates (HAXSs), for increased protective effects and potential development
as a minimally or non-invasive prophylactic for sensorineural hearing loss (SNHL).

Methods: An HA intermediate enriched in carboxyl functionalities was used as starting material for all HAX
synthesis. The synthesized HAXs were characterized via 1H-NMR and HPLC. HAXs were screened for
oxidative protection in multiple acellular assays to determine our lead conjugates. Cytocompatibility of lead
HAXSs were assessed with MTS colorimetric assay as well as LDH cytotoxicity assay in cochlear (HEI-OC1)
cells. The oxidative protection properties of lead HAXs were evaluated using an ROS detection assay (CM-
H2DCFDA) after H202 stress in HEI-OC1 cells. Protection was assessed by both pre-treating cells with
HAXSs and simultaneous treating with HAXs while stressing with H202. Permeation and cytocompatibility
were also assessed in previously developed RWM and TM models.

Results: A series of HAXs were successfully synthesized and characterized. HAXs were evaluated for
oxidative stress mitigation in various acellular assays. Two lead candidates were chosen based on these data
and evaluated in further cellular studies. The lead HAXs were cytocompatible, provided oxidative protection
to stressed HEI-OCI1 cells, and was able to permeate the RWM model. Our additional data indicate that
conjugation of the antioxidant to HA enhances these protective effects when compared to the anti-oxidant
agents alone.



Conclusions: Our data so far highlights the practicality of chemically conjugating HA with antioxidants for
oto-therapeutic purposes. Such therapeutics have the potential to be further developed into a new generation
of biocompatible and biointegrating topically deliverable agents against hearing loss.

S66. Modulation of Hair Cell Synaptic Elements by Glutamate and Gaba Receptor Ligands
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Background: Hidden Hearing Loss (HHL) is a subtype of sensorineural hearing loss that impairs speech
comprehension in noisy environments despite normal hearing using standard audiometric tests. Despite its
prevalence in the aging population, the mechanisms of HHL are not fully understood. One likely mechanism
of HHL is synaptopathy, the disconnection of hair cells from afferent spiral ganglion neurons (SGN).
Synaptopathy maybe caused by overactivation of ionotropic glutamate receptors due to increased glutamate
signaling, leading to deterioration of both pre- and post-synaptic elements. However, the precise relationship
between glutamate receptor activation and synaptic damage is unknown. Further, there is little known about
how GABAergic inhibitory neurotransmission may modulate synaptopathy in the auditory periphery. Here,
we use the larval zebrafish lateral line as a model to quantify the dose by time relationship between glutamate
and GABA receptor activation and synaptic damage.

Methods: We incubated larval zebrafish in AMPA, NMDA, or GABA agonists at varying concentrations,
treatment durations, and post-exposure recovery times. We utilized a transgenic zebrafish line expressing
green fluorescent protein (GFP) tagged Ribeye protein to visualize presynaptic hair cell ribbons in the lateral
line. Nuclei of hair cells were labeled with DAPI, and the postsynaptic elements on afferent neurons were
identified using MAGUK antibody labeling. Colocalization, decoupling, and area of the synaptic elements
were quantified using sequential confocal microscopy and a custom macro run using FIJI software.

Results: Preliminary findings indicate receptor agonism influenced receptor area and number. Our research
demonstrates that short-term exposure to high concentrations of AMPA caused decoupling of synaptic
elements that were only seen after an extended recovery time (48-72 hrs), suggesting that intracellular
signaling events mediate this synaptic damage. Additionally, glutamate and GABA agonists did not alter the
number of ribbons per hair cell, but a 15 minute GABA exposure significantly increased ribbon area within
90 minutes of recovery and the effect persisted through the 72 hour recovery period.

Conclusions: Future research will determine the degree to which afferent neurons recede after synaptic
decoupling and explore downstream mediators of synaptopathy to identify potential therapeutic targets. We
will also investigate if can mitigate glutamatergic receptor decoupling. These results could provide valuable
insights in the pathology of HHL.

S67. Partial-Reprogramming Contributes to an Anti-Inflammatory Associated Hearing Recovery in
Acoustic Trauma

Yizhou Quan*!, Wei Wei', Camilla Boschian!, Zhengyi Chen!
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Background: Hearing functions through the mechanical transduction of inner ear sensory cells, hair cells,
and their connections to the auditory neurons, which convert the stimuli into electrical signals to be detected
by the brain. Noise-induced hearing loss (NIHL) is usually caused by exposure to excessively loud sounds
and cannot be medically or surgically corrected. Strategies to overcome the apparently irreversible noise-
induced hearing loss (NIHL) in mammals become paramount for hearing treatment. So far, there is no FDA-
approved drug to treat noise-induced hearing loss.

Methods: With the transgenic rtTA/tet-Myc/tet-NICD and rtTA/tet-NICD mouse models, we studied hearing
by reprogramming of adult inner ear with the activation of Myc/Notchl and Notchl before and after noise
exposure, to determine protection and/or repair for NIHL. Valproic acid (VPA), an FDA-approved small



chemical compound with a role in Notch activation, was further evaluated against NIHL by middle ear
delivery.

Results: In the rtTA/tet-Myc/tet-NICD mice, Dox-induced Myc/Notch activation reprogrammed the inner ear
and significantly protected hearing against NIHL. With the noise that caused the permanent threshold shifts
(PTS), an average reduction of in ABR thresholds of 40 dB was detected at 11.32 kHz and 30 dB at 8 kHz
and 16 kHz, with the effect that is sustained. To discern the specific role of Myc and Notchl, we studied
transgenic mice in which MYC or NICD was activated individually. We found that the activation of Notchl
but not Myc was responsible for the preservation of hearing after noise exposure. We showed that a small
chemical compound Valproic acid (VPA), an FDA-approved drug, is sufficient to replace the Notchl gene
and protects the inner ear from noise-induced PTS in wild-type mice. A maximum of 40 dB reduction in ABR
thresholds at the middle frequency was obtained by middle ear delivery of VPA. Mechanistically, we
determined that VPA “reprogrammed” the adult mice cochlea by regulating anti-inflammatory pathways. The
blockade of the pathways greatly attenuates the benefits of VPA treatment. By single-cell RNAseq study, we
detected the down-regulation of the ATF4 stress-response signals via VPA reprogramming. Finally, the
application of VPA before noise exposure protected mice from noise-induced accelerated age-related hearing
loss, with hearing protection extended to 5 months after the treatment. Application of VPA after noise
exposure does not improve hearing.

Conclusions: Our work demonstrates that the activation of Notch in the mature inner ear is sufficient to offer
robust hearing protection against NIHL. An FDA-approved small molecule drug VPA can effectively replace
Notch to achieve hearing protection. Notch-based hearing protection is partially mediated by anti-
inflammatory pathways. Our findings have the potential to protect hearing against NIHL in humans by
repurposing an FDA-approved drug, VPA.

S68. Cochlear Damage in the Mouse Model of Lassa Virus Infection
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Background: Lassa fever is endemic to West Africa and is caused by infection from Lassa virus (LASV). It
is associated with sensorineural hearing loss in up to one-third of patients following infection. Although
prevalent, the exact mechanism of hearing loss following infection remains unclear.

Methods: Statl knockout mice or wild type (WT) mice were infected with LASV or phosphate-buffer saline
(PBS) as a mock control. Auditory brainstem response (ABR) and Distortion Product Otoacoustic Emissions
(DPOAE) hearing tests were performed on each mouse weekly from 3 to 8 weeks post infection. The mice
were euthanized at 60 days post infection (dpi). An immunohistochemical analysis of the inner ear of these
mice was done. The temporal bones were processed into paraffin blocks, thin sectioned, and processed for H
and E staining, or labeling with anti-CD3 antibody, or anti-LASV nucleoprotein antibody.

Results: In the mice infected with LASV, structural damage, primarily in the spiral ganglion, was observed.
Lymphocytic infiltrate as well as fibrosis was observed in the scala tympani. CD3 IHC labeling was positive
mainly within the spiral ganglion, as well as throughout the scala tympani. LASV antigen was observed around
the neurons and spiral ganglion cells. The Statl knockout mice in the negative control group injected with
PBS showed no damage in any of the inner ear structures.

Conclusions: The Statl knockout mice infected with LASV all had severe hearing loss. Statl knockout mice
infected with LASV had moderate to severe fibrosis and lymphocytic infiltrate in the scala tympani, while
WT mice infected with LASV had less. All mice infected with LASV had bulging Reissner’s membranes of
varying degrees, suggestive of endolymphatic hydrops. All mice with hearing loss had a similarly damaged
spiral ganglion, all of which had CD3 positive lymphocytes infiltrated adjacent to the spiral ganglion cells.
This suggests that hearing loss following LASV infection is likely due to damage within the spiral ganglion
as a result of the immune response.

S69. Difference of Nestin Expression by Age After Noise Exposure in Mouse Cochlea
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Background: For the treatment of sensorineural hearing loss, approaches targeting the regeneration of inner
ear hair cells are considered to be one of the feasible strategies. Since spontaneous hair cell regeneration is not
observed in the mammalian cochlea, hair cell regeneration by artificially inducing differentiation of inner ear
stem cells in the cochlea has attracted attention. It has been reported that stem cell potency of supporting cells
altered when hair cells are damaged. However, the long-term changes in stem cell potency due to aging and
the changes in stem cell potency after hair cell damage are not fully understood. In this study, we targeted
Nestin, a neural stem cell marker in the central nervous system, and examined the change after noise exposure
and the effect of aging.

Methods: We used Nestin-EGFP (enhanced green fluorescent protein) transgenic mice to detect the presence
of stem cell potency in the mouse cochlea. We examined the cochlea of mice on the following postnatal days
(P): P30, P100, P200 and P300. Experimental groups were exposed 121dB of white noise for two hours; the
control groups were not exposed. All mice were evaluated for hearing at 8kHz, 16kHz, and 24kHz by ABR
(auditory brainstem response) before and after noise exposure. We compared of differences in the localization
of Nestin expression in cochlea by age using immune-staining. Furthermore, we examined the change of
hearing thresholds and Nestin expression after noise exposure, and compared the difference of these by age.
Results: Hearing thresholds by ABR tended to increase at higher frequencies and with increasing age.
Comparing hearing thresholds by ABR before and after noise exposure, hearing thresholds were increased
after noise exposure at all frequencies in each mouse.

In the inner ear specimen, Nestin was expressed at Rosenthal’s canal and base of supporting cells. Comparing
Nestin expression before and after noise exposure, Nestin at the spiral ganglion and base of supporting cells
was enhanced after noise exposure in P100 mice. However, Nestin expression was decreased after noise
exposure in P200 and P300 mice.

Conclusions: Noise exposure caused hearing damage regardless of age. After noise exposure, Nestin
expression increased at P100 mice but decreased at P200 and P300 mice. These data indicate that the
regenerative potential of the supporting cells varies with age. It has been reported the location of Nestin
expression also changes during development. Therefore, it was considered that Nestin expression and reaction
after noise exposure also varies by age in the adult mice inner ear. We plan to examine the differences of
Nestin expression by frequencies.

S70. Hair Cells Are Preserved in Mice With Severe Hearing Loss Caused by Lassa Virus Infection
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Background: Lassa Fever (LF) is caused by Lassa Virus (LASV) infection, an endemic hemorrhagic fever in
West African countries. Up to one third of subjects infected with LASV develop sudden severe hearing loss
after clearing the acute disease phase. In our LF mouse model we used a combination of tissue clearing and
3D reconstruction of the temporal bone to investigate the spatial-temporal changes in inner ear cochlear cells.
Methods: Statl knockout mice were infected with LASV or PBS, underwent serial weekly ABR and DPOAE
testing, and temporal bones were harvested at different time points up to 90 days post infection. The temporal
bones were fixed in 10% formalin for at least 7 days before being processed for tissue clearing. Whole
temporal bones underwent tissue clearing using a modified Sca/e S protocol (Hama et al. Nat Neuosci, 2015.
18(10):1518-29). The temporal bones were labeled with myosin VI antibody and phalloidin and fluorescent
secondary antibodies, visualized and serial images captured with lightsheet microscopy. The images were
reconstructed into 3D for further analysis of inner ear cells. The contralateral temporal bones were embedded
in paraffin, thin sectioned, and processed for immunohistochemistry analysis for comparison.



Results: Mice infected LASV showed severe hearing loss, while mice administered with PBS had no change
in hearing performance. Both the mice infected with LASV and PBS showed minimal changes to all rows of
the inner ear hair cells from the apical turn to the basal turn in the tissue cleared 3D temporal bones.
Immunohistochemistry analysis in the thin sections showed damage to the spiral ganglion cells and infiltration
of T-lymphocytes in the cochlea of the mice with LASV infection.

Conclusions: The combination of Sca/e S tissue clearing protocol with the use of myosin VI antibody and
phalloidin labeling was suitable for 3D imaging with single-cell resolution of the LF model mice temporal
bones. The mechanism of LF induced hearing loss does not involve direct damage to the inner ear hair cells.

S71. The Potential of Mitochondrially-Targeted Tetrapeptide in Protecting Against Noise-Induced
Hearing Impairment
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Background: Noise-induced hearing loss (NIHL) constitutes a significant health concern for which there is
currently no effective treatment. The loss of auditory receptor cells, specifically cochlear hair cells, and
associated synaptopathy are common causes of NIHL. One of the primary mechanisms proposed to be
involved in NIHL is the accumulation of reactive oxygen species (ROS) that ultimately overwhelms cochlear
cells. ROS have been detected in the cochlea immediately after noise exposure, persisting for at least a week
following the exposure. Within cells, ROS are primarily generated in mitochondria as a product of cellular
metabolism. Elamipretide, also known as SS-31, MTP-31, and Bendavia, is a small tetrapeptide capable of
reaching and concentrating in mitochondria, improving mitochondrial function and reducing ROS production.
We hypothesized that elamipretide treatment could mitigate noise-induced hearing loss.

Methods: Male and female 16-week-old CBA/J mice were obtained from Jackson Laboratories, ME. Groups
of mice were exposed to 8-16 kHz octave-band noise at 98 dB SPL for 2 hours. Intraperitoneal elamipretide
treatment was initiated immediately following noise exposure and continued for two weeks. Auditory
brainstem response (ABR) thresholds, peak amplitudes, and latencies were analyzed using data from ABR
recordings of the treated and control groups.

Results: Noise-exposed mice exhibited a mild elevation in ABR thresholds at 32 kHz and a reduction in ABR
wave peaks I and II amplitudes measured at 60-70 dB SPL. Peak latencies were not affected. Elamipretide
treatment prevented the elevation of ABR thresholds and the attenuation of peak amplitudes induced by noise
exposure.

Conclusions: Our results provide proof of concept that mitochondrial-targeted elamipretide, which enhance
mitochondrial function and reduce ROS production, can prevent noise-induced hearing impairment in a
mammalian model.

S72. Machine Learning-Driven in Silico Screening Reveals Novel Drug Hits Against Cisplatin-Induced
Hearing Loss
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Background: Cisplatin is a first-line chemotherapy prescribed to 20% of all cancer patients.

However, more than 80% of patients receiving cisplatin treatment developed permanent hearing loss. Despite
this debilitating side effect, currently, there is only one FDA-approved drug (sodium thiosulfate or STS) to
prevent cisplatin ototoxicity among pediatric cancer patients.

Methods: Machine learning (ML) based classifiers and quantitative structure activity relationship (QSAR)
models were used to identify drug hits that prevent cisplatin-induced hair cell loss. A diverse compound library
(diversity set) containing over 1500 drug-like compounds was screened using the zebrafish lateral line
neuromast assay to generate our in-house training dataset for building the ML models. A high-throughput



computational screen of a clinical compound library was performed using high-performing ML models, which
identified a number of interesting FDA-approved drugs. The top-ranked drug hits were validated using the in
vivo zebrafish assay.

Results: Among the top 25 FDA-approved drugs that our in silico screens discovered, DXU3056
demonstrated complete protection against cisplatin-induced hair cell damage at S0uM. Our ML models also
identified a key chemical core structure responsible for the protective effect. Based on the chemical core
structure, additional compounds containing the core structure were shown to partially or completely block
cisplatin uptake in zebrafish hair cells.

Conclusions: We have demonstrated the potential of synergizing in vivo zebrafish neuromast hair cell assay
and machine learning to accelerate high-throughput drug discovery for otoprotection against cisplatin
ototoxicity. Out top hit DXU3056 is an antineoplastic agent. When combined with cisplatin, the drug
combination may offer the benefit of enhanced anti-tumor efficacy and reduced cisplatin ototoxicity. A rodent
study is underway to further validate the otoprotective effect of the combination therapy in the mammalian
system.

S73. Investigating the Protracted Inner-Ear Proteomic Signatures in Response to Systemic
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Background: Aminoglycosides are cheap and reliable antibiotics that are used globally to fight severe gram-
negative bacterial infections. They have been used for decades and are reliable. Unfortunately,
aminoglycosides have a narrow therapeutic window and carry a significant risk for causing debilitating
hearing and vestibular dysfunction. In addition, lipopolysaccharide (LPS), a component of gram-negative
bacterial cell walls, has been shown to potentiate aminoglycoside-related ototoxicity. We have developed a
preclinical model utilizing systemically administered LPS and kanamycin that demonstrates reproducible
hearing loss in mice. Here we utilized the ultra-sensitive label-free UHPLC-MS/MS technique to explore the
proteomic changes that occurs in the cochlea of mice exposed to LPS and kanamycin alone and in combination
with one another.

Methods: We utilized a clinically relevant aminoglycoside model in B6N(Cg)-Cdh23tm?2.1Kjn mice. In this
model, animals were treated with Lipopolysaccharide (LPS) at 1 mg/kg I.P. 3 times over a 14-day period in
combination with subcutaneous injection of Kanamycin (KM) at 500 mg/kg two times a day, 6 hours apart
for 14 days. Experimental animals were co-treated with KM and Fedratinib - 50 mg/kg via oral gavage (OQG).
(JAK2 specific inhibitor). Functional hearing assessments were collected via auditory brainstem response
(ABR) and distortion product otoacoustic emissions (DPOAE). ABRs were tested at 4,8,16,22,32.45, and 64
kHz from 100 dB SPL to 20 dB SPL in 5 dB increments. DPOAEs were tested at 5.6, 8, 11.3, 16, 22, and 32
kHz from 75 dB SPL to 10 db SPL in 5 dB increments. For label free mass-spectrophotometer analysis, 1 ug
peptides were injected from each sample. The LC Thermo Scientific UltiMate 3000 RSLCnano system was
connected with Thermo Scientific Orbitrap Exploris 480 MS instrument. Precursor ions were detected in
Orbitrap with resolution of 60,000 at m/z 200. The precursor ions were fragmented further with normalized
HCD collision energy (%) 30, and the fragment ions were detected in orbitrap with resolution of 15000 at m/z
200. The raw files were subjected to label-free analysis with Progenesis QI software.

Results: This method uncovered several genes and pathways that were significantly altered utilizing this
method. This method may be valuable in identifying relevant high-yield pathways that are altered with other
ototoxic conditions. In addition, this method has uncovered a small group of targets that we plan to further
interrogate with the goal of identifying and interfering with pathways that lead to permanent hearing loss
caused by aminoglycosides.

Conclusions: UHPLC-MS/MS is a viable method for interrogating the proteomic signatures of ototoxicity in
the cochlea. It provides reliable genome wide data that increases the understanding of the pathways that are
implicated in ototoxicity. These high yield pathways should be further interrogated for potential therapeutic
targeting with the goal of protecting patients hearing from ototoxic drugs such as aminoglycosides.
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Background: Cyclodextrins belong to a group of cyclic oligosaccharides known for their utility as
complexing agents, effectively enhancing the aqueous solubility of poorly soluble drugs while also improving
their bioavailability and stability. Our prior research has revealed that this compound preferentially targets
outer hair cells, leading to immediate cell death after a single dosage of the drug treatment. Conversely, inner
hair cells display a delayed onset of cell death. In contrast, inner hair cells undergo delayed cell death. This
pattern of cochlear pathogenesis offers an excellent opportunity to explore the factors influencing the survival
of inner hair cells in the presence of outer hair cells. The current study aims to investigate the role of supporting
cells in preserving the viability of inner hair cells using a rat model of cyclodextrin-induced ototoxicity.
Methods: In this study, adult rats of both sexes were utilized as experimental subjects. These rats were
administered a single dose of cyclodextrin at varying concentrations: 1, 2, 3, and 4 mg per gram of body
weight. Cochleae were subsequently harvested at different time points following the administration of the
drug. The collected cochleae were prepared for surface preparations or cochlear sectioning. To visualize tissue
structures, a range of staining techniques was employed, including hematoxylin staining, silver nitrate
staining, succinate dehydrogenase staining, and toluidine blue staining.

Results: The administration of cyclodextrin resulted in a dose-dependent outer hair cell pathogenesis. In the
high-dose group, significant outer hair cell loss was observed within three days after treatment. However, even
in cochleae displaying extensive outer hair cell loss in the high-dose group, supporting cells and inner hair
cells remained present at the two-week mark following treatment. By the fourth week, supporting cell death
became evident. In the low-dose group, supporting cell damage was primarily localized to the basal region of
the cochlea, coinciding with the area where outer hair cell loss had occurred. In contrast, the high-dose group
exhibited more extensive supporting cell lesions, affecting both the middle and apical portions of the cochlea.
Notably, Deiters cell lesions were frequently larger than pillar cell lesions, and pillar cell lesions were observed
exclusively in regions with existing Deiters cell lesions, suggesting a sequential occurrence of pillar cell death
following Deiters cell death. Furthermore, the loss of inner hair cells was observed only in areas where pillar
cell death had occurred, indicating a strong spatial correlation between these two types of lesions.
Conclusions: The results from this study suggest that the preservation of inner hair cells relies on the well-
being of pillar cells in the acute outer hair cell death model. Understanding the precise mechanisms governing
the role of pillar cells in safeguarding inner hair cell survival remains a topic for future investigation.

S75. Mucoadhesive Nanoparticle-Mediated Inner Ear Drug Delivery
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Background: To facilitate the entry of drugs injected into the middle ear into the inner ear, they must penetrate
through the round window or oval window. However, there exists no inherent driving force to propel these
drugs from the middle ear through these windows. Drugs that float freely within the middle ear without coming
into contact with the middle ear mucosa cannot contribute to inner ear drug delivery. Therefore, if drugs
inserted into the middle ear can adhere well to the middle ear mucosa, it is expected that the efficiency of drug
delivery can be significantly improved. In this experiment, we assessed the suitability of mucoadhesive
nanoparticles as inner ear drug delivery vehicle in comparison to non-adhesive nanoparticles.

Methods: Dopa (3,4-dihydroxyphenylalanine) is recognized as a key chemical signature of mussel adhesion
and has been adopted into diverse synthetic polymer systems. We fabricated nanoparticles using Polyvinyl
alcohol (PVA) and poly lactide and poly (D,L-lactide-co-glycolide) (PLGA), and coated them with DOPA to
create mucoadhesive nanoparticles. We evaluated the in vitro and in vivo toxicity of the nanoparticles and
subsequently loaded them with a fluorescent dye to compare drug delivery efficiency based on the presence



of DOPA coating. Next, we loaded dexamethasone into the nanoparticles and compared the amount of
dexamethasone delivered to the cochlea in practice.

Results: The in vitro toxicity analysis was conducted using HEI-OC1 cells, and PVA/PLGA nanoparticles
showed no cytotoxicity up to 10mg/ml, while DOPA/PVA/PLGA nanoparticles did not exhibit toxicity up to
Smg/ml. For in vivo toxicity evaluation, both types of nanoparticles were injected into the cochlea at a
concentration of Smg/ml, and hearing was assessed at the end of the second week. In both groups, there was
no apparent hearing damage compared to the saline control group. Subsequently, lipophilic coumarin was
encapsulated within the nanoparticles and administered to the cochlea. Cochleae were collected 1 hour, 3
hours, and 6 hours after administration, crushed in 100% methanol to create lysates, and fluorescence intensity
was analyzed. At all three time points, DOPA/PVA/PLGA nanoparticles exhibited superior fluorescence
intensity. Subsequently, dexamethasone was encapsulated within the nanoparticles in the same manner and
delivered. DOPA/PVA/PLGA nanoparticles demonstrated superior dexamethasone delivery compared to
PVA/PLGA nanoparticles or dexamethasone sodium phosphate.

Conclusions: This study demonstrated that mucoadhesive nanoparticles coated with DOPA, specifically
DOPA/PVA/PLGA nanoparticles, exhibited excellent biocompatibility and enhanced inner ear drug delivery
compared to non-adhesive nanoparticles. These findings suggest that mucoadhesive nanoparticles hold
promise as a potential strategy to improve drug delivery to the inner ear by promoting adhesion to the middle
ear mucosa.
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Background: Noise-induced hearing loss (NIHL) is one of the most common type of sensorineural hearing
loss and estimated to affect 12% or more of the global population. Despite its prevalence, there is still
limitation of the treatment options for NIHL. The exposure to excessive noise has been suggested to play a
role in NIHL by reducing KCNQ4 function on the surface membrane. Therefore, the discovery of small
compounds that activate or enhance the KCNQ4 is an important strategy for the therapeutic treatment of
NIHL. Here, we demonstrated the efficacy of a novel and potent small-molecule Kv7.4 activator, INT002-
140, on NIHL.

Methods: Eight-week-old rats were exposed to 2 hours of 120 dB SPL, 8-16 kHz. Group 1 received CF1
formulation only. Group 2 was given 10 mg/mL INT002-140 in CF1 formulation. The INT002-140 was
formulated as suspension in thermoreversible gel and trasntympanically injected immediately after the noise
exposure. The auditory function was assessed by ABR at day 1, 7, 14, 21 after noise exposure. The cochlear
exposure of the INT002-140 from a formulation was determined in a pharmacokinetic study by analyzing
perilymph at 1, 4, 24 hours and at day 7 after trans-tympanic injection in guinea pig.

Results: The INT002-140 as a novel and potent Kv7.4 activator has EC50 of 0.06 uM. For CF1 formulation,
INT002-140, delivered in the middle ear and rapidly reached the inner ear fluids (IEF) at an hour post-
administration. The CF1 formulation reached a greater IEF level of INT002-140 at 4 hours (13090.4 pg/mL).
Then, the concentration slowly decreased within 24 hours to finally reach 32.0 ug/mL at 7 days after a
injection. Hearing thresholds shift in rats exposed to noise showed permanent hearing loss with more than 60
dB thresholds shift. ABR threshold shifts by a mean of 70 to 80 dB relative to baseline were determined after
1 days of vehicle over the range of frequencies evaluated. Treatment with INT002-140 reduced ABR threshold
shifts after 1 days, particularly at click and 4 kHz by 14 to 22 dB compared to the vehicle group. The efficacy
became more pronounced after day 7 over the range of frequencies evaluated and lasted at 3 weeks after the
treatment.

Conclusions: This study is notable in that we in vivo experimentally clarified the therapeutic effects of Kv7.4
activator used to treat NIHL. The CF1 formulation developed by iN Therapeutics lead to higher concentration
of INT002-140 in the IEF after administration and allowed a sustained and long-lasting delivery of INT002-
140 in the IEF. In summary, A single local treatment with the novel small-molecule Kv7.4 activator INT002-



140 using the CF1 formulation could allow to have sufficient level of the INT002-140 in the cochlea, which
was therapeutic effective in NIHL.
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Background: Congenital cytomegalovirus (cCMV) is the major cause of congenital non-hereditary
sensorineural hearing loss (SNHL). Approximately 15% of the newborns will have hearing loss at birth.
Moreover, the hearing function of 10% of the children will progress during childhood. They may develop
hearing loss at later age (‘late-onset hearing loss’) and once present, the hearing loss might also improve or
deteriorate. A subgroup of children is eligible for systemic therapy consisting of valganciclovir. However, the
effect on hearing outcome remains uncertain and therapy carries the risk of side-effects. The aim of this study
is to assess the efficacy of inner ear therapy in mice.

The pathophysiology of cCMV-related hearing loss has not yet been fully elucidated. Today, there is evidence
for a direct cytopathic effect and/or inflammatory-based damage of the stria vascularis which disrupts
endocochlear potential and leads to secondary damage of sensory and non-sensory inner ear structures.

To investigate cCMV-related hearing loss, mice are frequently used. The murine inner ear has a similar
anatomic structure and physiological function as the human inner ear. The auditory system of a newborn
mouse equals that of a human fetus. Inoculation of a newborn mouse with murine cytomegalovirus (MCMV)
results in similar outcomes as a fetal cCMV infection. Audiological testing can be performed using Auditory
Brainstem Responses (ABR) and Distortion-Product Otoacoustic Emissions (DPOAE).

Methods: BALB/c mice will be injected intraperitoneally with phosphate buffered saline (PBS) or MCMV
Smith virus on postnatal day 0. On postnatal day 7, they will be treated by intratympanic injection of PBS,
ganciclovir (antiviral effect), or dexamethasone (anti-inflammatory effect). Two outcome measures will be
compared between the treated groups and the placebo group: hearing outcome and preservation of hair cells
and stria vascularis. Audiological testing using ABR and DPOAE will be performed on postnatal day 20 and
60. Mice will be sacrificed on postnatal day 60 to extract the cochlea. Cochleas are fixed in 4%
paraformaldehyde at 4°C overnight, followed by decalcification in 120mM EDTA for 3 days. Subsequently,
the cochlea will be microdissected to separate different cochlear turns. These tissues will be blocked followed
by applying the primary antibodies (anti-MYO7A for hair cells and anti-KCNJ10 for stria vascularis) and
secondary antibodies overnight. The next day, the tissues will be rinsed with PBS, treated with DAPI and
mounted on a medium for confocal microscopy of the different structural parts. The different cells will be
manually counted using ImageJ software.
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Background: DNA nanostructures have garnered significant attention as potential drug delivery systems due
to their biocompatibility, biodegradability and versatility. Our previous research has demonstrated tetrahedral
DNA nanostructures (TDNs) as nanocarriers for delivering drugs to the inner ear, due to their remarkable
ability to penetrate through biological barriers (round window membrane). However, their therapeutic effect
in inner ear therapies was curtailed by some limitations of TDNs including the undesirable uptake of TDNs
by HEI-OCI cells. In response, we introduced a novel drug delivery complex, TDN@GNP, wherein gelatin



nanoparticles (GNPs) were ingeniously integrated to create a compact structure housing functional TDNs,
aiming to improve their inner ear drug delivery efficacy.

Methods: TDNs were encapsulated within gelatin through nanoprecipitaion. The discrepancy in uptake
efficiency and mechanisms between TDN@GNP and TDNs were investigated in HEI-OC1 cells. The nuclease
resilience of TDNs in TDN@GNP was assessed by electrophoresis. Additionally, the ability of TDN@GNP
to evade lysosomes and delivery their payload into the cytoplasm was investigated by confocal laser
microscope and transmission electron microscopy. We evaluated the overall drug delivery efficiency of
TDN@GNP and TDNs by adopting a model drug, epigallocatechin gallate (EGCG). We compared the anti-
lipid peroxidation efficacy of the drug-loaded nanocarriers in vitro, and established a noise-induced hearing
loss rodent model to assess their hearing protective effect upon in vivo application.

Results: The incorporation of GNPs endowed TDN@GNP with enhanced structural stability compared to
standalone TDNs. This innovation led to a significant restoration of TDN internalization in HEI-OCI1 cells, a
crucial advancement. Notably, multiple endocytic pathways participated in facilitating TDN@GNP
internalization, and the lysosomal escape capability of TDN@GNP allows TDNs to evade the lysosomal
pathway and maintain their integrity. Finally, we demonstrated that TDN@GNP loaded with epigallocatechin
gallate (EGCG) exhibited a more potent anti-lipid peroxidation effect than bare TDNs in vitro, and
demonstrated stronger efficacy in preventing noise-induced hearing loss through local administration in a
rodent model.

Conclusions: In summary, our investigation revealed the limitations of TDNs as an inner ear drug delivery
vehicle. Through TDN encapsulation within GNP, we successfully identified TDN@GNP as a novel drug
delivery complex, effectively enhancing drug bioavailability in cochleae. Our results suggested that the
TDN@GNP complex significantly enhanced the therapeutic potential of TDNs in inner ear drug delivery,
which implied a great prospect of the complex combining gelatin with DNA nanostructures in clinical and
preclinical applications.
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Background: Hearing loss resulting from chemotherapeutic induced ototoxicity (CIO) especially platinum
drugs is irreversible and there are at present no treatments available to prevent or reverse CIO. Therefore, this
investigation potentially provides a prophylactic cure for CIO and associated hearing loss by developing an
effective bio-responsive drug delivery system to protect hair cells. The choice of drug and drug delivery
system was based on oxidative stress in the cochlea and calcium ion channel dysregulation and examined the
molecular mechanism of CIO on HEI-OCI.

Methods: The novel dual-drug bio-responsive nanoformulations were developed using ROS-responsive
polymer synthesized in-house. The nanoformulations were optimized using Design of Experiment (DoE) —
Central Composite Design (CCD) and prepared by nanoprecipitation method. The quantitative method was
developed for Bucillamine (BUC)-PPS-mPEG2000-NCs and Diltiazem (DLT)-PPS-mPEG2000-NCs to
determine entrapment efficiency (EE) and drug loading capacity (DL) using Ellman’s assays and HPLC
respectively. TEM image analysis was performed at different resolutions and scales to study NCs morphology.
The cytoprotective effect of BUC-NCs, DLT-NCs and BUC/DLT-NCs, were studied at various regimens with
and without cisplatin using MTT, and Live-dead cell assays on HEI-OC1 cells. The redox homeostasis and
apoptosis effect of nanoformulation was confirmed by ROS-Scavenging and Caspase assay respectively. The
PI3 AKT/STAT/Caspase molecular pathways associated with oxidative stress and apoptosis were studied
using WB analysis on HEI-OC1 cells.

Results: The ten nanoformulations were successfully prepared for each BUC and DLT considering optimized
EE, DL, size and PDI. The %EE and %DL was 55.87% and 8.38% resp. for BUC. The %EE and %DL was
81.98% and 12.30% resp. for DLT. The average sizes of BUC-NCs, and DLT-NCs, were found ~107.1 and
98.8 nm, resp. and PDI less than 0.3 confirmed that most of the NCs have the same size and appeared spherical
as imaged by TEM. BUC-NCs alone or in combination with DLT-NCs have demonstrated as highly efficient
as ROS scavengers in HEI-OCI1 cells and could be beneficial to protect CIO. BUC-NCs showed efficient



antioxidant activity confirmed by ABTS+ radical scavenging assay. Both BUC- and DLT-NCs were found to
be highly biocompatible and their cytoprotective effect after CisPt exposure on HEI-OC-1 by cell and nucleic
acid stained live-dead cell image analysis. The fluorescence microscopy confirmed the inhibition of caspase
3/7 activation in the CisPt-exposed HEI-OC1 cells after NC treatment. The NC treatment regimen shields the
HEI-OCI1 cells from cisplatin-induced toxicity via PI3 AKT/Stat/caspase molecular pathways.

Conclusions: The rationally designed and pharmacologically targeted novel NC was successfully optimized,
evaluated, and developed for the treatment of the CIO and associated hearing loss. The explicit knowledge
gained from engineered dual-drug combination bio-responsive technology protecting hair cells against
cisplatin will offer new avenues for other inner ear diseases such as Age-related and Noise-induced hearing
loss etc.

S80. Perilymph and Plasma Pharmacokinetics of Ebselen (SPI-1005) After Oral Dosing in Guinea Pig

Rende Gu', Annie Jia!, G Michael Wall', Jonathan Kil*!
1Sound Pharmaceuticals, Inc.

Category: Inner Ear: Drug Delivery

Background: Ebselen (SPI-1005) is a novel anti-inflammatory that mimics and induces glutathione
peroxidase-1 activity, which is a critical cytoprotective enzyme expressed in multiple cochlear cell types
including the organ of Corti, stria vascularis, and spiral ganglia neurons. In multiple preclinical and clinical
studies, ebselen treatment has been shown to protect or improve hearing and tinnitus following noise, ototoxin
and/or Meniere’s disease. While ebselen’s pharmacokinetic (PK) profile in plasma has been studied in mice,
rats, minipigs, monkey and man, the PK profile in the inner ear has not been determined. This study reports
the initial PK profiling of orally delivered ebselen in guinea pig plasma and cochlear perilymph after multiple
ascending doses that are known to be otoprotective and/or therapeutic in multiple models of hearing loss and
tinnitus.

Methods: Adult guinea pigs (46 males and females) were purchased and housed at SPI. Animals were gavaged
with either vehicle or ebselen (10, 30, or 100 mg/kg) using a stock solution of 120 mg/ml of ebselen/0.5%
carboxymethyl cellulose dosed on a twice daily schedule (AM/PM). Plasma and perilymph samples were
collected after the last AM dose (assuming steady-state within 5-6 half-lifes of ebselen). Blood sampling (50-
100 uL) occurred at 1 and 6 hrs after the 3rd oral dose via a percutaneous venous puncture of the hindlimb.
Cochlear sampling (approximately 10 puL of clear perilymph) occurred at 5 and 6 hrs after the 3rd oral dose
via round window membrane. All plasma and perilymph samples were analyzed using a validated HPLC-MS
method for the determination of ebselen (limit of quantitation, 2 ng/ml).

Results: At 1-hour post-dose, the plasma dose-response of ebselen was 5.58, 9.31, and 26.09 ng/mL following
10, 30, and 100 mg/kg oral dose, respectively. At 6 hours, the plasma concentrations decreased to 1.96, 2.61,
and 13.91 ng/ml, respectively. At 5 hours, the perilymph dose-response of ebselen was 7.28, 26.02, and 41.46
ng/mL, respectively. At 6 hours, the perilymph concentrations decreased to 3.29, 21.16, and 27.18 ng/ml,
respectively.

Conclusions: The Cmax of ebselen in plasma occurs < 1 hr post-oral dose. Plasma levels of ebselen exhibited
a dose response following a 3rd oral dose. The Cmax of ebselen in perilymph occurs < 5 hours after a 3rd oral
dose. The ebselen concentration achieved in the cochlear perilymph at 5 hrs exceeded the ebselen
concentrations achieved at 1 hr in plasma following all test doses (10-100 mg/kg). These data further support
the idea that ebselen is rapidly absorbed and distributed throughout the plasma and cochlea in significant
therapeutic concentrations.

S81. Assessing Factors Influencing the Efficiency of Drug Delivery via the Semicircular Canal

Jinkyung Kim!, Jesus Moldanado!, Samantha Zenteno', Anthony Ricci*!
IStanford University

Category: Inner Ear: Drug Delivery
Background: Drug delivery to the inner ear is a growing area of interest for researchers as it provides access
to new experimental approaches for evaluating function, and lays a foundation for future therapeutic



interventions. The inner ear's closed system, characterized by a fluid-filled bone-encased structure, poses a
significant barrier to the efficient delivery of drugs to its intended target. The semicircular canal has been
proven to be a successful delivery route to the cochlea, but there is still some debate regarding the optimal
factors for this approach. Here we review our success to date in developing a parameter set that optimizes
success, limits variability, and maximizes ease of use.

Methods: Either pharmacological agents or trypan blue was injected via posterior semicircular canal in 4—6-
week-old C57BL/6 mice. We characterized the consistency of delivery to perilymph or endolymph
compartments using a pharmacological approach with drugs targeting the perilymph (CNQX to block
glutamate receptors, TTX to block sodium channels) or endolymph (curare to block mechanotransduction
channels). We calibrated the syringe pump apparatus at various rates and volumes. We also assessed the
efficacy of delivery using trypan blue. The hearing function was measured using auditory brainstem responses
(ABRs) following insertion and removal of the injecting tube. We also monitored the time to recovery and
tested whether the extent of ABR shift was due to the time between making the hole and inserting the tubing
for injection.

Results: Drugs were selectively delivered to the perilymph space with curare having negligible effects on
ABR responses while CNQX and TTX both reduced ABRs in a tonotopic manner. The pump used for delivery
was consistent across rates and volumes but sensitive to fluid viscosity and the presence of any air bubbles in
the tubing. We compare data obtained using manual insertion of the tube to that of a robotic insertion and
compare recovery of the ABR over time with and without injection. Preliminary data suggests that removal
of the tube results in more significant and permanent ABR shifts. Preliminary data also suggests that robotic
insertion of the tubing reduced response variability. Importantly successful injections were much more
consistent as damage to the semicircular canal was virtually eliminated.

Conclusions: Our data suggest that semicircular canal injection is a safe and reproducible method to deliver
drugs to the perilymphatic space of the cochlea. Removal of the injection tube induced a significant hearing
loss that did not recover. The robotic insertion yielded greater consistency, not only in the time required for
tubing insertion but also in the time needed for recovery, indicating an improved method for inner ear delivery.
Also the overall success rate of injections was increased. And finally, as a tool, robotics makes the method
more easily accessible to new users.

S82. Transcriptional Analysis of Early Cochlear Development and Proliferation at the Single Cell Level

Susumu Sakamoto*!, Matthew Kelley'
'NIDCD

Category: Development: Cellular/Systems

Background: Cell proliferation is a crucial process during developmental tissue formation. For instance, the
emergence and elongation of the cochlear duct, which initiates around embryonic day (E)11 in mice, is driven,
at least in part, by cellular proliferation. However, there is a limited understanding of the spatial patterning of
cell proliferation during early cochlear development and of how those patterns might contribute to subsequent
cochlear morphogenesis and cellular differentiation.

Methods: The cochlear duct floor was dissected from E12, E13, and E14 embryos, yielding isolated cells.
These single cells were captured with the 10X Genomics Chromium Controller, lysed, and converted into
cDNA with barcoding for individual mRNA molecules. Data processing was conducted through Seurat, and
results were visualized using UMAP and other dimensional reduction techniques, alongside unsupervised
clustering analysis. Tricycle (R package v3.17) was employed to determine cell cycle positions in cells from
each embryonic stage. For single-cell analysis validation, proliferating cells were in vivo identified during
each embryonic stage using 5-ethynyl-2-deoxyuridine (EdU). Samples, collected one hour post-EAdU
administration, were examined for EdU-positive cell localization using a combination of the Click-iT kit and
immunostaining.

Results: At E12, Tricycle analysis indicated that approximately one-third of the cells within the floor of the
duct were actively in the cell cycle. These proliferating cells were localized to two populations, discerned by
the expression of the markers Ebfl or Sall3. EdU analysis in vivo revealed pronounced areas of cell
proliferation. Specifically, heightened proliferative activity was observed in the inner curve of the cochlear
spiral in the medial non-sensory region and in the sensory and lateral regions of the base of the cochlea,
corresponding to Ebf1- and Sall3-positive populations, respectively.



At E13, Tricycle analysis showed that a noticeable shift in the distribution of proliferating cells within the
cochlear floor compared to E12. There was a marked increase in medial proliferating cells and a corresponding
decrease in basal proliferating cells. EAU analysis at E13 demonstrated an enlarged cochlear medial non-
sensory region compared to E12, with EdU-positive proliferating cells spanning from the basal to apical turns.
In contrast, EdU-positive cells in the base of cochlea were significantly reduced.

Analysis at E14, using Tricycle, revealed that proliferating cells were predominantly localized within the
medial non-sensory region. EAU analysis at E14 indicated a substantial decrease in EdU-positive cells within
the medial non-sensory region of the basal turn, while numerous EdU-positive cells were still evident in the
apical turn.

Conclusions: In the early stages of cochlear development, a substantial number of cells in the cochlear floor
exhibit mitotic activity. The localization of these proliferating cells is dynamic and evolves over time. These
findings suggest that proliferating cells during the early stages of cochlear development may exert a crucial
influence on cochlear morphogenesis.

S83. Cochlear Deletion of Prox1 Results in Outer Hair Cell Loss and Profound Deafness in Adult Mice

Braulio Peguero*!, Matthew Kelley'
'NIH/NIDCD

Category: Development: Cellular/Systems

Background: The Prospero homeobox 1 (Prox1) transcription factor plays a fundamental role in murine
development showing broad expression and effects in many tissues. In the inner ear, Prox1 is transiently
expressed in the sensory epithelia of the otolithic and ampullary organs of the vestibular system as well as in
the organ of Corti (0C) of the cochlea. Prox1 expression is restricted to prosensory cells located in the abneural
(lateral) compartment of the oC, with subsequent down regulation in developing outer hair cells (OHC) by
Embryonic day (E) 16. In lateral support cells, Prox1 expression declines after birth and is largely undetectable
by postnatal day (P) 10. The temporal and topographically restricted expression of Prox1 suggests that it
regulates different aspects of development in OHCs or support cells. Previous studies on the role of Prox1
were conducted using a model that resulted in early postnatal lethality which prevented a complete and
thorough assessment of the role of Prox1 in the cochlea. In this study we addressed two questions. One, how
the does the deletion of Prox1 during development affect auditory physiology and anatomy? Two, how is the
transcriptional profile of oC cells changed in the absence of Prox1?

Methods: To selectively delete Prox1 in the inner ear, we used Cre-recombinase driven by Fibroblast growth
factor 20 (Fgf 20-Cre) which is expressed in the oC sensory epithelium as early as E11.5. In addition, the
Prox1 Lox-P allele contained an enhanced green fluorescent protein (eGFP) leading to induced expression of
eGFP in Prox1 deleted cells. We used standard immunohistochemical protocols at different ages to evaluate
cochlear morphology and auditory brainstem response (ABR) and distortion product otoacoustic emissions
(DPOAE) to assess hearing function. To examine changes in transcription, we performed single-cell RNA
sequencing (SCRNA-Seq) on control and Prox1-deleted cochleae.

Results: We confirmed the targeted deletion of Prox1 based on an absence of PROX1 immunopositive nuclei
and the expression of eGFP in the same cell types. As previously reported, deletion of Prox1 results in
misaligned OHCs at birth. However, after the onset of hearing OHCs start to die and are completely absent
by P35. Sox2 immunopositive support cells remain present, however the tunnel of Corti and reticular lamina
seem malformed. Prox1 mutants lack DPOAE recordings and have ABR thresholds consistent with profound
deafness and loss of OHCs.

Conclusions: These results provide evidence of a critical role of Prox1 in normal cochlear development. Our
results suggest that Prox] may act as a survival factor for OHCs while also regulating support cell
development. Our SCRNA-Seq analyses will reveal the transcriptional targets of Prox1 in both hair cells and
support cells and should provide insights regarding the pathways that mediate the effects of Prox1 in distinct
cochlear cell types.

S84. Using Cochlear Explants as a Tool to Examine the Role of Tgfpr1 in the Developing Cochlea
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Background: The organ of Corti within the mammalian cochlea contains two types of sensory cells, inner
hair cells (IHCs) and outer hair cells (OHCs), which are aligned in ordered rows that run the length of the
cochlear spiral. As the sensory cells for detection of mechanical stimuli, hair cells are essential for auditory
perception. The factors that regulate hair cell development are still poorly understood however, previous work
from our laboratory and others have suggested a role for the Transforming Growth Factor b (Tgfb) signaling
during cochlear development and, more specifically, in hair cell specification. In particular, our laboratory has
identified TgfPr1 as being expressed in the cochlea as early as embryonic (E) day 12 in mice. In other systems,
binding by TgfP2 facilitates the formation and activation of Tgfbrl/Tgtbr2 heterodimers, which lead to
intracellular signaling.

Methods: Cochleae were dissected from mouse (CD1) embryos at E13.5 or E14.5 and established as explants.
Explants were grown in either 10% fetal bovine serum (FBS) or 1% FBS for 6 (E13.5) or 5 (E14.5) days in
vitro (DIV). All explants were fixed at the equivalent of E19.5 by immersion in 4% paraformaldehyde. To
inhibit activation of the TGFb pathway, explants were treated with a neutralizing anti-TGFb-1,2,3 Monoclonal
Antibody (1D11) (ThermoFisher, MA5-23795) or a Tgfbrl antagonist, Galunisertib (Selleckchem, S2230).
To activate the pathway, recombinant mouse TGF-b2 protein (R and D Systems, 7346-B2-005), which
activates TgfPrl, was added to explants. The antibody, antagonist, or recombinant proteins were added to
explant culture media for 6 or 5 DIV, depending on the age of dissection. To analyze the effects of each
treatment, immunohistochemistry was used to double-label the cytoplasm and nucleus of HCs with Myo7a
and Pouf4{3, respectively. Lateral SCs were also labeled with anti-Prox1, and filamentous actin was visualized
with fluorescent Phalloidin. After image analysis, data analysis was conducted using ImageJ and Prism.

To determine the overall level of pathway inhibition or activation, western blotting was carried using an
anti-Phosphorylated SMAD2/SMAD?3 antibody (Cell Signaling Technology, D27F4), an intracellular effector
of TgfPrl, and anti-Phosphorylated TgfPrl Antibody (ThermoFisher Scientific, PA5-40298) to detect
activation of TgfPrl.

Results: Hair cell development was comparable in explants maintained in 1% or 10% FBS. Therefore, all
inhibition experiments were carried out in 1% FBS to decrease potential non-specific interactions between
FBS components and the described agonists and antagonists. Preliminary analysis of explants treated with
Galunisertib suggest a decrease in OHCs and IHCs in response to inhibition of TgfPrl.

Conclusions: Activation of TgfPrl in vitro is required for development of the normal complement of hair
cells, a key step in the development of cochlear morphology. Using cochlear explants, it will be possible to
determine whether a temporal window exists for the role of Tgfp in hair cell development.

S85. Proper Time of Atohl Expression for Hair Cell Subtypes and Function

Wenli Ni', Wenyan Li*?
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Category: Development: Cellular/Systems

Background: Atohl overexpression is essential for hair cell (HC) regeneration in the sensory epithelium of
mammalian auditory and vestibular organs. However, Atohl overexpression alone cannot induce fully mature
and functional HCs in the mammalian inner ear. In the current study, we investigated the effect of Atohl
constitutive overexpression in native HCs by manipulating Atohl expression at different developmental
stages.

Methods: To activate Atohl in vivo in HCs at different developmental stages, we bred CAG-loxP-stop-loxP-
Atoh1-HA mice with mice expressing Cre under the control of different promoters. Tamoxifen diluted in corn
oil was injected intraperitoneally once at P2 for Atoh1CreER mice and at P7 for PrestinCreER mice at 0.2
mg/g body weight. The tail-hanging reflex and swimming tests were evaluated to observe the balance function;
The HAVOR and OVAR test were performed to evaluate the function of the semicircular canals and macular
organs.



Results: Constitutive overexpression of Atohl in native vestibular HCs did not affect cell survival but did
impair vestibular function by interfering with the subtype differentiation of HCs and hair bundle development.
Meanwhile, Atohl overexpression disrupted the development of calyx nerve terminals in type I HCs. In
contrast, Atohl overexpression in cochlear HCs impeded their maturation, eventually leading to gradual HC
loss in the cochlea and hearing dysfunction.

Conclusions: Time-restricted Atohl expression is essential for the differentiation and survival of HCs in the
inner ear, and this is pivotal for both hearing and vestibular function re-establishment through Atohl
overexpression-induced HC regeneration strategies.

S86. The Role of Flippase ATP8A?2 in Developing Type II Spiral Ganglion Neurons

Katherine Nimchuk*!, David Lee!, Jung-Bum Shin'
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Category: Development: Cellular/Systems

Background: Flippases are proteins that maintain asymmetry of the cell membrane by “flipping”
phospholipids from the extracellular leaflet of the membrane to the inner leaflet. This translocation of
phospholipids drives cell membrane asymmetry and is especially critical for relegating phosphatidylserine
(PS), which serves as an “eat me” signal in the context of phagocytosis and cell death, to the inner leaflet of
the membrane. The flippase ATP8A2 flips PS and is known to be important for the survival of spiral ganglion
neurons (SGNs) in adult mice, but its role in cochlear development has not previously been described. The
development of a functional circuit between SGNs and sensory hair cells (HCs) is essential for hearing. SGNs
undergo a stereotyped development during which an excessive number of neurons and synapses are initially
produced that must be removed prior to maturation of the circuit. We hypothesize that this reduction in SGNs
and synapses occurs via a presently unknown phagocytic mechanism. Our lab has found that the postnatal
expression of ATP8A2 in HCs and SGNs undergoes significant changes that are consistent with hair cell
synapse refinement. We hypothesize that expression of ATP8A2 is driven by SGN activity and that ATP8A2
functions during SGN maturation to mark the neurons and synapses that will survive into the mature circuit
by preventing externalization of phosphatidylserine.

Methods: We created an ATP8A2-HA knock-in mouse to visualize localization of ATPS8A2 throughout
postnatal cochlear development. We also generated a hypomorphic mouse in which 33 amino acids have been
deleted from the C-terminal of ATP8A2 (A2A33), and a complete ATP8A2 knock out (KO) mouse. Confocal
microscopy was used to assess changes in the amount of pre-synaptic marker CtBP2 as a measure of synaptic
pruning. We generated a mechanotransduction (MET) negative mouse (Cib2-/-) and crossed this mouse to our
ATP8A2-HA line to investigate whether ATP8A2 expression is dependent on MET activity. Finally, we
performed auditory brainstorm response threshold and distortion product otoacoustic emissions tests.
Results: At P6, there is broad expression of ATP8A2 throughout IHCs, OHCs, and SGN soma and processes,
but by P12, ATP8A2 is largely restricted to type II SGNs and the en passant synapses of OHCs. There are
fewer ribbon synapses in OHCs of A2A33 mice. ATP8A2 localization is altered in MET negative mice. We
also find elevated ABR thresholds in A2A33 and KO mice.

Conclusions: The postnatal maturation of ATP8A2 in the cochlea coincides with the period of synaptic and
neuronal refinement, which suggests that ATP8A2 is actively involved in this process. Our working model is
that ATP8A2 expression is activity dependent and ATP8A2 expression is protective to neurons by preventing
phosphatidylserine presentation to phagocytic machinery. Future work will focus on elucidating the
mechanisms of phagocytosis during cochlear circuitry refinement.

S87. In Vitro Organotypic Explants and Single Cell RNA Sequencing Provide a Novel Comparison
Between the Neonatal and Adult Stria Vascularis
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Background: Developing biological solutions for inner ear degeneration is crucial to ensure treatments for
hearing loss. Our study focuses on the stria vascularis (SV), a highly vascularized tissue that lines the lateral
wall of the cochlea. The SV is responsible for generating the endocochlear potential, which is required for
hearing, and for maintaining the blood-labyrinth barrier to prevent pathogenic infiltration into the cochlea. SV
degeneration can occur due to aging, ototoxic drugs, and genetic diseases, which disrupt cochlear homeostasis
and result in progressive and irreversible hearing loss. Yet, there are no treatments for SV-associated hearing
loss and there is little research investigating SV regeneration. To advance the development of regenerative
therapies for SV-related hearing loss, we generated a new in vitro platform to study the SV in neonatal and
adult mice. In addition, we performed single cell RNA sequencing to elucidate the molecular underpinnings
that differentiate the neonatal and adult SV.

Methods: We developed an organotypic explant technique to isolate and culture whole SV and associated
vasculature from neonatal and adult mice. We used n = 10 male and female CD1 mice from at least three
independent litters at postnatal day (P) 0-1 for our neonatal stage, and P30-35 for our adult stage. We carefully
dissected the SV from the lateral wall of the cochlea and cultured the explants on Matrigel coated plates for
72 hours in the presence of BrdU, a proliferation marker, at 3.5 pg/mL. We then investigated the role of the
Wnt/B-catenin signaling pathway in SV proliferation by pharmacologically inhibiting Wnt/B-catenin
signalling using the TCF/LEF inhibitor, FH535. We administered FH535 at 1, 2.5, 5, and 10uM
concentrations. Furthermore, we performed single cell RNA sequencing using the 10x genomics protocol. SV
from four P1 and four P30 CBA/J mice were used. We conducted downstream analysis using Seurat, a single
cell analysis package in R.

Results: Our in vitro results demonstrate that the neonatal SV is highly proliferative while the adult SV is not,
consistent with results reported in vivo, providing a representative in vitro model comparing the proliferative
vs. non-proliferative SV. We also observed that inhibiting Wnt/B-catenin signaling in neonatal explants results
in a significant decrease in proliferation indicating that Wnt/B-catenin signaling plays a role in SV
proliferation. Single cell RNA sequencing further revealed key genes, transcription factors, and pathways
unique to P1 and P30 SV that may play a role in SV proliferation, development, and maintenance.
Conclusions: Together, our novel experimental platform to culture the whole SV and our single cell RNA
sequencing data produce a robust comparison of the neonatal and adult SV. This provides new insights which
we can further investigate to produce biological solutions for SV-associated hearing loss.

S88. Molecular Diversification of Zebrafish Inner Ear Hair Cells and Afferent Neurons

Selina Baeza-Loya*!, David Raible'
YWniversity of Washington
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Background: Hair cells of the inner ear sense head acceleration through space and tilt with respect to gravity
as well as sound. Zebrafish have several sensory epithelia innervated by afferent neurons in the statoacoustic
ganglion (SAG) that convey vestibular and auditory information to the brain stem. In the zebrafish model,
little is known about genetic differences underlying hair cell innervation, branching morphology, firing
properties, neuronal excitability, and central targeting. We seek to identify and profile subpopulations of
afferents that innervate different sensory epithelia, distinct epithelial zones, or disparate patterns of hair cells.
We hypothesize that physiologically relevant subpopulations of zebrafish hair cells and primary afferents will
have distinct genetic profiles that inform physiology and function.

Methods: We analyzed single-cell RNA sequencing data of hair cells and cranial nerves from zebrafish
embryos collected at various time points between 18 hours post-fertilization and 5 days post-fertilization.
Statoacoustic ganglion neurons were identified using known otic markers and then further subclustered. We
then used fluorescent in situ hybridization chain reaction labeling to validate candidate genes that target
specific hair cell and neuron subpopulations.



Results: Analyses using unsupervised clustering have indicated at least four different clusters of neurons in
the SAG with differential expression of voltage-gated ion channels, neurotransmitters, adhesion, cytoskeletal
molecules, and transcription factors, with cellular representation from all stages. Using genes identified from
cluster analysis, we labeled SAG neurons in transgenic zebrafish larvae to identify the spatial organization of
neuronal subpopulations and their axonal projections to hair cells. We also labeled subpopulations of hair cells
in the macular epithelia to determine the development of hair cell spatial organization in tandem with
innervation.

Conclusions: Using single-cell RNA sequencing, we identified perinatal diversification of SAG neurons,
before the onset of vestibular and auditory behaviors, as well as distinctive expression patterns in hair cells
and afferents that might predict functional diversification. We aim to identify markers for genetic models of
vestibular and auditory afferent physiology and function.

S89. Caszl is Necessary for Cochlear Inner Hair Cell Development by Regulating Gata3 Expression

Yuwei Sun*!, Minhui Ren!, Yu Zhang?, Shunji He!, Guangqin Wang!, Lei Song?, Zhiyong Liu'
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Background: The perception of sound relies on two specialized types of mechanosensory hair cells (HCs)
within the cochlea, known as inner hair cells (IHCs) and outer hair cells (OHCs). IHCs and OHCs originate
from common progenitor cells. While the epistatic transcriptional cascade involving Insm1 and Ikzf2 is known
to mediate OHC development, the molecular and genetic mechanisms underlying IHC development remain
poorly understood.

Methods: Because germline Caszl-/- mice exhibit embryonic lethality attributed to heart defects, we
employed HC-specific conditional Caszl knockout model, Atoh1Cre/+; Caszlflox/flox that are subjected to
immunostaining, auditory brainstem responses (ABR) and whole cell patch-clamp recording, and single cell
transcriptomic analysis.

Results: Upon deletion of Casz1 in embryonic HC progenitors, the Casz1-/- IHCs undergo transdifferentiation
into OHC-like cells, characterized by the downregulation of the IHC marker vGlut3 and the upregulation of
the OHC marker Prestin. Atoh1Cre/+; Caszl1flox/flox mice exhibit severe hearing impairment compared to
control mice. Similar hearing defects are observed when Caszl is deleted in cochleae using other Cre drivers
(based on personal communication with Dr. Botond Banfi at the University of lowa). Furthermore, single-cell
transcriptomic analysis reveals that Gata3 expression is reduced in Caszl-/- IHCs compared to Casz1+/+
IHCs. Importantly, the forced expression of Gata3 alleviates the dysfunction of Casz1-/- IHCs, leading to a
significant improvement in hearing ability.

Conclusions: In conclusion, our analyses uncover essential roles of Casz1 in the determination of IHCs fate
through direct regulate its downstream targets Gata3. We have uncovered the importance of the transcriptional
cascade from Caszl to Gata3 in [HC development, opening new avenues for future investigations into [HC
regeneration.

S90. Chd7-Sox2 Gene Regulatory Network in Development of the Inner Ear

Jingxia Gao*!, Jennifer Skidmore', Jelka Cimerman!, Elaine Ritter', Jingyun Qiu?, Lindsey Wilson®, Yehoash
Raphaels, Kelvin Kwan?, Donna Martin'

YWniversity of Michigan, *Rutgers University, *Medical Scientist Training Program, University of Michigan,
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Background: Hereditary hearing loss and balance disorders remain important clinical problems that have
become easier to diagnose but have not greatly benefitted from advances in molecular therapies. An important
step in designing therapies for hereditary hearing loss and balance disorders is to understand the underlying
mechanisms. CHD7, an ATP-dependent chromodomain helicase DNA-binding protein, and SOX2, an SRY-
related HMG box pioneer transcription factor, cooperate to regulate semicircular canal and cochlear



development. Combined haploinsufficiency of Chd7 and Sox2 results in reduced otic cell proliferation, severe
malformations of semicircular canals, and shortened cochlea with ectopic hair cells. Although the
morphological changes are evident, the gene regulatory network of Chd7 and Sox2 remains elusive.
Methods: Chd7 germline mutant mice (Chd7Gt/+) and Sox2 inducible Cre knockin mice (Sox2CreER/+)
were used to explore genetic interactions of Chd7 and Sox2 and a potential gene regulatory network in the
developing inner ear. Microdissected E10.5 otocysts from mice of four different genotypes (Wild type,
Chd7Gt/+, Sox2CreER/+, and Chd7Gt/+;Sox2CreER/+) were processed for bulk RNA sequencing. Wild type
otocysts dissected from E10.5 embryos were processed for Cleavage Under Targets and Tagmentation (CUT
and Tag). Regions that displayed statistically significant enrichment of CHD7 and SOX2 were identified using
Sparse Enrichment Analysis for CUT and RUN (SEACR).

Results: Differential gene expression analysis of bulk RNA sequencing revealed 75 down-regulated genes
and 55 up-regulated genes in E10.5 Chd7Gt/+;Sox2CreER/+ developing otocysts compared to wild type.
Among these differentially expressed genes (DEGs), we found genes involved in either semicircular canal
development (Aldha3 and Ffgl0), cochlear development (Gjb2, Salll, EtvS), or both (Pax2, Fgfr2, Fgf3).
CUT and Tag showed occupancy by CHD7 and SOX2 (CHD7+SOX2+), CHD7 only (CHD7+) or SOX2 only
(SOX2+). We identified CHD7 and SOX2 enrichment near enhancers and promotors of DEGs, some of which
(Otx2, Sox2, Dusp6, Pax2, Fgfr2 and Salll) are expressed in E10.5 otocysts and are implicated in human
hearing loss. Immunofluorescence labeling of PAX2 and OTX2 confirmed the dysregulated expression in
Chd7Gt/+;Sox2CreER/+ otocysts compared to wild type.

Conclusions: Data from genome-wide RNA-sequencing and CUT and Tag studies in the otocyst show that
Chd7 regulates Sox2 expression and acts early in a gene regulatory network that controls expression of critical
otic patterning genes, including Pax2 and Otx2. CHD7 and SOX2 directly bind independently and
cooperatively at transcription start sites and enhancers to regulate otic cell gene expression. These results
inform the design of novel targets for molecular therapies to treat hearing and balance disorders.

S91. SOX11 and CHD7 Act in the Same Gene Regulatory Network to Promote Inner Ear Development
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Background: Inner ear development relies on precise spatiotemporal control of gene expression. Studies have
shown that two SRY-related high-mobility group box (SOX) transcription factors, Sox4 and Soxl11, are
involved in inner ear morphogenesis. In the brain, SOX11 and SOX4 are essential neurogenic fate
determinants and direct targets of CHD7, which encodes the ATP-dependent chromodomain-helicase-DNA-
binding protein 7 chromatin remodeler. Haploinsufficiency of CHD7 in humans has been causally linked to
CHARGE syndrome, in which 90% of individuals present with hearing loss and balance impairment due to
inner ear dysplasia. Pathogenic variants in SOX11 are associated with Coffin-Siris syndrome and inner ear
malformations. The specific mechanisms by which loss of CHD7 or SOX11 influence ear development are
unknown, but likely involve changes in downstream gene expression due to transcriptional regulation and
nucleosome remodeling. In this study, we used mouse models to determine whether Chd7, Sox4, and Sox11
function together in a common genetic regulatory network during inner ear development.

Methods: Embryonic inner ears with germline or conditional (Pax2Cre) deletion of Sox4, Sox11, and/or Chd7
were examined for morphological abnormalities using paint-filling and histological analysis. Molecular
markers normally expressed during early inner ear development (E10.5-12.5) were assessed via qRT-PCR,
immunofluorescence and in situ hybridization. Proliferation and apoptosis were evaluated using BrdU
incorporation and anti-Caspase3 assay, respectively.

Results: Severe abnormalities in the semicircular canals and endolymphatic duct were observed with loss of
Sox11 or Chd7. In contrast, Pax2Cre;Sox4flox/flox inner ears exhibited mild anomalies with enlarged
common crus and endolymphatic duct. Sox11-/- mutants exhibited delayed formation of the canal fusion plate,
normal basement membrane laminin, decreased cell proliferation in the surrounding mesenchyme, and no



aberrant cell death. Chd7 expression was unchanged in Sox11-/- mutant otocysts at E10.5 while expression of
Sox11 was reduced in the Chd7Gt/Gt otocyst. Bmp4 expression was ectopically expressed along the E11.5
anterior to lateral Sox11-/- mutant otocyst compared to wild type.

Conclusions: These conditional and germline mutant analyses show that development of vestibular structures
in the inner ear (semicircular canals and endolymphatic duct) depends on proper gene dosage of Sox4, Sox11,
and Chd7. These results also suggest a common gene regulatory pathway including Chd7, Sox11, and Bmp4
that regulates semicircular canal formation, providing a basis for designing therapeutic strategies to treat
vestibular dysfunction.

S92. The Function of CaMKIYV in Spiral Ganglion Neuron Development

Muthu Malavika Sugumar*!, Zhirong Wang!, Thomas Coate'
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Background: Spiral ganglion neurons (SGNs) are the primary auditory neurons that form synaptic
connections with hair cells in the cochlea and transmit auditory information to the brainstem. SGN-hair cell
contacts are critical for hearing and are lost in various forms of hearing loss. Ca2+/calmodulin-dependent
protein kinase IV (CaMKIV) has been shown to be crucial for aspects of neuron function such as gene
expression and neurotransmitter release, and is a target gene for autism spectrum disorders in humans.
CaMKIV has also been shown to be important for SGN survival and neuron branch dynamics in the cochlea.
Our previous studies (Wang et al., 2020 eNeuro) have shown that P2RX3, an ionotropic purinergic receptor,
is expressed by SGNs around the period of the onset of spontaneous firing events. We also found that SGNs
lacking P2rx3 showed elevated SGN activity at E16.5. In this present study, we hypothesized that CaMKIV
activity may act downstream of P2RX3 in response to SGN activity, and that CaMKIV is an important
regulator of SGN differentiation.

Methods: We performed immunohistochemistry on P2rx3 knockout mice to study the levels of CaMKIV
protein expression across different developmental time points. We also used sparse labeling techniques to
visualize neuronal fibers to identify any developmental defects in nerve branching that could result from a
loss of P2RX3 receptors in the neurons. Calcium imaging studies using Snap25-GCaMP6s were also done in
these samples to study changes in neuronal activity during development.

Results: Our preliminary data showed there was an increase in CaMKIV protein levels in the nuclei of the
SGNs from mice lacking P2RX3 (P2rx3 knockout mice). The increased CaMKIV levels coincided with
increased pCREB (phosphorylated CREB) activation, SGN branch arborization, and a brief increase in
spontaneous activity.

Conclusions: Loss of P2RX3 in mice leads to increased activity in spiral ganglion neurons during
development along with developmental defects like improper branch refinement. This has provided us with a
reliable model to look at the factors affecting spontaneous activity and SGN differentiation during cochlear
development. Furthermore, we will study the function(s) of CaMKIV in SGNs during development.

S93. Inhibition of Retinoic Acid Signaling Increases Striolar Fate Specification in Inner Ear Organoids

Ligian Liu', Ranya Dano', R. Keith Duncan*!
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Category: Development: Cellular/Systems

Background: Retinoic acid (RA) regulates inner ear development at several key stages. Early in development,
RA governs anterior-posterior patterning and possibly sensory-nonsensory domain formation in otocysts.
Later, RA is involved in regional patterning within inner ear organs, where for example high RA is thought to
influence extrastriolar fate in otolith organs and low RA a striolar fate. Little is known about the impact of RA
signaling in cultures of inner ear organoids. In this study, we sought to examine the effects of late-stage RA
manipulation on striolar-extrastriolar fate specification in organoids.

Methods: Mouse embryonic stem cells (R1E) were used to generate inner ear organoids using standard
protocols that produce otocysts around in vitro day 10 (D10) and organoids by D18. In addition, a reporter



line carrying a lacZ transgene under the control of RA response elements (RARE-lacZ) and another line
carrying an Atohl-nEGFP transgene were used. To produce RA deficiency and excess in the cultures, we
added either the pan-RAR-receptor antagonist AGN193109 (100 nM) or excess all-trans RA (atRA; 500 nM)
on D16 onward. RA signaling was monitored with X-gal staining of organoids from RARE-lacZ cells. Gene
expression for striolar-extrastriolar regional markers was assessed using qPCR and immunofluorescence. The
efficiency of organoid production was assessed as the percentage of aggregates in each independent culture
with one or more protruding fluid-filled cysts.

Results: LacZ expression was observed in otic and non-otic structures within the cultured aggregates
throughout D16 to D20, suggesting some endogenous RA activity under control conditions. The addition of
AGN significantly decreased while atRA increased organoid production, respectively. More sensory hair cells
were produced by inhibiting RA signaling yet the size of the organoid cyst was greater with the addition of
atRA. The addition of AGN also significantly increased the expression of striolar markers Ocm and Tectb in
whole aggregates at D20, whereas excess RA decreased the expression of these markers. Notably, Modulation
of RA signaling under these conditions had no significant impact on the expression of the extrastriolar marker
Spp1 or the Type II hair cell markers Anxa4 and Nhlhl.

Conclusions: In a prior study, severe deficiency or excess RA during otocyst formation led to a near complete
loss of organoid formation, but here, late-stage manipulations had less dramatic effect. Inhibition of RA
signaling with AGN increased the expression of striolar markers, similar to in vivo data associating low-RA
conditions with the striola. The observation of lacZ expression under control conditions suggests endogenous
RA activity, which may explain a default extrastriolar fate. Our data suggests that application of AGN during
late-stage organoid formation may tip the balance toward generation of striolar hair cell types, providing an
in vitro platform for examining the RA-responsive processes driving cell fate specification.
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Background: We recently established a novel protocol to generate cochlear organoids from aggregates of
human pluripotent stem cells (Moore et al., Cell Stem Cell 2023). However, the majority of hair cells in these
organoids appeared to be immature at d102 with only 0.3% of hair cells expressing Prestin. Previous studies
showed that thyroid hormone directly regulates Prestin expression in mouse outer hair cells, pointing to its
important role in hair cell maturation. Here, we explored whether thyroid hormone thyroxine promotes Prestin
expression or hair cell maturation in human cochlear organoids.

Methods: PAX2-nGFP/POU4F3-ntdTomato hESCs were differentiated into cochlear organoids based on our
established protocol, and the cultures were grown in the presence or absence of thyroxine after detection of
the POU4F3 reporter expression. To determine the minimum effective dose regimen, organoid cultures were
treated with thyroxine starting at d70, 90, 100 or 105 for a treatment duration of 40, 20, 10 or 5 days,
respectively. In another series of experiments, cultures were treated with thyroxine at the same starting time
with varying durations. All cultures were harvested at d120 for immunofluorescence, and the percentages of
marker-expressing cells per all hair cells were counted. To access the motor function of Prestin, the voltage-
dependent (non-linear) capacitance of POU4F3+ cells was measured in whole-cell patch-clamp recordings.
Results: In cochlear organoids lacking thyroxine supplementation, most POU4F3+ hair cells co-expressed
SOX2 or GATA3 and less than 1% of POU4F3+ cells were Prestin+. In striking contrast, more than 10% of
POU4F3+ cells expressed Prestin in cochlear organoids treated with thyroxine for 10 days, while the
percentage of hair cells expressing SOX2 and GATA3, immature cochlear hair cell markers, was significantly
lower than that in control organoids. Interestingly, some thyroxine-treated hair cells exhibited a non-linear
capacitance, similar to the one observed in developing mouse outer hair cells. Moreover, expression of SOX2,
but not GATA3, was maintained in supporting cells of treated organoids, recapitulating cochlear maturation



in vivo and indicating that thyroxine does not directly regulate SOX2, but rather a hair cell specific program
that facilitates the maturation process.

Conclusions: Simultaneous upregulation of Prestin and downregulation of immature cochlear hair cell
markers in our experiments suggest that thyroxine is likely to accelerate overall maturation of cochlear hair
cells, rather than just promotes Prestin expression. Investigation is currently underway to evaluate expression
of other marker genes in thyroxine-treated and untreated hair cells using single-cell RNA-seq analysis.

S96. Exploring Tonotopic Gene Isoform Diversity in the Cochlea by Single-Cell Long-Read Sequencing

Sihan Li*!, Natchanon Sittipongpittaya!, Gloria Sheynkman', Jung-Bum Shin'
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Background: Hair cells distributed along the tonotopic axis of the organ of Corti are responsible for
discerning various frequencies. It is well established that frequency discrimination is largely determined by
the basilar membrane (BM). However, additional cellular frequency tuning mechanisms remain to be
explored. Notably, properties of hair cells vary along the tonotopic axis, including gradients in tip-link tension,
stereocilia length, etc. We recently discovered that different isoforms of MYO7A are expressed in a tonotopic
gradient and suggested their roles in tuning tip-link tension tonotopically. Generalizing our finding on
MYO7A, we propose that differential expression of isoforms of many other genes is critical for frequency
tuning in the cochlea. Therefore, our goal is to comprehensively characterize mRNA isoforms that exhibit
tonotopic gradients, in both hair cells and structurally important supporting cells, and to elucidate their
functional relevance.

Methods: We applied a single-cell long-read sequencing method known as MAS-ISO-seq (Al’Khafaji et al.,
2021), which increases transcript yield by ~15 times compared to previous PacBio sequencing methods.
Sequencing analysis was performed by using published packages: IsoSeq and IsoQuant for isoform
classification/refinement; Seurat and Acorde for single-cell clustering and functional analysis. Unibind and
hair-cell ATAC-seq data was applied for SIX2 binding site identification. The expression pattern of the SIX2
was characterized by Six2-cre tdTomato reporter mice.

Results: To explore the isoform diversity in the cochlea, we conducted MAS-ISO-seq of the organ of Corti at
P7. Our sequencing results detected 3,835,237 reads, a ~16 fold increase compared to previously published
cochlea long-read sequencing. Among these transcripts, we identified 38,697 novel isoforms. Notably, novel
isoforms were identified for multiple hair-cell specific genes, such as Myo7a, Myo15a, whirlin, and harmonin.
Our downstream analysis classified 16 cell clusters with distinct isoform expression patterns, allowing us to
characterize isoforms that are differentially expressed. Furthermore, we are also actively identifying the
upstream mechanism of tonotopic isoform regulation. Beyond alternative splicing, alternative transcriptional
start sites are essential in isoform regulation. Through analysis of publicly available ChIP-seq and cochlear
ATAC-seq datasets, transcription factor SIX2 is shown to interact with enhancers of multiple genes that have
alternative transcriptional start sites, including Myo7a, Myol5a, and Xirp2. Additionally, SIX2 is expressed
in a tonotopic pattern, increasing its expression towards the base of the cochlea. Overall, we will test the
hypothesis that SIX2 is involved in regulating isoform expression along the tonotopic axis.

Conclusions: Our long-read sequencing approach was effective in sequencing RNA isoform transcripts at the
single-cell level. In the future, we intend to conduct MAS-ISO-seq on basal, middle, and apical regions of
cochlea for a detailed analysis of isoforms diversity along the tonotopic axis. We will also conduct SIX2 Cut
and Run and long-read sequencing with SIX2 conditional KO mice to further investigate its role in isoform
expression regulation.

S97. Validation of Intercellular Interactions Between Epithelial and Mesenchymal Cells in the Postnatal
Mouse Utricle by Single Cell RNAseq and in Situ Hybridization
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"Wanderbilt University Medical Center, *UCSF, 3Stanford University
Category: Development: Cellular/Systems



Background: The utricle, an inner ear vestibular sensory organ, relies on mechanosensory hair cells for
detecting motion. In newly born mice, hair cells are made from non-sensory supporting cells and continue to
be added for the first ~7 days as part of the normal postnatal developmental process. We hypothesize that
there is communication between the mesenchymal and epithelial layers which could be the driving factor
behind postnatal proliferation and homeostasis. Identification and validation of these interactive cell
populations will provide more comprehensive detail of utricular developmental pathways.

Methods: We used published single cell RNAseq (scRNAseq) data of the utricular sensory epithelium (Jan
et al., 2021) from P4 and P6 utricles. Non-sensory cells were collected at these same time points and single
cell suspension was created. Following flow cytometry for cell isolation, the Smartseq2 protocol was used to
generate sScCRNAseq data. We previously performed computational analyses using CellChat to determine what
compartments of the inner ear communicate with each other. Here we validated our findings by in situ
hybridization and immunohistochemistry.

Results: We were able to annotate 12 cell populations including: mesenchymal cells, type I and II hair cells,
transitional epithelial cells, supporting cells, glia, roof cells, pericytes, Schwann cells, endothelial cells,
macrophages, and melanocytes. CellChat analysis identified mesenchymal cells as the dominant signal sender
with statistically significant pathways including WNT, pleiotrophin (PTN), and midkine (MK). To validate
classified genes, we examined whole mount and fixed frozen wild type utricles. Our analysis revealed five
highly interactive ligand-receptor pairs between mesenchymal and epithelial compartments. We designed
probes against Lgal9/Ighm, Bdnf/Ntrk2, Itga8/Sppl, Tgf-beta2/ Tgf-betar, and Ptprz1/Ptn. Our on-going
validation experiments demonstrate strong cross-talk between the epithelial and mesenchymal compartments.
Conclusions: CellChat analysis revealed communication pathways among 9 transcriptionally unique cell
populations at single cell resolution. The dominant signal senders in the postnatal developing utricle are the
mesenchymal cells. Our validation experiments support the computational analyses and open the door for
further in vitro and in vivo cell-cell interaction studies in previously unexplored pathways.
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Background: The SLC26A4 gene encodes the anion exchanger pendrin. In the inner ear, pendrin is expressed
in the epithelial cells and transports bicarbonate (HCO3—) into the endolymph to maintain endolymphatic pH
homeostasis. Lack of pendrin in Slc26a4—/— mice results in hearing loss, vestibular dysfunction, and an
enlarged vestibular aqueduct. One of the primary pathological alterations is acidification of the endolymphatic
pH. However, the contribution of the stria vascularis cell types in maintaining endolymphatic pH remains
poorly characterized. We aimed to identify pH regulators in pendrin-expressing cells that contribute to
homeostasis of endolymph pH and to define the pathogenic mechanisms that contribute to the dysregulation
of endolymph pH in Slc26a4—/— mice.

Methods: We conducted single-cell RNA sequencing of stria vascularis cells isolated from wild-type (WT)
and Slc26a4—/— mice. Bioinformatic clustering analysis based on single-cell gene expression defined the
different cell types within the stria vascularis. Gene Ontology (GO) enrichment analysis was performed on
pendrin-expressing cells. Additionally, we investigated gene expression changes in Slc26a4—/— mice. Specific
findings were confirmed at the protein level by immunofluorescence in WT and Slc26a4—/— adult mice.
Results: We found that spindle cells, which are pendrin-expressing cells, highly express extrinsic cellular
components, enabling cell-to-cell communication. Additionally, we characterized the gene expression profile
of the pH regulator in spindle cells. Compared to WT, the transcriptional profiles in Slc26a4—/— mice showed
alteration in extracellular exosome-related genes in spindle cells. Immunofluorescence studies in spindle cells



of Slc26a4—/— mice validated the increased expression of the exosome-related protein, annexin A1 (ANXAL1),
and the Clathrin-mediated endocytosis-related protein, adaptor protein 2 (AP-2).

Conclusions: In this study, we identified regulators of endolymphatic pH homeostasis in spindle cells, and
we show altered expression of ANXAT1 and AP-2 in Slc26a4—/-.

This project was supported in part by NIH-NIDCD grants DC002842, DC012049, and DC017955 (RJHS).
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Background: Connexin 26 (Cx26) recessive heterozygous mutation carriers occur up to ~10-20% of the
general population. Our previous study found that Cx26 heterozygous deletion or mutations can induce
hyperacusis (hearing oversensitivity) rather than hearing loss (Liu et al., Sci Adv. 9, eadf4144, 2023, PMID:
36753545). However, behavior evidence is still missing. In this study, the behavioral changes by Cx26
heterozygous mutation were examined.

Methods: Cx26 heterozygous deletion mice were used. Acoustic startle response (ASR) was recorded to
assess animal behavioral changes. Hearing function tests were also examined by ABR and DPOAE recordings.
Results: Consistent with our previous electrophysiological recording of hearing function, we found that ASR
in Cx26 heterozygous mice demonstrated an enhanced response. The ASR and enhancement were increased
as the acoustic stimulation increased. At the high stimulus intensities, the ASR in Cx26 heterozygous mice
was triple-time larger than that in wildtype (WT) mice. The ASR in Cx26 heterozygous mice also showed an
increase as age increased. The ASRs had no significant difference between Cx26 heterozygous mice and WT
mice at 2 months old. However, the ASR in Cx26 heterozygous deletion mice was significantly increased in
comparison with that in WT mice at 3 months old and afterward. Moreover, oppositely, the ASR in WT mice
demonstrated a slightly decreasing as age increased. Finally, there was no significant difference in the peak
time of ASR between Cx26 heterozygous mice and WT mice.

Conclusions: These data demonstrated that Cx26 heterozygous mutations can produce hyperacusis changes
in behavior, suggesting that persons carried with Cx26 heterozygous mutations could have clinical
manifestations, leading to tinnitus, noise sensitivity, learning disabilities, and other psychological
abnormalities.

Supported by NIH RO1 DC019687 to HBZ
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Background: Whrn encodes the PDZ-containing protein whirlin which has previously been demonstrated to
function in stereocilia length regulation as well as bundle organisation during development. In humans,
mutations in the WHRN gene underlie a range of hearing disorders including non-syndromic profound
deafness DFNB31 and Usher syndrome type 2D. Previously studied Whrn mouse mutants have revealed a
variety of phenotypes. These range from profound deafness with vestibular defects (e.g. the whirler allele;
Whrn less than wi greater than ) to non-progressive profound hearing loss at high frequencies with moderate
hearing loss at low frequencies and no balance defects (e.g. the tm1b allele; Whrn less than tm1b greater than
). Here, we characterise a new tmla allele of Whrn. The tm1a allele is a “knockout-first’ design with a LacZ-
containing transcription disruption cassette between exons 3 and 4. Additionally, through a genetic approach
enabling the activation of Whrn gene expression upon administration of tamoxifen, we have investigated
whether the hearing impairment caused by the Whrn less than tm1a greater than allele is reversable. This will
shed light on the potential for successful gene therapy for hearing loss caused by WHRN mutations.



Methods: Auditory-evoked brainstem response (ABR) recordings have been carried out at frequencies
ranging from 3-42kHz on Whrn less than +/+ greater than , Whrn less than +/tm1a greater than and Whrn less
than tm1la/tm1la greater than mice at P14, P28, P56, and P98. Whole-mounts of the organ of Corti from Whrn
less than +/+ greater than , Whrn less than +/tmla greater than and Whrn less than tmla/tmla greater than
mice at P14 were immunostained for myosin-VIla for hair cell visualisation and quantification. Finally, ABR
recordings were also performed on Whrn less than +/tm1a greater than and Whrn less than tmla/tmla greater
than mice at P28, P42, and P56, following activation o f Whrn gene expression (via the removal of the
transcription disruption cassette by a tamoxifen-inducible Flpo recombinase enzyme) at P4 or P14
respectively.

Results: The Whrn less than tmla/tmla greater than mice exhibited a moderate to severe early-onset non-
progressive hearing loss, indicated by significantly increased ABR thresholds across all frequencies tested
compared to littermate controls from P14. These raised ABR thresholds were stable to at least P98. Both Whrn
less than +/+ greater than and Whrn less than +/tmla greater than mice had comparable ABRs, indicating
Whrn less than tmla greater than is a recessive allele. No overt balance defects have been observed in Whrn
less than tmla/tmla greater than mice up to P98, suggesting no vestibular dysfunction. Despite the raised
thresholds of Whrn less than tmla/tmla greater than mice, there was no significant hair cell degeneration at
P14. No discernible improvement in ABR thresholds of Whrn less than tmla/tmla greater than mice have
been observed up to at least P56 following Whrn activation at either P4 or P14.

Conclusions: Whrn less than tmla greater than is a recessive allele which causes moderate to severe early-
onset non-progressive hearing loss without balance defects. Raised ABR thresholds were detected from two
weeks old, an age when all hair cells were present, indicating that degeneration of hair cells was not the cause
of hearing impairment. Activating the Whrn gene as early as P4 did not improve ABR thresholds in
homozygous mutants.

S102. The Molecular Principles Underlying Diverse Functions of SL.C26 Proteins
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Background: The mammalian solute carrier 26 (SLC26)/sulfate permease (SulP) family consists of
homodimeric membrane proteins with diverse physiological roles. Dysfunctions of SLC26 proteins are
associated with various human diseases, including syndromic and non-syndromic deafness for SLC26A4
(pendrin) and SLC26AS5 (prestin), and bronchiectasis for SLC26A9. Recent studies revealed striking
similarities in overall molecular architectures among the family members, even though they mediate distinct
functions as an anion exchanger (pendrin), a voltage-dependent motor (prestin), and a transporter with
channel-like properties (SLC26A9). To understand the molecular mechanisms that underlie their diversity, we
examined several key structural features of the SLC26 proteins using both naturally occurring and artificially
made missense changes introduced to pendrin, prestin, and SLC26A9.

Methods: Standard site-directed mutagenesis was used to generate amino acid changes of 1) basic residues in
anion binding site, i1) conserved polar residues at the interface of N- and C-terminal cytosolic domains, and
ii1) C-terminal residues of TM 14 helices at the homodimerization interface. They are: Y20H, V509G, V510D,
V5101, H723D, and H723Y in pendrin; Y16H, R399V, 1500V, I5S00A, and H707R in prestin; Y8H, V393R,
V493G, and H731R in SLC26A9. All variants were placed with a C-terminal mTurquoise2 tag in a pSBtet-
Pur vector (Addgene), which allows doxycycline-dependent expression. Stable cell lines that express these
variants were established using HEK293T cells as described before (Kuwabara et al., 2018). Using these stable
cell lines, functional assays were performed for each variant along with corresponding wild-type (WT)
controls. For pendrin anion transport function, previously established in vitro plate reader-based transporter
assays were performed (Wasano et al., 2020). For prestin function, nonlinear capacitance (NLC), a proxy of
electromotility, was measured. For SLC26A9 anion transport function, both electrophysiological and plate
reader-based transport assays were performed. Expression and plasma membrane (PM) targeting was
confirmed by fluorescence microscopy for each variant.

Results: The basic residues at the anion binding site are essential for both anion antiport in pendrin and motor
function in prestin, and its conversion to a nonpolar residue is crucial but not sufficient for the fast uncoupled
anion transport in SLC26A9. The conserved polar residues in the N- and C-terminal cytosolic domains are



likely involved in dynamic hydrogen-bonding networks and essential for anion antiport in pendrin but not for
motor (prestin) and uncoupled anion transport (SLC26A9) functions. The hydrophobic interaction at the
dimerization interface is not of functional importance for uncoupled anion transport in SLC26A9 but essential
for the anion antiport and motor functions of pendrin and prestin, respectively.

Conclusions: We have uncovered the key structural features within the SLC26 family members, which greatly
facilitate the understanding of molecular mechanisms that support diverse physiological roles of the SLC26
proteins.
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Background: MYO6 encodes an actin-based motor protein, myosin VI, that is abundantly expressed in
cochlear and vestibular hair cells. Myosin VI is essential for maintaining the ordered structural integrity of the
stereocilia. To date, 129 MYOG6 variants associated with either dominantly- or recessively-inherited hearing
loss (DFNA22 and DFNB37, respectively) have been reported, of which 48 are truncating variants. Most of
these truncating variants are presumed to result in loss-of-function, as myosin VI without the C-terminal
cargo-binding domain would be of little or no physiological use. In fact, p.R1166X nonsense MYO6 variant
is recessively inherited. However, there are many dominantly inherited MYOG6 variants that lack the C-
terminal cargo-binding domain. The pathogenic mechanisms underlying these perplexing observations remain
unexplored. The objective of this study is to address this issue by experimentally testing our hypothesis that
expression of truncated myosin VI proteins may impair cell viability.

Methods: Stable cell lines that express truncated myosin VI variant proteins in a doxycycline (Dox)-inducible
manner were established in HEK293T cells. A self-cleaving near-infrared fluorescent protein tag (miRFP670-
P2A) was included at the N-termini of the myosin VI constructs so that their Dox-dependent expressions can
be fluorometrically monitored. Using these cell lines, pathogenic effects of truncated myosin VI proteins were
assessed by multiplexed RealTime-Glo MT Cell Viability and CellTox Green Cytotoxicity assays. These
assays were performed in a 96-well plate format using an automated plate reader with temperature (370C) and
CO2 (5%) controlling capability. A cytotoxic truncated Kv7.4 variant, p.Q71Sfs, which was identified in our
recent study, was also included as a positive control.

Results: As expected, Dox-induced expression of Q71Sfs-Kv7.4 severely impaired cell viability and induced
cell death. Expressions of several truncated myosin VI variants also noticeably impaired cell viability and
induced cell death. We also conducted the multiplexed assays in the presence of chloroquine (an autophagy
inhibitor) and MG-132 (a proteasome inhibitor). We found that DFNA22-associated R659X-myosin VI
moderately impaired cell viability and induced detectable cell death, and DFNB37-assiciated W793X-myosin
VI also moderately impaired cell viability but induced little cell death. Application of chloroquine significantly
deteriorated the viability of both cell lines expressing R659X- and W793X-myosin VI. On the contrary,
application of MG-132 had little or very small adverse effects on the viability of both cell lines expressing
R659X- and W793X-myosin VI, implying a relatively small contribution of ubiquitin-proteasome system
compared to autophagic pathways for clearing at least these two truncated myosin VI variants.

Conclusions: Cytotoxicity that impairs cell viability was indeed identified in multiple truncated myosin VI
variant proteins, which may account for their pathogenic roles in hearing loss.
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Background: Mutations in DFNAS5 gene cause dominant hearing loss in humans. While GSDME plays an
important role in two types of programmed cell death, including apoptosis and pyroptosis, the role of normal
or mutant GSDME in the inner ear or hearing is unknown. All DFNAS mutations result in exon 8 skipping
and DFNAS patients manifest delayed onset progressive hearing loss. However, the mouse model of human
DFNAS does not exhibit the phenotype of hearing loss, making it particularly challenging to study DFNAS
hearing loss or develop interventions to rescue hearing. In this context, creating Inner Ear Organoids (IEOs)
using human pluripotent stem cells carrying the DFNAS mutation offers valuable tools for investigating the
disease's biology and testing potential therapies.

Methods: 1) To model DFNAS mutation, we introduced a 3-nucleotide deletion (TTC deletion) within intron
7 of wild-type hiPSCs, a mutation reported in multiple DFNAS families.

2) IEOs were generated by sequential modulation of signaling pathways, including BMP, FGF, and WNT, to
derive hair cells from the iPSCs carrying the DFNAS mutation.

3) Expression of marker genes at different time points was assessed by IHC, RT-PCR, and bulk sequencing.
The organoids were screened for apoptosis using the TUNEL assay.

4) RNA editing strategy was developed to disrupt the exon 8 skipping transcript of DFNAS by screening of
CasRx/gRNA systems. Expression vectors for hfCasRx/gRNAs with GFP were assessed for signal reduction
to identify the most effective gRNA for knockdown efficacy.

5) The most effective gRNA was packaged into AAV2-hfCasRx/AAV2-gRNA-2 vectors and delivered to
DFNAS-IEOs to study the treatment effect.

Results: 1) TTC deletion successfully induced exon 8 skipping in iPSCs, a hallmark observed in human
DFNAS patients.

2) DFNAS-IEOs were successfully generated by optimizing the levels of BMP-4 during the developmental
phase. The DFNAS-IEOs displayed normal development of otic vesicles with the production of hair cells,
supporting cells, and neurons up to date 40. Past day 40, significant loss of hair cells and supporting cells were
detected, with the loss of both cell types by day 60. TUNEL assay detected significant cell death starting at
day 40.

3) AAV-hfCasRx/AAV2-gRNA-2 delivered to the reporter cell line reduced DFNAS-GFP signal
significantly, a demonstration of efficient RNA editing to abolish the mutant transcripts. The experiment is
ongoing with the delivery of AAV-hfCasRx/AAV2-gRNA-2 into the DFNAS5-IEOs for the rescue effect.

Conclusions: The human DFNAS-IEOs reveal that DFNAS mutations primarily affect cell survival without
significantly impeding the development of inner ear including hair cells, supporting cells and neurons,
consistent with relatively normal hearing in young DFNAS patients who subsequently develop progressive
hearing loss. We developed an RNA editing strategy to effectively abolish the mutant DFNAS transcripts,
with the potential to develop a treatment strategy for all DFNAS patients.

S106. Cellular and Functional Avian Auditory Regeneration
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Background: Birds, in contrast to mammals, are capable of naturally regenerating hair cells and neuronal
connections after damage, leading to hearing restoration. However, how newly regenerated hair cells become
properly reinnervated remains unknown. Furthermore, conventional methods to damage the chicken auditory
organ, the basilar papilla (BP), often result in partial damage, and regeneration happens asynchronized because
of the cumulative effects of repetitive or prolonged insults. In this study, we aimed to characterize hair cell
regeneration, reinnervation, and hearing restoration in deafened chickens following a single local infusion of
an ototoxic drug.

Methods: We used post-hatch day seven chickens. To induce hearing loss, we administered sisomicin, an
aminoglycoside antibiotic, through the lateral semicircular canal. At various post-sisomicin treatment (PST)
time points, the BP was collected for immunohistochemistry analysis. To assess hearing function, auditory
brainstem responses (ABR) were measured.



Results: We found a retraction of cochlear ganglion neurites (dendrites) following complete hair cell loss one
day PST. The first regenerated hair cells emerged five days PST, while the neurites remained withdrawn near
the basement membrane. Notably, the regenerated hair cells extended long basal protrusion towards the resting
neurites, establishing contact. In addition, presynaptic specializations, identified with CtBP2
immunohistochemistry, appeared at the tips of the basal protrusions from day 6 PST onwards. Subsequently,
the neurites regrew in coordination with the retraction of the hair cell protrusions, accompanied by relocation
of the CtBP2-positive punctae. Postsynaptic-like structures also began re-establishing themselves by 9 days
PST. By 14 days, when hair cells regained their normal cylindrical shape, CtBP2-positive punctae settled
beneath the nuclei of hair cells. Calretinin levels, highly expressed in regenerated hair cells, tapered off toward
the lateral side of the BP within 28 days PST, aligning with hair cell maturation and reinnervation. Compared
to developmental innervation, the initial location of the re-emerging presynaptic specializations differed in the
reinnervation process. Hearing recovery commenced at 9 days PST, corresponding to synaptic reformation
initiation. Hearing thresholds consistently improved, eventually matching those of age-matched controls
within 28-35 days PST.

Conclusions: We conclude that auditory restoration in completely deafened chickens is remarkably efficient,
approaching pre-damage levels. The regeneration-specific synaptic reestablishment, coupled with hair cell
basal protrusions, may represent a location-preserving process necessary for maintaining tonotopic fidelity.

S107. IP3 and RyR Signaling are Essential and Have Distinct Roles in Regulating Neurite Pathfinding
in Response to Micropatterned Growth Cues
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Background: The cochlea exploits an intricate tonotopic organization of afferent innervation to effectively
process highly complex auditory stimuli. To create this precisely organized pattern, neurites from spiral
ganglion neurons (SGNs) navigate a complex milieu of cells, extracellular matrix, and biochemical gradients
to reach their peripheral and central targets in the organ of Corti and cochlear nuclei, respectively. Leveraging
these growth cues via micro-scale patterning of surface features and biochemical cues have emerged as a
potential tool to direct neurite growth into close proximity with next-generation neural prosthesis electrodes.
However, the signaling events underlying the ability of growth cones to respond to these features and cues
remain unclear. There is a growing body of research demonstrating the influence of Ca2+ signaling in how a
growth cone senses and grows in response to various growth cues.

Methods: We study the role of IP3 and RyR signaling as sensory neurons (spiral ganglion neurons and dorsal
root ganglion neurons) pathfind in response to a wide variety of engineered micropatterned substrates. To
study this we leverage, the photopolymerization of biophysical substrates, patterned coatings of peptides, and
real-time imaging of growth cones.

Results: IP3 and RyR signaling play crucial roles in the growth cone as neurites navigate biophysical features,
thereby enabling proper guidance to these cues. Additionally, these signaling pathways are integral in SGN
pathfinding in response to both chemo-permissive and chemo-repulsive patterns. In our study of the role of
these signaling pathways in pathfinding in response to complex geometries, RyR signaling was found to be
involved in halting growth in response to a repulsive cue. Conversely, IP3 signaling appears necessary for a
growth cone to turn in response to a guidance cue.

Conclusions: Overall, this research sheds light on the fundamental biological processes governing how an
SGN neurite senses and turns in response to substrate cues. These key Ca2+ signaling elements, IP3 and RyR,
are essential for SGNs to pathfind in response to diverse biophysical and biochemical cues. Additionally, IP3
and RyR have distinct roles in neurite guidance. Understanding how neurites sense and respond to cues
informs fundamental neural development and offers insights into translating these principles into applications
such as guiding SGN neurite growth for improved neural prostheses, including cochlear implants.

S108. Comparison of Inner Ear Organoid Derived EVs at Different Developmental Stage
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Background: The permanence of hearing loss is mainly due to the inability of the sensory hair cells to
regenerate. Although cochlear hair cells are known to be not replaced in mammals, neonatal mouse cochlear
supporting cells are able to proliferate and differentiate into inner organoid. During the process of developing
into inner ear organoids, intercellular communication might occur through extracellular vesicles (EVs). The
purpose of our study is to effectively generate inner ear organoid from mouse neonatal stem cells by isolating
cells from the P2 organ of Corti, to isolate EVs from the “proliferating sphere” and “differentiated organoid”
and to compare and analyze EVs derived miRNA to identify key genes and proteins related to inner ear
regeneration.

Methods: We generated floating spheres from neonatal (P2) mouse supporting cells and optimized the
condition to harvest the most abundant number of solid spheres. The spheres were characterized by
immunohistochemistry staining, FACS and western analysis on the proliferation day 7. Then, we transferred
spheres to adherent culture condition, differentiated the spheres into inner ear organoid and optimized the
condition to obtain organoids efficiently. The inner ear organoids were characterized by
immunohistochemistry staining, FACS and western analysis on day 21. EVs were isolated from the 5-7th day
media of “proliferating spheres” and 19-21st day media “differentiated organoids”. EVs were characterized
with nanoparticle analysis, and western. Also, miRNA sequencing and data analysis was done to compare
between two groups.

Results: Single cells were obtained from the dissected cochlea and after modifying the concentration of small
molecules and seeding cell numbers, seeding 2.5 x104 cells / well were proven to be most efficient number to
generate the most abundant number of solid spheres on day 7. Spheres were transferred to adherent culture
system and after modifying the concentration of small molecules, the concentration of Matrigel, and
incubation period, using the 20%-Matrigel with proliferation media for next 7 days, and then differentiation
media for the rest 7 days were proven to be most efficient condition to generate inner ear organoid on day 21.
In miRNA sequencing, 139 mature miRNAs were identified after normalization. A total of 91 miRNAs were
more than 2 folds changed, and 35 miRNAs (6 miRNAs upregulated; 29 miRNAs downregulated) were
statistically significant.

Conclusions: We’ve identified that different miRNAs were involved in the proliferation and differentiation
stage in the development of inner ear organoids. Further research is going on to elucidate the role of miRNA
in inner ear regeneration.

S109. The Role of Notch, Wnt, Shh and Fgf2 Signalling in the Differentiation of LGRS-Positive
Progenitor Cells into Inner Ear Hair Cells

Nathaniel Carpena*!, So-Young Chang', Seung Chul Ahn?, Ji-Eun Choi®, Jae Yun Jung?®, Min Young Lee’
'Beckman Laser Institute Korea, Dankook University, >Dankook University, *Dankook University Hospital

Category: Regeneration

Background: The precise regulation of inner ear hair cell (HC) differentiation from LGR5-positive supporting
cells (SC) is a pivotal process in auditory system development and maintenance. Emerging evidence
underscores the indispensable roles played by intricate signaling pathways, notably the Notch, Wnt, Sonic
Hedgehog (SHH) and FGF2 signaling cascades, in orchestrating this intricate cellular differentiation. Notch
inhibition has been demonstrated to release the brake on cell fate determination, facilitating the transition of
SC towards a HC fate, while Wnt signaling activation promotes the proliferation and positioning of nascent
HC precursors while SHH signaling modulation adds an additional layer of control to this intricate process.
The inhibition of FGF2, a multifaceted growth factor, is essential for specifying and sustaining the
commitment of SC to the HC lineage. This study seeks to unravel the intricate interplay of these molecular
mechanisms, shedding light on the potential for therapeutic interventions aimed at harnessing the regenerative
potential of LGR5-positive SC in hearing restoration.

Methods: Cochleae were obtained from postnatal day 1-4 mice of either wild type or Lgr5-EGFP reporter
mouse lines. The entire cochleae were enzymatically dissociated into individual cells and marked with anti-
Lgr5 magnetic microbeads, allowing their isolation via MACS. Spheroids were generated from each isolated



cell and induced differentiation into 3D organoids using a combination of Wnt agonists and Notch inhibitors.
These organoids were closely observed for a duration of 21 days and sampled for various analyses, including
immunofluorescence (IF), RNA sequencing, and TEM. Compared to the previously published organoids
isolated from manual isolation (MI), Magnetic-Activated Cell Sorting (MACS) generated organoids we
further treated the organoids with FGF inhibitor and SHH agonist, aiming to gain deeper insights into the
underlying molecular mechanisms.

Results: Supplementation of Notch inhibitor and Wnt agonist during differentiation process resulted in
organoids from both methods to develop putative hair cells (HCs) characterized by the expression of relevant
molecular markers akin to native HCs, including the presence of stereocilia bundles confirmed through IF.
However, MI-derived organoids exhibited more prominent F-actin protrusions and a distinct uptake of FM1-
43, indicating enhanced mechanotransduction channel functionality. These differences may be attributed to
the higher FGF2 inhibition observed in MI-derived organoids as indicated by RNA-sequencing data.
Interestingly, the use of an FGF2 receptor inhibitor led to smaller-sized spheroids but did not improve hair
cell prevalence stereocilia characteristics through TEM imaging and electrophysiological testing in MACS-
derived organoids. Conversely, early results in SHH activation in MACS-derived organoids resulted to
cochlear hair cell prevalence and FM1-43 uptake.

Conclusions: In conclusion, the intricate orchestration of Notch inhibition, Wnt signaling activation, and
FGF2 inhibition plays a pivotal role in driving the differentiation of LGRS5-positive supporting cells into inner
ear hair cells, a process of paramount significance in auditory system development and regenerative medicine.

S110. RNA-Seq Analysis of Early Transcriptional Genomic Changes of Alzheimer’s Disease in the
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Background: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and is also the most
prevalent cause of dementia. Early detection and intervention are crucial for AD treatment and prevention. It
has been estimated that delay of dementia even by one year can reduce 10% of dementia population. Recent
epidemiological studies reveal that hearing loss is a major high-risk factor for AD and AD-related dementia
(ADRD) development and progression. Our previous studies (Liu et al., 2020, PMID: 31870800; Mei et al.,
2021, PMID: 34588972) also demonstrated that AD could produce early hearing functional changes (or
biomarkers) prior to the occurrence of typical AD phenotypes, suggesting that hearing functional tests could
serve as early biomarkers for AD/ADRD diagnosis and assessment. In this study, we continually examine
AD-induced genomic changes, particularly, early genomic changes in the auditory system.

Methods: APP/PS1 AD mice were used. The auditory cortex (AC), inferior colliculus (IC), cochlear nucleus
(CN), and cochleae at 2, 3, 6, and 9 months old were collected. Bulk Poly(A) RNA Sequencing was performed.
The hearing functional tests and behavioral tests were also performed.

Results: As shown in early functional changes by hearing functional tests in our previous studies, the auditory
system has early significant AD-related transcriptional and genomic changes. At 2 months old, significant
changes could already be found in the cochlea. Interestingly, as age increased, transcriptional and genomic
changes in the cochlea and CN were quickly reduced, whereas AD-induced changes in the IC and AC in the
auditory centers were significantly increased. At 9 months, at which the typical AD phenotypes just occurred
in the APP/PS1 AD mouse model, little significant changes were found in the CN and cochlea. However,
significant changes were still found in the IC and AC. The significant difference was also found between
female and male AD mice. Female mice showed more apparent changes in comparison with male AD mice at
the early stage. RNA-Seq analysis also revealed that these changes are mainly located at pathways involving
neurodegeneration, postsynaptic density, and neurotransmitters besides amyloid-beta binding. These changes
were also consistent with our electrophysiological recordings and behavioral tests.

Conclusions: AD has early transcriptional and genomic changes in the auditory system. The apparent earliest
changes appear in the cochlea. Female mice have more significant changes than male mice at the early stage.
These data provide valuable information for AD intervention and prevention at the early stage.
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Background: Age-related hearing loss (ARHL) ranks among the leading causes of sensorineural hearing
decline in the elderly, with known genetic factors accounting for only a fraction of its heritability. To address
this gap, our study employed BXD strains for a genome-wide association study (GWAS) on ARHL,
successfully identifying a novel locus on chromosome 18 associated with ARHL specifically linked to a 32
kHz tone burst stimulus. We extended our investigation to assess the functional impact of Fhod3 (formin
homology 2 domain containing 3), a candidate gene for ARHL discovered through our meta-analysis GWAS
in mice.

Methods: Utilizing genetically modified mice, we created Fhod3-overexpressing models (Pax2-Cre+/-;
Fhod3Tg/+) (TG) and HC-specific conditional knockouts (Atoh1-Cre+/-; Fhod3fl/fl) (KO). Gene expression
patterns of Fhod3 in the inner ear were determined using multiplexed error-robust fluorescence in situ
hybridization (MERFISH) in P5 cochleae. Immunofluorescence staining further corroborated Fhod3
localization. Auditory functions in these mutants were assessed via auditory brain stem response (ABR) tests
at 6, 12 and 18 weeks of age. We also analyzed survival hair cell (HC) counts and phalloidin intensities at the
cuticular plate, along with ultrastructural studies on stereocilia.

Results: Fhod3 was found to be expressed in HCs, primarily localizing to the cuticular plate (CP). TG mice
exhibited progressive high-frequency hearing loss, marked by a notable loss of outer HCs and decreased
phalloidin intensities at the CP. Ultrastructural evaluations revealed shortened stereocilia in basal turn cochlea.
Intriguingly, these phenotypic changes were replicated in KO mice.

Conclusions: Our findings illuminate Fhod3's crucial role in modulating actin dynamics within the CP and
stereocilia. This lays the groundwork for future studies to explore Fhod3-related hearing impairment
mechanisms, which may pave the way for innovative therapeutic strategies targeting ARHL in humans.

S112. Neural Oscillatory Responses to Speech-In-Noise in Older Adults With Normal-Hearing, Hearing
Loss, and Mild Cognitive Imparement

Ji-Hye Han*!, Jihyun Lee!, Seungik Jeon', Hyo-Jeong Lee!
'Hallym University College of Medicine

Category: Aging

Background: Hearing loss is the primary risk factor for dementia, and it may affect the central auditory
function and cognitive ability in the brains of older individuals. The speech-in-noise (SiN) test, involving
sensory encoding and cognitive neural processing, assesses central auditory function. Electroencephalogram
(EEG) has a history of quantifying neural responses to speech stimuli but has seen limited use in studying
brain response changes in older adults concerning hearing and cognitive abilities. This study aims to measure
brain oscillations during SiN listening and their relationship with cognitive abilities in older adults with
hearing loss (HL) and/or mild cognitive impairment (MCI).

Methods: A total of 20 participants were involved in this study, including 13 individuals with mild cognitive
impairment (MCI), 10 with hearing loss (HL), and 7 with both MCI and HL. (MCI+HL). Additionally, 10
individuals with normal hearing (NH) served as controls. All participants underwent cognitive function
assessment using the Montreal Cognitive Assessment (MOCA) test. EEG activity was recorded from 64 scalp
electrodes while participants actively performed the Korean digit-in-noise test. In a passive condition,



participants listened to digit stimuli while watching silent, closed-captioned movies. We employed DICS
beamforming to estimate the sources of neural activity for each frequency band.

Results: In behavioral data, both HL groups (HL only and MCI+HL) showed lower DiN thresholds compared
to NH and MCl-only groups. The MCI+HL group had significantly reduced DiN accuracy during attentive
listening. In active versus passive listening, the HL group exhibited alpha event-related desynchrony (ERD)
enhancements in broader areas of the brain compared to other groups. Moreover, a positive correlation
between alpha power in the right frontal lobe and DiN performance was found in the HL group. Conversely,
the MCI+HL group displayed increased frontal lobe activity in the theta rhythm. The theta power in MCI
individuals is negatively associated with DiN performance and with MOCA scores.

Conclusions: Our findings suggest that the alpha rhythm may serve as a neural correlate of auditory attention,
while theta rhythm appears to be more sensitive to cognitive function. Neural activity during SiN listening is
correlated not only with listening ability but also with cognitive function.

S113. Investigation of Afferent and Efferent Neuron Systems in Cochlea With Age-Related Hearing
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Background: The degeneration of cochlear hair cells and cochlear synaptopathy are considered as peripheral
mechanisms underlying age-related hearing loss (ARHL). ARHL has been associated with predisposing
cognitive impairment and dementia, hence the consequence of central pathology of ARHL requires the
investigations of changes in projection of peripheral and central pathways. This study aims to systematically
present the age-related structural changes of afferent and efferent neuron systems in the cochlea and cochlear
nucleus (CN) with 3-dimensional imaging at single cell resolution.

Methods: Transparent embedding solvent system (TESOS) technique was used to obtain the whole neural
projection from cochlea to CN at single-cell resolution in 2-month and 18-month-old thy1-YFP16 transgenic
mice. We employed scAAV-mcherry retrograde injections in CN to label spiral ganglion neurons (SGNs) in
2-month and 18-month-old mice, and subsequently analyzed cell size, number, morphology and 3-D spatial
distribution using Imaris. Xradia Microscopy was applied to observe the bone structure of cochlea in high
resolution. The number of SGNs at different frequencies in different age can be calculated based on the fibers
shuttling through the habenula perforata. To further compare the synaptic connections of medial olivocochlear
(MOC) efferent fibers on outer hair cells (OHCs) between 2-month and 18-month-old mice, whole-mount
immunostaining was applied to stain Prestin and ChAT in whole cochlea, respectively.

Results: We first reconstructed cochlea-cochlear nucleus projection at single cell resolution in 2-month and
18-month-old Thy1-YFP16 mice. Significant changes were found in cochlea, cochlear root neurons (CRNs)
and CN in ARHL model. Both the number and dispersion of CRNs notably increased in ARHL, while neuron
size remained unchanged. Secondly, we discovered two distinct projection pattens of SGNs and MOC in
ARHL model. Notable loss of high-frequency SGNs, fusion and swelling of neighboring spiral neuron fibers
were observed in afferent systems. However, the age-related damages in the MOC were primarily at synapses,
manifested as a significant reduction in synaptic contacts with OHCs across frequencies and evident disruption
and shrinkage of boutons at the hook region, which happened simultaneously with the loss of OHCs. Finally,
the volume of CN in ARHL notably shrink, while the number of dorsal cochlear nucleus neurons were slightly
increased. The dendrites of satellite cells decreased and the terminals projected to bushy cells gradually
degenerate with age.

Conclusions: The structure of cochlea-cochlear nucleus were systematically presented in TESOS technique
based high-resolution 3D imaging. The age-related changes of cochlear projections to cochlear nucleus
include, reduced neural fibers and synaptic contact and distinct patterns of neural projection of SGNs and
MOC:s. Overall age-related changes underlies the structural basis of pathology of ARHL.

S114. Preventing Age-Related Hearing Loss Using Mitochondrial Function Improving Drugs
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Background: Mitochondrial dysfunction is considered to be associated with aging and age-related hearing
loss. However, the detailed mechanism and pathophysiology of hearing loss remain unknown. Transfer RNAs
(tRNAs) contain a wide variety of posttranscriptional modifications that are important for accurate decoding.
Mammalian mitochondrial tRNAs (mt-tRNAs) are modified by nuclear-encoded tRNA-modifying enzymes
(Wei, 2013).CdkS5 regulatory subunit-associated protein 1 (cdkSrapl) is responsible for 2-methylthio (ms2)
modifications of mt-tRNAs. Deficiency in ms2 modification markedly impaired mitochondrial protein
synthesis. This resulted in respiratory defects in cdkSrap1 knockout (KO) mice. We reported the influence of
a mitochondrial dysfunction caused by the ms2 modifications of mt-tRNAs on age-related change in vivo and
in vitro (Miwa, 2021). While, an endogenous indole compound, mitochonic acid 5 (MA-5), is known to
enhance intracellular ATP production as a mitochondrial function-improving drug. In the present study, we
conducted preliminary experiments to determine whether MA-5 can prevent the onset of age-related hearing

loss in a mouse model of mt-tRNA chemical modification and deletion.

Methods: At the age of 5 months, hearing was evaluated by ABR, DPOAE, and EP, and morphological
evaluation was performed by HE staining.

Results: In CdkSrap1 knockout mice, age-related hearing loss was suppressed in the middle frequency range
in ABR, and similar results were observed in DPOAE. EP also showed a marked suppression of the decrease
in endocochlear potential. Not significant morphological changes were observed.

Conclusions: MA-5 showed partial suppression of age-related hearing loss in a mouse model of age-related
hearing loss with abnormal mt-tRNA modifications. The suppression of endocochlear potential reduction
suggests an inhibitory effect on aging in the spiral ligament or stria vascularis in cochleae.

S115. Progressive Changes in Central Gain in the Aging Human Auditory System
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Background: Auditory nerve afferent activity is lower in older adults in comparison with younger adults.
Despite this, older adults have equivalent or increased neuronal activity compared to young adults at the level
of the brainstem and cortex, a phenomenon known as central gain. Central gain may compensate for the loss
of input from the auditory nerve, but we have found that it can be maladaptive, potentially contributing to
poorer speech recognition in noise. The propagation of central gain through the auditory system — from the
auditory nerve to the auditory brainstem and cortex — is not well understood. The purpose of this study is to
assess the magnitude of central gain at multiple points of the auditory system. We hypothesized that older
adults (compared to younger adults) exhibit progressive increases in neural response amplitudes at the
brainstem and again at the cortex.

Methods: The compound action potential (CAP) and auditory brainstem response (ABR) were measured in a
group of younger (18-30 y/o) and older (55+) participants. Cortical auditory-evoked potentials were recorded
from a subset of participants. Auditory stimuli were 100 dB pSPL clicks presented to the right ear. Central
gain was assessed by comparing the effects of age on the amplitudes of the CAP N1, ABR wave V, and cortical
P1 peaks.

Results: Results: CAP N1 amplitudes were significantly smaller in older adults compared to younger adults,
but there were no significant differences in wave V amplitudes between younger and older adults. Cortical P1
amplitudes in older adults were significantly larger compared to younger adults.

Conclusions: By showing significant age-related deficits in neural response amplitudes at the auditory nerve
but not at the brainstem or cortex, these data support our previous findings of central gain in the auditory
system of older adults. Additionally, although there were no differences in the brainstem response amplitude
between older and younger adults, the cortical response from older adults had a significantly larger amplitude
than younger adults. The results from the current study showing progressive increases in central gain, together
with previous work demonstrating that cortical central gain is driven by decreased inhibitory function at the
level of the cortex, support our hypothesis that central gain mechanisms are progressive, culminating in the



largest increase in neural amplitudes at the cortex. The role of central gain in auditory processing will be
discussed.
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Background: Both sensory organs in the inner ear are often affected by the same pathologies, leading to a
combined impairment of both cochlear and vestibular function. Studies have proven the feasibility of a
combined cochlear/vestibular implant (CVI) supporting both cochlear and vestibular input. Computational
modeling of this stimulation is a valuable tool to test effects of various stimulation scenarios in-silico prior to
consideration in in-vivo experiments and in patients. However, recent modeling approaches of the inner ear
have mainly focused on one organ — either the vestibular system or the cochlea. The simulation of combined
cochlear-vestibular stimulation offers the possibility to analyze potential cross-talk and current spread from
cochlear implants to the vestibular system and vice-versa. In addition, stimulation strategies for combined
stimulation can be tested and optimized.

Methods: A modeling workflow to simulate combined cochlear-vestibular stimulation based on realistic
human inner ear anatomy was developed, extending computer models for the analysis of vestibular implant
stimulation scenarios previously presented by our group. Naturally distributed nerve fiber trajectories were
generated for both organs starting at the sensory epithelia of the ampullary nerves, the macula organs and the
cochlea, respectively, as well as for the facial nerve and the inner auditory canal. Based on these fibers, a
multi-compartment nerve model for vestibular fibers implemented in our previous simulation framework was
extended by a multi-compartment nerve model for the myelinated cochlear nerve fibers. Extracellular
electrical fields resulting from the stimulation by electrode contacts were computed using the finite element
method. Stimulation scenarios with electrodes in both the vestibular system and the cochlea were tested and
selective stimulation of single targeted nerve branches was evaluated. Furthermore, electrically evoked
compound action potentials (eCAPs) were computed to simulate the combined neural response. Time
dependent transmembrane currents originating from stimulated nerve fibers were considered as distributed
current sources and resulting electrical fields are evaluated at positions of sensing electrodes.

Results: The framework was tested by considering individual and combined stimulation scenarios and
comparing selective nerve stimulation of nerve branches in the inner ear. Simulation results indicate that the
impact of combined stimulation of the vestibular and cochlear nerve branches is not negligible, and that
potential crosstalk occurs, in particular during simultaneous stimulation of both organs. In addition, obtained
ECAPs of realistic stimulation scenarios corresponded well to literature data.

Conclusions: The presented model enables the investigation of the impact of combined cochlear vestibular
stimulation on both organs and their interactions. This will contribute to a better understanding of the effects
of electrode locations and stimulation scenarios on focused stimulation inside the inner ear and mutual
influence between the organs. Furthermore, new diagnostic options might develop from this understanding,
as the described model can be used to investigate characteristic influences of pathological conditions.

S118. Charge Threshold, Array Tilt, and Longitudinal Speech Perception in Exceptional Users of the
Auditory Brainstem Implant (ABI)

Samantha Shave*!, Sonja Poe!, Barbara S. Herrmann!, Christine Carter!, Daniel J. Lee!
'Massachusetts Eye and Ear

Category: Auditory Prostheses
Background: A high amount of variability in sound and speech perception is observed in users of the auditory
brainstem implant (ABI). Factors that influence ABI outcomes include duration of deafness, number of



auditory electrodes, charge thresholds, three-dimensional (3D) position of array, daily processor use, and
active social participation. Only a small number of ABI users achieve open-set speech comprehension and
reaching this level of performance takes longer compared to recipients of the cochlear implant (CI).
Longitudinal outcome data for these ABI users are limited. In the following study, we correlate electrode and
patient variables with speech perception in exceptional ABI users with long-term follow-up.

Methods: Retrospective review of adult ABI subjects with Neurofibromatosis type 2 (NF2) with postoperative
computed tomography (CT) and perceptual data. All subjects except two were implanted unilaterally with a
Nucleus ABI device (Cochlear Corp) using either a retrosigmoid or translabyrinthine approach. Exceptional
patients were identified based on their post-operative constant nucleus constant (CNC) testing indicating their
performance met a threshold above random chance (~4%). Using the imaging methods of Barber, S. et al.
(2017, Ear and Hear. 38(6):e343-e351), 3D electrode array position was classified based on angles from the
horizontal using posterior and lateral views and on distances between the proximal array tip superiorly from
the basion (D1) and laterally from the midline (D2). Tilt of the ABI array was measured by grouping electrodes
and calculating an angle measure based on line of best fit for their respective charge thresholds. Exceptional
patients were compared to other patients on the basis of CNC performance, overall charge threshold, and
overall array tilt using a Mann-Whitney U test.

Results: Seven adult subjects were identified as exceptional ABI performers, achieving above chance scores
on the open-set CNC monosyllable test. These patients were compared to 17 non-exceptional users. Three of
these patients underwent a retrosigmoid approach, and four underwent a translabyrinthine approach. Patient
follow-up ranged from 6-13 years post-activation. Compared to other ABI users, these patients are all socially
independent, full-time users, and have daily social interactions. There was a statistically significant difference
in charge threshold and array tilt in exceptional patients compared to non-exceptional patients. There was no
significant difference in the angle measures relative to the basion between exceptional and non-exceptional
users. The mean overall charge threshold and tilt in exceptional patients measured 6.02+3.07 and
47.48.87°+22.29°, respectively, which is significantly lower compared to 11 non-exceptional ABI users
(M=29.42+32.11; M=68.92°+£19.29°; both with p less than 0.05). Exceptional patients had a significantly
higher speech perception outcome compared to other ABI users (p less than 0.05).

Conclusions: The best performing ABI users have a significantly lower overall charge tilt, and similar social
factors that influence ABI usage. Future studies should focus on longitudinal analyses of ABI patients with
long term follow-up.

S119. Acute Focal Micro Lesions Reorganize Tonotopic Profiles Evoked by Cochlear Implant
Stimulation
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Background: Electrical stimulation of spiral ganglion neurons (SGNs) by a cochlear implant (CI) results in
significant outcome variability, especially for measures involving a high degree of spectral processing.
Typically, Cls use cathodic-first biphasic stimuli in a monopolar configuration. The two polarities of the
biphasic pulse are expected to interact electrically and neurally. Furthermore they preferentially activate
different parts of the SGN: The anodic phase excites SGNs at or central to the soma, while cathodic stimuli
preferentially activate peripheral processes. Thus, it is hypothesised that they will distinctively be influenced
by damage of the SGN, depending on the peripheral-to-central focus of the lesion.

Methods: We investigated how the inferior colliculus (IC) activation patterns reflect cochleotopic stimulation
position when polarities acted separately (monophasic) or in sequence (biphasic) in 11 guinea pigs.
Furthermore, we assessed how these patterns were affected by focal micro-lesions (less than 440um) in
osseous spiral lamina (OSL) or Rosenthal’s canal (RC). Multi-electrode arrays were used for IC recordings,
with characteristic frequencies (CF) between 6 kHz and 32kHz, corresponding to the cochleotopic position of
the 6 contacts of a guinea pig adjusted CI (MedEl, apical C1: 6.41+1.03kHz; basal C6: 20.9+2.18kHz). After
acoustic receptive fields and CFs had been assessed, animals were deafened with neomycin-sulfate in Ringer’s
solution. Deafening success was confirmed by neural measurements. IC response profiles to electric
stimulation were first recorded in the intact cochlea and repeated after cochlear lesioning with a micro-needle.



Results: In intact ears, monopolar stimulation (+1dB) covered ~0.5 octaves near threshold and greater than 3
octaves at high stimulation levels (+7dB). Anodic stimuli typically had 1-2dB lower response thresholds than
cathodic stimuli, with comparable response latencies. The highest IC activation occurred ~1 octave apical
(lower CF) to the stimulating contact for anodic stimulation, while cathodic stimulation activated CFs ~1
octave to the base (high CF). Stimulation with biphasic pulses resulted in activation pattern corresponding to
the cochleotopic position, when assessed relative to median activation levels. Acute micro-lesions in OSL or
RC did not result in gaps in IC response profiles, but increased thresholds and decreased activation strength,
depending on lesions size and target (i.e., OSL or RC). CI stimulation close to the lesion enhanced the observed
differences between polarities by shifting the IC response profiles to lower CFs for anodic stimulation and to
higher CFs for cathodic stimulation, each by ~0.3 octaves. For biphasic stimulation, lesioning reorganized the
tonotopic patterns, observed in intact ears.

Conclusions: In conclusion, anodic and cathodic polarities generate distinct midbrain excitation patterns,
when stimulating separately, however, place information was retained in IC response profiles for biphasic
stimuli. Micro-lesions in OSL or RC disrupted place-specific information, irrespective of the stimulus,
potentially explaining poor CI outcomes in the presence of patchy SGN degeneration.

S120. All You See is an Electrode? Probing CI Electrode Array Properties for Optimizing Stimulation
Parameters of Cochlear Implants
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Background: Cochlear implants (CIs) have achieved remarkable success as neural prostheses, globally
employed to restore sensorineural hearing loss via direct electrical stimulation of the spiral ganglion. However,
the current clinical application of Cls employs a standard stimulation protocol, which unfortunately leads to
insufficient frequency resolution and low dynamic range. Notably, commercially available CI electrodes
exhibit variations in contact size, wire shape, no. of contacts, total length, and configuration, all dependent on
the manufacturer. Our goal is to determine and model the electrical properties of CI electrodes with subsequent
extraction of tissue properties and stimulus optimization.

Methods: CI electrodes from four different manufacturers (Advance Bionics, Cochlear, MED- EL, Oticon)
were investigated. Each CI electrode was inserted into a linear cochlear model filled with artificial perilymph
along its length. The investigation encompassed electrochemical impedance spectroscopy (EIS), covering a
frequency spectrum of 5 Hz to 13 MHz, performed among all conceivable electrode pairs. From the resultant
impedance responses, an impedance matrix was obtained for all electrode pairs. The response was fitted
using an equivalent electrical circuit model. The analytical model based on resistive and capacitive
subcomponents was used to extract the tissue properties from CI electrode impedance spectroscopy.

Results: Impedance spectroscopic responses demonstrated broad similarities in amplitude and phase across
the implants. The impedance matrices of the resistive part of the tissue showed dependence on the distance
between the two measured electrodes. Based on this, our proposed equivalent circuit model, an extension of
the general impedance model for biomedical electrodes showed a good fit with the recorded impedance data.
From the model, the sub-components of impedance were extracted and differences across the implants were
analysed.

Conclusions: Unlike conventional clinical impedance measurement, our approach is analysing the
subcomponents of impedance for a better description of a CI electrode. In future, our simulation model should
be able extract detailed tissue properties from impedance measurements with CI arrays. This will serve to
optimize the stimulation pulse parameters to ensure that each electrode is providing appropriate levels of
stimulation to the auditory nerve in the patients.

S121. Consequences of the Use of Ramped Pulses in an Animal Model of Cochlear Implants on the
Discriminative Abilities of Auditory Cortex Neurons
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Background: For several decades, cochlear implant (CI) is the most successful neuro-prosthetic device
allowing thousands of patients to recover hearing sensation and speech understanding. However, the
performances are usually good in silence, but CI patients have more difficulties in the presence of background
noise, such as in public transportation. Potentially, these limitations stem from the large spread of currents
diffusing in the cochlea’s perilymph when the electrodes are activated. To reduce this large spread of current
when activating the different electrodes, one potential strategy is to change the shape of the electrical pulses.
Previously, studies have used asymmetric pulses rectangular pulses (Macherey et al., 2006, 2008). Recently a
new pulse shape, called ramped pulse, has been proposed (Ballestero et al., 2015) but only one in vivo study
has reported that anodic or cathodic ramped pulses elicited eABR responses with lower thresholds and steeper
growth functions than anodic or cathodic rectangular pulses (Navntoft et al 2020). Here, we report the
consequences of the use of ramped pulses on the discriminative abilities of auditory cortex (ACx) neurons.
Methods: The responses of ACx neurons were recorded in anesthetized guinea pigs. The intracochlear
stimulating array was a shortened version of the EVO electrode array used by Oticon Medical (Smerum,
Denmark). The array was composed of 6 ring-shaped Platinum-Iridium electrodes, each with a 0.0046 mm?
surface. Center-to-center inter-electrode distance was 600 um. Four shapes of ramped pulses were tested and
20 charges levels were tested from 3nC to 31.5nC to obtain the growth function of ACx neurons. Recordings
were collected by 16-channels electrodes composed of two rows of 8 electrodes separated by 1000 um (350
um between electrodes of the same row). The Mutual Information (MI) was used as a metric to determine to
what extent ACx neurons can discriminate between the different charge levels.

Results: The four shapes of ramped pulses elicited responses with both (i) lower thresholds and (ii) higher
maximal firing rates than the rectangular pulses, both with anodic and cathodic first phases. On average, the
dynamic range was unchanged as the whole growth function of most of the ACx neurons were shifted on the
left. The MI values were computed for each recording (Mlind) and also for the entire population of recordings
(MlIpop) available with a given strategy (between 50-150 recordings). Based upon individual recordings, the
mean MI values were similar between ramped and rectangular pulse shapes. Based on the MIpop, the ramped
pulses led to higher discrimination abilities than the rectangular pulses but only when the first phase was
cathodic.

Conclusions: These results suggest that ramped pulses can be considered as a good alternative to the
rectangular pulses, but the polarity of the first phase matters to benefit from these shapes.

S122. Towards Real-World Benefit With a Cochlear Implant Speech Coding Strategy That Leverages
Temporal Masking Effects
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Background: Speech perception remains challenging for cochlear-implant (CI) recipients in listening
conditions containing background noise. The temporal integrator processing strategy (TIPS) can significantly
improve speech perception in the presence of speech-shaped noise while reducing the power required for
stimulation (Lamping et al. 2020). Here, the potential for TIPS to benefit real-world speech perception and
reduce device power consumption is investigated through adaptation of the algorithm for real-time processing
(a key constraint of CI devices), and computational analyses and speech perception testing in everyday
listening conditions.

Lamping W, Goehring T, Marozeau J, and Carlyon, RP. Hearing research. 2020;
10.1016/j.heares.2020.107969.

Methods: TIPS leverages a model of temporal masking to identify and remove stimulation pulses that are
unlikely to be perceived. First, TIPS was objectively evaluated in a range of acoustic conditions using



computational comparisons. Second, the speech-recognition performance of twelve CI listeners was measured
in two double-blind within-subject experiments before and after TIPS processing. Experiments 1 and 2
investigated TIPS performance against the Continuous Interleaved Sampling (CIS) or Advanced Combination
Encoder (ACE) baseline CI processing strategies, respectively. Prior to testing, participants were acclimatised
for 10 minutes to the respective condition. Mean-opinion score quality ratings were obtained for speech in
quiet and speech reception thresholds were measured in the presence of speech-shaped noise and multi-talker
noise. The data collection and analysis are preregistered at https://doi.org/10.17605/OSF.IO/7RFTV.
Results: The computational analyses indicate that the pulse-removal behavior of TIPS is consistent across
everyday listening conditions but varies with the listener’s stimulation map parameters. For speech-in-noise
conditions, TIPS removed speech and noise pulses in equal proportion regardless of noise type and signal-to-
noise ratio, suggesting that the previously observed benefit to speech-in-noise perception did not arise from a
reduction in stimulus pulses primarily due to noise. In all conditions, TIPS could considerably reduce the
power required for stimulation, addressing a major limitation of current devices. A low-latency semi-causal
version of TIPS was developed and validated in simulation, demonstrating the feasibility of applying TIPS in
clinically-used devices. The speech perception outcomes and statistical analysis of the results from the
ongoing listening experiments will be presented. Preliminary results from 11/12 participants indicate that for
many of the listeners tested TIPS processing does not compromise speech-in-noise perception whilst
potentially providing significant power savings.

Conclusions: The consistent pulse-removal behaviour of TIPS across a range of acoustic conditions suggests
that the previously observed speech perception benefits may translate to a variety of everyday listening
scenarios. The adaptation of the TIPS algorithm for real-time processing demonstrates that TIPS could feasibly
be implemented in the compute-constrained CI device, benefitting CI recipients through an update of the
external CI processor. The listening experiments will reveal whether additional speech perception benefits
occur in everyday listening scenarios.

S123. Towards the Optimal Preserving Cochlear Implant Stimulation
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Background: Using a wider electrical dynamic range by increasing the most-comfort level (M) may be
important for the outcomes of cochlear implant recipients as this is associated with better speech perception
in both quiet and noise. However, this could potentially result in current levels that exceed limits for neuronal
health. Previous studies have shown mixed results in relation to this topic. The same holds true for the effect
on dorsal cochlear nucleus neurons (DCN-N). A degeneration or a conservation of DCN-N has been reported.
Since the various studies used different stimulation parameters, the most advantageous current range for
supporting the conservation of auditory structures could not be determined until now. The present animal
study therefore, aims to determine SGN and DCN-N density following chronic intracochlear stimulation with
different current intensities while maintaining similar rate and strategy.

Methods: Four to five electrode contacts of a HiFocuslj electrode array (Advanced Bionics HiRes 90k®)
were inserted into the first turn of left cochleae in 10 mechanically deafened adult guinea pigs. After 4 weeks,
the animals were randomly divided into three stimulation groups: “LSI” (mean M level 100 CU), “MSI” (mean
M level 150 CU), or “HSI” (mean M level 235 CU). T levels were adjusted to 10% of M levels. An additional
group was implanted only but not electrically stimulated. All animals were acoustically exposed to a radio
play at a maximum of 65 dB SPL (16 h per day) and stimulated via an Auria© sound processor. After 90 days,
the animals were perfused with a fixative solution and the modioli as well as the brains were histologically
processed (HE staining). The tissue slices (Rosenthal canals and DCN) were micro-photographed and the
number of neurons was determined for both structures.

Results: In the electrode area, SGN density was significantly lower in the “HSI” group compared to the
controls. In the electrode-free area, a significantly higher SGN density was found in the “HSI” group compared
to all other experimental groups. Furthermore, there was a conservation of DCN neurons in the “HSI” group
within the electrode input area.

Conclusions: These results demonstrate that chronic high-current stimulation can result in significant SGN
loss close to the electrode contacts. However, the same stimulation had a protective effect for SGNs in



electrode-free regions of the cochlea, where current intensity is lower due to distance from the electrode
contacts. The conservation of DCN neurons by high-current stimulation is possibly related to the increased
input from related SGNs during the overexcitation. This conservation will possibly later disappear due to the
degeneration of these SGNs (deafferentiation). These results suggest the existence of an optimal current range
for the protection or preservation of the lower auditory pathway.

This study was supported by Advanced Bionics GmbH Hanover.
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Background: The frequency specific maximum output (MO) of acoustic devices, such as conventional
hearing aids belongs to the most important parameters that are crucial for speech intelligibility and patient
benefit. However, in all bone conduction devices and most active middle ear implants, technical limitations
prevent the use of the patients’ entire residual input range due to low MO. We present a method to determine
individual MO with the Vibrant Soundbridge (VSB) from clinical routine data. Further we use this method
for an analysis of how much coverage of the dynamic range is required for sufficient speech intelligibility.
Methods: For our retrospective analysis, 69 patients, implanted with the VSB at the round window (RW) at
the Medical School Hannover (Germany), were analyzed. Firstly, individual frequency-dependent MO were
determined. Secondly, the dynamic range (DR) was calculated for each patient and frequency. Finally the
word recognition score (WRS) in quiet was correlated to the absolute and weighted DR across the frequencies
0.5, 1.0, 2.0 and 4.0 kHz.

Results: The MO was similar for different coupling types with a maximum at 1.5 kHz. The average MO over
speech relevant frequencies (0.5, 1.0, 2.0, 4.0 kHz) was between 71.6 + 13.8 dB HL to 82.6 + 7.3 dB HL for
different coupling modalities to the RW. Despite minor differences in avg. MO, the individual variability of
all coupling modalities was pronounced. Word recognition scores in quiet (n=66) improved with increasing
dynamic range and were strongly correlated between predictor and outcome variable (R?>=0.6371-0.6403,
sigmoidal function). A significant shift in performance was detected above a DR of 20 dB with a mean WRS
of > 78.5% (£ 15.7% standard deviation) and a mean WRS of < 55.0% (£ 19.7 dB standard deviation) below.
Conclusions: The individual MO and DR can be successfully determined from patients’ clinical data only,
permitting an in-depth analysis of patient outcomes. Our approach equally applies to bone conduction devices
for the prediction of necessary dynamic range and for the definition of evidence based frequency-specific
indication limits.

S125. Characterizing Localization of Stationary and Moving Sound in Children Using Bilateral Bone
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Background: The aims of this work were to: (1) quantify spatial hearing deficits in children using bilateral
cochlear implants (BCI) and children with bilateral bone conduction devices (BOCs) and (2) determine if
either group effectively utilizes head movements compared to peers with normal hearing (NH). Children with
hearing loss have poor access to binaural cues through bilateral hearing devices which results in impaired
spatial hearing. BCI users receive electrical stimulation in each ear but have better access to interaural level
than interaural timing cues. Bone conducted stimuli reach both cochleae in theory, potentially leaving BOC
users with no interaural cues. Hypotheses were therefore that: 1) spatial hearing is impaired in children using
BClIs and BOCs compared to NH peers but further compromised in BOC users and 2) children with BClIs
move their heads more than children with BOCs to optimize interaural level differences to locate auditory
sound sources.



Methods: White noise was presented from a small speaker 1-m from the listener in stationary or moving
conditions (angular distances of 0°, £20°, +40°, where “+” indicates rightward and “—* indicates leftward) and
real-time unrestrained head movements were measured using a gyroscopic sensor. Spatial hearing was
measured in children with BOC in unilateral and bilateral device conditions. Speech perception and hearing
asymmetry were measured using spatial release from masking (SRM) in which spondees were presented in
speech-weighted-noise co-located at 0° azimuth and when noise was moved 90° left or right. Self-reported
hearing was measured using the Speech, Spatial and Qualities of Hearing questionnaire (SSQ). Participants
were 42 children with BCI [MAge(SD)=12.3(3.3)years], 11 children with BOC [MAge(SD)=14.7(3.5)years]
and 37 children with typical hearing [MAge(SD)=12.9(2.5)years]. Mixed effects linear models, ANOVAs and
t-tests were employed to assess group effects.

Results: Children with BOCs and BCIs showed higher errors when locating stationary sound than peers with
NH [F(2,87)=47.7,p less than 0.001] and less accurate perception of moving sound direction [F(2,87)=118.3,p
less than 0.001]. Stationary and moving sound location was not significantly different between children with
BOCs or BClIs [Stationary:TukeyHSD=4.16,p=0.45; Moving:TukeyHSD=0.06,p=0.73]. Stationary sound
localization improved in children with BOC when using bilateral compared with unilateral devices
[F(3,57)=22.7,p less than 0.0001]. Children with BOC moved their heads more than BCI and NH peers when
listening to moving sound [NH-BOC:Estimate=-78.2,SE=17.3,p less than 0.001; BCI-BOC:Estimate=-
53.1,SE=16.5,p less than 0.01] but no differences were found during stationary localization
[F(2,76.3)=0.10,p=0.90]. SSQ scores tended to be poorer on the spatial hearing sub-test for children with BOC
than BCI peers (p=0.06). Benefits of speech detection with spatial separation of noise revealed a right ear bias
[F(1,58)=38.0,p less than 0.0001] but no group differences [F(2,58)=0.46,p=0.64].

Conclusions: Results indicate children with bilateral hearing devices have impaired spatial hearing and
children with BOCs may utilize head movements to compensate for poor interaural cues afforded by bone
conducted hearing.
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Background: Placement of the piston-shaped oval window coupler attached to the middle ear implant
transducer (Vibrant Sound-bridge, VSB MED-EL, Austria) after stapedotomy or stapedectomy procedure is
a standard treatment of patients with conductive or mixed hearing loss, e.g., otosclerosis. In contrast to surgical
reconstruction, where the piston diameter plays a minor role, the size of the piston has a major effect when
stimulation is performed by an active middle ear implant (Busch et al. 2021). In this study, we experimentally
investigated if an increased surface area of the piston improves efficiency.

Methods: Fresh frozen human cadaver temporal bones (N=6) were prepared to study the output of different
piston sizes in oval window coupling modality using intracochlear pressure measurements. After
stapedectomy, a preloaded piezo electric transducer (Physik Instrument, Karlsruhe, Deutschland) attached to
the standard oval window coupler (MEDEL, Innsbruck, Austria) was used to electromechanically stimulate
the cochlea. In addition to the standard coupler (2=0.7 mm), two different silicone adapters with larger surface
areas were designed to investigate the effects of piston diameters.

Results: The output was determined by the intracochlear pressure differences across the basilar membrane
(Psv-Pst). The average output in response to electromechanical stimulation with largest piston compared to
the standard coupler was up to 20 dB higher at frequencies between 0.1 and 1 kHz. At frequencies above 1
kHz, the average output was approximately 10 dB higher.

Conclusions: Our analysis confirms that a larger surface of oval window coupler increases the output
efficiency according to the ratio of the piston surface area to the oval window surface area.

S127. Development of a Penetrating Electrode Array for Stimulation of the Auditory Nerve in a Non-
Human Primate Model for Translation to Human Patients
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Background: The cochlear implant (CI) can provide speech understanding, at least in quiet environments, for
many deaf patients. However, CI performance is severely degraded in sound environments containing multiple
speakers or significant background noise. These limitations of the CI have inspired renewed interest in
intraneural stimulation via a penetrating electrode array targeting the auditory nerve. Direct stimulation of
nerve fibers can reduce broad current spread seen with Cls and thus allow for transmission of more complex
sound information. The present work focuses on development of a novel auditory nerve implant (ANI),
initially for patients who cannot benefit from a CI and later as a potential CI alternative. Critical to clinical
translation is demonstration in animal models of the safety, stability, and functionality of the implant. These
studies will also help inform stimulation strategies for future ANIs and develop surgical techniques that allow
for long-term stability of the implant.

Methods: The NHP model (rhesus macaque) was chosen for preclinical studies, as the inner ear anatomy and
upright posture of the NHP is similar to that of humans. A translabyrinthine approach was developed to gain
access to the VIII nerve bundle. The device was secured by placement of an abdominal fat graft and
positioning of the array cable within grooves drilled in the surrounding bony structure, which helped to
stabilize array position within the nerve. Electrode impedances and auditory brainstem responses (ABRs) were
recorded to confirm successful implantation and activation of the auditory nerve. Electrical stimuli consisted
of charge-balanced, biphasic pulses (100 ps/phase) of alternating polarity, ranging in current level from 1 to
120 pA.

Results: Stimulation in the NHP produced robust ABRs whose waveforms varied depending upon the
activated electrode site. Low thresholds were observed down to approximately 10 pA. Electrode sites placed
deeper in the nerve showed lower thresholds than those closer to the surface of the nerve. The bone grooves
enabled device components to be stable throughout the experiment. The array itself was positioned under a
bony crest before being inserted fully into the nerve. The crest secured the device in place and minimized
displacement of the array in chronically implanted animals.

Conclusions: Our NHP studies have shown that the ANI can produce strong activation at low current levels,
which are substantially lower than with Cls. Activation at multiple sites across the array showed that different
regions of the nerve can be stimulated. Furthermore, a safe surgical approach has been developed that enables
long-term stability in implanted NHPs. To prepare for clinical translation, we are currently investigating
analogous implantation and stimulation procedures in human patients. Both cadaver experiments and acute
intraoperative studies are being performed to demonstrate safety and viability of the ANI for a first-in-human
pilot clinical trial in deaf patients.

S128. A Novel Prototype: The Hybrid Opto-Electrical Cochlear Implant for Hearing Restoration
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Background: Deafness and hearing loss are widespread in the world. At the moment, more than 1.5 billion
people live with hearing loss. By 2050, nearly 2.5 billion people are projected to have some degree of hearing
loss and at least 700 million will require hearing rehabilitation.

Implantable devices, such as cochlear implants (CIs) can help people with this disability. While Cls are widely
implemented, their technology based on electrostimulation exhibits low spatial precision due to the current
spreading in the cochlea. The interaction between neighbouring CI electrode contacts reduces the number of
independent stimulation channels, thus affecting sound perception. Various methods have been developed to
increase the number of independent channels for stimulation, including placing CI electrodes closer to the
neurons and implementing multipolar stimulation to direct the electrical current towards the neurons.
However, these approaches have not yielded significant advancements in CI performance.



An innovative method for neurostimulation involves using light, which has the potential to trigger responses
from small groups of neurons, showing a spatial selectivity comparable with that of acoustical stimulation.
Optical stimulation, specifically infra-red neurostimulation (INS), offers a promising solution to enhance Cls,
without the need of light-sensitive molecules (opsins).

The integration of INS into a CI represents a promising advancement in the field of auditory neuroprosthetics.
Yet, the successful implementation of this technology requires the consideration of various features, such as
the number of electrical and optical stimulation channels, energy requirements, size of the CI, coding
strategies, and efficient light delivery systems. The development of a hybrid opto-electrical CI (0eCI)
represents a significant step towards overcoming these challenges. In this work, we describe a prototype of a
hybrid oeCI.

Methods: Our implant prototype has 24 electrical channels and 16 optical channels. Aiming to have a small
implant, we chose a 6-layer printed circuit board (PCB) design (dimension 3.5x3.5 cm”2). The top layer
accommodates a microcontroller with a Bluetooth module. The middle layer includes two electrical drivers
comprising 24 current stimulators capable of delivering pulses less than 2.5 mA.

The bottom layer contains three optical drivers that offer output currents switching from constant to pulsatile
mode (1 kHz). The outputs can switch light sources between different current levels defined by input voltages.
These inputs are controlled by 16 DACs.

Results: The device testing is ongoing.
Conclusions: A preclinical study will be conducted to verify the prototype of the implant.
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Background: Diabetes mellitus type 2 (DM) affects approximately 37 million Americans and is associated
with a threefold increase in the risk of hearing loss. While previous research has indicated inner ear changes
in DM patients, the underlying pathophysiological mechanisms remain unclear. Recent studies have proposed
that abnormalities in the ossicular joints and ossicles may lead to sensorineural hearing loss due to altered
sound transmission biomechanics. However, no prior study has explored the middle ear, particularly the
ossicles and their joints, in DM patients. This study aimed to investigate whether type 2 DM is associated with
middle ear changes, specifically affecting the ossicular chain and joints.

Methods: Histopathological analysis was conducted on archived human temporal bones obtained from the
Otopathology laboratory at the University of Minnesota. Specimens with DM type 2 were included, while
those with processing artifacts or confounding diseases were excluded. The study included 47 ears from 25
patients with DM (Male=13, Female=12, Age: 51.0+20.5) and age- and sex-matched controls (Male=10,
Female=10, Age: 54.8+15.9) (p=0.991). Otopathological evaluations of the auditory ossicles and
Incudomalleolar joint (IMJ) were performed using light microscopy. Various measurements, such as malleus
and incus hyalinized cartilage distances, bone-line distance, total cartilage distance, calcified cartilage
distance, and joint discus distance, were quantified using ImageJ software.

Results: In the IMJ of DM cases, malleus hyalinized cartilage (Malleus hC) and incus hyalinized cartilage
(Incus hC) were significantly increased compared to control cases (Malleus hC; DM cases 34.17+£9.71um vs.
control cases 21.96+4.16um, p less than 0.001) (Incus hC; DM cases 35.11+10.12um vs. Control cases
22.42+4.368um, p less than 0.001). In additon, bone-line distance was significantly longer than in DM cases
than Control cases (DM cases 266.72+59.11um vs. Control cases 239.81£35.56um p=0.040). On the other
hand, joint discus distance was longer in the control group than in DM cases (DM cases 96.844+36.80um vs.
Control cases 113.63+23.81um, p=0.001). No apparent bone erosion was observed in the auditory ossicles.
Conclusions: This study reveals a notable increase in the hyalinized cartilage layer and bone-line distance
accompanied by reducing joint discus distance within the IMJ in DM cases. These findings suggest that DM
may influence microjoints, such as the IMJ, and potentially impact auditory function. Furthermore, the distinct



nature of pathological changes in the IMJ associated with DM, as compared to those seen in presbycusis,
highlights the need for further investigation into the precise mechanisms underlying these changes. The
implications of these subtle cartilage layer differences in IMJ remain uncertain but suggest a potential link
between DM and microjoint alterations in the middle ear.
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Background: This study compared the immune-related secretory capacity of human vestibular schwannoma
(VS) and tumor-assisted macrophages (TAMs) with their normal counterparts (Schwann cells [SC] and
peripheral blood monocyte-derived macrophages [Mo-MFs], respectively), and examined relationships with
presurgical hearing and tumor size.

Methods: VS tumors (n=16), auditory nerve (n=1), blood (n=9), and great auricular nerves (n=3) were used.
SCs (S100B+) and TAMs (CD68+) were isolated from VS tissue for culture. The secreted levels of 65
immune-related factors were measured and compared using unpaired t-tests with Welch correction
(schwannoma vs. SCs) or Mann-Whitney tests (TAMs and Mo-MFs). Associations between factor
concentration and word recognition (WR), pure-tone average (PTA), and tumor size were evaluated with
Spearman correlation.

Results: Secreted factors with significantly higher concentrations in schwannoma vs. SC supernatants
included IL-2 and BAFF, while MMP-1, IL-6, FGF-2, VEGF-A, MIP-30, and GRO-a concentrations were
significantly higher in TAMs vs. Mo-MFs (all p less than 0.05). Worse WR was significantly associated with
higher secretion of fractalkine, eotaxin-3, CD30, and IL-16 by VS cells; IP-10, eotaxin-3, multiple
interleukins, GM-CSF, SCF, and CD30 by TAMs; and TNF-a and MIP-1a by Mo-MFs (all p less than 0.05).
Worse PTA was significantly correlated with higher secretion of IL-16 by VS cells (p less than 0.05). Larger
tumor size was significantly correlated with higher secretion of eotaxin by VS cells, and of IL-7, IL-21, and
LIF by TAMs (all p=0.017).

Conclusions: Differential secretion of immune-related factors was observed in schwannoma vs. normal SCs
and in TAMs vs. Mo-MFs, some of which were correlated with worse hearing and larger VS tumors.
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Background: Vestibular schwannoma (VS) is an intracranial tumor arising from neoplastic Schwann cells,
and typically presenting with hearing loss. The traditional belief that hearing deficit is caused by physical
expansion of the VS, compressing the auditory nerve, does not explain the common clinical finding that
patients with small tumors can have profound hearing loss, suggesting that tumor-secreted factors could
influence hearing ability in VS patients.

Methods: More than 170 patients with sporadic VS and 110 healthy controls were organized in discovery and
validation cohorts. In the discovery cohort, 159 patients, including 34 with good hearing (GH) and 121 with
poor hearing (PH) were compared with 70 healthy controls. The validation cohort comprised 50 patients,
including 13 with GH and 32 with PH, all compared with 43 controls. GH was defined as word recognition
score (WR) greater than 70% and pure tone average (PTA) less than 30 dB (AAO-HNS class A hearing).
Otherwise, patients were classified as having PH (AAO-HNS class B, C, and D hearing). Immuno-profiling



of 66 immune-related factors was performed using ELISA, Luminex, and electrochemiluminescence-based
human assays. Generalized linear mixed-effects regression models were used to assess the relationship
between candidate biomarkers' levels in the plasma of VS patients and controls vs. clinical variables (WR,
PTA, and tumor volume). Receiver-operating characteristic curve (ROC) analysis was used to evaluate the
diagnostic power and utility of significantly elevated candidate plasma biomarkers.

Results: Twenty of the 66 profiled factors were detectable in the plasma of greater than 75% of VS patients
and considered candidate biomarkers. The levels of 14 candidate biomarkers were found to be significantly
different between the VS and control groups in the discovery cohort, and 13 of them were confirmed as
significantly different in the validation cohort. In both VS and control patients, the highest mean plasma values
were detected for IL-2R, SDF-1a, and TWEAK, while TNF-R2 was the most elevated factor in VS patients
compared to controls. We further identified and validated SI00B and MCP-3 as candidate biomarkers
associated with tumor size and hearing, respectively. SI00B levels were associated with tumor size and the
likelihood of incomplete tumor resection, while MCP-3 levels were associated with pre-operative hearing
preservation and were significantly elevated in patients with serviceable hearing. Furthermore, we
demonstrated and validated the diagnostic utility of 9 out of 13 candidate biomarkers and identified a 9-
biomarker panel (TNR-R2, MIF, CD30, MCP-3, IL-2R, BLC, TWEAK, eotaxin, S100B) with outstanding
discriminatory ability for VS.

Conclusions: The robust immune profiling of blood plasma from a large cohort of patients with sporadic VS
revealed possible therapeutic targets for VS, providing a unique diagnostic tool that may predict hearing
change and tumor growth in VS patients, and may inform the timing of tumor resection to preserve hearing.

S132. Changes in the Oral and Nasal Microbiota in Pediatric Obstructive Sleep Apnea
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Background: Background: A few clinical studies have demonstrated that pediatric obstructive sleep apnea
(OSA) is associated with dysbiosis of airway mucosal microbiota. However, how oral and nasal microbial
diversity, composition, and structure are altered in pediatric OSA has not been systemically explored.
Methods: Methods: In total, 30 polysomnography (PSG)-confirmed OSA patients with adenoid hypertrophy,
and 30 controls who did not snore or have adenoid hypertrophy, were enrolled. Swabs from four surface oral
tissue sites (tongue base, soft palate, both palatine tonsils, and the adenoids) and one nasal swab from both
anterior nares were collected. The 16S ribosomal RNA (rRNA) V3-V4 region was sequenced to identify the
microbial communities.

Results: Results: Alpha diversity were not significantly different between the pediatric OSA patients and
controls at the five upper airway sites. However, the beta diversity and microbial profiles were significantly
different among different upper airway sites. The abundances of Haemophilus, Fusobacterium, and
Porphyromonas were higher at adenoids and tonsils sites of pediatric patients with OSA. Functional analysis
revealed that the differential pathway between the pediatric OSA patients and controls involved
glycerophospholipids and amino acid metabolism. Several genera in oral sites significantly correlated to PSG-
derived sleep variables were identified in pediatric OSA patients, which might shed light on the pathogenesis
and diagnosis of pediatric OSA.

Conclusions: Conclusions: In this study, the oral and nasal microbiome of pediatric OSA patients exhibited
certain differences in composition compared with the controls. However, the microbiota data could be useful
as a reference for studies on the upper airway microbiome or other relevant clinical phenomena.

S133. Effectiveness of the Botulinum Toxin Injection for Facial Nerve Palsy in an Animal Model

Ji Hyung Lim*!, Young Jun Seo!, Ye Lin Kim!, Jae Sang Han!, So Young Park?, Shi Nae Park!

ISeoul St. Mary's Hospital, The Catholic University of Korea, *College of Medicine, The Catholic University
of Korea

Category: Other, Facial nerve



Background: Botulinum toxin (BTX) has been used for the management of facial palsy (FP) in adjunct to
oral steroid medication. However, the mechanism of the faster recovery of the paralyzed facial nerve through
contralateral BTX injection has never been identified. Aim of this study is to evaluate the effectiveness of
contralateral BTX injection during the process of recovery from peripheral FP in a rat FP model.

Methods: Adult SD rats were divided into 3 groups: (1) control group (CG), (2) facial palsy group (FPG) and
(3) FP with contralateral BTX injection group(FPBG). Functional outcomes were measured and evaluated at
3-day, 2-weeks and 4-weeks after inducing FP which was performed by crushing injury to the main trunk of
facial nerve near the stylomastoid foramen for 1 minute with mosquito. Twenty mouse unit of BTX was
injected at 1 day after the surgery at three points of facial muscles on healthy side in FPBG. Fluorescence
histochemistry of target-muscle end plate was performed with longitudinal sections of levator labii superioris
muscle on the injection side of the face 2-weeks after FP induction. Qualification of the regenerated
neuromuscular junction among 3 groups was performed by calculating SY38/a-bungarotoxin ratio differences.
Results: Facial palsy was successfully induced in all rats after crushing injury. The first functional outcome,
measured by vibrissae observation scale, showed significantly lowered movement score in both FPG and
FPBG than CG at 3-day and 1-week follow up points. However, at 2-week time point, significant difference
was only found between control and FPG. The second functional outcome, measured by angle to indicate
facial symmetry, showed significantly more deviated angle only in FPG compared with control group. In
FPBG, no significant differences in angle compared to CG from 3-day to 2-weeks follow up points were
observed. In fluorescence histochemistry study, significant difference of the SY38/a-bungarotoxin ratio
among 3 groups at 2 week-follow up was observed and the ratio differences of CG and FPBG were
significantly lower than FPG. There was no significant difference of the SY38/a-bungarotoxin ratio between
CG and FPBG.

Conclusions: FP was successfully induced with just one minute of nerve crush in this study, and the
contralateral BTX injection facilitated the faster recovery of FP. Neuromuscular junction regeneration has
significantly well occurred after contralateral BTX injection. Studies identifying more changes of
neuromuscular junction as well as several brain regions at various time points to reveal the mechanism of the
contralateral BTX injection for the faster FP recovery are on going.
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Background: Modulatory neural circuits utilizing acetylcholine (ACh) impact a broad range of auditory
circuits and functions, from adjustment of cochlear sensitivity to enhancement of plasticity in auditory cortex.
We propose an additional function: modulation of processing of acoustic communication signals by the
basolateral amygdala (BLA) resulting from cholinergic input from the basal forebrain. Further study of this
function will benefit from an ability to manipulate cholinergic input to BLA. The recent development of a
normal hearing mouse strain in which Cre recombinase is expressed only in cholinergic neurons will enable
studies of cholinergic modulation of vocal responses in BLA. These studies will require an understanding of
the social vocalizations of this strain and how these may differ from the well understood CBA/Cal strain.
Methods: A normal hearing ChAT-Cre mouse strain was developed using methods described previously
(Beebe et al., Hearing Research 388:107896 (2020)). Recordings of social vocalizations were obtained from
adult male and female mice (ages 3-9 months) of ChAT-Cre and CBA/Cal strains. Two Avisoft ultrasonic-
sensitive microphones (CM16/CMPA) were placed in an arena within a sound attenuating chamber.
Recordings were obtained under several conditions: isolation, same-sex pairs, and male-female pairs
displaying courtship behavior. Recorded signals were analyzed using Avisoft-SASLab Pro and VocalMat
(Fonesca et al., eLife 10:e59161) to assess several features of ultrasonic vocalizations within each recording
condition: vocalization rate, syllable composition, and features of the major syllables emitted in each condition
including duration and minimum/maximum frequency.

Results: In social conditions that included males (male-male, male-female), the calling rate of ChAT-Cre
mice was substantially higher than CBA/CalJ mice (means for mating: 78.4 syllables/min vs 25.2



syllables/min) Viewed across recording conditions, both strains utilized the same syllable types most
commonly—short, up-FM, and down-FM—but also emitted flat, chevron, and stepped syllables less
commonly. Across these syllables, there was a consistent difference in sound frequency of vocalizations
between the two strains. On average, ChAT-Cre syllables were almost always higher in minimum frequency:
0 kHz (flat), 2.7 kHz (short), 4.0 kHz (up-FM), 5.8 kHz (stepped), 10.5 kHz (down-FM), and 11.6 kHz
(chevron). Average maximum frequencies of these syllables were also higher, by 3.6-23.5 kHz in ChAT-Cre
mice. The durations of syllables were not different between the two strains.

Conclusions: These results show similarities in the vocal communication repertoire of the two mouse strains,
but important differences in calling rate and sound frequency that may be matched by differences in auditory
processing capabilities. These differences require the use of strain-specific vocalizations in behavioral and
neural playback studies.

S135. Reduced Auditory Thalamo-Cortical Connectivity (Acoustic Radiations) Due to Blast Exposure
in Veterans With Auditory Deficits: A Diffusion Tensor Imaging Study

Oren Poliva*!, Christian Herrera Ortiz?, Kelli Sugai3, Nicole Whittle?, Marjorie Leek?, Samuel Barnes®,
Barbara Holshouser®, Alex Yi?, Jonathan Venezia®

YWALLHCS, VA Loma Linda Healthcare System, 3Loma Linda Veterans Association Healthcare System,
*Loma Linda University

Category: Other, Auditory Radiations

Background: Veterans of recent military conflicts have experienced a high rate of mild traumatic brain
injuries from exposure to blasts (bTBI), which often result with debilitating auditory disturbances (HD), such
as hearing loss and tinnitus. The primary tool for investigating white matter integrity is diffusion tensor
imaging (DTI). Unfortunately, prior studies using this tool failed to identify the neuroanatomical correlates of
HD in this population. A possible reason for this challenge is that many past DTI studies attempting to identify
the neuroanatomical markers of bTBI have ignored the broad range of cumulative blast exposure among
Veterans, and therefore potentially reduced sensitivity to associations between bTBI and DTI metrics.
Methods: Herein, we compare commonly used DTI metrics: fractional anisotropy and mean, axial, and radial
diffusivity (FA, MD, AD, RD) in U.S. Military Veterans with self reported HD and a history of blast exposure
using both the traditional method of dividing the participants into two equally weighted groups, and an
alternative method, wherein each participant is weighted by their blast exposure quantity, severity, and
recency.

Results: While no differences in FA, MD, and AD (and minimal in RD) were detected using the traditional
method, the alternative method revealed diffuse and extensive changes in all four DTI metrics associated with
bTBI. These effects were quantified within 80 anatomically-defined white matter tracts as the percentage of
voxels with significant changes, which identified the fornix, acoustic radiations, and optic radiations as the
pathways most affected by bTBI (with over 50% of the voxels affected). Moreover, additive effects of aging
were present in the same tracts suggesting that the neuroanatomical effects of bTBI may compound with age.
Conclusions: The division of study participants into two groups is a commonly employed strategy in
neuroscience research. In the present study, however, we demonstrate a shortcoming with this approach, and
present an alternative solution. In particular, our approach successfully demonstrated a relationship between
HD in bTBI and damage to an auditory structure, the acoustic radiations. In future studies, we plan to further
compare Veterans with and without HD to validate this finding.
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Background: While diagnosis of sensorineural hearing loss (SNHL) requires trained personnel, time, and
specialized equipment, it only seldomly allows for risk stratification or identification of a subclinical SNHL.
Currently, no biomarker is available for diagnosis of SNHL, but finding such a molecule could provide a
cheap, safe, and quick alternative to screen for SNHL. Furthermore, a biomarker could mend the shortcomings
of current diagnostic means by allowing to objectify and expediently classify degrees of SNHL. Prestin, the
outer hair cell motor protein, has been proposed as such a biomarker for SNHL. Hence, this study’s goal was
to explore the protein’s potential by analyzing various different clinical samples. Prestin concentration was
determined in human blood, cerebrospinal fluid (CSF), and perilymph (PL) and subsequently correlated to
clinical outcome parameters to determine its suitability as a biomarker for SNHL.

Methods: Blood, CSF, and PL samples were collected intraoperatively in patients with tumors of the internal
auditory canal during middle fossa or translabyrinthine approaches. Subsequently, prestin concentration was
measured using enzyme-linked immunosorbent assay, and then analyzed in correlation with clinical
parameters including audiometric and vestibular test results.

Results: Overall, samples were collected from 42 patients (26 women; median age: 53 years). With a mean
concentration of 2.15+4.95 ng/mL, prestin levels were lowest in blood samples, while its concentration in PL
samples (96.31+91.86 ng/mL) was significantly higher compared to CSF samples (12.31£17.38 ng/mL).
Nonetheless, the prestin levels of the three compartments did not correlate with each other. However, a
significant association between CSF prestin concentration and preoperative audiometric test results notably in
the middle to high frequency hearing range was observed. Translabyrinthine surgeries did not lead to a
significant rise of prestin levels in sequential blood samples.

Conclusions: In accordance with previous studies, these findings suggest that prestin could represent a
suitable biomarker for SNHL. Therefore, determining prestin concentration in a clinical setting may aid
screening for, and following up patients with SNHL, and hence could greatly impact clinical decision-making.
Nevertheless, the observed discrepancies in blood, CSF, and PL concentrations and the novel findings of CSF
prestin levels’ correlation to audiometric results should prompt new investigations into prestin homeostasis,
its temporal dynamic after cochlear trauma, and differences between distinct etiologies of SNHL.
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Background: Vestibular schwannomas (VS) are benign, intracranial tumors that arise from Schwann cells of
the eighth cranial nerve. Approximately 93% of cases occur sporadically and involve either the right or left
eighth cranial nerve, while the remaining 7% occur bilaterally and are associated with a genetic condition
called Neurofibromatosis Type 2 (NF2). It is estimated that 1 in 500 people will be diagnosed with a VS in
their lifetime. These tumors may be associated with hearing loss, dizziness, and life-threatening neurological
complications related to brainstem compression. Management of these tumors usually involves observation
with surveillance imaging, microsurgical resection, and/or radiotherapy. For patients undergoing radiotherapy,
9-12% may exhibit radiation resistance and continue to progress with time. One pathway associated with
radiation resistance in cancer is the Hippo/Yes-associated protein (YAP) signaling pathway. Several
investigations have demonstrated that inhibition of YAP-related pathways can sensitize certain tumors to
radiotherapy. In this study, we evaluate the effectiveness of a YAP inhibitor (YAPi) called YAP-TEAD
Inhibitor 1 (Peptide 17) in sensitizing NF2-mutant Schwann cells and primary VS cells to radiation treatment.
Methods: With informed consent, fresh tumors were harvested from patients undergoing VS surgery, and
primary VS cells were cultivated. Human NF2-mutant Schwann cells (HSO01), mouse NF2-mutant Schwann
cells (MTC), and primary human VS cells (N=3) were cultured on 384-well plates (5000 cells/well; n=6
replicates per treatment condition) and pre-treated with YAP1 (0, 0.1, 1, or 10 uM concentrations) for 24 hours
prior to irradiation (0 Gy or 18 Gy). Cell viability was measured 72 hours post-radiation using a cell-based
assay. Immunohistochemistry and fluorescent microscopy were performed to confirm gamma-H2AX (marker
of DNA damage) and total Y AP expression. Statistical analysis was performed using 95% confidence intervals
and two-way analysis of variance.



Results: In HSO1 cells, small reductions in viability were seen with 10 uM of YAPi alone and 18 Gy of
radiation alone; however, treatment of cells with 10 uM of YAPi alone and 18 Gy of radiation caused large
reductions in viability (p less than 0.001), compared to individual treatments alone. The synergistic effect of
Y APi and radiation were not observed in MTC cells, suggesting Y APi may be more effective in human NF2-
mutant Schwann cells. The effects of YAP1 and radiation will be described for individual primary VS cells
and for nuclear and cytoplasmic expression of gamma-H2AX and total YAP for all cell types used.
Conclusions: YAP inhibition synergizes with radiation to reduce viability of NF2-mutant human Schwann
cells and may be effective as a mode of radiosensitization in primary VS cells. Further investigations into the
mechanisms of YAP inhibition and radiation toxicity are warranted to identify effective therapies that can be
translated to preclinical models and clinical trials for vestibular schwannoma.
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Background: When a sound is heard, there is a change in blood flow or oxygen concentration in prefrontal
and/or temporal regions of the brain. An fNIRS (Functional Near- Infrared Spectroscopy) system contains a
noninvasive set of infrared emitters and detectors placed on the surface of these regions and is designed to
measure changes in brain activity due to auditory stimuli. Existing fNIRS systems leverage open-source data
cleaning and statistical modelling techniques, that infer whether auditory processing is indeed taking place
and that the changes are not just arbitrary. However, it is not clear whether such systems can do this
consistently at an individual level and specifically for speech discrimination.

Our contributions are the following: (1) We present speech presentation protocols algorithms capturing blood
flow changes and enabling measurement of speech discrimination and detection at an individual subject level
with high sensitivity. (2) Our method and systems are captured in our patent portfolio. We have developed a
new fNIRS system, EarGenie®, that is wireless, portable and hence clinically friendly; we are aiming to be
the first such device that is approved by the FDA for clinical use. (3) In this system, our algorithms run online
and present results to the clinician as they are gathered, which enables early stop of the test.

Methods: We tested between 16-38 subjects, who had no known hearing loss, with consonant-vowel speech
tokens ranging from 35-90 dBSPL. To demonstrate the sensitivity and specificity of the algorithm, we show
speech detection results to a “ba” token and speech discrimination results gathered from 3 different speech-
token contrasts: “tea/ba”, “ga/ba”, “bee/ba”, where data are gathered from off-the-shelf NIRx NIRScout
fNIRS system. The NIRx contains 16 channels with 4 channels each in the prefrontal and temporal regions in
both the left and right hemispheres. The wireless EarGenie optodes consist of a similar configuration.
Results: Our results show sensitivity for the discrimination of the “tea/ba” contrast of 94-100%, for “bee/ba”
of 88-93% and for “ga/ba” of 78-92% across 4 regions in the temporal and prefrontal cortex at a specificity of
95%. These results were obtained after the algorithm automatically stopped anywhere between 3-7 trials per
token which translates to 3 minutes per token.

Similarly, for detection of the “ba” sound, we found a sensitivity of 97-100% at 65 dB SPL and 100% for 35-
90 dB SPL across 38 subjects. A 0 dB false positive test was applied separately across 14 subjects with a
specificity of 95%.

Conclusions: Results demonstrate that the EarGenie test protocols and analysis algorithms are robust and
accurate and our portable prototype device is ready for further clinical validation and assessment across a
wider cohort of subjects.
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Background: The loss of a sensory modality triggers a phenomenon referred to as cross-modal plasticity,
which involves the reorganization and adaptation of brain areas responsible for the lost sense in favor of the
remaining senses. In congenital and early deafness, both humans and cats have demonstrated enhanced visual
motion detection abilities, and in cats this phenomenon has been casually attributed to reorganized auditory
cortex. This study investigated the electrophysiological responses of hearing, early-deaf, and late-deaf cats to
motion-onset stimuli of varying speeds. We hypothesized that greater neural activity would be captured in
deaf subjects compared to hearing in response to the motion-onset stimuli due to the cross-modal
reorganization of the visual and auditory systems after hearing loss.

Methods: Seven hearing, seven early-deaf, and four late-deaf cats were examined. Deafness was induced by
administering ototoxic drugs systemically during the first postnatal month for early-deaf subjects and in
maturity (beyond 6 months) for the late-deaf subjects. In adulthood, visually evoked potentials (VEPs) were
recorded and analyzed from electroencephalogram (EEG) recordings while the subjects were under light
anesthesia. VEPs represent averaged and amplified signals of the gross electrical action potentials generated
by the brain in response to visual stimuli. This technique is commonly used in ophthalmology to assess the
functional state of the visual system. The stimuli used consisted of 200-ms long leftward-moving dots with
coherent motion. These dots (in the same trials) were randomly positioned, and the speed of the dots from
different trials varied between 2 and 64 degrees per second. VEP waveforms were derived from averaging
160 trials for each speed. Parameters such as peak amplitudes and root-mean-squared (RMS) values were
studied for all VEP waveforms.

Results: Across all subject groups, peak amplitudes increased as stimulus speed rose. Significantly larger
peak amplitudes and RMS values were observed in the early-deaf subjects at higher speeds (8 deg/s and above,
as determined by Mann-Whitney U tests with p less than 0.05) compared to the hearing controls and 2-way
mixed effects ANOVAs demonstrate that the effect of early deafness was significant in both parameters.
Furthermore, late-deafened animals demonstrated an increasing trend in VEP amplitudes throughout
recordings in a time course investigation after the onset of deafness.

Conclusions: These findings suggest that cross-modal reorganization could contribute to the improved motion
detection thresholds observed in deaf subjects, and in turn may also play a role in enhancing their neural
response to visual motion stimuli resulting in larger measured VEPs. Overall, our work demonstrates the
functional changes in the brain after hearing loss and establishes the evaluation of VEPs as an additional non-
invasive tool in clinic to assess cross-modal plasticity in the deaf.

S140. Influence of Visual Speech Cues on Auditory Brainstem and Cortical Evoked Responses in
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Aditi Gargeshwari*!, Ananthanarayan Krishnan'
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Category: Hearing Loss: Consequences and Adaptation

Background: The human brain can integrate information from different sensory modalities to produce a
unified representation of the external world. Temporally congruent auditory and visual stimulation facilitates
multisensory perception and integration, allowing us to better process and understand the information
presented to us (1-6), especially in the presence of background noise (7-9) and for individuals with hearing
difficulties(10). Interestingly, when auditory and visual inputs are conflicting, the auditory perception may
partially or completely be determined by the visual input (11), and this phenomenon has been extensively
studied as the McGurk effect (12). Functional magnetic resonance imaging, and electrophysiological studies
have mostly evaluated auditory cortical responses. Little is known about the influence of visual speech
production cues on the auditory brainstem phase-locked ensemble responses in normal and individuals with
sensorineural hearing loss. To address this knowledge gap, we evaluated the effects of congruent- and
incongruent-audiovisual (AV) speech on scalp-recorded brainstem frequency following response (FFR) and
the cortical acoustic change complex (ACC). For the FFR, both phase locking to envelope periodicity
(FFRENYV) and to the temporal fine structure (FFRTFS) were evaluated. The concurrent recording of these
responses allowed us to evaluate the influence of visual speech cues on neural encoding at two levels of
processing along the auditory neuraxis.



Methods: FFR and ACC responses were recorded concurrently from 23 normal-hearing young adults (18-55
years) and 15 hearing-impaired (mild-to-moderate SNHL) adults using CV syllables /ba-da/. Responses were
recorded for audio-alone; and AV with congruent visual speech cues; and AV with incongruent visual speech
cues. Post-acquisition, EEG responses were filtered 70-2500 Hz to visualize subcortical EFR-FFR and 1-30Hz
to visualize cortical ACC responses.

Results: Spectral data for both syllables showed robust f0 (FFRENV data), and the formant-related peaks
(FFRTEFS data) for both groups in the audio-alone condition. Comparison of the FFR response magnitude in
the congruent and incongruent AV conditions, revealed response enhancement for both envelope (f0) and TFS
components (F1, F2) for the normal-hearing individuals in the congruent condition only. In contrast, hearing-
impaired individuals showed facilitation for only the FFRENV component (f0), with degraded TFS
representation (F1, F2) in all conditions. Compared to audio-alone the amplitude of the P1-N1 and N1-P2 of
the ACC increased for the congruent-AV conditions and decreased for the incongruent-AV conditions in both
groups. Overall amplitudes of the hearing-impaired group were poorer than that of normal-hearing group.
Conclusions: These initial results showing that visual speech cues do influence evoked responses at both
cortical and brainstem levels, albeit differently, is encouraging. These results appear to suggest that neural
activity relevant to audio-visual integration may be already emerging at the brainstem level. Thus, these
measures have the potential to be developed as clinical metrics for evaluation of audio-visual integration, and
as measures to evaluate hearing-aid outcomes and prognosis.

S141. Accessibility of Speech Used in Broadcast: Implications for Older Listeners With Hearing Loss
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Background: The problem of unintelligible speech in television and broadcasting (“broadcast speech”) has
attracted considerable media coverage. The British Broadcasting Corporation (BBC) previously identified 4
key factors which their audience frequently complain about: lack of speech clarity, unfamiliar or strong
accents, background noise and background music (Armstrong, 2011). Here we developed a novel test platform
to assess the contribution of these key factors to the comprehension of broadcast speech, and to the listening
effort needed to understand it.

Methods: Seventy-five native-English speakers (41 female, aged 51-75 years) took part in this study: 37
participants had ‘normal hearing’ (NH group) while 38 had sensorineural hearing loss and wore hearing aids
(HAs) for greater than 2h/day (HA group). Novel stimuli were created from BBC programmes by mixing
excerpts of “foreground” broadcast speech with plausible “background noise” recorded for the same
programme. Excerpts of "foreground" broadcast speech were selected based on the subjective diversity (within
the UK and Ireland) and strength of the accents used by the actors or presenters. The eSTOI model (Jensen
and Taal, 2016) was used to equate predicted intelligibility across stimuli and hence the mixes presented in
this test platform were different from the original broadcast mixes. The comprehension of the speech was
measured using multiple choice questions designed to assess overall understanding of each excerpt, rather
than the intelligibility of individual words. The time taken to answer the multiple-choice comprehension
question was used as an objective measure of listening effort. Participants were asked to provide subjective
ratings of their listening effort and also to report on relative contributions of the factors “clarity”, “accents”
and “background noise” to their listening effort.

Results: One-tailed t-tests showed that the HA group performed significantly more poorly than the NH group
in terms of comprehension of broadcast speech. Significantly more objective and subjective listening effort
was measured for the HA group. The HA group reported that the factors “clarity” and “background noise”
contributed to more of their listening effort than the NH group. There was no significant difference between
HA and NH groups in the perceived contribution of “accents” to listening effort. Linear regression was used
to model the potential predictors (age, hearing thresholds; ratings of “clarity”, “accents”, “background noise™)
of comprehension and listening effort. Comprehension of broadcast speech was predicted by hearing
thresholds only. Objective listening effort was predicted by age only. Subjective listening effort was predicted
by the factors “clarity” and “background noise”.



Conclusions: These results suggest that broadcast speech is more difficult to understand and more effortful
for older people who wear hearing aids than for older people with normal hearing. Improving the clarity of
broadcast speech and permitting personalized foreground-background mixes based on multi-factor
demographics may improve the accessibility of broadcast speech.

S142. Cross-Species Investigations of Place and Time Coding of Pitch Using Envelope-Following
Responses
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Background: An elusive empirical neural explanation for pitch perception has sparked a multitude of cochlear
place and time-dependent hypotheses. Most experts debate the importance of tonotopy versus temporal
coding, but it is still unclear how disruptions of these mechanisms are influenced by sensorineural hearing
loss (SNHL). SNHL is complex, but as a diagnosis, it groups variable degrees of inner and outer hair cell
(IHC/OHC) and cochlear synapse (CS) damage which likely results in different patterns of pitch perception.
With careful stimulus design and electrophysiological data harmonization, a more direct link between neural
coding and pitch perception can be drawn. Here, we describe a novel cross-species study framework that
leverages Envelope Following Responses (EFRs) to tone complexes collected in animal models of hearing
loss and human subjects with diverse hearing status to better understand this link.

Methods: EFRs to six tone complex stimuli (FO = 103 Hz, six harmonics, 80 dB SPL) varying in harmonic
rank have been collected in both human subjects and chinchillas with normal hearing (determined using Pure
Tone Audiometry and ABR thresholds, respectively). The harmonics were presented with alternating phases
to elicit higher phase-locking value (PLV) energy at the envelope frequency (2*F0) as more harmonics are
unresolved by auditory filters. EFRs were recorded using a 32-channel EEG cap with the BioSemi ActiveTwo
System in humans (N=7), while subdermal electrodes with custom MATLAB software were used in
chinchillas (N=7). Data collection in both chinchillas (IHC/OHC/CS damage) and humans with hearing loss
is ongoing.

Results: The expected increase in 2*F0 energy and harmonic rank identifies a resolved to unresolved
transition point with increasing harmonic rank in both species. However, findings in normal hearing
chinchillas indicate that this transition point occurs at a lower harmonic rank than in humans, and is steeper at
high sound levels, both effects likely due to broader cochlear filtering. Tone complex presentations at lower
sound levels (65-70 dB SPL) in chinchilla elicit a gradual transition point that is particularly helpful when
examining the effects of disrupted tuning in animal models of cochlear hearing loss. Preliminary chinchilla
data suggest this transition point does not deviate substantially following selective IHC and CS damage (as
expected), despite EFR amplitude and morphological changes.

Conclusions: Collecting identical EFR measures across species serves to not only relate the neural coding of
tone complexes to human cortical and perceptual measures of pitch discrimination but also to attribute
variability in these measures across individuals to specific cochlear deficits induced in chinchilla hearing loss
models. Considering level-dependent effects driven by differences in cochlear filtering will maximize the
utility of this framework.

S143. Loudness in the Normal Ear of Single-Sided Deaf Listeners
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Background: Single-sided deafness (SSD), also when acquired in adulthood, has been shown to lead to a
reduction in inhibition and an increase in excitatory responses in inferior colliculus and auditory cortex in the
ipsilateral hemisphere when sounds are presented to the normal ear (Mossop et al., Hear. Res., 2000; Tillein
et al., Cereb. Cortex, 2016). These increased excitatory responses may lead to an increase in loudness.
Therefore, we examined loudness in adult subjects with acquired SSD hypothesizing an increase compared to



normal-hearing (NH) controls. Additionally, we examined the effect of cochlear implantation (CI) in the deaf
ear on loudness perception in the normal ear of the SSD patients.

Methods: Narrow-band noises with center frequencies at 0.5, 1, 2 and 4 kHz were presented monaurally to
16 adult NH subjects (age range 22-55 years) and 18 SSD subjects (age range 19 — 73 years). The listeners
were seated 1 m from the speaker; the NH subjects were tested at each ear with the other ear plugged and
covered by an earmuff. The SSD subjects were tested twice: 1 to 4 months before and 4 to 8 months after
cochlear implantation (Peters et al., PLoSOne, 2021). We applied the Oldenburg Adaptive Categorical
Loudness Scaling (ACALOS) procedure. Accordingly, sound levels were varied between -10 and 105 dB
SPL, and the listeners had to rate the loudness using 11 categorical units from 0 (inaudible) to 50 (too loud).
Data were fitted according to Brand and Hohmann (JASA, 2002) yielding 3 outcome measures: slope of the
lower segment of the loudness function (mlow) slope of the higher segment (mhigh), and the level at the
intersection of the two slopes (Lcut).

Results: Slope mlow was significantly steeper for SSD subjects than for the NH subjects, which can be largely
attributed to higher thresholds for the SSD subjects (pure tone averages 13 dB HL versus 4 dB HL). Slope
mhigh did not differ between the two groups. The level at the intersection of the two slopes, Lcut, was lower
for SSD subjects than for NH subjects by 2 to 8 dB (repeated measures ANOVA, p=0.06), most prominently
at 0.5 and 1 kHz, which reflects an increase in loudness in the SSD group. CI of the deaf ear had no significant
effect on the three loudness function measures in the normal ear.

Conclusions: Our data confirmed the hypothesis of an increase of loudness, which we assume is caused by
an increase in excitatory neural responses in the ipsilateral hemisphere which in its turn is caused by a
reduction in inhibition from the contralateral ear.

S144. Evaluation of the Benefits of Replacement Hearing Aids (HAs) and Cochlear Implant (CI) and
Hearing Aid in a Bimodal Solution With Hearing in Noise Test (HINT), Pupillometry and the Speech,
Spatial and Qualities of Hearing Scale (SSQ12)
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Background: Replacement of bilateral hearing aids (HAs) with a cochlear implant (CI) and a hearing aid in
the bimodal solution is a challenging decision especially in the case when some benefit of the bilateral hearing
aid treatment exists. Speech perception in noise can be studied with the Hearing in Noise Test (HINT) and the
task engagement during the test can be studied and quantified with pupillometry as there is a correlation
between pupil size and complexity of a given task.

The present study investigates changes in signal to nose ratio (SNR) using HINT under constant task
engagement measured with pupillometry between existing HAs and replacement HAs as well as HA+CI in
the bimodal solution.

Methods: The population consist of 55 bilateral HA users with mean age of 62 years (range 23-83) referred
for CI and randomized to one month vs. four months of HA use before cochlear implantation. The hearing
aids were replaced with new HAs (Phonak Link M or GN (ReSound LiNXQuattro, ENZOQ) fitted to NAL-
NL2 prescription and verified with Real Ear Measurement (REM).

The patients were tested before change of HAs and after use of replacement HAs for one or four months as
well as three months after cochlear implantation. SNR was determined at 70% correct word recognition score
at 65 dB SPL using HINT where task engagement was controlled with pupillometry measuring peak pupil
dilation (PPD). Patients reported hearing difficulties using the Speech, Spatial and Qualities of Hearing Scale
(SSQ12) questionnaire at every visit.

Results: Patients with existing HAs (baseline) compared with new replacement HAs after 1 month, showed a
non-significant improvement of -0.39 dB in SNR with a mean change in PPD of 0.0082 (0.82%).

When comparing baseline and 4 months follow-up after new HAs there was a mean change in SNR of 1.82
dB and a change in mean PPD of-0.0090 (0.90%) as well as between 1 month follow-up after new replacement
HAs and 4 months follow-up after new replacement HAs with a mean change in SNR of -0.09 dB and a mean
change in PPD of 0.00058 (0.058%).



HA+CI demonstrates a further mean decrease of -16.2 dB SNR three months after activation in relation to
baseline and -11 dB and -10 dB in relation to one- or four- months follow-up of replacement HAs respectively.
SSQ12 mean scores increase with 1.3 and 2.6 scale points with replacement HAs and CI+HA respectively in
relation to baseline.

Conclusions: Replacement of HAs does not seem to improve SNRs measured with HINT. However, HA+CI
in the bimodal solution does seem to improve SNR. Patient reported outcomes using SSQ12 improve when
changing HAs and when a CI+HA is used.

S145. The Noise Outcomes in Service Members Epidemiology Study — a 10-Year Cohort Profile Update
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Background: The Noise Outcomes In Service members Epidemiology (NOISE) Study is a multi-site
longitudinal epidemiology study following Service members and Veterans to understand how noise and other
military exposures affect hearing and tinnitus over time. Study sites include the Veterans Affairs, National
Center for Rehabilitative Auditory Research (NCRAR) in Portland, Oregon and the Defense Health Agency,
Hearing Center of Excellence (HCE), in San Antonio, Texas. Recently, data collection expanded to Naval
Medical Center San Diego and Camp Pendleton near San Diego, California. The purpose of this update is to
describe additions to the data collection and point to new findings.

Methods: Enrollment in the NOISE Study began in 2014 and remains ongoing. Comprehensive audiologic
exams are collected at baseline and every five years, which include pure-tone and speech audiometry (in quiet
and in noise), distortion-product otoacoustic emissions, and immittance, with some participants completing
central auditory processing and auditory brainstem response testing. Participants with tinnitus undergo a
comprehensive tinnitus psychoacoustic assessment. Approximately 15-18 questionnaires are collected at
baseline and then annually, asking participants about noise, chemical and blast exposures, traumatic brain
injury, physical and psychiatric comorbidities, and other military and nonmilitary exposures and outcomes
that can affect auditory function. The study will begin collecting 10-year follow-up data in 2024.

Results: To date, 1390 participants have enrolled (NCRAR n=800; HCE n=517; San Diego n=73), of which
48% are Service members and 52% are Veterans. Annual survey response rates are high across sites with 74%
of participants returning at least one survey. Among Service members and Veterans due for their five-year in-
person exam, 269 have undergone testing. Analysis of data over five years collected with the Tinnitus Screener
(n=1114 individuals and n=3260 surveys) suggests that among those with no tinnitus, occasional tinnitus, or
intermittent tinnitus at baseline, the probability of transitioning to reporting constant tinnitus was 5.3%, 9.2%
and 16.8% year-to-year, respectively. Comparing audiometric results collected at baseline and at five-years,
those with hearing loss at baseline had higher odds of experiencing a threshold shift (greater than 15 dB at any
frequency 250-8,000 Hz) in five years compared to those with normal hearing (unadjusted odds ratio=3.1,
95% CI: 1.3-6.9).

Conclusions: Understanding changes in hearing and tinnitus status over time is crucial for the prevention of
and understanding of factors contributing to developing auditory issues. After almost 10 years of data
collection, we have a greater understanding of the causes of auditory health concerns, and how they progress,
which can inform future prevention and treatment options. Continued data collection will produce an
unprecedented epidemiologic dataset revealing cross-sectional and longitudinal associations between a wide
range of exposures, medical and mental health conditions, peripheral auditory function, central auditory
function, and tinnitus, knowledge that will assist with conservation and treatment efforts.

S146. Assessing Physiological Indicators of Subtle Auditory Trauma: ABRs and DPOAEs in Rhesus
Macaques at 2 and 8 Months After Noise-Induced Temporary Threshold Shifts With Perceptual
Changes
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Background: Cochlear synaptopathy is a subclinical pathology for which there are no well-defined
biomarkers in humans. Our studies in macaque monkeys showed that moderate-level noise exposures cause
temporary but not permanent threshold shifts, and deficits in masked detection tasks. Here, we describe
changes in the auditory brainstem responses (ABRs), a commonly used non-invasive clinical tool, in the same
macaques to assess its utility as a biomarker.

Methods: Testing was conducted in anesthetized young adult macaque monkeys (Macaca mulatta, 6-10 years
old) before and after noise exposure (120 dB SPL octave-band noise from 2-4kHz for 4 hours) at two time
points: 2-months (n= 9 male, n= 4 female) and 8-months post-exposure (n= 6 male, n= 4 female). ABRs
(vertex-to-mastoid) were obtained to tone pips (0.5-32 kHz, in % to 1 octave steps), clicks (100us) and chirps
(1.6ms) presented at many sound levels (30-90 dB SPL in 5-10 dB steps). ABRs were also obtained to click
pairs at varying interclick intervals (ICI: 10 to 1ms), and to clicks at many presentation rates (200/s to 27.7/s).
All ABR Waves (1, II, and IV) were analyzed for amplitudes and latencies. Distortion product otoacoustic
emissions (DPOAEs) were measured from 1 — 10 kHz.

Results: ABR and DPOAE thresholds were unchanged at 2- and 8-months post-exposure. Sex-specific ABR
amplitude and latency changes were observed with high-level (70-90 dB SPL) frequency-specific stimuli near
the noise exposure band. In males, Wave I amplitude increased at 2 months post-exposure but decreased at 8
months, whereas Waves Il and IV decreased at 2 months and increased, eventually surpassing pre-exposure
values, at 8 months. In females, a similar trend was observed. However, Wave Il amplitude, further decreased
at 8 months post-exposure. In males, latencies for Waves Il and IV increased at 2 months post-exposure; Wave
IT latencies were higher at 8 months, whereas Wave IV latencies decreased below pre-exposure values. In
females, Wave I latencies increased at 2 months post-exposure, and at 8 months post-exposure, decreased past
pre-exposure values. While initially stable at 2 months post-exposure, Wave IV latencies in females increased
at 4 kHz at 8 months. In both sexes, ABR amplitudes to clicks at higher presentation rates decreased post-
exposure compared to pre-exposure values when they were normalized (re: amplitudes at 27.7 clicks/s) to
reduce within-subject variability.

Conclusions: Frequency-specific compensatory changes were observed in ABR amplitude and latencies in a
sex-specific and level-specific manner that likely reflect homeostatic plasticity in the auditory system.
Regardless of sex, broadband stimuli presented in rapid succession highlighted trends at the group level
suggesting decreased synaptic function. Ongoing work will correlate physiological, behavioral, and
histological findings, to better assess the utility of the ABR as a sensitive indicator of hidden hearing loss.
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Dongmei Tang*!, Huawei Li', Shan Sun!
'Fudan University, Eye and ENT Hospital

Category: Tinnitus

Background: Tinnitus is highly prevalent in the population, but there are currently few effective therapeutic
interventions. Mobile applications (apps) might be helpful in tinnitus diagnosis and treatment by offering
sound or music tools as well as questionnaires. We assessed the efficacy of a free, publicly available
smartphone app (Fudan Tinnitus Relieving System, FTRS) for self-management of tinnitus and related
symptoms.

Methods: Among a total of 3564 participants recruited primarily online, 2744 patients had complete
information at baseline and were an average of 37 years old and were 59.84% male. Web-administered self-
report measures THI, HADS, AIS, and other multi-dimensional scales were conducted at baseline and at 1
month and 2 months following treatment. Data from 54 participants who completed continuous follow-up
were used for the final efficacy analysis and longitudinal analysis.

Results: Following the intent-to-treat principle, t-tests revealed that the distribution of patients and the tinnitus
features of patients of different genders were heterogeneous. One-way ANOVA showed that after using the
FTRS app, THI scores showed a decreasing trend (p less than 0.001).



Conclusions: FTRS use resulted in significantly greater improvements in tinnitus and other outcomes relative
to their baseline condition before treatment. Given the ubiquity of smartphones, FTRS may provide a wide-
reaching and convenient public health intervention for individuals with tinnitus symptoms.
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Background: Tinnitus is a phantom auditory perception in the absence of external acoustic stimulation.
Chronic, severe forms of tinnitus substantially reduce quality of life. Cognitive behavioral therapy (CBT) is
the current standard treatment; however, preliminary evidence suggests that real-time functional MRI (fMRI)
neurofeedback therapy may be more effective in downregulating excess activation in the auditory cortex,
thereby reducing tinnitus. This study aims to compare the ability of real-time fMRI neurofeedback versus
CBT to reduce chronic tinnitus distress.

Methods: In this prospective, controlled trial, 43 patients with chronic, severe tinnitus were randomized to
receive either group CBT for 10 weekly sessions of 120 min or real-time fMRI neurofeedback therapy (fMRI
group) during 15 weekly sessions of 60 min. Change in the Tinnitus Handicap Inventory (THI) score (range,
0-100) from baseline to 6 or 12 months was assessed. Secondary outcomes included 4 quality of life
questionnaires (Beck’s Depression Inventory, Pittsburgh Sleep Quality Index, State-Trait Anxiety Inventory,
and WHO Disability Assessment Schedule).

Results: The fMRI group included 21 participants (mean age, 49 years = 11.4 [SD]; 16 males) and the CBT
group included 22 participants (mean age, 53.6 years £ 8.8 [SD]; 16 males). The fMRI group showed a greater
reduction in THI scores compared to the CBT group at both 6 months (mean score change, -28.21£18.66
versus -12.09+£18.86; P = .01) and 12 months (mean score change, -30+£25.44 versus -4+17.2; P = .02).
Compared to baseline, the fMRI group showed improved sleep (P = .006) and trait-anxiety (P = .02) at 1
month, and improved depression (P = .01) and general functioning (P = .01) at 6 months. No difference in
these metrics over time was observed for the CBT group.

Conclusions: The novel real-time fMRI neurofeedback therapy robustly outperformed the established group
CBT for the reduction of chronic severe tinnitus and associated morbidity. These findings corroborate the
potential of neurofeedback for tinnitus treatment and may inspire the development of more cost-effective
versions, including refined real-time fMRI or electroencephalography-based applications.
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Background: Hyperacusis is a devastating disorder that affects people’s lives. The symptom is commonly
reported in people after noise exposure or in children with neurological disorders, including Williams
syndrome, FoxG1 syndrome and autism spectrum disorders (ASD). Increased neural activities in the central
auditory system (CAS) to compensate for the hearing loss, named “central gain”, are thought to underlie the
cause of hyperacusis. However, as most people who experience hearing loss do not develop hyperacusis, it is
unclear whether the “central gain” represents a plasticity change of the CAS to the hearing loss or the cause
of hyperacusis. In this study, we used two different animal models of hyperacusis, i.e., the noise exposure
model and the FoxG1 gene mutation model, to study the neurological model of hyperacusis.



Methods: CBA mice, wild-type mice, and FoxG1 gene mutation mice (G216S) were used in the experiment.
Low-level noise exposure (83 dB SPL, 2 weeks, 12 hrs/per day) was used to induce hyperacusis in the WT
mice. Acoustical startle responses (ASR) were used to evaluate sound sensitivity, and gap-induced prepulse
inhibition (gap-PPI) was used to evaluate sensory gating. The auditory cortex (AC) response was measured in
the control, noise-exposed, and FoxG1 mutant mice. Auditory brainstem response (ABR) was used to evaluate
peripheral hearing loss induced by noise exposure or FoxG1 gene mutation.

Results: ABR results showed no significant hearing loss was induced in the noise group or FoxG1 gene mutant
group. Enhanced ASR and increased gap-PPI were recorded in the noise group compared to the control group.
A significant enhancement of AC onset response was recorded in noise-induced mice, an indication of “central
gain”. FoxG1 mice showed no significant enhancement of the ASR. However, the ASR showed a lack of
habituation for repetitive acoustic stimuli. These mice also showed a lack of gap-PPI suggesting impaired
sensory gating caused by FoxG1 gene mutation. The AC recording shows no signs of enhanced response, but
longer post-stimuli responses were recorded.

Conclusions: Our study shows two different models of hyperacusis. Noise exposure induced a central gain
increase, consistent with previous studies. A neural adaptation model that has been reported in ASD patients
has been identified in the FoxG1 mutant mice. Our study suggests that a lack of sound habituation, which is a
non-associative learning process reflected by startle magnitude decreasing with stimulus repetition, may affect
sound tolerance and loudness perception in children with hyperacusis.
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Background: Tinnitus refers to the phantom perception of sound in the absence of external sources.
Transcranial electrical stimulation has demonstrated a positive effect on tinnitus loudness and annoyance.
However, the efficacy of tinnitus treatment still lacks consistency. Cross-frequency coupling (CFC) indicates
interactions between oscillations at different frequency bands, which is critical for sensory information
processing across wide cortical networks in our brain. Our previous study revealed the absence of CFC in
tinnitus subjects. We developed the high definition (HD)-tACS algorithm based on the principle of CFC and
hypothesized that a personalized protocol might lead to the entrainment of targeted neuronal activity, which
could be beneficial for tinnitus suppression and enhancement of cognitive function.

Methods: A prospective clinical study of 25 patients (3 women) with tinnitus lasting more than six months
was conducted. Detailed otologic tests, tinnitus questionnaires, and cognitive function tests including MoCA,
TMT, and DST, were obtained before and after tACS stimulation. The tACS was delivered using NG Pistim
electrodes coupled with the Starstim 32 device (Neuroelectric, Barcelona, Spain) and generated based on
individual alpha frequency phase and gamma amplitude coupling using a current of 2 mA. The protocol
consisted of 5 sessions of tACS, with each session lasting 20 minutes, given 1-2 weeks apart.

Results: Four patients dropped out and 20 patients were included in the final analysis. A repeated-measures
ANOVA with within-subjects (pre- vs. post-stimulation rating scale) and t-tests was performed using SPSS
22.0. After HD-tACS using personalized CFC, significant reductions for pre- vs. post-stimulation in the THI
scale were observed [F (2.324, 23.243) = 6.889, p = 0.003] for five sessions. While VAS-tinnitus loudness did
not significantly affect pre- vs. post-stimulation, the initial and final VAS-loudness score revealed a significant
reduction (t=3.105, p=0.011). In addition, the initial MoCA score was 26.62 + 2.47, which yielded a significant
improvement in cognitive function compared to the final MoCA score (28.06 + 2.40) (t=-3.715, p=0.002).
Both TMT and DST scores significantly improved between the initial and final session (p=0.018 for TMT,
p=0.009 for DST). Finally, we found enhancement of alpha oscillation in target areas after the final HD-tACS.
Conclusions: Our findings suggest that a personalized HD-tACS protocol using a combination of electrical
current with low-frequency phase and high-frequency amplitude coupling might restore maladaptive
neuroplasticity in patients with tinnitus and that the stimuli might also benefit cognitive functionality.
Additionally, our data provide evidence that our protocol could enhance neuronal activity for inter-regional
communication of target areas.
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Background: This study was performed to analyze the sizes of the stapedius and tensor tympani muscles
using a temporal bone CT (TBCT) scan in patients with middle ear myoclonic tinnitus (MEMT) and to
investigate its clinical value for the diagnosis of this rare cause of objective tinnitus.

Methods: The medical records and TBCT scans of patients with MEMT, and vascular tinnitus at Seoul, St.
Mary’s Hospital from 2012 to 2022 were retrospectively reviewed. The length and width of the stapedius and
tensor tympani muscles were measured and a comparative analysis of the MEMT pathologic side and the same
muscles in the patients with vascular tinnitus as a control group (CG) was conducted. A correlation study of
the size of the middle ear muscles with their demographic and clinical characteristics was also performed.
Results: A total of 38 patients with unilateral MEMT (63.2% men, 36.8% women) who underwent middle
ear tendon resection for the intractable symptom of tinnitus and 39 patients with vascular tinnitus (20.5% men,
79.5% women) were included in the study. The mean age of the MEMT group was 34 years (16-63) while the
mean age of the vascular tinnitus group was 44 years (18-75). The MEMT group had 21 (55.3%) right-sided
pathology and 17 (44.7%) left-sided pathology. The vascular tinnitus group had 30 (76.9%) right-sided
symptoms and 9 (23.1%) left-sided symptoms. The median symptom duration for the MEMT group was 24
months with an interquartile range of 45 months while the median symptom duration for the vascular tinnitus
group was 6 months with an interquartile range of 33 months. The average stapedius tendon length and width
of the MEMT group were 1.47+0.60mm and 0.89+0.32mm, which were significantly higher values compared
to those of the vascular tinnitus group; 0.98+0.24mm, p less than 0.001, 0.71+0.19mm, p less than 0.001,
respectively. The average length and width of the tensor tympani tendon for the MEMT group were
3.11+0.51mm and 2.02+0.36mm, which were also significantly higher values compared to those of the
vascular tinnitus group; 2.27+0.42mm, p less than 0.001 and 1.75+0.26mm, p less than 0.001, respectively. A
moderate correlation between the stapedius tendon width and the duration of symptoms for MEMT was also
observed (r = 0.314, p less than 0.05).

Conclusions: The length and width of the stapedius and tensor tympani muscles measured in TBCT in the
MEMT group were significantly longer and wider than those of the vascular tinnitus group, which suggests a
possible value of TBCT scan as a diagnostic tool for MEMT when used in conjunction with other clinical
findings. Further studies in a larger study group will be needed to validate our results and investigate its more
practical clinical value for the diagnosis and management of MEMT.

S153. Applying an Unequal Variance Signal Detection Theory Model to Patient Decisions in the
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Background: Chronic tinnitus management requires a multidisciplinary approach with attention for medical,
audiological, psychological, and social-emotional issues. Several Cochrane reviews indicate that
psychological intervention is most effective, yet many patients seem to prefer other options. The aim of this
study is to apply an unequal variance Signal Detection Theory (SDT) model to map the outcome of patient
decisions during the tinnitus patient journey.

Methods: We used the clinical data of 148 tinnitus patients who visited an Audiological Center in The
Netherlands during a two-year period. Inclusion criteria were age (18 years and older) and referral for tinnitus
care. At baseline and after tinnitus intervention patients were asked to fill in the Tinnitus Handicap Index
(THI) questionnaire. All patients received standard of care tinnitus psychoeducation. As follow-up, they were
offered to start a trial period with a sound enrichment device (hearing aid, ear worn tinnitus masker or



combination device), and they were offered psychosocial counseling based on elements of cognitive
behavioral therapy and mindfulness. The proportion of patients that accepted the different interventions were
analyzed as a function of hearing loss and baseline THI-score. Using an improvement in THI-score of more
than 7 points as clinically relevant to distinguish between successful intervention outcomes (true positives)
and unsuccessful intervention outcomes (false positives), we estimated the probability density functions of
false and true positives. With these probability density functions we estimated the likelihood ratio of false and
true positives.

Results: For starting a trial period with a sound enrichment device, the likelihood ratio of false positives and
true positives is a function of hearing loss. Patients with a hearing loss over 43 dB are more likely to report
benefit from a trial period. For device uptake, the likelihood ratio is also a function of hearing loss, with a
successful intervention being 1.7 times more probable for a hearing loss above 20 dB. For psychosocial
counseling, the likelihood ratio is a function of baseline THI-score only, with successful intervention being
more probable than unsuccessful intervention for baseline THI-scores up to 83 points.

Conclusions: This study shows that using an unequal variance SDT model allows mapping of patient
decisions during the tinnitus patient journey. The probability ratio of unsuccessful and successful intervention
outcomes can be estimated as a function of hearing loss and baseline THI-scores. The results can be used to
create patient profiles that allow for more individualized counseling in shared decision making.

S154. Cortical Evoked Activity is Modulated by the Sleep State in a Ferret Model of Tinnitus
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Background: Subjective tinnitus is a phantom auditory perception in the absence of an actual acoustic
stimulus. It affects 15% of the global population and can be associated with poor mental health, reduced
quality of life and impairment of sleep, yet the involvement of spontaneous brain dynamics has received little
attention in tinnitus research. To date, there is no effective treatment for tinnitus.

Methods: We used adult ferrets exposed to mild noise trauma as an animal model of tinnitus. We assessed
their phantom percept using two operant paradigms, silent gap detection and silence detection, as behavioural
indicators of tinnitus before and up to six months after the mild acoustic trauma. The integrity of the auditory
brainstem was assessed over the same period using auditory brainstem response recordings. To explore the
interaction between sleep and tinnitus, we evaluated the sleep—wake pattern and both spontaneous and
auditory—evoked EEG activity across vigilance states.

Results: Following noise overexposure, ferrets developed lasting, frequency—specific impairments in operant
behaviour and evoked brainstem activity. Behavioural performance and auditory—evoked activity
measurements after noise overexposure suggested different degrees of tinnitus and hearing impairment
between individuals. Animals that developed signs of tinnitus consistently showed sleep impairments,
suggesting a link between the emergence of noise—induced tinnitus and sleep disruption. However, neural
markers of tinnitus were reduced during sleep, suggesting that sleep may transiently mitigate tinnitus.
Conclusions: These results reveal the importance of sleep—wake states for understanding tinnitus
comorbidities and their potential to inform future treatments. Unravelling the neurophysiological link between
sleep and tinnitus may offer a new angle to research into the basis for phantom percepts.

S155. Tinnitus Clinical Research: Challenges with Recruitment, Eligibility, and Symptom Variability

Grace Conchas*!, Yezihalem Mesfin', Yuan He', Abigail Heiller!, Ali Stockness', Meredith Adams', Peggy
Nelson'
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Background: Methods of measuring bothersome tinnitus are critical for understanding tinnitus and for
assessing potential treatment effects. We recently initiated a pilot human study for assessing a novel device



intervention involving tinnitus participants. We sought to recruit individuals with tinnitus that was bothersome
enough to justify an intervention but not associated with high risk, catastrophic psychological distress. We
leveraged the Tinnitus Handicap Inventory (THI) using an inclusion criterion of scores between 38 and 76
(i.e., standard range for moderate or severe). During recruitment, we observed many potential participants had
measurable differences between their self-administered THI screening and a subsequent in-person test at the
time of eligibility determination. We aim to characterize and quantify these challenges encountered in
recruitment that may have broader implications for tinnitus research.

Methods: Interested participants were asked to complete an online THI screening. If their THI score met
inclusion criteria, participants completed an in-person visit to finalize eligibility, during which they completed
a second THI amongst other questionnaires. We analyzed the changes in THI between the online screening
and the in-person visit. Per IRB requirements, the trial protocol including THI score for inclusion, was
published on clinicaltrials.gov.

Results: In the initial recruitment phase, the study was announced widely with tinnitus user groups and public
sites and 22 potential participants were determined to be within the eligible range. Following on site re-testing
of the THI of those 22, 9 increased and 13 decreased in score. The score of 7 of those 22 individuals changed
by 20 points or more (median decrease 16 points) making some ineligible for the study.

We tightened screening procedures by recruiting from local clinics and advertising with local organizations
for persons with tinnitus. An additional 24 potential participants were identified as likely eligible based on
online THI screening. The scores from nine participants changed by 20 points or more between the screening
and in-person test. Of those 24, 4 increased, 19 decreased in score, and 1 stayed the same. Overall,
approximately 70% of THI scores decreased from the online screening to their in-person test, with an average
decrease of 16 points. Only 28% of scores did not show a clinically significant change prior to enrollment in
the study.

Conclusions: Overall, we observed large differences in scores between a self-administered THI and a
subsequent on-site test. Initially we were concerned that recruiting nationally and publication of specific
criteria on clinicaltrials.gov resulted in potential participants biasing their THI scores. However, substantial
variability in THI scores was still observed after changing recruitment sources. These findings reveal variation
and potential unreliability of THI scores during the screening stage of a study and may reflect how transitory
tinnitus-related distress is affected by multiple factors, including a desire to enter a treatment trial.

S156. Exploring the Link between Low-Pass Speech in Noise and Tinnitus Distress
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Background: In a previous study at Ghent University, we observed that patients with tinnitus performed
better on a low-pass filtered speech-in-noise (SPIN) test than an age-matched control group. However,
audiometry and objective EEG measurements (auditory brainstem response and envelope following response)
showed no tinnitus-related differences, suggesting no underlying peripheral hearing damage. Given that
peripheral hearing loss could not explain the significant difference found in low-pass SPIN scores, we looked
deeper into tinnitus-specific characteristics of the participants and explored the relationship between SPIN
understanding and the results on tinnitus questionnaires.

Methods: The study included audiometry, auditory brainstem responses, envelope following responses,
filtered speech (in noise) tests, and tinnitus-related questionnaires. In this part of the study, we delved into the
link between the latter two. The Flemish 5-word matrix sentence test was administered with or without a
stationary speech-shaped background noise at 70 dB SPL. To differentiate between the encoding of temporal
envelope (TENV) and temporal fine structure (TFS), we applied low-pass (LP) and high-pass (HP) filtering
to the speech and noise. Participants completed the Tinnitus Sample Case History Questionnaire (TSCHQ),
Tinnitus Handicap Inventory (THI), Tinnitus Functional Index (TFI), and Hyperacusis Questionnaire (HQ).
Based on these THI- and TFI-scores, patients were categorized into subgroups related to tinnitus distress,
while the HQ was used to categorize patients into those with and without hyperacusis.



Results: More tinnitus distress (based on TFI and THI scores) correlated with better low-pass SPIN
performance in the older test group. Additionally, we observed that patients with both tinnitus and hyperacusis
performed better on the low-pass SPIN test, while tinnitus patients without hyperacusis scored similar as the
age-matched control group.

Conclusions: These observations suggest that hyperacusis may explain the improved SPIN scores in our
study. Since this effect is only observed in low-pass filtered SPIN, improved TFS processing could be a
possible underlying mechanism of hyperacusis and/or tinnitus. Based on these findings, future studies on
tinnitus and hyperacusis should investigate TFS coding, and apply low and high frequency filtering to speech
(in noise) tests. Furthermore, this study highlights the importance of examining hyperacusis complaints in
tinnitus research.

S157. The Role of Ion Channels: From Misfiring to Misfolding
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Background: Spinocerebellar Ataxia Type 13 (SCA-13) is caused by a loss of function mutation in the high-
voltage activated K+ channel sub-unit Kv3.3. Alongside cerebellar Purkinje Neuron atrophy, human patients
with SCA-13 exhibit impairments in sound localisation due Kv3.3 expression in auditory brainstem nuclei
such as the MNTB and LSO. By using a novel CRISPR-Cas9 mouse model of SCA-13, dubbed R420H, we
are able to study the role of Kv3.3 in sound localisation processing and Purkinje Neuron degeneration, with a
direct clinical correlate in previously characterised human kindred.

Methods: By combining in vitro and in vivo electrophysiology, alongside auditory brainstem responses and
behavioural data, we hope to characterise the way in which each of the affected brainstem nuclei in the mouse
sound localisation pathway is disrupted by the R420H Kv3.3 mutation. We are also using the same methods
to characterise the misfiring in the Cerebellum, identifying mechanisms of neuronal resistance and atrophy
underlying SCA-13.

Results: Due to the broad expression of Kv3.3 in the auditory nuclei, multiple points of failure along the
sound localisation pathway have been identified to be associated with the R420H mutation. Our previous work
on the mouse model has demonstrated an average threefold increase in action potential half-width in affected
neurons as a result of Kv3.3 loss of function. Through a disruption to the fast repolarising K+ current in their
action potentials, most LSO and MNTB neurons affected by the mutation fail to repolarise fully at spiking
intervals higher than 200 Hz. The temporal convergence of ipsilateral excitation and contralateral inhibition
likely fails in the LSO due to misfiring of the intermediary Calyx of Held synapse, where Kv3.3 is expressed
both pre- and post-synaptically.

Where the Kv3.3 loss of function mutation is sufficient to disrupt network activity in the auditory brainstem,
the ataxia in SCA-13 is driven by neuronal atrophy which occurs as a result of intracellular apoptotic signalling
cascades. We hypothesise that Purkinje Neuron atrophy in the cerebellum is driven to by a chronic Ca2+
overload occurring as a result of the cell spending a prolonged duration in a depolarised state during each
action potential. Chronic Ca2+ elevation should affect MNTB and LSO neurons in a similar manner, yet based
on our histological findings, it seems that auditory brainstem nuclei are uniquely resistant to this.

Conclusions: The defect in sound localisation seen in SCA-13 is likely due to a combined effect of misfiring
in the MNTB and the LSO. We also hypothesise that due to a differential Ca2+ buffering mechanism, neuronal
survival is promoted in auditory brainstem neurons. We aim to understand this mechanism in the auditory
brainstem and utilise it in the Cerebellum in order to promote neuronal survival and potentially rescuing the
degenerative phenotype in the mouse model.

S158. Effect of Reverberation on Interrupted Spatial Auditory Attention
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Background: Listeners use features like pitch and location to segregate competing speech streams and
selectively focus attention on one. In such settings, reverberation can 1) interfere with speech intelligibility
directly, and 2) impede selective attention by smearing out such features. In anechoic simulations, unexpected,
salient “interrupters” disrupt spatial selective attention (Liang et al, 2022), but we do not know whether
reverberation affects such tasks. Reverberation may degrade performance overall, but also may have a
differential impact on interrupters. Specifically, by smearing out features, reverberation may make interrupters
less salient and less disruptive. However, by making the task harder, reverberation could exaggerate the effect
of an interrupter. Here, we conducted online spatial selective attention experiments to measure whether
reverberation impacted the recall of a target stream of syllables that are interrupted by an unexpected event.
Methods: Participants (N=45, self-reported normal hearing) heard two competing, temporally interleaved
streams of syllables with and without random interruptions. Both streams consisted of syllables from the same
male talker; they differed only in their location, with one stream spatialized to 30 degrees left and the other to
30 degrees right of center. On half of the trials (randomly selected), a novel “interrupter” occurred, mid-target-
sequence, from 90 degrees contralateral to the target. All syllables and interrupters were spatialized using
binaural room impulse responses (BRIRs) measured using a KEMAR (Shinn-Cunningham et al., 2005). Half
of the trials used pseudo-anechoic BRIRs while the other half used reverberant BRIRs measured 1 meter from
the center of the KEMAR head.

At the start of each trial, a single spatialized /ba/ syllable played from either 30-degrees left or right, cueing
the listener to attend to the stream at that location (the target) and ignore the other (the distractor). Both streams
comprised 5 syllables randomly drawn with replacement from [/ba/, /da/, /ga/]. Syllable onsets within each
stream were 600 ms apart; the target began 300 ms before the distractor. At the end of the trial, subjects were
asked to report the target syllables in order. In 50% of trials, a novel interrupter occurred 125ms before the
onset of the 3rd syllable in the target stream. Anechoic and reverberant trials were randomly intermingled. We
quantified the effect of the interrupter by comparing target syllable recall with and without the interrupter,
separately for anechoic and reverberant trials.

Results: Reverberation had no significant effect on either overall performance or on the disruptions caused
by interrupters. In both reverberant and pseudo-anechoic conditions, an interrupter reduced recall accuracy of
the syllable immediately after the interrupter by ~20%.

Conclusions: Consistent with previous work, interrupters affect selective spatial attention; however, modest
reverberation has no effect on performance. Future work will explore whether greater levels of reverberation
impact bottom-up disruptions of selective attention.

S159. Sound Localization in Bimodal CI Users With Various Device Latencies
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Background: Individuals with a hearing aid servicing one ear and a cochlear implant (CI) servicing the other
ear have very poor sound localization abilities. A combination of level, tonotopy, and latency mismatches
prevents the exploitation of binaural cues. Compensating for the estimated latency mismatch by adding a fixed
delay to the CI stimulation has been shown to improve sound localization (Angermeier et al., Trends in
Hearing, 2023). Here, we measure sound localization error and bias as a function of the additional delay.
Methods: 13 loudspeakers were placed semicircular with a 15° spacing at ear level in the frontal azimuthal
half-plane with a radius of 1 meter. Bimodal MED-EL CI users that have functional hearing up to at least 4
kHz performed a loudspeaker identification experiment. Each stimulus consisted of three 70-ms long
broadband noise bursts each gated with a 5-ms Hanning windows, separated by two 30-ms long silent
intervals. Stimuli were presented 5 times from each of the 11 most central speakers and each CI latency (0, 2,
4, 6, 8, and 10 ms). For a subset of Cl-latencies and subjects the test was repeated with the German word
“Doris” as the stimulus.

Results: In line with Angermeier et al. (2023) the localization bias shifted towards the hearing aid side with
increasing CI latency. The amount of bias shift varied from 1° to 9° per millisecond latency. When using
speech instead of noise the trends remained similar, but the bias shift was smaller. A bias-free latency could
usually be identified within the tested latency interval. This latency also resulted in one of the smallest RMS



localization errors. However, the bias-free CI latency was usually smaller than the latency compensation
suggested by Angermeier et al. (2023).

Conclusions: The results emphasize the importance of latency optimization when fitting single-sided deaf
and bimodal CI users. The difference between the estimated latency mismatch and the bias-free best
localization latency may originate from latency estimation errors or from a level bias towards the hearing aid
side that can be compensated for by a CI-favoring latency mismatch. Most likely, however, it originates from
an additional tonotopic mismatch: Both acoustic latencies from the traveling wave in the inner ear and MED-
EL CI latencies are larger at lower frequency bands than at higher frequency bands. The common tonotopic
mismatch results in CI frequency channels being sent to electrodes that stimulate the same tonotopic place as
higher acoustic frequency channels. This increases the place-specific CI latency relative to its acoustic
counterpart.

S160. A Signal Detection Theory Model of Binaural Cue Reweighting
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Background: Normal-hearing listeners weight binaural localization cues depending on the sound’s frequency
content. Interaural time differences (ITDs) dominate at low frequencies, and interaural level differences
(ILDs) dominate at high frequencies. However, the relative weighting of the cues used by the listeners can be
sub-optimal, resulting in poorer localization in many scenarios, €. g., in reverberation. Previous studies showed
that various training protocols can be used to induce a binaural cue reweighting both to increase the ILD
weight and to increase the ITD weight. These studies used various measures to determine the ILD/ITD weight,
making it difficult to compare the effectiveness of the different training protocols, as well as to compare the
weights obtained in these studies to the standard “trading ratio”. E.g., in our previous study using
discrimination training, the proportion of discrimination responses following the ILD (PILD) was used as the
relative weight measure [Singhal et al. (2023) ARO Abstract #SU44]. Here, the goal is to develop a signal-
detection-theory (SDT) model, based on which a measure of the ILD/ITD weight can be estimated that is
independent of the task and conditions used in each study.

Methods: The model is based on the standard SDT model for the 2-Intervals—2-Alternative-Forced-Choice
discrimination task, as used in our previous study. It uses several simplifying assumptions, the main one being
that the responses are unbiased. And, it derives wL T, a d-prime-like measure of the relative weight per unit of
azimuthal shift in cues.

Results: The derived relative weight estimate wLT, when applied to our previous results, shows that the
effectiveness of the training was approximately equal for both ITD training and ILD training. Also, the
measure is more robust to noise and less affected by outliers, compared to the PILD measure used originally.
Conclusions: A STD-model-based measure of relative weight provides a reliable and location-independent
estimate of the binaural cue weighting. Applied to our experimental data, it shows that a simple adaptive
discrimination training without visual signals can induce binaural reweighting in both directions. Next steps
are to extend the model to localization-based estimates of relative weight and to studies estimating the “trading
ratio”. This will allow us to compare the effectiveness of different training procedures, like visually guided
training and training in reverberant environments.

[Work supported by Horizon Europe HORIZON-MSCA-2022-SE-01 grant N° 101129903 and Science Grant
Agency of the Slovak Rep. VEGA 1/0350/22]
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Background: Spatial hearing is fundamental for the perception of auditory scenes, and various methods are
employed to simulate and manipulate auditory scenes in experiments sensitive to spatial hearing experience.
Although traditional loudspeaker arrays and Head-Related Transfer Functions (HRTFs) over headphones are
commonly used, they have limitations related to source location resolution, dynamic manipulations, and
HRTF measurement effort. Higher Order Ambisonics (HOA) loudspeaker arrays represent a growing
alternative technique that addresses these limitations while approximating naturalistic auditory presentation.
This study aims to identify the potentials and limitations of such a system in simulating perceived sound source
locations.

Methods: We utilized a 91-loudspeaker array capable of 9th order HOA rendering arranged in a dome shape
with a radius of ~Im (Sonible, Austria), situated within a sound-attenuating room. 6 normally hearing
participants were seated in complete darkness with their heads at the center of the dome and ears aligned at 0°
elevation, fixating on an LED in front of them (FP). Each trial consisted of two 450ms white noise bursts on
the horizontal plane separated by a 200ms interval, followed by 1250ms silence period during which
participants indicated the location of the second burst relative to the first (clockwise/counterclockwise).

Minimum Audible Angles (MAAs) were estimated for 17 Reference Points (RPs) spanning from -90° to +90°
azimuth angle in a fully randomized method of constant stimuli design (13 test points/RP). In the main
condition, the FP was always at 0° at the center of the central loudspeaker. To assess the impact of the
loudspeaker positions on perception of HOA rendering, an additional condition involved rotating the
participants’ bodies with the FP to +50.40° where neither the RP nor the surrounding test points coincided
with a loudspeaker.

Binaural cues under HOA and normal audio rendering conditions were compared using a Head and Torso
Simulator.

Results: MAAs increased from 1.03°+0.12° at the front to 2.81°+0.47° at the right and 4.46°+0.66° at the left
at £50.40° RPs. Response curves deviated from a sigmoid shape to a random response curve for the remaining
RPs in some participants. Excluding such response curves, the average MAAs ranged from 4.46° to 8.41° for
these RPs. These results align with MAAs measured similarly using discrete-loudspeaker sources. (Strybel
and Fujimoto, 2000).

Additionally, estimated MAAs did not significantly differ between the central RP and the rotated conditions
(F(2,10)=0.8275, p less than 0.465), demonstrating the capability of HOA to render focal sound sources
between loudspeaker locations.

Conclusions: Using a 9th order ambisonics system, we successfully demonstrated similar spatial acuity to
that observed in traditional loudspeaker array designs, with a robust accuracy resilient to sound source
location, highlighting the promise of this technique for complex auditory scene designs.
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Genesis Alarcon*!, Casey Sergott!, Peyton Williams!, Cameron Miller', Ben-Zheng Li?, Luberson Joseph!,
Elizabeth McCullagh!

\Oklahoma State University, *University of Colorado Anschutz Medical Campus

Category: Binaural Hearing and Sound Localization

Background: Hearing ability in mammals is influenced by many factors such as, behavior, habitat, and
physical morphology. The ability to localize sound is vital to the animal’s survival and fitness. It also affects
mammal’s ability to communicate and avoid predators. Prairie voles are often used to study social behaviors,
but their hearing has never been characterized.

Methods: To characterize their hearing, we measured their physical morphology and utilized a custom-built
head-related transfer function (HRTF) array to measure pinna contribution to hearing. The external ear (pinna)
was measured including both length and width, the distance of pinna from each other, and the distance of the
middle of the pinna to the ear. This data was then compared to the contribution of the pinna to capture sound
in 180-degree space. An arrangement array of a speaker along 10-degree increments at 19 possible locations
on the horizontal axis and 19 possible locations on the vertical axis was used. The animal is located equal



distance from the speaker at all 361 potential measurements. A sweep of noise was presented, and the noise
captured by the pinna is measured by a microphone placed through the back of the ear just inside the pinna.
Results: The interaural time difference (ITD), which is the difference of when the sound arrived at the pinnae,
and the interaural level difference (ILD), which is the difference in the intensity of the two responses at the
pinna were calculated for each animal. Pinna measurements and HRTF measurements were in agreement for
the range of ITD and ILD cues available to the animals measured. In the future, we plan to evaluate how
habitat affects the prairie vole’s ability to localize sound.

Conclusions: This work was done on lab-reared prairie voles so to understand how habitat affects sound
localization we plan to compare lab-reared data to wild prairie voles. There is a lot of research on social
communication ability but little focus on how the habitat can influence the way that individuals hear. Prairie
voles are a great model since they are semi-fossorial, or they have burrows but also forage and communicate
above ground. Having to hear both underground and above we would expect to see differences in the way that
they localize sound compared to the lab-reared voles. In addition, we expect that semi-fossorial rodents may
have different hearing abilities than other solely terrestrial species due to the limited acoustic cues available
underground.

S163. Characterizing Hearing Ability Using Acoustic Startle Response and Prepulse Inhibition in
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Background: Prairie voles (Microtus ochrogaster) are a highly social rodent species that live primarily
monogamous lifestyles and participate in bi-parental care, making them an excellent model for studying
animal behavior in regard to communication, reproduction, and neuroscience. Prairie voles, like many rodents,
rely heavily on acoustic cues to effectively communicate with others—especially with mates and pups.
Methods: To communicate via auditory information, animals must be able to decipher where a signal is
coming from in the environment. The mammalian brain ultimately uses three cues to do this—interaural time
differences (ITDs), interaural level differences (ILDs), and cues provided by the pinna. Acoustic behavior
experiments can be used to measure the auditory temporal processing ability of animals through their acoustic
startle response (ASR) and prepulse inhibition (PPI) ability. PPI specifically has been used as a measure for
how well an individual can integrate and inhibit sensory information from the environment in multiple
scientific disciplines such as clinical psychology and neuropsychiatric research, providing valuable
information on the physiology of sensorimotor processing.

Results: Here, we measure the hearing ability behaviorally of prairie voles using PPI of the ASR with varying
cues that indicate hearing ability.

Conclusions: These studies are important to further utilize the prairie vole as a model organism in acoustic
and social behavioral research by increasing understanding of how they respond and integrate acoustic
information.

S164. The Influence of Binaural Cues on Auditory Stream Segregation
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Background: Binaural cues are one of the primary tools used by listeners to separate different sources of
auditory information. While substantial research has characterized the ability of listeners to discriminate small
differences in interaural time (ITD), level (ILD), and correlation (IAC), less is known about the influence of
these cues to promote or inhibit auditory stream segregation.

Methods: Here, we used the ABA auditory stream segregation paradigm (Bregman, 1990) to quantify listener
perception of integrated or segregated auditory stream while binaural cues were slowly modulated over time
(50 sec period). Stimuli consisted of continuous repetition of ABA triplets, made of 1/3rd octave narrowband



noise with center frequencies separated by 6 semi-tones for the A and B components. Electroencephalography
(EEG) data were collected using a 64-channel cap concurrent with continuous listener responses that indicated
perception of integrated or segregated auditory stream.

Results: In comparison to the baseline condition that did not have a modulated binaural cue, participant
response patterns showed increased segregation when the A-component carried a more lateral binaural cue
while the B-component was maintained at the midline (ITD and ILD = 0, IAC = 1). EEG responses quantified
via global field potential were larger when triplets were perceived as segregated compared to integrated and
for triplets corresponding to a switch in perception, consistent with previous results (Higgins et al., 2020).
Conclusions: These results demonstrate the influence of binaural cues on auditory stream segregation, and
represent the initial steps toward characterizing how listeners weigh spatial cues for separating sound sources.

S165. Examining Individual Variability in the Acoustic Effects of Hearing Protectors on Cues for Sound
Source Localization

Aoi Hunsaker*!, David Audet!, Nathaniel Greene?, Mallory Butler?, Ted Argo3, Andrew Brown'

YWniversity of Washington, *University of Colorado Anschutz Medical Campus, *Applied Research Associates,
Inc.

Category: Binaural Hearing and Sound Localization

Background: Modern hearing protection devices (HPDs) mitigate the risk of noise-induced hearing loss when
used as intended, but negative auditory perceptual side-effects continue to limit usability in critical settings.
Dozens of studies, including previous studies by our group, have shown that HPDs lead to significant errors
in sound source localization, including large errors in source elevation perception and disorienting front-back
confusions. Degradation of performance relative to open-ear listening arises due to peripheral disruptions of
monaural and binaural acoustic cues for sound localization. For higher-attenuation devices, reduced audibility
can also limit performance even if cues are relatively intact. A recent multi-site effort by our group leveraged
manikin-based acoustic measurements of HPD-induced cue distortions to predict human localization
performance during use of HPDs. Manikin-based acoustic metrics were positively correlated with behavioral
performance across a large population of human listeners (n > 120), enabling discrimination of localization
impacts across HPDs. However, significant individual variability was also evident. Behavioral variability may
be attributable in part to individual acoustic variability in the form and extent of HPD-induced spatial cue
distortions. Here, we sought to quantify such variability using individualized acoustic measurements.
Methods: The heads and pinnae of 45 (22 female) audiometrically normal-hearing subjects, who had
previously completed behavioral localization testing, were digitized using a hand-held 3D scanner (Einscan
H). Digitized pinnae (right ears only) were extracted and merged with a standard base designed to couple to
an acoustic manikin (G.R.A.S. 45-CB). Merged pinnae were printed using a soft (Shore 30A) polymer and
mounted on the test fixture. Head-related transfer functions (HRTFs) were then acquired across azimuth and
elevation with open (unoccluded) ears and with a variety of HPDs, for which behavioral data had previously
been obtained. Measurements were also obtained for standard manikin pinnae. HPD-induced HRTF
distortions (HPD re: open ear) were then quantified.

Results: Large variability in the magnitude and form of HPD-induced HRTF disruption was evident, both
across HPDs within subjects, and across subjects within HPDs. Notable deviations of individualized HPD
acoustic impacts from those quantified with standard manikin pinnae were also evident.

Conclusions: Improved quantification of spatial acoustic cue distortions produced by HPDs, including
impacts of individual variability, will support improved prediction of HPD impacts on behavioral
performance, toward improved device selection, compliance, and hearing protection in critical settings.

S166. Auditory Competition and Coding of Salience Across Midbrain Space Maps of Barn Owls

Andrea Bae*!, Roland Ferger!, Jose Luis Pena'
!Albert Einstein College of Medicine

Category: Binaural Hearing and Sound Localization



Background: The rich sensory environment challenges the brain to prioritize the processing of salient stimuli.
The barn owl, a sound localization specialist, exhibits a circuit called the midbrain stimulus selection network,
dedicated to representing locations of the most salient stimulus in circumstances of concurrent sensory cues.
Previous competition studies using unimodal (visual) and bimodal (visual and auditory) stimuli have shown
that relative salience is encoded in the strength of spiking rates. However, full understanding of coding effects
by competition between concurrent auditory signals remains unknown. Specifically, auditory signals contain
complex properties, such as spectrotemporal envelopes, which vary over time, and are vulnerable to corruption
from other acoustic signals.

Methods: To this end, we presented diverse auditory competitors (concurrent flat noise and amplitude
modulated noise) and recorded neural responses of awake barn owls. in the midbrain space maps, the external
nucleus of the inferior colliculus (ICx) and optic tectum (OT). As the ICx only encodes auditory information,
stimulus competition has not been assessed in the ICx. While both ICx and OT exhibit a topographic map of
space, OT integrates auditory and visual inputs and is the central hub of the midbrain stimulus selection
network, which may implement coding changes of stimulus salience and induces emergence of brain
oscillations within gamma range.

Results: Through comparative investigation of these regions, we show that while increasing strength of a
competitor sound decreases spike rates of spatially distant neurons in both regions, relative salience determines
firing synchrony of nearby units only in OT, a novel finding. Further testing by manipulation of
spectrotemporal envelopes shows that changes in firing synchrony by sound competition in OT are weakly
associated to temporal properties of the stimulus but strongly correlated to gamma range oscillations of local
field potentials (LFPs).

Conclusions: The results of this investigation suggest that modulations in spiking temporal synchrony
between units induced by gamma oscillations is an emergent coding scheme representing relative salience,
which may have relevant implications for downstream readout.

S167. Wider Auditory Filters and Greater Overshoot in Children Than Adults for Brief Tones at Noise
Onset

Samantha R. Glicken!, Ruijing Ning?, Beverly A. Wright*!
'Northwestern University, *Linképing University

Category: Development: Human Subjects

Background: Children have greater difficulty hearing in noise than adults, but the reasons why are not fully
understood. We investigated two potential contributing factors: auditory filter width and processing efficiency.
Auditory filter width reflects the frequency-resolution ability of the auditory system. It can be assessed by
determining the range of frequency components in a masking noise that affects the detectability of a tonal
signal in that noise. Processing efficiency encompasses any factor, other than auditory-filter width, that
contributes to signal-detection performance. It can be assessed by determining the signal-to-noise ratio at
threshold at the output of the filter used for detection. Wider filter widths and poorer processing efficiency are
both associated with hearing-in-noise deficits. Previous work suggests that auditory filter width matures early
in development while processing efficiency matures much later, implicating immature processing efficiency
in children’s difficulty hearing in noise. However, that conclusion is largely based on the detection of long
tones in continuous noise, circumstances that are not indicative of listening in everyday environments where
signals are often brief and background noise is discontinuous. Additionally, for adults, detection thresholds
for brief tones are higher when the tones are presented at the onset rather than later in a noise, but this
phenomenon--called overshoot here--has not been investigated in children.

Methods: We examined signal threshold, auditory filter width, and processing efficiency in children (7-9
years old; n=8) and young adults (n=7) for a 20-ms, 1-kHz tonal signal presented 0 ms (onset) or 200 ms
(delay) after the onset of a 300-ms masker. The masker was a fixed-level bandpass or notched noise (notch
width: 0.4 kHz) centered on the signal frequency. We fit the threshold data using the roex(p) model to estimate
filter width (p) and processing efficiency (K).

Results: For both age groups, thresholds were higher in the onset than the delay condition (documenting
overshoot), but only for the notched noise. However, the overshoot magnitude was three times larger in the
children, due to children’s higher thresholds at noise onset. In the delay condition, children had similar filter
widths, but somewhat poorer processing efficiency compared to adults, like previous observations. In contrast,



in the onset condition, children had both notably wider filter widths and notably poorer processing efficiency
than adults.

Conclusions: Overall, the results suggest that children have greater difficulty hearing in noise than adults in
part because children have greater overshoot than adults. The greater overshoot in children appears to be
associated with immaturities in both auditory filter width and processing efficiency for brief signals at masker
onset. Of note, the developmental changes in filter width and processing efficiency are larger at masker onset
than after a delay. Thus, children may also be adversely affected by more extreme temporal fluctuations in
those factors.

S168. Eye-Fixation and Speech Perception for Visual and Auditory Words in Age-Related Hearing Loss

Patricia V. Aguiar*l, Brandon T. Paul'
"Toronto Metropolitan University

Category: Multisensory Processing/Interactions

Background: Adults with hearing loss appear to show a bias toward visual processing during audiovisual
perception, as shown by more frequent fusions of McGurk stimuli (Rosemann and Thiel 2018, Neuroimage
175:425-37) and stronger susceptibility to visual distractors (Puschmann et al. 2014, Hear Res 316: 28-36).
Visual bias could result from cross-modal reorganization or from a chronic reliance on the visual modality to
resolve degraded auditory signals. Here we test how visual bias in hearing loss is affected by environmental
background noise, and how visual attention plays a role. Participants were asked to identify if a visual word
preceding an auditory word (or the reverse of this order) matched or mismatched, and eye fixations were
recorded for visual words. We predicted that adults with greater age-related hearing loss (ARHL) will (i)
benefit more when presented with visual-preceding-auditory speech, and (ii) focus more on the mouth of the
speaker when presented with auditory-preceding-visual speech. We also hypothesized that increased fixation
to the speaker’s mouth would predict better task performance for visual-preceding-auditory words.
Methods: Fifty-nine participants aged 59 to 81 with untreated hearing loss or typical hearing underwent pure-
tone audiometry to 8 kHz, and QuickSIN measured speech-in-noise (SIN) listening. Participants were
presented with audio and visual monosyllabic words across two manipulations. First, words were presented
with audio-only preceding visual-only presentations, or in reverse of this order. Second, words were presented
in either quiet, =5 dB SNR, or =10 dB SNR (babble noise). For each trial, participants reported if the audio
and visual words were the same or different. Eye-tracking measured fixations to facial features for visual
words.

Results: We found that audiometric thresholds did not predict task performance or fixation to facial features
during visual-only words. Irrespective of hearing ability, we found that (1) accuracy for identifying whether
audio and visual words matched increased when participants heard the audio word before seeing the visual
word, and this effect diminished as background noise increased; (ii) proportion of eye-fixation to the mouth,
relative to the eyes, of the speaker was larger for auditory-preceding-visual words; and (iii) fixation to the
eyes of the speaker predicted better task performance for visual-preceding-auditory words.

Conclusions: The visual bias observed in ARHL may be limited to certain multisensory integration conditions
(e.g., McGurk effect) as our findings do not support the notion of enhanced auditory prediction following a
visual word when thresholds are elevated. As this study presents words separately and serially, future research
should investigate how ARHL may impact audiovisual speech perception when signals are presented
simultaneously, similar to day-to-day speech, and how visual attention may play a role.

S169. Open Board

S170. Effects of Electrical Stimulation Rate in Neuromodulating the Auditory System Through Non-
Invasive Paired Electrical and Acoustic Stimulation

Abigail Heiller*!, Yuan He'!, Azaan Haider!, Hubert Lim!
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Background: Paired acoustic and electrical stimulation of the ear regions has been shown to facilitate or
suppress neural activity and induce plasticity within auditory brain regions dependent on stimulation
parameters. Successful parameters enhancing auditory neural responses or shifting best frequencies of
auditory cortical neurons have been demonstrated in animal studies. Recently, transcutaneous stimulation
approaches in humans have been used to target both the somatosensory and autonomic nervous system
pathways involved in neural plasticity effects. However, there is no consensus on optimal electrical
stimulation conditions. Few investigators have initiated a comprehensive and systematic examination of the
best electrical stimulation parameters for measurable behavioral outcomes in humans, which can guide
developing potential techniques in auditory rehabilitation and hearing health devices. In this study, we sought
to investigate the effects of electrical stimulation rate in a paired stimulation (PS) paradigm on changing the
perception of simple sounds.

Methods: The study consisted of five days of 30-minutes of electrical and acoustic PS. The PS consisted of
either a 25 or 100 Hz burst of electrical pulses delivered to the left cymba concha with a bilateral 250 ms, 1-
octave, narrowband noise centered at 6 kHz or 6 kHz pure tone (20 dB SL). There were 600 instances of the
PS occurring with an inter-trial interval of 2.75 seconds + 10% temporal jitter. A music background composed
of harps and strings was presented at 15 dB SL in between trials of PS. The level of electrical stimulation was
110% of the daily determined perceptual threshold using the pulse train of the PS paradigm. Five participants
with various hearing profiles have completed the study. Recruitment is ongoing to ensure that the expected
sample size from the prior power analysis is met. Data was collected at baseline and after the 5 sessions of PS,
which includes audiograms, questionnaires, auditory brainstem responses, and cortical auditory evoked
potentials. These outcome measures will be analyzed to assess electrophysiologic or behavioral changes in
response to PS.

Results: Data collection and analysis are currently ongoing. Analysis of the data will include within-subject
comparisons (Day 1 vs. Day 5) on electrophysiological, audiometric, and questionnaire changes. Between-
group evaluations will also be performed to determine the effects of the different stimulation rates. The
possibility of using electrocardiogram metrics in indexing the activation of the autonomic nervous system will
be discussed.

Conclusions: The results of this study can show if the proposed PS can induce neural plasticity in the auditory
system. Determining an effective stimulation rate is an important step towards optimizing the parameter space
of the proposed neuromodulation method. The protocols and paradigms determined from the study have
implications for the development of customizable hearing health devices to meet individual needs, such as
potentially improving hearing performance or treating tinnitus.

S171. Extended High Frequency Thresholds, Evoked and Spontaneous Otoacoustic Emissions, and
Medial Olivocochlear Reflex

W. Wiktor Jedrzejczak*!, Krzysztof Kochanek!, Edyta Pilka', Malgorzata Pastucha', Henryk Skarzynski'
Unstitute of Physiology and Pathology of Hearing, Warsaw

Category: Otoacoustic Emissions

Background: The purpose of this study was to investigate hearing thresholds at extended high frequency
range (EHF) and their possible relationships with otoacoustic emissions (OAEs) of various types: transiently
evoked OAEs (TEOAE:S), distortion product OAEs (DPOAEs) and spontaneous OAEs (SOAESs). Additionally
medial olivocochlear reflex (MOCR) was evaluated by the inhibition of TEOAESs by contralateral noise.
Methods: Study group consisted of 50 adults with normal hearing. EHF was evaluated at: 9, 10, 11.2, 12.5,
14, and 16 kHz. TEOAESs were recorded with a linear protocol (identical stimuli), a constant stimulus level of
65 dB peSPL, and contralateral broadband noise (60 dB SPL) as a suppressor. TEOAE response levels, signal-
to-noise ratios (SNRs), raw dB TEOAE MOCR, and normalized TEOAE MOCR were investigated. DPOAEs
were evaluated at 1, 1.5, 2, 4, 6, 8, 10, 12, and 16 kHz. Each subject was tested for the presence of SOAEs
using the synchronized SOAE technique.

Results: The response levels of TEOAEs correlated significantly with the hearing thresholds from the
standard frequency (SF) range and did not correlated with EHF thresholds. DPOAEs, both within the SF range
and the EHF range, decrease as thresholds deteriorate. MOCR on the other hand did not correlated with
thresholds from the SF range but correlated significantly with EHF thresholds. The better the EHF thresholds



— the higher MOCR. Additionally, the number of SOAEs correlated significantly with EHF thresholds and
MOCR. The higher the number of SOAEs the lower EHF thresholds and MOCR.

Conclusions: EHFs influenced DPOAEs but not TEOAEs. However, the MOCR as evaluated by TEOAEs
seems to be related to the hearing in EHF. Studies available in the literature indicate that EHF and MOCR are
related to similar aspects of auditory processing (e.g., localization or understanding speech in noise).
Therefore, the association of these two measures appears not to be coincidental. However, whether indeed the
MOCR and EHF portion of the auditory pathway modulate certain auditory processing abilities requires
further more detailed research.

S172. Expanding the Objective Audiometric Test Battery for Studying Age-Related Hearing Loss and
Novel Therapeutic Candidates in Rats

Mathieu Petremann*', Valentina Kaden-Volynetsz, Hubert Lowenheim!, Jonas Dyhrfjeld-J ohnsen?
"Translational Hearing Research, University of Tiibingen, *Acousia Therapeutics

Category: Otoacoustic Emissions

Background: Outer hair cell (OHC) dysfunction receives increasing attention in age-related hearing loss and
speech discrimination (Wu et al. 2020, Parker 2020) and as early, objective biomarker of subclinical hearing
loss and cognitive dysfunction (Medel et al. 2023) potentially foreshadowing hearing loss contribution to early
onset dementia (Livingston et al. 2020, Wang et al. 2022). Rats provide a well-established research model of
hearing loss onset and progression in the preclinical setting as well as testing of novel candidate therapeutics
(Escabi et al. 2019, Holt et al. 2019). Furthermore, rats are broadly used for regulatory general toxicology and
safety studies and potentially also best suited for inner ear specific toxicology studies (Shimoji et al. 2019).
Age-related hearing loss progression has previously been reported in standard Wistar rats (Petremann et al.
2020), but the characterization of OHC function was limited to stimulus-evoked DPOAEs, but reflection-type
otoacoustic emissions that provide information about cochlear tuning (Souter 1995, Abdala et al. 2022) and
may be more sensitive to hearing loss onset (Keefe et al. 2019, Blankenship et al. 2019) have not yet been
established for this species. We here report initial efforts to broaden the toolbox for objective audiometry in
rats to include SFOAE measurements, for use in the study of OHC contribution to age-related hearing loss
progression in this species and testing of novel therapeutic candidates.

Methods: Six 13 weeks-old male Wistar rats underwent bilateral audiometric characterization in a soundproof
chamber: ABR thresholds (2/4/8/16 kHz, 90-10 dB SPL in 5 dB steps, closed field configuration), DPOAE
amplitudes (2/4/8/16 kHz, £2/f1=1.2, L1/L.2=80/70 dB SPL, single centered frequencies and upward swept
tone stimulus from 2 to 20 kHz (f2), sweep rate 0.0099 kHz/ms) and SFOAEs (2-16 kHz, 10 points/octave,
probe/suppressor level 65/75 dB SPL, fs = {p-50 Hz) were determined.

Results: Animals demonstrated normal hearing with ABR thresholds from 20.0+3.0 dB SPL to 30.8+5.1 dB
SPL between 2-16 kHz. Single frequency DPOAEs showed mean amplitudes from 10.4+4.5 dB SPL to
36.5£1.9 SPL between 2-16 kHz comparable to amplitudes obtained with swept-tone DPOAEs. Including
only emissions with SNR greater than 6 dB (average SNR across all frequencies = 22.5 dB), mean SFOAE
amplitudes ranged from 4.9+5.6 dB SPL (2.15 kHz) to 23.9+4.1 dB SPL (6.3 kHz) with some individual
maximum SFOAE amplitudes up to 30 dB SPL in the 4.4 to 8.4 kHz range.

Conclusions: These data confirm that SFOAESs can be measured consistently in Wistar rats with fine structure
and levels comparable to other species such as guinea pigs (Shera et al. 2010), mice (Cheatham et al. 2011)
or chinchillas (Berezina-Green and Guinan, 2015) not commonly accepted for all aspects of translational
therapeutic development. Further work aims to demonstrate the evolution of SFOAEs with aging, in
comparison to ABR and DPOAE measurements.

S173. Changes in Click Evoked Otoacoustic Emissions Reflect Cochlear Gain Changes That May
Underlie Forward Masking

C. Evelyn Feld!, Daniela E. Matute!, Laurel H. Carney*!
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Background: Forward masking refers to an increase in threshold for detection of a brief probe tone following
a masking stimulus. Models for forward masking have typically focused on effects that are hypothesized to
interfere with the neural response to the probe tone, such as a prolonged response to the masker or neural
adaptation. Another line of studies has suggested that efferent control of cochlear gain, via the medial
olivocochlear (MOC) system, plays an important role in forward masking. Click evoked otoacoustic emissions
(CEOAES) can be used to evaluate changes in cochlear gain due to the MOC efferent system (Goodman et al.,
2021, JARO 125:1938). Here we measured CEOAEs before and after a tone stimulus to test the hypothesis
that the MOC system reduces gain during the masking stimulus, and that recovery of gain mirrors the recovery
from forward masking observed in psychoacoustic studies.

Methods: CEOAEs were measured in human subjects with normal or mild hearing loss using an Etymotic
10B+ probe-tube microphone. 100-us clicks were presented 25 ms before and 25 or 75 ms after 200- or 400-
ms duration 65-dB SPL tones. Tones were presented at frequencies for which CEOAEs were measurable in
individual listeners, avoiding dips in the fine structure of each listener's CEOAE spectrum. CEOAEs
amplitudes at different frequencies were analyzed using a bank of bandpass filters; the amplitude of the long-
latency component in each frequency channel was estimated (Goodman et al., 2021). The CEOAESs in response
to the clicks before and after the tone were compared to assess changes in cochlear gain due to the tone.
CEOAE:s based on many repetitions of low-level, single-click stimuli were used to minimize the effect of the
clicks on cochlear gain. Click levels were adjusted such that CEOAEs were 10-20 dB above the noise floor,
but kept low to maintain sensitivity to the MOC. Long, 1-sec interstimulus intervals were used to allow
recovery of the efferent system between trials.

Results: Changes in CEOAE long-latency component amplitudes suggested a reduction in cochlear gain by
the MOC efferent system that was greatest at the tone frequency for clicks 25 ms after the tone. The frequency
of maximal gain change shifted with tone frequency. The size of the gain change decreased for longer click
delays.

Conclusions: The results support the hypothesis that changes in cochlear gain, as evidenced by CEOAE long-
latency component amplitudes, could explain changes in threshold associated with forward masking. These
changes in cochlear gain would affect detection of a probe tone following a tone masker over a time course
consistent with forward-masking effects. Future models of forward masking could incorporate these effects
using physiological models that include the MOC efferent system.

Supported by NIH DC001641
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Background: Compared to the use of a cochlear implant (CI) alone, some bimodal users benefit, while others
do not. This variability might be due to the different spectral processing abilities of bimodal users, which are
critical for speech perception. The spectral information processed by each user is different due to the extent
of their residual hearing in the hearing aid (HA) ear and electrode array insertion depth in their CI ear. This
results in different weights for the user in specific frequency bands for speech perception (i.e., the frequency
importance functions or FIFs). FIFs of the CI alone (CI FIFs) utilized for bimodal benefit may be different
from the FIFs of the CI+HA (bimodal FIFs). This study aims to compare CI FIFs and bimodal FIFs.
Methods: This is an acoustic simulation study of bimodal hearing with twenty adults with normal hearing: 10
for CI FIFs and 10 for bimodal FIFs. Sentence perception was measured in quiet and at 6 dB signal-to-noise
ratio, with HA alone, CI alone, and CI+HA as a function of spectral hole. Percent scores were used to derive
four sets of FIFs: CI FIFs and bimodal FIFs in quiet and noise. For CI FIFs, acoustic hearing was simulated
using low-pass filtering with a cutoff frequency of 500 Hz. Electric hearing was simulated using a six-channel
sinewave vocoder with a fixed output frequency ranges (1000-7938 Hz) but with three different input
frequency ranges to create frequency maps found in bimodal patients: overlap (188-7938 Hz), meet (500-7938
Hz), and gap (750-7938 Hz), relative to 500 Hz used for the acoustic simulation. A total of 22 spectral hole
conditions were created by setting the amplitudes of CI channel(s) to zero: no spectral hole (control), six
single-hole, and fifteen two-hole (e.g., 1,2; 1,3; 1,4, ....., and 5,6). For EAS FIFs, the approach is identical to



CI FIFs besides three exceptions: spectral holes on both HA and CI ears, overlap map only, and additional 10
three- and 6 four spectral holes to obtain fine FIFs with the most common bimodal map.

Results: CI FIFs, overlap map weighted channels 4, 5, and 6 (1496.5-7938 Hz), while meet and gap maps
weighted channels 5 and 6 (2545-7938 Hz) in both quiet and noise. Bimodal FIFs have gradual increase and
decrease patterns both in quiet and noise but were highest at channel 5 in quiet and 4 in noise.

Conclusions: Frequency range of 2647-7938 Hz contributed most to bimodal speech perception when CI
alone was considered, but frequency range of 1496.5-4606.3 contributed most when both devices were
considered. Frequencies lower than 1500 Hz were weighted less for bimodal speech perception. Bimodal users
utilized frequency information differently between quiet and noisy environments.

S175. Spectral Processing in Simulated Electric Acoustic Stimulation Hearing
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Background: Electric acoustic stimulation (EAS) hearing is a monaural hearing, combining electric
stimulation through a cochlear implant (CI) and acoustic stimulation through a hearing aid (HA). EAS user
may have their own strategy to utilize the spectral information (i.e., the frequency importance functions or
FIFs) depending on the extent of their residual hearing and spectral mismatch in electric stimulation. FIFs of
the CI alone (i.e., CI FIFs) and the combined use of CI+HA (i.e., EAS FIFs) may differ due to interactions
between acoustic and electric stimulations. The goal of this study was to compare CI FIFs and EAS FIFs using
simulation of EAS hearing.

Methods: Twenty adults with normal hearing participated: 10 for CI FIFs and 10 for EAS FIFs. Sentence
perception was measured in a quiet and at 6 dB signal-to-noise ratio, with acoustic alone, electric alone, and
combined stimulations as a function of spectral hole. Percent scores were used to derive four sets of FIFs: CI
FIFs and EAS FIFs in quiet and noise. For CI FIFs, acoustic hearing was simulated using low-pass filtering
with a cutoff frequency of 500 Hz. Electric hearing was simulated using a six-channel sinewave vocoder with
a fixed output frequency ranges (1000-7938 Hz) and with three different input frequency ranges to create
typical frequency maps found in EAS patients: overlap (188-7938 Hz), meet (500-7938 Hz), and gap (750-
7938 Hz), relative to 500 Hz used for the acoustic simulation. A total of 22 spectral hole conditions were
created by setting the amplitudes of channel(s) to zero: no spectral hole (control), six single-hole, and fifteen
two-hole (e.g., 1,2; 1,3; 1,4;...5,6). For EAS FIFs, the same approach used for CI FIFs was used with following
exceptions: spectral holes on both acoustic and electric sides, overlap map only which is the most common
EAS map, and additional 10 three- and 6 four spectral holes to derive fine EAS FIFs.

Results: For CI FIFs, the overlap and meet maps weighed frequency ranges of 188-838 Hz and 2648-7938
Hz most in quiet and 1496.5-7938 Hz in noise, while gap map weighted frequency range of 3737-7938 Hz
most in quiet and had a flat shape in noise. EAS FIFs had sharp increase slope both in quiet and noise, but the
most weighted the frequency range of 1497-4606 Hz in quiet and 820-2648 Hz in noise.

Conclusions: CI FIFs suggest that the contribution of frequency bands depends on degree of frequency
overlap between acoustic and electric stimulation and noise, but higher frequency range (about 2648-7938
Hz) were most weighted regardless of the frequency map. In contrast, EAS FIFs suggest that lower frequency
range (820-2648 Hz) contributed to EAS hearing both in quiet and noisy listening condition.

S176. Modulation-Domain Psychophysical Tuning Curves Measured in Normal-Hearing and Cochlear-
Implant Listeners

Shigeto Furukawa*!, Norishige Hattori!, Aya Matsubara!, Akira Takagi'
Shizuoka Graduate University of Public Health

Category: Psychoacoustics
Background: This study explored the feasibility of measuring amplitude-modulation (AM) domain
psychophysical tuning curves (mPTCs) in cochlear implant (CI) listeners, aiming to characterize their



modulation filters, as a basis of AM processing. Despite their presumed importance for CI listeners’ auditory
performance, their modulation filter properties remain to be explored.

Methods: Two participants, one bilateral CI listener (30 years old) with congenital severe hearing loss and
one normal-hearing (NH) listener, participated in the study. The CI listener had been wearing hearing aids
until the age of implantation (22 and 29 years old for the left and right ear, respectively). The experimental
procedures followed those of Ewert and Dau (JASA, 2002). The stimulus was a broadband low-noise noise
(duration 600 ms), modulated in the 1000-4000 Hz range. The signal modulation was a sinusoid with a
frequency (Fs) of 4 or 16 Hz, set at 4 dB above each listener’s detection threshold. The masker modulation
was a 1/2 octave wide noise, and its center frequency (Fm) varied from -2 to +2 octaves around Fs. The stimuli
were presented via a single loudspeaker 1.2 m in front of the listener’s head at a level of 65 dBA. mPTC is the
maximum masker modulation depth at which the signal modulation is detectable (THm), plotted as a function
of Fm. Temporal modulation transfer function (TMTF; the detection threshold for signal modulation (THs) as
a function of Fs in the absence of the masker) was also obtained.

Results: The TMTFs of both CI and NH listeners showed typical lowpass characteristics, i.e., . THs tended
to increase with Fs, but the cutoff frequency for the CI listener was lower than that for the NH listener. The
mPTCs also showed a typical “U” shape, i.e., . THm increasing as Fm and Fs separated. The CI listener’s
mPTC for the 16 Hz Fs showed a marked asymmetry, with the THm for the higher Fm side being higher (i.e.,
easier to detect) than for the other side, resulting in the minimum of the mPTC being at a frequency lower
than 16 Hz. This was likely due to the cutoff AM frequency of the stimulus in the CI processor.
Conclusions: These preliminary results suggest that the auditory system of the CI listener comprises of
modulation filters, which can be evaluated by the psychophysical modulation masking paradigm with acoustic
stimuli. The measured mPTCs are influenced by the CI processor’s parameters. Future studies will compare
mPTC characteristics in CI users with varying implantation histories to understand long-term adaptation to CI
input in the central modulation processing mechanisms.

Supported by JSPS KAKENHI Grant Number 23H01063
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Background: Signals received by our auditory systems are always a mixture of multiple different sound
sources; selective attention lets us survive the complex acoustic world by enhancing the event of interest and
suppressing other competing sounds. However, salient and unexpected events can redirect our attention
automatically, disrupting volitional, top-down selective attention. This study explores how bottom-up
interruptions interact with top-down auditory spatial attention. In a series of online studies, we investigated
the impact of novelty of the interrupters, working memory load of the task, and timing of the interruption. We
quantified how unexpected interruptions interfered with the ability to recall a target stream for these different
stimulus conditions.

Methods: We used a syllable-recall task design for our spatial attention task. Two competing sound streams
made up of random sequences of spoken syllables (BA, DA, and GA) were spatialized to opposite hemifields.
Listeners were asked to focus on one of the streams (the target) and report the syllables making up the target.
In 50% of the trials, an unexpected interrupting sound occurred, and the performance difference caused by the
interruption was computed for each target syllable position.

To investigate the impact of novelty of interrupters, we compared using the same interrupting sound versus
using a unique, novel sound for each interrupted trial. To understand the role of working memory load on our
ability to resist interruption, we varied the number of syllables in the target sequences. To study the effect of
timing of the interruption, we placed the interrupter at different temporal locations. We also contrasted results
when the timing of the interrupter was fixed across trials to when it was randomly selected from trial to trial.
Results: There was a robust pattern of interruption effect with novel interrupters. Specifically, recall

performance for the target syllable occurring just after an interruption was always significantly worse than
when uninterrupted. Depending on the condition, the degradation in recall could extend forward in time to the



3rd syllable after the interruption, or could extend “backward in time,” impairing recall of a target syllable
that preceded the interruption. As working memory load increased, the effect size of the degradation in recall
performance for the syllable just after the interruption tended to increase. Finally, the interrupter tended to
have a larger impact when the timing of the interrupter was random rather than predictable.

Conclusions: The consistent impairment to recall of the syllable occurring just after an interruption suggests
that a salient enough interruption causes a robust disruption of selective attention, independent of the working
memory load and the novelty or timing of the interruption. However, these factors influence how long-lasting
the effect of the interruption is and the degree to which it impairs recall of preceding syllables.

S178. A Data-Driven Approach for Rapid Profiling of Loudness Perception

Erik Petersen*!, Stephen T. Neelyz, Yi Shen'
YWniversity of Washington, *Boys Town National Research Hospital

Category: Psychoacoustics

Background: Rapid estimation of loudness growth across a wide range of frequencies could have important
applications in individualized fitting of hearing devices and ensuring listening comfort. Standard procedures
for estimating loudness growth typically involve repeating a categorical loudness scaling (CLS) task using
pure-tone stimuli over a pre-selected set of test levels and frequencies. The current study explores the
feasibility of an adaptive procedure that iteratively selects the test frequency and level.

Methods: A database of CLS data was used to train a data-driven model of loudness perception. The database
consisted of data from 148 listeners, including 61 with normal hearing (NH) and 78 with various degrees of
hearing loss (HL). Each listener’s loudness perception profile was described by a set of multi-category
psychometric functions, one for each of the ten frequencies ranging from 250 Hz to 8000 Hz. Each multi-
category psychometric function described the levels defining the ten loudness category boundaries that
separated the total of 11 loudness categories in the original experiment. These ground-truth category
boundaries across frequencies were modeled using a small number of principal components via a principal
component analysis, with the listener’s loudness perception profile represented in the component scores.
Adaptive procedures were developed which iteratively re-fitted the data-driven model after each response was
collected and used the interim model for the selection of the subsequent stimulus.

A series of Monte Carlo simulations were conducted to evaluate the feasibility of the adaptive procedures
based on the data-driven model. For each listener in the database, the multi-category psychometric function
was used to simulate the listener’s responses, and the multi-category psychometric functions of the remaining
147 listeners were used to train the data-driven model and formulate the adaptive procedures. Four different
adaptive procedures differing in their stimulus-selection strategies were evaluated. Each adaptive procedure
consisted of 200 simulated trials and was repeated 10 times for each simulated listener.

Results: All four stimulus selection strategies in the adaptive procedure were able to provide convergent
estimates of the loudness category boundaries across frequencies and equal-loudness contours at loudness
levels of 20, 40, 60, 80, and 100 phons. The average root-mean-square errors for the estimated equal-loudness
contours were typically under 6 dB following 100 simulated trials. Increasing each adaptive procedure to 200
trials only improved the accuracy of the estimates by less than 1 dB. The error was slightly larger for the
listeners in the HL group than the NH group. The different stimulus-selection strategies only had very limited
effects on the estimated equal-loudness contours, especially for the HL group.

Conclusions: The current study suggests the feasibility of rapid profiling of individual listeners’ loudness
growth across a wide frequency range using a data-driven approach within approximately five minutes of
testing.

S179. Initial Evaluations of a Rapid Psychophysical Procedure for Estimating Loudness Growth Across
a Wide Frequency Range

Yi Shen*!, Erik A. Petersen!, Isabella E. Cunio!, Sara E. Harris?, Stephen T. Neely?
YWniversity of Washington, *Boys Town National Research Hospital

Category: Psychoacoustics



Background: Comprehensive loudness assessment may be used for individualized hearing-aid fitting and
fine-tuning. Traditional approaches based on repeating categorical loudness scaling tasks across frequencies,
although with their demonstrated reliability and potential clinical utility, are often too time-consuming to be
implemented for routine clinical applications. Bayesian adaptive procedures may present a venue for
improving the efficiency of behavioral loudness assessments. The current study performs an initial evaluation
of a Bayesian adaptive procedure for estimating loudness growth across a wide frequency range.

Methods: Two cohorts participated in the experiment at two different locations (University of Washington [6
adults 55 years old and above] and Boys Town National Research Hospital [7 adults between 21-35 years
old]). The experiment was completed in one test session, which consisted of pure-tone audiometry and two
repetitions of loudness assessment. For each repetition of the loudness assessment, a Bayesian adaptive
procedure of 100 categorical loudness scaling trials were conducted. During each trial, listeners provided
categorical ratings (e.g., “Can’t Hear”, “Very Soft”, “Soft”, “Medium”, “Loud”, “Very Loud”, and “Too
Loud”) to pure-tone stimuli, by selecting one of 11 categories. The pure-tone stimuli were presented
monaurally via an insert earphone. The Bayesian adaptive procedure iteratively updated a phenomenological
model of the loudness category boundaries and used the interim model estimate for the selection of stimulus
parameters (test frequency and level) of the subsequent trial. The selection of stimuli additionally constraint
to reduce the probability of “Too Loud” responses and to prevent electroacoustic distortions when driving the
earphone at high frequency and level. Following data collection, for each participant and each repetition of
the adaptive procedure, the stimulus parameters as well as the participant’s responses from the 100 trials were
subjected to post hoc model fitting to derive the final estimates of the 10 category boundaries (separating the
11 response categories) between 250 and 6000 Hz.

Results: All participants were able to complete the Bayesian adaptive procedure in approximately five
minutes. Eight of the thirteen participants showed satisfactory agreement between the two repetitions of the
procedure, with root-mean-square deviations between the two estimates of loudness category boundaries
under 6 dB. An analysis of the participants' responses showed that on average less than 5% of the trials led to
“Too Loud” responses. Moreover, the median of all responses was close to “Medium” regardless of the degree
or configuration of the participant’s hearing loss. This suggests that the procedure was able to adaptively
prevent presenting disproportionately larger numbers of stimuli near the upper or lower limit of the dynamic
range.

Conclusions: The current study provides initial evaluations of using a Bayesian adaptive procedure to rapidly
profile older adult listeners’ loudness perception.

S180. Acoustic Constraints on Vocal Learning in Songbirds

Rawan Zayter*!, Loughlin Browne', Moises Rivera!, Jacob Edwards', Sarah Woolley?
YColumbia University, *Zuckerman Institute, Columbia University

Category: Psychoacoustics

Background: Most animals that communicate using hearing and voice produce and perceive species-specific
signals that develop without learning. In contrast, songbirds learn their complex courtship vocalizations
(songs) by copying the syllables of adult tutors. Prior studies show that juvenile songbirds tutored by adults
of a different species are able to learn most of their tutors’ syllables. Our experiments on cross-species song
learning suggest that syllable copying between species is limited; pupils of one species fail to learn specific
syllables from tutors of another species. We hypothesize that syllable learning is constrained by the acoustic
similarity of tutor and pupil songs, at the species level. We used cross-species song learning experiments to
identify acoustic features of heterospecific tutors’ syllables that were and were not copied by pupils, and
compared them to the acoustic features of pupil species’ syllables. Results indicate that species genetics
constrain vocal learning of both spectral and temporal acoustic features.

Methods: We tested the hypothesis that syllable learning is influenced by the acoustic space of conspecific
song. We predicted that juveniles would prefer copying heterospecific song syllables that share acoustic
features with conspecific syllables. We recorded the songs of adult Bengalese finches (Lonchura striata
domestica), long-tailed finches (Poephila acuticauda), and zebra finches (Taeniopygia guttata) that were either
tutored by their own species (normal) or tutored by a different species (cross-tutored). From song recordings,
we measured 21 acoustic features of each syllable, including duration, mean frequency, and spectral entropy,
which differ significantly across species. We used Principal Component Analysis to compare the: 1) acoustics



of tutor syllables that were and were not copied by heterospecific pupils; and 2) acoustics of cross-tutored
pupils’ syllables and conspecific song syllables. We also compared the acoustic features of normal birds'
syllables from tutor generation to pupil generation.

Results: Birds tutored by conspecifics copied tutors’ syllables. Cross-tutored birds copied only heterospecific
syllables that shared acoustic features with conspecific song. Specifically, the ranges of syllable duration and
mean frequency found in conspecific song syllables predicted which heterospecific song syllables were
copied.

Conclusions: Results suggest that genetic auditory-vocal mechanisms impose boundaries on vocal learning
at the species level. Both spectral and temporal features appear to constrain vocal learning.

S181. What Frequency Was That Tone and When Did it Occur? A Pilot Experiment

Emily R. Gibson', Beverly A. Wright!, Emily Gibson*!
!Northwestern University

Category: Psychoacoustics

Background: When asked to judge whether a brief clearly audible tone was presented before, during, or after
anoise, listeners reliably perceive the tone as having occurred later than it actually did. That is, they frequently
perceive tones that were presented before a noise as having been in the noise, and tones that were presented
during a noise as having been in the silence after the noise. There is a clear mismatch between perception and
reality. We wondered whether this mismatch might affect performance on other auditory tasks. Might there
be cases in which performance is more closely tied to the perceived rather than the actual background in which
the task is conducted? Here we describe our first, decidedly primitive, attempt to address this question.
Methods: Specifically, on each trial, we randomly presented a 0.9-kHz or 1.1-kHz tone before, during, or
after a bandpass noise and asked listeners (n=21) to answer two questions: (1) Was the tone presented inside
or outside of the noise? and (2) Was the frequency of the tone high or low? The question order differed between
two groups.

Results: Initial analyses suggest that the tone was perceived as having occurred later in relation to the noise
than its actual presentation time, replicating previous observations. Further, frequency-identification
performance varied across the temporal positions of the tone. Performance was poorest at noise onset, where
listeners largely perceived the tone to have occurred during the noise, but improved to near silent-background
levels as the tone in noise was increasingly perceived to have occurred in silence. Overall, performance across
the tone-presentation times varied approximately inversely for the time and frequency tasks.

Conclusions: This outcome is at least consistent with the idea that performance on a perceptual task can be
more closely tied to the perceived rather than the actual background in which the task is conducted. To the
extent that this interpretation holds, the results suggest that (1) listeners determine when a stimulus was
presented prior to determining exactly what the stimulus was, and that (2) task performance with clearly
audible sounds may be more constrained by higher-level (perceptual) than lower-level (sensory) processes.

S182. The Effect of Signal Level and Signal-To-Noise Ratio on Adaptation to Noise in Spectral and
Temporal Modulation Detection

David Lépez—Ramos*l, Luis E. L(')pez—Bascuasz, Almudena Eustaquio—Martinl, Miriam I Marrufo-Pérez!,
Enrique Lopez-Poveda!

YWniversity of Salamanca, *Complutense University of Madrid
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Background: The term ‘noise adaptation’ refers to an improvement in auditory function as the signal of
interest is delayed in the noise. We have previously shown that when the signal is a modulated ripple noise,
adaptation occurs for spectral (SM) and temporal modulation (TM) detection, but not for the detection of
spectro-temporal modulations combined. Here, we investigate the effect of stimulus level and signal-to-noise
ratio (SNR) on noise adaptation for temporal and spectral modulation detection.

Methods: The signal was a 200-ms spectrally (2 cycles/oct) or temporally (10 Hz) modulated ripple noise
embedded in white noise. The noise-signal onset delay was 50 ms (early condition) and 800 ms (late



condition). The modulation depth (dB) was varied adaptively to measure a modulation detection threshold.
Adaptation was calculated as the threshold improvement in the late relative to the early condition. In
Experiment 1, adaptation for SM (N=16) and TM (N=11) detection was measured for signal levels of 45, 60
and 75 dB SPL while the SNR was fixed at 0 dB. In Experiment 2, adaptation was measured for SM (N=10)
and TM (N=10) detection for SNRs of -10, -5, 0, 5 and 10 dB while the background noise level was fixed at
60 dB SPL.

Results: SM detection thresholds improved significantly in the late condition at the three levels (1.8 dB at 45
dB SPL; 2.2 dB at 60 dB SPL, and 3.0 dB at 75 dB SPL). For TM detection, significant adaptation was
observed at 60 and 75 dB SPL but not at 45 dB SPL (2.9 dB, 2.0 dB, and 1 dB, respectively). The effect of
signal level on adaptation was not significant for SM or TM detection. Adaptation for SM detection was
significant at all SNRs except 5 dB (1.2 dB at 10 dB SNR; 1.7 dB at -5 dB SNR; 2.2 dB at 0 dB SPL and 2.9
dB at +10 dB SNR). For TM detection, adaptation was significant at - 10 dB SNR (2.4 dB) and at 0 dB SNR
(3.0 dB), but not at the other SNRs.

Conclusions: Noise adaptation for SM detection tended to increase with level. For TM detection, adaptation
tended to be greater at mid-levels than at lower or higher levels. However, the stimulus level did not affect
adaptation significantly for SM or TM detection. Although noise adaptation in SM and TM detection seems
to be greater at 0 dB SNR, the effect of SNR on adaptation was not significant. We discuss the implications
of the results for elucidating the mechanisms involved in noise adaptation. [ Work supported by the University
of Salamanca, Banco Santander, and the Spanish Ministry of Science and Innovation (grant PID2019-
108985GB-100)].

S183. The Role of Temporal Coding in Hearing: Evidence From Task Optimization
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Background: Neurons encode information in the timing of their spikes in addition to their firing rates. The
fidelity of spike timing is arguably greatest in the auditory nerve, whose action potentials are phase-locked to
the fine-grained temporal structure of sound with sub-millisecond precision. The role of this temporal coding
in hearing remains controversial because physiological mechanisms for extracting information from spike
timing remain unknown. Nonetheless, phase-locked spike timing has been proposed to support hearing in
noise, with recognition difficulties of hearing-impaired listeners potentially reflecting an inability to use
temporal fine structure. We investigated the perceptual role of auditory nerve phase locking by optimizing
models to perform real-world hearing tasks using simulated cochleae, asking whether phase locking in a
model’s cochlear input was necessary to obtain human-like behavior.

Methods: We trained deep artificial neural networks to recognize and localize words and voices and to make
pitch judgments using simulated auditory nerve representations of naturalistic auditory scenes. We
manipulated the upper limit of phase locking via the lowpass cutoff in simulated inner hair cells, varying it
between 3000 Hz (the presumptive upper limit in humans) and 50 Hz (eliminating virtually all phase locking
to fine structure). Models were separately optimized with each cutoff and we measured the extent to which
they replicated human behavior in a range of experimental conditions.

Results: Models with high-frequency phase locking replicated human behavior across all tasks and stimulus
conditions. Degraded phase locking affected some tasks more than others. Voice recognition and sound
localization were most susceptible, with degraded phase locking leading to impaired performance in noise and
inhuman responses to pitch and localization cue manipulations. Degraded phase locking left word recognition
largely intact, with models exhibiting human-level performance in most real-world noise conditions.
Nonetheless, phase locking -- at least up to the fundamental frequency of typical adult speech -- was necessary
to account for the fluctuating masker benefit and the effects of tone vocoding seen in normal-hearing humans.
Conclusions: The results suggest that information conveyed by the precise, millisecond-level timing of
auditory nerve spikes contributes to perception and therefore must be extracted by the human auditory system.
Our modeling approach links neural coding to real-world perception and clarifies conditions in which
prostheses that fail to restore high-fidelity temporal coding (e.g., contemporary cochlear implants) could in
principle restore near-normal hearing.
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Background: Adaptation to background noise is an important facilitator for auditory perception, as a way to
suppress the deleterious effects of noise and focus on more informative sounds. Previous studies have shown
that listeners can rapidly adapt to the onset of background noise when discriminating speech sounds. While it
has been shown that auditory cortical neurons adapt to changes in noise statistics, it is unclear whether human
listeners perceptually show similar adaptation to background noise statistics. The timecourse of adaptation is
also unknown, as is whether adaptation timecourses are task dependent.

Methods: This study aimed to investigate adaptation to changes in noise statistics using two behavioural tasks.
The first involved participants reporting the location of a 300ms broadband noise target within an 18-speaker
array. The target in each trial was either presented in silence or in one of three types of naturalistic noise
located in either the left or right hemifield. The background condition switched in type and/or location for
each trial. The delay between the onset of a switch in background and the target stimulus varied on each trial
from 0 to 1000ms.

The second task was a four-alternative forced choice speech discrimination task, in which participants
identified consonant-vowel (CV) speech stimuli each similarly either presented in silence or in one of three
types of naturalistic noise. The delay between the onset of a switch in noise and the target CV stimulus varied
on each trial from 0 to 1500ms.

Results: 16 and 22 participants so far have completed the localisation and speech discrimination tasks
respectively. In both cases, performance increased with increasing time intervals between the switch in
statistics and the target sound, even for the silent condition. To analyse the results, binomial logistic
regressions were run to determine how delay, noise type, switch type (i.e., whether the trial switched from
silence to noise, noise to silence or noise to noise), noise position (in the localisation task only), and talker (in
the speech task only) influenced the odds of a correct response. In both cases, these analyses support rapid
adaptation to background statistics that is of a similar time course, regardless of the specific change in
background or behavioural task.

Conclusions: Listeners adapt rapidly to shifts in background noise and/or position. The timecourse of this
adaptation is similar for sound localisation and speech discrimination on the order of ~100ms, plateauing at
~250ms. The detrimental effect that changes in background noise have on listening includes when background
noise ceases, implying that breakdown of previous adaptation has a similar timescale to its build-up.

Insights gathered here may have the potential to be used diagnostically as another measure of “hidden” hearing
loss, depending on the extent that adaptation impacts speech-in-noise recognition for hearing impaired
listeners.

S185. Preferences for Loudness and Pitch Vary Across Cultures

Malinda McPherson*!, Eduardo Undurraga?, Bryan Medina®, Josh McDermott?
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Background: Human preferences for sounds may shape musical systems and influence designs of sound-
producing objects in our world, such as machinery and household appliances. Yet it remains unclear why
humans have the preferences they do, and whether any such preferences are innate. To address these issues,
we tested preferences for natural sounds and various basic sound features, including pitch height, loudness,
and roughness (amplitude modulation), across cultures.

Methods: Participants from the USA, a small rural town in Bolivia, and an indigenous community living in
the Bolivian Amazon (the Tsimane’) completed experiments in which they rated how much they liked or
disliked sounds. Some experiments presented synthetic sounds: pure and complex tones and bandpass noise



that varied in frequency, loudness, and amplitude modulation. Participants also rated the pleasantness of a
large set of environmental sounds (e.g. from animal vocalizations, machines, running water, etc.).

Results: The results suggest that preference for sounds can vary across cultures. Preferences for loudness and
pitch height were opposite between Tsimane’ and USA participants: Tsimane’ participants preferred high and
loud sounds, whereas participants in the USA preferred low and quiet sounds. Participants from the small
Bolivian town demonstrated preferences that were intermediate between Tsimane’ and USA participants.
Control tasks and audiometric tests indicated that differences between groups cannot be explained by
differences in task comprehension, stimulus interpretation, or audiometric thresholds. Cross-cultural variation
extended to recorded environmental sounds, and was consistent with the variation in preferences for frequency
(sounds with more low-frequency energy tended to be preferred by USA participants but not by Tsimane’).
Conclusions: The results suggest that preferences for basic acoustic features vary across cultures. Given the
gradation in responses — from Tsimane’ to the small Bolivian town to USA participants — aversion to high
frequencies and loud noises is plausibly related to exposure to the noises that are prevalent in industrialized
societies. More broadly, the results suggest that cultural and environmental forces may be strong determinants
of acoustic preferences.

S186. In Search of a Psychophysical Correlate of Dynamic Range Adaptation in Human Listeners:
Intensity Discrimination within a Context

Coline Marché*!, Olivier Macherey!, Sabine Meunier'
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Background: Neurons at different stages of the auditory system exhibit different behaviors and adapt their
response functions depending on the stimulation history. Several mechanisms related to statistical properties
of the stimulus may be involved in these changes. Among them, dynamic range adaptation (DRA) depends
on the sound level distribution: the steepest part of the neuron rate-level function shifts towards the range of
most encountered levels in the recent stimulation history, hence providing potentially better intensity
resolution for the more probable presentation levels. Although some evidence of DRA in humans has been
obtained in EEG experiments, few perceptual studies have been undertaken.

Methods: Intensity difference limens (DLs) were measured in three different experiments for standards
presented at different “soft” and “loud” levels. These measures were achieved either in silence, or in the
presence of a “soft” or “loud” context sound. We expected an interaction between standard level and context
level, as well as lower DLs when standard and context levels are matched.

In Experiment 1, DLs were measured in an adaptive two-interval forced choice task for 50-ms, 2-kHz pure
tones presented at 55- and 75-dB SPL. The context in this task consisted in sequences of 50-ms narrowband
(1-ERB) noise centered on 2 kHz, with a Gaussian level distribution centered either on 55 or on 75 dB SPL.
The context, when present, was played continuously during the adaptive run and only stopped when presenting
the discrimination trials.

Suspecting off-frequency listening in the loud standard-soft context condition, Experiment 2 repeated the same
measure in the presence of notched noise for the loud standard in both context levels.

Experiment 3 was performed similarly, with broadband signals in order to get closer to the animal studies.
The context was a broadband noise and the standard a broadband harmonic complex. Both context and
standard had the same long-term spectrum but different timbres. The soft and loud levels were 50- and 70-dB
SPL.

Results: Expl results did partially agree with our hypothesis: the interaction was significant, and DLs were
lower in the soft context for the soft standard. For the loud standard however, no difference was found between
the conditions.

The notched noise (Exp2) did not show much effect.

In Exp3, results for the soft standard remained similar to Expl, with lower DLs obtained in the soft than in
the loud context. For the loud standard however, significantly lower DLs were obtained in the loud context
than in silence.



Conclusions: Exp2 results mean that either off-frequency listening was not suppressed, or it did not play a
major role in Expl.

Although the difference is small in magnitude, Exp3 DLs are intriguing and suggest a possible effect of DRA.
Additional experiments are currently being carried out to understand these results.

S187. Perception of Global Properties, Objects, and Settings in Natural Auditory Scenes
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Background: Theories of auditory scene analysis suggest our perception of scenes relies on identifying and
segregating objects within it, resembling a detail-oriented processing style. However, a more global process
may occur while analyzing scenes, which has been evidenced in the visual domain. We evaluated the
contributions of high-level global and low-level acoustic information to auditory scene perception. An
additional aim was to increase the field’s ecological validity by using and making available a new collection
of high-quality natural auditory scenes.

Methods: In our first experiment, participants rated scenes on 8 global properties (e.g., open vs. closed) and
an acoustic analysis evaluated which low-level features predicted their ratings. In a second experiment, we
evaluated participants’ accuracy in identifying the setting of—and objects within—scenes across three
durations (1, 2, and 4s). Finally, two computational models trained to perform object and setting identification
were compared to global property ratings.

Results: Exploratory factor analyses revealed the global properties and acoustic variables were explained by
two and seven-factor models, respectively. The acoustic variables linearly predicted the global ratings by
different amounts (R-squared = 0.33-0.87), although we also observed nonlinear relationships between
acoustical and global variables. The results of our second experiment indicate participants performed better
on the object identification task, but this performance was contingent on a longer stimulus duration. These
results suggest object identification may require more processing time and/or attention switching than setting
identification. Finally, the results of our computational modeling analyses indicate that compared to the object-
driven model, the setting-driven model exhibited higher correlations with several global properties. We also
found that shorter scene durations led to noisier perceptual judgments for both models.

Conclusions: Taken together, these results provide insight into the mechanisms underlying natural auditory
scene perception and suggest representations of auditory objects may be transformed through many stages of
processing in the ventral auditory stream, paralleling previous findings on the ventral visual stream.

S188. Language Background and Attention to Speech in Complex Auditory Scenes

Anna Liu*', Christina Vanden Bosch der Nederlanden!
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Background: Every day, we individuate and attend to the multitude of sounds in our environments, but we
do not attend to all sounds equally. When we listen to busy auditory scenes, we are biased to attend to speech
over other meaningful real-world sounds. However, it is unknown what specific factors contribute to this
attentional speech bias. The proposed study will examine whether linguistic experience can influence
listeners’ attention toward speech in auditory scenes, guiding attention specifically toward speech from native
languages over foreign languages.

Methods: Three groups of adult participants (34 each) will complete an auditory change detection task:
monolingual English, bilingual English-Mandarin, and bilingual English-Other Language speakers. In this
task, participants will hear pairs of auditory scenes. Each scene is composed of 4 sounds played simultaneously
and each sound drawn from one of 4 categories: human speech (pseudo-sentences in English and Mandarin),
musical instruments, environmental sounds, and animal calls. On each trial, participants will hear Scene 1, a
short silence, and then Scene 2. Scene 2 will either be the same as Scene 1 (Same trial), or one sound from



Scene 1 will be replaced by a new sound from a different category in Scene 2 (Different trial). After hearing
each trial, participants will be asked whether the two scenes they heard were the same or different. Accuracy
rates for participants’ responses will be analyzed to characterize which categories of sounds participants are
better at detecting changes in than others.

Results: We first aim to replicate the attentional speech bias, with all listeners detecting speech changes more
accurately than non-speech changes. If native language experience impacts change detection for speech,
accuracy rates should differ between participant groups for Mandarin speech, where the English-Mandarin
group would have the highest accuracy. Bilingualism as a type of auditory expertise may also contribute to
differences between the English-Other group and the monolingual group in their attention to Mandarin speech
changes. These outcomes will allow us to discover how linguistic expertise contributes to the attentional
speech bias, to more carefully characterize whether the status of the stimulus as a communicative signal is
sufficient to drive attention, or whether it can be modulated by expertise.

Conclusions: This work will incorporate linguistic diversity to come closer to uncovering whether the
communicative importance of speech or our specific experiences with language drive attentional biases toward
speech. Our findings will allow us to better understand what features of and experiences with speech lead to
its prioritization over other sounds in busy environments and what shortcomings may occur in our auditory
attention. The results of this research may then allow us to investigate ways to accommodate a more diverse
range of listeners from different hearing backgrounds and improve communicative efforts in busy
environments.

S189. Listening Effort and Disengagement During Story Listening
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Background: Listening is often perceived as effortful in complex environments, particularly if the listener
has hearing loss. Current measures of listening effort (LE) typically involve brief, isolated sentences that are
not very interesting, and thus may not elicit effortful listening as recruited in dai