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Conference Program of the
42" Annual MidWinter Meeting

Welcome to Baltimore! Our Association continues to grow and thrive, and this year we have a record number of 1354
presentations. Ruth Litovsky and her team on the Program Committee have worked hard to organise these into a
great program. This year, | encourage you to wander into sessions that are not your usual scene, as there is so much
to learn from listening to alternative approaches.

We start on Saturday morning with the President’s Symposium. This year | have chosen the topic Age-Related Hearing
Loss; What we know and what we need to know to develop treatments. There are many challenges to getting to
the point where someone with the first signs of hearing difficulties can go to a doctor, get a diagnosis of the primary
problem, and come out with a medical treatment to stop further deterioration, but this will happen. The symposium
includes a look at ageing processes in general, insights from human histopathology, steps towards diagnosis of the
biology underlying hearing loss in individuals, approaches to delivering drugs and other agents to the inner ear, and
finally two views from an industry perspective of developing therapeutics for deafness.

Young Investigators, don’t miss the mentorship sessions arranged throughout the meeting, or the opportunity to
participate in the many special spARO events during the meeting, for student and postdoc and other early-career ARO
members.

Sadly we lost our Historian and Founder Member of the ARO, David Lim, last summer. On Monday we will hold a
special symposium to reflect his scholarly contributions to middle and inner ear ultrastructural anatomy, otitis media,
and inner/middle ear cell lines.

On Monday evening, Peter Narins will receive the Award of Merit, the premier award of our Association. We can look
forward to an entertaining evening listening to his talk about how frogs and toads in rain forests and moles in deserts
detect pertinent sounds and vibrations. We will also present the Geraldine Dietz Fox young investigator award to
Srivatsun Sadagopan for his accomplishment and promise in research related to otolaryngology.

The External Affairs committee have been busy arranging events such as the Science Café on Friday evening, Sporting
in Silence event featuring four-times Olympic Gold Medalist Tamika Catchings on Sunday evening, and an Elevator
Pitch event in the poster hall throughout the meeting, where you can record a one-minute video about your science
and why it matters to post on social media. This year we also plan to use Twitter for the first time to communicate the
highlights of the meeting; look out for the details near the registration desk.

Over the past year, ARO Council have worked on a number of changes to the organisation, including renaming ourEditor
post as Communications Officer to reflect the current needs of our Association. This includes upgrading our website to
make it more useful to members. Donna Fekete, our first Communications Officer, has worked closely with Haley Brust
and Denise Smith at Talley Management to develop a new site which we will launch in the next few months.

At our business meeting on Sunday evening | will hand over to our new ARO President Keiko Hirose and thank retiring
past-president John Carey, who has contributed much to our Association behind the scenes. Finally, | would like to
thank all members who have contributed to ARO Council and committees over the past year and the new members
who are starting their term for giving their time to making our Association such a key part of this research area and
for making the annual meeting the place to be each year. See you next year in San Jose!

Karen P Steel
ARO President, 2018-19
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MOBILE APP AND ONLINE WEBSITE

Be sure to download our mobile app to enhance your experience at the 2019 ARO MidWinter
Meeting! You'll be able to plan your day by performing detailed abstract searches and can also
view the schedule, browse exhibitors, sponsors, maps and general show info. You must create an
account in order to view abstracts/save talks to your itinerary.

The app is compatible with iPhones, iPads, iPod Touches and Android devices. Search “ARO MWM”
on the App Store/Google Play. You can also access the same information via our website version of
the app through any browser on any device!

MOBILE DEVICES

As a courtesy to the speakers and your fellow attendees, please switch your mobile device(s) to
silent while attending the sessions.

RECORDING POLICY

ARO does not permit audio or photographic recording of any research data presented at the meeting.

BREAKS

Complimentary coffee and tea will be available in the morning and at selected breaks.

ASSISTED LISTENING DEVICES

A limited amount of assisted listening devices are available at the ARO MidWinter Meeting
Registration Desk, courtesy of Freeman.

A SPECIAL NOTE FOR THE DISABLED

ARO wishes to take steps that are required to ensure that no individual with a
disability is excluded, denied services, segregated or otherwise treated differently
than other individuals because of the absence of auxiliary aids and services. If you
need any auxiliary aids or services identified in the Americas with Disabilities Act or
any assistance please see the ARO staff at the Registration Desk.
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The Abstracts of the Association for Research in Otolaryngology is published annually and consists of abstracts
presented at the Annual MidWinter Research Meeting. A limited number of copies of this book and previous books of
abstracts (1978-2011) are available. Please address your order or inquiry to Association for Research in Otolaryngology
Headquarters by calling (856) 423-0041 or emailing headquarters@aro.org.

This book was prepared from abstracts that were entered electronically by the authors. Authors submitted abstracts
over the World Wide Web using Cadmium Abstract Management System. Any mistakes in spelling and grammar in the
abstracts are the responsibility of the authors. The Program Committee performed the difficult task of reviewing and
organizing the abstracts into sessions. The Program Committee; Program Committee Chair, Ruth Litovsky, PhD; and the
President, Karen P. Steel constructed the final program. Cadmium and Marathon Printing electronically scheduled the
abstracts and prepared Adobe Acrobat pdf files of the Program and Abstract Books. These abstracts and previous years’
abstracts are available at www.aro.org.

Citation of these abstracts in publications should be as follows: Authors, year, title, Assoc. Res. Otolaryngol. Abs.:
page number.
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Presidential Symposium:

Age-Related Hearing Loss: What We Know
and What We Need to Know to Develop
Treatments

Chair: Karen Steel

PRES SYMP 1

Age-Related Hearing Loss: What We Know and
What We Need to Know to Develop Treatments

Karen Steel
King’s College London

Age-related hearing loss (ARHL) is one of the most
common sensory deficits in the human population
and has been associated with increased risk of social
isolation, depression and dementia. There is no
medical treatment currently available despite the need.
Environmental factors such as noise or drug exposure
undoubtedly have a role in causation but ARHL also
has a strong genetic component. Genetics can give us
useful clues to the underlying molecular mechanisms
involved in progressive hearing loss. Modulating these
key molecular pathways may be useful as treatments
whatever the trigger for the hearing loss, genetic or
environmental. In this symposium, we discuss what
we know about ARHL and how we can move towards
developing treatments to stop or slow down the
progression.

PRES SYMP 2

Aging Interventions get Human-Preventing Age-
related Changes

Brian Kennedy, NUS Singapore and Buck Institute
California

PRES SYMP 3

Human Inner Ear Histopathology and Insights Into
Mechanisms of Age-related Hearing Loss

M. Charles Liberman, Mass. Eye and Ear Infirmary

Correlating audiograms and histopathology in human
temporal bones led Schuknecht and colleagues to posit
four types of presbycusis: 1) “sensory”, with precipitous
high-tone audiometric loss and basal-turn hair cell loss,
2) “strial”, with flat audiometric loss and degeneration of
the stria vascularis, 3) “neural”, with variable audiometric
losses, poor speech discrimination and degeneration of
the spiral ganglion without corresponding hair cell loss,
and 4) “cochlear conductive”, with sloping high-tone
loss, no cochlear histopathology and a putative increase
in cochlear mechanical stiffness.

QRBIication of new techniques to human otopathology 1

Abstracts

suggests this view of presbycusis needs revision. In
classic otopathology, cochlear neural degeneration was
assessed by counting spiral ganglion cells (SGCs), but
animal work in noise-damaged and aging ears shows
that many SGCs are disconnected from their hair cell
targets. To look for this hidden hearing loss in humans, we
counted hair cells, synapses and SGC peripheral axons
in sections from archival cases in the Mass Eye and Ear
collection, and microdissected wholemounts from new
specimens. We found that primary neural degeneration
is also a prominent feature of the normal-aging human:
mean data from 21 cases shows < 10% loss of inner hair
cells by age 60, yet > 50% loss of SGC peripheral axons.
This neuropathy likely contributes to the decline in speech
discrimination scores that is a hallmark of the aging ear.
In classic otopathology, temporal bones are prepared
as serial 20-micron sections, and cytocochleograms are
constructed by rating hair cells in each section as present
or absent. This binary approach underestimates hair cell
loss:for example, our immunostained wholemounts from
humans > 65 yrs show mean fractional loss (~50%) of
outer hair cells throughout the audiometric range. We
are now re-deriving cytocochleograms from the archival
cases on which Schuknecht based his ideas about
presbycusis, using high-N.A. objectives and DIC to
optically section the material and compute fractional
hair cell survival, rather than presence vs. absence.
Our blinded analysis of “cochlear conductive” cases,
i.e. no hair cell loss in the classic analysis, finds a clear
apical-basal gradient of fractional hair cell loss that
correlates well with the sloping audiometric pattern.
We are currently examining cases of strial and neural
presbycusis to determine if hair cell loss more generally
explains the patterns of threshold shift in all four types
of presbycusis.

Research supported by grants from the NIDCD (P50
DC015857 and RO1 DC000188).

PRES SYMP 4

Developing Electrophysiologic Methods for
Identifying Pathophysiology of Human Age-related
Hearing Loss

Kelly C. Harris, Medical University of South Carolina-
Dept of Otolaryngology-Head & Neck Surgery

Age-related hearing loss in humans is complex because
many factors in addition to aging can produce hearing
loss in older persons, such as the accumulated effects
of a lifetime of exposure to noise, ototoxic drugs, or
otologic disease. Thus, targeted treatments for age-
related hearing loss must address the multiple sources of
pathology and their complex impact on communication.
Three primary sites of pathology, sensory cells and the
stria vascularis in the cochlea, and the auditory nerve
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(AN) underlie age-related changes in hearing thresholds
and suprathreshold auditory function. However, current
interventions, mainly amplification, treat only the
symptom of hearing loss and disregard the underlying
pathology. Diagnosis of the primary sites of pathology in
an individual is crucial in testing the effectiveness of new
treatments as they become available, and in determining
the best course of intervention for an individual rather
than a group. Attempts to classify the sites of pathology
have been based largely on the configuration of the
audiogram. These studies show classic patterns of
hearing loss seen in animal models of sensory and
strial deficits, and are consistent with demographic
and noise history patterns. However, the audiogram
represents only one aspect of functional abilities,
ignores suprathreshold auditory processing, and is
insensitive to neural loss. Thus, a multi-metric differential
approach that incorporates multiple measures from each
individual that may be validated in animal models may
greatly improve sensitivity and specificity in identifying
underlying  pathologies. This electrophysiologic
approach assumes that sensory cell and strial deficits
differentially affect cochlear measures, including
otoacoustic emissions and the cochlear microphonic.
The effects of these cochlear deficits are predicted to
propagate through the auditory system and result in
unique patterns of AN dysfunction, as characterized
by summating and compound action potentials (CAP).
In contrast, neural deficits can be characterized by the
CAP but will not affect cochlear measures. A strength
of this electrophysiologic approach is the ability to
compare results with animal models of known pathology,
while reducing the impact of non-auditory factors, such
as cognitive functioning. Establishing the appropriate
set of measures for characterizing cochlear and AN
dysfunction in older adults will help move beyond the
audiogram to identify the underlying pathophysiology
associated with age-related hearing loss.
[Work supported by NIH/NIDCD].

PRES SYMP 5

Local Drug Therapy of the Inner Ear: Dependence
on Molecular Properties

Alec Salt
Washington University Medical School

Treating the inner ear with locally-applied drugs is
technically challenging to a degree that some therapies
may be ineffective. A major factor controlling both the
time course and spatial distribution of a drug in the ear
is the rate of elimination (loss) from perilymph. Drugs
that are rapidly eliminated do not distribute well to the
apical regions of the ear. We have now accumulated
pharmacokinetic data with enough molecules to
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understand some of the general principles underlying
drug distribution in the ear. For other biological barriers
of the body, such as the gut or the blood-brain barrier,
passage of molecules through the barrier is limited by
their ability to pass through the lipid membranes of
the cell layer. Both passage through membranes and
aqueous solubility depend on the polar properties and
lipid solubility of the specific molecule. Small, non-polar
lipophilic molecules tend to have low aqueous solubility
but readily pass through membranous barriers. In
contrast, large, polar, hydrophilic molecules are more
soluble but pass less easily through membranous
barriers. Our studies show that similar considerations
influence the passage of drugs from the middle ear to
perilymph and from perilymph to the vasculature. When
applied intratympanically, small lipophilic molecules,
such as triamcinolone-acetonide and dexamethasone
enter perilymph readily through the round window
and stapes. However, they also pass through the
blood-perilymph barrier and are rapidly lost from
perilymph, limiting their apical distribution along the
cochlear scalae. Larger, more-polar molecules such as
gentamicin and dextran are retained better in perilymph,
but also enter more slowly into perilymph when applied
intratympanically.  Unfortunately, = dexamethasone-
phosphate, the form of dexamethasone widely used for
intratympanic therapy of humans, has an undesirable
combination of pharmacokinetic properties. This polar
form of the drug has higher aqueous solubility but its
polar properties make it relatively impermeable through
the boundaries from the middle ear so it enters perilymph
relatively slowly. Within the ear it is then metabolized
to the active, less-polar form, dexamethasone, which
is more permeable though membranous boundaries
and rapidly leaks from perilymph through the blood-
labyrinth barrier. With these properties, dexamethasone-
phosphate therapy is likely to provide only a brief
exposure of vestibular and basal cochlear regions to
the active drug. From the pharmacokinetic perspective,
triamcinolone (distinct from the more common form
triamcinolone-acetonide) is retained in perilymph better
than dexamethasone and may therefore have more
appropriate properties for steroid therapy of the inner ear.

Studies supported by NIH/NIDCD R01 DC001368

PRES SYMP 6

Refinement of ARHL Patient Populations and
Targeted Treatments

Michael Su
Decibel Therapeutics

Presbycusis or age-related hearing loss (ARHL) is
a societal condition that affects at least one third of
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people over 70, making it the most prevalent sensory
disorder in the elderly. The impact of ARHL on quality of
life is profound and includes isolation, depression, and
accelerated mental decline. The pathogenesis of ARHL
is a complex mixture of genetic and environmental
factors that can manifest in different ways, and
methods for segmenting heterogenous etiologies into
distinct patient populations are still in their infancy.

Identification of therapeutics for ARHL requires
improved understanding of genetics, risk factors,
and pathophysiology in human patients, in addition
to an end-to-end drug discovery platform built around
relevant disease models and precise tools for testing
target hypotheses and preclinical development. This
talk will focus on how an integrated team of scientists
at Decibel Therapeutics is paving a new path for
solving these problems, highlighting multidisciplinary
advances in translational research, human genetics,
systems biology, pharmacology, and drug delivery.

To this end, Decibel has been evaluating the
neurotrophins as a therapeutic target for diseases that
affect the synapse between inner hair cells and Type
| spiral ganglion neurons. A variety of studies have
shown that afferent synapses are one of the most
vulnerable elements of the cochlear circuit, irreversibly
disconnecting after loud noise exposure and during
naturalaging. Furthermore, loss of synapses and neurons
appears to accelerate ARHL by removing essential
trophic signals for hair cells, leading to premature hair
cell death. Neurotrophins regulate development and
survival of spiral ganglion neurons and have been
shown to have therapeutic potential for preventing or
repairing noise-induced synaptic disconnection when
delivered locally to the ear. Thorough evaluation of the
clinical potential of this target has required a robust
animal model, improved understanding of the disease
biology, methods for consistent delivery and detection
of a specific neurotrophin, confirmation of receptor
engagement in target cells, clear histological and
physiological readouts of efficacy, and establishment of
disease relevance in humans. This work serves as an
example of the scientifically rigorous approach Decibel
is taking for discovering therapies for inner ear disorders,
and it demonstrates how tackling ARHL will require more
precise definitions of this heterogenous, multifactorial
disease.

PRES SYMP 7

Medicines Discovery for Age Related Hearing Loss:
Right Drug, Right Dose, Right Time, Right Patient

Rick Cousins
UCL Ear Institute & Cinnabar Consulting Ltd

ARO Abstracts

A review will be provided of the pharmaceutical
industry perspective on medicine discovery and
development and on the opportunities and challenges
in developing therapies for age related hearing loss.
The following aspects will be considered:

* How industry discovers and develops new medicines
- key decision points and reality of probability of
success.

* The historical learnings from drug discovery and
development that drive better informed investment
decisions, including the Three Pillars of Survival.

* What strategies to discover new drugs must consider
- the end-to-end activities required to create and deliver
a licensed medicine.

* How industry strategies are focused on predict first, to
be able to deliver the right drug at the right dose at the
right time to the right patient.

» The drug modalities that could be considered for age
related hearing loss.

* The value of human genetic association for a potential
biological target.

* The value of the risk-reward sharing alliances and
collaboration to enable success in novel therapeutic
areas.

Auditory Brainstem |

PS 01

Evidence for a neuronal network model of the
cochlear nucleus and its implication for coding
strategies in auditory prostheses

Andreas Bahmer
University Clinic Wuerzburg

A simulation study is presented that shows that the
ability of humans to distinguish changes in pitch can
be explained as a correlation analysis of temporal
information in auditory signals. The correlation analysis
is performed by a neuronal network in the auditory
system located in the cochlear nucleus and the
inferior colliculus. Parts of this network are chopper
neurons in the brain stem. The connections between
the chopper neurons construct neural oscillators that
can discharge spikes at constant intervals, which
are integer multiples of 0.4 ms, contributing to the
temporal processing of auditory cochlear output.
These constant intervals are found in measurements
in different species and may be attributed to the

smallest synaptic delay between interconnected
chopper neurons. The neuronal network
is triggered by the input of onset neurons.

Broadband spectral input of onset neurons and of
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narrowband spectral input of single auditory nerve
fibers are integrated and utilized in the network.
The topology of the network is the basis for new concepts
of coding strategies in auditory prosthesis. The new
concepts are patented and aim at various parameters
for the electrical stimulation such as pulse shapes, pulse
polarity, pulse amplitude sequences, and pulse train
rates, e.g. the timing of pulses for apical electrodes to
synchronize with periods of 0.4 ms.

PS 02

Selective Opsin-Mediated Excitation of T-Stellate
Cells in the Ventral Cochlear Nucleus Using Serial
AAV Infections

Gabriel E. Romero; Laurence O. Trussell
Oregon Health & Science University

T-stellate cells of the ventral cochlear nucleus (VCN)
receive input from the auditory nerve, and are a major
ascending pathway of the auditory system. In addition
to local collaterals in the cochlear nucleus, T-stellate
cells project widely to many brainstem and midbrain
targets involved in hearing. However, there is currently
no method that allows stimulation of only T-stellate
cells while recording from neurons in distal nuclei, and
thus many of the synaptic contacts between T-stellate
cells and their targets have not been functionally
characterized. Here we report a method to genetically
manipulate T-stellate cells using an adeno-associated
virus (AAV) with robust retrograde transgene delivery
in order to perform virally driven tract tracing and
functional optogenetic studies of auditory Ccircuitry.
Cre-recombinase expressing retrograde-AAV (rgAAV-
pmSyn1-EBFP-Cre) was pressure injected into the
inferior colliculus (IC) of P22 reporter mice expressing
a Cre-dependent tdTomato (Ai9-tdTomato). Two weeks
post injection, tdTomato expression was observed in
VCN contralateral to the injection, and little tdTomato
expression was observed in ipsilateral VCN. This is
consistent with known T-stellate projections, as previous
studies have shown that a large majority of T-stellate
cells project to contralateral IC, whereas very few project
to ipsilateral IC. Few positive fusiform neurons in the
dorsal cochlear nucleus were observed, suggesting that
this retrograde-AAV has selective tropism for particular
neuronal subtypes. Whole-cell current clamp recordings
of tdTomato positive neurons in VCN confirm that these
retrograde-AAV infected neurons are T-stellate cells, as
they exhibit sustained action-potentials in response to
depolarizing current injections, and a hyperpolarization
that sags toward rest in response to negative current
injections, reflecting the activation of a hyperpolarization
activated cation current. As a proof of concept, a second
coincident AAV injection (AAV2-EF1a-DIO-hChR2-
EYFP) was made in VCN contralateral to retrograde-

ARO Abstracts

AAV IC injections. Ideally, this should unilaterally
confine  Cre-dependent  channelrhodopsin(ChR2)-
EYFP expression to T-stellate cells in VCN. Indeed,
two weeks post-infection, expression of ChR2-EYFP
was limited to T-stellate cells in VCN contralateral to
retrograde-AAV IC injections, as EYFP positive neurons
were also positive for tdTomato. In whole-cell voltage-
clamp recordings of EYFP positive T-stellate neurons,
ChR2-mediated currents were evoked in response
to 2-ms flashes of blue light. In current-clamp mode,
ChR2-mediated potentials were able to integrate and
evoke action-potentials in response to bursts of light-
stimulation. Optogenetic activation of T-stellate cells will
enable experiments which will help define the functional
significance of T-stellate projections.

PS 03

Two Distinct Inhibitory Circuits in the Dorsal
Cochlear Nucleus

Tessa-Jonne Ropp'; Michael Kasten?; Paul B.
Manis?; 'Dept of Otolaryngology, University

of North Carolina-Chapel Hill; 2Department of
Otolaryngology/Head and Neck Surgery, The
University of North Carolina at Chapel Hill

With the rising incidence of environmental noise-induced
hearing loss (NIHL), age-related hearing loss (ARHL)
and tinnitus, understanding how the brain’scircuits are
affected is critical to developing treatments for auditory
insults. The cochlear nucleus is the first locus of auditory
processing in the brain. The ventral cochlear nucleus
(VCN) is tightly coupled to the auditory nerve and is
essential for rapid detection and translation of auditory
input while the dorsal cochlear nucleus (DCN) receives
weaker auditory nerve input and is implicated in spectral
processing and early multisensory integration. NIHL and
ARHL have been associated with altered DCN responses
andtinnitus. DCN circuitry is complex, receiving excitatory
input from auditory and other sensory modalities.
Knowledge of the DCN principal neuron inputs and the
complex inhibitory networks of the nucleus is limited. We
hypothesize that each input modality utilizes a unique
inhibitory network to regulate firing of principal neurons.
We utilize optogenetics in the VGAT-ChR2 mouse line,
together with laser scanning photostimulation and patch
clamp recording to determine the responsivity of, and the
connectivity between, cells in the DCN. DCN principal
neurons receive weak inhibition from deep-layer,
auditory-based interneurons (tuberculoventral cells) but
stronger inhibition from molecular-layer, multisensory-
based interneurons (cartwheel cells). Both interneuron
subtypes demonstrate strong recurrent activity,
indicative of dis-inhibitory refinement of feedforward
inhibition. Little crosstalk was seen between vertical and
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cartwheel cells, demonstrating inhibition from separate
modalities is independent. Multiple inhibitory networks
exist in the DCN: auditory driven feed-forward inhibition
from tuberculoventral cells, multimodal inhibition via
cartwheel cells, and inhibition between cartwheel cells.
Supported by NIH grant DC004551.

PS 04

Classification of Neurons in the Adult Mouse
Cochlear Nucleus: Linear Discriminant Analysis of
Intrinsic Excitability

Paul B. Manis'; Michael Kasten?; Ruili Xie®
'Department of Otolaryngology/Head and Neck Surgery,
The University of North Carolina at Chapel Hill; 2Dept of
Otolaryngology, University of North Carolina-Chapel Hill;
3Department of Otolaryngology, Ohio State University

The cochlear nucleus transforms the spikes trains
of spiral ganglion cells into a new set of sensory
representations that are essential for auditory
discriminations and perception. These transformations
require the coordinated activity of different classes of
neurons that are embryologically derived from distinct
sets of precursors. Decades of investigation have
shown that the neurons of the CN are differentiated by
their ion channel expression and intrinsic excitability.
In the present study we have used linear discriminant
analysis (LDA) to perform an unbiased analysis of
measures of the responses of CN neurons to current
injection to mathematically separate cells on the basis
of both morphology and physiology. Recordings were
made from cells in brain slices from CBA mice (28-69
days of age) and a transgenic mouse line based on the
FVB strain (NF107, BAC transgenic), crossed against
the Ai32 line, on an C56BI/6J background (ages 31-
166 days of age). For each cell, responses to current
injections (100-500 msec duration, ranging from -1 to
1 or -0.5 to 0.5 nA) were analyzed for spike rate, spike
shape (action potential height, afterhyperpolarization
depth, first spike half-width), input resistance, resting
membrane potential, membrane time constant and
hyperpolarization sag and time constant. Cells were
filed with dyes for morphological classification, and
visually classified according to published accounts. The
different morphological classes of cells were separated
with the LDA. VCN bushy cells, T-stellate (planar
multipolar) cells, and D-stellate (radiate multipolar) cells
were in separate clusters, and were well separated from
all of the neurons from the DCN. Within the DCN, the
pyramidal and giant cells were overlapping, but largely
separated from the distinct clusters of tuberculoventral
cells and cartwheel cells. Cells for which morphological
identification was either absent or ambiguous appeared
as a cluster that partially overlapped with pyramidal and
tuberculoventral cells. Other small populations (chestnut
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cells, horizontal bipolar cells and type B cells of Lorente
de No) were mixed within other DCN populations.
Interestingly, the DCN cells largely fell along a plane in
the first 3 principal axes, whereas the VCN cells were in
3 clouds well separated from this plane. VCN neurons
from the two mouse strains were slightly separated,
indicating either a strain dependence or the differences
in slice preparation methods. We conclude that cochlear
nucleus neurons can be objectively distinguished based
on their intrinsic electrical properties. This work was
supported by NIDCD grants R0O1 DC004551 to PBM and
R03 DC013396to RX.

PS 05

Auditory Brainstem Response Originating from
Axonal Terminal Zones in the Auditory Brainstem
of the Barn Owl

Paula T. Kuokkanen®; Anna Kraemer?; Nadine Thiele?;
Richard Kempter*; Christine Koppl®; Catherine Carr?
"Humboldt-Universitaet zu Berlin; 2University of
Maryland College Park; *Cluster of Excellence
“Hearing4all”; “Institute for Theoretical Biology,
Humboldt-Universitaet zu Berlin; Department of
Neuroscience, School of Medicine and Health
Sciences, Carl von Ossietzky University Oldenburg

The auditory brainstem response (ABR) is an
extracranially recorded potential, which is used for
diagnosis of hearing loss, especially among newborns.
The ABR is generated in the auditory brainstem

by local current sources, which also give rise to
extracellular field potentials (EFPs). The origins of
both the ABR and the EFP are not well understood.
Traditionally synaptic dipoles have been attributed as
the main sources for both. We have recently found
that EFPs, especially their dipole behavior, may be
dominated by the branching patterns and the activity
of axonal terminal zones in the barn owl (McColgan

et al., 2017). Furthermore, our model suggests that
the dipoles from axonal terminal zones can be strong
enough to contribute to extracranial potentials. To test
the hypothesis that axonal arbors also shape the ABR,
we used the well-described barn owl early auditory
system. We recorded the ABR and a series of EFPs
between the brain surface and nucleus laminaris (NL)
in response to binaural clicks. We furthermore recorded
extracellular single-cell responses in the nucleus
magnocellularis (NM). The ABR and the EFP within and
around NL are correlated, as are the NM spikes and
ABR. Our model of the dipole sources in the auditory
brainstem is in accordance with the data. Together, our
data and model suggest that axonal dipoles within the
barn owl nucleus laminaris contribute to the ABR wave
M.
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the UMD Center for the Evolut. Biol. of Hearing, the
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References: McColgan, T, Liu, J., Kuokkanen, P.
T., Carr, C. E., Wagner, H., & Kempter, R. (2017).
Dipolar extracellular potentials generated by axonal
projections. elLife, 6. http://dx.doi.org/10.7554/
eLife.26106

PS 06

Nitric Oxide-Mediated Plasticity in Inhibitory
Neurons of the Ventral Cochlear Nucleus

Xiao-Jie Cao; Lin Lin; Donata Oertel
University of Wisconsin School of Medicine and Public
Health

Inhibition by D stellate cells shapes responses to sound
in T stellate cells that form an ascending pathway from
the ventral cochlear nucleus (VCN) to the brainstem,
midbrain and thalamus (Wenthold, 1987; Smith and
Rhode, 1989; Oertel et al., 1990; Ferragamo et al.,
1998). D stellate cells likely give T stellate cells inhibitory
sidebands that enhance the encoding of spectral peaks
and valleys (Blackburn and Sachs, 1990; May et al.,
1998). T Stellate cells excite one another through
interconnections whose strength is modulated by nitric
oxide (NO) (Cao and Oertel, 2016, 2017,ARO Abstracts).
Here we show that D stellate cells are also affected by
NO signaling. D stellate cells are recognized by the
shapes of action potentials evoked by depolarization
and by the strong and rapid inward rectification evoked
by hyperpolarization (Oertel et al., 1990; Ferragamo et
al., 1998; Fujino and QOertel, 2001; Xie, 2017). When
D stellate cells were held at -65 mV, only occasional
mMEPSCs (<100 pA) were observed. Surprisingly, after
depolarizing pulses to +30 mV for ~1 min, bursts of
EPSCs appeared that lasted roughly 30 sec and whose
frequency decreased. The amplitude of those EPSCs
was initially ~500 pA and then grew by about 40% before
the burst stopped. Blockers of neuronal nitric oxide
synthase (nNOS) and of NMDA receptors prevented
the bursts of EPSCs. These results suggest that the
entry of Ca2+ through NMDA receptors activated nNOS,
resulted in release of NO, and activated signaling
cascades pre- and possibly postsynaptically. nNOS
acts presynaptically to initiate a burst of EPSCs. The
growth of EPSCs could result postsynaptically from a
recruitment of receptors or presynaptically from an
increase in neurotransmitter release. What terminals
are affected by nNOS? D stellate cells receive excitatory
input from auditory nerve fibers as well as from other
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sources (Cant, 1981; Xie, 2017); potentiation was not
observed in bushy or octopus cell targets of auditory
nerve fibers (Cao and Oertel, 2017, ARO Abstract). Our
electrophysiological findings suggest that D stellate cells
contain nNOS and that at least some of the surrounding
terminals have receptors for NO. nNOS and NO-
sensitive-guanylate cyclase has indeed been observed
in the VCN where D stellate cells are found (Burette et
al., 2001; Coomber et al., 2015). We find that nNOSa
is strongly expressed in neurons whose distribution
resembles that of D stellate cells. This work is supported
by a grant from NIH 1R01DC016861.

PS 07

Cartwheel Cells in the Dorsal Cochlear Nucleus
Process Multimodal Input by Adjusting their Inter-
connectivity

Calvin Wu; Susan E. Shore
University of Michigan

The dorsal cochlear nucleus (DCN) receives multimodal
input from somatosensory, vestibular, and pontine-
reticular-motor systems. Multimodal input is relayed
to DCN principa output neurons, fusiform cells (FC),
and inhibitory interneuron, cartwheel cells (CWC), in
a feed-forward and lateral inter-connected microcircuit
(Roberts & Trussell, J Neurophysiol 2010). While the
role of individual FCs in multimodal integration has
been elucidated (Koehler & Shore, J Neurosci 2013),
the role of the CWC network remains unknown. Here,
we used multichannel in vivo CWC and FC recording
during stimulation the pontine-cochlear nuclei pathways.
Functional connectivity of multiple spike trains containing
CWCs and FCs was computed using the Cox method
of modulated renewal process (Masud & Borisyuk, J
Neurosci Methods 2011), which provides a statistical
estimation of interaction strength for all pairwise
neurons. We found that CWCs exert a strong iso-
frequency inhibitory influence on 4-7 FCs but <2 other
CWDCs at 0.5-1 octaves above best-frequency. Electrical
stimulation of the pontine nuclei resulted in long-lasting
adjustments of functional connectivity: CWC inhibition
of FCs was weakened while inhibition amongst CWCs
strengthened. Increased overall influence of CWCs
after multimodal stimulation effectively regulates FC
spontaneous firing rates. These findings suggest that
CWDCs play an important role in multimodal integration,
and may significantly contribute to pathologies arising
from FC spontaneous activity, such as tinnitus (Wu et
al., J Neurosci 2016).

Volume 42, 2019



PS 08

Auditory Nerve Inputs Target Specific Cell Types in
Dorsal Cochlear Nucleus

Michael Kasten'; Tessa-Jonne Ropp’; Paul B. Manis?
'Dept of Otolaryngology, University of North Carolina-
Chapel Hill; 2Department of Otolaryngology/Head and
Neck Surgery, The University of North Carolina at
Chapel Hill

Pyramidal and giant cells are the principal cells of the
dorsal cochlear nucleus (DCN) and send extensive
outputs to inferior colliculus, playing an important role
in auditory processing. The circuitry regulating the firing
of DCN principal cells remains unclear. While DCN
principal cells respond to auditory nerve stimulation,
responses are generally slower and weaker compared
to bushy and stellate cells of the ventral cochlear
nucleus (VCN). Smaller responses of DCN principal
cells to auditory input could be due to dendritic filtering
or weaker auditory nerve input. We utilized the NF107
(Colgalt2-cre) mouse line, in which the Cre driver is highly
expressed in auditory nerve fibers but not in neurons of
the cochlear nucleus, crossed to the Ai32-ChR2 mouse.
Focal laser scanning photostimulation and in vitro patch-
clamp recording was used to determine the properties of
auditory nerve input to neurons of the cochlear nucleus.
Recordings were obtained from neurons across a
broad range of ages (p17-p177). All tested VCN bushy
neurons demonstrated strong, fast, reliable responses
to laser stimulation in NF107::Ai32 mice, showing
that laser pulses successful stimulated auditory nerve
fibers. Surprisingly, DCN principal cells had weak or no
response (~45% of cells) to laser photostimulation. As
expected, cartwheel cells consistently lacked responses
to laser photostimulation. The subset of tuberculoventral
cells (~50%) that exhibited responses demonstrated
stronger auditory nerve input than seen in pyramidal
cells, and these inputs were sometimes sufficient to
generate firing of these cells. These data suggest that
within the DCN, the strength of auditory nerve input is
segregated amongst different target cell types.This work
was supported by NIDCD grant R01 DC004551 to PBM.

PS 09

The source of inhibition for spherical bushy cells -
combining modeling and experiment

Christian Keine'; Bernhard Englitz?

"Carver College of Medicine, Department of Anatomy
and Cell Biology, University of lowa; 2Computational

Neuroscience Lab, Donders Institute for Brain,
Cognition and Behavior, Radboud University

Inhibition plays a crucial role in neural signal processing,
shaping and limiting neuronal responses. In the auditory
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system, inhibition already modulates second order
neurons in the cochlear nucleus (CN), e.g. spherical
bushy cells (SBCs). The cellular mechanisms underlying
the inhibition have been described both in vitro and in
vivo, including their functional consequences. However,
the dense architecture of the cochlear nucleus has so
far precluded to link physiological responses to the
anatomical source of the inhibition. Given the spectral and
temporal properties of inhibition and the predominantly
glycinergic nature of inhibition onto SBCs , only a small
number of cell types within the CN are reasonable
candidates: the tuberculoventral and D-stellate cells.

To separate their influences on the activity of SBCs we
combine our experimental recordings from SBCs under
complex stimulus conditions with a recently published
biophysical model of CN neurons (Manis & Campagnola
2018).. We constrain the model using recent findings
from the literature to adapt it to the physiology of the
gerbil auditory brainstem. In this configuration, the
model creates realistic responses for the different cell
types in the CN. We find that both tuberculoventral and
D-stellate cells have a substantial influence on the SBC
responses, which, however, differs in its spectral range,
overall strength and their effective shape of inhibition,
i.e. either subtractive or divisive.

PS 10

An Algorithm for Automatic Thresholding of
Auditory Brainstem Responses (ABR) using Cross
Covariance Analysis

Kirupa Suthakar'; M. Charles Liberman?
'Eaton-Peabody Lab, Massachusetts Eye and Ear
Infirmary, Harvard Medical School; 2Mass. Eye and Ear
Infirmary

The auditory brainstem response (ABR) is a sound-
evoked neural response commonly used to assess
auditory function in humans and laboratory animals.
ABRthresholds are typically chosen by visualinspection,
leaving ABRs susceptible to user bias. We sought to
develop an algorithm to automate determination of ABR
thresholds to eliminate such biases and standardize
approaches across investigators and laboratories.

Two datasets of ABR waveforms versus level obtained
from previously published studies of normal ears as
well as ears with varying degrees of cochlear-based
threshold elevations (Liberman et al 2014, J Neurosci
34:4599; Sergeyenko et al 2013, J Neurosci 33:13686)
were reanalyzed using an algorithm based on cross-
covariation analysis of adjacent level presentations.
We used cross covariance rather than cross correlation
as a convenient way to normalize mean waveform
amplitude increases across successively higher-level
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presentations, thereby optimizing the correlation-
coefficient values obtained. The resultant
correlation-coefficient vs. level function for each
ABR level series was fit with either a sigmoidal or
exponential function, from which threshold was
interpolated at different criterion values of correlation
coefficient ranging from 0 to 1. The criterion value of
0.35 was selected by comparing visual thresholds to
computed thresholds across all frequencies tested.
With such a criterion, the mean algorithm-computed
thresholds did not differ significantly from the visual
thresholds noted by two independent observers for
each data set. The success of the algorithm was
also qualitatively assessed by comparing averaged
waveforms at the thresholds determined by the two
methods, and quantitatively assessed by comparing
peak 1 amplitude growth functions expressed as dB
re each of the two threshold measures.

Here, we have shown that application of a cross-
covariance analysis to ABR waveforms can emulate
visual thresholding decisions made by highly
trained observers. Unlike previous applications of
similar methodologies using template matching, our
algorithm performs only intrinsic comparisons within
ABR sets, and therefore is more robust to equipment
and investigator differences in waveforms, as
evidenced by similar results across the two datasets.

Research supported by a grant from NIDCD
(DC000188)

PS 11

A Simple Coincidence Detector Model to
Simulate Temporal Coding of Bushy Cells in the
Anteroventral Cochlear Nucleus

Go Ashida; Helen Heinermann; Jutta Kretzberg
University of Oldenburg

Bushy cells in the anteroventral cochlear nucleus
transfer acoustic information from auditory nerves
(ANs) to the superior olivary complex, where
binaural neurons compute relevant cues for sound
localization. Bushy cells are subdivided into two
groups: globular bushy cells (GBCs) innervated
by converging AN inputs (typically >10) and
spherical bushy cells (SBCs) that receive a few
large AN inputs via endbulb terminals. Reflecting
this innervation pattern, spontaneous spike rates
of SBCs are generally higher than those of GBCs.
Both types of bushy cells show relatively irregular
firing for high-frequency sounds, comparable to ANs.
The peristimulus time histogram (PSTH) of a GBC
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to repeated sound stimuli, however, shows a “primary-
like-with-notch” pattern at high frequencies, while that of
an SBC is “primary-like”. In response to low-frequency
tones up to about 1 kHz, both cell types present an
enhanced phase-locking and entrainment compared to
their AN input. In the present study, we aim to simulate
these physiological characteristics of bushy cells using
a simple model of monaural coincidence detection.
Sound-driven inputs from the ANs are computed by
an auditory periphery model (Bruce et al. 2018, Hear
Res), and are fed into a coincidence counting model
(Ashida et al., 2016, PLoS Comput Biol) to generate
an output spike sequence. After parameter fitting and
a series of simulations, we find that the original version
of the coincidence counting model cannot properly
replicate the PSTH of a GBC, while other physiological
responses (such as spontaneous rates, irregularity,
enhancement of phase-locking and entrainment) are
relatively well captured. This observation leads us to
introducing an adaptive threshold to the model that
suppresses the excessive excitability at the stimulus
onset. This adaptive model enables us to simulate
known physiological response patterns of GBCs, with
much lower computational costs than conventional
Hodgkin-Huxley-type models of bushy cells. These
results suggest that our GBC model can be used as
a simple alternative to complex models, especially
when detailed intracellular dynamics need not to be
explicitly considered. Prospective applications of this
model include a large-scale simulation of the sound
localization circuit, in which the activity of hundreds or
thousands of neurons is computed. Fitting the model to
SBCs will also be discussed in the presentation.

PS 12

Presynaptic GABAA Receptors Modulate
Glutamatergic Transmission at the Endbulb of Held

Jana Nerlich; Stefan Hallermann; lvan Milenkovic
Carl Ludwig Institute for Physiology, Faculty of
Medicine, University of Leipzig

Background

Spherical bushy cells (SBCs) in the ventral cochlear
nucleus integrate acoustically driven excitatory input
from the auditory nerve with non-primary glycinergic
and GABAergic inhibitory inputs to precisely encode the
temporal structure of sounds. We have recently shown
that some GABAergic terminals on SBCs apparently
lack their postsynaptic counterparts expressing
GABAAR (Nerlich et al., 2017). This suggests that the
functional role of GABA may extend beyond the SBC
inhibition. Indeed, GABABR at the endbulb can reduce
synaptic strength of individual inputs and increase the
requirement for their synchronicity (Chanda and Xu-
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Friedman 2010). However, it remained elusive, whether
the glutamate release at the endbulb terminal may be
modulated by GABAA receptors.

Methods

Pre- and postsynaptic whole cell and gramicidin
perforated recordings were performed in acute slices
from P13-15 gerbils. Agonists (GABA, glycine) were
pressure applied to the recorded presynaptic terminal.
Action potentials were evoked by electrical stimulation
of auditory nerve fibers. Postsynaptic EPSCs were
recorded at the reversal potential for GABAAR (EGABA)
to specifically investigate the effects of presynaptic
GABAA receptors. All recordings were done with 3uM
CGP55845 to block GABAB receptors.

Results

GABA evoked a prominent chloride conductance at
the endbulb while glycine had no effect. Gramicidin
perforated patch recordings revealed depolarizing
chloride gradient within the terminal (ECI=-28mV;
estimated intraterminal [Cl-]=40 mM). The GABA-
induced depolarization decreased the amplitude of APs
evoked by electrical stimulation of auditory nerve fibers,
in a concentration-dependent manner. The functional
effect of presynaptic GABAAR onto glutamatergic
transmission was assessed with postsynaptic EPSC
recordings. To segregate the effects of pre- and
postsynaptic GABAAR, each SBC was held at the
experimentally-determined reversal potential for
GABAAR (Vhold=EGABA), thus enabling to record
isolated EPSC. Hence, GABA-puff elicited a membrane
current only in the endbulb terminal. Brief application
of GABA transiently reduced EPSC amplitudes.
Such reduction of glutamate release also persists at
P25 endbulbs, suggesting that the modulation is not
constrained to immature synapses. The effect was
blocked by the GABAAR antagonist SR95531. Puff
application of glycine did not affect EPSCs, consistent
with the lack of GlyR at the endbulb terminal.

Conclusion

The results suggest that GABAAR can modulate the
strength of glutamatergic transmission at the endbulb
of Held-SBC synapse. GlyR seem to be absent from
the endbulb terminal.

References

Chanda, S., and Xu-Friedman, M.A. (2010).
Neuromodulation by GABA converts a relay into a
coincidence detector. J Neurophysiol 104, 2063—-2074.
Nerlich, J., Ribsamen, R., and Milenkovic, |. (2017).
Developmental Shift of Inhibitory Transmitter Content at
a Central Auditory Synapse. Front Cell Neurosci 11, 211.
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Bidirectional Long-Term Synaptic Zinc Plasticity
at Glutamatergic Synapses in the Dorsal Cochlear
Nucleus

Nathan W. Vogler; Thanos Tzounopoulos

Pittsburgh Hearing Research Center, Department of
Otolaryngology, University of Pittsburgh

Synaptic zinc is coreleased with glutamate to modulate
neurotransmission in many excitatory synapses. In the
auditory cortex, synaptic zinc modulates sound processing
by fine-tuning the neuronal response gain. In auditory,
visual, and somatosensory circuits, sensory experience
causes long-term changes in synaptic zinc levels and
signaling. However, the mechanisms underlying long-
term synaptic zinc plasticity and the effects of this plasticity
on long-term glutamatergic plasticity remain unknown. To
study these mechanisms, we used male and female mice
and employed in vitro and in vivo models in zinc-rich,
glutamatergic dorsal cochlear nucleus (DCN) synapses.
High-frequency stimulation of DCN synapses, associated
with long-term potentiation (LTP) of excitatory synaptic
strength, induced long-term depression of synaptic zinc
signaling (Z-LTD), as evidenced by reduced zinc inhibition
of excitatory postsynaptic currents (EPSCs). Low-
frequency stimulation, associated with LTD of synaptic
strength, induced LTP of synaptic zinc signaling (Z-LTP),
as evidenced by enhanced zinc inhibition of EPSCs.
Thus, Z-LTD is a new mechanism of LTP and Z-LTP is
a new mechanism of LTD. Pharmacological inhibition of
Group 1 metabotropic glutamate receptors (G1 mGIluRs)
eliminated both Z-LTD and Z-LTP. Pharmacological
activation of G1 mGIuRs induced Z-LTD and Z-LTP,
associated with bidirectional changes in presynaptic zinc
levels. Furthermore, depletion of endoplasmic reticulum
Ca2+ stores induced Z-LTD, suggesting a role of
intracellular calcium signaling in zinc plasticity. Exposure
of mice to loud sound caused G1 mGIluR-dependent
Z-LTD in DCN synapses, thus validating our in vitro
results. Together, we show that G1 mGIuR activation is
necessary and sufficient for inducing bidirectional long-
term synaptic zinc plasticity. Synaptic zinc plasticity is a
previously unknown mechanism of LTP and LTD at zinc-
containing glutamatergic synapses in the DCN. This work
was supported by NIH grants F31-DC015924 (N.W.V.)
and R01-DC007905 (T.T.).
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Discovery of a Novel Inhibitory Cell Type in the
Cochlear Nucleus

Tenzin Ngodup'; Laurence O. Trussell?

TOHSU; 2Oregon Health & Science University

In the ventral cochlear nucleus (VCN), inhibition is
mediated by glycine. Feedforward inhibition provided by
glycinergic cells is important for auditory processing by
principal excitatory neurons in the VCN. However, only
a single VCN glycinergic cell type has been described,
the D-stellate or radiate cell. Previous studies have hinted
at the existence of additional local glycinergic sources
within the VCN but their identity has remained unknown.
We used a well-characterized transgenic mouse line,
GlyT2-EGFP, which labels all glycinergic neurons, to
study the diversity of glycinergic cells in the VCN. With
these transgenic mice, optical clearing (CUBIC MOUNT),
whole-CN super resolution microscopy, and individual
cellfills, we discovered a surprisingly large population
of inhibitory glycinergic GFP positive cells in the VCN
that are distinctly different from the D-stellate cell class.
Novel glycinergic cells are much smaller in soma size and
dendritic area, but far larger in number, as compared with
D-stellate cells. We also studied the cellular and synaptic
properties of the novel inhibitory cell types using whole-
cell patch-clamp recording in brain slices. The smaller
inhibitory cell types showed some diversity in intrinsic
properties, but generally could sustain action potentials
at high rates. Interestingly, these cells show responses
during long current injections that mimic in-vivo “chopper”
responses to tones. To study responses to afferent
auditory nerve (AN) fibers input, we electrically stimulated
the AN root, and found that the novel cells received
multiple AN fibers inputs. In addition to this primary input,
these cells also received potent excitatory collaterals
from local T-stellate cells. Previous studies have reported
that D-stellate cells projects to the contralateral CN. To
test whether these cells are also commissural neurons,
we injected retrobeads into the contralateral CN to label
the commissural glycinergic cells. Large, presumptive
D-stellate cells were labeled but no labeling was
observed in smaller glycinergic cells, indicating that the
latter are not commissural neurons. The small cells, but
not D-stellate cells, were excited by carbachol, and bath
application of carbachol triggered IPSCs in VCN principal
cells, indicating that the small cells have local axonal
projections. We term these novel inhibitory cells L-stellate
cells as they project locally, and suggest that they could
provide robust inhibition to principal cell types in the VCN.
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Maturational Changes in Cholinergic Efferent
Synapses in the ChAT-tauGFP Mouse Cochlea.

Anna Dondzillo; Samuel Gubbels
University of Colorado Anschutz Medical Campus

Presbycusis, or age-related hearing loss, affects one
in four people of the US population aged 60-69 (2011-
2012 survey1). Age related changes occur in the
entire auditory system at synaptic and cellular levels
from sensory epithelium of the inner ear through the
peripheral and central nervous systems. Hair cell
death is well established as a causal factor of hearing
loss with age. However, growing anatomical and
physiological evidence suggests that the initial change
seen in presbycusis might be caused by synaptic
rearrangements at the hair cells.

The inner ear sends information to and receives
feedback from the auditory brainstem. In the feedback
system of the adult, the outer hair cells (OHCs) receive
axosomatic input from contralateral Medial Olivocochlear
(MOC) neurons. The inner hair cells (IHC) do not
receive direct input, instead their afferents, which carry
the signal out to the brain, receive inhibitory input from
the ipsilateral Lateral Olivocochlear (LOC) neurons.

In contrast, in young mammal’sinner hair cells receive
temporary, direct, inhibitory cholinergic input from

the contralateral MOC neurons until around hearing
onset in mice. In the last decade investigators using
electron microscopy and whole cell electrophysiology
have shown that those temporary cholinergic inhibitory
synapses re-appear on IHCs in the aged cochlea (Lauer
et al., 2012; Zachary and Fuchs, 2015). However, the
number and synaptic ratio per hair cell, their brainstem
area of origin, and finally their role in sound processing
is not well understood.

In this study we identified and quantified synaptic
connections between hair cells and efferent neurons at
different ages in C57BL6/J and transgenic ChAT-tauGFP
mice. We use presynaptic SV2 antibody, which has not
been found in the chicken and mouse hair cell ribbon
synapses, to identify efferent presynaptic terminals and
anti-Myosin 7a antibody to identify hair cells. We also
compare the usefulness of different tracers: Dextran Red
MW 10 000, Lumafluor Nano beads, and Cholera toxin
subunit B in retrograde labeling of the efferent somata in
the auditory brainstem. Our preliminary data suggests,
that at least in the C57BL6/J mice there is a reduction

by one half of efferents per inner hair cell in one-year

old mouse as compared with a postnatal day 14 mouse.
Our tracer data suggests that the Cholera toxin subunit
B labels the highest number of cells in the brainstem
and is picked up by axo-somatic as well as axo-dendritic
terminals.
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Kainate Receptors Regulate the Excitability of
Granule Cell Axons

Zheng-Quan Tang'; Laurence O. Trussell?
'Oregon Hearing Research Center at the Oregon
Health and Science University; 2Oregon Health &
Science University

Kainate receptors (KARs) modify excitability
and synaptic efficacy in the CNS. Although widely
expressed, the exact roles of KARs remain largely
unknown. To address this, we examined KAR
modulation in granule cells (GrCs) of the dorsal
cochlear nucleus (DCN) and cerebellum in mice.

We performed whole-cell voltage-clamp recordings
from DCN cartwheel cells in mouse brain slices (P16-
42, 33°C) and recorded parallel fiber (i.e., GrC axon)-
evoked EPSCs (Excitatory Postsynaptic Currents) in the
presence of inhibitory receptor antagonists. Furthermore,
taking advantage of the TCGO mouse line which
expresses mCitrine in a subset of GrCs, we performed
loose cell-attached voltage-clamp recordings from the
soma of labeled GrCs in the DCN and cerebellum and
recorded antidromic action currents (ACs) following
electrical stimulation of labeled parallel fibers in the
molecular layer, in the presence of selective GABAA,
glycine, NMDA and AMPA receptors antagonists.
Glutamate was locally puffed onto parallel fibers of GrCs.

We found that bath application of UBP-302, a GluK1-
selective KAR antagonist, decreased the frequency
of spontaneous EPSCs in cartwheel cells, but not the
amplitude of EPSCs. By contrast, ATPA, a GluK1-
selective KAR agonist, increased the frequency of
spontaneous EPSCs. ATPA did not affect the frequency
or amplitude of miniature EPSCs recorded in the
presence of tetrodotoxin. Together, these data indicate
that GluK1-KARs regulate the excitability of GrCs and/
or their axons. Consistently, UBP-302 decreased the
amplitude of EPSCs in cartwheel cells evoked by a
train of stimulation of parallel fibers, without affecting
their short-term plasticity. These data suggest that a
tonic activation of GIuK1-KARs on presynaptic granule
cell axons maintains a positive tone of glutamate
release onto cartwheel cell. We thus hypothesized
that KARs regulate parallel fiber excitability and
thereby facilitate transmission to target cells.
To address this hypothesis, we further examined
whether activation of axonal KARs by local glutamate
application affects the back propagation of antidromic
ACs tothe soma of GrCs. Puffing application of glutamate
onto parallel fibers significantly increased the rate of
antidromic ACs recorded at soma. Bath application of
NBQX, an antagonist of kainate receptors, prevented
the effects of glutamate on firing rate of antidromic ACs.

Our findings demonstrate that KARs can regulate
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the axonal excitability of GrCs both in the DCN and
cerebellum, and facilitate the propagation of ACs.
By modulation the axonal excitability of GrCs, this
mechanism may promote signaling during high-
frequency sensory activity.

PS 17

The Human Cochlear Nucleus: Anatomical
Characterization and Functional Considerations on
7 Tesla Diffusion Tensor Imaging

Lorenz Epprecht’; Ahad A. Qureshi?; Elliott D. Kozin?;
Alexander M. Huber*; Ron Kikinis®; Allan Johnson®; M.
Christian Brown’; Katherine Reinshagen?; Daniel J.

Lee®

'Eaton Peabody Laboratories, Massachusetts

Eye and Ear Infirmary, Department of Otology and
Laryngology, Harvard Medical School; 2Eaton Peabody
Laboratories, Massachusetts Eye and Ear Infirmary,
Department of Otology and Laryngology, Harvard
Medical School; *Massachusetts Eye and Ear Infirmary;
Department of Otolaryngology, Harvard Medical
School; *Department of Otorhinolaryngology and

Head and Neck Surgery, University Hospital of Zurich;
SSurgical Planning Laboratory, Harvard Medical School;
5Duke Center for In Vivo Microscopy, Duke University
School of Medicine; "Eaton-Peabody Laboratories,
Massachusetts Eye and Ear, Harvard Medical

School, Harvard Program in Speech and Hearing
Bioscience and Technology; éDepartment of Radiology,
Massachusetts Eye and Ear Infirmary and Harvard
Medical School; °Department of Otolaryngology,
Harvard Medical School

Introduction: Patients with Neurofibromatosis type 2
(NF2) develop bilateral vestibular schwannomas that
can influence cochlear nucleus (CN) structure and
function via physical and chemical factors. Following
tumor resection, these patients can be implanted with an
auditory brainstem implant (ABI) that provides hearing
sensations by stimulating the CN. During surgical
planning, routine 3 Tesla (3T) structural and diffusion
magnetic resonance imaging (MRI) do not resolve
detailed anatomy of the CN. We hypothesize that
diffusion tensor imaging (DTI) would enable structural
and anatomical localization in vivo and allow quantitative
analysis of the human CN.

Methods: We analyzed 7 Tesla (7T) DTI data from
100 young healthy normal hearing subjects (200 CN)
who participated in the Human Connectome Project.
Relevant anatomic structures were identified using
an MRI brainstem atlas with submillimetric (50 pm)
resolution. We analyzed diffusion scalar measures of
fractional anisotropy (FA), mean diffusivity (MD) and
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mode of anisotropy (Mode). Principal eigenvectors of the
CN measured included the adjacent inferior cerebellar
peduncle (ICP) inferiorly, medially and superiorly.

Results: On 7T DTI the human CN was a distinct
structure lateral to the inferior cerebellar peduncle (ICP)
with a microscopic lamellar structure and anterior-
posterior fiber orientation. This fiber orientation was
orthogonal to tracts of the adjacent ICP where fibers
projected were oriented mainly inferior-superiorly. The
CN had lower FA compared to the inferior, superior and
medial aspect of the ICP (0.44 + 0.09 vs. 0.64 £ 0.08,
p<0.001).

Conclusions: 7T DTI enables distinction of the human
CN and resolves it'sstructural fidelity and spatial position
from the adjacent ICP based on fiber orientation. This
technique is possible with current state-of-the-art MRI
scanners and would aid in the accurate placement of the
ABI electrode array onto the CN.

Auditory Cortex: Anatomy & Physiology |

PS 18

Spatial Organization of Primary and Higher-Order
Fields in the Mouse Auditory Cortex

Sandra Romero Pinto’; Ariel E. Hight'; Pooja
Balaram?; Jennifer Resnick®; Kenneth E. Hancock?;
Daniel B. Polley?

'Eaton-Peabody Laboratories, Massachusetts Eye and
Ear; Program in SHBT, Division of Medical Sciences,
Harvard Medical School; ?Allen Institute for Brain
Science; *Eaton-Peabody Laboratories, Massachusetts
Eye and Ear; Dept. of Otolaryngology, Harvard Medical
School

Microelectrode mapping studies have identified two
tonotopically organized fields in the mouse auditory
cortex (ACtx), the primary ACtx (A1) and the anterior
auditory field (AAF), surrounded by a secondary
ACtx (A2), a dorsoposterior field (DP) and the insular
auditory field (IAF). Interest in cortical organization
at “mesoscale” resolution has been revived thanks
to sensitive genetically encoded calcium indicators
(GECIs) that offer a higher signal-to-noise ratio than
intrinsic hemodynamic signals, flavoproteins or bulk-
loaded calcium indicators. Widefield epifluorescence
imaging of GECIs offers several advantages over
traditional mapping approaches, including 1) performing
measurements in awake animals, 2) deriving maps
from all fields simultaneously, 3) repeatedly deriving
maps from the same animal at multiple time points, 4)
restricting GECI expression to particular cell types of
interest. Here, we exploit all four of these advantages
in a series of experiments that quantify the spatial
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arrangement of cortical fields and their reliability over
time. We characterized two commercially available
transgenic mouse lines that express GCaMP6s in
excitatory neurons but found that both have extreme,
early-onset high-frequency hearing loss. We crossed
one of these mouse lines (Thy1-GCaMP6s) to a
strain with good hearing (CBA/CaJ) to establish a
transgenic line with normal hearing and confirmed with
immunohistochemistry that GCaMP6 expression was
limited to CaMKIll-expressing pyramidal neurons. We
labeled points of interest with Di-l and identified several
major discrepancies with ACtx boundaries published
in widely used mouse brain atlases. We developed an
objective, data-driven approach to parcel each field
and observed a high-degree of precision and reliability
of tonotopic mapping over a several weeks period,
particularly in A1. In a subset of mice, we are performing
2-photon calcium imaging to determine whether local
heterogeneity of preferred frequency tuning in individual
layer 2/3 pyramidal neurons is found in regions with
smoothly varying mesoscale tonotopic gradients. Finally,
we presented more complex stimuli, including ripples,
amplitude modulated noise and dynamic moving ripples
to identify potential regions with preferential responses
to more complex stimuli, and to determine whether
there are more efficient stimuli for deriving tonotopic
maps than pure tones. Collectively, these studies
describe the functional organization of auditory fields in
the mouse cortex at a variety of spatial scales, with a
variety of stimulus types and relate this organization to
neuroanatomical landmarks. We anticipate that these
descriptive studies will facilitate future work in other labs
studying mouse auditory cortex.

PS 19

Cell-Specific Intrinsic and Synaptic Plasticity of
Auditory Cortical Neurons after Noise Exposure

Amanda Henton; Manoj Kumar; Thanos Tzounopoulos
Pittsburgh Hearing Research Center, Department of
Otolaryngology, University of Pittsburgh

Exposure to loud sound induces death of cochlear
hair cells and loss of synapses between hair cells and
the auditory nerve, which contribute to loss of afferent
input to the brain. While a reduction of input after noise
exposure may be predicted to cause reduced responses
to sound, it paradoxically increases excitatory responses
in auditory cortex. This increased responsiveness
to sound after noise exposure aids perception even
with reduced input from the auditory periphery. This
phenomenon has been termed auditory gain adaptation.
A decrease in parvalbumin (PV) neuron-mediated
inhibition to principal neurons has been suggested
as a possible mechanism for gain adaptation after
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noise exposure (Resnik & Polley, 2017). Additionally,
2-photon, in-vivo calcium imaging results from our lab
show that PV interneurons increase their response gain
after noise exposure, and that the PV neuron plasticity
precedes the increase in principal neuron response
gain. However, the intrinsic mechanisms of plasticity in
auditory cortex after noise exposure are unknown. Here
we describe the intrinsic plasticity of PV interneurons,
and Corticocallosal neurons, which are a subclass
of principal neurons that project axons via the corpus
callosum to the contralateral auditory cortex to mediate
intrahemispheric connectivity. Our results show that
PV interneuron excitability is initially decreased one
day after noise exposure, as evidenced by a reduced
firing rate and a depolarized action potential threshold.
However, seven days after noise exposure intrinsic
excitability is increased, via a depolarization of the
resting membrane potential. We did not observe any
changes in the intrinsic excitability of Corticocallosal
neurons. These results suggest that PV interneurons
may serve as a crucial site of plasticity in auditory cortex
after noise exposure. This work was supported by: F31-
DC017635-01 (A.H), R01-DC007905 (T.T), and DOD
W81XWH-14-1-0117 (T.T)

PS 20

A Versatile and Integrated LabVIEW Based System
for High Throughput Auditory Behavior and
Physiology

Wenhao Zhang; Anton Banta; Jack Shi; Matthew
McGinley
Baylor College of Medicine

Recent advancements in electrophysiology, imaging,
optogenetics, and computing power have led to a
renaissance of in vivo ‘circuit busting’; in systems
neuroscience, particularly using head-fixed approaches
in mice. In order to tap into this convergence of
advancements, an integrated software system for data-
intensive, high-throughput experimentation is required.
In addition, the auditory system presents unique
challenges due to the high temporal and signal resolution
needed for precise and accurate sound delivery.

To meet this need, we have developed a custom
hardware and software system centered in LabVIEW.
LabVIEW is customizable and easy to use, allowing
for high throughput data acquisition and automated
experimentation. We have constructed a general
software architecture that can both interface with many
hardware inputs and be adapted to fit the specific needs
of different behavior paradigms. The software conducts
real-time complex sound waveform construction and
delivery with a 20 ms time buffer. This allows creation
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of navigable auditory virtual reality, and closed loop
manipulation of sound and brain stimulation driven by
the animal’s behavior. The software integrates sound
delivery and behavior in tandem with two photon
microscopy, vagus nerve stimulation, optogenetics, and/
or high-channel count electrophysiology to combine
behavioral and physiological approaches. All tasks are
fully automated and require no user interaction once an
experiment process is started.

The software design is primarily based on the Queued
Message Handler (QMH) pattern. QMH is a flexible
design pattern that can implement modular software
process design and communicate between multiple
processes. Multiple QHMs are used to execute and
synchronize parallel processes that acquire or interact
with different types of data, simultaneously. These
include playing complex auditory stimuli (e.g. tone
clouds with embedded, psychometrically manipulate
temporal coherence), sensor data for detecting licking
and administering rewards, rotary encoder data for
tracking animal walking, and IR camera recording
animal videography, such as for pupil measurement.
A QMH is also used to manage and automatically
stream experiment data to hard drives. All experiment
setup parameters are logged for traceability purpose.
Within LabVIEW, the priorities of different processes
are configured to make full use of multicore CPUs
and other computing resources. For example, we
acquire high-definition high-speed video of the animal,
with real-time compression using built-in codecs and
chunked file saving. After experiments, videos are
concatenated and further compressed using the robust
multimedia framework, FFmpeg. Overall, our versatile
and integrated LabVIEW-based system allows high-
throughput behavior and physiologyl in diverse studies
of the auditory system.
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Early Auditory Cortex Responds to Task-related
Visual Events as early as Prefrontal Cortex

Ying Huang; Michael Brosch
Special Lab Primate Neurobiology,Leibniz Institute for
Neurobiology

Many studies have shown that, during the performance
of auditory tasks that consist of a sequence of events,
neuronal activity in early auditory cortex can be related
not only to sounds but also to task-relevant non-auditory
events. However, the sources of such task-related
non-auditory activity in auditory cortex have remained
unclear. One possibility is that this activity in auditory
cortex originates from some high-order brain areas,
such as prefrontal cortex, which are known to represent
multiple events of a sequential task and to play key
roles in constructing temporal structures and mental
programs for the task. If this is the case, we would expect
to observe the first task-related neuronal activity later in
auditory cortex than in high-order brain areas. To test this
possibility, we conducted an electrophysiological study
in two monkeys in which they performed two tasks. In
both tasks, each trial started with a visual event which
signaled the monkey that he could grasp a touch bar
to trigger the presentation of auditory events and then
make an appropriate action to obtain a small amount of
water. Therefore, the first task-relevant event was the
visual event. Spiking activity was recorded from the core
fields of auditory cortex and also from the ventrolateral
part of the prefrontal cortex while the monkeys
performed the tasks. We observed the spiking activity
that was related to the presentation of the visual event
in both cortical areas, but in a task-specific way. We also
found that such task-related spiking activity occurred in
auditory cortex as early as in prefrontal cortex, about 90
ms after the event onset. Our results suggest that such
task-related spiking activity in the core fields of auditory
cortex unlikely originated from the ventrolateral part of
the prefrontal cortex.

The work was supported by CBBS neuronetwork project,
LIN special project, and DFG projects He1721/10-1 and
10-2.

PS 22

The Influence of Amygdalo-Auditory Cortex
Direct Projections in Audition and Tinnitus: An
Optogenetic Reversible Deactivation Study.
Diana C. Peterson

High Point University

The role of the amygdalar projection to auditory cortex
(AM-AC) is currently unknown. It has been hypothesized
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that AM-AC may help to manipulate descending control
circuits for auditory attention. It could also serve a
modulatory function in conjunction with the amygdalo-
nucleus basalis-auditory cortex circuit to manipulate
auditory conditioning and learning.

Methods (Experiment 1): To help elucidate the role of the
direct amygdalo-auditory cortex pathway, optogenetic
vectors (AAV-CaMKIla-eNpHR3.0-EYFP) were placed
into the amygdala of Long Evans rats to isolate and
reversibly deactivate the pathway when a laser light
was presented within auditory cortex. In the same
animals, multichannel electrodes were implanted into
auditory cortex. Auditory responses were then recorded
from cortex in both normal and amygdalo-cortical light
deactivation conditions.

In (Experiment 2), the role of the AM-AC in tinnitus
perception was tested by inducing an acoustic tinnitus
at the end of the surgery (see methods experiment 1
above). These animals were tested for their response to
acoustic startle both with and without light deactivation
of the circuit.

Results (Experiment 1): When the amygdalo-cortical
circuit was deactivated with light, both single and multiunit
activity was dramatically reduced for the duration of the
light stimulation. However, the recording returned to
normal levels immediately after the light was turned off.
Experiment 2: Tinnitus behavior (a marked decrease in
the startle versus gap acoustic reflex) was observed in
the tinnitus induced animals. Light deactivation of the
AM-AC caused the acoustic startle reflex to resembled
the non-tinnitus behavior. The tinnitus behaviors
immediately resumed when the light was turned off (i.e.,
AM-AC reactivation).

In both experiments, the location of the tracer was
examined histologically after animals were euthanized.
Results from these examinations revealed that the
surgical locations for both recording and tracer injections
were accurate. Examination of other brain regions
revealed a few (very limited) neurons in the medial
geniculate and nucleus basalis. Numerous labeled
neurons were observed within the hippocampus.

Conclusions: The results from Experiment 1 indicate
that the AM-AC has fairly profound but transient
influences on cortical activity. This transient nature may
indicate that it has a short-term modulatory influence on
cortex to prime it for secondary circuits (e.g., amygdalo-
nucleus basalis-auditory cortex).

While our results show that tinnitus was eliminated during
deactivation of the pathway, the fact that deactivation
had a profound influence on auditory activity during the
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recording experiments may indicate that the animals’;
overall perception was reduced during activation which
influenced the results.

PS 23

Comparison of Auditory Responses in Old and
Young Neurons in Ferret A1.

Jayalakshmi Viswanathan'; Kai Lu?; Jonathan B.
Fritz3; Shihab A. Shamma?

"Neural systems lab, Institute for Systems Research,
University of Maryland; 2Neural Systems Lab, Institute
for Systems Research, University of Maryland; Neural
Systems Laboratory, Institute for Systems Research,
University of Maryland

Background: Age-related hearing loss (ARHL) is a
highly prevalent social and health issue, with about
63% of adults over 70 years of age affected. ARHL
is associated with impairment in several cognitive
processes such as auditory perception, attention,
spatial localization, temporal precision in encoding.
These deficits in auditory skills often lead to difficulties
in understanding speech and navigating in complex
and noisy acoustic environments. Although ARHL is of
great importance, especially in an aging population, the
mechanisms of how these deficits emerge as a function
of aging is poorly understood. Such understanding may
lead approaches that can alleviate ARHL.

Methods: To elucidate age-related changes in response
properties and characterize cortical plasticity in the aging
brain, we have chosen to study the ferret, an animal
model with a hearing range that is very similar to humans.
We recorded neuronal responses from the primary
auditory cortex (A1) in older ferrets and compared to
responses in younger animals. We recorded single units
(N>2000) from A1 of 24 female ferrets ranging from 1
year up to 8 years of age (comparable to 20-year-old
up to 90-year-old humans). In these experiments, we
recorded from A1 units in passively listening head-fixed
ferrets as they were presented with a variety of acoustic
stimuli, including speech in silent and noisy (white noise
and reverberant) backgrounds. Single unit responses
to speech in the different contexts were then used to
reconstruct the stimuli. Stimuli reconstructed from young
ferrets were compared with those reconstructed from
the older ferrets.

Results: In characterizing the response properties of
cortical neurons, we found that frequency selectivity
deteriorates (bandwidth increases) with increasing age.
Likely due to peripheral presbyacusis, there was an
overall shiftin A1 responses to lower frequencies in older
ferrets. A1 neurons from older animals also exhibited
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sluggish phase-locked responses, also reflected by
increased latency of responses. A likely contributing
cause of these changes in response properties with
aging may be a decrease in overall inhibition in older
brains, that could also lead to difficulties in extracting
speech in noise. We will also explore the possibility
that there is less task-related plasticity in older brains
resulting in sub-optimal sound processing. We discuss
our results in the context of the computational challenge
in extracting signal from noise with reduced inhibition
and plasticity.

PS 24

Using Mesoscale Chronic Calcium Imaging to Track
Cortical Map Reorganization Following Acoustic
Trauma

Ariel E. Hight'; Matthew McGill?; Daniel B. Polley?
'Eaton-Peabody Laboratories, Massachusetts Eye
and Ear Infirmary/ Program in Speech and Hearing
Bioscience and Technology, Department of Medical
Sciences, Harvard Medical School; 2Eaton-Peabody
Laboratories, Massachusetts Eye and Ear Infirmary/
Program in Neuroscience, Department of Medical
Sciences, Harvard Medical School; 3Eaton-Peabody
Laboratories, Massachusetts Eye and Ear; Dept. of
Otolaryngology, Harvard Medical School

Damage to restricted regions of the basilar membrane in
adult ears has been linked to large-scale reorganization
of cortical tonotopic maps. It has been nearly 30 years
since Robertson and Irvine’sseminal demonstration of
large-scale map reorganization in the adult cortex, yet
important questions remain unresolved due to inherent
limitations of cortical mapping with microelectrode
recordings. Here we monitor day-to-day changes in
map reorganization over a two month period across
three fields of the adult mouse auditory cortex and relate
these changes to shifts in peripheral sensitivity and
perception of tones assessed with an operant behavior.
Chronic mapping of all fields within the mouse auditory
cortex was accomplished with a widefield Ca2+ imaging
system in awake-head fixed Thy1-GCaMP6s x CBA/CaJ
transgenic mice, where the genetically encoded calcium
indicator GCaMP6s is restricted to excitatory neurons
in the auditory cortex. We recorded the day-to-day
tone evoked fluorescence across the cortical surface
in awake, head-fixed mice via a chronically implanted
cranial window. We computed the preferred frequency
for each pixel to reveal the boundaries and tonotopic
organization of the primary auditory cortex (A1), anterior
auditory field (AAF), and secondary auditory cortex (A2).
Control animals showed stable tonotopy across days
(r > 0.7, shuffled day-to-day correlations). We induced
high-frequency cochlear trauma by exposing adult mice
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to octave band noise (16-32 kHz, 103 dB SPL, 2-h).
We quantified wave 1 of the ABR to confirm that noise
exposure induced a permanent shift in high-frequency
thresholds (>16 kHz, >20 dB SPL). In the ACtx we
found fractional representation of high frequencies
decreased across A1, AAF, and A2. We also found the
number of non-responsive pixels increased hours after
noise exposure but then decreased nearly to baseline
levels within 5-days after exposure. We observed a
commensurate increase in the fractional area and the
growth function of spared 8 kHz regions following noise
exposure. Using a Go-NoGo operant detection task
in head-fixed mice, we found that pure tone detection
thresholds were elevated on the day of noise exposure,
but returned to baseline for 8 but not 32 kHz (~50 dB
HL). Interestingly, the psychometric detection functions
grew more steeply at 8 kHz after noise exposure, which
could not be explained by ABR wave-1 growth functions.
These experiments address the temporal dynamics of
map reorganization in excitatory neurons at mesoscale
resolution (~15 microns). We observe cortical map
dynamics that more directly explain changes in sound
perception after acoustic trauma than traditional
measures of peripheral function.

PS 25

The Effects of Synaptic Zinc on Corticocollicular
Neurons in the Auditory Cortex

Charles Anderson
WVU School of Medicine

Corticocollicular neurons in layer 5 of the auditory
cortex send axons to subcortical areas of the ascending
auditory pathway including the thalamus and inferior
colliculus, as well as areas outside of the ascending
auditory pathway including the striatum and amygdala.
These corticofugal neurons show compensatory gain
increases following hearing loss and are crucial for
relearning auditory spatial location cues after monoaural
ear plugging which suggests that they contribute to
auditory system plasticity. Auditory cortex stimulation
can alter the sound-encoding properties of neurons
in the thalamus and inferior colliculus, suggesting
that corticofugal inputs to these structures can shape
receptive field properties. Although a good deal is known
about the intrinsic properties of corticocollicular neurons
and how they are integrated into local excitatory and
inhibitory cortical microcircuits, it is less well understood
how these factors contribute to the sound-encoding
properties of these neurons. In particular, the effects of
synaptic zinc — a powerful modulatory neurotransmitter
system throughout the cortex — on corticocollicular
neurons are unexplored. Synaptic zinc enhances the
gain and sharpens the sound-frequency tuning of
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principal neurons in layer 2/3, which in turn, provide
a large amount of excitatory input to corticocollicular
neurons in layer 5. Here, | am exploring the effects of
synaptic zinc signaling on corticocollicular neurons in
the auditory cortex using 2-photon calcium imaging in
awake mice and electrophysiological recordings from
identified neurons in acute brain slices.

PS 26

Cell-specific Modulation of Cortical Inhibition by
Synaptic Zinc

Stylianos Kouvaros; Thanos Tzounopoulos
Pittsburgh Hearing Research Center, Department of
Otolaryngology, University of Pittsburgh

Activation of inhibitory pathways in the cortex is essential
for maintaining the balance between excitation and
inhibition during normal cortical activity. Somatostatin-
expressing-GABAergic neurons (SST), a major class
of interneurons in the cortex provide strong cortical
inhibition. Zinc is loaded into the synaptic vesicles and
is a crucial element for synaptic function. The mRNA
for ZnT3, the protein responsible for loading zinc into
presynaptic vesicles, is highly and specifically expressed
in SST neurons relative to other inhibitory neurons. In
this study, we sought to study the effect of synaptically
released zinc on inhibition mediated by SST interneurons
onto pyramidal neurons (PNs) and parvalbumin (PV)
interneurons in layers /Il of the mouse auditory
cortex. By using in vitro optogenetics, we discovered
that removal of synaptic zinc, by using a high-affinity
extracellular zinc chelator, leads to a dramatic decrease
of the SST-mediated inhibitory postsynaptic currents
(IPSCs) onto PNs and PVs, in layers Il/lll. This effect
was further confirmed by dual recordings between SSTs
and PNs. Chelation of zinc also causes decrease of the
amplitude of SST-mediated evoked desynchronized
miniature IPSC when calcium is replaced with strontium.
Interestingly, the PV-mediated IPSCs onto PNs did not
alter after zinc’; depletion indicating a cell-specific role
of zinc. Furthermore, chelation of zinc does not alter
either the pair-pulse ratio (PPR) or the quantal content
(1/CV2) of the optogenetically evoked-IPSCs from SSTs
to PNs. indicating a lack of contribution of presynaptic
mechanisms in the zinc-mediated enhancement in
IPSCs. These findings suggest that synaptic zinc is a
key modulator of inhibitory cortical activity in the layers
II/lIl of mouse auditory cortex.

Supported by NIDCD, R-01 DC007905 award to TT
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Neural Circuits Underlying Spectro-Temporal
Integration of Sounds

Amber M. Kline; Destinee A. Aponte; Hiroyuki K. Kato
University of North Carolina at Chapel Hill, Department
of Psychiatry and Neuroscience Center

The brain’scapacity to integrate the features of sensory
stimuli is essential to understand and respond to our
environment. In the auditory system, even in the face
of multiple sound sources, our brain binds acoustic
components originating from the same source to
reconstitute individual sound objects. In particular,
integration of harmonic components is critical to
accurately perceive physiologically relevant sounds such
as language. In humans, one of the factors influencing
the binding of harmonic components is timing of the
spectral components’; onset within a 30-ms window.
However, the neural circuits by which the auditory
system integrates sounds in a timing-dependent manner
remain unknown.

In this study, we investigated the temporal integration
of harmonic sounds in mouse auditory cortex. Using
macroscopic imaging of all auditory cortical areas, we
determined that higher-order area, A2, preferentially
responds to harmonic vocalizations over pure tones.
Furthermore, using two-photon calcium imaging
in awake mice, we found that A2 neurons display
preferential response to non-shifted harmonics
compared to harmonic tones whose onsets are shifted
in time. This timing-dependence was not observed in
primary area A1, suggesting that A2 plays a unique
computational role in processing harmonics. Finally,
we developed a Go/No-go task in which mice were
trained to discriminate between non-shifted harmonics
and time-shifted distractors. Interestingly, we found
that mice have a similar 30-ms window for integrating
harmonic components, suggesting conserved neural
circuitry across species. In the future, we will manipulate
A2 activity during this task to investigate its causal role
in the perceptual integration of harmonics. Determining
the mechanism by which the auditory cortex integrates
harmonic sounds will contribute to our knowledge
of how we process language, as well as inform us
about how speech perception could be affected in
neurodevelopmental disorders.
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Imbalanced Synaptic Charge Shapes Direction
Selectivity in Primary Auditory Cortex

Destinee A. Aponte; Amber M. Kline; Hiroyuki K. Kato
University of North Carolina at Chapel Hill, Department
of Psychiatry and Neuroscience Center

Frequency Modulation (FM) is a prevalent sound feature
found in both human speech and animal vocalization.
The brain’s ability to detect the direction of frequency
modulation is critical for vocal communication. Neurons
in the primary auditory cortex (A1) have been reported
to show selective firing to their preferred FM direction.
However, it remains debated how direction selectivity
maps spatially onto A1, and what circuit mechanisms
underlie the selectivity.

Here, we determined the FM tuning properties of a large
population of A1 neurons using in vivo two-photon Ca2+
imaging in awake mice. We found that more than 70%
of A1 neurons show direction-selective firing, and that
the selectivity was topographically ordered along the
A1 tonotopic axis. Interestingly, neurons also showed
robust direction selectivity to ethologically relevant slow-
rate FM sweeps, which previous studies did not observe
in anesthetized animals. To investigate the synaptic
mechanism underlying the direction selectivity to slow
FM sweeps, we measured synaptic currents using in vivo
whole cell recordings. In contrast to previous models that
explained direction selectivity based on different onset
timings of EPSCs and IPSCs, we found that direction
selectivity is rather driven by a difference in the total
charge triggered by preferred and null directions. Null-
direction FM sweeps evoked significantly attenuated
EPSCs and IPSCs, which is explained by a suppression
of recurrent circuits in the cortex - a phenomenon we
recently reported as “network suppression”. Taken
together, our findings revealed a non-classical circuit
mechanism that ensures direction selectivity of A1
neurons to slow FM sweeps which play important roles
in our vocal communication.

PS 29

Immunocytochemistry for Glial and Neuronal
Markers in the Rat Brain after Auditory Cortex
Anodal Epidural Direct Current Stimulation

Ana Colmenarez'; lvan Diaz'; Marianny Pernia’;
Ignacio Plaza'; David Perez-Gonzalez?; Jose Maria
Delgado-Garcia®; Miguel Merchan'

TInstituto de Neurociencias de Castilla y Leon;
2University of Salamanca; Universidad Pablo de
Olavide
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Electric neuromodulation of the brain was applied
recently to neurological, psychiatric or otological
disorders (tinnitus and auditory hallucinations).

The aims of this study were to analyze the effects of
epidural electrical stimulation of the auditory cortex
(AC) using immunocytochemistry of well characterized
antibodies for glial cells (Iba-1 and GFAP) and neurons
(c-Fos and GADG7). Also, corticofugal modulation

of the olivocochlear reflex was explored by Auditory
Brainstem Responses (ABRs), as a test to evaluate AC
activation. Guided by stereotaxic coordinates a silver
ball electrode of 1.3 mm was surgical inserted in
contact with dura mater in the surface of the dura

of primary AC. A protocol of continuous anodal, 100
MAmMp, 10 min direct current (DC) was applied 7 times
in alternating days, starting 7 days after surgery (AS).
ABRs were recorded before and 7 days AS and at the
end (14 days AS) of the experiments. After the DC
stimulation protocol an increase (up to 20 dB) in ABRs
thresholds and a significant decrease about (~ 30%)
waves amplitudes were shown.

Immunohistochemical analysis showed that astrocytes
and microglial cells were locally activated following DC
stimulation in an extension about 620 ymz2, affecting
mainly the superficial layers (I to V). No clear signs of
lesional glial activation were observed in brain sections.
c-Fos immunocytochemistry showed changes in
distribution of positive neurons along cortical layers and
along cortical subdivisions which suggest a global
surface effect of electric currents on the brain. We
conclude that multisession epidural 100 pJAmp
stimulation allows to induce a global reorganization

of the cortex without significant or extensive lesions.
Also, our ABRs results pointed out that AC epidural
stimulation could be apply as a tool for dynamic
regulation of cochlear responses to sound.

PS 30

Role of synaptic zinc signaling in cell-specific
plasticity of auditory cortical neurons after noise-
induced hearing loss

Manoj Kumar; Thanos Tzounopoulos
Pittsburgh Hearing Research Center, Department of
Otolaryngology, University of Pittsburgh

Noise-induced hearing loss (NIHL) is one of the most
common types of sensorineural hearing loss, which
reduces the auditory sensory inputs relayed from
cochlea to auditory cortex (AC). To compensate for
the loss of peripheral inputs, principal neurons in AC
undergoes homeostatic plasticity. Namely, principal
neurons increase their response gain, the slope of
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sound level against the neuronal response. Despite
the established role of reduced GABAergic signaling
in increased gain, the precise signaling mechanisms
underlying the plasticity of distinct GABAergic neurons,
including parvalbumin- (PV) and somatostatin-
expressing (SOM) neurons, are unknown. My recent in-
vivo studies in awake mice have shown that synaptic
zinc (Syn-Zn2+), which is co-released with glutamate
at many excitatory terminals and modulates NMDA
and AMPA receptors in auditory circuits, fine-tunes the
primary auditory cortex (A1) responsiveness to sound
in a cell-specific manner. Namely, Syn-Zn2+ increases
the gain of principal neurons but reduces the gain of
PV and SOM neurons. Further, previous studies have
shown that cortical Syn-Zn2+ levels increase after
sensory deprivation and vice-versa. To identify the
role and signaling mechanism of Syn-Zn2+ signaling
in increased gain of A1 after NIHL, we have employed
in-vivo wide-field Ca2+ imaging in awake mice to study
the effect of pharmacological chelation of Syn-Zn2+ on
principal, PV and, SOM neurons’; gain after 1, 3 and
10 days of NIHL. Our results are consistent with Syn-
Zn2+ signaling contributing to the increased gain of A1
principal neurons after NIHL by enhancing the inhibition
of PV neurons. Further, after 10 days of NIHL, Syn-
Zn2+ signaling facilitates the reduction of increased
gain of principal neurons by potentiating PV neurons’;
gain via enhanced inhibition of SOM neurons. These
findings may provide insights of AC plasticity occurring
in hearing loss induced by ototoxic drugs, aging or ear
diseases and in other pathologically increased central
gain disorders, like tinnitus and hyperacusis.

Supported by NIDCD, R-01 DC007905 award to TT

PS 31

The role of interneurons in maintaining sensitivity
to sensory cues in on-going sounds: the case of
gap detection in the mouse primary auditory cortex

Bshara Awwad'; Israel Nelken?

"The Edmond and Lily Safra Center for Brain Sciences
and the Department Neurobiology, the Silberman
Institute of Life Sciences, Hebrew University;

2Edmond and Lily Safra Center for Brain Sciences and
Department of Neurobiology, Silberman Institute of Life
Sciences, Hebrew University

The mammalian auditory system is exquisitely sensitive
to short silent gaps in broadband. We recently studied
the cellular mechanism that underlies gap detection
response in the rat auditory cortex. For gaps occurring
shortly after the onset of the stimulus, The gap responses
are almost exclusively onset responses to the noise burst
following the gap. we demonstrated that gap responses
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are potentiated through the recruitment of synaptic
resources that are not activated at sound onset. For
example, NMDA currents were more prominent during
the onset response than during the gap response;
the excitatory and the inhibitory inputs during the gap
response were not as depressed as we expected from
the known forward masking in auditory cortex; the
excitatory-inhibitory balance varied between the onset
and the gap response; and the gap response adapted
differently than the onset response.

We suggest that the differential synaptic fingerprints
of the onset and gap responses are due to the way
PV+, SST+ and VIP+ inhibitory interneurons interact to
provide inhibition and disinhibition in the cortical network.
To check this hypothesis, we study gap responses in
the mouse, enabling genetic access to the different
subpopulations of inhibitory interneurons. We report
here similar properties of the gap responses in mice and
rats. By expressing the Arch-T opsin selectively in PV+
interneurons, we can suppress their activity only during
sound presentations. We present preliminary results
suggesting a role of PV+ interneurons in controlling the
size of the gap responses

PS 32

Neuronal Network Structure in Primary Auditory
Cortex Layer 2/3 During a Pure-tone Frequency
Discrimination Task

Nikolas A. Francis'; Alireza Sheikhattar?; Kevin
Armengol®; Behtash Babadi; Patrick O. Kanold"
1Department of Biology, University of Maryland,
College Park; 2Department of Electrical and Computer
Engineering, University of Maryland, College Park;
3Neuroscience and Cognitive Science Program,
University of Maryland, College Park; 4Institute for
Systems Research, University of Maryland, College
Park

Auditory communication critically depends on our ability
to recognize behaviorally meaningful sounds. We have
recently shown that pure-tone target detection involves
small neuronal networks in primary auditory cortex (A1)
layer2/3 (L2/3)that are driven by the sum of sensory input,
attentional gain, and behavioral choice (Francis et al.
Neuron 2018). However, natural acoustic environments
often require the listener to discriminate between target
vs non-target sounds, and it remains unclear how the
presence of non-targets affects the neural coding of
task-related information in neuronal networks. Thus, we
trained transgenic CBA x Thy1-GCaMP6s F1 mice to
perform a go/no-go pure-tone frequency discrimination
task, while we used in vivo 2-photon (2P) Ca2+ imaging
during task performance to study how target and non-
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target sounds are encoded in A1 L2/3. The mice learned
to lick a waterspout if the pure-tone frequency was 7 or
9.9 Hz, and to withhold licking if the pure-tone frequency
was 14 or 19.8 kHz. We performed 30 experiments in
6 mice, with a total population of >2000 neurons. For
each experiment, we selected a different field of view
(FOV) in A1, as determined from the rostro-caudal
axis of tonotopy identified from individual wide-field
imaging maps. During task performance, the mice
successfully discriminated target vs. non-target tones
(d;=1.6 on average across experiments). For each
neuron, we separated responses during trials with
behavioral hits (H), misses (M), false alarms (FA), and
correct rejections (CR). Initial results indicate that neural
response amplitudes depended on behavioral choice
(i.e., H>FA>M>CR). This dependence emerged within
the first few hundred milliseconds of the tone onset and
occurred independently of reward outcome. Granger
causality analysis indicates that within a 2P FOV, the
effective connectivity between neurons was stronger for
false alarm than for hit trials, while the size of neuronal
subnetworks was smaller for false alarm than for hit
trials. Together our results suggest that auditory targets
and non-targets are differentially encoded within both
the activity and functional connectivity of neuronal
populations in A1 L2/3. Supported by NIH RO1DC9607
(POK) and NINDS UO1NS090569 (POK).

PS 33

Effect of Developmental Hearing Loss on
Behaviorally Gated Responses in Auditory Cortex

Justin Yao; Dan H. Sanes
New York University

Background

Developmental hearing loss (HL) is associated with
perceptual deficits that may be due to both sensory
and non-sensory factors. Therefore, one broad goal is
to determine whether HL induces functional changes
to the central nervous system that degrade sensory
encoding or interfere with a cognitive mechanism, such
as attention or working memory. Here, we consider two
attributes of auditory cortex (ACx) processing. The firstis
the ACx representation of behaviorally relevant acoustic
features. The second is the increased ACx sensitivity
that is brought about by task engagement (e.g., Fritz et
al., 2003).

Methods

We recorded telemetrically from ACx neurons in normal
hearing gerbils (NH) gerbils, and those reared with
conductive HL, both as they performed a Go-Nogo AM
discrimination task, and while they were disengaged
from the task, passively listening to the identical AM
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stimuli. The Nogo stimulus consisted of AM broadband
noise presented at 4 Hz, whereas Go stimuli consisted
of AM broadband noise presented at rates from 4.5 to
12 Hz. ACx neural encoding of AM stimuli was assessed
with changes in firing rate (FR), both during engaged
and disengaged conditions. A neurometric FR d’; was
calculated at each Go value by normalizing the FR by
the standard deviation (SD) pooled across all stimuli
(z-score), and subtracting the Nogo FR from each Go
stimulus evoked FR. In addition, we measured noise
correlations between pairs of single units recorded
during both engaged and disengaged sessions.

Results

Psychometric discrimination thresholds from animals
reared with conductive HL were poorer than those
obtained in NH animals. Approximately 30% of ACx units
from each group displayed better neural sensitivity during
task engagement. However, units from NH animals
displayed greater improvement in firing rate-normalized
response variability (CV) during task engagement, as
compared to HL units. In addition, pairs of NH single-
units with positively correlated tuning properties (r-tuning
> 0) displayed reduced noise correlations during task
engagement compared to corresponding disengaged
sessions (r-noise engaged < r-noise disengaged). This
was not observed for pairs of HL single-units.

Conclusion

These results demonstrate that developmental HL
leads to non-sensory effects of task engagement that
may contribute to diminished perceptual skills. We
will further evaluate neural sensitivity across engaged
versus disengaged conditions with population decoding
techniques to assess how sensory and non-sensory
inputs may lead to sensory encoding or downstream
processing differences that can account for auditory
perceptual performance.

PS 34

Examining the Accuracy of a Commonly-used
Automated Cortical Parcellation/Labeling Process
in Human Auditory Cortex

Barrett St George'; Bryan Wong?; Frank Musiek?
"The University of Arizona; 2University of Arizona
Research Background

Evermore, researchers are using automated
cortical parcellation/labeling techniques to study
neuroanatomy and its associated functions. Automated
techniques allow researchers to study large sample
sizes without spending extra time and effort otherwise
performing manual measurements, which requires
extensive knowledge of inter- and intra-subject
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neuromorphological variability exhibited in normal
human brains. For these reasons, one can see the
appeal of utilizing automated procedures, as they are
efficient, accessible and unbiased.

It is unclear though, how automated
parcellation/labeling procedures handle the complex
macroanatomical variances of certain brain structures.
Our previous work has shown that human auditory cortex
exhibits pronounced structural variability. In this study
we assess the accuracy of a widely-used automated
cortical parcellation/labeling procedure compared to
expert manual surface area measures for a principal
component of auditory cortex - planum temporale (PT).
We also examine how surrounding auditory cortex
morphology affects the surface area of PT and more
specifically, its structural hemispheric asymmetry in both
measurement techniques.

Methods

High-resolution structural MRI brain scans of
50 healthy, right-handed young adults were sequentially
drawn from the cross-sectional OASIS database. All
MRIs were processed through an automated cortical
reconstruction process, which includes skull-stripping,
3D cortical surface rendering and cortical parcellation.

Cortical surface area of PT, Heschls gyrus
(HG) and planum parietale (PP) were measured
manually in all 50 brains (100 hemispheres): BrainVisa
Anatomist neuroimaging software was used to define
virtual clipping planes that exposed PT, HG and PP for
subsequent surface area measurements. Automated
surface area measures of PT were obtained from a
widely-used cortical reconstruction process, using the
Destrieux (2010) cortical parcellation atlas.

Results & Conclusion

A significant difference in cortical surface
area and hemispheric asymmetry between manually-
and automatically-defined labels of “PT” was found.
Examples and discussion of four major issues in the
automated process which leads to inaccurate anatomical
localization of PT are provided.

These results demonstrate that researchers
should exhibit caution when using automated cortical
parcellation/labeling procedures to interpret human
auditory cortex anatomy. It is clear that such automated
methods, although time-efficient, are riddled with
measurement error (in auditory cortex), especially at the
single-subject level.

These results also confirm that the surface area
of PT depends greatly on the morphology of neighboring
perisylvian structures which principally explain its
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structural asymmetry. This type of translational research
affects how we draw structure-function correlations
across brain image (i.e., subject) data, thusly influencing
subsequent treatment protocols for individuals with
neuroaudiological compromise.

PS 35

Parallel Systems for Sound Processing and
Functional Connectivity among Layer 5 and 6
Auditory Corticothalamic Projection Neurons

Ross S. Williamson; Daniel B. Polley
Eaton-Peabody Laboratories, Massachusetts Eye and
Ear; Dept. of Otolaryngology, Harvard Medical School

Corticofugal neurons in the deep layers of the auditory
cortex (ACtx)innervate a wide range of targets both within
and outside the central auditory pathway. Of the different
corticofugal systems, the corticothalamic (CT) projection
is the largest. Layer (L) 5 and L6 CT neurons exhibit
markedly different morphological, intrinsic, and synaptic
properties, suggesting that they comprise two parallel
projection systems from the cortex to the thalamus.
Until now, technical limitations have made it impossible
to extend these observations to sensory processing in
awake animals. Here, we leveraged recent advances
in multi-channel electrophysiology and optogenetics to
make targeted recordings from both layer 5 (L5 CT) and
6 (L6 CT) corticothalamic neurons in awake mice.

As a first step towards highlighting the differences
in anatomical connectivity of L5 and L6 CT neurons,
we used an intersectional viral strategy to label each
cell type. While L6 CT neurons primarily targeted the
ventral subdivision of the medial geniculate body
(MGB), L5 CT neurons had more divergent connectivity,
with collateral axons innervating the non-lemniscal
regions of the MGB en route to the inferior colliculus.
To characterize the sensory processing capabilities of
these neurons, we developed an antidromic optogenetic
“phototagging” approach to isolate individual L5 CT
and L6 CT units on high-density multichannel probes
in awake, head-fixed mice. L6 CT neurons exhibited
shorter response latencies, narrower frequency tuning,
and sparser stimulus selectivity than L6 CT neurons.
Linear spectrotemporal receptive field (STRF) fits
explained a higher percentage of response variance in
L6 CT neurons, indicating a higher degree of linearity.
The amount of additional variability that was explained
when the nonlinear effects of acoustic context were
modelled was larger in L5 CT neurons, suggesting
a greater susceptibility to contextual nonlinearities.
Analyses of functional connectivity revealed that L6 CT
neurons powerfully regulate response gain across the
deep layers of the ACtx via dense local connections with
inhibitory subnetworks, while L5 CT neurons featured
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far weaker feedforward excitation onto local columnar
neurons.

Collectively, these findings suggest a dichotomy of
sensory processing and functional connectivity in two
corticothalamic cell-types. L6 CTs show sparse stimulus
selectivity but can powerfully regulate the gain on local
cortical processing, whereas L5 CTs integrate local
circuit processing with dense, non-linear coding and
“broadcast” signals out of the ACtx. Future work will
entail recording from these projection neurons during
task engagement to establish how these functional
differences are adaptively used in service of goal-
directed behavior.

PS 36

A Newly-Developed Timing Production Task For
Guinea Pigs To Mimic Decodable Quick Actions of
Human

Masataka Nishimura; Chi Wang; Yuta Shiromi; Wen-
Jie Song
Kumamoto University

Background: Timing of quick actions can represent
some meaning of action as we intentionally change
timing of syllable in our speech or timing of note in music
(Buhusi and Meck, 2005). For correct transmission of the
meaning, the produced timing must be precise enough
to decode the meaning by observers of action. To the
best of our knowledge, no animal model mimicking such
decodable quick actions of human has been established
in conventional laboratory animals. Here we aimed
to establish an animal model which allows decoding
animal’sperception reliably from quick actions with
guinea pigs.

Methods and Results: We developed an interactive
training system of learning timing production for animals.
The key feature of the training system is ‘adaptive
reward-positive time window’;. In all tested animals,
precision of timing production significantly varied in
time. The adaptive window worked to encourage guinea
pigs to make the timing more precisely and to prevent
loosing motivation to do the task by actively adjusting
reward-positive time window based on the temporally
local precision of timing. With the training system, we
successfully trained three guinea pigs to produce 300
msec and 600 msec timings, depending on randomly
presented cues, with several tens millisecond timing
error. Observation rate of incorrect timing of action was
< 5% when the data analysis focused on the better
precision trials which were systematically identified
with an algorithm established in this study (p < 0.001).
Furthermore, a mathematical model of from-cue-to-
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timing system demonstrated that observation probability
of incorrect representation of cue and/or action timing at
any stage of processing in the brain should be < 5% in
the better precision trials.

Summary: In conclusion, we successfully established
the animal model of decodable quick actions to study
the brain mechanism of hundreds millisecond timing
production with > 95% reliability of representation.

PS 37

Equivolumetric Normal Coordinate Systems for
Structural Analysis of Feline Auditory Cortical
Areas

Kwame Kutten'; Peter Hubka?; Daniel Tward'; Laurent
Younes'; Andrej Kral®; J. Tilak Ratnanather’

'Johns Hopkins University; 2Institute of
Audioneurotechnology & Department of Experimental
Otology, Hannover Medical School; 3Institute of
AudioNeuroTechnology & Dept. of Experimental
Otology, ENT Clinics, Hannover Medical University

Background

The congenitally deaf cat is a commonly used model
for studying the effect of long-term hearing loss on
the brain. Its primary and secondary auditory cortices
have distinct functions and connectivity. It was shown
that cortical activation pattern is compromised by the
absence of auditory stimuli during development (Kral et
al. 2002, Tillein et al. 2010) which also affected cortical
layer thickness (Berger et al. 2017). Further it has
been hypothesized that cortical layer thickness varies
due to equivolumetric deformation (Bok 1929). Thus
two pipelines for generating equivolumetric coordinate
systems were developed to accurately represent
the general pattern of auditory cortical lamination.

Methods

In the magnetic resonance imaging pipeline, image
volumes were acquired for a deaf and a hearing
cat. The right auditory cortical region was manually
segmented in each cat. In the histological pipeline,
brains of a different deaf cat and hearing cat were axially
cut through the right auditory cortex at 1.0 mm intervals.
After SMI-32 staining which visualize mainly pyramidal
cells, six slices were imaged using light microscopy.
These slices were reconstructed into a volume through
rigid landmark alignment with a MRI atlas (Stolzberg et
al. 2017). Manual segmentations of the right auditory
cortex were then upsampled in the axial direction
through diffeomorphic registration of adjacent slices
(Beg et al. 2005). In both pipelines closed surfaces of
the segmentation masks were created using restricted
Delaunay triangulation. These surfaces were then cut
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into inner and outer surfaces at the white and pial matter
boundaries respectively. The inner surfaces were then
diffeomorphically registered to their corresponding
outer surfaces (Ratnanather et al. 2018). Intermediate
surfaces generated were then reparametrized along
the normal curves to create equivolumetric surfaces.

Results

By overlaying the surfaces on SMI-32 histology,
equivolumetric surfaces closely followed the stained
layers. This was also confirmed in depth verses intensity
histograms where the darkly stained pyramidal layers
createdadistinctdipinintensity atarelative equivolumetric
depth of 0.35. Layer IV, the site of major thalamocortical

synapses, was found between these layers.
Conclusions
Equivolumetric normal coordinate systems can

accurately describe the depths of cortical layers in
auditory areas. Future work will involve quantitative
comparison of equivolumetric surfaces with a focus
on cortical laminar stratification and applications
measuring cortical changes due to hearing loss.

Funding

This work was supported by National Institutes of Health
(NIH) grant R01-DC016784 and Germany Federal
Ministry of Education and Research (BMBF) grant
01GQ1703
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Multiscale Calcium Imaging of Auditory Cortex in
Awake Marmoset Monkeys

Xindong Song; Yueqi Guo; Xiaogin Wang
Johns Hopkins University

The common marmoset (Callithrix jacchus), a highly
vocal New World monkey species, has emerged in
recent years as a promising non-human primate model
for neuroscience research. Because the marmoset brain
is lissencephalic (smooth), nearly all cortical areas are
accessible directly under the skull with optical imaging
methods. Two-photon calcium imaging with genetically
encoded calcium indicators (GECIs) has been previously
implemented in marmoset somatosensory cortex. Two-
photon imaging in the auditory cortex is technically
challenging since a mechanically vibrating laser scanner
can generate sounds that are audible to the animal and
thus interferes with the experimental design. In the
current study, we developed a flexible, agile, yet silent
two-photon microscope based on an acousto-optical
deflector (AOD) scanner. An optical window with a
quarter-inch diameter was implanted over the auditory
cortex of awake marmosets. A clear tonotopic structure
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can be observed through intrinsic signal imaging at both
green and blue wavelengths. Multiple virus injections
carrying GCaMP were made through the silicone-based
opticalwindow. Adual-virus strategy was used to separate
controls over expression specificity and expression level.
A clear macroscopic wide-field fluorescence response
was observed starting 10 days after virus injections,
at sound levels as low as 10 dB lower than hearing
thresholds. The tonal response recorded from wide-field
fluorescence imaging was consistent with intrinsic signal
imaging results and was also limited mainly within the
primary auditory cortex. By using complex sound stimuli,
such as music or marmoset vocalization recordings,
strong and widespread cortical responses (AF/F>10%)
can be evoked in both primary and secondary cortical
areas. The silicone-based window can be replaced by
a glass coverslip-based window. And a customized
silent two-photon microscope was used to measure
responses of individual neurons at a microscopic scale.
The general response patterns within each two-photon
field-of-view were consistent with wide-field imaging
results. However, individual neurons’; responses can
be heterogeneous even for close-by neurons. The
multiscale calcium imaging approach reported here thus
provides a new experimental paradigm for functional
mapping of the marmoset auditory cortex in the awake
condition in a high throughput way over conventionally
electrophysiology methods.
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Responses to Cathodic-leading and Anodic-leading
Biphasic Stimuli in Microstimulation of the Auditory
Cortex

Mathias B. Voigt'; Andrej Kral?

TInstitute of AudioNeuroTechnology, Department of
Experimental Otology, Hannover Medical School;
2Institute of AudioNeuroTechnology & Dept. of
Experimental Otology, ENT Clinics, Hannover Medical
University

Electrical stimulation paradigms for neuroprosthetic
applications frequently use symmetric biphasic current
pulses. While the first phase of the stimulus elicits the
desired neuronal activity, the second phase of opposite
polarity is thought to remove the charge deposited
during the stimulating phase so as to avoid tissue
damage due to charge accumulation. According to
simulations, monophasic cathodic stimuli preferentially
activate fibrous cell compartments (axons, dendrites)
while anodic stimuli preferentially activate cell somata
in isolated neurons. Previously, we demonstrated the
possibility to combine extracellular recordings and
intracortical microstimulation (ICMS) to characterize
the response of the auditory cortical network to different
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types of acoustic and electric stimuli in vivo (Voigt et al.,
2017, Brain Stim; Voigt et al., 2018, J Neurosci). Here we
investigated the influence of the leading-phase polarity
(cathodic- vs. anodic-leading) in single-pulse electrical
microstimulation within a dense network of neurons in
vivo - inside the auditory cortex.

Concurrent ICMS and extracellular recording was
performed in vivo, in the auditory cortex of adult guinea
pigs (n = 15) under ketamine/xylazine anesthesia.
Recordings were performed using multi-electrode arrays
inserted perpendicularly to the cortical surface in the
primary auditory cortex (field A1), penetrating all cortical
layers. We analyzed local field potentials, current source
density (CSD) profiles and multi-unit activity in response
to acoustic clicks (50 ys condensation clicks, 15-95 dB)
or single ICMS pulses (200 ys/phase, biphasic, charge-
balanced, 0.1-45.0 pA) with either cathodic or anodic
leading-phase.

Cathodic-leading ICMS resulted in significantly higher
CSD sink amplitudes than anodic-leading ICMS
(cathodic: 2.6 mV/mm?, anodic: 1.3 mV/mm?, p = 0.002).
This was particularly pronounced in deep cortical
layers, where anodic-leading stimulation, in contrast
to cathodic-leading ICMS, failed to evoke local activity.
In accordance with electrical stimulation in subcortical
nuclei of the auditory pathway, the dynamic range of
the cortical response was significantly reduced during
ICMS compared to acoustic stimulation. Multi-unit
activity provided evidence for a lower response latency
in cathodic-leading stimulation, supporting simulations
showing a preferential fiber activation with cathodic
stimuli.

Together, the results demonstrate a robust difference in
effectivity of cathodic and anodic-leading polarities with
the conclusion that cathodic-leading biphasic stimuli are
more effective in ICMS applications.

Supported by Deutsche Forschungsgemeinschaft (Exc
1077).
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Mapping Areal Organization of Mouse Auditory
Cortex by Data-driven Decomposition of
Responses to Naturalistic Sounds

Hiroki Terashima'; Hiroaki Tsukano?; Shigeto
Furukawa'

INTT Communication Science Laboratories; 2Niigata
University

Revealing the functional organization of the auditory
cortex is one of the main goals in auditory neuroscience.
Recent advances in imaging techniques have raised
controversy about the areal organization of the mouse
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auditory cortex. There is still no agreement about how
many areas the auditory cortex has, which of them are
tonotopic, and how tonotopy is organized in AAF and
A1. The controversy mainly originated from two biases
in previous hypothesis-driven studies: a bias in selecting
limited types of synthetic stimuli and a bias in analysis
methods. Toaddresstheseissues,wedrewanewmapusing
naturalistic complex sounds and a data-driven method.

We recorded cortical responses to a set of naturalistic
complex sounds. The Committee for Animal Care at
Niigata University approved the experimental protocols
used in this study. All data were recorded in male offspring
obtained by crossing Emx1-Credrivermice and GCaMP8-
flox mice. Mice were anesthetized with urethane and the
skull was exposed and kept transparent by paraffin. We
recorded GCaMP signals in the right auditory cortex
with a cooled CCD camera. We developed a set of
naturalistic complex sounds for mice by pitch-shifting
165 natural sounds for humans (Norman-Haignere et al.,
2015) by four octaves to fit to the hearing range of mice.

We decomposed the obtained responses using a
data-driven method proposed in a human fMRI study
(Norman-Haignere et al., 2015). Applying the matrix-
decomposition technique, we extracted five major spatial
components. We characterized the obtained components
by comparing them with responses to pure tones and
regression by acoustic features. We found areas that
corresponded to low and high frequency regions of what
were called AAF, A1, A2, and DM in previous studies.
Non-tonotopic areas corresponded to what were
called DA and DP. Moreover, we found an unidentified
area on the rostrodorsal side of the other areas.

To conclude, we drew a new areal map of the mouse
auditory cortex using naturalistic sounds and a data-
driven method. We reconfirmed some areas discussed
in previous studies and found an unidentified area. The
results indicate how effective the data-driven method
is in depicting the organization of the auditory cortex
and that the mouse auditory cortex has more complex
organization than previously thought.

Auditory Nerve |

PS 41
Optimizing Auditory Brainstem Response
Acquisition using Interleaved Frequencies

Brad N. Buran; Sean Elkins; J. Beth Kempton;
Edward V. Porsov; John V. Brigande; Stephen V. David
Oregon Health & Science University

Auditory brainstem responses (ABRs) are an essential
assay used to characterize a wide range of auditory
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disorders. Hundreds of averages are required to obtain
a measurable waveform and adaptation in the auditory
nerve limits the rate at which responses to multiple
frequencies and levels can be acquired. Previous
studies developed a rapid acquisition paradigm in
which a train of multiple frequencies and levels were
interleaved1. With careful ordering of the frequencies
and levels in the stimulus train, adaptation in the
auditory nerve can be minimized while increasing the
rate at which tone bursts are presented. Widespread
adoption of this paradigm has been hindered by the lack
of available software. Here, we leverage an open-source
data acquisition software framework, psiexperiment2,
to develop an ABR application that runs on the same
National Instruments PXI Platform used with the Eaton-
Peabody Laboratories Cochlear Function Test Suite
software3. Consistent with prior studies, we demonstrate
that careful design of a stimulus train reduces ABR
acquisition time by more than half, with minimal effect
on thresholds, wave amplitudes, and latencies in both
the gerbil (1 to 8 kHz) and mouse (5.6 to 45.2 kHz).

In addition to optimizing the acquisition of ABRs,
psiexperiment offers additional features including
online filtering and artifact rejection and saving the full
electroencephalogram signal to disk for offline analysis.
Customization of the offline analysis is achieved by
varying parameters of artifact rejection, band-pass filter
settings, and segmentation of the trial epoch (e.g., from 1
msec before to 10 msec after tone burst onset). Critically,
the modular design of psiexperiment allows its adaptation
to other data acquisition systems (e.g., TDT’sSystem 3).

1.Mitchell,Kempton, Creedonand Trune.Rapidacquisition
of auditory brainstem responses with multiple frequency
and intensity tone-bursts. Hear Res 99, 38-46 (1996).
2. Buran and David. yw - psiexperiment.
doi:10.5281/zenodo.1405144 (2018).
https://github.com/bburan/psiexperiment.
3. Hancock, Stefanov-Wagner, Ravicz and Liberman.
The Eaton-Peabody Laboratories Cochlear Function
Test Suite. ARO Midwinter Meeting (2015).
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Phase Locking of Auditory-Nerve Fibers Reveals
Stereotyped Distortions and a Dynamic Rather Than
Static Peripheral Nonlinearity

Adam J. Peterson; Peter Hell
Leibniz Institute for Neurobiology

The phase locking of auditory-nerve-fiber (ANF)
responses to the fine structure of acoustic stimuli is a
hallmark of the auditory system’s temporal precision
and is important for many aspects of hearing. Period
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histograms from phase-locked ANF responses to tones
often exhibit spike-rate asymmetry in which increases
above the spontaneous rate are greater than decreases
below the spontaneous rate. They also often exhibit
temporal asymmetry in which the leading edge of the
peak is steeper than the trailing edge. Period histograms
otherwise retain an approximately sinusoidal shape
as stimulus level increases, even beyond the level at
which the mean spike rate saturates. This is intriguing
because apical cochlear mechanical vibrations show
little compression and mechanoelectrical transduction in
the receptor cells is thought to obey a static sigmoidal
nonlinearity, which should produce peak clipping at
moderate and high stimulus levels. Here we analyze
and model period histograms computed from the
extracellularly recorded spike trains of 83 ANFs in five
barbiturate-anesthetized adult cats in response to tones
with frequencies below 5 kHz. We show thatrefractoriness
has minimal effects on the shapes of period histograms.
We demonstrate that the upper saturating portion of the
sigmoidal nonlinearity is never reached and that the
sigmoidal transfer function in the model can be replaced
by an exponential transfer function, accounting for the
spike-rate asymmetry of period histograms. We further
demonstrate that stereotyped harmonic distortions
underlie the temporal asymmetry of period histograms.
Finally, we show that the lack of peak clipping is not due
to spike-rate adaptation, but to the nonlinearity being
dynamic, rather than static. This peripheral gain control
saturates the mean spike rate while enabling the full
range of instantaneous stimulus pressures to be coded
by instantaneous spike rate.

Supported by grants of the Deutsche
Forschungsgemeinschaft (Priority Program 1608
“Ultrafast and temporally precise information processing:
Normal and dysfunctional hearing”, He1721/11-1 and
He1721/11-2 to PH).
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Photobiomodulation delays secondary degeneration
of spiral ganglion neuron and demyelination after
topical application of kanamycin

Jae-Hun Lee'; Nathaniel Carpena?; So-Young Chang’;
Ji Eun Choi?; Min Young Lee?; Phil-Sang Chung?; Jae
Yun Jung?

'Beckman Laser Institute Korea, College of

Medicine, Dankook University; 2Department of
Otorhinolaryngology-Head & Neck Surgery, College of
Medicine, Dankook University

Backgrounds and Objective:
Hair cells cannot be regenerated itself once damaged
and causes an additional damage in auditory afferent
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pathway which is called secondary degeneration.
Cochlear implant has been used as the preferable way
for the rehabilitation and the performance of cochlear
implant highly relies on the survival of spiral ganglion
neurons (SGN). Thus, maintaining the status of spiral
ganglion neuron is important. Photobiomodulation (PBM)
is a type of light therapy using broadband light, or LED.
The neuroprotective and regenerative effect of PBM
has been reported in various tissues and organs. These
effects were also reported in spiral ganglion neurons
and inner ear hair cells after various insults with ototoxic
drug treatment or noise exposure. In the present study,
we investigated the effect of PBM in the auditory nerves
and SGN after hair cell loss induced by aminoglycoside.

Materials and Methods:

Twenty-eight Mongolian gerbils were devided into Sham
PBM and PBM groups. Secondary degeneration was
induced using kanamycin application at the RWM with
gelfoam. For PBM, 808 nm wavelength diode laser was
irradiated twice for five continuous days at two weeks
after surgery. Hearing threshold and histological analysis
were performed at two and three months after surgery.

Results:

Hearing threshold in both groups severely increased

a week after drug administration. SGN in Sham PBM
group showed damaged status whereas it was intact
in PBM group. In the quantitativea analysis, decrease
of SGN number was significant in the basal and middle
parts of the cochlea at two and three months after
surgery. With PBM reduction of SGN was significantly
less compared to sham PBM group. Immunostaining
results showed a significant difference in myelination
status of the auditory nerve and spiral ganglion neurons
between these groups. Increased myelination of SGN
was observed in PBM group compared to sham PBM
group.

Conclusion:

These results indicate that PBM could maintain
myelination and delay secondary degeneration of SGN
after hair cell damage. This protective effect could
improve the efficacy of cochlear implants.

Acknowledgements:

study was supported by the Ministry of Science, Infor-
mation and Communications technology (ICT) and Fu-
ture Planning grant funded by the Korean Governm-
ent (NRF-2017R1D1A1B03033219), and support-
ed by Leading Foreign Research Institute Recruitment
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Science and ICT
(MSIT) (NRF-2018K1A4A3A02060572).
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Differential Expression of Calcium-Buffering Protein
Calretinin in Cochlear Afferent Fibers

Kushal Sharma'; Young-Woo Seo?; Eunyoung Yi'
"Mokpo National University; ?Korea Basic Science
Institute Gwangju Center

The synaptic contacts of cochlear afferent fibers (CAFs)
with inner hair cells (IHCs) are spatially segregated
according to their firing properties. CAFs also exhibit
spatially segregated vulnerabilities to noise. The CAFs
contacting the modiolar side of IHCs tend to be more
vulnerable. Noise vulnerability is thought to be due to the
absence of neuroprotective mechanisms in the modiolar
side contacting CAFs. In this study, we investigated
whetherthe expressionofneuroprotective Ca2+-buffering
proteins is spatially segregated in CAFs. The expression
patterns of calretinin, parvalbumin, and calbindin were
examined in rat CAFs using immunolabeling. Calretinin-
rich fibers, which made up ~50% of the neurofilament
(NF)-positive fibers, took the pillar side course and
contacted all IHC sides. NF-positive and calretinin-poor
fibers took the modiolar side pathway and contacted the
modiolar side of IHCs. Both fiber categories juxtaposed
the C-terminal binding protein 2 (CtBP2) puncta and
were contacted by synaptophysin puncta. These
results indicated that the calretinin-poor fibers, like the
calretinin-rich ones, were afferent fibers and probably
formed functional efferent synapses. However, the other
Ca2+-buffering proteins did not exhibit CAF subgroup
specificity. Most CAFs near IHCs were parvalbumin-
positive. Only the pillar-side half of parvalbumin-
positive fibers coexpressed calretinin. Calbindin was not
detected in any nerve fibers near IHCs. Taken together,
of the Ca2+-buffering proteins examined, only calretinin
exhibited spatial segregation at IHC-CAF synapses. The
absence of calretinin in modiolar-side CAFs might be
related to the noise vulnerability of the fibers.

PS 45

The Influence of the Spatial Summation on
Cochleoneural Mass-potentials

Eric Verschooten; Philip X. Joris

University of Leuven

The compound action potential (CAP) and neurophonic
(NP) recorded near the round window (RW) in human
and macaque are smaller than in cat. The exact location
and nature of the generators of these mass-potentials
is still unclear. We examine the hypothesis that they are
smaller in primates due to the longer length of the auditory
nerve: generators are distributed along the nerve and
their summation has a spatial filtering effect due to the
relative short wavelength of the action potential. In this
study we examine whether mass-potentials are affected
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by spatial convolution.

RW-potentials and action potentials of single nerve
fibers were recorded in cat and chinchilla. From these
signals, RW-unit contributions were obtained by spike-
triggered averaging (Kiang et al., 1976; Prijs, 1986).
Additionally, CAPs to pip-tones at 6 kHz were obtained
and compared with responses in human and macaque.
A simple model was used to simulate the impact of
spatial integration on the unit contribution and CAP. The
model simulated the unit contribution of a traveling action
potential by calculating the difference of the potentials
summed across two adjoining stretches of the fiber, with
increasing length of these stretches.

Comparison between the unit contribution and its action
potential revealed that the former is strikingly similar
in shape to the first derivative of the latter, but with a
small (submillisecond) delay. This suggests that the
unit contribution reflects a potential difference, rather
than a spatial summation. The small size of the delay
indicates that the origin of the unit contribution is close
to the single-fiber recording site, likely near the internal
meatus as proposed by Brown and Patuzzi (2010). This
observation is supported by simultaneous recordings of
the neurophonic at the RW and auditory nerve, showing
a similar delay. Simulations with imposed spatial
integration showed that, if present, it would affect the
shape of the unit contribution and CAP for distances well
within the anatomy of the cat. The lack of signs of spatial
integration in cat and the similarity between CAP shapes
of cat, monkey, and human indicates that the length of
the AN has no influence on mass-potentials in human.
We conclude that the unit contribution reflects a potential
difference originating at a specific point near the internal
meatus, rather than spatially distributed generators.
Spatial integration is not a significant factor in cochlear
mass potentials of cat and chinchilla and likely not
in human and macaque either. Supported by FWO
(GOB2917N), BOF (OT-14-118).
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The Effect of Masking Noise on the Envelope
Following Responses (EFR)

Gerard Encina-Llamas'; James M. Harte?; Bastian Epp’
'"Hearing Systems, Technical University of Denmark;
2Interacoustics Research Unit

Background

Envelope following responses (EFR) have been
proposed as a promising tool to investigate cochlear
synaptopathy (i.e., the loss of auditory nerve (AN) fiber
synapses without a permanent threshold elevation) both
in mice and humans. In mice, it was shown that cochlear
synaptopathy leads to a reduction of EFR magnitudes
at supra-threshold stimulation levels. Corresponding
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studies in human listeners are, however, inconclusive.
In a previous study we used a computational model of
the AN to investigate the effect of cochlear synaptopathy
on EFRs. We concluded that the EFR evoked by a
sinusoidally amplitude modulated (SAM) tone in quiet
was dominated by off-frequency contributions (i.e.,
neuronal activity remote from the characteristic place of
the stimulus carrier) and by high-spontaneous rate (SR)
AN fibers. In this study, the effect of commonly used
masking noises was systematically analyzed using the
same computational model of the AN as in the previous
study. The simulations were compared with EFR
magnitude-level functions recorded in human listeners.

Methods

The humanized version of the AN model by Zilany et
al. (2009, 2014) was used to simulate the AN activity
for characteristic frequencies (CF) between 0.2 to 20
kHz. AN simulations were run for stimulation levels
ranging from 5 to 100 dB SPL, for 5 modulation depths
(100%, 85%, 50%, 25% and 12%), 5 SNR conditions
(20, 10, 0, -10, -15 dB and in quiet), and for broadband
and notched noise maskers. EFR magnitude-
level functions were computed for each condition
by summing the simulated AN activity across CFs.

Results

At positive SNRs, the presence of masking noise
partially reduced the contribution of off-frequency AN
fibers. At those SNRs and towards medium-to-high
stimulus levels, the AN neurons contributing most to the
total EFR were, however, still located off-frequency. At
negative SNRs, the on-frequency AN neurons showed
stronger encoding of the envelope than other CFs.

Conclusions

The simulations suggested that the use of masking noise
to limit the dominance of off-frequency contribution onto
the EFRs was effective at negative SNRs. At positive
SNRs, the off-frequency contributions still dominated
the response at medium-to-high stimulus levels but to
a lesser extent than in quiet. Nevertheless, the use of
such high masking noise levels might not be suitable for
experiments.

Funding

This work was supported by the Oticon Centre of
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Estimating the Frequency Limit of Auditory Nerve
Phase Locking from Round-Window Recordings in
Birds

M. Queralt Caus-Capdevila'; Lena Koepcke?; Rainer
Beutelmann?; Nicolas Palanca-Castan*; Christine Koppl®
"Cluster of Excellence “Hearing4all”; 2Department of
Neuroscience,; 3Cluster of Excellence “Hearing4all’;
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(CINV); °Department of Neuroscience, School of
Medicine and Health Sciences, Carl von Ossietzky
University Oldenburg

Background

Based on the observation that neural responses —
compound action potential (CAP) and neurophonic
(NP) - adapt when preceded by a masker, whereas
hair-cell responses - cochlear microphonics (CM) —
do not, Verschooten and Joris (2014, JARO 15:767-
787) extracted neural phase-locking in mass potential
recordings from the round window (RW). By presenting
a stimulus of alternating phase and subtracting the
responses from each other, the CAP is eliminated and
the periodic CM and NP extracted. The NP is then singled
out by subtracting the masked response from the probe-
only response. The amplitude of the NP component is a
correlate of mean single-unit vector strength in the cat
(Verschooten et al., 2015, J Neurosci 35(5):2255-2268).
The objective of this study was to determine if this
method could be applied in birds. Our test cases were
the barn owl, a known phase-locking specialist (Képpl,
1997, J Neurosci 17(9):3312-3321) and the chicken.

Methods

Preliminary experiments were conducted in four adult
owls and five P21 chickens. Animals were anesthetized
with ketamine/xylazine, and a silver-ball electrode was
placed at the RW membrane. Pure tone probe stimuli
at different frequencies (owl: 0.5 - 8 kHz; chicken:
0.5 - 4 kHz; 100 ms duration) with alternating phases
were presented at levels between 0 and 40 dB above
threshold. In masking trials, the probe was preceded by
a 100 ms broadband noise with the level set between -10
and +20 dB relative to the probe. Data were analyzed
with custom software following Verschooten and Joris
(2014).

Results

In both chicken and owl, an NP component could be
detected and its amplitude generally increased with
probe level. The signal-to-noise ratio was considerably
higher in the owl, such that an NP was detectable with
fewer response averages. To sufficiently mask the NP,
the masker level needed to be at least equal to the probe
level. In chickens, an NP was observed at frequencies
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up to 2 kHz. In owls, it persisted up to 8 kHz, with a
consistent decrease in amplitude above 4 kHz.

Conclusions

Detection of a phase-locked neural (NP) component in
RW recordings was possible in both owls and chickens.
NP amplitude was considerably higher in the owl,
consistent with its larger number of auditory-nerve fibers.
Furthermore, consistent with the higher frequency limit
of phase-locking of single auditory nerve fibers, the NP
was observed at much higher frequencies in the owl
than in the chicken.

Supported by the Deutsche Forschungsgemeinschaft
(DFG), PP 1608
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Modeling the Concurrent Vowel Scores for a Shorter
Duration

Harshavardhan Settibhaktini; Ananthakrishna
Chintanpalli

Department of Electrical and Electronics Engineering,
Birla Institute of Technology and Science

Background: A fundamental frequency (FO) difference
is an important cue for normal-hearing listeners to
segregate multiple speeches presented at the same
time. Concurrent vowel identification is studied to
understand the role of this FO difference in identifying
two simultaneously presented vowels. However, this
ability could be reduced when stimuli, is presented for
a shorter duration. It was found that normal-hearing
listeners took advantage of FO difference (quantified by
FO benefit) for identifying concurrent vowels that had
200-ms duration, when compared to 51.2-ms. For 200-
ms, the identification score increased with increasing FO
difference and then asymptoted at higher FO differences.
In case of 51.2-ms, the scores were similar, indicating
FO benefit was near to zero. Thus, it is hypothesized that
the absence of vowel segregation using FO difference
might contribute to zero-FO benefit for shorter duration
stimulus. The study here attempts to predict concurrent
vowel scores across FO difference for longer and shorter
durations, using the population responses of auditory-
nerve model and FO-segregation algorithm.

Methods: The vowel pairs were generated using five
different vowels. Each vowel was presented at 65 dB
SPL and either had 200 or 51.2-ms duration. The vowel
pairs were created with six FO-difference conditions
(0, 1.5, 3, 6, 12 and 26 Hz). To quantify the duration
effects, a physiologically-based computational model
was employed by cascading the auditory-nerve model
with Meddis and Hewitt'sFO-segregation algorithm. A
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similar modeling-framework had been done primarily on
vowel pairs that had longer durations, where the scores
were qualitatively similar to normal-hearing listeners.
The present work applies this model to study if it can
predict concurrent vowel scores across FO difference for
shorter duration.

Results: Consistent with other studies, the computational
model was able to predict the concurrent-vowel data as a
function of FO difference for 200-ms, qualitatively, using
the parameters of FO-segregation algorithm. It predicted
similar scores across FO difference and negligible FO
benefit for 51.2-ms, by altering only one parameter, that
contributed to absence of FO-based vowel segregation.
For longer-duration, our preliminary model-predictions
for listeners with sensorineural hearing loss suggested
that the reduced concurrent vowel scores across FO
difference could be attributed to reduced functionalities
of hair-cells and loss of number of high-spontaneous
fibers from its population responses.

Conclusions: The computational modeling results
suggest that absence of FO-based vowel segregation
might have contributed to similar identification scores
across FO0 difference for shorter duration.

Work supported by OPERA and RI Grants.
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Nav1.9 Knockout Causes Auditory Neuropathy

by Reduction of Auditory Signals Transduction in
Primary Afferent Neurons

Mian Zu'; Weiwei Guo?; Ning Yu?; Guowei Qi?; Shi-
ming Yang?

'"Chinese PLA General Hospital; 2PLA General Hospital;
3General hospital of Chinese PLA

Background The exact molecular pathogenesis about
auditory neuropathy (AN) is still unclear, owing to the lack
of suitable animal model. The SCN11A gene encoded
Nav1.9 resistant to TTX is well known by its highly
expression in nociceptive neurons of dorsal root ganglia,
which is a main effector of peripheral inflammation
related pain. However, the expression pattern or function
of Nav1.9 in peripheral auditory afferent neurons has
never been determined. Methods In our present study,
the expression of Nav1.9 in the murine cochlea was
determined by gPCR and immunofluorescence staining.
Furthermore, the morphological features of hair cells,
ribbon synapse or spiral ganglion neurons (SGNs) of
mice model with CRISPR-mediated knockout (KO) of
Nav1.9 were observed by scanning electron microscope
or laser scanning confocal microscope. Finally, auditory
brainstem response (ABR) and the electrocochleograms
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(ECochGs) of Nav1.9 KO mice were recorded, to explore
the possible mechanism of action for Nav1.9 in auditory
afferent neural circuit. Results Nav1.9 was found to be
expressed in the primary afferent endings beneath IHCs
and the SGNs body, as well as dorsal cochlear nucleus.
The relative expression of Nav1.9 mRNA in modiolus
remained unchanged from PO to P60, except for the
decline at P21. Compared with wildtype (WT) littermates,
the number of Ctbp2 positive ribbon synapses in cochlea
of Nav1.9 KO mice significantly decreased. Besides, the
counting of SGNs in the basal turn of Nav1.9 KO mice
was lower than that in WT, while no significant difference
was found in the apical or middle turn. As for hair cells,
the hair cell somas and stereociliary bundles were found
to be intact. ABR threshold shifts at 12 and 16 kHz for
tone bursts were found in Nav1.9 KO mice, versus
heterozygote and WT. Furthermore, ABR threshold shifts
at 16 kHz increased progressively ranging from P21 to
P60, with decreased amplitudes for a series of vertex
positive waves from Wave | to V. Nav1.9 KO induced a
significant increasement in CAP thresholds, a significant
decrease in CAP N1 amplitudes, and no significant
change in latencies. Last but not the least, the Nav1.9
KO mice and WT littermates shared similar recordings
of microphonic potentials (CM). Conclusions In all, our
study showed a novel murine model of AN caused by
Nav1.9 KO with synaptic or post-synaptic dysfunction
due to impairment of ribbon synapse or SGNs, resulting
in failure transduction for the synchronous activation of
the auditory nerve fibers.

PS 50

Ultrafast Optogenetic Stimulation of the Auditory
Pathway by Targeting-optimized Chronos

Antoine Huet'; Daniel Keppeler?; David Lopez de la
Morena?; Burak Bali?; Vladan Rankovic?; Tobias Moser*
TInstitute for Auditory Neuroscience and InnerEarlLab;
2Institute for Auditory Neuroscience and InnerEarlLab;
Gottingen  Graduate School for Neurosciences
and Molecular Biosciences; S3institute for Auditory
Neuroscience and InnerEarlab; Collaborative Research
Center 889 (DFG); “Institute for Auditory Neuroscience,
University Medical Center Géttingen;, Synaptic
Nanophysiology Group, Max Planck Institute for
Biophysical Chemistry; Collaborative Research Center
889, University of Géttingen

Optogenetic stimulation of spiral ganglion neurons
(SGNs) in the ear provides a future alternative to
electrical stimulation used in cochlear implants. As
light can be conveniently confined in space, optical
stimulation promises to increase the number of
independent stimulation channels. However, most
channelrhodopsins do not support the high temporal
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fidelity pertinent to auditory coding because they require
milliseconds to close after light-off. The opsin Chronos
could overcome this main limitation by ultrafast closing
kinetics (Klapoetke et al., 2014). Using a viral approach
for in vivo transduction of SGNs, we successfully
expressed Chronos in mice and gerbils. In order to
enhance Chronos expression at the plasma membrane,
we improved its trafficking to the plasma membrane
(Chronos-ES/TS). Following efficient transduction
of SGNs using early postnatal injection of the adeno-
associated virus AAV-PHP.B into rodent cochlea,
fiber-based optical stimulation elicited optical auditory
brainstem responses (0ABR) with minimal latencies of 1
ms, thresholds of 5 yJ and 100 us per pulse, and sizable
amplitudes even at 1000 Hz of stimulation. Recordings
from single SGNs demonstrated high temporal fidelity
of light-evoked spiking. To conclude, efficient virus-
mediated expression of targeting-optimized Chronos-
ES/TS achieves ultrafast optogenetic control of neurons.
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Regulation of Quaking RNA Binding Proteins of
Mouse Auditory Nerve Myelination and Hearing
Onset

Clarisse H. Panganiban®; Carolyn M. McClaskey';
Kelly C. Harris?; Hainan Lang'

"Medical University of South Carolina; 2Medical
University of South Carolina-Dept of Otolaryngology-
Head & Neck Surgery

Myelination and nodes of Ranvier are necessary for rapid,
saltatory conduction of electrical impulses along the
auditory nerve (AN). Dysmyelination and improper nodal
formation can lead to decreased conduction velocities
and neural dyssynchrony. Work in our lab has identified
the Quaking (QKI) gene as essential for maintenance of
myelination of type | spiral ganglion neurons. We have
shown that knockout of QKI isoforms, which encode the
QKI RNA binding proteins (RBPs) QKI-5, -6, and -7, in
young-adult mice result in severe dysmyelination and
loss of hearing function. In developing mouse AN, peak
activity of myelin formation occurs around postnatal day
(P) 7, with complete myelination by P10-12, concurrent
with hearing onset. Although the importance of QKI RBPs
in myelin maintenance is unquestionable in young-adult
AN, their role during AN postnatal development is less
clear. This study aims to elucidate the effects of induced
depletion of QKI isoforms around the critical period of
myelination on formation of myelin, nodal assembly,
and auditory functional development/maturation.

To analyze the effects of QKI depletion in auditory
glial cells, QKIFL/FL;PLPCreERT (QKI-KO) pups
were used with QKIFL/FL;- littermate controls. The
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tamoxifen-induced depletion of QKI was generated via
intraperitoneal injections for three consecutive days
starting at P5 or P7. Physiological tests assessing AN and
myelin function were conducted using a comprehensive
multi-metric approach developed in our lab to
characterize differences in conduction velocity and neural
dyssynchrony. Cochleas were collected for quantitative
immunohistochemical and ultrastructural analyses.

Depletion of QKI at P5 and P7 showed the complete
disappearance of Pan-QKI protein reactivity in auditory
glia at P14 in QKI-KO compared to controls. Depletion at
P5 shows AN fiber abnormalities and improperly formed
paranodes at P14 in QKI-KO. Surprisingly, for depletion
beginning at P7, there was no significant dysmyelination
seen around AN fibers of P14 in QKI-KO. Node of Ranvier
formation, marked by nodal molecule NrCAM and
paranodal Cntn1, were quite normal. Wave | thresholds
at P14 were not significantly different between QKI-KO
and controls after depletion at P7.

Our study shows that the effects of QKI depletion prior to
peak myelination are greater than depletion at P7. QKI
activity may be more important in the pre-myelination
stages. These preliminary studies suggest a precise
temporal regulation of QKI RBPs in AN myelination and
nodal formation. Comprehensive analyses of wave |
suprathreshold responses and AN firing synchrony are
in progress.
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Auditory Nerve Responses to Electric Pulse Trains
in Guinea Pigs and Humans

Dyan Ramekers; Ruben H.M. van Eijl; Henk A. Vink;
Huib Versnel
University Medical Center Utrecht

The auditory nerve progressively degenerates following
severe cochlear hair cell loss. Variability in auditory
nerve degeneration is thought to be partly responsible
for variability in speech perception among cochlear
implant (CI) users (Kamakura and Nadol, 2016, Hear
Res 339:132-141). An objective measure of auditory
nerve degeneration could therefore give an indication of
maximum achievable speech perception performance.
In animal models advanced stimulation paradigms
including pulse trains have yielded promising results in
that derived eCAP measures correlate well with survival
of the auditory nerve (Ramekers et al., 2015, Hear Res
321:12-24). In the current study we assess the potential
clinical value of eCAPs in response to pulse trains by
testing the same recording paradigms in human CI
users and in deafened guinea pigs.

Twenty-three guinea pigs, either normal hearing or
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deafened by systemic administration of kanamycin and
furosemide, were implanted with a MED-EL PULSAR
Cl in the basal cochlear turn. A 100-ms pulse train
with varying inter-pulse interval (IPI; 0.4 — 16 ms) was
presented; eCAPs were recorded to each of the initial
ten pulses and to each of the final ten pulses. The
extent of auditory nerve degeneration was assessed
by histological quantification of the spiral ganglion
cells (SGCs). Using pulse trains with similar parameter
settings as in the guinea pigs, we recorded eCAPs in 8
human subjects (14 — 45 years of deafness) with a MED-
EL Cl at both basal and apical electrodes, peroperatively
and/or postoperatively. Speech perception was tested
with consonant-vowel-consonant words in silence and
noise and digit triplets in noise.

In guinea pigs the eCAP amplitudes modulated with
successive pulses for IPls between 0.5 and 1 ms, i.e.,
amplitudes were larger to odd than to even pulses.
These modulations were negatively correlated to SGC
survival. In human subjects we found similarly large
eCAP amplitude modulations in the IPI range of 0.5-1
ms. However, some individuals did not tolerate pulse
train stimulation at the current level required to evoke
eCAPs, in particular for the final pulses of the 100-ms
train.

In summary, useful information about the condition of the
auditory nerve in Cl users may be derived from eCAPs
recorded to a pulse train with short IPls. Recording the
eCAPs to the first 10 pulses, as opposed to the last 10
pulses in a 100-ms pulse train, is more feasible in awake
Cl users.

PS 53

Effects of Prolonged Purinergic Receptor Activation
in Cochlear Glial Cells

Silvia Prades; Katie E. Smith; Jonathan E Gale; Dan
Jagger
UCL Ear Institute, University College London

The auditory nerve relays acoustic information to the
auditory brain. The spiral ganglion neurons (SGNs)
forming this primary afferent pathway are in close
contact with different types of glial cells, but their
functional interactions remain largely uncharacterized.
Purinergic signaling is recognized as a regulator of
auditory nerve physiology, following the detection of
various P2Y and P2X receptors in SGNs (Housley et
al., Audiol Neurootol 2002; Huang et al., Purinergic
Signal 2010). In addition, we have demonstrated
functional expression of P2X7 receptors (P2X7Rs) in
cochlear glia (ARO MWM 2017). In the present study,
we examine the downstream effects of prolonged P2YR
and P2XR activation in cultured glia.
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In agreement with previous work (Huang et al.,
Purinergic  Signal  2010), immunofluorescence
experiments using vibratome-sectioned cochlear
tissue revealed expression of P2Y1Rs and P2Y4Rs in
Schwann cells wrapping SGN peripheral neurites, and
in satellite cells surrounding the SGN-soma. During
ratiometric Fura-2 imaging, prolonged exposure to P2Y
agonists (UTP, UDP and ADP) resulted in a significant
increase in cytoplasmic calcium levels in cultured glia,
with UTP being the most effective. These results are
consistent with functional metabotropic purinergic
signaling in cochlear glial cells.

We previously showed expression of P2X7Rs in Schwann
cells and in satellite cells. Transient exposure to P2X7R
agonists resulted in the activation of cationic currents.
Prolonged exposure led to an increased permeability to
fluorescent macromolecules, suggesting that P2X7Rs
have the potential to mediate multiple cell-signaling
pathways in cochlear glia. In other tissues P2X7Rs are
recognized as activators of cell death pathways, and so
P2X7R antagonists have been proposed as therapeutic
targets in inflammatory conditions (Burnstock and
Knight, Purinergic Signal 2017). In the present work we
are investigating the consequences of prolonged P2X7R
activation, and in particular their potential involvement in
the control of cell death in the auditory nerve. Preliminary
data will be presented on the extent of cell death caused
by P2X7R activation in comparison to the effects of
known pro-cell death agents (e.g. staurosporine).

The functional expression of P2YRs and P2XRs in
glial cells within the peripheral portion of the auditory
nerve raises the possibility that these receptors play
specific roles in physiological and pathophysiological
cochlear neuro-glial communication. In addition,
the downstream effects of prolonged purinergic
stimulation we describe suggest that P2YRs and
P2XRs may both act as sensors of tissue stress
during periods of damaging noise or ischemia.

This work was supported by an Action on Hearing Loss
Studentship and a grant from the BBSRC.
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Enhanced Resolution Imaging of Excitable
Microdomains in the Auditory Nerve during
Development

Katie E. Smith; Dan Jagger
UCL Ear Institute, University College London

Type | spiral ganglion neurons (SGNs) in the auditory
nerve transmit acoustic information from cochlear inner
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hair cells (IHCs) to the brainstem in the form of action
potentials. The ion channels responsible for action
potential initiation and propagation are organized into
discrete “microdomains” (Hossain et al., 2005; Smith
et al., 2015; Kim and Rutherford, 2016), the assembly
of which most likely depends on associated glial
cells. These microdomains include the first heminode
region located a short distance from the IHC synapse
which is the spike generator of the auditory nerve,
and nodes of Ranvier distributed along SGN neurites.
The peripheral neurites of SGNs can degenerate
substantially in severe cases of sensorineural hearing
loss. Regenerative strategies aiming to regrow SGN
neurites must recapitulate the complex organisation of
the microdomains in order to fully restore function to the
auditory nerve. Here we investigated the sequence of
events leading to microdomain assembly and maturation
during cochlear development.

Using enhanced resolution (Airyscan) confocal imaging,
various nodal proteins including cell adhesion proteins
and ion channels, were immunolocalized to developing
microdomains in fixed cochlear vibratome sections from
P4-P14 mice. The earliest detected proteins included
the nodal proteins AnkyrinG and NF186 and the
paranodal protein Caspr, which localized to immature
clusters in the peripheral neurites of SGNs at ~P4.
These proteins then formed heminodal arrangements by
~P6, with approaching heminodes observed along the
same labelled neurite suggesting that nodal assembly
most likely occurs by the fusion of two heminodes.
Heminodal structures appeared later at the peri-somatic
nodes of Ranvier within the spiral ganglion with fusion
events in this area continuing to be observed at P12,
after hearing onset. Refinement of the first heminodes
which form the spike generator region also continued
after hearing onset, as has been reported in the rat (Kim
and Rutherford, 2016).

These results present a defined spatio-temporal
pattern of microdomain formation during maturation
of the auditory nerve and provide an insight into the
mechanisms involved in microdomain assembly, a
process that must be recapitulated in regenerative
strategies targeting sensorineural hearing loss.

PS 55

Laminin Promotes Schwann Cell Migration and
Neuronal Axon Growth In Vitro

Esperanza Bas; Olena Bracho; Paula Monje; Liliana

Ein; Thomas R. Van De Water; Christine T. Dinh

University of Miami Miller School of Medicine
Background: Following nerve

injury, myelinating
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Schwann cells dedifferentiate and align in parallel tracks
that provide physical scaffolds and trophic support for
neurites to re-grow. Laminin is a component of the
extracellular matrix that can promote migration and
survival of Schwann cells. In this study, we investigate
the effect of laminin on Schwann cell migration
and neuronal axon growth and extension in vitro.

Methods: A migration assay was created by culturing
adult rat Schwann cells and/or primary neurons against
0 or 1000 ug/ml of laminin in a two-well insert dish. Time-
lapse light microscopy was performed daily to monitor
Schwann cell migration and axonal extension toward the
cell-free gap between cells and laminin conditions. At
96 hours, cells were fixed in 4% paraformaldehyde
and immunofluorescence was performed using primary
antibodies for tubulin f3 (TUJ1, neuronal marker), S100
(Schwann cell marker) and DAPI (nuclei). Cell distribution
and axonal length were analyzed with ImageJ software.
One-way ANOVA with Bonferroni post-hoc testing was
used for statistical analysis.

Results:Schwann cells migrated toward 1000 ug/
ml laminin significantly more than control conditions
without laminin (p<0.05). In Schwann and neuronal
cell co-cultures, there were significantly more Schwann
cell migration events and axonal extension toward
1000 ug/ml of laminin compared to control conditions
(p<0.05). Laminin (1000 ug/ml) placement adjacent
to co-cultures prevented cell clustering, spheroid
formation, and detachment of cells from the plate.

Conclusions: Laminin is a trophic factor that can
stimulate Schwann cell migration, promote axonal
extension, and support health of Schwann and neuronal
cells. These findings support further investigations into
the mechanisms of how laminin can initiate Schwann-
cell induced neuronal growth and has significant clinical
implications such as in nerve injury and cochlear
implantation.
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The Role of Mitochondrial Transport in Afferent
Axon Structure and Function

Amrita Mandal'; Katherine Pinter'; Katie Kindt?; Katie
Drerup’

'NICHD; 2National Institute on Deafness and Other
Communication Disorders

Afferent axons are the primary structure conveying
information from hair cells to the cortex for perception
of hearing and balance. These axons innervate the
base of the hair cell and, to function correctly, must
contain synaptic structures and organelles necessary
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for neurotransmitter-mediated signal transduction. To
properly place organelles and proteins through the
axon, neurons utilize microtubule based motors. While
a superfamily of Kinesin motors is responsible for plus
end (axon terminal) directed axonal transport, the single
molecular motor Cytoplasmic dynein accomplishes the
bulk of retrograde (cell body directed) flow. One dynein
cargo of particular importance is mitochondria. Clinical
literature has suggested a strong correlation between
abnormal mitochondrial localization and degenerative
diseases of the nervous system; however, the impact
of mitochondrial transport disruption on the structure
and function of the afferent axons is unknown. First we
determined the role of mitochondrial retrograde transport
in the turnover of this organelle in axon terminals under
normal conditions using zebrafish larvae. For this work,
we utilized photoconversion of mitochondrially localized
mEos in posterior lateral line afferent axon terminals
and tracked the displacement of converted organelles
over time. Our data illustrates a robust mitochondrial
turnover in axon terminals, with complete turnover of
this mitochondrial population within three hours. These
organelles are not subject to immediate degradation but
instead are repositioned within the axon, some being
deposited at proximal axon terminals. In actr10 mutants,
which have defective retrograde transport, this turnover
fails to occur. We next used live imaging of fluorescent
reporters to determine if mitochondrial health or function
are impacted by loss of retrograde mitochondrial
transport in the actr10 mutant line. Surprisingly, short-
term trapping of mitochondria in the distal axon has little
effect on either mitochondrial health or ATP production
of axon terminal mitochondria. However, these neurons
show a dramatic defect in cell body mitochondria: the
overall mitochondrial load in the cell body is decreased
with consequent loss of ATP production. Together, our
data support a model in which mitochondrial retrograde
transport is necessary to support a homeostatic balance
of mitochondria in the neuron. Loss of normal retrograde
movement leads to a decrease in neuronal cell body
mitochondrial load and decreased energy production in
this region. Future work will concentrate on the functional
ramifications of disrupting homeostatic mitochondrial
transport in afferent neurons with the long-term goal
of linking this intracellular phenomena to neural circuit
physiology in normal and disease states.

PS 57
Dual Action Potential Thresholds Characterize the
Responses of SGNs to Dynamic Stimuli

Jeffrey Parra-Munevar'; Charles E. Morse?; Mark R.
Plummer?; Robin L. Davis'
'Rutgers University; ?Rutgers University
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Spiral ganglion neurons (SGNs) display a remarkable
level of heterogeneity, including the diversity of
thresholds that correlate with spontaneous rate in vivo
and APmax in vitro. When assessed with square-pulse
depolarization current injections into (P1-14) neuronal
somata in vitro, we found that slowly accommodating
neurons were predominately low-threshold, whereas
unitary or rapidly accommodating neurons were largely
high-threshold (Crozier & Davis, 2014). This pattern
of activity suggests that neurons within the ganglion
fire in predictable ways depending upon their intrinsic
depolarizing threshold level, yet we questioned whether
this is a fixed property of the neurons or one that could
be altered dynamically by changing the input stimulus.

To evaluate the possibly of intrinsic threshold modulation
in SGNs, we assessed their action potential (AP)
responses to the offset of 240ms hyperpolarizing
square pulses. Not unexpectedly, the resultant rebound
APs (APR) fired at thresholds that were significantly
lower (51.0£0.2mV, n=18) than those evoked by
depolarization (APD; -46.1+£0.3mV, n=18; p<0.01).
The APD and APR thresholds were heterogeneous
and positively correlated. The difference between APD
and APR thresholds, however, was greater in high-
threshold neurons as compared to the essentially
overlapping values observed in low-threshold neurons.

The dynamic nature of SGN responsiveness was further
evaluated with oscillatory stimuli ranging from 4.2 to
416.7 Hz in which the initial cycle was either depolarizing
or hyperpolarizing. Input-output (I-O) functions resulting
from this analysis showed unequivocally that neurons
responded to the depolarizing phases of the stimulus
at lower voltage levels when immediately preceded by
a hyperpolarizing cycle. As predicted from our initial
observations, this ‘rebound excitation’; behavior was
more prominent in high-threshold neurons likely due to
their divergent APD and APR thresholds. This dynamic
sensitivity resultedindouble, ratherthan single Boltzmann
fits to the I-O relationships of many high-threshold
neurons, as compared totheirlow-threshold counterparts.

Our analysis shows that SGNs are capable of firing APs to
depolarizing and rebound stimuli, both at heterogeneous
voltages. The dual nature of AP threshold levels in
SGNs likely underlies the presence of rebound excitation
observed in recordings from neurons injected with
sinusoidal currents. Because the presence of rebound
excitation can dynamically elevate the sensitivity of
SGNs, we speculate that this type of behavior is likely
an important substrate for integrating complex, time-
dependent input to shape spiral ganglion output.

Funded by NIDCD RO1-DC01856 and Action on Hearing
Loss, UK
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Endocytosis and Endocytotic Signaling in Spiral
Ganglion Neurons

Shannon Doolittle'; Eduardo Chavez?; Kwang Pak?;
Arwa Kurabi'; Allen F Ryan'

"UCSD Surgery/Otolaryngology; 2Department of
Surgery / Otolaryngology, University of California, San
Diego; San Diego VA Medical Center

Background: In transmembrane receptor signaling
by tyrosine kinase receptors, ligand binding results in
autophosphorylation and local signal transduction.
Receptor/ligand internalization followed by degradation
is the canonical model for limiting excessive receptor
signaling. Alternatively, endosomes can function to
recycle receptors back to the cell surface and maintain
long-term signaling. However, current evidence
indicates that receptor signaling may continue in
endosomes. These “signaling endosomes” can traffic
receptor signaling to distant cell sites. In neurons,
neurite extension and direction can be controlled locally
at the growth cone, where neurotrophin receptors are
selectively expressed in the membrane. However,
expression of genes important for neurite growth
is controlled at the distant cell nucleus. Retrograde
transport of signaling endosomes is a mechanism by
which signals can reach the nucleus.

Methods: Toexplorehowendosomesimpactneurotrophin
signaling in cochlear neurons, we first exposed explants
of neonatal rat spiral ganglion to BDNF and NT-3. Neurite
extension and neuritogenesis were then compared with
and without exposure to Pitstop-2, a potent inhibitor of
clathrin-mediated endocytosis; Dynasore, an inhibitor
of clathrin-dependent and some clathrin-independent
endocytosis; Wortmannin, an inhibitor of clathrin-
independent endocytosis, and Mycolide B, an inhibitor
of neuronal retrograde, but not anterograde transport.

Results: If endosomal degradation of neurotrophin
receptors serves to limit signaling in cochlear
neurons, inhibition would be expected to enhance the
effects of neurotrophins, as has been shown in some
circumstances for EGF. On the other hand, if receptor
recycling by endosomes is important, as has been seen
for insulin receptors, reduced neurite extension would
be expected. If signaling endosomes are involved in
transmitting signals to the cell nucleus, reduced neurite
extension would be expected. The extension of neurites
from SGNs was severely limited by clathrin-mediated
endocytosis inhibition, in a dose-dependent manner.
Clathrin-independent inhibition had no effect. Inhibition
of retrograde transport completely blocked neurite
extension.
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Conclusions: Theresultsindicate thatendocytosis plays
a critical role in enhancing the effects of neurotrophins on
SGNs, most likely by increasing receptor recycling to the
membrane. They also suggest that signaling endosomes
mediate nuclear responses to neurotrophins.

Auditory Prostheses I: Novel Technologies &
Applications
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Comparison of Inferior Colliculus Recordings
Associated with Single Modality or Combined
Electro-Optogenetic Stimulation of the Murine
Cochlea
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and Hearing Bioscience and Technology

Introduction:

In developing a next-generation cochlear implant (Cl),
optical stimulation may address limitations of electrically-
based devices, as light can be more spatially focused
to create a greater number of independent channels.
An optical CI uses light-driven stimulation of auditory
neurons, which is now feasible using optogenetics. A
first generation optical CI will likely be a hybrid device
combining both electrical and optical modalities to
increase spiral ganglion neurons (SGN) responses.
Preliminary results from a mouse model of cochlear
optogenetics showed co-stimulation (i.e. combined
electrical and optical stimulation) resulted in larger
auditory brainstem responses (eABRs) than those
achieved by each of these modalities alone - with peak
amplitudes that approximated the sum of those from
each modality alone (El May et al, 2018 ARO abstr. #
924). Here, we further explored these interactions by
recording the activity of the inferior colliculus (IC).

Methods:

Transgenicmice (n=8 mice)expressingchannelrhodopsin
2 (ChR2) in SGNs driven by Cre-recombinase enzyme
were used. Similar strain mice with no ChR2 expression
were used as controls. Prior to surgery, we first assessed
acoustically evoked ABRs. We then performed a
cochleostomy distal to the round window niche using a
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postauricular approach and inserted either: 1) a silver
wire through the cochleostomy and a return silver wire
through the round window, or 2) a conformable micro-
electrode array (fabricated at Ecole Polytechnique
Fédérale de Lausanne) through the cochleostomy.
To record IC activity, we performed a craniotomy and
inserted a 16-electrode multichannel shank along the
tonotopic axis of the contralateral IC. Stimulation was
biphasic electrical pulses (with alternating polarity) and
blue light (488nm) pulses. We examined the effect of
different co-stimulation paradigms and combinations on
IC activity, threshold and morphology.

Results / Conclusions:

Transgenic mice expressing ChR2 all showed evoked
IC activity to either electrical or optical stimulation alone.
Light addition to the electrical stimulation resulted in
an increase in IC activity in the following pattern: sub-
threshold levels of light did not result in a significant
increase in IC activity, near and supra-threshold levels
of light did result in a significant increase in IC activity
until saturation of the neural response. Increases in
response suggest that a hybrid electro-optical cochlear
implant might be more effective than a device using just
one modality.
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Establishment of In Vitro Model to Understand the
Effect of Electrical Stimulation on Inner Ear

Zaid Al-Zaghal; Jeenu Mittal; Mario M. Perdomo; Elijah
J. Horesh; Christopher O’toole; Jorge Bohorquez;
Carolyn Garnham; Rahul Mittal; Adrien A. Eshraghi
University of Miami Miller School of Medicine

Introduction: While there is a trend to implant patients
with residual hearing, cochlear implantation (Cl) may
cause some loss of this residual hearing. The direct
effect of implantation of the electrode in affecting
macroscopic structures of the inner ear is well described.
Recently, a hybrid approach has been developed, where
both residual hearing and electrical stimulation are used.
However, the effect of the electrical field generated by
the implant has not been investigated to date. There is a
need to develop in vitro models of electrical stimulation
of Cl, which closely mimic human clinical conditions that
will help in understanding the precise contribution of
electrical stimulation in cochlear damage.

Materials and Methods: A custom stimulator circuit that
allows to study several parameters, including stimulation
amplitude, pulse width, and total stimulation duration
was designed. The organ of Corti explant cultures from
postnatal day three (P3) rats were used and placed in
microchannel slide (Ibidi GmbH) in the incubator and
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exposed to stimulation or left unstimulated. We also
determined the efficacy of an otoprotective compound in
providing protection against adverse effects of electrical
stimulation. Parameters (amplitude, pulsewidth and
duration) were changed one at a time. The organ of
Corti explants were subjected to FITC phalloidin staining
to visualize hair cells using confocal microscopy. The
number of surviving hair cells were counted. The organ
of Corti was also subjected to CellROX and cleaved
caspase 3 staining to determine the levels of oxidative
stress and apoptosis, respectively.

Result: In vitro testing suggests that the electrical
stimulation may cause some damage to hair cells,
mainly with higher stimulation levels and longer times
of stimulation. The identified otoprotective compound
provides significant protection against loss of hair cells
in response to electrical stimulation. The molecule
mechanisms behind otoprotection involves abrogation
of activation of oxidative stress and apoptosis pathways.
Conclusion: The stimulator circuit we designed and
constructed very closely simulates the electrical field of a
cochlear implant. It has enough task flexibility to be used
as an in vitro model of electricalstimulation. The models
developed in this study using electrical stimulation can
be used to understand the effect of electrical field on
inner ear sensory cells and to screen future otoprotective
drugs for the preservation of residual hearing post Cl
using similar approach as used in this study.

Funding: MED-EL Corporation to Dr. AA Eshraghi
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Zwitterionic Coatings Reduce Bacterial Adhesion to
Silastic Surfaces

Elise Cheng'; Megan Foggia'; Ryan Horne?; Na Shen’;
Braden Leigh?; Bradley Jones*; C. Allan Guymon?;
Marlan R. Hansen'’

"University of lowa Department of Otolaryngology
Head and Neck Surgery; ?University of lowa Carver
College of Medicine; 2University of lowa Departments
of Chemical and Biochemical Engineering; *University
of lowa Department of Microbiology and Immunology

Introduction: Implantable medical devices, including
cochlear implants (Cl), must resist bacterial attachment
and colonization on the device surface or risk device
loss. Zwitterionic polymer systems have shown promise
as anti-fouling materials, yet lack the mechanical
properties to be used for medical devices. Here we
explore the use of zwitterionic systems to provide a low-
fouling surface coating of silastic materials that serve as
housing/carrier for Cl devices. The zwitterionic polymers,
sulfobetaine methacrylate (SBMA) and carboxybetaine
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methacrylate (CBMA), were UV-photografted to silastic
to form an antibacterial hydrogel coating. Hydroxyethyl
methacrylate (HEMA) was used as a low-fouling control.
Zwitterionic coated and uncoated silastic samples
were then exposed to two bacterial contaminants,
Staphylococcus aureus (S. aureus) and Staphylococcus
epidermidis (S. epidermidis), in vitro and in vivo to
evaluate the antifouling properties of the coatings.

Methods: GFP-expressing S. aureus and S. epidermidis
were cultured on silastic surfaces that were coated with
CBMA or SBMA or remained uncoated. After 24 and
48 hours epifluorescent microscopy was used to count
attached bacteria. The experiment was repeated under
dry conditions by spraying bacterial suspension onto dry
samples. To assess the effect of the coatings on bacterial
adhesion in vivo, adult rats were divided into four
groups: 1) uncoated silastic implanted subcutaneously,
2) uncoated silastic implanted transcutaneously, 3)
CBMA coated-silastic implanted subcutaneously, and
4) CBMA coated-silastic implanted transcutaneously.
GFP-expressing S. aureus was then injected around
each polymer implant. Serial live, quantitative imaging
of the GFP signal was obtained 0, 3, 7, 14 and 21 days
following bacterial innoculation. At 21 days, the implants
were removed and attached bacteria were scored with
epifluorescent microscopy. Colony counts were also
performed to verify the viability of attached bacteria.

Results: CBMA coatings significantly reduced bacterial
adhesion to silastic in vitro under wet and dry conditions.
SBMA coatings exhibited mixed results, with reduction
of bacterial adhesion under some conditions, but not
others. Uncoated silastic and HEMA developed large
numbers of attached bacteria. Significantly fewer
bacterial counts and colonies were found on CBMA-
coated implants in vivo compared to uncoated implants.
While biofilms developed on uncoated silastic after 3
weeks in vivo, they did not appear to form on CBMA-
coated implants.

Conclusion: CBMA and SBMA applied as a UV
photopolymerizable coating to silastic surfaces resist
bacterial adhesion. CBMA is superior to SBMA. CBMA
coatings on silastic could reduce the rate of bacterial
infection, a difficult complication following cochlear
implantation.
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Validation of PTFE Artificial Cochlea Model for
Insertion Force Measurements

Rolf Salcher'; Martina Nullmeier?; Jakob Cramer?;
Nick Pawsey?; Thomas Lenarz'; Thomas S. Rau’
"Hannover Medical School; 2Cochlear Ltd.

One of the standard procedures in developing and
characterizing cochlear implant electrodes is the
measurement of insertion forces, as they are assumed
to be correlated with trauma. To have a reproducible
test setup, typically an artificial cochlea model (ACM)
made of an easy to process and smooth material, like
polytetrafluoroethylene (PTFE), in combination with
various lubricants is used in these measurements.
However it has not been demonstrated that such models
accurately represent the conditions of the living cochlea.
This study was conducted in order to validate the use of
PTFE as a realistic cochlea model in respect to friction
properties.

The friction conditions inside a cochlea are not easily
measurable therefore we decided to compare insertion
forces measured in fresh cochlea specimens with
PTFE models of matching cochlear geometry. As a
measurement in a human living patient is not possible
the use of fresh never frozen temporal bones is the best
available approach. The porcine cochlea is similarly
proportioned to the human, provides straightforward
surgical access and is readily available in contrast to
human specimens.

We repeatedly measured insertion forces in porcine
cochlea specimens and the corresponding ACMs with
the same insertion speed. For these measurements a
non-functional dummy electrode based on the Cochlear
Slim Straight electrode was used and inserted up to a
depth of 15 mm. A PTFE ACM was produced for each
porcine cochlea, matching the size and shape based
on CBCT data according to an in-house established
method. We tested different lubricants in the PTFE
model -saline solution, additional Healon, and soap
solution- and compared the results to the measurements
in the fresh cochleae. A good correlation between the
insertion forces was found in a number of the specimens
when saline solution was used as a lubricant in the
PTFE model. However, there are also specimens with a
poorer correlation match to forces in the corresponding
PTFE model. Either the 2D shape of the PTFE model
is an inappropriate oversimplification of the cochlear
geometry or other factors impact insertion forces which
are not identified at the moment.
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A Method for Building Individualized Two-
Dimensional Artificial Cochlea Models

Thomas S. Rau'; Martina Nullmeier?; Jakob Cramer?;
Silke Hugl'; Nick Pawsey?; Thomas Lenarz'; Rolf
Salcher!

"Hannover Medical School; 2Cochlear Ltd.

During the development process new electrode arrays for
cochlear implant systems are frequently characterized
by means of insertion force measurements. Although
human cadaveric cochlea specimens are the most
realistic models of the patient’scochlear geometry and
friction conditions, also artificial cochlea models (ACM)
are widely used due to their unlimited availability, low
cost and, most important, reproducible conditions for
repeated insertions. Typically, these ACMs are two-
dimensional (2D) representations of an average human
cochlea and may be milled out of polytetrafluoroethylene
(PTFE). In order to justify the use of PTFE for ACMs
we conducted a comparison study between cochlea
specimens and geometrically corresponding ACMs.
For this purpose we established a method to build a
geometrically more realistic replica of the individual
cochlea specimen.

In an initial study porcine cochlea specimens were used.
Fresh, never frozen pig half heads were obtained from
the slaughterhouse, cut into smaller pieces exclusively
containing the cochlea and glued on a sample holder
to ensure a well-controlled positioning. Cone-beam
computed tomography (CBCT, Accuitomo, Morita, voxel
size 0.08 mm) imaging was performed and the images
processed in a custom-made DICOM viewer (COMET)
featuring a rotating mid-modiolar slice plane. By rotating
this plane in 22.5° steps around the central axis of the
cochlea (modiolus) the shape of the inner and outer
wall of scala tympani (ST) were segmented. Special
focus was put on the basal part where segmentation
was performed with tighter step wide. Afterwards, these
contours were projected onto a plane perpendicular
to the modiolar axis to derive the 2D equivalent of the
original cochlear geometry. These contours were further
processed using computer-aided design (CAD) software
(Autodesk Inventor Professional 2015) and finally
the geometry was milled out of a PTFE plate using a
computer numerically controlled (CNC) milling machine.
A thin PTFE sheet supported by an acrylic glass disk to
cover the model was added to close the ST lumen and
to enable visual documentation of the insertion process.

Volume 42, 2019



PS 64

3D Printed Cochlea Model For Insertion Force
Measurement Testbench

Guillaume Tourrel'; Caio Maciel J. Viera'; Thomas
Demarcy?; Julie Foncy?; Laurent Malaquin?
'Oticon Medical; 2LAAS-CNRS

Background

Lower the forces during the electrode’sinsertion in
the cochlea is extremely important to avoid damaging
the interior structures of the Scala tympani, as the
basilar membrane, and, consequently, to avoid the
loss of residual audition in patients [1] [2]. These force
measurements can be performed in synthetic models or
in cochleae of cadavers, for design verification purpose.
The objective of this study was to develop a more
realistic 3D printed cochlea model to integrate into our
insertion force measurement tests, and then provide a
tool for the evaluation of new electrode designs.

Methods

1-  Parametric anatomical model of the cochlea [3]
After analyzing 987 segmented tomography (CT)
images, an analytical model was developed to generate
different configurations of models of the cochlea (Fig.
1). This parametric model allowed the generation
of cochlea’sshapes in different sizes and anatomical
conditions (Fig.2).

2-  Workflow for preparation of the cochlea’smodel
The proposed numerical treatment (Fig. 3) ensured
an acceptable accuracy of the final 3D printed model
(operation step / format file)

3- 3D printed cochlea model

Cochlea models were 3D printed layer-by-layer
using a 3D printer with a high-speed, high-precision
stereolithography process (SLA) with a resolution down
to 20um (x,y,z). The systems uses a 405 nm laser
controlled by galvanometers. All reported designs were
fabricated using a commercial DS3000 photosensitive
polymer (DWS) according to previously reported
processes [4].

4-  Test bench using the 3D cochlea model

The 3D printed model is integrated onto an insertion
force measurement test bench (Fig. 4). The following
insertion parameters can be controlled: Speed, depth,
angles, and lubricant.

Results

Electrode insertions (Fig. 5) have been performed
according to several insertion conditions. The results
showed that the insertion forces are consistent and
enough accurate to comply with the expected use in
development tool for electrode verification.
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Conclusions

The 3D printed cochlea model brought a more realistic
shape and behavior of the electrode insertion.

Some limitations are induced by the design of the model
with only scala tympani cavity engraved in the physical
model. Some events occurring during the surgery, like
tip foldover or bulking electrode, may not be revealed.
For that reason, we expect to provide a 3D printed model
comprising the ST, SV and BM.
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Insulin-like growth factor 1 attenuates hearing loss
at low frequencies in animal models of cochlear
implantation

Kohei Yamahara'; Koji Nishimura?; Hideaki Ogita3;
Juichi Ito®; Takayuki Nakagawa?; Ichiro Furuta?; Tomoko
Kita?; Koichi Omori?; Norio Yamamoto?

'Dep. Otolaryngology, Head and Neck Surgery,
Shizuoka City Shizuoka Hospital, 2Department of
Otolaryngology-Head and Neck Surgery, Graduate
School of Medicine, Kyoto University; 2Shiga Medical
Center Research Institute

(Background)

The electric-acoustic stimulation (EAS) or hybrid
cochlear implant is applied to patients with a residual
hearing at low frequencies. EAS covers high- and
low- frequencies with electric and acoustic stimulation,
respectively. The enhancement of the low-frequency
hearing with acoustic stimulation contributes to the
pitch perception or the detection of the intraural time
difference by EAS. Thus, it is mandatory to preserve
the low-frequency hearing during EAS cochlear
implantation (Cl). However, the cochlear implantation
damages the cochlea partly due to the apoptosis of hair
cells, resulting in the deterioration of residual-hearing
and diminished the merit of the acoustic-hearing in
many patients. To prevent hearing deterioration after
Cl, corticosteroids have been used clinically although
their effects are limited. As a novel treatment of
sensorineural hearing loss other than corticosteroids,
we have reported that insulin-like growth factor 1
(IGF1) prevented the apoptosis of hair cells and was
effective for hearing preservation in noise- or ischemia-
induced hearing loss. In this study, the effects of IGF1
on hearing preservation after Cl were examined on a
normal-hearing guinea pig model.

(Methods)

The electrode was inserted in an atraumatic way
through the round window membrane of guinea pigs
with the application of a gelatin-sponge soaked with
IGF1 or saline. The auditory brainstem response (ABR)
was recorded preoperatively, immediately after Cl, and
7, 14, 28, and 56 days after electrode insertion. After
the final ABR measurement on day 56, all animals
were euthanized and cochleae were dissected out for
histological examination.

(Results)

The |IGF1-treated group showed better hearing
preservation than the saline-treated group at low
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frequencies (2, 4 and 8 kHz), 7 days after surgery.
The IGF1 application was effective at low frequencies
(2 and 4 kHz) throughout the period of examination.
Histological study revealed the less outer hair cell loss
in the cochlear region responsible for low-frequency
hearing and less fibrous tissue formation around the
electrode in the IGF1-treated group. Both the outer hair
cell numbers and the extent of fibrosis had a statistically
significant correlation with the ABR threshold shifts at
low frequencies.

(Conclusions)

Theseresults indicate that IGF 1 preserves low-frequency
hearing after Cl, suggesting its possible clinical use in CI
surgeries requiring hearing preservation.
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Zwitterionic Coatings Mitigate the Foreign Body
Response to Implanted Biomaterials

Elise Cheng'; Megan Foggia'; Ryan Horne?; Braden
Leigh?; Marlan R. Hansen'; C. Allan Guymon3
"University of lowa Department of Otolaryngology
Head and Neck Surgery; ?University of lowa Carver
College of Medicine; *University of lowa Departments
of Chemical and Biochemical Engineering

Introduction: Cochlear implant electrode arrays consist of
platinum contacts and wires embedded in a poly(dimeth-
yl siloxane) (PDMS) carrier. These materials generate
a fibrotic/immune response when implanted, which can
impair implant function and longevity. Zwitterionic poly-
mers, including carboxybetaines (CBMA) and sulfobe-
taines (SBMA), show promise in reducing protein and
biomolecule adsorption. We recently developed meth-
ods to durably coat PDMS surfaces with these zwitter-
ionic polymers in an effort to blunt the foreign body re-
sponse. We propose that these low-fouling coatings re-
duce early (protein adhesion), intermediate (macrophage
recruitment), and late (fibroblast adhesion) events in
the response to biomaterials.

Methods: PDMS was coated by photopolymerizing SBMA
and CBMA monomers using various concentrations
of benzophenone as a surface activator and
various concentrations of cross-linking moieties.
Thisresultedinzwitterionichydrogelswitharangeofcross-
link densities covalently photografted to PDMS surfaces.
Protein adsorption and cell adhesion were assessed to
evaluate the relationship between cross-link density and
anti-fouling properties of zwitterionic coatings. SBMA
and CBMA coated and uncoated PDMS substrates were
exposed to human fibrinogen and protein
adsorption was measured. Macrophages and fibroblasts
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were cultured on coated and uncoated PDMS
substrates to evaluate the ability of zwitterionic coatings
to prevent cellular adhesion. To test in vivo durability
of the anti-fouling properties, uncoated and coated
PDMS substrates were implanted subcutaneously in rats
for two weeks and then removed. Fibroblast adhesion
was evaluated on the explanted materials. The ability
of zwitterionic coatings to spatially control macrophage
attachment to PDMS surfaces is currently being
assessed.

Results: Shear adhesion experiments demonstrated
that lower concentrations of benzophenone resulted in
coating delamination from PDMS surfaces, while higher
benzophenone concentrations resulted in covalent
attachment and subsequent cohesive failure. Fibrinogen

adsorption was significantly reduced for
both pSBMA- and pCBMA-coated surfaces
compared to uncoated PDMS. Patterning

zwitterionic coatings using photomasks on glass
and PDMS resulted in reduced fibroblast adhesion
in unmasked (coated) regions. Further, the ability of
CBMA thin films to reduce fibroblast adhesion after
two weeks in vivo was comparable to the effects
on unimplanted substrates, indicating that anti-fouling
properties were retained. Results of macrophage
adhesion to PDMS substrates are currently under
review.

Conclusion: PDMS can be durably coated with SBMA
and CBMA systems that dramatically reduce protein
and cell adsorption. Ongoing work focuses on the effect
of zwitterionic coatings on macrophage attachment
to PDMS, an intermediate step in the foreign
body response to Cl materials.
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Laminin coated Cochlear Electrodes to promote
Axonal Growth and Guidance

Esperanza Bas; Mir R Anwar; Stefania Goncalves;
Christine T. Dinh; Olena R Bracho; Juan A Chiossone;
Thomas R. Van De Water

University of Miami Miller School of Medicine

Background: The benefits of cochlear implant
(Cl) technology depend on the number of excitable
neurons remaining and the distance between the
electrodes and these sensory neurons. Among new
designs, perimodiolar electrodes attempt to bring the
electrodes closer to their neuronal targets allowing
for decreased signal spread and power consumption.
However, perimodiolar electrodes are not suitable
for all patients because they may flex during insertion
causing mechanical trauma. We have previously
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demonstrated in a P-3 rat organ of Corti explant model
that Schwann cells provide guidance of axonal growth
towards laminin-coated surfaces. Here we explore the
effectiveness of laminin-coated electrodes in promoting
axonal outgrowth from auditory neurons towards matrix-
coated electrode arrays and the reduction of electric
ABR (eABR) thresholds.

Experimental procedure: 3 month-old Norway Brown
rats were divided in 2 groups: uncoated cochlear
implants (Cl) and laminin-coated cochlear implants
(Cl-Laminin). CAPs, aABRs, eABRs and impedances
were recorded on a weekly basis up to 4 weeks, then
animals are euthanized and their cochleae processed
for histology.

Results: Electrophysiology: Animals implanted with
laminin-coated electrodes experienced significant
decreases in eABR and aABR thresholds at selected
frequencies, CAPs where not significantly affected. An
increase in impedances was observed in laminin-coated
electrode animals. Histology: In the early phase laminin-
coated electrodes attracted Schwann cells and neuronal
outgrowth towards the electrode analog (10 days). At 1
month we observe a greater number of neurons in the
spiral ganglia of animals implanted with laminin-coated
electrodes compared to the uncoated group and more
axonal processes projecting into the scala tympani.
Correlation analysis shows that a decrease in spiral
ganglion neurons was correlated with an increase in
eABR thresholds.

Discussion & Conclusions: These data suggest that
Schwann cells are attracted to laminin coated electrodes
and promote: 1) axonal outgrowth; 2) axonal guidance;
and 3) post-insertion trauma survival of spiral ganglion
neurons.

PS 68

Evaluation of Cochlear Duct Length Measurements
From a 3D Analytical Cochlear Model Using
Synchrotron Radiation Phase-Contrast Imaging

Luke W. Helpard'; S. Alireza Rohani?; Hanif M. Ladak’;
Sumit K. Agrawal®

"Western University; 2Department of Otolaryngology -
Head and Neck Surgery, Western University; *London
Health Sciences Centre

Background: Accurate cochlear duct length (CDL)
determination is required for cochlear implant electrode
size selection and frequency map programming.
Many CDL measurement techniques have been well
established and validated in a research setting, however
are time consuming and require resources that exceed
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what is available in a standard clinical setting. The A
value technique described in the literature is valuable
in its ability to generate individual CDL estimates in
a clinical setting, however does not capture apical
variations in the cochlea and traditionally has not been
used to model any geometric information aside from
cochlear lengths. To overcome these problems, a 3D
individualized cochlear model dependent on four basal
turn distances was proposed in the literature. Initial
validation of this model was done using corrosion casts
of human cochlea. The objective of this work was to
validate the 3D individualized cochlear model using
synchrotron radiation phase-contrast imaging (SR-PCI)
data. Compared to corrosion casts, SR-PCI provides
higher discernment of both bone and soft tissue, and the
ability to view cross sections of the cochlea during point
placement.

Methods: SR-PCI data from 11 cadaveric human
cochleae was obtained for validation purposes. From
each SR-PCIl sample, the reference CDL value, the
reference number of cochlear turns, and the four model
input distances were determined. The reference CDL
values were compared with the CDL values generated
by the 3D analytical model when the number of cochlear
turns were automatically predicted based on the input
distances, and when the number of cochlear turns were
manually specified (based on SR-PCI reference values).
Statistical and clinical metrics were used to determine
the overall significance of the results.

Results: When the model automatically predicted the
number of cochlear turns from the input distances, the
mean absolute difference between reference and model
CDL was 2.61 + 1.56 mm, with three out of 11 samples
having an error in the clinically acceptable range of +1.5
mm. When the number of cochlear turns were manually
specified based on SR-PCI data, the mean absolute
difference between reference and model CDL was
0.99 £ 0.64 mm, with eight out of 11 samples having a
clinically acceptable error.

Conclusion: The 3D analytical model introduced in the
literature is effective at modelling the 3D geometry of
individual cochleae, however appears to require slight
tuning in the cochlear turn estimation.
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Anatomical Correlates and Surgical Considerations
for Localized Therapeutic Hypothermia Application
in Cochlear Implantation Surgery
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Background

Electrode insertion during cochlear implantation (CI)
surgery can result in hair cell damage and may result
in a loss of residual low-frequency hearing. Amongst
hearing preservation strategies, local application of
therapeutic hypothermia has shown promising results.
Using a custom-designed probe and system, our
group has demonstrated the feasibility of delivering
controlled hypothermia to the inner ear without requiring
modifications in the surgical approach. However,
anatomical variations and suitability of different surgical
approaches, including the standard facial recess (FR)
approach versus a transtympanic approach need to be
further investigated. The aim of the present study is to
utilize anatomical and radiologic measurements and
experimental outcomes from cadaveric human temporal
bones to investigate the feasibility of delivering local
hypothermia.

Methods

Ten human adult cadaveric temporal bones were
scanned with micro-CT. By means of software analysis,
distances between the chorda tympani and the facial
nerve and FR height were measured and total FR area
was derived. Further measurements predicting RW
visibility were recorded. Each bone was drilled and a
standard FR approach was developed. The St. Thomas
classification (STC) was then used to record degree
of RW visibility. This grading was repeated following
further drilling for optimizing visualization of the RW
or independent cochleostomy and placement of the
cooling probe through the FR or myringotomy. Following
previously published protocols, hypothermia was
delivered through both approaches and temperatures
recorded by thermistors placed inside the RW (Apex), at
RW niche, over the lateral semicircular canal (LC) and
the supero-lateral mastoid edge (M).

Results

The average FR area was 13.87 mm2(SD 5.52) ranging
from 8.44 to 24.28 mm2. Regarding STC grading,
the introduction of the cooling probe through either
approach did not impede full visualization of the RW
or cochleostomy. The average maximum temperature
decrease, using the FR approach, was 4.57 °C (SD +
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1.68) for RW and 3.42 °C (SD * 1.12) for Apex, while a
transtympanic approach produced a mean decrease of
4.11 °C (SD + 0,98) for RW and 3.22 °C (SD + 0.95) for
Apex. No significant differences were found between the
two probe approaches.

Conclusion

Results show that local hypothermia delivery during Cl
surgery, using a customized probe, can be efficiently
achieved both through a FR and transtympanic approach
regardless of anatomical constraints and without limiting
optimal surgical visualization.

Supported by Cochlear Grant to SMR

Binaural Hearing in Non-Human Animals
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Inhibitory Nuclei in the Auditory Pathway of the Barn
Owl

Anna Kraemer; Catherine Carr
University of Maryland College Park

The barn owl is a good auditory model with relatively
simpler auditory brainstem circuitry compared to
mammals (review in Nothwang 2016). We have used
this system to understand how inhibition regulates the
excitatory brainstem nuclei. The superior olivary nucleus
(SON) appears to play a large role (Burger et al., 2011;
Tabor et al., 2012), and is the source of most inhibitory
projections to excitatory brainstem nuclei (Carr et al.,
1989; Burger et al., 2005). The ventral lateral lemniscal
nuclei (LLV) may also provide inhibition. In zebra finches,
LLV projects to the nucleus laminaris (NL) (Wild et al.,
2010; Krutzfeld et al., 2010), although this projection has
not been confirmed in barn owl (Takahashi & Konishi
1988). We therefore injected a retrograde fluorescent
adeno-associated virus (Tervo et al., 2016) into NL and
identified many retrogradely labeled neurons in SON
and a few neurons in the LLV.

Although hypothesized to be important for regulating the
sound localization circuit in chicks in vitro (Yang et al.
1999; Monsivais et al. 2000; Yang et al. 2012; review in
Burger et al. 2011) and in vivo (Nishino et al. 2008), there
has been little research on the barn owl SON (Moiseff
and Konishi 1983). Moiseff & Konishi (1983) recorded
SON single units in barn owl and suggested that their
search criteria were biased to the ipsilateral ear, since
the majority of their units were EO responsive, or only
responded to ipsilateral stimuli (Moiseff and Konishi
1983). We therefore recorded single units in barn owl
SON, with lesions to confirm the recording location. The
majority of the units responded preferentially to binaural
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noise and rarely responded to tones, showing broad
frequency tuning with low spontaneous firing rates.
Response types were heterogeneous, and included off-
responses, on-off responses, sustained, suppressed,
primary-like, and chopper units. Because the SON
projects to the three brainstem excitatory nuclei and the
inferior colliculus, and has separate projections to the
contralateral SON, these heterogeneous response types
may represent separate SON neuronal populations,
projecting to different nuclei (Burger et al. 2005). Further
experiments are needed to gain insight into the different
roles that the SON plays in regulating the activity in the
auditory brainstem of the barn owl.

Grant# NIDCD 000436
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The Barn Owl Minimum Audible Angle
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Background

Sound localization is a crucial ability for the barn owl,
a night hunting bird with an exceptional sense of
hearing benefitting from accurate sound localization for
successful hunting. Space-specific neurons in the ICx,
form an auditory space map (Knudsen and Konishi 1978,
Science 200: 795-797). The azimuthal spatial tuning of
neurons in the barn owl IC is determined mainly by the
interaural time difference (ITD) corresponding to the
large variation of this acoustic cue with azimuth (Moiseff
1989, J. Comp. Physiol. A. 164: 629-636). In the barn
owl, acoustic interaural level differences (ILD) vary only
little with azimuth (Moiseff 1989, J. Comp. Physiol. A.
164: 629-636). The width of ITD tuning curves increases
with increasing azimuth (Cazettes et al. 2016, J.
Neurosci. 36: 2101-2110). Consistent with that, space
specific neurons representing frontal space have more
confined spatial receptive fields than peripheral neurons
(Knudsen and Konishi 1978, J. Neurophys. 41: 870-
884). Both observations predict better spatial acuity
in perceiving frontal compared to lateral sounds. ITD
tuning deteriorates with decreasing frequency (Cazettes
et al. 2016) which predicts a reduced acuity at low
frequencies.
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Methods

Three barn owls were trained in a Go/NoGo paradigm,
to report a perceived change in stimulus position in
azimuth, i.e., we determined the minimum audible angle
(MAA). Stimuli were narrowband noise signals with
different center frequencies (0.5, 1, 2, 4, or 8 kHz, 40
Hz bandwidth) or a broadband noise (500 - 8000 Hz)
to test the effect of frequency on the MAA. To compare
frontal and lateral MAAs, reference stimuli were either
presented from 0° or from +/- 45° in azimuth. The hit
and false-alarm rate were measured to calculate the
sensitivity d’; and the discrimination threshold.

Results and conclusion

Behavioral sensitivity was related to signal frequency,
angular separation between reference and test stimuli,
and the position of the reference stimuli, with all effects
being additive (no interactions). In general the owls’;
MAA linearly increased with decreasing frequency, from
about 6° at 8000 Hz up to about 14° at 500 Hz. The
comparison of frontal and lateral MAAs revealed smaller
MAAs in in the frontal sound field than at the side,
irrespective of the signal frequency. These observations
match the predictions based on the neuronal responses
in the owl'sauditory midbrain.

Funding

Funded by the DFG (TRR 31, EXC 1077).
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Enhancement of Spontaneous Excitatory
Transmission by Group | mGluRs in Neurons of the
Medial Nucleus of the Trapezoid Body

Kang Peng; Chun-Jen Hsiao; Yong Lu
Northeast Ohio Medical University

Background

Neuromodulation mediated by metabotropic glutamate
receptors (MGIuRs) regulates many brain functions,
however, the modulatory roles of mGIuRs in auditory
processing are not well understood. The medial nucleus
of the trapezoid body (MNTB) is a critical nucleus
in the auditory brainstem circuits involved in sound
localization. MNTB neurons are excited by glutamatergic
inputs from bushy cells in the contralateral anteroventral
cochlear nucleus (AVCN) via the giant calyx of Held
synapse. MNTB neurons also receive inhibitory inputs
mediated by GABA and glycine. The integration of these
synaptic inputs determines the MNTB’soutput. Our
recent study shows that group | mGluRs (mGIuR [) exert
neurotransmitter- and release-mode-specific modulation
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on the inhibitory transmission in MNTB (Curry, Peng,
and Lu, The Journal of Neuroscience, 2018). Here, we
further investigated the modulatory effects of mGIuR |
on the excitatory transmission.

Methods

C57/B6 mice were purchased from the Jackson
Laboratory and bred at NEOMED. Brainstem slices
(250-300 um) were prepared, and whole-cell voltage-
and current-clamp recordings were performed at 35 °C.
Calcium imaging was used to measure calcium signaling
in response to mMGIuR | activation.

Results

In the presence of a GABAAR antagonist (gabazine,
10 uM) and a glycine receptor antagonist (strychnine,
1 uM), at the holding potential of -60 mV, activation of
mGIuR | by 3,5-DHPG (200 uM) produced an inward
current, and increased glutamatergic sEPSC frequency
and amplitude in MNTB neurons. The effect on sEPSCs
was blocked by a voltage-gated sodium channel (Nav)
antagonist (tetrodotoxin, 1 yM). Cadmium chloride (100
MM), a non-specific voltage-gated calcium channel (Cav)
blocker, partially eliminated the modulatory effects.
Accordingly, under current-clamp configuration, 3,5-
DHPG depolarized MNTB neurons, increased sEPSP
frequency and amplitude, and in some cells produced
action potentials, which persisted after synaptic
receptors were blocked. In AVCN bushy cells, after
blocking the known synaptic receptors with a cocktail
of blockers (APV, 50 uM; DNQX, 50 uM; gabazine, 10
MM; strychnine,1 yM), 3,5-DHPG (200 pM) depolarized
the membrane without generating action potentials.
3,5-DHPG also increased intracellular free calcium
concentration in AVCN neurons under this condition.

Conclusions

Presynaptic mGIuR | enhance the spontaneous
excitatory transmission in MNTB neurons, via a Nav-
and Cav-dependent pathway. Postsynaptic mGIuR |
increase the excitability of MNTB neurons.

Supported by NIH/NIDCD R01DC016054.
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Joshua Goldwyn'; Michiel Remme? John Rinzel®
'Swarthmore College; 2Humboldt University Berlin; *New
York University

Volume 42, 2019



Background

Coincidence detector neurons are cells that generate
spikes preferentially to synaptic inputs that arrive (nearly)
simultaneously. Principal cells of the medial superior
olive (MSO) in the mammalian auditory brainstem are
superb coincidence detectors. MSO neurons encode
sound source location with high temporal precision by
distinguishing submillisecond timing differences among
inputs. Distinctive biophysical properties contribute to
the remarkable temporal precision of MSO neurons.

Methods

We investigate structural specializations in coincidence
detector neurons. Specifically, we develop a model of
an MSO-like coincidence detector neuron that describes
the connection between input regions (soma+dendrites)
and output regions (axon) of a cell. With this model, we
have parametric control of the coupling between these
regions. Through systematic computer simulations and
mathematical analysis of the model, we investigate the
effects of soma-axon coupling on neural dynamics,
spike generation, and coincidence detection sensitivity.

Results

We show that the electrical coupling between soma
and axon, as well as the distribution of INa and IKLT in
soma and axon regions of a model MSO neuron can be
configured to enhance coincidence detection sensitivity.
Specifically, we find that a two-compartment model with
a “feedforward” configuration — one in which the input
regions of a cell (soma and dendrites) strongly drive
activity in the spike-generating output region (axon),
but backpropagation from the axon into the soma is
weak — is significantly advantageous for coincidence
detection. In the feedforward configuration, spikes are
generated with greater efficiency (fewer INa channels)
than a one-compartment model. In addition, INa
inactivates more than in models with weak feedforward
coupling. The feedforward configuration can, therefore,
more effectively enable INa inactivation to prevent
spike-generation in response to non-coincident inputs.
A dynamic IKLT current further enhances coincidence
detection sensitivity in these models.

Conclusions

Our work provides a unifying view of structure, dynamics,
and function in coincidence detector neurons. MSO
neurons have been characterized as “feedforward
neurons” — prior work has shown that the site of spike-
generation is electrically isolated from the soma with
weak backpropagation of action potentials (Scott et al

2007). Our findings elucidate the advantages of this
structural specialization.  Our modeling framework
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could also provide useful insights for related systems.
Coincidence detector neurons in the auditory brainstem
of owls, for example, have also been modeled as two-
compartment structures and display intriguing evidence
of plasticity in the soma-axon connection.

PS 74

Linear and Nonlinear Components of the Interaction
Between Ipsi- and Contralateral Inputs at the Medial
Superior Olive

Yarmo Mackenbach'; J. Gerard G. Borst?, Marcel van
der Heijden'
'Erasmus MC; 2Erasmus Medical Center

To localize low-frequency sounds, a nucleus located in
the brainstem called the Medial Superior Olive (MSO)
compares the arrival times of excitatory signals from both
cochlearnuclei. MSO principalneuronsactascoincidence
detectors, as they preferentially fire when inputs from
both ears arrive simultaneously. This happens at the
‘best’; Interaural Time Difference (BITD), at which point a
difference in arrival times compensates for the difference
in internal travel time from either ear. MSO neurons
receive not only excitatory inputs, which are segregated
to different dendrites, but also inhibitory inputs, which
target the soma; inputs from the ipsilateral ear arrive via
the lateral nucleus of the trapezoid body, whereas inputs
from the contralateral ear are contributed by the medial
nucleus of the trapezoid body. Their function is still
debated, and we tested here their possible involvement
in coincidence detection at different sound intensities.
We performed juxtacellular electrophysiological
recordings on MSO cells using a ventral approach in
anaesthetized gerbils, while presenting a new multi-
tone ‘zwuis’; stimulus, in which the different sound
frequencies are segregated to both ears. Acomparison of
the responses to monaural and binaural stimuli allowed
us to estimate how the inputs from one ear affected
those of the other. We observed that for low intensity
wideband stimuli (30-40 dB SPL), there was little or
no impact of the inputs from the other ear, whereas at
high intensities (60-70 dB SPL), a sound frequency-
dependent reduction in the size of the phase-locked
response was typically observed, suggesting a sound
level-dependent recruitment of synaptic inhibition. This
inhibition could be asymmetrical with either of the ears
dominant. In general, spike rates in response to binaural
stimuli on average did not change between 40 and 60
dB SPL whereas spike rates in response to both ipsi-
and contralateral stimulation did increase. Our data thus
suggest a role for synaptic inhibition in keeping the MSO
output within narrow boundaries for different sound
intensities.

Volume 42, 2019



PS 75

Biosonar in Bats: Pulse-Echo Ambiguity
Suppression by a Novel Auditory Anticorrelation
SCAT Mechanism

James Simmons'; Stephanie Haro?;
'Brown University; 2Harvard University

Chen Ming'

When bats fly in complex surroundings, each biosonar
broadcast is followed by a series of echoes returned by
objects comprising the scene, from the nearest potential
targets or collision hazards to the farthest objects that
return detectable echoes. Clutter interference caused
by reception of multiple echoes for the same broadcast
is a pervasive problem for sonar and radar systems
operating in complex environments. Although echoes
often arrive from the background of the scene after long
delays, nearer objects may require rapid response-times,
which implies the need to emit sounds as short intervals
to guide flight, intercept targets, or keep track of potential
collision hazards. A special case of clutter occurs when
broadcasts are emitted at such short intervals that
echoes from one transmitted sound are still arriving
when a second sound it emitted and its echoes begin
to arrive, too. Mixing of echo streams from successive
broadcasts creates pulse-echo or range ambiguity about
which echoes are related to which broadcasts. When
echo streams overlap, long-delay echoes of the first
broadcast can be misinterpreted as short-delay echoes
of the second broadcast, giving rise to phantom objects
at spurious close ranges. When interpulse intervals
have to be very short to steer flight, one solution is to
emit successive sounds at different frequencies so
their respective echoes can be sorted and referred
to the corresponding broadcasts. Big brown bats
(Eptesicus fuscus) make small changes in the terminal,
low-frequency end of their frequency-modulated (FM)
broadcasts so that closely-spaced sounds alternate in
their ending frequency. However, such changes amount
to only a few kiloHertz out of a transmitted bandwidth
of 75-80 kHz, which is too small to segregate echoes
for the corresponding broadcasts because the sounds
are still highly correlated. Bats employ an additional,
anticorrelation auditory mechanism that blanks out
echoes of a sound with a high ending sweep frequency
from being associated with a broadcast that contains a
slightly lower ending frequency. A constellation of results
obtained in psychophysical tests, flight tests of bats in
dense clutter, and computational modeling of biosonar
with the Spectrogram Correlation and Transformation
(SCAT) model reveal how this process works and provide
estimates of the degree of segregation of overlapping
echo streams. (Work supported by ONR MURI)
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Interaural Time Difference Sensitivity For Pulsatile
Acoustic and Electric Stimuli in the Auditory
Midbrain of Unanesthetized Rabbits

David R. Axe'; Yoojin Chung? Bertrand Delgutte?
'Dept. of Otolaryngology, Mass. Eye and Ear Eaton-
Peabody Lab; 2Dept. of Otolaryngology, Harvard Medical
School; Eaton-Peabody Lab, Mass. Eye and Ear

BACKGROUND

Interaural time differences (ITDs) are an important cue
for sound localization and speech reception in noisy
environments. In patients with bilateral cochlear implants
(CI), ITD sensitivity is poorer than normal, especially for
the high pulse rates used as carriers in Cl processing
strategies. Neural ITD sensitivity in the auditory midbrain
of animal models of bilateral Cls also declines rapidly for
stimulation rates above 100-200 Hz. However, little is
known about ITD sensitivity to trains of short broadband
acoustic stimuli, similar to electrical pulses used in Cls,
in the auditory system of normal hearing (NH) animals.

METHOD

We recorded from single units in the inferior colliculus
(IC) of unanesthetized, NH rabbits in response to
trains of short (<200 us) broadband noise pulses with
varying repetition rates (20-640 Hz) and ITDs (2000
us) presented at 45-65 dB SPL. Results were compared
with those from the IC of rabbits that were bilaterally
deafened and implanted as adults (Chung et al., J
Neurosci. 36:5520). ITD sensitivity was quantified by
the “signal-to-total variance ratio” (STVR), an analysis
of variance metric representing the fraction of variance
in neural firing rates due to variations in ITD.

RESULTS

In NH animals, the firing rate for the vast majority of
neurons showed significant sensitivity to ITD to pulsatile
stimuli for at least one repetition rate, regardless of their
pure tone best frequency (0.3-12 kHz). The strength
of ITD sensitivity varied with repetition rate. Half the
neurons showed strongest sensitivity to repetition
rates of 80-160 Hz, while about one quarter each were
most sensitive to rates above and below this range,
respectively. Strength of ITD sensitivity quantified by
STVR, was significantly higher in NH rabbits than in
deafened rabbits with bilateral Cls. Similarly, the fraction
of units sensitive to ITD was significantly higher in NH
rabbits than in implanted rabbits. This difference was
particularly pronounced at higher repetition rates (>200
Hz) where ITD sensitivity for Cl stimulation rolls off
quickly.
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CONCLUSION

IC neurons in NH rabbits do not show the steep decline
in ITD sensitivity to pulsatile stimulation that occurs with
bilateral Cl stimulation for repetition rates above 200
Hz, consistent with previous studies demonstrating ITD
sensitivity for pure tones up to 22000 Hz. Future work
will test whether the steep decline with ClI stimulation is
due to the abnormal peripheral patterns of neural activity
or to deafness-associated reorganization of the binaural
circuits.

Supported by NIH Grant DC005775.
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Binaural Hearing in the Naked Mole-Rat

Elizabeth A. McCullagh'; John Peacock?; Catherine
Barone®; Thomas Park*; Achim Klug'; Daniel J. Tollin®
"University of Colorado Anschutz; 2University of Colorado
School of Medicine, Department of Physiology and
Biophysics; 2University of lllinois Chicago; 4Department
of Biological Sciences, University of lllinois at Chicago;
SDepartment of Physiology & Biophysics, and
Department of Otolaryngology, University of Colorado
School of Medicine

The Naked mole-rat (Heterocephalus glaber) is
increasingly being used as a laboratory mammal
due to its resistance to aging and cancer, as well as
other peculiar traits. The mole-rats live in eu-social,
underground colonies of around 80 animals. The
underground tunnels in which they live limit the range
of acoustical information the animals are exposed to.
Sounds attenuate rapidly through the burrow, and there
are very limited sound localization cues. However the
mole-rats do produce a wide range of vocalizations
for communication, suggesting that sound, and thus
hearing, play an important role in their lives.

Previous studies have suggested that the mole-rats have
a degenerate hearing system. Published behavioral
measurements show poor hearing thresholds, limited
high frequency hearing, and poor sound localization
abilities. And published anatomical measurements have
shown intraspecific variations in middle and inner ear
structures. Further studies have also shown that the
mole-rats lack the HCN1 ion channel, which contributes
to the integration of binaural inputs in the brainstem, thus
potentially impeding their ability to effectively localize
sounds.

In order to provide a more comprehensive understanding
of hearing and sound localization ability in mole-
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rats, we made various anatomical and physiological
measurements. Specifically, we made measurements of
the binaural interaction component (BIC) of the auditory
brainstem response (ABR), which is a non-invasive
electroencephalographic signature of neural processing
of binaural sounds by brainstem neurons. We report
that mole rats do have a measurable BIC of the ABR
similar to other laboratory species commonly used for
sound localization research. Additionally, we performed
histological analysis to investigate the underlying
neuroanatomy of the brainstem of these peculiar
mammals. In conclusion, the naked mole rat may have a
more refined auditory brainstem than previously shown,
making them an interesting species for future sound
localization research due to their unique ecology.

PS 78
The Effect of Anticipated Cue Reliability on
Behavioral and Neural Adaptation in Barn Owls

Keanu Shadron; Roland Ferger;
Albert Einstein College of Medicine

Jose L. Pena

The brain actively updates the representation of the
environment through adaptation. An open question
is whether this function is weighted by the predicted
statistics of sensory information. Here we asked whether
anticipated cue reliability affects the rate of adaptation in
the auditory system of the barn owl.

The midbrain of the barn owl contains a map of auditory
space, which uses the interaural phase difference to
compute sound location in azimuth. Previous work
showed that space-specific neurons in this map are
tuned to the frequency range that is most reliable for
its preferred location, an effect due to the acoustical
properties of the head causing higher frequencies to
convey interaural phase difference more reliably in
frontal space and lower frequencies in the periphery.

We hypothesized that adaptation to sound location
would differ between stimuli expected to be reliable or
unreliable. We tested this hypothesis at the behavioral
and neural-population levels. We measured the
pupillary dilation response, an orienting response that
readily adapts upon repetition of a stimulus. Tones were
repeatedly presented through earphones to an awake
barn owl, either from the front or periphery of the head
to measure the habituation rate. To assess the strength
of the novelty detection, a deviant in location was then
presented to elicit a recovery of the PDR. Trials with
higher cue reliability were compared to trials with low
reliability to find trends in habituation. To assess this
question at the neural-population level, we conducted
recordings of multiple neurons in the space map using a
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microelectrode array. Adapter and test stimuli were used
to assess population activity and tuning of individual
cells before and after adaptation. Frontal and peripheral
neurons were compared to test the hypothesis that
anticipated reliable and unreliable stimuli lead to different
adaptation rates.

PS 79

Acoustic Cues to Sound Localization in the
Common Ostrich (Struthio camelus)
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"University of Colorado Denver Anschutz Medical
Campus; 2University of Colorado School of Medicine,
Department of Physiology and Biophysics; *University
of Colorado School of Medicine, Department of
Otolaryngology; *Department of Physiology &
Biophysics, and Department of Otolaryngology,
University of Colorado School of Medicine

Background:

Terrestrial animals localize sound by having two ears
on opposing sides of their head that receive sound
with differential intensities, timing and spectral content.
These differences depend on the size and shape of
the head and external ear (pinna), as well as other
anatomical features such as, for instance, a beak.

The brain extracts these differences to determine

the location of a sound; therefore, an animal’sability

to localize sound depends in part on the available
acoustic cues.

Sound localization ability varies considerably across
species. Some differences can be understood in
context of the range of acoustical information available
to each species. Many studies have been conducted
to measure the cues to sound localization available to
various, mostly mammalian species.

Methods:

To extend these studies we made detailed
measurements of the acoustic cues to sound
localization in the common ostrich (Struthio camelus),
a large flightless avian species in the ratite family.
Measurements consisted of directional transfer
functions (DTFs), the directional components of the
head related transfer functions (HRTFs), in cadaveric
ostrich heads. Probe-tube microphones were inserted
(under the skin) into the ear canals near the tympanic
membranes to measure sound pressure levels,
simultaneously with tympanic membrane motion
measured with laser Doppler vibrometers positioned
bilaterally, when presented with sound from the full
range of sound source locations, 775 locations in 7.5°
steps in both azimuth and elevation. From the DTF
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measurements, ITDs, ILDs, and spectral shape cues
were computed.

Results:

Maximum ITDs calculated from low-pass filtered (below
2kHz) DTFs varied between +/-300 microseconds.
ILDs likewise varied with source location and increased
with frequency up to ~20 dB at 10kHz. As might be
expected for an animal lacking pinnae, no distinct
spectral notches were observed within the expected
physiological range of hearing (< ~10 kHz). The spatial
distribution of DTF amplitude gain spanned between
150-160° in elevation and 15-60° in azimuth, in line with
the rearward-facing orientation and geometry of the
ostrich ear canal.

Conclusions:

Overall, the acoustical information available to the
ostrich is similar to predictions from a spherical head
model. Based on the acoustical information alone, we
might expect that it would be difficult for the ostrich to
localize sound sources due to front-back confusions.
However, like many non-mammals, the ostrich
possesses other anatomical features such as interaural
cavities that could enhance sound localization ability
by allowing sound at one ear to alter responses at the
other ear.

PS 80

Comparing Bat Biosonar with Generalized
Soundfield Reconstruction and a Biosonar Model

Chen Ming'; James Simmons'; Michael Roan?
'Brown University; 2Virginia Tech

While echolocating bats successfully carry out difficult
tasks in complex surroundings, engineered sonars do
not readily achieve such high performance, especially in
cluttered conditions where clutter rejection is the primary
problem for sonar or radar operation. Both bats and fast-
moving autonomous vehicles that operate in airborne
or underwater environments have to cope with clutter
for reconstruction of sonar scenes and for guidance of
locomotion to avoid collisions, find targets of interest, and
register their positions in the overall scene. To acquire
acoustic data for assessing the actual performance
of bats in conjunction with a computational model of
echolocation and also with generalized soundfield
reconstruction methods, we devised a forward-looking
sonar head with four ultrasonic microphones spaced in a
square 23 mm on a side and surrounding the transmitting
loudspeaker. For a robust design and easy swapping out
of components, we chose a commercial high-frequency
tweeter as the transmitter and commercial electret
microphones preassembled with preamplification as

46 Volume 42, 2019



receivers. We broadcast simulated FM bat biosonar
sounds and record both the broadcasts and all of the
echoes that return from the surrounding scene. By
performing crosscorrelation of signals pairwise from the
four microphones with the broadcasts, both the direction
and range of objects comprising the scene were
determined and incorporated into images of the scene.
The temporal evolution of the soundfield derived from
generalized methods was used for reconstruction of
the acoustic sonar scene and compared with the scene
rendered by the sonar process. Besides registration of
individual objects and the configuration of these objects in
the scene, we introduce into the sonar processing stream
a large-scale computer simulation model (Spectrogram
Correlation and Transformation, or SCAT). The model
is used to assess images obtained using algorithms
derived from auditory research on bats compared to
images obtained from conventional sonar processing,
such as matched filtering. The SCAT model converts
neurally-encoded pulse-echo stimuli into focused spatial
images that depict the distance and direction of objects
in the flight-path taken by the bat in flight tests. The
model’scapacity to “see” into a safe forward path through
the scene is used to predict the bat’sflight path. To bring
the model into real condition, the complex acoustic
backscatter from vegetation is measured to understand
the bats’; perception of vegetation, and to simulate most
foliage echoes by taking a few parameters that describe
the vegetation.
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Near-field Sound Source Localization by the Plainfin
Midshipman Fish
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The plainfin midshipman fish (Porichthys notatus) has
become a good model to explore how fishes localize
underwater sounds because reproductive, gravid
females exhibit innate, robust phonotaxic responses to
simulated male advertisement calls. Like most fishes,
midshipman are thought to detect the particle motion
component of sound using their inner ear otolithic end
organs that essentially act as biological accelerometers.
How and which end organs are used for sound
source localization remains unclear. Here we present
recent experiments that are part of a long term study
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that examines the role of the inner ear auditory end
organs (saccule, lagena, and utricle) in sound source
localization by the midshipman. Our recent experiments
sought to test the hypothesis that binaural input from
the saccule and lagena is required for successful sound
source localization. The otoliths from the saccule and
lagena (together) were either unilaterally or bilaterally
removed in reproductive females that were then tested
in a sound source localization assay. Sound source
localization behavior was video recorded and later
processed and analyzed in Image-J. Positive phonotaxic
responses were observed in the control (sham) group
and observed in one case where both otoliths from the
saccule and lagena were unilaterally removed. None of
the females with bilateral otolith removal of the saccule
and lagena (with bilateral utricle intact) were successful
in the sound localization assay. Preliminary results
suggest that binaural input of the saccule and lagena
may not be necessary for sound source localization in
the midshipman. Alterative explanations for near-field
sound source localization by the plainfin midshipman
will be discussed.
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Neural Sensitivity to Dynamic Binaural Cues: Human
EEG and Chinchilla Single-Unit Responses
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Animals typically encounter dynamic binaural timing
information in broadband sounds such as speech and
background noise. Dynamic binaural cues can result
from: 1) moving sound sources, 2) self motion, or 3)
reverberation. Most studies of inter-aural time delay
(ITD) or inter-aural correlation (IAC) sensitivity have used
static or sinusoidally varying inter-aural signals. However,
neural sensitivity to change in ITD and IAC is rarely
systematically addressed.

We used systems-identification techniques to characterize
neural responses to the dynamics of changing ITDs and
IACs in broadband sounds. We used a maximum length
sequence (MLS) to modulate either the ITD, or the IAC
of a broadband noise carrier. Neural responses were
recorded from humans (electroencephalogram; EEG) and
from single neurons in terminally anesthetized chinchillas
(auditory nerve fibers; ANFs). IAC jumped between -1 and
+1. ITD jumped between -0.5 and +0.5 ms for EEG, and
between -0.5 cycles of CF and 0 ms for ANF experiments.
Amplitude modulation (AM) was applied at the same rate
as the resolution of the MLS so that phase discontinuities
occurred at the troughs of the AM.
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Single-unit ANF responses were obtained using standard
in-vivo electrophysiological techniques. Spikes were
recorded from ANFs in response to “ipsi” and “contra”
channels, presented in an interleaved sequence.
Sound level was varied over a 20-dB range from near
threshold to near saturation. From these spike times, we
performed across-ear coincidence analyses to predict
responses of binaurally sensitive brainstem neurons
(e.g., medial superior olive). From the predicted brainstem
“coincidence” spikes we derived impulse responses
describing the neuron’sresponse to changes in ITD and
IAC using circular cross correlation techniques. EEG
data was collected from humans using a 32-channel cap.
Impulse responses were derived for each channel in the
EEG using similar deconvolution methods applied in the
single unit data.

ITD and IAC transfer functions estimated from ANF
responses were low-pass, with corner frequencies in the
range of several hundreds of Hz. EEG-based transfer
functions, presumably reflecting cortical responses, were
also low-pass, but with much lower corner frequencies in
the region of tens of Hz.

In conclusion, broadband system-identification techniques
are useful for characterizing neural sensitivity to dynamic
binaural temporal cues. Future experiments will compare
EEG- and single-unit derived cortical limits of dynamic
tracking to human perceptual measures of detecting
dynamic fluctuations in ITD and IAC and the ability to use
these dynamics for unmasking.

Funding: NIH-T32DC016853, NIH-R01DC015989,
Showalter Trust.
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Population Responses to Single and Competing
Stimuli in the Barn Owl’s Auditory Space Map
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Since the discovery of a midbrain map of auditory space,
the barn owl, a nocturnal hunter with outstanding sound
localization abilities, has become a model organism
to study neural circuits computing and representing
binaural cues relevant for sound localization. Neurons
in the owl’s midbrain respond maximally to acoustic
stimuli with distinct combinations of interaural time and
level differences (ITD, ILD). Together, these neurons
form a topographic representation of auditory space
which supports sound-orienting behavior. However,
open questions regarding how the neural population
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in the map is read out on a trial-by-trial basis remain
unanswered. This work, using a microelectrode array
to record multiple units across the map, reaches
beyond responses of single neurons to investigate the
relationship between the activity pattern across the
neural population and behavior.

Recent work has shown that the read out of population
activity by a population vector (PV) predicts orienting
head saccades, and approximates Bayesian statistical
inference by integrating the overrepresentation of frontal
directions and the differential shape of spatial tuning
curves across the map. We show that the trial-by-trial
variability of neural activity matched predictions made
under a Bayesian model, which matches a PV to the
behavioral output. When a stimulus becomes less
reliable (e.g. by decorrelation of the binaural signal)
an animal'sperformance becomes less accurate. The
Bayesian model predicts that this should manifest in a
broadening of the population response in the map. An
alternative hypothesis that could explain this behavioral
effect is that the reduced reliability induces shifts in
the population response, which are indistinguishable
from a response to a different ITD, termed differential
correlations. We tested which model was better matched
by the trial-by-trial population activity across a number
of stimulus conditions. This analysis showed that the
population activity and correlation structure matches
predictions of the Bayesian/PV model.

Additionally, the PV model could break down when
competing stimuli from different directions are presented
at the same time. We explored whether the global
inhibition network described in the owl'soptic tectum
for selecting dominant stimuli, could restore population
activity patterns consistent with a PV readout. We found
that the population activity under two-sound stimulation
remained consistent with predictions of a PV readout of
the higher priority stimulus.

Central Vestibular Pathways
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MicroRNA expression in the vestibular nucleus after
unilateral labyrinthectomy

Moo Kyun Park'; Mun Young Chang?; Sohyeon Parks3;
Myung-Whan Suh'; Jun Ho Lee'; Seung Ha Oh#;
Young-Kook Kim?®; Young Ho Kim®

'Seoul National University Hospital, 2Chung-Ang
University College of Medicine; 3Seoul National
University; “‘Seoul National University College of
Medicine; *Chonnam National University Medical
School; Seoul National University College of Medicine,
Boramae Medical Center
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Background: Vestibular compensation is a process of
rebalancing of resting activities of bilateral vestibular
nuclei neurons resulting in homeostasis of bilateral
excitability. MiRNAs are abundant in the brain and
play a crucial role in in the development and function
of the neuronal network including neurogenesis,
synaptogenesis and regulation of morphogenesis. We
investigate which miRNAs are involved in the vestibular
compensation after UVD. This study could lay some
foundation for future study of the functional mechanism
of miRNA involved in vestibular compensation as well as
neuronal plasticity.

Methods: This study consisted of seven steps:
identification of the vestibular compensation course,
microarray analysis, quantitative RT-PCR validation of
miRNAs expression, validation study using oligomers of
candidate miRNAs, target pathway analysis of candidate
miRNAs, Luciferase assay of candidate miRNA, and
Target RNA and Protein analysis. To make UVD,
labyrinthectomy was performed at left side of SD rats.
We measured the rotarod rod, spontaneous nystagmus,
head roll tilt and postural asymmetry to identify
the course of vestibular compensation. microarray
was performed at two time points when vestibular
compensation did not fully progress and reached
the maximal level to select the candidate miRNAs. In
microarray analysis, in addition to comparison between
UL and SO groups, comparison between two time
points in UL group was used as criteria for candidate
selection. Then twelve miRNAs were selected as the
candidate miRNAs and gRT-PCR was performed for
validation. After that, miR-218a-5p, 219a-5p, 221-3p
and 1298 were selected as the candidate miRNAs. To
validate whether these four candidate miRNAs affected
the vestibular compensation, we compared the results
of rotarod test and immunohistochemistry for 5-bromo-
2’;-deoxyuridine (BrdU) after UVD between the control
group and the groups that candidate miRNA oligomers
were administered.

Result: The 218a-5p and 219a-5p groups showed both
delayed recovery of rotarod scores and decreased
neurogenesis in MVN. In the 221-3p group, recovery
of rotarod scores were delayed though neurogenesis
did not decrease. We performed the pathway analysis
of miR-218a-5p, 219a-5p and 221-3p. Most miR-218a-
5p pathways were related with signal transmission
or neuronal system. Luciferase assay showed that
miR-218a-5p controls the Robo1 gene expression.
Expression of DRP-3 which is down streaming pathway
of Robo1 was changed after labyrinthectomy.
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Conclusions: Our findings indicate that miR-218a-5p,
219a-5p and 221-3p are important in regulating the
vestibular compensation.
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Effects of hypergravity on changes in serotonin
receptor expression of vestibular nuclei in rats

Kyu-Sung Kim'; Hyun Ji Kim'; Eun Hae Jeon?
"Inha University Hospital; 2Inha University Hosptial

Objectives: Motion sickness occurs as a result of a
mismatch or conflict between the information arising
from the vestibular system, the visual and proprioceptive
inputs. Many different environments can cause motion
sickness including travelling on land, sea or space.
The activation or blockade of serotonin receptors is
known to be closely related with migraine and motion
sickness. In this study, we investigated the effects of
hypergravity on vestibular function using VOR analysis
and changes of gene expression of serotonin receptors
in vestibular nuclei. Methods: Using an animal rotator,
we assessed the vestibular function (recording the eye
movement) after hypergravity loads(4G for 24hours,
4weeks) in rats(aged 7~8weeks, weighing 250-300gm).
We estimated the VOR responses, gain, asymmetry and
phase at 0.04, 0.08, 0.16, 0.32Hz on earth vertical axis
rotation. And we also checked the recovery of the VOR
response after stopping the hypergravity stimulation.
We investigated the effects of the centrifugation-induced
gravity changes on gene expression of serotonin
receptors (5HT1B, 5SHT2A,5HT1D, 5HT1F) in vestibular
nuclei. Results: Under 4G for 24hrs stimulation for
4weeks, the gain at 0.04, 0.08, 0.16, 0.32 Hz were
0.463+0.113, 0.524+0.455, 0.494+0.093, 0.509+0.198
respectively. They showed significant reduction of VOR
gain compared to the control group. Decreased VOR
gains were recovered to a normal range on 3~4days after
stopping the hypergravity stimulation. 5-HTR expression
was increased in the vestibular nuclei. Exposure to 4G
for 4weeks showed differential modulation of gene
expression of serotonin receptors in vestibular nuclei.
Conclusion: By observing the data, hypergravity
stimulation affects the vestibular function and modulation
of gene expression in vestibular nuclei. We can induce
the results that long-term hypergravity stimulation
causes remarkable changes on VOR gain in rats. And
this altered gravity also induced differential modulation
of several target gene expression in vestibular nuclei in
rats. (NRF-2018R1A6A1A03025523)
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Wireless Inertial Measurement of Activity and
Head Kinematics in a Rat Model of Acute Unilateral
Vestibular Loss Reveal Persistent Dynamic
Vestibular Deficit Symptoms

Viviana Delgado-Betancourt'; Guillaume Dugué?;
Pauline Liaudet'; Vincent Descossy'; Mathieu
Petremann’; Jonas Dyhrfjeld-Johnsen’
'Sensorion; 2Institut de Biologie de I’Ecole Normale
Supérieure

Patients suffering acute unilateral vestibular loss
employ different coping strategies to reduce vertigo
and dizziness ranging from simple reduction of overall
movement (immobility and bed rest) to more subtle and
lasting postural, gait and in particular head kinematic
modifications. As an example, recent follow-up of post-
surgical vestibular schwannoma patients revealed
persistent changes in head kinematics compared
to healthy controls, including significant reduction
in head turn velocity (Paul et al., 2018). Vertigo and
non-evoked vestibular deficit evaluation in preclinical
models has generally been restricted to evaluation
of gross deficits compensated after the acute phase,
using videonystagmography recordings, qualitative
assessment of posturo-locomotor symptoms and
static postural deviation as measures. We here report
persistent changes in spontaneous activity level and
head turns determined using a wireless inertial head-
mounted sensor in a rat model of acute unilateral
vestibular lesion.

A head-post was surgically implanted on 13 adult
female Long-Evans rats (200-225 g) under tiletamine-
zolazepam-xylazine anesthesia for mounting of the
9-axis digital inertial sensor with onboard battery and
Bluetooth transmitter. Following a baseline recording
(30 min) under open field conditions, an excitotoxic
vestibular lesion was induced using transtympanic
injection of 45 mM kainate under isoflurane anesthesia.
Recordings were subsequently repeated 1 hour and
1/2/7/14/21/28 days after lesion induction.

The percentage of time spent immobile in the open field
arena increased from 33% at baseline to 85% after
vestibular lesion induction and remained significantly
elevated (+11%) at D28 (p=0.015, 1-way repeated
measures ANOVA). Similarly, the median spontaneous
head turn velocity decreased from 39.5 deg/s at baseline
to «<1.5 deg/s at 1h after lesion and remained reduced at
23.5 deg/s at D28. The head turn velocity cumulative
distribution functions remained significantly different at
D28 (p<0.001, 1-way repeated measures ANOVA).

Contrary to other approaches quantitative posture-
ARO Abstracts

locomotor evaluation such as video monitoring, the
inertial sensor output is immediately quantitative, does
not require large amounts of digital storage space and
is easily treatable using mathematical transforms in
broadly available software packages such as MatLab
or R. The described persistent changes in spontaneous
activity level and head kinematics demonstrate the
ability of wireless inertial measurements in freely moving
animal models to deliver translationally valid, clinically
relevant outcome measures for evaluation of long-
term effects of acute phase vertigo interventions as
well as pharmaceutical strategies for enhancing central
compensation.
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The expression of c-Fos in anxiety-related nuclei
after intratympanic gentamicin administration

Feng Zhai'; Jie Chen?

'Shanghai Children’s Medical Center; 2Department of
Otolaryngology, Shanghai Children’s Medical Center
Affiliated with Shanghai Jiaotong University School of
Medicine

Objectives: To research into the expression alterations of
c-Fos in the anxiety-related nuclei (parabrachial nucleus
(PBN), bed nucleus of stria terminalis (BNST) and dorsal
raphe nucleus (DRN)) in the vestibular-impaired animal
model through intratympanic gentamicin administration.

Materials and Methods: We injected gentamicin (30mg/
ml) intratympanically into adult C57BL mice weighing from
22 to 25g and observed the expression alterations of c-Fos
in PBN, BNST and DRN through immunohistochemical
analysis 3 and 7 days after the injections. The data
were analyzed through ANOVA and Bonferonni paired
comparison method. Stata 12.0 software was used.

Results:Three days after gentamicin administration,
the expression of c-Fos in BNST increased significantly
and decreased to some extent 7 days after the injection,
indicating elevated anxiety level; Three and 7 days after
gentamicin administration, the expression of c-Fos in
BNST increased significantly, indicating elevated arousal
level; No significant differences in the expression of c-Fos
in DRN were noted among the three different groups<./p>

Conclusions: Peripheral vestibular impairment could
activate the neurons in BNST and PBN, thereby increase
the levels of anxiety and arousal. BNST and PBN might
mediate the pathophysiological process of peripheral
vertigo induced anxiety.

Key words: Peripheral vertigo; Anxiety; Parabrachial
nucleus, Bed nucleus of stria terminalis; Dorsal raphe
nucleus.
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The Localization and Chemoanatomical Phenotype
of Vestibular Nuclear Neurons with Direct
Projections to Nucleus Tractus Solitarius (NTS).

Amelia H. Gagliuso'; Emily K. Chapman’; Giorgio P.
Martinelli'; Gay R. Holstein?

'lcahn School of Medicine at Mount Sinai; ?Icahn
School of Medicine Mount Sinai

Background: Consistent cerebral perfusion is
necessary to provide the brain with a stable supply of
oxygen and glucose. During a sudden change in posture
or at the onset of movement, the vestibulo-sympathetic
reflex (VSR) mediates a rapid change in blood pressure
to compensate for the shift in body position. Over
time, the baroreflex reasserts homeostatic control over
cardiovascular function.

The VSR pathway initially conveys signals from vestibular
end organs to areas of the vestibular nuclei (VN). In turn,
neurons in these regions project to key pre-sympathetic
sites for integration of cardiovascular signals such as
the rostral and caudal ventrolateral medullary regions.
The baroreflex pathway relays signals from arterial
baroreceptors to NTS which, in turn, projects to the
same pre-sympathetic sites as the VSR. The primary
goal of the present study was to characterize the VN
projection to NTS, which could provide an anatomical
basis for direct vestibular control of the baroreflex.

Methods: Unilateral iontophoretic injections of the
retrograde tracer FluoroGold (FG) were placed in the
caudal NTS of 9 male Long-Evans rats. After 10 days, the
animals were euthanized by mixed aldehyde perfusion
and the brainstems were serially sectioned. Skip-serial
section sets were used to map the tracer injection sites,
characterize the FG-filled VN neurons, and visualize the
principal amino acid neurotransmitter(s) of these VSR-
related neurons.

Results: VN neurons with direct projections to NTS were
located almost exclusively in the caudal portion of the
medial vestibular nucleus (MVN). There were few FG-
immunolabeled cells in the inferior vestibular nucleus, or
in the more rostral VN cell groups. Most FG-labeled MVN
neurons were located ipsilaterally. Immunofluorescence
studies were conducted to localize glutamate,
GABA and imidazoleacetic acid-ribotide (IAA-RP), a
neuromodulator involved in blood pressure regulation,
in FG-filled VN neurons. Most of the FG-labeled VN
neurons co-localized glutamate-immunofluorescence,
while only a small minority co-localized GABA. Many of
the FG- and glutamate-immunofluorescent neurons also
co-localized IAA-RP, and/or were surrounded by GABA-
immunofluorescent puncta.
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Conclusions: Direct VN projections to NTS exist and
are derived primarily from neurons in the caudal region
of the ipsilateral MVN. These neurons appear to utilize
glutamate for neurotransmission, with IAA-RP present
as a neuromodulator. Many of these neurons are
under GABAergic inhibitory control. Overall, this study
demonstrates an anatomical basis for direct vestibular
control of the baroreflex.

Funding: SupportedbyNIH/NIDCD grant1R01DC008846
(GRH).
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Comparison of Vestibular Nucleus Neurons
Activated by Unilateral Electrical Stimulation of the
Posterior Canal Nerve and by Pulsed Infrared Laser
Stimulation (pIR) of the Posterior Canal

Emily K. Chapman'; Amelia H. Gagliuso'; Darrian L.
Rice?; Suhrud M. Rajguru®; Giorgio P. Martinelli'; Gay
R. Holstein*

1lcahn School of Medicine at Mount Sinai; 2Univeristy
of Miami; 3Department of Biomedical Engineering and
Otolaryngology, University of Miami; 4Ilcahn School of
Medicine Mount Sinai

Background: Rapid changes in head position
are detected by the vestibular system and trigger
modulations in blood pressure that serve to maintain
consistent cerebral perfusion. These compensatory
adjustments are mediated by the vestibulo-sympathetic
reflex (VSR) pathway. This pathway can be activated
experimentally by galvanic vestibular stimulation, tilt,
and plR. We have previously demonstrated that there
are direct projections from the caudal vestibular nuclei
(VNc) to several key pre-sympathetic sites in the
ventrolateral medulla that mediate the VSR. Our current
research seeks to determine the specific contributions
of individual vestibular end organs to the VSR. Toward
that end, the present study was conducted to identify
the brainstem locations and cytology of VSR-related
VNc neurons activated by stimuli specifically targeting
the posterior canal (PC), and to compare the neuronal
populations activated by unilateral pIR stimulation of
the PC with those activated by unilateral electrical
stimulation of the PC nerve.

Methods: pIR at 1863 nm, 250 pps baseline pulse
frequency, and 200 ps pulse duration was directed
through the round window toward vestibular end organs
in rats. Changes in blood pressure and heart rate were
detected using a telemetric sensor implanted in the
aorta and recorded using Ponemah software (DSI Inc.;
MN). Evoked eye movements were recorded using
video oculography. Cells that were activated by pIR
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were identified by cFos/DAB immunohistochemistry.
These cells were counted in skip-serial sections through
the VNc, and the cell counts from each rat were mapped
onto 16 representative rostro-caudal Bregma levels and
normalized for comparison across subjects. In some
animals, the retrograde tracer FluoroGold was placed
in the pre-sympathetic medullary region two weeks prior
to pIR stimulation. In three additional rats implanted
with sensors, the PC nerve was activated by electrical
stimulation (biphasic bipolar, 200Hz pulse rate, 0.05Hz
modulation and responses were recorded as above.

Results: Following unilateral pIR activation of the PC,
the highest density of cFos-positive cells was located
in a narrow rostrocaudal belt between Bregma levels
-11.40 and -11.88. These neurons were concentrated
in the caudal medial vestibular nucleus contralateral
to the stimulation site. A far more extensive pattern
of activation was observed following PC electrical
stimulation, including c-Fos-immunostained neurons in
rostral regions of the vestibular nuclei.

Conclusions: The PC participates in the activation of the
VSR through VNc neurons located in the contralateral
MVN, and pIR provides significantly greater stimulus
specificity than electrical stimulation.

Funding: NIH NIDCD 1R01DC008846
and 1R01DC013798 (SMR).

(GRH)
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Vestibular Inputs are Processed Through
Anatomically Distinct Mossy Fiber Pathways to
Physiologically Distinct Subtypes of Unipolar Brush
Cells in Cerebellum

Timothy S. Balmer’; Laurence O. Trussell?
'TOHSU; 20regon Health & Science University

In the cerebellum, mossy fibers convey multimodal
signals from diverse regions, converging in the
granule cell layer. Unipolar brush cells (UBCs) are
excitatory interneurons found within the granule cell
layer of vestibular processing lobes and whose roles in
cerebellar processing are not well understood. UBCs
receive a single mossy fiber ending on their brush-
like dendrite that slows the removal of glutamate from
the synapse. Thus, this unique dendritic morphology
causes prolonged glutamate exposure that dramatically
transforms extrinsic mossy fiber activity before projecting
to local granule cells and other UBCs through its own
intrinsic mossy fiber axons. Recently, differences in
UBC subtypes based on synaptic physiology separated
UBCs into two categories- ON UBCs, whose glutamate
responses are mainly AMPA receptor-mediated and
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thus increase their firing in response to glutamate, and
OFF UBCs that have large mGluR2-mediated inhibitory
currents, which causes a decrease in firing. In order to
understand the function of this transformation of extrinsic
input, it is essential to know the sources of mossy fibers
to each subtype of UBC. For example, if both subtypes
receive common input, then the ON/OFF distinction in
UBCs would allow mossy signals to diverge, setting up
distinct processing pathways within the granule cell layer.
On the other hand, if each subtype receives mossy fiber
input that conveys a distinct vestibular modality, then
ON and OFF UBCs would mediate modality-specific
transformations of extrinsic inputs.

We investigated this question in the vestibular cerebellar
nodulus (lobe X). Transgenic mouse lines and viruses
were used to express channelrhodopsin specifically in
primary or secondary vestibular mossy fiber sources.
Retrograde AAVs were used to label axons in lobe X and
were followed to their input hair cells in the vestibular end
organs. This revealed that primary vestibular afferents to
ON UBCs carry angular head acceleration signals from
the semicircular canals. Postsynaptic recordings from
UBCs in acute brain slices showed that ON UBCs receive
direct primary afferent input from vestibular ganglion
neurons and OFF UBCs do not. By contrast, secondary
vestibular projections from the medial vestibular nucleus
project to both UBC types. Striking differences were
observed in the morphology of mossy fibers carrying
primary vs secondary signals, as well as in the size of
UBCs receiving these distinct inputs, regardless of their
ON/OFF subtype. Thus, unlike the cerebellar granule
cell that integrates multimodal signals, the different
subtypes of UBC function to transform specific signals
through distinct anatomical pathways.
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Vestibular Nucleus Activity is Correlated with Limb
Movements of Rhesus Monkeys During Treadmill
Walking

Erez Gugig; Kathleen E. Cullen
Johns Hopkins University

Locomotion is a natural behavior that is common across
many species. To maintain balance during locomotion in
everyday life, the sensorimotor system integrates inputs
from multiple modalities, including the vestibular and
proprioceptive systems, with motor-related information.
In the vestibular system, the primary sensory afferents
carry information from the vestibular sensors to neurons
in the vestibular nuclei. In turn, the vestibular nuclei
send direct and indirect projections via descending
vestibulospinal pathways to the spinal cord. Previous
experimentsin alertcats have shown thatvestibular nuclei
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neurons are modulated during voluntary locomotion on
a treadmill (Matsuyama and Drew 2000a,b). Typically,
neurons discharge with a double peak pattern for each
cycle of locomotion. However, a limitation of these prior
studies was that head was not restrained. Consequently,
it was not possible to dissociate whether the observed
responses were activity correlated with limb motion
or rather reflected responses to vestibular inputs. For
example, during head unrestrained walking, vertical
acceleration will likely be associated with the initiation of
the stance phase of walking.

Accordingly, to understand the information encoded
by the vestibular nuclei neurons during walking, we
recorded from single neurons in monkeys while they
walked on a treadmill with their heads held stationary
relative to the world. Specifically, we determined
whether and how neuronal activity is modulated during
locomotion in the absence of accompanying vestibular
stimulation. Limb movements were tracked via video
and quantified with markerless tracking. We found that
the average response of most neurons increased during
treadmill walking compared to rest. Moreover, neuronal
activity was modulated in phase with the locomotor
rhythm. Notably, in contrast to prior reports in head-
unrestrained cats, we found that vestibular nuclei cells
respond with a single predominate peak per cycle during
head-restrained treadmill walking (i.e. in the absence of
vestibular stimulation). To address the possibility that the
additional peak observed in cat might reflect vestibular
rather than limb related responses, we recorded head
motion during normal head unrestrained walking. We
confirmed the presence of large vestibular inputs (i.e.,
vertical acceleration) at the initiation of the stance for
each set of hind and forelimbs. Thus, in conclusion, our
findings establish that the activity of vestibular nuclei
neurons in rhesus monkeys is elevated relative to rest
and correlated with limb movements during treadmill
walking. We suggest this limb-related modulation of
primate vestibulospinal pathways serves an important
role in control and balance during locomotion.

PS 92

Encoding of Eye-related versus Vestibular
Information by the Nucleus Prepositus of Mice
during Voluntary Movements

Hui Ho Vanessa Chang'; Shan Zhu2; Kathleen E.
Cullen?
"McGill University; 2Johns Hopkins University

The vestibular system plays a crucial role in our everyday
life as it ensures gaze and postural stabilization and
the sense of self-motion by detecting the head motion
in space. To maintain a stable representation of spatial
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orientation, visual and non-visual signals such as
vestibular and proprioceptive signals are required. It has
been proposed that the nucleus prepositus hypoglossi
(NPH) and the supragenual nucleus (SGN) in brainstem
relay vestibular information from the vestibular system
to head direction (HD) network. Based on experiments
in rodents, it has been suggested that this pathway
produces an internal compass of the head’sdirection
relative to space that is vital for spatial cognition.
However, the NPH has also been long-known to comprise
the oculomotor integrator which plays an essential role
in eye movement control by holding the eye at eccentric
position in the orbit after saccade. Further, a recent
study in non-human primates (Dale & Cullen, 2013),
established that neurons in the NPH predominantly
encode eye-related rather than head-related movement
signals during both passively-generated and voluntary
head movements. To date, however, it remains unknown
whether neurons in the NPH of rodents encode eye-
related and/or head-related movement signals.

We hypothesized that NPH neurons in mouse, as in
primate, preferentially encode eye-related rather than
head-related signals during voluntary movement. To
test this hypothesis, we developed a mouse model in
which we could record eye movements both during
head retrained behavioral protocols (Beraneck & Cullen,
2007) including: vestibular-ocular reflex (VOR), visuo-
vestibular conflict (VORC), optokinetic reflex (OKR) and
changes in static eye position (SEP), as well as during
voluntary head movements. Notably, the mice were
trained to make active head movements to the left and
right in response to an auditory tone. Further, to measure
mouse eye movement during active head movements,
we used a MEMs based magnetic field sensor, which
measured the location of a magnet implanted in the
eye in the orbit. Our preliminary single unit recording
experiments indicate that indeed consistent in non-
human primate model, neuron in the NPH of mice output
eye-related information during active head movement.
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Linear versus Nonlinear Vestibular Information
Processing in Posterior Thalamocortical Vestibular
Pathway; Implications for Self-motion Perception

Hamed Hooshangnejad'; Jerome Carriot?; Maurice J.
Chacron?; Kathleen E. Cullen'
'Johns Hopkins University; 2McGill University

In the vestibular system, head motion is first detected
by the vestibular sensors in the inner ear and then
transmitted to the vestibular nuclei by afferents. In turn,
the vestibular nuclei send this information to cortical
areas via two thalamocortical pathways, anterior and
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posterior. Here we recorded the responses of single
neurons in the ventral posterior lateral (VPL) thalamus
of macaque monkeys to understand how the posterior
thalamocortical vestibular pathway encodes vestibular
information.

We first applied traditional linear analysis by testing
neuronal responses to low amplitude (15 deg/s)
sinusoidal yaw rotations and computing their response
gains (0.5-17 Hz). The amplitude of the applied sinewaves
was chosen to not induce obvious nonlinearities such
as cut-off or saturation, while the frequency range was
chosen to span that of natural movement (0-20 Hz). We
found that VPL neuronal response gains ((sp/s)/(deg/
sec)) typically reached values greater than in the earliest
stages of vestibular processing (i.e., vestibular nuclei
neurons and afferents that provide their peripheral input).
Further, VPL neurons demonstrated “band pass” tuning
(i.e., highest sensitivity for frequencies from 2 - 15 Hz),
in contrast to vestibular nuclei neurons and afferents,
which demonstrated “high pass” tuning over the same
range. We then used two specific approaches to probe
nonlinear coding in VPL neurons. We first again applied
sinusoidal yaw rotations, but varied the amplitude
for each frequency from 0 to 100 deg/s. Such stimuli
elicited significant nonlinearities in these cells; neuronal
response gains decrease markedly with increasing
amplitude. We next tested whether the principle of
superposition holds, by testing neuronal responses
to stimulation using band-limited white noise whose
frequency content was i) limited to a low frequency band
(0-5 Hz), ii) limited to a high frequency band (15-20 Hz),
and iii) comprised the low and high frequency band
stimuli applied concurrently. Our results showed that
neuronal responses were not linear, but rather neuronal
sensitivities to low frequency stimulus were significantly
attenuated (30%), when applied concurrently with high
frequency stimulation.

Taken together, these findings emphasize that the
thalamus is more than a simple relay station between
early vestibular processing and cortex. We suggest that
the increased sensitivity of VPL thalamic neurons in

the posterior thalamocortical vestibular pathway to low
amplitude movements facilitates self-motion perception
by providing low detection threshold, while their tuning
preferentially encodes information with frequency
content associated with the self-motion experienced in
everyday life.
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Spatio-temporal processing for motion perception
by fully immersive visual scene according to scale
of motion sickness

Sungkwang Hong; Jeong Hye Park; Euncheon Lim
Department of Otolaryngology, Hallym University
College of Medicine

Purpose of the study: Visual cues could lead to theillusory
sensation of self-motion by relative motion difference
between an observer and a scene. Our hypothesis is
that different spatio-temporal processing may elicit for
motion perception according to characteristics of the
visual scene (constant vs. acceleration) and motion
sickness scale. We attempted to explore the dynamics
of spatio-temporal processing by motion sickness (MS)
scale based on electrophysiological templet obtained
from healthy subjects.

Materials and methods: Twenty right-handed subjects
without evidence of motion-sickness and 15 subjects with
motion-sickness based on results of simulator sickness
questionnaire (SSQ) and visual analog scale (VAS) were
recruited. Head mount display integrated with infrared-
based eye tracker display (SMI, Teltow, Germany USA)
were used to embody an immersive virtual environment.
During EEG acquisition (Brain product GmbH, Gilching,
Germany), the participants performed the oddball tasks
consisting of visual flow with acceleration and constant.
MATLAB-based toolbox “eConnectome” were used
for estimating over the directional interactions among
functional areas of the brain.

Results: Theta oscillation was initiated from the right
parieto-insular vestibular cortex (PIVC) at an earlier
time, and PIVC consistently transmitted those signals
into another brain area for acceleration condition while
that transmission of theta oscillation from PIVC was
only appeared at around 1s for constant stimulation. In
addition, functional connectivity in subjects with high-
MS scale revealed that PIVC may be a functional area.
Interestingly, alpha oscillation from right PIVC was
transmitted into another brain area regardless of speed
gradient (acceleration vs. constant) or group difference.

Conclusion: we could conclude that PIVC work as
modulation center for visually induced motion perception
by selective inhibition and excitation of the neural signal
from visual or motion-sensitive cortices.
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Generation of an Epitope-Tagged Human Embryonic
Stem Cell Line for Modeling CHARGE Syndrome
with Human Inner Ear Organoids

Jing Nie; Andro Botros; Eri Hashino
Indiana University School of Medicine

CHARGE syndrome is a congenital anomaly disorder
that affects multiple organs. The most prevalent clinical
feature is malformation of the inner ear structures,
resulting in prelingual deafness and vestibular
dysfunction. The main cause of CHARGE syndrome is
dominant mutations in the CHD7 gene, which encodes
an ATP-dependent chromatin remodeling protein
that regulates the expression of a large number of
genes through epigenetic modifications. We sought
to investigate how mutations in CHD7 affect inner
ear development using human embryonic stem (ES)
cell-derived inner ear organoids as a model system.
Elucidating the function of CHD7 protein requires a
highly specific antibody. However, we found none of the
widely used commercially available CHD7 antibodies
were specific, as multiple cross-reacting bands were
present on western blots, even with CHD7 null mutant
ES cells. We therefore used CRISPR genome editing
technology to knock in a 3xFlag tag to the C-terminus
of the endogenous CHD?7 allele. Human ES cells were
transfected with a 3xFlag donor vector and a high fidelity
Cas9 ribonucleoprotein complex specific to the CHD7
stop codon locus. The established CHD7-3xFlag ES cell
lines were validated with PCR and Sanger sequencing
for correct 3xFlag insertion, and were tested for
pluripotency and off-target mutations. In both ES cells
and ES cells-derived human inner ear organoids, anti-
Flag antibody immunofluorescence signal overlapped
with anti-CHD7 signal. Importantly, compared to the
multiple non-specific anti-CHD7 bands, the anti-Flag
antibody detected a single bright band at ~336 kDa on
the western blot, demonstrating high specificity. The
human 3xFlag-tagged CHD7 ES cells will serve as a
valuable tool for studying the mechanisms underlying
the pathophysiology of CHARGE syndrome in the inner
ear and other organs.
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In vivo simultaneous germline inactivation of
multiple genes in mouse through CRISPR/Cas9-
mediated base editing

He Zhang'; Hong Pan'; Changyang Zhou'; Yu Wei';
Wengin Ying"; Shuting Li'; Guanggin Wang?; Chao Li;
Yifen Ren'; Gen Li3; Xu Ding?; Yidi Sun*; Geng-Lin Li5;
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TInstitute of Neuroscience, Chinese Academy of
Sciences; 2Institute of Neuroscience, CAS Center

for Excellence in Brain Science and Intelligence
Technology, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences; *Department
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In vivo genetic mutations has become a powerful tool
for dissecting gene function; however, multi-gene
interaction and compensatory mechanisms involving can
make findings from single mutations at best difficult to
interpret, and at worst, misleading. Hence, it is necessary
to establish an efficient way to disrupt multiple genes
simultaneously. The CRISPR/Cas9-mediated base
editing disrupts gene function by converting a protein
coding sequence into a stop codon; this is referred to
as CRISPR-stop. Its application in generating germline
mutations in zygotes has not been well explored yet.
Here, we firstly performed a proof-of-principle test
by disrupting Atoh1, a gene critical for auditory hair
cell generation. Next, we individually mutated vGlut3,
Otoferlin and Prestin, three genes needed for normal
hearing function. Finally, we successfully disrupted
vGlut3, Otoferlin and Prestin simultaneously. Our results
show that CRISPR-stop can efficiently generate single
or triple homozygous FO mice mutants, bypassing
laborious mouse breeding. We believe that CRISPR-
stop is a powerful method that will pave the way for
high-throughput screening mouse developmental and
functional genes, matching the efficiency of methods
available for model organisms, such as Drosophila.
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Hair Cell Mechanotransduction Regulates
Spontaneous Activity and Spiral Ganglion Subtype
Specification in the Auditory System
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Type | spiral ganglion neurons (SGNs) transmit sound
information from cochlear hair cells to the CNS. Using
transcriptome analysis of thousands of single neurons,
we demonstrate that murine type | SGNs consist of
subclasses that are defined by the expression of subsets
of transcription factors, cell adhesion molecules, ion
channels and neurotransmitter receptors. Subtype-
specification is initiated prior to the onset of hearing
during the time period when auditory circuits mature.
Gene mutations linked to deafness that disrupt hair cell
mechanotransduction or glutamatergic signaling perturb
the firing behavior of SGNs prior to hearing onset and
disrupt SGN subtype specification. We thus conclude
that an intact hair cell mechanotransduction machinery is
critical during the pre-hearing period to regulate the firing
behavior of SGNs and their segregation into subtypes.
Since deafness is frequently caused by defects in hair
cells, our findings have significant ramifications for the
etiology of hearing loss and its treatment.
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Hearing Loss Genes
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Congenital hearing loss, which is prevalent throughout
the world, results when the cochlea fails to develop and
mature properly. Often, congenital hearing loss results
from the inherited mutation of genes necessary for cell
fate specification or mature cell function. Identification
of genes related to hearing development and function
have historically been identified when multiple patients
with hearing loss present with a mutation of the same
gene. As with many tissues, identification of novel genes
that are integral to development of the hearing organ is
important for the development of both prophylactic and
therapeutic interventions. Recently, analysis of targeted
genetic mutations developed by the International Mouse
Phenotyping Consortium revealed 52 novel candidate
hearing loss genes. When mutated, these genes caused
ABR threshold shifts suggesting they play a role in
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either the development, maturation, or normal function
of the hearing system. To better understand the stage
when each gene contributes to hearing, we performed
in situ hybridization on frozen sections from wild type
mouse cochleae at multiple time points during normal
developmentand maturation ofthe hearing organ. Atbirth,
most genes are expressed ubiquitously throughout the
cochlea from the spiral ganglion throughout the sensory
and non-sensory epithelium, and the lateral wall including
the stria. One gene, DNase1 was specifically expressed
within the stria while another gene, Basigin, had a higher
level of expression in the stria compared to the rest of
the cochlea. Adgrb1, Ube2b, and Med28 were specific to
the spiral ganglion, while Odf3|2 and Baiap2|2 showed
expression predominantly in the hair cells. Further
investigation into two other time points is currently
underway to understand how these genes change
from development to maturation. Understanding the
expression patterns of these novel hearing loss genes
will enhance our understanding of how the cochlea
develops, matures, and functions to be better prepared
to develop strategies to combat hearing loss in the
future.
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Background

The role of cochlear resident macrophages are mostly
unknown, but recent studies have reveal the functional
aspects of cochlear macrophages such as cell clearance.
We showed that the resident macrophages which might
be originated from hematopoietic progenitors in the yolk
sac appeared around the cochlea at embryonic day (E)
10.5 and appears to become matured during embryonic
and early postnatal development with in situ proliferation
potentials while changing their distribution in the cochlea
(ARO 40th and 41st Annual MidWinter Meeting). Colony
stimulating factor 1 (Csf1) is a growth factor that
regulates the survival, proliferation and differentiation of
the mononuclear phagocyte lineage. This time, we show
results of the further study about macrophage in the
cochlea investigating the roles of macrophage during
embryonic development using Csf1 receptor (Csf1r) null
mice.
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Methods

The temporal bones of homozygous Csf1r-null and wild
type mice at postnatal day (P) 0 were dissected out, and
the specimens were perfused with 4% paraformaldehyde
in phosphate buffer overnight and cryoprotected
with 30% sucrose. Specimens were prepared for
cryostat sections and the midmodiolar sections were
provided for hematoxylin and eosin (H&E) staining
and fluorescent immunohistochemistry (IHC). We used
anti Iba-1 antibody as surface marker of macrophage.
We performed comparison of morphologies of main
structures in the cochlea between homozygous Csfir
null mice and wild type mice by IHC. That is, we
assessed SG neurons with anti-neurofilament antibody,
cochlear vascularity with anti-CD31 antibody, hair cells
with anti-Myosin VIIA antibody. We also evaluated glial
cells around SG neurons with anti-Sox10 antibody and
performed quantitative comparison of Sox10-positive
cell density in the SG.

Results

IHC using anti-lba1 antibody showed that there were
macrophages in the cochlea of wild type mice, while
no macrophages in the cochlea of homozygous Csf1r
null mice. Evaluation of cochlear morphology with
H&E staining and IHC using anti-neurophilament, anti-
CD31 and anti-MysinVIIA antibody showed no apparent
difference among homozygous Csf1r-null and wild type
mice. However, IHC using anti-Sox10 antibody showed
a mild, but not significant, trend toward higher density
of Sox10 positive cells in the cochlear SG of Csf1r null
mice than that of wild types.

Conclusion

Resident cochlear macrophage doesn’;t seem to alter
gross morphogenesis of the cochlea during embryonic
development, however, it may contribute to auditory
nerve refinement by regulating glial cell number in the
SG.
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Exploring TMPRSS3 Function in Stem-Cell Derived
3D Inner Ear Organoids
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Mutations in the type Il transmembrane serine protease
3 (TMPRSS3) gene cause non-syndromic autosomal
recessive deafness (DFNB8/10). Mouse harboring a
truncation mutation in the C-terminal protease domain
of Tmprss3 (Tmprss3Y260X) show normal inner ear hair
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cell development followed by rapid hair cell degeneration
between P12 and P14 (Fasquelle et al., 2011). Thus,
Tmprss3 is required for normal inner ear hair cell
survival. To date, little is known about the physiologic
function of Tmprss3 in the inner ear.

Here we used three different approaches to examine
the function of TMPRSS3: 1) embryonic stem cell
(ESC) derived from Tmprss3Y260X and control mice,
2) CRISPR/Cas9n engineered Tmprss3 knockout-2A-
NnGFP knockin ESC line with isogenic controls, and
3) ESCs constitutively expressing 3XFLAG-tagged
TMPRSS3.

ESC-derived inner ear organoids from Tmprss3-mutant
mice and Tmprss3-knockout display normal hair cell
development and uptake of FM-143. This is followed by
progressive elevation in markers of apoptosis and rapid
hair cell degeneration in Tmprss3-knockout organoids.
Voltage gated potassium channel (BK channel)
expression is reduced in Tmprss3-knockout hair cells.
Tmprss3 undergoes self-cleavage and localizes to the
cytoplasm and cell membrane.

We conclude that functional Tmprss3 is required for
inner ear organoid hair cell survival in mouse ESC-
derived inner ear organoids and genetically engineered
inner ear organoids recapitulate in vivo pathophysiology.
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Sensorineural hearing loss in Lrrtm3 mutant mice, a
model for autism spectrum disorder
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Background

Autism spectrum disorder (ASD) is an early-onset
neurodevelopmental disorder that is characterized by
impaired social interaction and communication, repetitive
behavior, and stereotyped patterns of interests. Some
of the earliest signs of ASD involve atypical responses
of auditory cortex to the sound, and recent studies
reported increased hearing thresholds and decreased
otoacoustic emissions in children with ASD in the mid-
range frequencies. However, the etiology of hearing loss
associated with ASD is unclear.

Methods

To understand the mechanism of hearing loss associated
with ASD, we analyzed a knockout mouse model of
Lrrtm3 (leucine-rich repeat-containing transmembrane
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protein 3), whose mutations have recently been
associated with ASD in humans. Lrrtm3 is a post-synaptic
adhesion molecule, which is shown to interact with pre-
synaptic proteins to form trans-synaptic complexes and
contribute to the excitatory synapse development.

Results

When analyzed hearing function using auditory
brainstem response (ABR) tests, the ABR thresholds
were increased in Lrrtm3 knockout mice as early as 3
weeks of age with incomplete penetrance. Thus, Lrrtm3
knockout mice were divided into two groups based on
hearing function; hearing loss (HL) and normal hearing
(N). The hearing loss became progressively deteriorated
with age in the HL group. Histological analyses revealed
no obvious differences between HL and N groups
in cochlear structures such as the organ of Corti and
spiral ganglion neurons. The lack of structural defects
led us to analyze the wave | amplitudes of ABR, which
represent the signal intensities transmitted from the hair
cells to spiral ganglion neurons. There was a significant
reduction in the wave | amplitudes in the Lrrtm3
knockout mice (HL) compared to wild typelittermates.
Immunofluorescent analysis using a presynaptic marker
CtBP2 and a postsynaptic marker GIluA2 showed that
the synaptic morphology between hair cells and afferent
fibers of spiral ganglion neuron was defective and the
numbers of synapses were reduced. We also observed
that stereocilia bundles of the inner and outer hair cells
became progressively disorganized, which is followed
by hair cell loss.

Conclusion

These results suggest that abnormal synapse formation
and subsequent hair cell loss is the major causes of
hearing loss in Lrrtm3 deficient mice. We are currently
investigating the mechanism of how Lrrtm3 contributes
to synapse formation and hair cell maintenance.
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Background

The mammalian middle ear consists of a chain
of ossicles: malleus, incus, and stapes. These ossicles
transmit the sound waves from the outer ear to the inner
ear in the form of mechanical vibrations. Defects in any
of the ossicles can lead to conductive hearing loss. It
is known that the middle ear ossicles are derived from
neural crest cells (NCCs). NCCs from rhombomere (r)
1 and 2 migrate into pharyngeal arch (PA) 1 to form
malleus and incus, while NCCs from r4 migrate into
PA2 to form stapes. However, the molecular mechanism
of how NCCs find their destinations and develop into
specific ossicles is still unclear.

Methods

To investigate the roles of Sonic Hedgehog (SHH) or
TGF-B signaling in NCC development into middle ear
ossicles, a mediator of SHH (Smoothened; Wnt1-Cre;
Smolox/lox) or a transcriptional mediator of TGF-
(Smad4; Wnt1-Cre; Smad4lox/lox) was specifically
deleted in NCCs. To confirm the sources of the signaling
molecules, Shh (Foxg1Cre; Shhlox/lox) or Bmp4
(Foxg1Cre; Bmp4lox/Tm1) was specifically deleted in
the pharyngeal endoderm. Gene expression patterns,
NCC lineage, cell proliferation, and cell death analyses
were examined by in situ hybridization, R26R reporter,
EdU analysis, and TUNEL analysis, respectively.

Results

Inactivation of responsiveness to SHH signaling in NCCs
(Wnt1-Cre; Smolox/lox) or deletion of endodermal Shh
expression (Foxg1Cre; Shhlox/lox) resulted in the loss
of initial condensation of malleus-incus in PA1 but not
of stapes in PA2 at embryonic day (E) 10.5, indicating
that SHH signaling emanating from the endoderm
of PA1 is specifically required for malleus-incus
condensation. However, stapes condensation was lost
in these mutants at E11.5 with increased cell death,
suggesting that SHH signal was also required for further
development of the ossicles by promoting cell survival.
In contrast, inactivation of TGF-B/BMP signaling in
NCCs by deleting Smad4 (Wnt1-Cre; Smad4lox/lox) or
deletion of endodermal Bmp4 expression (Foxg1Cre;
Bmp4lox/Tm1) resulted in the loss of initial condensation
of stapes in PA2 but not of malleus-incus in PA1. NCC
lineage cell were not observed in the prospective stapes
region with no apparent cell death, suggesting that
endodermal BMP4 signaling guides NCCs to migrate
and differentiate into stapes in PA2.

Conclusion

Our results show that region-specific interactions
between the migratory NCCs and the pharyngeal
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endodermal play an important role in directing NCCs to
differentiate into specific middle ear ossicle.

Supported by BK21 PLUS Project for Medical Science,
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Fragile X mental retardation protein (FMRP)
is an mRNA-binding protein that regulates a multitude
of synaptic proteins and signaling pathways involved in
neurological diseases. Loss of FMRP leads to the fragile X
syndrome (FXS), which is characterized with hyperactivity,
intellectual disability, sensory dysfunction, and difficulties
in social communication. However, how FMRP expression
is regulated during normal brain development is not
understood.

We have previously reported a highly dynamic
expression of FMRP in the developing brainstems of mice
and chickens. We discovered a stage-specific alternative
splicing event that causes retention of intron 8 of Fmr1
RNA. Remarkably, this event is conserved with regard to
its temporal association with developmental milestones of
auditory circuits between mouse and chicken. Moreover,
we demonstrated for the first time that FMRP is capable
binding to the 3»; region of its intron 8 in a very specific
manner, leading to a hypothesis that FMRP protein inhibits
its own expression by producing an mRNA with premature
stop codons and this regulation is most distinct during
certain developmental stages.

We continue our efforts to elucidate this mechanism
at the cellular level by focusing on the chicken nucleus
magnocellularis (NM), the avian analogue of the mammalian
anteroventral cochlear nucleus (AVCN). We had three novel
findings. First, recombinant chicken FMRP specifically
binds its intron 8 in a way that competes with the binding of
a splicing factor U2AF65 to the same site. Second, nuclear
localization of FMRP in NM neurons is developmentally
programmed in a way temporally overlapping with the
intron retention event. Finally, exogenous Fmr1 transcripts
do not increase FMRP levels in vivo when intron retention
is intensively present, although they do at earlier or later
ages, suggesting a strong posttranscriptional control.
Taken together, we identified a novel FMRP auto-regulation
mechanism in vivo that tightly regulates its own level during
critical periods of circuit and synaptic development.
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The afferent innervation to the cochlea is composed
of the spiral ganglion neurons (SGNs), which transmit
mechanosensory input from the hair cells centrally to the
cochlear nucleus as an electrochemical signal. Despite
its importance, relatively little is known about the degree
of cellular diversity within the spiral ganglion (SG).
Two populations of SGNs can be distinguished in the
mammalian cochlea, based on their morphology: Type
1 SGNs which constitute 90-95% of the total population,
and form contacts with inner hair cells (IHCs); and
Type 2 SGNs which constitute the remaining 5-10% of
the total population and form contacts with outer hair
cells (OHCs). However, considering the complexity of
auditory information that these neurons must encode,
and in light of recent molecular studies of the entire adult
SGN population, there appears to be more neuronal
phenotypic diversity present in the SG than previously
understood.

We undertook a FACS-based single cell RNA-Seq
approach to profile the molecular diversity of the SGN
population during the pre-hearing developmental period.
A total of 121 and 187 single cells were sequenced
at embryonic day 16 (E16) and postnatal day 1 (P1),
respectively. At E16 the SGN population appears to
be broadly heterogeneous, which is consistent with
the developmental processes known to be occurring
at this time point. At P1 unbiased clustering identified
three transcriptionally distinct groups. However, these
groups did not correspond to the three sub-groups
of type 1 SGNs recently identified in the adult SG.
Additionally, there was no evidence at this time point of
transcriptionally distinct type 2 SGNs. Type 2 markers
such as Tyrosine Hydroxylase were expressed more
broadly across all three groups<./p>

Overall this dataset indicates that at P1 SGNs have
yet to mature into their distinct adult phenotypes. We
are now determining the transcriptional trajectory of
SGNs across the early postnatal period by utilizing
single nucleus RNA-Seq which should reduce potential
contamination from glia and mesenchymal cells. This
approach will also enable us to sequence a much
greater number of SGNs at each time point. Additionally,
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it will provide us with transcriptional information of non-
neuronal cells within the SG which should lead to better
contextualization of the SGN across this developmental
period.
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Background:

Recent attempts in generating inner ear hair cells from
stem cells in vitro require several exogenous bioactive
molecules, such as BMP4, TGF-Bi, FGF2 and Wnt. The
most straightforward and common ways to deliver these
molecules to the culture system is via well timed and
gradual addition of bulk molecules. Several studies also
showed stem cells being able to differentiate when co-
culturedwith special cells or culturedin conditioned media.
HEI-OC1 expresses specific markers of cochlear hair
cells (HCs) and supporting cells which could represent
a common progenitor for sensory and supporting cells
of the organ of Corti. Several studies have provided
evidence of damaging effects of archetypal ototoxic
drugs to HEI-OC1 as well as the therapeutic effects of
stem cells on them. However, it is unknown if HEI-OC1
cells can promote the differentiation of embryonic stem
(ES) cells. The objective of this study is to determine
whether the endogenous inductive factors from HEI-
OC1 cells can induce the differentiation of ES cells into
HC phenotype through co-culture.

Materials and Methods:

Embryonic bodies (EBs) were formed using ES cells via
hanging drop technique. EBs and dissociated ES cells
were co-cultured with a conditioned and inactivated
layer of HEI-OC1 cells for 14 days. Differentiated cells
were immune-stained for oct4, sox2 and myosinVlla and
quantified for gene expression using PCR and western
blotting.

Results:
The dissociated ESCs coalesced into an EB like form yet

smaller than the actual co-cultured EBs. Furthermore,
both the co-cultured forms of ESCs expressed Myosin7a
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and only in the periphery showed Sox2 expression.
Co-cultured EBs developed organoid outgrowths with
Myo7a and Sox2-positive cells after 14 days of contact
co-culture with HEI-OC1 cells. Dissociated ESCs form
dense EB-like aggregates and expressed Myo7a while
Sox2-positive cells are only found around the periphery
after 14 days of co-culture. ESCs and EBs were also
cultured in conditioned medium (CM) from HEI-OC1
cells suspecting soluble factors alone could have
a similar effect. However, the ESCs did not form into
aggregates yet still showed to be Myo7a positive while
the EBs degenerated.

Conclusions:

The present study suggests that cellular interaction
between ES cells and HEI-OC1 cells may stimulate
the differentiation of ES cells towards a HC-like cells.
However, further work is needed to determine the
viability of the differentiated cells to further develop in
vivo.
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Background:

The study of cochlear hair cells regeneration which
caused by irreversible hearing loss have been
conducted around the world. Stem cell therapy is one
of the potential therapeutic tools for inner ear diseases.
However, differentiation process to generate cochlear
hair cells from stem cells is relatively difficult and
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complicated compare to other differentiation. Recent
advances of adopting photobiomodultion (PBM) for the
stem cell therapy showed that stem cells and progenitor
cells have favorable responses to light. PBM has been
shown to stimulate different types stem cells to migrate,
proliferate and differentiate in vitro (Arany et al. 2014,
Barboza et al. 2014, Kushibiki et al. 2015) and in vivo
(Minetal. 2015, Soares etal. 2015). Meanwhile, very little
is known about the effect of PBM on the differentiation
of embryonic stem (ES) cells towards the otic lineage.
In this study, we determined the optimal condition to
differentiate the stem cell into the otic organoid. Different
culture techniques and cell density has been tested and
effect of photobiomodulation was analyzed.

Materials and Methods:

A mouse embryonic stem cell with GFP was used.
Embryoid-body (EB) formation was obtained by
two methods (monolayer culture and hanging drop
technique). For the differentiation of inner ear like
organoid, on the second day of differentiation, BMP4
and SB431542 were treated for Non-neural ectoderm
induction and FGF2 and LDN193189 were treated
for Pre-placodal ectoderm induction on the third day
of differentiation to induce into ectoderm. They were
cultured until differentiation Day 6 and were observed
until day 18. LEDs (470 nm, 630 nm and 740 nm) were
used in maturation phase (Day 6 to 8). The cells were
directly irradiated at an intensity of 40 mW for 750 s per
day. Epifluorescence (MyosinVlla, ROS & intracellular
calcium level), RT-gPCR and RNA-Seq were analyzed.

Results:

EB formed by hanging drop was much larger than
monolayer culture. The diameter of EBs statistically
increased with the increase of cellular density but the
largest number of organoids was observed at the density
of 4.0 x 105. MyosinVlla positive cells inside the organoid
was observed and confirmed by RT-gPCR. Only 630 of
LED irradiation increased the organoid formation rate.
EBs with PBM (630 nm) showed higher expression of
MyosinVlla and lesser expression of Oct4 compared to
differentiation without PBM. ROS was overexpressed as
well. With the RNA seq analysis among the biological
process, nervous system  development-related
processes are enriched with only down-regulated
genes in PBM group. Among the down regulated genes
Hes5 which inhibits the hair cell transdifferentiation
process are negatively down-regulated in PBM group.

Conclusions:

EB formation was generated by hanging drop
technique, and differentiation of EBs into inner ear
hair cell-like cells were enhanced by PBM with
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LED. Investigation on gene expression showed
the factors that are responsible for the therapeutic
effect of PBM in the formation of otic organoids.
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Patterned bursts of spontaneous neuronal activity
occur in the auditory system of developing animals
before the onset of hearing. This activity originates in
the cochlea and propagates throughout the auditory
system, including the inferior colliculus (IC). Neuronal
activity in the developing IC occurs in discrete bands,
corresponding to isofrequency zones apparent after
hearing onset. Recent studies indicate that astrocytes
in developing circuits mature in parallel with surrounding
neurons to establish the tripartite relationship necessary
to sustain synaptic activity. Moreover, astrocytes
have the potential to affect synaptic development and
maturation, through release of synaptogenic factors,
such as hevin and thrombospondin. Astrocytes during
this period of development express the metabotropic
receptormGIuR5, whichis well positioned to link neuronal
activity to gene expression changes and secretion from
astrocytes. Extrasynaptic receptors such as those on
astrocyte membranes require bursts of presynaptic
activity to raise the glutamate concentration high enough
to enable activation. Thus, the patterns of spontaneous
activity that occur in the developing auditory system are
well suited to enable activation of astrocyte receptors.

To explore the role of astrocytes in the development
of the auditory system, we imaged astrocyte calcium
activity in the IC of awake mice using genetically
encoded calcium indicators targeted specifically to
astrocytes. We found that astrocyte calcium activity in
the IC closely follows the spatial and temporal patterns
of neuronal activity — these events were transient,
bilateral and oriented along future isofrequency zones
like those exhibited by neurons. However, the astrocyte
calcium transients were less frequent and longer in
duration than neuronal events, as expected due to the

ARO Abstracts

higher threshold for activation of metabotropic receptors
and the requirement for second messenger-dependent
calcium release. Pharmacological inhibition of mGIluR5
dramatically reduced spontaneous activity in astrocytes
in the IC, but did not alter spontaneous activity of
surrounding neurons, indicating that this metabotropic
receptor is necessary for activation of astrocytes. Future
studies using astrocyte-specific deletion of mGIuR5
will help reveal the role of this receptor in generating
astrocyte activity, and the involvement of this mode of
neuron-astrocyte signaling in controlling the maturation
of astrocytes and neuronal circuits.
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Background: The computation of interaural time
differences (ITDs) for azimuthal sound localization
requires ultraprecise circuitry in the auditory brainstem.
In the chick, this circuitry consists of the bifurcating
axons of the cochlear nucleus, N. magnocellularis (NM),
which project both ipsilaterally and contralaterally to
the coincidence detector, N. laminaris (NL). We have
previously shown that NM axons express the active
form of an apoptotic protease, caspase-3, between
embryonic days 7 and 13, a time that coincides with
the formation of NM-NL synapses. We have also
shown that pharmacological inhibition of caspase-3
activity in the brainstem causes both NM axonal
mistargeting and NL morphological disruption prior
to the period of developmental cell death in either
nucleus. This suggested that caspase-3 acts in a non-
apoptotic manner to ensure proper ITD circuit formation.
However, little is known about the proteolytic targets
of caspase-3 in developmental contexts. We thus
sought to identify these targets using protein mass
spectrometry of the ITD circuit during development.

Methods: A caspase-3 inhibitor or vehicle solution
was injected into the IVth ventricle over the auditory
brainstem on E9 and E10 in whole embryo cultures. Six
hours after the final injection, brainstems were dissected,
and the dorsorostral quadrant of the brainstem,
which contains NM and NL, was isolated. Trypsinized
samples were subjected to liquid chromatography
tandem mass spectrometry (nanoLC-MS/MS), which
yielded the peptide content of each sample. Peptides
with non-tryptic termini were filtered for those with the
D/E.X signature of caspase proteolysis (an aspartate
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(D) or glutamate (E) residue immediately N-terminal
to the cleavage site). Peptides observed exclusively
in vehicle-treated brainstems were considered likely
products of in vivo caspase cleavage in NM axons.
We used functional annotation clustering of parent
proteins to identify non-redundant enriched classes of
proteins among the putative caspase targets. Results
were validated by immunohistochemistry against
representative proteins from enriched functional groups.

Results: We found a significant enrichment of proteins
involved in translation, protein degradation and cell
adhesion. Representative proteins from enriched
classes colocalized with active caspase-3 in NM axons.

Conclusions: Our results suggest that caspase-3
influences ITD circuit development in part by cleaving
the cellular machinery that regulates protein life cycle.
This study also validated a novel approach to screen for
targets of caspase proteolysis.

PS 109

Characterization of Cochlear Development using
Single-Cell RNA-seq

Likhitha Kolla'; Michael C. Kelly?; Joseph Mays';
Adam T. Palermo?; Kathy S. So3; Matthew Nguyen3;
Joseph C. Burns?®; Matthew Kelley*

'NIDCD/NIH; 2NCI/NIH; 3Decibel Therapeutics; *“NIDCD

The sensory epithelium of the mature cochlea comprises
an elaborate mosaic of sensory hair cells and non-
sensory supporting cells which work together to mediate
hearing. During cochlear development, individual
otocyst-derived epithelial precursor cells must transition
through multiple transcriptional states in order to acquire
distinct cell-fates. To begin to identify the different cell
states and the factors that mediate those transitions, we
collected and sequenced in excess of 45,000 single cells
from four embryonic and two postnatal time points using
the 10X Chromium system and an lllumina NextSeq.
Single-cell computational methods were used to map
the heterogeneous landscape of the cochlear epithelium
at each time point and to build unsupervised, diffusion-
based developmental trajectories for specific cellular
transitions. The analysis identified novel transcriptional
markers for known cochlear cell-populations at each
time point and provided insights regarding novel cellular
subpopulations. In particular, at P1 the population of
greater epithelial ridge cells (GER) is comprised of at
least four transcriptionally distinct cell types. Whether
these different GER cells are at different positions along
a developmental continuum or functionally distinct cell
types has not been determined. Ongoing analyses of
cellular developmental trajectories will identify gene
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modules that determine specific branchpoints leading
to the specification of at least fifteen distinct cell-
populations in the cochlear duct. Future studies will use
a similar approach to examine cell type specific gene
regulatory networks and transcriptional motifs that are
disrupted following deletion of genes, such as Atoh1,
that are known to regulate cochlear development.

This analysis will provide insights regarding the
transcriptional decisions and molecular pathways that
drive the development of specialized cell types with
the cochlea and may identify novel targets for the
development of regenerative gene therapies for the
treatment of hearing loss disorders.

PS 110

Microglia Regulate Synaptic Pruning in the
Mammalian Auditory Brainstem

Giedre Milinkeviciute'; Caden M. Henningfield';
Michael A. Muniak?; Kim N. Green'; Karina S. Cramer?
"University of California, Irvine; 2Garvan Institute of
Medical Research, University of New South Wales;
SUniversity of California Irvine, Dept. of Neurobiology
and Behavior

Background

Sound localization relies heavily on the speed,
precision and reliability of acoustic signal propagation
in the auditory brainstem. These prerequisites are
fulfilled by a chain of specialized synapses with unique
morphological and electrophysiological characteristics.
The assembly of these brainstem circuits and synapses
requires precise developmental mechanisms. Glial
cells have the potential to shape synaptic connections
during development. They interact with neurons during
the formation of neural circuits. In this project we
investigated the role of microglia in auditory brainstem
circuit assembly. We focused on synapse formation and
pruning of calyces of Held in the medial nucleus of the
trapezoid body (MNTB). Early in development multiple
inputs are found to converge on a single MNTB neuron,
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and synapses are systematically removed until exactly
one input remains. We examined the development of
this specialized synapse and innervation status of MNTB
neurons in the absence of microglia.

Methods

Microglia were pharmacologically depleted early in
development using an inhibitor of colony stimulating
factor 1 receptor, which is essential for microglia
survival. Brainstems of mice were examined prior to and
after hearing onset, at postnatal days (P) 8 and P13,
respectively. Brains were processed using standard
histologic methods for visualization of an array of synaptic
proteins and astrocytic markers using fluorescence
microscopy. Axonal projections in MNTB were sparsely
labeled using rhodamine dextran amine and analyzed
using confocal microscopy and Imaris 7.5 software.

Results

The expression of excitatory and inhibitory synaptic
proteins was not affected by the absence of microglia.
However, we found an increase in the size of calyces of
Held in experimental mice at P8 so that they resembled
P13 calyces in size. Examination of the monoinnervation
status revealed significantly more polyinnervated MNTB
neurons at P13 than in controls, consistent with a defect
in pruning. Interestingly, expression of glial fibrillary acidic
protein (GFAP), a marker for astrocytes that populate the
MNTB late in development, was significantly decreased
in microglia depleted mice at P13, while other types of
astrocytes were not affected.

Conclusions

Our results indicate that in the absence of microglia
more MNTB neurons receive multiple inputs instead of a
single calyx of Held. This effect could be a direct result
of the absence of microglia, and may also reflect the
delayed arrival of GFAP-positive astrocytes in MNTB.
These findings highlight the role of glia in pruning during
calyx of Held development.

PS 111

Identification of Candidate Genes Expressed in
the Part of Sox2 Positive Region in the Developing
Cochlea

Norio Yamamoto'; Hiroe Ohnishi'; Masahiro Fukui?;
Ryosuke Yamamoto'; Takayuki Nakagawa'; Koichi
Omori'; Juichi Ito®

'Department of Otolaryngology-Head and Neck
Surgery, Graduate School of Medicine, Kyoto
University; 2Institute for Virus Research, Kyoto
University; 3Shiga Medical Center Research Institute
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Background

Sox2 gene has important roles in the developing
mammalian cochlear epithelia. Sox2 gene starts its
expression from the otic placode stage of the inner ear
and contributes to the establishment of progenitor cells
in the sensory epithelia as well as neuronal formation in
the cochlea. After that, its expression becomes limited
to supporting cells and may have important roles to
establish the cell fate within the cochlear epithelia.
Considering that both hair and supporting cells are
derived from the Sox2 positive region within the cochlear
duct, this region should contain many different sub-
populations. In this study, we performed comprehensive
gene expression analysis from the single cochlear
epithelial cells and tried to define the sub-population of
the Sox2 positive region in the cochlea.

Methods

From the dissociated embryonic day 13 (E13) cochlear
epithelia, we picked up a single cell using glass pipette.
We extracted mRNA and performed linear cDNA
amplification (Kurimoto et al. 2006). The expression
of housekeeping genes was evaluated by RT-PCR
to confirm the successful cDNA amplification. Sox2
expression was also checked.

Both Sox2 positive and negative samples (n = 47 and
34, respectively) were reacted onto microarray chips
to gain the comprehensive gene expression data. We
excluded the probes expressed in at least one of 34
Sox2 negative samples. After that, we picked up the
probes that are expressed in more than 6 out of 47 Sox2
positive samples.

Results

Among 45000 probes on the microarray, we picked up
14424 probes that were never detected on all of 34
Sox2 negative samples. To detect the genes that are
expressed in some Sox2 positive cells but not expressed
in other Sox2 positive cells, we picked up the 28 probes
that are expressed in more than 6 among 47 Sox2
positive samples.

Among the 28 genes of the selected probes, we picked
up seven genes that are expressed differently in hair and
supporting cells at later developmental stages or that are
reported to have functions in the inner ear. We confirmed
by RT-PCR that all seven genes were expressed in the
developmental cochlea and by in situ hybridization that
four genes were localized within the cochlea. One of
the four genes was expressed in the part of the Sox2
positive region of E13.5 mouse cochleae.
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Conclusion

We successfully identified a candidate gene that is
expressed in the part of Sox2 positive cells within the
E13.5 mouse cochlea.

PS 112

CRISPR gRNA Ablation of Candidate Genes
in Chicken Basilar Papilla during Hair Cell
Development

Weise Chang'; Matthew Kelley?

"Laboratory of Cochlear Development, National

Institute on Deafness and Other Communication
Disorders, National Institutes of Health; 2NIDCD

Modulation of gene expression represents a crucial
approach for understanding normal hair cell development
in the inner ear. Unfortunately, existing techniques for
the deletion of specific genes are fairly laborious and,
for the most part, are restricted to a limited number of
vertebrate model systems (mice, zebrafish). Recently,
CRISPR CAS9-gRNA gene editing approaches
have been shown to act as an efficient method to
delete specific genes through the generation of Indel
mutations. The introduction of an expression construct
expressing CAS9 and specific gRNAs can be used to
rapidly generate mutated cells within explants or tissues

To examine the potential use of this technique as
a method to screen for candidate genes that might
be important for hair cell development, CAS9/gRNA
constructs were electroporated into developing chick
basilar papillae (BPs) using an in ovo approach. For
proof-of-principle, we initially targeted ATOH1, which is
required for hair cell formation, and two components of
the notch pathway, RBPJ and NOTCH1, which act to
inhibit hair cell formation. Following validation of specific
deletion of target genes in HEK cells, constructs were
electroporated along with a tdTomato reporter into
developing chick basilar papillae at E5. Embryos were
allowed to develop for 4 days and then harvested at E9.
Initial results indicated that 28% of cells within the BP
transfected with control tdTomato developed as hair cells.
In contrast, only 1.5% of cells transfected with a CAS9-
ATOH1 gRNA developed as hair cells. Loss of Atoh1
protein expression was confirmed by antibody labeling.
We similarly tested CAS9-RBPj gRNA and CAS9-Notch1
gRNAs. Transfection of the CAS9-RBPj gRNA resulted
in 89.04% of transfected cells developing as hair cells,
while the CAS9-Notch1 gRNA induced an even higher
97.1% of cells to develop as hair cells. By comparison,
only 33.20% of cells transfected with control tdTomato
developed as hair cells. These results are consistent
with the role of notch signaling in the mediation of lateral
inhibition between developing hair cells and supporting
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cells. Based on the results of previous RNA profiling
studies, we also tested CAS9-gRNAs for transcriptions
factors such as LHX3, GFI1, and POU4f3 which have
been proposed to act downstream of Atoh1. These
results suggest that CAS9-gRNA gene editing can be
used to efficiently screen candidate genes in Ovo in
order to determine the effects of loss of gene function
in the inner ear.

PS 113

Role of Neural Crest Cells in the Development of
Inner Ear

Vibhuti Khan; William J. Davis; Martin L. Basch
Case Western Reserve University

The stria vascularis is a specialized epithelial
structure of the mammalian cochlea that produces
endolymph, the potassium-rich fluid responsible for
the positive endocochlear potential. This positive
extracellular potential is the major driving force for proper
signal transduction by sensory cells in the ear, and thus
normal hearing. Strial degeneration is estimated to cause
more than 30% of the age-related hearing loss. The
stria vascularis is composed of 4 types of cells, marginal
cells, Intermediate cells, basal cells, and interspersed
endothelial cells. Intermediate cells of the stria
are originated from the migratory population of neural
crest cells and are essential for normal hearing. Neural
crest cells also give rise to the glial of the VIIIth ganglion
and dark cells of the vestibular system. Intermediate cells
of the stria vascularis and the dark cells of the vestibular
system share about 95% of their transcriptome with
melanocytes, which are a late-migrating subpopulation
of neural crest cells. Skin melanocytes and glia originate
from different subpopulations of neural crest cells.
Mutations that affect neural crest cells migration often
result in syndromes that include deafness. The present
challenge is to understand how and when these neural
crest cells migrate and integrate into the inner ear to form
the glial cells of the VIlith ganglion, intermediate cells of
the stria vascularis and the dark cells of the vestibular
system. In order to better understand the contribution of
neural crest cells to the different cell types in the inner
ear, we have used two transgenic mice lines: inducible
Wnt1-CreER and Wnt1-Cre. We have set up a timed
mating of these mice to the Ai3 reporter mice to label
early and late-migrating subpopulations of neural crest
cells and to map their contribution to the development
of inner ear. Our preliminary data suggest that an early
migrating population of neural crest cells gives rise to glial
cells of the VIlIth ganglion and vestibular melanocytes,
while intermediate cells of the stria vascularis originate
from the late migratory population of neural crest cells.
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GRXCR2 Function in Hearing and Deafness

Chang Liu"; Na Luo'; Chun-Yu Tung?; Benjamin Perrin?;
Bo Zhao!

"Department of Otolaryngology-Head and Neck
Surgery, Indiana University School of Medicine,
2Indiana University - Purdue University

Mutations in human GRXCR2, which encodes a protein of
undetermined function, cause hearing loss by unknown
mechanisms. We found that mouse GRXCR2 localizes
to the base of the stereocilia, which are actin-based
mechanosensing organelles in cochlear hair cells that
convert sound-induced vibrations into electrical signals.
The stereocilia base also contains taperin, another
protein of unknown function required for human hearing.
We show that taperin and GRXCR2 form a complex
and that taperin is diffused throughout the stereocilia
length in Grxcr2-deficient hair cells. Stereocilia lacking
GRXCR2 are longer than normal and disorganized due
to the mislocalization of taperin, which could modulate
the actin cytoskeleton in stereocilia. Thus, our findings
suggest that GRXCR2 and taperin are in the same
molecular pathway critical for the morphogenesis of
stereocilia and auditory perception.

PS 115

Reconstructing the Transcriptional Network
Downstream of GFI1 in Hair Cell Development

Maggie Matern'; Beatrice Milon'; Yoko Ogawa’;
Andrew Tkaczuk'; Mark McMurray'; Yang Song'; Ran
Elkon?; Ronna Hertzano'

"University of Maryland Baltimore-School of Medicine;
2Tel Aviv University, Sackler Faculty of Medicine

Research into the control of inner ear development
has indicated that early hair cell (HC) differentiation is
dependent on the expression and normal function of
the transcription factors ATOH1, POU4F3, and GFI1.
Additionally, the efficiency of producing HC-like cells from
mouse embryonic stem cells in vitro is greatly increased
by the combined expression of these transcription
factors (Costa et al, 2015). However, while Pou4f3 and
Gfi1 expression seems to be downstream of ATOH1,
and the expression of Gfi1 is known to be dependent
on POU4F3, the signaling cascades downstream of the
GFI1 transcriptional repressor are completely unknown.
To address this gap in knowledge, here we utilize the
Gfi1Cre/Creknock-in mouse inner ear to delineate the
molecular consequences of loss of GFI1 in neonatal
cochlear and vestibular HCs.

We have previously shown that Gfi1Cre/Cre mice exhibit
severe hearing and vestibular defects compared to
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their heterozygous and wildtype littermates. Our further
characterizations of this model show that, as with Gfi1-/-
mice, Gfi1Cre/Cre cochlear HCs degenerate in a basal
to apical gradient after birth and express the neuronal
marker TUBB3. Utilizing both the simultaneous ablation
of Gfi1 and HC-expressed Cre recombinase, we have
performed an RNA-seq analysis of the cochlear and
vestibular HCs of newborn Gfi1Cre/Cre mice and their
heterozygous littermate controls using the RiboTag
method. Through this analysis, we have identified
210 upregulated and 277 downregulated genes in
Gfi1Cre/Crecochlear HCs, and 223 upregulated and
76 downregulated genes in Gfi1Cre/Crevestibular
HCs compared to Gfi1Cre/+ controls. Focusing on
genes with upregulated expression in the mutant HCs
in order to identify direct targets of GFI1 mediated
transcriptional repression, we observed a significant
enrichment of genes involved in neuronal differentiation.
Moreover, comparisons of our dataset to an RNA-
seq dataset generated from E16 and PO cochlear and
utricular HCs (Scheffer et al., 2015) indicate that these
upregulated neuronal genes are normally expressed
in early HC development before being downregulated
prior to birth. These data suggest that GFI1 promotes
proper HC development by repressing the expression
of neuronal genes at its onset. Combining in silico
regulatory motif prediction, viral gene delivery, as well
as functional and histological analyses, we further
reconstruct the downstream regulatory network of
GFI1 mediated transcriptional repression. Overall,
this work identifies a novel transcriptional cascade
downstream of GFI1 in cochlear and vestibular HCs,
and implicates the downregulation of several drivers of
neuronal differentiation as a key step in embryonic HC
development.

PS 116

Ear Transplants Can ldentify Guidance Cues and
their Persistence for Inner Ear Afferent Replacement
Strategies

Karen Elliott Thompson'; Jeremy Duncan? Marlan
R. Hansen® Douglas Houston'; Bernd Fritzsch*
"University of lowa; 2Western Michigan University;
SUniversity of lowa Department of Otolaryngology Head
and Neck Surgery; “University of lowa Department of
Biology

Background: Inner ear afferents establish stereotyped
connections between hair cells at the periphery and
nuclei in the hindbrain. Loss of either hair cells and/or
inner ear afferents results in hearing and balance defects.
Current attempts at hearing restoration focus mostly
on hair cells and their innervation, with less emphasis
on how to reestablish correct central connections of
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regenerated neurons. As a novel approach toward
restoration of neuronal central connections, we focus
on connecting inner ear afferents of transplanted
otic vesicles with specific brainstem nuclei. Here we
concentrate on inner ear afferent navigation to correct
hindbrain nuclei following gene manipulation or from
divergent entry points. From our previous studies, we
hypothesize that Wnt/PCP signaling plays a role in
inner ear afferent central pathfinding and that inner ear
afferents can navigate using these signals to find the
correct hindbrain nuclei when entering at novel entry
points or at variable times.

Methods: To test the role of Wnt/PCP signaling, levels
of the Wnt receptor, Fzd3, were manipulated in frogs and
their inner ears were transplanted to replace the inner
ear of wild type frogs. Dyes were used to reveal central
neuronal projections. Phenotypes were confirmed by
analyzing Fzd3 null mice. To test the ability of afferents
to navigate from divergent entry points, ears were
transplanted to other regions of similar Wnt expression
(caudal), or to heterochronically replace ears from later
stage tadpoles with developing otocysts. Behavior and
central neuronal projections were assessed.

Results: Frog inner ear afferents show an increasing
tendency to project more dorsally with increasing
concentration of Fzd3 morpholino.  Similarly, mice
mutant for Fzd3 show aberrant central projections for
auditory and vestibular afferents, indicating conservation
of guidance cues across species. In addition, ears
transplanted caudally toward the spinal cord, or
heterochronically to replace an ear have neurons that
are able to navigate to correct hindbrain nuclei, complete
with forming functional connections.

Conclusions: These results implicate the Wnt pathway
in dorsoventral targeting of inner ear afferents within the
hindbrain and suggest that the Fzd3 receptor plays a role
in directing inner ear afferents to the proper dorsoventral
column. The ability of transplanted or replaced ears
to have neurons that project to, and form functional
connections with hindbrain nuclei suggests that neuronal
and/or ear replacement strategies may function as novel
therapies. Future work will determine the mechanism
of guidance via Wnt/PCP signaling and extent that
guidance molecules remain active in postnatal mice.
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Correlation of Emx2 Expression with Hair Bundle
Orientation in Zebrafish Larvae with Disrupted
Planar Cell Polarity, Notch or Wnt Signaling

Youngrae Ji; Doris Wu
National Institute on Deafness and other
Communication Disorders

The neuromasts of the lateral line system allow
aquatic animals to detect the direction of water flow
for navigation. This function is mediated by hair
bundles on the apical surface of sensory hair cells
(HCs) within the neuromast. In each neuromast, hair
bundles can be divided into two groups with opposite
orientations. Previously, we have shown that this hair
bundle pattern is established by the transcription factor
Emx2, which is expressed in only half of the HCs within
a neuromast and as a result, the hair bundle orientation
in those HCs is reversed from the default position by
approximately 1800. To investigate whether Emx2
expression is always robustly correlated with HCs of
a specific orientation of hair cells, we investigated Emx2
expression in several type of zebrafish with disrupted
HC number and/or bundle polarity pattern: vangl2m2% (a
core planar cell polarity (cPCP) mutant) as well as
larvae that were treated with a Notch inhibitor, DAPT, or
a Wnt agonist, AZK. Our results showed that although
the hair bundle orientation is random in vangl2m2°
mutants, Emx2 expression is not altered, present in
only half of the HCs within a neuromast, suggesting
that the cPCP pathway and Emx2 regulate hair bundle
polarity independently. It has been shown that blocking
the Notch signaling pathway with DAPT resulted
in an increased number of HCsin the neuromasts
and the 1:1 ratio of the two opposite-direction HCs
disrupted. Despite the disrupted ratio, our results
showed that Emx2 expression remained correlated
with HCs of a specific orientation as in wildtype. The
increase in HC number in DAPT treatment could be
due to an increase in Wnt signaling because Notch
normally negatively regulates the proliferative effects
of Wnts in regenerating neuromasts. We asked
whether the reported increase in hair cell number with
the Wnt agonist, AZK, affects hair bundle orientation
and Emx2 expression differently. Our results showed
that although the total number of HCs was increased
in AZK-treated neuromasts, the ratio of hair bundle
orientation and Emx2 expression remained similar to
wildtype. Together, these results demonstrated that
Emx2 expression is consistent with hair cell orientation
despite disrupted hair bundle orientation pattern.
Furthermore, our results suggest that Emx2 functions
epistatic to the Notch signaling pathway.
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Exploring Parallels in the Mechanisms of Hearing
and Deafness Between the Fruit Fly, Drosophila
melanogaster, and Humans

Daniel C. Sutton'; Jonathan Andrews?; Shinya
Yamamoto?; Andrew Groves?®

"Program in Molecular and Human Genetics,
Department of Genetics, Baylor College of Medicine;
2Duncan Neurological Research Institute, Department
of Molecular and Human Genetics; 3Department of
Neuroscience, Department of Molecular and Human
Genetics, Baylor College of Medicine

Background

There is remarkable evolutionary conservation of
molecular and functional properties between Drosophila
and vertebrates. Over 60% of all human disease genes
have orthologs in the fruit fly and all major signaling
pathways are conserved. The auditory system of
the fly, Johnston’sorgan (JO), is located within the
second segment of each antenna and is comprised
of around 200 stretch receptor units called scolopidia.
These scolopidia contain mechanosensitive neurons
that respond to gravity and sound from vibrations
of the outermost antennal segment. Although JO is
morphologically different from the cochlea, the function
of orthologs of some human deafness genes are known
to be conserved. Orthologs of myosin Vlla and non-
muscle myosin Il (NMII) are both expressed within JO
and are necessary for normal hearing. The ortholog
of protocadherin-15 localizes to JO and genetically
interacts with a hearing-impaired mutant of UBR3 in
Drosophila. While many studies have drawn parallels
between vertebrate and fly hearing mechanisms, no
comprehensive study exploring orthologs of vertebrate
deafness genes has been conducted in Drosophila.

Methods

Ortholog prediction software (DIOPT) was used to
identify published human and mouse deafness genes
with evolutionary conservation to Drosophila. Libraries
of internally tagged Drosophila genes were used to
determine expression and/or localization within JO.
Fly lines internally tagged with a GAL4 transcription
factor were crossed to UAS-GFP expressing lines to
explore gene expression. Lines internally tagged with
a fluorescent marker were used to explore protein
localization. Confocal microscopy was performed to
image JO 24 to 48 hours post-pupation.

Results

Data
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from the expression/localization screen

confirmed previous findings that myosin Vila, NMII,
and protocadherin-15 orthologs are expressed in JO.
Orthologs of Usher syndrome proteins cadherin-23
and whirlin were also expressed in JO and partially
colocalize with the myosin Vlla and protocadherin-15
orthologs. The ortholog of Usher syndrome genetic
interactor ATP2B2 (PMCAZ2) is also expressed within
JO. Orthologs of the LINC complex protein Nesprin-4
and the molecular motor Myosin-15 localize within JO.

Conclusions

The finding that other Usher syndrome proteins are
expressed within JO suggests a molecular conservation
between the Usher complex in humans and flies. The
extent of these interactions and whether loss of function
of these genes in Drosophila is sufficient to cause
deafness has not yet been explored. The expression
of other deafness gene orthologs within JO further
indicates that the fly can be used as a model to quickly
and efficiently study mechanisms of deafness.

PS 119

Identification of genes differentially-expressed
between differentiating outer vs inner hair cells

Anne Duggan; Teerawat Wiwatpanit; John C.
Clancy; Jemma L. Webber; Jaime Garcia-Anoveros
Northwestern University

Insm1 encodes a zinc-finger transcription factor
transiently expressed in nascent OHCs (from E15.5
at the base of the cochlea to P2 at the apex) that is
required to consolidate their fate (Lorenzen, et al., 2015,
MOD; Wiwatpanit et al., 2018, Nature). We generated
Insm1GFP-Crel+- Atoh 1A1GFPI+: R2GR tdTomato’s mjce in which
all hair cells express GFP (from Atoh1A'¢FP and, in
OHCs, from Insm1GFP.Cre) but only OHCs express
tdTomato following Insm1¢Cre expression (throughout
the cochlea by E18.5). We used these mice to collect by
fluorescent activated cell sorting (FACS) separate pools
of neonatal (P0O) IHCs (green) and OHCs (green and
red), and by RNAseq determined the transcriptomes
of these differentiating cochlear hair cell types. We
identified 922 IHC- and 676 OHC-enriched genes.
Among these are the 12 genes previously shown (with
immunohistochemistry, in situ hybridization or reporter
alleles) to be expressed only or preferentially in IHCs or
OHCs at embryonic to early postnatal stages. We also
confirmed by TagMan RT-qPCR differential expression
of all 21 additional genes tested, further validating the
reliability of our RNAseq-determined transcriptomes.

A comparison among differentiating vs mature
(previously identified by microarray technology; Liu et
al,, 2014, J Neurosci) IHC- or OHC-enriched genes
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reveals very little overlap between the differentiating and
mature stages (5.9% or 2% for IHC or OHC-enriched
genes, respectively). These include some known genes
characteristic of the mature stage (Vglut3 and Otof in
IHCs and Prestin in OHCs) but whose expression is
incipient at birth. However, the vast majority of the
genes preferentially expressed in either cell type during
differentiation are not expressed upon maturation,
and vice versa. These results reveal that a complex
transcriptome, involving hundreds of genes, is transiently
active during OHC- and IHC-specific differentiation.

By RNAscope in situ hybridization we confirmed
expression of many of these genes to IHCs or OHCs,
and found that in general differentially expressed genes
are not confined to the hair cells, but expressed in
some supporting cells as well. By comparing with the
neonatal transcriptomes of hair vs supporting cells (Cai
et al., 2015, J Neurosci), we identified genes that were
primarily expressed only in IHCs or OHCs. Among these,
we found the transcription factors INSM2 (confirmed with
an Insm2LacZ reporter mouse line), BCL11b (confirmed
by immunohistochemistry) and NEURODSG, in addition
to INSM1, to be specific to differentiating OHCs. We
hypothesize that some of these factors participate with
of INSM1 in specifying OHC fate and differentiation.

PS 120

INSM1 represses a core set of differentiating IHC-
specific genes in embryonic OHCs

Chuan Zhi Foo; Sarah M. Lorenzen; Anne Duggan;
John C. Clancy; Jemma L. Webber; Jaime Garcia-
Anoveros

Northwestern University

INSM1, a zinc-finger transcription factor expressed
transiently in nascent outer hair cells (OHCs), regulates
OHC differentiation. In the absence of INSM1, embryonic
OHCs switch fates and trans-differentiate into inner hair
cells (IHCs). Only about half of the OHCs switch fate, and
they do so in a graded fashion. OHCs of the neural rows
are more likely to transform into IHCs than those at the
abneural row. This suggests that a graded morphogen
induces IHC-differentiation, and that normally INSM1
prevents OHCs from responding to this gradient
(Lorenzen et al., 2018, Nature). In order to elucidate how
INSM1 controls OHC vs IHC differentiation, we collected
by FACS embryonic (E18.5) OHCs with (Insm1GFPCrei+)
and without (Insm16Pce) INSM1, and then determined
their transcriptomes by RNAseq. We tested ~300
candidate genes for differential expression by TagMan
RT-gPCR and some of them also by RNAscope in situ
hybridization.

Among the genes confirmed to be regulated by INSM1
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in embryonic OHCs were several encoding DNA-binding
proteins like Brip1 and Tbx2, others encoding proteins
involved in signaling like Fgf8 and Smad3, and some
encoding uncharacterized proteins like Lrrn1 and Sez6l.
By comparing the genes potentially up or down-regulated
by INSM1 in differentiating OHCs with the genes
differentially expressed between differentiating OHCs
or IHCs, we found that INSM1 represses in embryonic
OHCs a small core set of early IHC-specific genes.
Since embryonic OHCs expressing these few genes
differentiate as IHCs, these genes are likely required for
IHC differentiation. Hence, in addition to identifying Insm1
as a critical gene for OHC differentiation, our results are
also the first to identify candidate genes responsible for
driving the specific differentiation of IHCs. Because all
OHCs express INSM1, yet in its absence less than half
trans-differentiate into IHCs, we expected two patterns
of miss-expression by in situ hybridization. Some
genes were upregulated in all OHCs lacking INSM1, as
expected if repressed by INSM1. These (e.g., Rprm,
Id4, Lrrn1, Car13, Pink1 and Brip1) must include the
genes whose disinhibition in the absence of INSM1
renders embryonic OHCs susceptible to the gradient
that induces IHC trans-differentiation. Other genes (e.g.,
Fgf8 andThx2) were only upregulated in less than half of
the OHCs lacking INSM1, presumably the OHCs trans-
differentiating into IHCs. These genes are some of the
earliest expressed in IHCs, and likely include regulators
of IHC differentiation.
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Sound Experience during Development and The
Maintenance of AIS structure in a Tonotopic Manner
in the Auditory Brainstem

Eun Jung Kim; Jun Hee Kim
University of Texas Health Science Center

Continuous auditory input is necessary for proper
development and maintenance in the auditory system.
In particular, early auditory experiences within the critical
period of auditory development, i.e. when the nervous
system is especially sensitive to certain environmental
sound stimuli, significantly influence structural plasticity
and refinement of auditory neurons associated with
central plasticity and auditory processing. A decline or
complete loss of auditory inputs during the critical period
could result in auditory processing disorders or reading/
speaking disabilities. However, cellular mechanisms
through which sound-evoked activity refines auditory
brainstem circuits to maintain and fine-tune the temporal
processing and developmental plasticity are not well
understood. We investigate how sound input influences
structural properties of axonal domains and physiological
function of auditory neurons during development using
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immunohistochemistry and electrophysiology. We
found differential development of axon initial segment
(AIS) structure and location along the tonotopic axis
in the MNTB after exposure to different auditory
environments, including sound stimulation and sound
deprivation (deaf mice). Along the medial-lateral axis,
AIS length is gradually increased from medial to lateral
MNTB neurons. Medial MNTB neurons, which are high
frequency-responding neurons, have shorter AIS that
are distally located from the soma. Lateral neurons,
responding to low frequency sound, have longer AIS
that are proximally located from the soma. The tonotopy
of AIS length and location appears distinctly around
hearing onset and is progressively enhanced throughout
adulthood. We examined the effect of sound-evoked
activity on regulating AlS length and location in the MNTB
in sound deprivation and enhancement mice. The length
of the AIS in the MNTB was significantly decreased by
~20% in the sound stimulation group, whereas it was
significantly increased by ~30% in deaf mice. In addition,
AIS location in the sound stimulation group is proximal
to the soma compared to control whereas it is distally
located in sound deprivation model. Furthermore, we
questioned whether altered AIS is associated with
age-related hearing loss, a prominent phenotype of
which is high-frequency hearing loss. In an age-related
hearing loss model that displays a reduction of neuronal
activity and an elevated threshold of auditory brainstem
responses, AIS length was significantly lengthened
compared to those in adult mouse. Taken together, these
results demonstrate that structural plasticity of the AIS in
auditory neurons is refined by sound-evoked neuronal
activity, suggesting that auditory experience is essential
to maintain topographical differences in AlS structure.

Funding: NIDCD RO01 to J.H.K.
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Extracellular ATP Regulates Embryonic Spiral
Ganglion Neuron Development via P2X3 Receptors

Zhirong Wang; Thomas M. Coate
Georgetown University

The mammalian cochlea undergoes a highly dynamic
process of growth during development. This process
includes the extension of the cochlear duct along with
spiral ganglion neuron (SGN) migration, followed by
their maturation and synaptic contact with hair cells
(HCs). In mouse, this process commences around
embryonic day 12 (E12) and continues through
early postnatal stages. Upon hearing onset around
postnatal day 10-12 (P10-P12), most of the connections
between HCs and SGNs have been fine-tuned so that
the cochlea can relay (to the brain) sound in a range
of frequencies and intensities. Understanding the

ARO Abstracts

molecular mechanisms of precise cochlear wiring will
be critical for developing treatments for hearing loss
because SGN/HC connections need to be reestablished.
Extracellular ATP has been extensively investigated as a
neurotransmitter and acts as a ligand for both ionotropic
and metabotropic ATP receptors. However, little is known
about their roles in development. By antibody staining,
we have found that one of the ionotropic receptor family
members, P2X3, is expressed at high levels in SGNs
from E12.5 to P6 and in HCs from E15.5 until P4. Given
that P2X3 as a dynamic membrane-bound ATP-gated
ion channel, we hypothesize that P2X3 controls early
SGN development and HC innervation via subsequent
calcium signaling. We serendipitously found that Sox2-
CreER; Rosa26-tdTomato alleles without tamoxifen
treatment enables us to examine individual neuronal
morphology. With this sparse labeling strategy, we found
that loss-of-function of P2X3 in vivo results in more
complex branching patterns along the axons near SGN
cell bodies as well as at axonal terminals around PO.
Additionally, our preliminary in vitro results showed that
blocking P2X3 receptor leads to an increased terminal
innervation pattern of SGNs. These data suggested
that P2X3 normally mediates a pruning process to
eliminate excessive branches during SGN development.
Physiologically, using Fluo-4-AM dye, | documented
calcium-based spontaneous neuronal activities ex vivo
using E16.5 cochlear explants. Furthermore, P2X3
specific agonist, a,,me-ATP, potentiates such calcium
events in a dose-dependent manner. This implied that
embryonic calcium transients in SGNs are potentially
mediated by P2X3 receptor-dependent ATP signaling.
Previously, extracellular ATP and purinergic receptors
have been implicated in spontaneous calcium action
potentials to organize early developmental events of
neural circuits prior to sensory input. Taken together, we
concluded that SGN maturation requires P2X3 mediated
extracellular ATP and intracellular calcium signaling.
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The evolutionary map of the cochlea revealed by
single cell RNA seq

Na Xue'; Lei Song?; Joseph Santos-Sacchi®; Hao Wu*;
Dhasakumar Navaratnam®
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The postnatal cochlea changes significantly in
morphology and physiology reaching maturity
approximately at 20 days. To obtain a granular
understanding of the molecular events underlying these
changes, we undertook single cell RNA sequencing of
the cochlea at different post natal time points (PO, P5,
P10 and P20). Single cell RNA sequencing was done
using the 10X genomics platform and subsequently
analyzed post-hoc using a range of software suites
including Seurat, Monocle, Magic and Phate.

In comparing different algorithms we determined that
canonical correlation analysis (CCA) provided the most
robust alignment of cell clusters from different time
points (compared to principal component analysis).
Among the cells types and the time points, there
was considerable heterogeneity in gene expression.
Surprisingly, we noted that expression of key genes
that have been hitherto used to demarcate regions of
the cochlea in embryonic development persisted into
post-natal time points. These included Pax2, Lfng,
Sox2, Fgf members, Bmp4, Otx1/2, and several other
genes that also helped demarcate the anatomical
location of these cell populations. Developmental
changes pinpointed molecular changes of physiological
importance in many cell types. For instance, in Schwan
cells there were markers for myelination that were up
regulated at P5 and P10, suggesting that myelination
was most robust at these time points. In hair cells there
were changes in the expression of proteins in different
subcellular compartments that had developmental
correlation (synaptic proteins, lateral wall proteins,
and stereocilliary proteins). Since our datasets were
large we were also able to make predictions of lineage
and potential transcription factors and pathways that
determine fates at branch points of lineage trajectories.
Lastly, we explored algorithms of data imputation to
overcome dropout of individual transcripts that further
reinforced our findings.

Supported by NIH-NIDCD RO01 DCO007894, Shufro
Foundation and National Natural Science Foundation of
China 81770995
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The Role of LIN28B and Let-7 miRNAs in Cochlear
Tonotopic Specialization

Meenakashi Prajapati-DiNubila®; Angelika
Doetzlhofer?

"The Solomon H. Snyder Department of Neuroscience
and Center for Sensory Biology, Johns Hopkins
University School of Medicine; 2Johns Hopkins Medical
Institution
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The inner ear cochlea is the organ responsible for
the detection of sound. Its spiral-shaped sensory
epithelium contains mechano-sensory hair cells (HCs)
that transduce sound waves into neuronal signals. This
sensory epithelium is tonotopically organized such that
it detects high frequency sounds at the base of the spiral
and low frequency sounds at the apex. Features of this
tonotopic specialization include graded differences in
HC soma and stereocilia size as well as differences
in HC-specific gene expression. Little is known of the
mechanisms that produce tonotopic specialization in
the mammalian cochlea. Here, we investigate the role
of the RNA binding protein LIN28B and the let-7 family
of miRNAs in cochlear tonotopic specialization. The
mutual antagonistic LIN28B and let-7 miRNAs are post-
transcriptional regulators that control the expression of
large numbers of genes in a dose-dependent manner. In
the developing cochlea opposing expression gradients
of LIN28B and let-7s regulate the timing of cell cycle
exit and HC differentiation (Golden at al. , 2015).
Interestingly, we found that these gradients persist
during the maturation and tonotopic specialization of
HCs, with let-7s being highest expressed in basal HCs,
and LIN28B being highest expressed in apical HCs. To
determine the role of LIN28B and let-7 miRNAs in the
tonotopic specialization of HCs, we manipulated LIN28B/
let-7 levels in maturing HCs using LIN28B or let-7g
overexpressing transgenic mice. To determine if these
manipulations disrupt frequency-specific HC function,
we recorded Auditory Brainstem Responses (ABRs)
from these mice. Our hypothesis predicts that LIN28B
overexpression will resultin a more ‘apical’ identity, which
would disrupt the function of the basal (high frequency)
region of the cochlea. Indeed, ABRs from these mice
revealed a severe deficit specifically in high frequency
hearing, compared to control litermates. Conversely,
overexpressing let-7g during cochlear maturation show
deficits specifically in low frequency hearing, compared
to control littermates. Histological analyses confirmed
that these deficits are not due to HC loss. Ongoing
experiments are examining whether LIN28B and/or let-7
overexpression disrupted the graded differences in HC-
specific gene expression and HC morphology along the
tonotopic axis. In summary, our current results suggest
that the LIN28B/let-7 pathway plays a critical role in
tonotopic specialization, with LIN28B activity conferring
a more ‘apical’ identity to HCs, while let-7 miRNAs impart
a more ‘basal’ identity.

Funding: F31 DC016538 (MP) and David M. Rubenstein
Fund for Hearing Research (AD)
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Cytomegalovirus in newborn mice leads to delayed
auditory development and early loss in spiral
ganglion neurons

Cathy Yea Won Sung; William J. Britt
University of Alabama at Birmingham

Congenital HCMV infection can lead to moderate
to severe sensoineural hearing loss (SNHL) in
approximately 15% of infected newborns. However, the
mechanism(s) of disease leading to SNHL in infants with
congenital HCMV infection are not well understood. To
study the pathogenesis of HCMV, we have developed a
mouse model in which newborn mice (P0O) are infected
intraperitoneally (i.p.) with murine CMV (MCMV). In this
model, we have previously shown that 50-60% of young
mice (PNd32) infected as newborns exhibit elevated
ABR, indicative of hearing loss. Histological analyses
in mice with elevated thresholds revealed uniformly
preserved hair cells and supporting cells. However, the
number of spiral ganglion neurons (SGN) and synapses
connecting cochlear hair cells and SGN nerve terminals
were reduced and the stria vascularis exhibited altered
morphology. These findings suggested that MCMV
infection in newborn mice led to structural alterations in
the cochlea that could contribute to impaired auditory
function in the mature cochlea of PNd32 mice.

One mechanism that could account for these structural
alterations in the cochlea of PNd32 MCMV-infected
mice is the robust enhancement of proinflammatory
cytokines and chemokines during early postnatal
cochlear maturation, rather than direct virus
cytopathology, as we have observed during cerebellar
development. Coincidently, virus-induced inflammatory
response during postnatal development overlaps with
the critical period of the auditory system development
in mice (PNd5-14). During critical periods of postnatal
development, neurons are susceptible to environmental
growth cues that induce sequential events of cellular
maturation and synaptogenesis that result in formation
of functional pathways and hearing. Because insults
during the critical period can impair the normal
developmental processes leading to permanently
altered cochlear structure and function, we sought
to address whether virus infection and virus-induced
inflammation in newborn mice impacted development of
the auditory system during the critical period of auditory
development in mice. Pre-synaptic ribbons from IHC,
post-synaptic densities, as well as hair cells were
visualized, respectively, with anti-CtBP2, anti-GIuR2,
and anti-myosinVlla for quantification of synapses/IHC
at PNd8 in the organ of Corti wholemounts. Additionally,
PNd8 cochlear sections were immunostained for Tuj-
1, labeling all SGNs in the Rosenthal’scanal, and the
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numbers of SGNs were quantified. Staining of the organ
of Corti showed no morphological differences in the
hair cells but exhibited excess synapses in the OHCs
suggesting delayed synaptic pruning of OHCs. We have
also observed reduced numbers of SGN soma as early
as PNd8 in MCMV-infected mice. These data argue that
MCMYV infection during postnatal development alters
normal development of auditory pathways early after
infection and that morphological changes in cochlear
structures in adult mice infected as newborns represent
the sequelae of this infection.
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HDACS3 Is Required for Hair Cell Survival in the
Developing Mouse Cochlea

Xiaoling Lu'; Wen Li?; Yingzi He?; Huawei Li®
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Histone deacetylases (HDACs) are involved in multiple
developmental processes, but their roles in the
development of mechanosensory organs are largely
unknown. In this study, we reported the expression of
histone deacetylase 3 (HDAC3) in mouse cochlea and
investigated its role in hair cell survival and in neomycin-
induced hearing loss in mice. HDAC3 mainly expressed
in hair cells in mouse cochlea. Conditional knockout mice
deficient for HDAC3 in cochlear HCs displayed severe
hearing loss comparable to control mice and exhibited
patched outer hair cell loss at postnatal day 30 under
normal conditions. Furthermore, neomycin-induced hair
cells death dramatically increased in HDAC3-cKOmice
compared with those observed in wild-type control mice,
indicating that HDAC3-cKO mice were more sensitive to
neomycin-induced damage. Pharmacological inhibition
of HDAC3 byRGFP966caused caspase-dependent
apoptosis as evidenced by the increased cleaved
caspase-3 and TUNEL staining as well as expression
of pro-apoptotic genes in vitro. Importantly, MitoSOX-
red staining showed the levels of mitochondrial ROS
markedly increased in hair cells of RGFP966-treated
cochlear cultures,while the antioxidant N-acetylcysteine
can rescued those hair cells from neomycin injury,
suggesting that ROS accumulation was mainly
responsible for the increased aminoglycosides sensitivity
in HDAC3 inhibition hair cells. Our data demonstrate
that HDAC3 plays an important role in hair cell survival
in the cochlear sensory epithelium.
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Behavioral and Neural Measures of Auditory
Selective Attention Suggest Diminished Top-Down
Control in ADHD

Jasmine Kwasa'; Laura Torres'; Barbara Shinn-
Cunningham?
'Boston University; ?Carnegie Mellon University

Background: Selective attention is the ability to
preferentially pay attention to a single stimulus within a
complex sensory environment. This requires cognitive
control, an ability that greatly varies between individuals.
People with Attention Deficit Hyperactivity Disorder
(ADHD or ADD) tend to have system-wide cognitive
deficits that lead to distractibility and inefficiencies in
organizing, vigilance, and inhibition. Therefore, we
hypothesized that young adults with ADHD would exhibit
deficits in auditory selective attention which would be
evident in both behavioral and neural measures. Using
64-channel human electroencephalography (EEG), we
compared subjects’; behavioral performance and their
neural correlates on a set of psychoacoustics tasks.

Methods: Human participants listened to three time-
staggered, spatially lateralized streams of speech
consisting of permutations of the syllables bah, dah, and
gah. Subjects were prompted to report the order of the
syllables presented from the central “target” stream or
the left “supertarget” stream and to always ignore the
right “distractor” stream. The supertarget stream either
did not appear at all (indicating that the subject should
report the order of the central target stream instead)
or it started at a delay. This paradigm produces two
attentional states: focal attention, where only the central
target stream was attended, and broad attention, where
listeners had to monitor the target stream but prepare
for a spatial attention switch to report the supertarget
stream. A subset of ADHD participants performed this
task twice: once while under the influence of their
physician-prescribed stimulant medications and once
while abstaining. No neurotypical participants took
stimulant medications.

Results: There were no significant group differences
in performance between ADHD and neurotypical
participants for either attention condition. However,
reaction times did negatively correlate to overall
performance on the task, as expected, indicating
individual differences in processing speed regardless
of ADHD status. In contrast, reaction times did
distinguish groups on average: ADHD participants had
significantly longer reaction times than their neurotypical
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counterparts, even when using stimulant medications.
Additionally, there were group differences in the change
in amplitude (modulation) of event-related potentials
(ERPs) between the focused and broad conditions: N1
components evoked by the onsets of the supertargets
modulate significantly less in ADHD participants than
neurotypical controls, regardless of stimulant use. This
consistent neural response to differing task demands
along with longer reaction times points to a relative
lack of top-down control of auditory attention in ADHD
participants.
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Characterizing Deep Neural Networks Trained to
Predict Neural Responses to Speech in Human
Auditory Cortex

Menoua Keshishian'; Hassan Akbari'; Bahar
Khalighinejad'; Jose Herrero?; Ashesh Mehta®; Nima
Mesgarani*

"Columbia University; 2Feinstein Institute for Medical
Research; 3The Feinstein Institute for Medical
research; “Zuckerman Institute for Brain Research,
Columbia University, Program in Neurobiology and
Behavior, Columbia University, Department of Electrical
Engineering, Columbia University

There is a growing interest in characterizing the response
properties of sensory neurons under natural stimulus
conditions. The majority of previous studies have used
linear models to relate the acoustic features of sound
to neural responses. Linear models, however, cannot
capture the inherent non-linearity of the processes in
the brain. Recent advancements in machine learning
and computational power have allowed us to utilize
deep learning methods in a large variety of tasks. We
investigate the utility of deep neural network models to
predict neural responses to speech in human auditory
cortex, with the goal of analyzing the learned networks
to gain insight into the nonlinear mechanisms of the
brain. The neural responses were recorded from the
transverse and the superiortemporal gyrus offive patients
undergoing surgery for the treatment of epilepsy, as they
listened to continuous speech. As deep neural networks
(DNNs) have shown great promise in capturing non-
linear relationships, we trained a DNN with a non-linearity
in each layer using the time-frequency representation of
the stimulus as the input and the envelope of the high-
gamma activity of the neural responses as the output
of the model. First, we started with a one-node one-
layer fully connected network, which is equivalent to the
commonly used spectrotemporal receptive field (STRF).
We then proceeded by progressively adding nodes
and layers, to study the effect of depth and complexity
of the model, on prediction accuracy. To further study
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the effect of artificial neural networks, we chose a
convolutional neural network (CNN), a more state-of-
the-art architecture, as our final model.

In comparison to the STRFs, the predicted responses
from the neural networks had a higher correlation with the
original responses. On average, using CNNs improved
performance by 25%. To interpret the nonlinear function
that the network applies to the stimulus, we analyze the
linear equivalent of the function, at each time point. As
a result, we observe three general classes of nonlinear
behavior implemented by the network: gain change,
feature memory, and shape diversity. The feature
memory or “hold” can be interpreted as the network
holding on to a response captured by the STRF. Finally,
we quantify these three properties for all electrodes and
try to explain the prediction improvement gained from
using the CNN model, through these simple parameters.
Furthermore, we studied the relation between these
parameters and the electrodes’; anatomical locations
along the auditory pathway.
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Effects of Spatial (In)congruence on Audio-Visual
Integration as Revealed by the Pip and Pop Effect

Justin T. Fleming'; Abigail L. Noyce?; Barbara Shinn-
Cunningham?®

"Harvard University; 2Boston University; 3Carnegie
Mellon University

In the pip and pop effect, visual search is improved by
temporal synchrony between the visual target and a
spatially uninformative auditory stimulus. For instance,
in a visual search task where all the search items
change color at random time intervals, search times are
faster when target color changes are accompanied by a
synchronous tone (Van der Berg et al., 2008). Previous
research from our lab has demonstrated that the pip and
pop effect is impervious to spatial incongruence between
the visual target and the auditory stimulus. However, in
the typical pip and pop paradigm, the auditory stimulus
is related only to the visual target. It may be that spatial
congruence plays a larger role in AV integration in more
complex scenes, in which multiple auditory and visual
targets competeforintegration. Toexamine this possibility,
we recorded 64-channel electroencephalography (EEG)
while participants performed a version of the pip and
pop paradigm in which there were two potential visual
targets, one in the right hemifield and one in the left,
embedded among several non-targets. One of the
potential targets was the actual target and the other
was a distractor; a pre-trial cue informed participants
which hemifield contained the actual target. Target and
distractor color changes were each accompanied by
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synchronous auditory stimuli, presented via separate
free-field loudspeakers. The target/distractor and their
corresponding auditory stimuli were either Spatially
Matched (target and synchronous tones in the same
hemifield, same for distractor) or Spatially Mismatched
(target and synchronous tones in opposite hemifields,
same for distractor). Behaviorally, the addition of
competing AV stimuli weakened but did not abolish the
pip and pop effect. However, reaction time benefits of AV
synchrony were only observed in the Spatially Matched
condition. In the EEG data, event-related potential
(ERP) results recapitulated the behavioral findings. In
the Spatially Matched condition, the N100 component
of ERPs evoked by tones synchronized to the target
was larger than the N100 elicited by tones synchronized
to the distractor. This was not the case in the Spatially
Mismatched condition, suggesting that participants were
less able to attend and integrate the synchronous AV
stimuli when they were misaligned in space. While the
pip and pop effect is driven by temporal coherence,
these results suggest that other factors — particularly the
effective deployment of spatial attention — are likely at
play in real-world multisensory perception.
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Auditory Attention Decoding: What Anatomical
Locations and Neural Frequency Bands Contribute?

James O’Sullivan’; Jose Herrero?; Elliot Smith'; Guy
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Decoding an attended speaker from neural recordings
(termed auditory attention decoding; AAD) has many
applications. The most pertinent is probably the
development of a cognitively controlled hearing aid
that can automatically track and amplify an attended
speaker. Such devices will likely be limited to either non-
invasive or minimally invasive neural recordings. Non-
invasive recordings such as electroencephalography
(EEG) can typically only record from low frequency (LF;
< 50Hz) neural data, and have relatively poor spatial
resolution. However, multiple electrodes can be used
to target cortical areas using source-localization signal
processing strategies. Minimally invasive approaches
can place a restricted number of electrodes over specific
cortical areas, and can also record from higher neural
frequencies (<200Hz). In both cases, knowledge of the
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anatomical locations and neural frequency bands that
contribute to AAD is crucial.

To investigate, we used an invasive recording
methodology known as electrocorticography (ECoG)
that can record from both low and high frequency (HF; <
200Hz) neural data, and can also localize neural activity
to within ~3mm from both deep and surface brain regions,
spanning the full extent of auditory cortex. We show
that both LF and HF data, as well as deep and surface
regions, can be used to decode attention. However,
we found a dichotomy between the combinations of
frequency band and anatomical location that could be
used: when using HF data, the anatomical region that
produced the most robust encoding of attended speech
was superior temporal gyrus (STG; a surface brain
region). Conversely, LF data was the best at decoding
attention in Heschl'sgyrus (HG; a deep brain region).
Both of these combinations (LF data in HG, and HF data
in STG) provided similar results in terms of decoding
speed and accuracy. These results provide the first
extensive exploration of the neural frequency bands
and anatomical locations that contribute to AAD, and
will inform future work on the development of cognitively
controlled hearing aids.
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The Time Course and Acoustic Correlates of Early
Neural Representations of Speakers and Vowels in
MEG

Mattson Ogg; L. Robert Slevc
University of Maryland, College Park

Background:

Human speech carries a wealth of acoustic information
related to both the linguistic content a speaker intends to
convey as well as cues for identifying the individual who
is speaking. How does the listener’sauditory system
manage this wealth of information as the perception of
an utterance unfolds in time? Speaker normalization
theories suggest that successfully perceiving linguistic
content across speakers (phonemes, prosody,
etc.) is achieved by accounting for speaker-specific
qualities in the speech signal. If this is the case, then
speaker specific aspects of an utterance should be
represented early in cortical processing in support of
later linguistic or perceptual functions. We tested this
idea in MEG using pattern classifiers to decode different
neural representations of labels (vowel, speaker,
gender) associated with the same set of speech
utterances over time.
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Methods:

Listeners heard 100 repetitions of each of three vowels
(/a/, lil and /u/) spoken by six different speakers (three
males and three females) played back at a jittered rate of
1 per second while their neural responses were recorded
in the MEG. Participants listened passively to the critical
vowel sounds, however they had to respond whenever
they heard an unrelated target sound (a cat vocalization
which was not analyzed) to ensure they remained
vigilant. Linear discriminant classifiers were trained
and tested on how well they could associate neural
responses with the different labels associated with each
speech stimulus (speakers, vowels, or genders) in 5
millisecond steps. A representational similarity analysis
was also conducted to determine what acoustic features
were associated with these neural representations as
they emerged over time.

Results:

Speaker decoding performance exceeded chance
earliest, followed by gender and vowel decoding
(all decoding p < 0.05 assessed via bootstrapped
sign permutation testing and threshold-free cluster
enhancement). Vowel decoding yielded the highest
accuracy overall, but this peak accuracy occurred later
than the peaks for speaker and gender decoding. The
best decoding was obtained at frontotemporal sensor
locations. Representational similarity analysis revealed
that these results were correlated with how the stimuli
differed in terms of their fundamental frequencies,
different aspects of their formants and in their overall
spectrotemporal variability.

Conclusion

These results suggest that speaker-related speech
qualities are represented earliest in the neural response,
likely supporting more robust representations of an
utterance’slinguistic content. Fundamental frequency
and vocal tract cues appear to support these early
representations along with auditory computations that
are carried out in auditory cortex.
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Temporal Context Invariance Reveals Neural
Processing Timescales in Human Auditory Cortex
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Many basic questions about auditory cortical processing
timescales remain debated: Do processing timescales
increase along the cortical hierarchy as predicted by
some computational models? Is there hemispheric
specialization for processing information at different
timescales? Are there distinct processing timescales
for particular stimulus categories like speech or music?
Answering these questions has been challenging
because there is no general method for estimating
the temporal integration period of a region: the time
window within which stimulus features can alter the
neural response. Spectrotemporal receptive fields can
be used to estimate the integration period of the best-
fitting linear model with respect to a spectrogram, but
cortical responses are often highly nonlinear particularly
in nonprimary regions. Temporal scrambling paradigms
have revealed selectivity for intact temporal structure
in nonprimary regions, but primary regions often show
no difference between intact and scrambled stimuli,
revealing a limitation of the method. Here, we introduce
a simple experimental paradigm (the “temporal context
invariance” or TCI paradigm) for inferring the integration
period of any time-varying response. We present the
same sound segment in two different contexts and
we test how long the segment needs to be in order
for the response to the segment to become invariant
to the context. We tested the paradigm by collecting
electrocorticography data from human epilepsy patients
implanted with electrodes overlapping primary (near
Heschl’sgyrus) and/or nonprimary auditory cortex (in
superior temporal gyrus). We measured the high gamma
response (70-140 Hz) to segments of natural sounds,
ranging in duration from 30 milliseconds to 2 seconds.
Each segment was presented in two different contexts
and each context was repeated at least once to establish
a noise ceiling. We then measured the segment duration
at which each electrode’sresponse become invariant to
the context. Preliminary results suggest that electrodes
in primary auditory cortex exhibit integration periods
between 50 and 200 ms, while electrodes in nonprimary
regions show integration periods between 200 and 500
ms. With additional data, we expect to be able to test
whether functionally specific regions, such as those
selective for speech and music, exhibit distinctive
timescales. Our empirical data will also be useful in
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testing computational models, by making it possible to
test whether the integration periods of the model match
those measured experimentally.
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Specialized High-Level Processing of Speech and
Music Revealed with EEG

Nathaniel J. Zuk'; Emily S. Teoh?; Edmund C. Lalor"
"University of Rochester; 2Trinity College Dublin

Recent evidence with fMRI demonstrated specialized
processing of speech and music in the auditory cortex
of humans. This was revealed by using unsupervised
methods to identify weightings across the cortex that
best captured the variability in neural responses to a
wide variety of sounds (Norman-Haignere et al, 2015,
Neuron, 88:1281-1296). While there are clear spatial
differences in neural activity for speech and music, the
temporal responses are not well understood, and it is not
clear if the temporal responses are unique for speech
and music. We hypothesized that neural responses
measured with electroencephalography (EEG) may
capture unique and discriminable responses to speech
and music stimuli resulting from high-level processing.

Subijects listened to 30 different two-second-long sounds,
including speech, music, and other environmental
sounds. EEG responses were recorded between 80 to
100 presentations of the sounds, randomly presented
across trials. Using linear discriminant analysis to classify
the two-second EEG responses to each sound, we found
that the speech and music sounds, in addition to impact
sounds, produced higher classification accuracies
than all other environmental sounds. Separately, we
repeated this experiment using scrambled versions of
the speech, music, and impact sounds. The scrambled
sounds were resynthesized using a model of low-level
processing with identical spetrotemporal statistics to
the originals (McDermott & Simoncelli, 2011, Neuron,
71:926-940). Scrambled impact sounds were classified
identically to their original counterparts, showing that
the EEG responses were dominated by the processing
of low-level statistics. In contrast, scrambled music
and speech sounds were classified worse than the
originals. Additionally, the patterns of classification
accuracy persisted when spatial information was
removed by averaging the EEG data across channels.

Our study demonstrates that EEG captures temporally
unique responses to speech and music more strongly
than other environmental sounds. Furthermore,
the unique responses are dominated by high-level
processing in the brain. These results highlight the
importance of using naturalistic sounds when using EEG
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to study the neural processing of speech and music in
humans.
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The Acoustic Change Complex in Cochlear Implant
Users

Jan van Heteren'; Bernard Vonck'; Marc Lammers?;
Huib Versnel’

"University Medical Center Utrecht; 2University of
British Columbia

Cochlear implant (Cl) users can reach impressive
speech perception abilities, however, they show a large
variability. The clinical audiometry measures to evaluate
their hearing are subjective, age-dependent, and
require linguistic skills. The acoustic change complex
(ACC), which is a cortical auditory evoked potential
to a sound change (Martin and Boothroyd, 2000, J
Acoust Soc Am 107: 2155-2161), might be helpful
to assess auditory performance and could even give
an insight in cortical auditory processing capabilities.
The aim of our study is to evaluate whether the ACC
is predictive for hearing performance of CIl users.

We recorded the ACC in 11 bilaterally and 5 unilaterally
deaf adult Cl users with more than one year of CI
experience. The ACC was evoked by a pure tone
stimulus directly presented in the center of the frequency
band of the middle or apical Cl electrode, with varying
frequency increases corresponding to 1, 2 or 3 inter-
electrode steps. Speech perception was tested with
consonant-vowel-consonant words in silence and in
noise, and digit triplets in noise. Frequency discrimination
was assessed using a 3-interval, 2-alternative
forced-choice, adaptive staircase procedure using
the same reference frequency of the ACC stimuli.

In all subjects reliable ACCs could be evoked.
Increasing frequency changes resulted in increasing
N1-P2 amplitudes and decreasing N1 latencies. Speech
perception in noise was positively correlated to the
ACC amplitude for both the middle and apical electrode
sites (Spearman’sr > 0.6, p < 0.05). Only for the middle
electrode, frequency discrimination was significantly
correlated to the ACC amplitude (r = 0.7, p < 0.05).

In summary, the ACC is a potentially useful objective
measure to contribute to better rehabilitation of CI
users, as it is a non-attentive test, which correlates with
postoperative hearing performance.
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Cortical Auditory Encoding of Reverberant Speech

Ramesh Kumar Muralimanohar!; Marcin Wréblewski?;
Jay Vachhani'; Michelle R. Molis"; Curtis J. Billings'
VA RR&D NCRAR; 2Pacific University

Listeners, particularly those with hearing loss, face
great difficulties communicating in daily situations
involving reverberation and noise, even with hearing
aids. Individuals with similar hearing thresholds also
vary greatly in their ability to handle degraded speech.
The underlying causes of variability and impaired
performance in reverberation are poorly understood,
preventing the development of effective rehabilitative
strategies. Reverberation results in the temporal
smearing, decreasing the contrasts required to
successfully parse speech. Multiple N1-P2 responses
can be evoked by acoustic changes like onsets that
characterize continuous sounds/speech. The purpose
of this study is to systematically analyze the effects
of reverberation on the neural encoding of speech
using cortical auditory evoked potentials (CAEP).
We hypothesized that the temporal smearing due to
increased reverberation would reduce amplitudes and
increase latencies associated with the neural encoding
of multiple acoustic changes within a stimulus.

A single 700-ms long /daba/ stimulus was used. It was
created by concatenating /da/ and /ba/ syllables (both
350 ms in duration), with no gap between them. This
stimulus was presented in both clean (anechoic) and
reverberant contexts to passively elicit CAEPs in a group
of young normally hearing adults. Reverberation time
(T60) was varied to be between 400 and 1600 ms in 400
ms steps. The stimuli were presented monoaurally at 80
dB SPL to the right ear through ER-3A insert earphones.
Preliminary results indicate that reverberation changes
the neural response to both the first and second syllables
relative to the clean anechoic condition; however, the
response to the second syllable was impacted more
by the reverberation than the response to the first
syllable. Also, increasing amounts of reverberation
resulted in greater changes to the morphology of the
response. Correlational analyses were completed to link
response changes to the reverberation parameters that
caused them. Speech identification scores in the same
contexts will be obtained from these participants to link
the patterns of neural encoding observed in this study
to intelligibility scores. These data will help establish
the baselines of changes in neural encoding due to
reverberation and allow further study in populations with
impairments.

[Work supported by R01 DC015240]
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Resting State Connectivity Within and Beyond
Auditory Cortex Across Awareness States: An
Intracranial Electrophysiology Study

Matthew I. Banks®; Kirill V. Nourski?; Hiroto Kawasaki?;
Matthew Howard?®

'Department of Anesthesiology, University of Wisconsin
School of Medicine and Public Health; ?The University
of lowa; *Human Brain Research Laboratory,
Department of Neurosurgery, The University of lowa

Introduction: The sharing of information between nodes
in the cortical network plays a central role in leading
theories of consciousness. Disruption of connectivity
across networks that subserve sensory processing has
been proposed to occur upon loss of consciousness
(LOC) during sleep and general anesthesia. However,
whether LOC during these two conditions shares a
common mechanism is unclear. To investigate this
issue, functional connectivity between cortical regions
of interest (ROIs) was compared across brain states
during natural sleep and propofol anesthesia.

Methods: Subjects were neurosurgical patients
implanted with intracranial electrodes placed to identify
epileptic foci. A combination of multicontact subdural
grid and depth electrodes provided dense coverage
of temporal, parietal and frontal cortex, including core
and non-core auditory cortex on the superior temporal
plane (STP) and the superior temporal gyrus (STG),
auditory-related cortex on the middle temporal (MTG),
supramarginal, angular gyrus and insula, as well as
prefrontal cortex (PFC), amygdala, hippocampus and
parahippocampal gyrus (PHG). Resting state data were
recorded in the same subjects during overnight natural
sleep and during induction of general anesthesia with
propofol. Six brain states were compared: wake (WS)
and NREM stages 1 and 2 (N1, N2) during natural
sleep, and pre-drug wake (WA), sedated/responsive
(S) and unresponsive (U) during propofol anesthesia.
Connectivity was computed as thresholded, weighted
alpha (8-13 Hz) phase lag index. Assignment of recording
sites to ROIs was made using MRI-based anatomical
reconstructions of recording site locations. Connectivity
values for recording sites within each ROI (n = 1 — 20)
were averaged.

Results: In WS and WA conditions, connections within
and between auditory core, non-core and auditory-
related areas on STP, STG, MTG, angular gyrus
and insula were dominant. This pattern was largely
unchanged for the WS to N1 transition, but with
increased connectivity between auditory areas and
mesial temporal lobe (hippocampus and amygdala). A
similar pattern was observed for transition from WA to
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S, but with greater connectivity between auditory areas
and PHG. In both sleep and anesthesia, transitions
into unresponsive states (U, N2) were characterized by
dramatic reduction in connectivity across auditory areas
and greater connectivity with PFC.

Conclusions: Pronounced changes in network
topology for the transitions S -> U and N1 -> N2 likely
reflect changes in cortical connectivity mediating
transition between conscious and unconscious states.
The similarity in network topology between equivalent
brain states during anesthesia and sleep suggests
common mechanisms of LOC in these two conditions.

PS 137

Measuring Spread of Excitation Using the Masked
Onset Response in Humans and Cats

Robert P. Carlyon'; Francois Guérit>; Andrew Harland";
John C. Middlebrooks?®

'"MRC Cognition & Brain Sciences Unit; 2MRC
Cognition and Brain Sciences Unit, University of
Cambridge; 3University of California at Irvine

To understand the limitations on hearing, it is useful
to compare psychophysical and physiological
measurements to the same stimuli. Unfortunately,
accurate physiological recordings are possible only in
animals, and psychophysical measures are most reliable
and easiest to obtain in humans. To bridge this gap we
used scalp-based EEG recordings to measure spread
of excitation from a noise masker in normal-hearing
(NH) humans and cats. Because we ultimately wish to
compare spread-of-excitation from CI electrodes, as a
proof-of-principle we used two acoustic maskers that
should produce narrow and broad spread-of-excitation,
respectively. In humans these maskers were 1/8th and
1-octave bands of noise, geometrically centred on 4000
Hz, 13-seconds long, and combined with a low-pass pink
noise designed to mask distortion products arising from
the interaction between maskers and probes. Thirteen
70-dB-SPL 50-ms sinusoidal probes were presented
every 1 secstarting atthe onset ofthe masker. Responses
to the last 12 of these probes were averaged within
each masker, and averaged across 20 presentations of
each masker. Five probe frequencies (Fp) were tested,
corresponding to -0.5, -0.25, 0, 0.25, and 0.5 octaves re
4000 Hz. There was a 1-sec gap between each masker
presentation. All stimuli were presented monaurally.
The N1-P2 cortical evoked potential was expressed for
each probe/masker combination as a percentage of the
response to the unmasked probe and at noise levels of
48, 52, 56, and 60 dB SPL within the (human) 4-kHz
auditory filter. EEG responses were recorded using an
8-channel BioSemi system and measured between
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electrodes at Cz and at the mastoid contralateral to
presentation. Subjects watched a silent TV programme
during recordings. Average results from the first six
subjects show the expected pattern with the two
maskers producing equal N1-P2 at Fp=4000 Hz, which
increased for the narrowband masker (only) at more
distant probe frequencies. Data for cats were obtained
under light ketamine anaesthesia using a subset of the
stimulus conditions used for humans, shifted an octave
higher in frequency. The cat and human EEG data will be
compared to each other and to psychophysical spread-
of-excitation curves obtained from humans using the
same stimuli.

PS 138

Electrocorticographic Analysis of Human Superior
Temporal Sulcus

Kirill V. Nourski'; Mitchell Steinschneider?; Ariane
Rhone'; Hiroto Kawasaki®; Matthew Howard?

"The University of lowa; ?Albert Einstein College

of Medicine; *Human Brain Research Laboratory,
Department of Neurosurgery, The University of lowa

The superior temporal sulcus (STS) is a crucial hub
in the cortical system subserving speech perception.
To date, this area has been primarily examined with
non-invasive functional neuroimaging (e.g. fMRI). In
neurosurgical epilepsy patients, multicontact depth
electrodes that target mesial temporal lobe structures
such as the amygdala can traverse the upper or the
lower bank of the STS. This offers a unique opportunity
to study this region with high spatial and temporal
resolution. The study sought to characterize fundamental
electrophysiological properties of the STS using a
variety of auditory stimuli presented under multiple
task conditions in a large cohort of subjects (N = 25).

Subjects were patients undergoing chronic invasive
monitoring for medically intractable epilepsy. Stimuli
were non-speech (tones, click trains) and speech
sounds, presented in passive-listening, target detection
and dialog-based paradigms. ECoG data were
simultaneously acquired from the STS as well as auditory
cortex in Heschl'sgyrus (HG), lateral superior and
middle temporal gyri (STG, MTG). Event-related band
power (ERBP) was examined between 4 and 150 Hz.

High (70-150 Hz) and low gamma (30-70 Hz) ERBP
exhibited similar increases in response to the auditory
stimuli. Increases in high frequency ERBP were
paralleled by decreases in low frequency (4-14 Hz)
ERBP. The STS was less responsive to non-speech
sounds and degraded speech compared to clear speech.
Responses in the STS had longer latencies than those
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in the HG and on the STG, and shorter latencies than on
the MTG. Responses were more robust and had shorter
onset latencies in the upper bank of the STS compared
to the lower bank. Comparable degrees of activity were
elicited in the language-dominant and non-dominant
hemispheres in a semantic classification task. High
gamma responses were not consistently modulated
by target condition (target and non-target words in
the semantic task; non-target words in a control tone
detection task). In contrast, results of a dialog-based
paradigm demonstrated modulation of neural activity in
both the upper and the lower banks of the STS by task-
related features, including task direction, difficulty and
affirmation of successful task completion. Sites in STS
could preferentially respond to the subject’'sown speech
over that of the interviewer’;s, reflecting their possible
involvement in the audiomotor processing pathway.

We conclude that human STS can be effectively probed
with ECoG, and that multiple experimental paradigms
are necessary to adequately identify its response
properties and the transformations that occur from
earlier processing stages in auditory cortex.

PS 139

Neural Correlates of Enhanced Audiovisual
Processing in the Bilingual Brain

Gavin Bidelman
University of Memphis

Bilingualism is associated with enhancements in
perceptual and cognitive processing necessary for
juggling multiple languages. Recent psychophysical
studies demonstrate bilinguals also show enhanced
multisensory processing and more restricted temporal
binding windows for integrating audiovisual information.
Here, we probed the neural mechanisms of bilinguals’;
audiovisual benefits. We recorded neuroelectric
responses in mono- and bi-lingual listeners to the double-
flash paradigm in which auditory beeps concurrent with
a single visual flash induces the perceptual illusion of
multiple flashes. Relative to monolinguals, bilinguals
showed less susceptibility to the illusion (fewer false
perceptual reports) coupled with stronger and faster
event-related potentials to audiovisual information.
Source analyses of EEG data revealed monolinguals
increased propensity for erroneously perceiving
audiovisual stimuli was attributed to increased activity
in primary visual (V1) and auditory cortex (PAC),
increases in multisensory association areas (BA 37),
but reduced frontal activity (BA 10). Regional activations
were associated with an opposite pattern of behaviors:
whereas stronger V1 and PAC activity predicted slower
behavioral responses, stronger frontal BA10 responses
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elicited faster judgments. Our results suggest bilinguals’;
higher precision in audiovisual perception reflects more
veridical sensory coding of physical cues coupled with
superior top-down gating of sensory information to
suppress the generation of false percepts. Findings
underscore that the plasticity afforded by speaking
multiple languages shapes extra-linguistic brain regions
and can enhance audiovisual brain processing in a
domain-general manner.

PS 140

Individual Differences in Listening Skills Modulate
the Auditory Categorical Processing of Speech and
Music

Kelsey Mankel; Jake Barber; Gavin Bidelman
University of Memphis

Successful perception of the world requires the human
brain assemble diverse sensory information into
common groupings, a process known as categorical
perception (CP). Intense auditory experiences (e.g.,
musical training, language expertise) can shape
categorical representations necessary for identifying
speech and novel sound-to-meaning learning, but little
is known concerning the role of innate hearing function
in CP. Here, we asked whether listeners vary in their
intrinsic abilities to categorize complex sounds (speech
and music) with the goal of characterizing how individual
differences in this core perceptual skill manifest in
auditory brain mechanisms. To this end, we recorded
neuroelectric brain activity in individuals without formal
music training but who differed in their inherent auditory
perceptual abilities (assessed via the Profile of Music
Perception Skills [PROMS]) as they rapidly categorized
sounds along speech and music continua. Behaviorally,
listeners were more precise and faster at identifying
(more familiar) speech than (less familiar) musical
stimuli. Yet, individuals with naturally more adept
listening skills (“musical sleepers”) showed enhanced
speech categorization in the form of faster identification.
At the neural level, inverse modeling parsed EEG
data into different sources to evaluate the contribution
of region-specific activity (i.e., primary auditory
cortex, PAC; inferior frontal gyrus, IFG) to categorical
neural coding. We found limited differences in neural
responses across speech tokens but stronger neural
responses in the PAC for categorically ambiguous music
stimuli compared to prototypical tokens. Music stimuli
generated more robust neural activity than speech,
particularly in the right PAC, suggesting listeners may
have exerted greater listening effort for identification of
the novel (but not overlearned speech) stimuli. Results
suggest that listeners arrive at categorical sound labels
using individual strategies, supported by a differential
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engagement of the brain’sauditory-linguistic network
(PAC-IFG). More broadly, our data show that listeners
with naturally more adept auditory skills can map sound
to meaning more efficiently than their peers, which may
aid novel sound learning related to language and music
acquisition.
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Neural Speech Tracking in the Delta and Theta
Frequency Bands Differentially Encodes
Comprehension and Intelligibility of Speech in Noise

Octave Etard'; Tobias Reichenbach?

'Department of Bioengineering, Imperial College
London; ?Department of Bioengineering and Centre for
Neurotechnology, Imperial College London

Background: Humans excel at analysing complex
acoustic scenes. Effective segregation of different
competing speech signals is indeed often necessary for
communication. Speech processing may be aided by
cortical activity in the delta and theta frequency bands
that has been found to track the speech envelope.
Change of these neural responses with the intelligibility
and comprehension of speech have previously been
established. These studies employed speech that was
acoustically degraded. It therefore remains unclear
which aspects of neural speech tracking represent
the processing of acoustic features, related to speech
intelligibility, and which aspects reflect higher-level
linguistic processing related to speech comprehension.

Methods: We employed electroencephalograpy (EEG)
with 64 scalp electrodes to record neural responses
of native English speakers listening to naturalistic
continuous speech in varying conditions of noise (speech
in quiet, competing speakers and different levels of
speech-in-babble-noise). We obtained EEG recordings
in response to English stimuli as well as in response
to a foreign unknown language with similar acoustic
properties (Dutch). When listening to English the
subjects’; comprehension was systematically modulated
by the noise level, but remained nil in the acoustically
matched Dutch conditions. This allowed us to separate
neural correlates of changes in the acoustic properties of
the stimuli (intelligibility) and of speech comprehension.
We used regularised linear spatio-temporal models in
both a decoding and an encoding approach to relate
intelligibility and comprehension to the neural responses.

Results: We were able to accurately reconstruct the
stimulus envelopes, and to reliably predict speech
comprehension and intelligibility in the different
acoustic conditions. We investigated the relative
importance of the delta, theta and alpha frequency
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bands, and found that cortical tracking in the theta
frequency band is mainly correlated to intelligibility,
while the delta band contributed most to speech
comprehension. Strikingly, we uncovered a neural
component in the delta band that preceded the speech
signal and that informed on comprehension, hinting
at a predictive mechanism for language processing.

Conclusion: We have developed a procedure to infer
speech-in-noise comprehension and intelligibility from
neural responses to continuous speech in background
noise. Our results disentangle the functional
contributions of cortical speech tracking in the delta and
theta bands to speech processing. The obtained results
demonstrate that speech envelope, a low-level acoustic
feature, can be used to recover comprehension, a high
level cognitive construct. This approach may thus prove
useful to investigate auditory processing disorders.
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On the Relationship between Cortical Oscillatory
Activity and Inner Ear Amplification Gain

Heivet Hernandez Perez'; Ronny Ibrahim'; Catherine
McMahon'; Sriram Boothalingam?; Jessica J.M.
Monaghan?

"Macquarie University; 2University of Wisconsin-
Madison; *Macquarie University, Department of
Linguistics

The role of the efferent system (descending projections
from the auditory cortex to the lower auditory centres)
in aiding speech processing and comprehension
remains controversial in the auditory literature. In a
previous approach (Hernandez-Perez et al., 2018),
we addressed how the cochlear gain is differentially
modulated by the efferent system depending on

the auditory scene encountered (single vs multiple
speech streams perception). To determine if this
efferent control of the cochlear gain is related to
word processing, we have explored in this study

the relationship between oscillatory activity and
amplification of the cochlear gain (measured using
otoacoustic emissions: OAESs). In particular, we have
focused our interest on the relationship between the
cortical oscillatory activity in the theta band (4-8 Hz),
that has been extensively linked to word processing
(Ghitza, 2012; Ghitza, 2013), and amplification of

the cochlear gain. Here concurrent EEG and OAE
recording systems allowed us to monitor, at different
stages of the auditory pathway, the effects of lexical
decision-making as well as passive listening of words
and non-words. In a series of three experiments,
speech intelligibility was either manipulated by noise
vocoding the speech signal or adding babble noise/
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speech shaped noise to the clean speech. Our
results show that theta band energy is stronger in the
power spectrum when participants are performing
the lexical decision compared to passive listening

of speech. Changes in oscillatory activity could also
be accompanied by suppression of Click-Evoked
OAE magnitude depending on the type of stimuli
being processed. This study contributes to our better
understanding of the likely role that the auditory
efferent system plays in speech processing and
comprehension.
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Modulation Change Detection in Human Auditory
Cortex: Evidence for Asymmetric, Nonlinear Edge
Detection

Seung-Goo Kim'; David Poeppel?; Tobias Overath'
'Duke University; 2New York University

Changesinmodulation rate are important cues for parsing
acoustic signals such as speech. We parametrically
controlled modulation rate via the correlation coefficient
(r) of amplitude variations across fixed frequency
channels: modulation rate increases with decreasing
r, and vice versa. Four levels of correlation coefficients
roughly spaced by equal perceptual distances were used
(i.e., r=0, 0.5, 0.8, 0.95). By concatenating segments
with different r, acoustic changes of various directions
(e.g. changes to higher correlation coefficients, random-
to-correlated, or vice versa) and sizes (e.g. low-to-high
correlation, or vice versa) can be obtained (Figure 1).
We recorded MEG data in 13 participants while they
detected changes in correlation in 36-s sound blocks.
Evoked responses (Figure 2) demonstrated 1) an
asymmetric representation of change direction: random-
to-correlated changes produced a prominent evoked
field around 180 ms after change-onset, while correlated-
to-random changes did not evoke any significant
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responses; and 2) a highly non-linear representation
of correlation structure, whereby even small changes
involving segments with a high correlation coefficient
(i.e., with slow modulation rates) are much more
salient than relatively large changes that do not involve
segments with high correlation coefficients. Specifically,
the direction of changes significantly modulated the
amplitude of peaks identified between 100-300 ms
after onset (repeated-measures ANOVA with factors
Change direction and Change size; F[1,12] = 19.9, p =
0.0007), confirming prominent responses by random-to-
correlated changes. Moreover, the correlation coefficient
of the target segment significantly affected the amplitude
of the same peaks (repeated-measures ANOVA with
nominal factors Previous correlation level and Current
correlation level; F[3,36] = 23.5, p < 10-9). This effect
was not significant when modeled as a linear variable
(a repeated-measures linear model with two continuous
variables of Previous correlation level and Current
correlation level, F[1,12] = 0.7, p = 0.40), reflecting the
non-linear saliency of the slow modulation in detecting
correlation structures. The results demonstrate a high
sensitivity for low modulation rates in the human auditory
cortex (Luo & Poeppel, 2007; Overath et al., 2008,
2012), both in terms of their representation and their
segregation from other modulation rates (Cervantes
Constantino et al., 2012).
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Effects of vowel, emotion, and age in latency and
amplitude of Cortical Auditory Evoked Potentials
(CAEPs)

Kieun Lee; Hyunwook Song; Jiyeong Yun; Eunsung
Lee; Jinsook Kim
Hallym University

Background: The cortical auditory evoked potentials
(CAEPs) were categorized by either the exogenous
or endogenous and were not investigated sufficiently.
Among many variables affecting the results of CAEP,
speech stimuli have been emerged to measure the
degree of central nervous system maturity, the ability
of central hearing processing and listening effort.
Also, the emotional salience of the speech was found
to be an element factor influencing the components
of CAEP. Finally, CAEPs were known to reflect the
cognitive changes of the geriatric population followed
the deficiency of neurotransmission. The purpose of this
study was to analyze the parameters that could affect
the latencies and amplitudes of CAEPs and determine
the characteristics more specifically with the composite
responses of variables. The responses of younger
and older adults according to the vowels, /u/, /a/, and
/il representing low, middle, and high frequencies with
emotional saliences, neutral(N), anger(A), happiness(H),
and sadness(S) were observed.

Methods: 20 younger (mean: 22.1, range: 21-27) and
20 older (mean: 68.2, range 65-74) adults with normal
hearing participated. To rule out any age-related cognitive
impairment, the Korean version of Mini-Mental State
Examination (MMSE) was conducted to the older group.
The score 25 or above of MMSE was only accepted.
Applying 4 emotions to 3 vowels, 12 stimuli were
composed and utilized. To analyze CAEPs, the bipolar
channel was used with channel A for measuring evoked
responses and channel B for monitoring eye movement
and blinking. The parameters were at a sweep at 200,
a rate of 1.1, a sampling rate at 640Hz, a gain at 50K
and 20K of channels A and B, a polarity at alternative,
and a bandpass filter from 1 to 30 Hz. The intensity was
70 dB. Results: The main effects of age, vowel, and
emotion showed significant differences. For A and H
emotion, the shorter latencies for all the component the
larger amplitudes for P1 and N2 were noted. Only N1
latency was significantly different depending on vowels.
The shortest latency was noted in /a/ and /i/ and /u/
followed. The older adults showed longer P2 latency and
reduced N2 amplitude as compared to younger adults.
Additionally, the variables were influential to several
interactions. Conclusion: The emotional valence of the
stimuli has revealed the definite effect to all latencies
and some amplitude of the components. Therefore, we
could cautiously conclude that the endogenous factor is
predominant to all the CAEP components except P1.
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Lateralization of Parietal Alpha Power During
Auditory Spatial Attention in Normal and Hearing
Impaired Listeners

LiaBonacci'; LengshiDai'; Barbara Shinn-Cunningham?
'Boston University; ?Carnegie Mellon University

In noisy environments, spatial attention may be
used to select target speech in one location while
suppressing irrelevant sounds in another. However, if
the spatial separation of sounds cannot be perceived,
then spatial attention may not be used at all, making
it difficult to communicate in complex auditory scenes.
Electroencephalography (EEG) is often used to
identify correlates of selective attention. In particular,
lateralization of alpha (8-14 Hz oscillations) power
over parietal sensors has been shown to reflect spatial
focus of attention—greater alpha power ipsilateral to
the attended location reflects suppression of stimuli in
the ignored location. Hearing impaired (HI) listeners are
less sensitive to spatial cues than normal hearing (NH)
listeners. Therefore, the ability to use spatial attention
may be degraded in HI listeners, which in turn may lead
to degraded lateralization of EEG alpha. In this study,
NH and HI listeners performed an auditory spatial
attention task while we recorded 32-channel EEG.
HI subjects had bilateral symmetrical sensorineural
hearing loss with thresholds = 25 dB hearing level (HL)
at one or more frequencies from 250 Hz to 8,000 Hz;
NH subjects had thresholds < 20 dB HL across these
frequencies. During the task, three melodies were
presented simultaneously from left, right, and center
using interaural time differences (ITDs). Left and right
melodies were lateralized using symmetric ITD pairs
that were either small (205 ps) or large (£799 us); the
center melody had an ITD of O ys. Notes in each melody
changed pitch over time, with contours that were rising,
falling, or zigzagging. Subjects were cued to attend
either the left, right, or center melody and report its pitch
contour. ITD thresholds were measured for each subject
to quantify sensitivity to spatial cues. Overall, Hl listeners
had higher ITD thresholds than NH listeners, suggesting
lower sensitivity to spatial cues. This is consistent
with the fact that HI listeners performed worse on the
spatial attention task than NH listeners. In NH listeners,
alpha power was greater in parietal-occipital sensors
ipsilateral to the attended location, and this lateralization
was stronger in the large ITD condition. In HI listeners,
we observed no lateralization of alpha power across
these sensors in either small or large ITD condition.
These results suggest that EEG correlates of spatial
attention are degraded in hearing impaired listeners,
likely reflecting a degraded ability to use spatial cues for
suppressing irrelevant sounds in noisy settings.
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Within-Subject Cortical Auditory Response
Variability and Listening Performance

Anne Islam'; Caren Armstrong'; Mackenzie Cervenka®;
Sai Akanksha Punuganti?; Dana Boatman?
'Department of Neurology, Johns Hopkins School of
Medicine; 2Department of Biomedical Engineering,
Johns Hopkins School of Medicine; 3Departments of
Neurology and Otolaryngology, Johns Hopkins School
of Medicine

Background

Increased within-subject variability is often considered
a defining characteristic of individuals with listening
impairment.  However, prior cortical auditory
electrophysiology studies based on scalp recordings
have yielded equivocal findings. In this study, we used
intracranial electrocorticographic (ECoG) recordings
to measure within-subject variability in early cortical
auditory evoked responses as a function of individual
listening performance.

Methods

Test-retest ECoG recordings were acquired at 2-5 day
intervals from 13 right-handed patients with focal epilepsy
being evaluated for epilepsy surgery (mean age 34 yrs;
7 females) who had 8x8 electrode arrays implanted over
the left hemisphere for seizure localization. All patients
had electrode coverage of the posterior superior
temporal gyrus (auditory) and confirmed normal hearing
(<25 dB, 0.5-4 kHz) and cognitive function (FSIQ > 80).
Patients who scored =2 standard deviations below the
mean on two or more behavioral speech-in-noise tests
were classified as impaired listeners (N=7). ECoG
recordings were acquired using a 300-trial passive
listening paradigm with 200-ms duration pure tones
(1000 Hz, N=246 trials; 1200 Hz, N=54 trials). Evoked
responses were derived by trial-averaging in the time
domain. Waveform measurements (latency, amplitude)
focused on the evoked N1 response, occurring 75-120
ms post-stimulus, as was present consistently across all
patients and sessions. For test-retest comparisons, peak
waveform latencies and amplitudes were measured at
electrode sites that showed the largest N1 responses to
the 1000 Hz tone in both sessions.

Results

For normal listeners, mean N1 test-retest latencies (103
ms £10 and 105 ms %10, respectively) and amplitudes
(36 uV and 34 uV, respectively) were reproducible
across sessions. Test-retest correlation coefficients for
latency (r=0.89,) and amplitude (r=0.95) indicated high
reliability (p
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Conclusions

These results indicate that early cortical auditory
responses are highly reliable within subjects, despite
individual differences in listening performance.

Funding

Supported by U.S. Army Research Laboratory Grant
W911NF-10-2-0022 and the David M. Rubenstein Fund
for Hearing Research.
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Lateralization of Parietal Alpha Power During
Auditory Spatial Attention in the Presence of Strong
Pitch Cues

Lia Bonacci'; Barbara Shinn-Cunningham?
'Boston University; ?Carnegie Mellon University

In order to communicate in noisy environments, an
individual must select target stimuli while simultaneously
suppressing distractors. If the location of the target is
known, this can be performed using top-down spatial
attention. Neural correlates of spatial attention have been
found using electroencephalography (EEG), namely
through measurement of event-related potentials (ERP)
and alpha (8-14 Hz oscillations) power. Increased ERP
amplitudes from auditory cortex reflect enhancement of
stimuli in the attended location. Increased parietal alpha
power ipsilateral to the attended location is associated
with suppression of distractors in the ignored location.
Alpha oscillations have been studied extensively in
vision, but their role in auditory spatial attention is less
clear. Furthermore, top-down spatial attention may not
persist over the course of an auditory stream if pitch also
differentiates target from distractors. We recorded EEG
while subjects performed an auditory spatial attention
task. Three melodies were presented simultaneously
from left, right, and center using interaural time
differences of -100 us, +100 ps, and 0 us, respectively.
Notes in each melody changed pitch over time, with
contours that were rising, falling, or zigzagging. Subjects
were cued to attend either the left or right melody and
report its pitch contour. The center melody was always
ignored. Experimental blocks alternated between two
conditions that differed in the pitch separation of the
competing melodies: one where the separation was
large (~10 semitones) and one where it was small
(~1 semitone). N1 amplitudes and alpha power were
measured from the recorded EEG. In frontocentral
sensors, N1s for a given note were larger when the note
was attended than when it was ignored. Alpha power
over parietal sensors varied with spatial attention focus
such that it was larger ipsilateral to the attended melody.
Importantly, while spatial attention focus changed alpha
lateralization similarly in the two pitch conditions, this
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modulation was stronger when pitch differences were
small. We conducted an additional experiment with
stimuli similar to those in the large pitch separation
condition. The melody task was the same, but the
spatial cue also contained information about the pitch
of the target melody. Here, attentional modulation of the
N1 occurred, but we observed no modulation of alpha
power across parietal sensors. Our findings suggest that
alpha modulation reflects suppression during auditory
spatial selective attention. However, when pitch cues
are strong, parietal alpha modulation is weak, likely
reflecting the fact that pitch differences can be used to
help focus attention.
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Active Tracking of Sound Textures: a Human
Intracranial Study

Alexander J. Billig"; Phillip E. Gander?; William
Sedley?; Maria Chait'; Hiroto Kawasaki*; Christopher K.
Kovach*; Matthew Howard*; Timothy D. Griffiths®
'"UCL Ear Institute, University College London;
2Department of Neurosurgery, Department of
Otolaryngology, The University of lowa; 3Institute of
Neuroscience, Newcastle University; ‘Human Brain
Research Laboratory, Department of Neurosurgery,
The University of lowa; *Wellcome Centre for Human
Neuroimaging, University College London; Institute of
Neuroscience, Newcastle University

A network consisting of auditory cortex, hippocampus,
and inferior frontal gyrus has been proposed to support
auditory working memory (Kumar et al., J Neurosci
36:4492-4505, 2016). However, human intracranial
recordings are yet to reveal hippocampal high gamma
activity, a neural spiking correlate, during memory for
tones. Recordings from the rat hippocampal complex
indicate that cells that support navigation can also form
discrete firing fields for particular sound frequencies
(Aronov et al., Nature 543:719-722, 2017). Critically,
this is the case only when the animal adjusts a sound
to match the frequency of a remembered target, but not
during passive listening. For humans performing such
a task, recruitment of navigation circuits may stem from
a cognitive association between height in pitch and in
physical space (Rusconi et al., Cognition 99:113-129,
2006). Here, we study the neural underpinnings of
memory for and tracking of sound textures that vary
continuously in a single dimension but have no such
spatial association. Subjects were patients implanted
with electrodes to localize epileptic activity. Stimuli were
concatenated chords, each containing between 4 and
100 simultaneous 200-ms tones randomly distributed
in frequency over a 4-octave range. Fixing the number
of simultaneous tones (“density”) while varying their
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frequencies from chord to chord gave rise to textures
that were more “beep”-like at lower densities and
more “noise’-like at higher densities (these terms were
used to describe the sounds to subjects in language
that avoided spatial metaphors). In each active trial,
subjects listened to a 2-s sound of fixed target density,
which they were to remember over a subsequent 2-s
retention period. They then heard a 15-s texture, the
density of which they adjusted using button presses to
match the density of the target. Preliminary analyses
of sound-induced neural activity revealed robust (high)
gamma responses in Heschl’'sgyrus and superior
temporal gyrus, with concurrent low frequency (4-

30 Hz) power decreases over a range of frontal,
temporal, and parietal sites. (High) gamma responses
were also observed in right hippocampus and right
inferior frontal gyrus; these were greater during active
adjustment than in a passive listening condition with
similar auditory stimulation. Activity at one hippocampal
site was also present during target presentation and
the subsequent silent retention period. Ongoing

work includes conducting motor/attention control
experiments, and applying multivariate analyses to
study the link between behaviour and the strength of
target representations across the putative auditory
working memory brain network.
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Sound Stimulated Changes in Cochlear Blood Flow
are Blocked by Ablation of the Superior Cervical
Ganglion in Wild-type but not salsa Mice

Suzan Dziennis'; George Burwood?; Teresa Wilson';
Jianlong Yang"; Gangjun Liu'; Sarah Foster'; Ruikang
Wang?; Alfred Nuttall*

'Oregon Health & Science University; 2Oregon Hearing
Research Center; 3University of Washington, Seattle;
‘OHSU

The cochlea is one of the most metabolically demanding
organs in the body. In order to meet the high energy
demand critical for hearing, cochlear microvasculature
is tightly controlled to maintain optimal perfusion.
However, when subjected to loud sound exposure (LSE),
cochlear blood flow (CBF) becomes dysregulated and
paradoxically decreases, leading to increased cell death
and hearing loss. Whether this change in CBF is induced
by local or systemic metabolic pathways, or direct
mechanical insult to the lateral wall vessels is not known.
The lateral wall of the cochlea is supplied by capillary
networks and CBF is regulated by local metabolism
though other evidence suggests that sympathetic
innervation regulates blood flow in the main arterioles
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and may potentiate hearing loss. We hypothesized that
damage caused by sound stimulation would be attributed
to the activation of mechanotransduction (MET) channels
rather than physical forces applied to the organ of Corti
leading to overactive and harmful metabolic pathways,
ultimately leading to vasoconstriction. We have
attempted to separate the metabolic and mechanical
pathways to lateral wall flow regulation during loud
sound exposure, by using Cadherin23-missense mutant
mice (salsa) mice which lack Cadherin23 for tip links
required for the activation of MET channels, but have
intact outer hair cells (at p56). 8 week old male age-
matched salsa and CBA/CaJ wild-type (WT) mice were
exposed to 30 min of acute intense band limited noise
followed by 30 min of recovery. Using optical coherence
tomography angiography, CBF was measured, in both
groups, from the lateral wall vessels directly through
bone in the 16 kHz region of the cochlea during and after
LSE. Furthermore, CBF was examined, with and without
sympathetic cochlear innervation from the superior
cervical ganglion (SCG) during and after LSE. LSE
reduced CBF in WT and increased CBF in salsa mice.
CBF in the contralateral cochlea was unaffected. SCG
ablation partially ameliorated LSE-induced reduction in
CBF in WTs and had no effect in salsa mice. Although
compensatory mechanisms may occur, these results
suggest that MET channel controlled hair cell stimulation
is, in part, responsible for regulating cochlear blood flow.
The SCG-mediated effect could mask flow changes from
local metabolic feedback loops of unknown mechanism,
as flow changes were not affected by SCG removal
in the salsa mouse.Vascular treatment strategies
aimed at stimulating local metabolism and preventing
sympathetic-induced decreased CBF may improve
hearing outcome after LSE, or as a prophylactic therapy.
This work was supported by grants from the National
Institute of Health NIDCD R01 DC000105.
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Glycerol Enhanced Drug Delivery to the
Endolymphatic Sac: Preliminary Results

Daniel J. Brown
The University of Sydney

Background: Corticosteroids, such as Dexamethasone,
can be delivered either intra-tympanically or systemically,
to provide relief from the symptoms of Meniere’s
disease. However, they are not effective in all sufferers,
and the high-clearance rate of drugs from perilymph
limits the extent to which they can treat deeper parts
of the inner ear, such as the endolymphatic sac,
thought to be inflamed in Meniere’s . Recently, clinical
researchers have directly delivered dexamethasone to
the endolymphatic sac in Meniere’ssufferers undergoing
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sac-shunt surgery, demonstrating a greater relief from
vertigo. A more effective treatment strategy could
involve delivering steroids to the sac, without the need
for surgery. Previous studies have demonstrated that
inner ear fluid markers are transported into the sac, and
this transport can be enhanced following the systemic
delivery of osmotic diuretics such as glycerol. Our own
research supports the increased fluid uptake into the
sac following glycerol.

Objective: To visualize the diffusion of fluorescent
markers delivered intratympanically or systemically,
throughout the entire inner ear, with or without the
adjunct use of glycerol.

Methods: Experiments were performed in anesthetised
guinea pigs, without recovery. Round window compound
action potential thresholds were continuously monitored
during the experiment. Glycerol (50% saline, 2mls) was
delivered intravenously. Two fluorescent fluid markers,
either 4kDa FITC-dextran or FITC-Dexamethasone,
were applied to either the round window, or intravenously,
20-30 minutes after intravenous glycerol (or saline as
a control). An hour later, animals were euthanized via
cardiac fixation, and temporal bones were harvested.
Inner ears were chemically cleared and imaged in 3D
using a light-sheet fluorescence microscope.

Results: Our preliminary results suggest that glycerol
provides a modest enhancement to the diffusion of fluid
markers into the sac, after they are either applied to the
round window or systemically. Glycerol also induced
a ftransient increase in compound action potential
thresholds.

Conclusion: Whilst the present results are preliminary,
and show only a minor enhancement of marker diffusion
into the sac following adjunct glycerol therapy, this study
suggests this approach may benefit inner ear drug
delivery. Moreover, as both therapies are currently used
in the treatment of Meniere’s, their adjunct use is likely
to be well tolerated.
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Chronic Endolymphatic Hydrops in a Guinea Pig
after Antigen Injected into Scala Media.

Daniel J. Brown; Ljiliana Sokolic; Christopher Pastras
The University of Sydney

Background: It has been suggested that if antigen, or
antigen presenting cells, persisted in the membranous
labyrinth, chronic endolymphatic hydrops may develop,
providing the basis of Meniere’s disease. However,
attempts to induce such effects in animals have failed,
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with antigen injections typically inducing only temporary
hydrops (2-3 weeks), along with significant cellular
infiltration and fibrosis — thus providing a model of
Labyrinthitis. Importantly, almostall previous studies have
introduced antigen into the perilymphatic compartments
(a few have placed antigen into the endolymphatic sac),
but no previous studies have introduced antigen directly
into scala media.

Objective: To inject Lipopolysaccharide (LPS) directly
into scala media of guinea pigs, and monitor functional
and morphological changes over 6 weeks. Our
hypothesis is that antigen within scala media cannot be
completely cleared effectively, and will result in chronic
endolymphatic hydrops<./p>

Methods: Various concentrations (0.1%, 0.05% &
0.01%) of LPS in 0.4ml of artificial endolymph were
injected into scala media of anaesthetized guinea pigs via
a glass micropipette, with subsequent recovery for 1 to 6
weeks. Artificial endolymph injections and contralateral
ears served as controls. After the recovery period,
cochlear and vestibular function was measured, and
inner ears were imaged using light-sheet fluorescence
microscopy. The relative volumes of scala media and
the endolymphatic duct were quantified.

Results: Functional and morphological changes varied
with LPS concentration, ranging from severe fibrosis
and severe hearing loss (0.1% LPS), to no fibrosis with
moderate to severe endolymphatic hydrops and mild
hearing loss (0.01% LPS). Interestingly, fibrosis and
hydrops in scala media coincided with an enlargement
of the endolymphatic duct.

Conclusion Injections of 0.01% LPS produced hydrops
lasting at least 6 weeks, without fibrosis or cellular
infiltration, with morphological changes resembling those
seen in Meniere’s. However, hearing loss was still greater
than 30dB, and there were no obvious signs of balance
dysfunction, and thus this does not provide a sufficient
animal model of Meniere’s . That chronic hydrops can
be induced with antigen placed in endolymph, without
cellular infiltration, suggests the membranous labyrinth
may be more immune-privileged than the perilymphatic
space of the inner ear.
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Pharmacokinetics of Gentamicin in Perilymph of
Guinea Pigs with Endolymphatic Hydrops

Xuanyi Li'; Chunfu Dai?; Wei Li"

TE&ENT hospital of Fudan university; 2Department of
Otolaryngology, Eye Ear Nose & Throat Hospital
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Backgrounds:

The feature of pharmacokinetics of gentamicin in
perilymph of guinea pigs has already been well
researched. However, the pharmacokinetics of
gentamicin in the presence of endolymphatic hydrops
(EH) has not been reported.

Objective:

To study the feature of pharmacokinetics of gentamicin
in perilymph in the presence of EH in guinea pigs with
embolized endolymphatic sac.

Methods:

5 albino guinea pig accepted surgeries to embolize
the right endolymphatic sac (ES). After 4 weeks, ten
samples of 2yl perilymph were sequentially collected
from each cochlear at the right lateral semicircular canal
prominence 1 hour after 20yl gentamicin was locally
applied to the right round window membrane. Those
ten samples of 2ul perilymph which sequentially came
from lateral semicircular canal (LSC), vestibule, scala
vestibuli (SV), scala tympani (ST), and cerebrospinal
fluid (CSF) were numerically infused into 150ul sterile
saline. Concentration of gentamicin in each samples
was detected by the Liquid chromatography—mass
spectrometry and was compared to the control group of
5 guinea pigs which did not accept the surgery but were
locally applied with 20ul gentamicin to the right round
window membrane.

Results:

The feature of gentamicin distribution in perilymph was
similar both in ES embolized group and control group.
The concentration of gentamicin in vestibule and SV was
much higher than that in LSC, ST and CSF. However,
the concentration in perilymph of ES embolized group
was much higher than that of control group (p<0.05).

Conclusion:

After locally applied gentamicin, the presence of
EH would not change the distribution feature that
concentration of gentamicin was higher in vestibule
and SV. However, as a result of EH and the decreased
volume of perilymph, the concentration of gentamicin
achieved a higher concentration gradient in perilymph.
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In-vitro Perforation of the Round Window Membrane
via Direct 3-D Printed Microneedles

Aykut Aksit; Daniel N. Arteaga; Miguel Arriaga; Xun
Wang; Hirobumi Watanabe; Karen E. Kasza; Anil K.
Lalwani; Jeffrey W. Kysar

Columbia University

We report the use of Two-Photon-Polymerization (2PP)
lithography to manufacture precision microneedles for
the purpose of intracochlear drug delivery.

The cochlea, orinner ear, is a space fully enclosed within
the temporal bone of the skull, except for two membrane-
covered portals connecting it to the middle ear space.
One of these portals is the round window, which is
covered by the Round Window Membrane (RWM). A
longstanding clinical goal is to deliver therapeutics into
the cochlea to treat a plethora of auditory and vestibular
disorders. Standard of care for several difficult to treat
diseases calls for injection of a therapeutic substance
through the tympanic membrane into the middle ear
space, after which a portion of the substance diffuses
across the RWM into the cochlea. The efficacy of this
technique is limited by an inconsistent rate of molecular
transport across the RWM.

A solution to this problem involves the introduction of
one or more microscopic perforations through the RWM
to enhance the rate and reliability of diffusive transport.
Hence, ultra-sharp polymer microneedles specifically
designed to perforate the RWM are made using
direct 3D printing via 2PP lithography.

The needles are 3D printed, developed and mounted
on sterile 23 Gauge blunt syringe tips for practical
use. The needles are then used to perforate freshly
excised guinea pig membranes. The perforation force
is collected, and the resulting holes are analyzed via
confocal microscopy, which has the benefit of visualizing
the fibers that give the RWM its mechanical properties.

The microneedle has tip radius of curvature of 500 nm
and shank radius of 50 ym. It perforates the RWM with
a mean force of 1.19 mN. The resulting perforations
performed in-vitro are lens-shaped with major axis equal
to the microneedle shank diameter and minor axis about
25% of the major axis, with mean area 1670 ym2. The
major axis is aligned with the direction of the connective
fibers within the RWM. The fibers were separated
along their axes without ripping or tearing of the RWM
suggesting the main failure mechanism to be fiber-to-
fiber decohesion.

The needles are imaged using a Scanning Electron
Microscope (SEM) after use, and it is seen that the tips
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of these microneedles are bent to some extent, limiting
their reusability. Therefore, radii of curvature of the tips
are systematically changed in order to find an optimal
shape for the needles with the purpose of enhancing the
mechanical strength and preventing blunting.

These results establish a foundation for the use of 2PP
as a means to fabricate microneedles to perforate the
RWM and other similar membranes requiring precision
manufacturing of complex geometries. The small
perforation area along with fiber-to-fiber decohesion are
promising indicators that the perforations would heal
readily following in-vivo experiments. An optimal needle
geometry is currently being researched for the purpose
of RWM perforation.
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LCCL peptide of cochlin in the inner ear has
an immune-surveillance by conglomerating
macrophages and neutrophils against
Pseudomonas infection

Jinsei Jung; Jee Eun Yoo; Byung Wha Noj; Haiyue Lin;
KyuMin Kim; Jae Young Choi
Yonsei University College of Medicine

Sensory organs such as the inner ear and the eye
have an immune-privileged space filled with aquaous
fluid. In the inner ear, endolymph surrounds the
organ of Corti, which is important for hearing function.
However, immune system in the endolymph of cochlea
is still elusive. Here, we report that LCCL peptide of
cochlin has a locally programmed surveillance immune
response against bacterial infection in the cochlea.
In vivo as well as ex vivo cochlea of Coch knock-out
mice (Coch -/-) did not induce LCCL peptide cleavage
of cochlin in response to Pseudomonas infection, which
followed bacterial overgrowth and hearing deterioration.
It revealed that LCCL peptide isolated and aggregated
infected pseudomonas in the perilymph of the cochlea
to preserve hearing function in the organ of Corti. More
importantly, increase of IL-1 and IL-6 for the recruitment
of macrophages and neutrophils into perilymph was
strongly dependent on the cochlin secreted from resident
dendritic cells in the cochlea. Taken together, LCCL
peptide in the perilymph space has a role in immune
surveillance to detect, segregate, and eliminate infected
pathogens by recruiting innate immune cells.
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Pharmacokinetic Properties Compared for Native
and Fluorescent Analogs of Dexamethasone and
Gentamicin in the Inner Ear

Alec Salt'; Jared J. Hartsock?; Ruth M. Gill?; Ting
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university; °Otonomy, Inc.; ®Zentrallabor, Department
of Laboratory Medicine, University Hospital Halle;
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Surgery, Martin Luther University Halle-Wittenberg

Fluorescent drug analogs have been widely used as atool
to monitor access and distribution of drugs in biological
systems. In the current study, we have compared findings
from quantitative pharmacokinetic studies of two drugs
and their fluorescent analogs in the fluids of the inner
ear of guinea pigs. The two drugs, dexamethasone and
gentamicin, are both widely used in clinical otology. Both
their native and fluorescent forms, fluorescein-labeled
dexamethasone (FITC-Dex) and Texas red-labeled
gentamicin (GTTR), have been extensively studied
in the ear and are the subject of numerous reports in
the literature. Entry into perilymph from the middle ear
was assessed by applying the drugs to the RW niche
of guinea pigs followed by perilymph sampling from
the lateral semi-circular canal (SCC). Elimination of the
drug from perilymph was assessed by loading perilymph
by injection into the lateral SCC followed by perilymph
sampling after varying delay times. In both types of
experiment, perilymph was collected from the lateral
SCC with a sequential-sampling technique in which 10
x 2 uL samples representing perilymph from different
regions of the ear were collected as quickly as possible.
We found that for both drugs, the fluorescent analog
exhibited entry and elimination kinetics completely
different from the native drug. Entry from the middle ear
into perilymph occurred 50x more slowly for GTTR than
gentamicin and 360x more slowly for FITC-Dex then
dexamethasone. For both fluorescent drugs, elimination
measures showed characteristics of buffering or binding
to inner ear tissues, which was not apparent for native
forms. The perilymph measurements are in agreement
with a considerable body of work showing the passage
of drugs through membranous barriers depends on
specific molecular properties, including the lipid solubility
and polar surface area of the molecule. The fluorophore
component increases the mass, the polar surface
area and the lipophilicity of the molecule. Our findings
demonstrate that these fluorescent drug analogs do not
provide a meaningful indicator of pharmacokinetics in
the inner ear for the native drug, although they may have
value for other applications.
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TRPV4 Receptors as Multimodal Sensors of Inner
Ear Fluids

Gregory Heard'; Dan Jagger?
'"UCL Ear Institute; 2UCL Ear Institute, University
College London

The homeostasis of inner ear fluids is essential to
normal hearing and balance. Endolymphatic hydrops
and the symptoms of Méniére’s disease might result
from dysregulation of fluid homeostasis, which leads to
severe vertigo, fluctuating hearing loss and discomfort.
TRPV4 receptors are multimodal sensors of osmolarity,
membrane stretch and temperature (White et al., Physiol.
Rev. 2016). They have previously been localised to
specific inner ear structures (Liedtke et al., Cell 2000;
Karasawa et al., J. Cell Sci. 2008), and TRPV4 knockout
results in delayed onset hearing loss and increased
susceptibility to noise damage (Tabuchi et al., Neurosci.
Lett. 2005). Therefore we are investigating TRPV4
receptors as potential sensors and regulators of inner
ear fluid.

In cochlear sections from mice and rats, TRPV4 immuno-
labelling was detected in the lateral membranes of outer
hair cells (OHCs) of the organ of Corti, basolateral
membranes of stria vascularis marginal cells, the
apical surface of Reissner's membrane epithelial cells
(RMECs), and vestibular dark cells. Thus, the receptors
seem well-placed to sense the ionic composition or
osmotic pressure of the endolymphatic compartment.
Using patch clamp electrophysiology, we identified
candidate TRPV4-mediated currents in P8-P12
mouse organ of Corti explants. The TRPV4 agonist
GSK1016790A elicited inward currents in OHCs, whose
reversal potential was around OmV, consistent with
a non-selective cation current. These currents were
inhibited by gadolinium, a broad-acting cation channel
blocker. Some cells also featured a biphasic response
consisting of a transient inward current followed by a
sustained outward current.

In agreement with previous studies, we present
preliminary evidence of functional TRPV4 receptors in
cell types which face the endolymphatic compartment.
Future experiments will determine which physiological
stimuli activate TRPV4, and how downstream targets
might influence fluid homeostasis.

This project is supported by grants from the Rosetrees
Trust and the Méniére’sSociety.
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Proteome of Normal Human Perilymph and
Perilymph from People with Disabling Vertigo

Yin Ren'; Hsiao-Chun Lin'; Andrew Lysaght'; Shyan-
Yuan Kao'; Konstantina M. Stankovic?

'Department of Otolaryngology, Harvard Medical
School and Massachusetts Eye and Ear; 2Eaton-
Peabody Laboratories, Massachusetts Eye and Ear
& Department of Otolaryngology, Massachusetts Eye
and Ear and Harvard Medical School & Speech and
Hearing Bioscience and Technology Program

The human perilymph, extracellular fluid that bathes
most cell types in the inner ear, contains important
proteins secreted by these cells that could serve as
direct markers of inner ear pathologies that result in
disorders of hearing and balance. Previous studies
on the development of inner ear “liquid biopsies” have
uncovered alterations in perilymph proteins that have
been shown to be associated with unique etiologies
of hearing loss. Nevertheless, existing efforts to
quantitatively assess the human perilymph proteome
have been constrained to specimens obtained from
patients with various hearing pathologies, including
patients with perilymphatic fistulas, those undergoing
resection of vestibular schwannomas (VS), or patients
undergoing cochlear implantation. While these studies
have begun to elucidate the set of perilymph proteins
unique to patients with profound hearing loss, we have
not yet assembled the proteome of perilymph from
patients with otherwise intact hearing. Furthermore, no
complete characterization of perilymph from patients with
vestibular dysfunction has been achieved. Here, using
liquid-chromatography with tandem mass spectrometry
(LC-MS/MS), we analyzed three samples of normal
perilymph collected from patients without hearing loss.
We identified 228 proteins with high confidence that
were common across the samples, establishing a greatly
expanded known proteome of normal human perilymph
fluid. Further comparison to the perilymph obtained from
patients with vestibular dysfunction showed 38 proteins
with significantly differential abundance. The abundance
of four protein candidates with previously unknown roles
in inner ear biology was validated in murine cochleae:
AACT, HGFAC, EFEMP1, and TGFBI. Together, these
results motivate future work in characterizing the normal
human perilymph and identifying potential biomarkers of
inner ear disease.
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Cochlear Pharmacokinetics - Transport Parameter
Learning and Forward Model Estimations

of Intracochlear Drug Concentrations for
Cochleostomy Infusions

Sanketh S. Moudgalya'; Kevin Wilson'; Xiaoxia Zhu?;
Mikalai M. Budzevich?; Gary V. Martinez?; Joseph P.
Walton*; Nathan D. Cahill®; Robert D. Frisina?;, David A.
Borkholder?

'Rochester Institute of Technology; 2Medical
Engineering Dept., Global Center for Hearing & Speech
Research, University of South Florida; 3Moffitt Cancer
Center; “Communication Sciences & Disorders Dept.,
Medical Engineering Dept., Global Center for Hearing &
Speech Research, University of South Florida; °College
of Science at Rochester Institute of Technology

Emerging methods in cochlear fluid pharmacokinetics
simulate drug transport within cochlear regions and
across compartments by first estimating the diffusion and
transport coefficients from contrast agent concentrations
within the cochlea. Local drug delivery will allow the
utilization of many more drug options, as compounds
that are efficacious often have systemic side effects.
Our work focuses on learning the transfer coefficients
within and across cochlear scalae including scala
tympani (ST), scala vestibule (SV), scala media (SM),
and clearance to blood by in vivoimaging the murine
cochlea at multiple successive time instances during
the delivery of a contrast agent (Isovue — lopamidol).
A previously established 3D image registration of
the micro Computer Tomography (UCT) to a high-
resolution atlas enables transfer of the segmented
regions in the atlas to the scan. The spatio-temporal
concentration profile within each scalae is extracted
along the medial axis for each scan, and subsequently
used in a joint inverse-forward pharmacokinetics model
to extract the transport coefficients. Our forward model
simulates the concentrations in each scala using a
random initialized value of transfer coefficients for the
first iteration. Using optimizers (Stochastic Gradient
Descent (SGD), Levenberg-Marquardt algorithm (LM)),
the two models iteratively optimize the initial transfer
coefficients by minimizing the error between extracted
and simulated concentrations. To account for higher
apical concentrations than predicted by pure diffusion,
a concentration-dependent diffusion parameter is
modeled as inversely proportional to the square of the
concentration and is learned in the iterative inverse-
forward model optimization. Time-dependent leakage
at the cochleostomy site is also a learned parameter,
and is essential to accurately model the time rate of
change of peak concentration at the point of infusion.
The forward model facilitates exploration of different
delivery profiles through modeling of advective flow
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from the cochleostomy site at the base of ST, to a sink
at the cochlear aqueduct (CA). The resulting model
with learned transport parameters has been used to
optimize the delivery profile (flow rate and on/off times)
for reduced concentration gradients within the cochlear
scalae. Clinically this will enable control of a therapeutic
concentration level while avoiding toxicity.  While
developed in the murine model, this approach can be
extended to larger rodents and humans to advance inner
ear drug delivery research and associated therapies, in
conjunction with the development of new implantable
micropumps for inner ear drug delivery.

Supported by NIH NIDCD award R01 DC014568.
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Cochlear Statistical Shape Modeling - Efficient
Capture of Inter-Animal Scalae Variations

Sanketh S. Moudgalya'; Kevin Wilson'; Xiaoxia Zhu?;
Mikalai M. Budzevich3; Gary V. Martinez®; Joseph P.
Walton*; Nathan D. Cahill5; Robert D. Frisina?; David A.
Borkholder!

'Rochester Institute of Technology; 2Medical
Engineering Dept., Global Center for Hearing & Speech
Research, University of South Florida; *Moffitt Cancer
Center; “Communication Sciences & Disorders Dept.,
Medical Engineering Dept., Global Center for Hearing &
Speech Research, University of South Florida; °College
of Science at Rochester Institute of Technology

Cochlear fluid pharmacokinetics make use of 1D and
3D diffusion models to simulate drug activity in the inner
ear. Key regions of interest for these models include
scala tympani (ST), scala vestibuli (SV), and scala
media (SM). Both types of models are parameterized
by transfer coefficients across the scalae and diffusion
coefficients within the scalae, and 3D diffusion models
additionally require accurately determining the scalae
geometry. Micro computed tomography (UCT) of the
murine cochlea provides images that can aid in model
development and validation: a baseline scan can be
used to extract scalae geometry, and a sequence of
scans collected during/after infusion of a contrast agent
(Isovue) can be used to validate the models. Although
geometry extraction could be performed manually by
requiring an expert to identify pixel regions for each
scalae in each slice of the 3D baseline scan, this would
be extremely tedious. An easier, more automated
approach would be to warp a manually constructed pre-
defined template (cochlear atlas) onto the scans using
deformable 3D registration. While this removes the need
to manually identify scalae in every new baseline scan,
the deformable registration step can be susceptible to
inter-animal variations in the shape of the scalae. Our
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work focuses on building a cochlear atlas that captures
the anatomical variation between different animals by
taking advantage of the statistical differences in the
shape of the scalae. Statistical shape models of the
cochlear atlas will simplify the subsequent deformable
registrations step by only allowing deformations that
follow the dominant directions of variability in scalae
anatomy. Traditional approaches to creating statistical
shape models would require performing principle
component analysis (PCA) on scalae shapes extracted
from a large number of baseline scans. Rather, we
propose an incremental principal component analysis
(IPCA) approach that initializes a shape model and
then iteratively updates it using each new baseline
scan, eliminating the need to have all scans in memory
and improving computational efficiency. The resulting
statistical shape models of scalae pave the way for
improved concentration extractions within the cochlea
from the uCT scans, and for better spatially dependent
transfer coefficients. The method is scalable and can be
used to create statistical shape model to larger mammals
in the future.

Supported by NIH NIDCD award R01 DC014568.
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In Vitro Pressure-Induced Deformation of the Guinea
Pig Round Window Membrane

Wenbin Wang; Michelle Yu; Xun Wang; Miguel Arriaga;
Harry Chiang; Daniel N. Arteaga; Karen Kasza; Anil K.
Lalwani; Jeffrey W. Kysar

Columbia University

The round window membrane (RWM) is a thin layer of
tissue dividing the inner and middle ear compartments.
It provides a unique access point for treating diseases
of the cochlea, an otherwise elusive structure almost
entirely encased in bone. Recent studies, including
several by these authors, have proposed novel surgical
techniques for the treatment of inner ear diseases
such as the application of Micro Perforations to the
RWM to enhance drug delivery. As the RWM can
deform significantly under pressure, understanding the
mechanical properties of the round window membrane
is critical for ensuring the safety of nearby structures and
guiding surgical needle design. In this study, we introduce
a new method for tracking the deformation of the RWM
in vitro in response to pressure. Using a closed tubing
system, we applied uniform pressure with phosphate-
buffered saline to an isolated ex vivo guinea pig RWM.
We then imaged fluorescent microbeads scattered onto
the membrane with confocal microscopy and used
digital volume correlation (DVC) to compute membrane
deformation. To account for the effects of anatomical
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asymmetry of the RWM, we applied both negative and
positive pressures over a range of -2 kPa to 2 kPa in
our experiments. Our experiments validate the use of
fluorescent beads for tracking RWM deformation in vitro,
and as expected, the responses of the RWM under
positive and negative pressures are distinct. Moreover,
we find regional behaviors in deformation of the RWM
that coincide with variations in the orientation of elastic
fibers within the RWM. As such, the orientation of fibers
may play a key role in the mechanical properties of the
guinea pig RWM.
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Modelling the Round Window Membrane of the
Guinea Pig: An Experimental Characterization of
Fiber Distribution Based on Microscopic Imaging

Miguel Arriaga; Dimitrios Fafalis; Daniel N. Arteaga;
Xun Wang; Wenbin Wang; Karen Kasza; Anil K.
Lalwani; Jeffrey W. Kysar

Columbia University

The round window membrane (RWM) is a fibrous
structure that separates the fluid-filled inner ear from
the air-filled middle ear cavity, protecting the inner ear
from middle ear pathology and modulating changes

in perilymphatic pressure produced by the movement
of the stapes. The RWM also represents a portal to
the inner ear and is a promising candidate for delivery
of therapy and collection of diagnostic samples with
respect to the cochlea. Accessing the inner ear via
the RWM, however, remains a significant challenge
as the human RWM is small (diameter ~2mm), thin
(thickness ~100um), pre-stressed, and prone to
tearing when manipulated using standard surgical
tools. To aid in the development of new technologies
for safe and reliable surgical handling of the RWM,

it is essential to model the membrane’s mechanical
behavior, which is largely determined by a central layer
of connective tissue. To this end, confocal microscopy
was conducted on intact guinea pig RWMs in order

to characterize for the first time the orientation and
dispersion of the membrane’s collagen and elastic
fibers while preserving its underlying anatomic
geometry. Images of the RWM were captured by
confocal microscopy of the emitted signals due to
second-harmonic-generation, auto-fluorescence and
Rhodamine-B staining. An algorithm was developed
and implemented in ImageJ to mathematically flatten
the resulting images and to isolate the central fiber
layer from the surrounding epithelial cells (Figure 1). A
detailed description and quantitative analysis of fiber
orientation and dispersion revealed that the orientation
of fibers was variable across the membrane. Two
principle regions were identified (Figure 2): [1] fibers
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within the superficial RWM, which took the shape of a
hyperbolic paraboloid (HP), and [2] fibers in the deep
RWM, which took the shape of a cone (CO). Fibers in
the superficial HP region, proximal to the surrounding
bony niche, were highly dispersed and tended to
follow the direction of zero curvature. Fibers in the
deep CO region, extending into the cochlea, were
highly aligned and tended to follow the generating
line of the membrane’s conical shape. In between,
we observed a transition zone in which the alignment
of fibers in the superficial HP region converged upon
the alignment of fibers in the deep CO region. These
efforts reveal how the fiber direction is informed by
the membrane’s unique geometry and represent

a necessary step in providing the biomechanical
parameters towards establishing a high-fidelity model
of the RWM.

ARO Abstracts

PS 162

Co-expression of Natriuretic Peptide Receptor A and
Protein Kinase G2 (PRKG2) in Mouse Cochlea

Janet Fitzakerley'; Patricia Kingsley?; Joel Madson?;
George Trachte'

"University of Minnesota Medical School; 2University of
Minnesota Duluth

Activation of the natriuretic peptide receptor A (NPR-A)
by atrial natriuretic peptide (ANP) has both beneficial or
harmful effects on hearing, but little is known about the
downstream pathways that mediate these effects. NPR-A
is a guanylyl cyclase, whose activation results in increased
intracellular cyclic guanosine monophosphate (cGMP)
concentrations. In other tissues, cGMP can activate
several downstream effectors, including protein kinase G2
(PRKG2). Although microarray evidence indicates that
it is present in the cochlea, little else is known regarding
the role of PRKG2 in hearing. These experiments were
designed to test the hypothesis that NPR-A and PRKG2
are co-localized in the cochlea.

The presence of PRKG2 in the cochlea and several control
tissues was confirmed by multiplex qRT-PCR. Total
RNA was isolated and amplified using standard primers
for PRKG2 and the housekeeping gene RPLPO. In the
immunohistochemistry experiments, CBA/J mice were
perfused with a 4% paraformaldehyde/0.05% picric acid
solution and cochlear sections were cut at a thickness of 10
microns on a cryostat. Commercially available antibodies
against NPRA and PRKG2 were used and visualized using
confocal microscopy.

PRKG2 mRNA was present in the cochlea at levels similar
to the heart, but less than the cerebellum and more than
the kidney. PRKG2 was expressed in many regions of
the cochlea including the organ of Corti, the modiolus and
the potassium recycling systems. The highest level of
expression was in the cells lining scala media. PRKG2
was found in the stria vascularis and in the interdental cells
of the spiral limbus, as well as the type |, Il and V fibrocytes
of the lateral wall, but not in the fibrocytes of the limbus or
in type Ill or IV fibrocytes. PRKG2 was found in both inner
and outer hair cells, as well as supporting cells of the organ
of Corti and cells lining the inner and outer sulci. PRKG2
was also found within the spiral ganglion. Many, but not
all, of these cell types also expressed NPR-A. Within
individual cells, the expression of these two proteins did not
precisely overlap. For example, in Deiter’s cells, NPR-A
was found in the processes heading toward the reticular
lamina, while PRKG2 expression was limited to the cell
body. These results support the hypothesis that PRKG2
is a downstream effector of NPR-A in some, but not all,
cells of the cochlea. Further physiological experiments are
needed to determine the exact role of PRKG2 in hearing.

Volume 42, 2019



PS 163

Inner Ear Aqueducts - anatomical study based on
microCT

Kowther Hassan'; S. Alireza Rohani?; Sumit K.
Agrawal®; Nikolas Blevins*; Yona Vaisbuch?*
'Department of Computer Science, University of
Calgary; 2Department of otolaryngology - head and
neck surgery, Western University; 3London Health
Sciences Centre; “Department of Otolaryngology-
Head and Neck Surgery, Stanford University School of
Medicine

Background

The intricacies of the inner ear bony labyrinth anatomy
has long been of interest due to the many hypotheses that
link otological and vestibular conditions to abnormalities
in the inner ear structure. Meniere’s disease, a chronic
condition characterized by hearing loss, vertigo, tinnitus,
and other declines in auditory and vestibular functions,
is postulated in some patients to be a consequence
of anatomical deformities, including narrowing of the
endolymphatic lumen and hypoplasia of the vestibular
aqueduct. There is a lack of quantitative studies on the
bony labyrinth.

Aim

To define the detailed anatomy, including size
and relationship of the inner ear aqueducts
Methods

The data set consists of 54 cadaveric temporal bone
specimens that were scanned using a micro-CT at 50-
150 um resolutions. Segmentations of the vestibular
aqueduct and the cochlear aqueduct were made
using ITK-SNAP, an open source semi-automatic
segmentation software. It's active contour segmentation
algorithm evolves user-positioned seed points that
conform to the boundary of the anatomical structure of
interest. The structure boundary is determined using
thresholding. The segmentations were then manually
edited to remove any imperfections generated from the
algorithm. Volume and length of segmentations were
calculated using open source imaging software 3DSlicer
(BSD license). STATISMO open source software was
used for statistical shape modeling to analyze the
variations between the specimens.

Results

The volume of the vestibular aqueduct and cochlear
aqueductwasfoundtobevariable. The cochlearaqueduct
had several anatomical variations in regards to shape
and size. Different cross section areas were measured.

Discussion
Due to the complex and sub-millimeter nature of the
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inner ear anatomy, which makes conventional imaging
impractical in identifying some of the finer anatomical
features. There have been some studies that employed
histological sectioning to characterize the labyrinth.
While histological slices give detailed anatomical images
of the inner ear aqueducts, the sectioning by nature limits
the ability to conduct spatial measurements. While in our
study the data obtained pertains to the bony anatomy
and not the membranous labyrinth anatomy, the results
can be utlized in building an initial mathematical
model, which would be valuable in understanding the
mechano-physiology of the ear. High-resolution CT
scans could become valuable diagnostic tool in different
presentations of inner ear hydrops. Further studies that
can volumetrically measure the membranous labyrinth
are needed.

Inner-Ear Mechanics |
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Electromechanical Longitudinal Coupling and
Nonreciprocity in the Cochlea

Amir Nankali'; Aritra Sasmal?; Karl Grosh?
"University of Southern California; 2University of
Michigan, Ann Arbor;

Sound entering the mammalian cochlea generates a fluid-
structure coupled wave that travels along the length of the
cochlea and stimulates the microstructure of the organ of
Corti (OoC). An active process based on outer hair cell
somatic motility is hypothesized to amplify the response.
Experimentally, in vivo electrical stimuli has been used
to interrogate the contribution of the active process to
cochlear transduction by providing a means of excitation
different from acoustic stimulation. In this work, we use
a 3D finite element model of the cochlea to interpret the
experimental data [Grosh et al. (2004) J. Acoust. Soc. Am.,
He and Ren (2013) Sci. Rep.] and propose a mechanism
that explains the difference between the forward and
reverse traveling waves on the cochlear partition. We
study the influence of longitudinal electrical coupling in the
scalae during either acoustical or intracochlear electrical
stimulation in order to test the hypothesis that the wave
propagation in the cochlea is nonreciprocal with a
preferred direction from base to apex. External acoustical
stimulation gives rise to forward propagating waves on
the partition, while intracochlear electrical excitation
generates dispersive waves that are directionally biased
due to the combination of the nearly instantaneous forcing
introduced by the longitudinal electrical coupling and the
electromechanical nonreciprocity of the mechano-electro-
transducer channels. We discuss the implications of this
nonreciprocity to the phase delay seen in otoacoustic
emissions. This work was supported by NIH grants DC-
004084 and T32DC-00011.
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Dual Velocity-Displacement Sensitive Behavior of
Outer Hair Cells Determined by Tectorial Membrane
Nanoscale Poroelasticity

Jonathan B. Sellon'; Mojtaba Azadi?; Ramin Oftadeh?;
Hadi T. Nia*; Roozbeh Ghaffari®; Alan J. Grodzinsky?;
Dennis M. Freeman?®

'Decibel Therapeutics; ?San Francisco State
University; *Massachusetts Institute of Technology;
“‘Massachusetts General Hospital, Harvard Medical
School

The inner ear separates sounds by their frequency
content, and this separation underlies our remarkable
ability to communicate and resolve speech in acoustically
noisy environments. The mechanical interactions of
outer hair cell (OHC) stereociliary bundles with the
overlying tectorial membrane (TM) are thought to be
essential to achieve this extraordinary sensitivity. OHC
stereociliary bundles are embedded in the TM and are
thus thought to act as displacement sensors that move in
proportion to shearing motions between the TM and the
reticular lamina. However, because the TM is 97% water
by weight, interactions of interstitial fluid with the TM’s
elastic matrix may play a key role in hair cell stimulation.
To better understand this nanoscale interaction, we apply
nanoscale displacements to the TM at audio frequencies
and measure the resulting forces on microscale probes.
We observe that these probes are resisted by frequency
dependent forces that are in phase with TM displacement
at low and high frequencies, but are in phase with TM
velocity at transition frequencies. The phase lead can
be as much as a quarter of a cycle, thereby affecting
the stability of micromechanical feedback paths and
ultimately the sensitivity of hearing. Furthermore, this
transitional phase lead in the force applied by the
TM to a hair bundle occurs over a limited frequency
range, suggesting the presence of an additional tuning
mechanism whereby OHCs act as velocity sensors near
their characteristic frequency rather than displacement
sSensors.
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Examining the link between the stability diagram
and the fine structure of reflection otoacoustic
emissions using a cochlear model

Haiqi Wen'; Thomas Bowling®; Julien Meaud?
'G.W.W. School of Mechanical Engineering, Georgia
Institute of Technology; 2G.W.W. School of Mechanical
Engineering and Petit Institute for Bioengineering and
Bioscience, Georgia Institute of Technology

Otoacoustic emissions (OAEs), have been extensively
studied in scientific research and widely applied in
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clinical practice due to their noninvasive characteristics.
Depending on their generation mechanism, OAEs can
be categorized as nonlinear distortion emissions and
linear reflection emissions. In spite of different stimulus
paradigm, Stimulus-frequency OAEs (SFOAEs),
Spontaneous OAEs (SOAEs) and the reflection
component of distortion product OAEs (DPOAEs) are
believed to arise as reflections of the traveling wave
due to impedance perturbations along the cochlea
partition. Rapid amplitude variation separated by
periodic frequency intervals that result in the peak and
valley fluctuations across frequency, commonly referred
to as “fine structure”, has been observed in reflection
emissions. Careful examination of the similarity and
interrelationship between different the fine structure of
different types of linear reflection emissions is expected
to provide insights on the process of OAE generation In
this work, a state space-based time domain model of
the gerbil cochlea is used to investigate the relationship
between the fine structure of various reflection-type
OAEs. Cochlear roughness is introduced by adding
distributed inhomogeneities along the cochlea partition
which causes the reflection of traveling waves due to
impedance discontinuities. The state-space approach
makes it possible to determine the linearly unstable
modes and nearly unstable modes of the cochlea.
SOAEs, SFOAEs and DPOAE generation are simulated
in the time-domain. Analysis of model simulations
demonstrate that SOAEs are linked to the presence
of linearly unstable modes. Furthermore, both linearly
unstable and nearly unstable modes appear as peaks in
low level SFOAEs. Due to the saturation of the cochlear
amplifier, these spectral peaks are not as prominent
in higher level SFOAEs. In the case of the reflection
component of DPOAEs, the peaks linked to unstable or
nearly unstable modes tend to be attenuated due to two-
tone suppression of the distortion product response by
the primary tones. However, overall, the main aspects of
the fine structure of these reflection-type OAEs are all
similar and linked to the fundamental properties of the
cochlea. Varying key model parameters that affect the
reflection of forward propagating waves close to their
peak, or the reflection of backward propagating waves
at the stapes, affect the fine structure of reflection-type
emissions in a similar manner.
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The Anatomy and Cochlear Partition Motion-Pattern
of the Human is Different from those of Laboratory
Animals: Optical Coherence Tomography (OCT)
Measurements

Stefan Raufer'; Nam-Hyun Cho?; John J. Guinan?;
Sunil Puria*; Hideko H. Nakajima?®
'Eaton-Peabody Laboratories, Massachusetts
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Background: The motion of the cochlear partition (CP)
determines the mechanical input to the inner hair cells,
which determine auditory nerve responses. In laboratory
animals (typically rodents), the CP consists of the basilar
membrane (BM) attached to the bony osseous spiral
lamina (OSL), where the BM motion is similar to that of a
simply-supported beam and is the primary contributor to
the surface motion of the CP with the relative motion of the
OSL being negligible. However, the anatomy of the larger
human CP shows major differences from the anatomy
of smaller laboratory animals: in the base, the OSL
occupies the majority of the width of the CP. Furthermore,
there exists a soft-tissue ‘bridge’; between the OSL and
the BM in the human, which has about the same width
as the BM and which is absent in laboratory animals.

Methods: We measured the transverse motion of the
CP in fresh human temporal bones at multiple radial
locations, including along the OSL, the soft-tissue bridge,
and the BM. Measurements were made through the intact
round window membrane and after removing it. We used
a ThorLabs Ganymede-IlI-905 nm center wavelength,
spectral-domain OCT system combined with custom
measurement system software VibOCT and SyncAv
(Ravicz et al., 2018 AIP). Ear-canal sound-driven CP
motion was measured along the CP with a spatial resolution
of 10 um and at each point from 0.1 to 10 kHz in 1/4th-
octave steps below the best frequency of about 15 kHz.

Results: Our OCT measurements show that the
dynamics of the human CP differ greatly from those
of laboratory animals. In humans, the primary OSL
vibrates considerably (consistent with a single-point
measurement from Stenfelt et al. (2003)) and behaves
like a stiff plate hinged near the modiolus. The maximum
transverse CP motion is at the connection between the
soft-tissue bridge and BM. All structures (OSL, bridge,
BM) move in phase in the measured frequency range.
These data are consistent with our recent measurements
obtained with laser Doppler vibrometry and show that
the classic view of simple-beam CP motion that is
dominated by BM motion and applicable in laboratory
animals, is not valid for the human CP. Because the
CP motion greatly differs in humans, the mechanical
process for sound transduction carried out by the organ
of Corti sitting above the BM may also differ in humans.

[Supported by NIH/NIDC RO01-DC013303,
DCO007910, and American Otological Society]
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Optical Coherence Tomography and Spectral
Domain Phase Microscopy Reveal Complex
Differential Motion within the Cochlea.

C. Elliott Strimbu; Nathan C. Lin; Lisa Olson
Columbia University

Traditional cochlear vibrometry has been able to
measure the motion of the basilar membrane (BM) or
reticular lamina (RL) but not both simultaneously. Within
the cochlea, however, mechanoelectrical transduction
relies on complex motion between different structures
within the Organ of Corti (OoC). The ear relies on
the nonlinear cochlear amplifier to boost its internal
vibrations, sharpen the frequency response, and extend
its dynamic range. Because the cochlear amplifier is
generated by outer hair cell based forces, which are
driven by mechanoelectrical transduction, knowledge of
the BM displacements alone is not sufficient to explain
the input to the hair cells.

We use spectral domain phase microscopy (SDPM), a
functional extension of optical coherence tomography
(OCT), to measure vibrations at the base of the gerbil
cochlea in vivo. SPDM allows us to simultaneously
measure vibrations from multiple positions along the
instrument’'soptical path vyielding displacements from
multiple axial locations within the hearing organ between
the BM and OoC-complex. The ears are stimulated with
either pure tones or multi-frequency “Zwuis” complexes
which spanned the gerbil’'saudiometric range.

Similar to recent reports (He et al., eLife (2018) and
Cooper et al., Nature Communications (2018)) we find
that locations within the OoC, close to the outer hair
cells, can show larger displacements and a higher
compressive nonlinearity than the BM near the best
frequency (BF). Moreover, unlike the BM, sites within the
OoC exhibit a compressive nonlinearity at frequencies
well below the BF at the longitudinal location. The
results suggest that each longitudinal location in the
cochlea can operate with a compressive nonlinearity
over a wider frequency range than previously believed.
The nonlinear compression is enhanced when the ear is
stimulated with the broad-band Zwuis complex relative
to pure tones.
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Two-tone Suppression and Distortion Production
on the Reticular Lamina at the Base of the Gerbil
Cochlea

Wenxuan He; Tianying Ren
Oregon Health and Science University
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Background

When two tones at frequencies f1 and 2 (f1<f2) are
presented to the ear, a listener with normal hearing can
hear sounds not only at f1 and f2 but also at frequencies,
which do not exist in the stimuli, such as 2f1-f2. When f1
is close to f2, f1 tone can also suppress perception of f2
tone. Although two-tone distortion and suppression have
been previously demonstrated in basilar membrane
vibrations, auditory nerve responses, and hair cells
activities, they have not been measured from the
reticular lamina.

Methods

Young Mongolian gerbils of either sex with normal
hearing were used in this preliminary study. Reticular
lamina and basilar membrane responses to two tones
were measured from the base of the gerbil cochlea
through the round window using a heterodyne low-
coherence interferometer. When f2 was kept constant
at the best frequency of the measured location, f1 was
varied and the reticular lamina and basilar membrane
vibration were measured at different f2/f1 ratios.
Distortion of the reticular lamina and basilar membrane
vibration was estimated by the vibration magnitude at
distortion product frequencies, and suppression was
quantified by the f1-induced magnitude decease of 2
responses.

Results

Like single tone-induced responses, two tone-evoked
reticular lamina vibration at f1 increased with frequency
and reached the maximum when f1 was close to f2.
Despite constant f2 frequency and level, the reticular
lamina vibration at f2 decreased with f1 frequency, and
the maximum decrease occurred when f1 was close to f2.
This f1 tone-induced reduction of f2 response increased
with the sound level. In contrast, two-tone suppression
on the basilar membrane was observed in a narrower
frequency range and with smaller magnitude. Reticular
lamina distortion products at 2f1-f2 were significantly
greater than those of the basilar membrane, and strongly
correlated with suppression magnitude.

Conclusion

The strong correlation between suppression and
distortion production suggests that the two phenomena
share a similar cochlear mechanism. Since the apical
ends of outer hair cells are part of the reticular lamina,
the current results also indicate that outer hair cells from
a broad cochlear region are responsible for distortion
product generation.

Funding
Supported by NIH-NIDCD grant R01 DC004554.
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Mechanical Properties of the Organ of Corti
Complex

Sultan Sabha; Apoorva Khadilkar; Selena Khoury;
Jong-Hoon Nam
University of Rochester

The geometrical and mechanical properties of the
organ of Corti (OoC) complex, often represented by
the basilar membrane, vary monotonically along the
length of the cochlea. There has been substantial
effort to correlate the mechanical properties of the
OoC complex with cochlear functions. However, data
regarding fundamental cochlear mechanics are still
insufficient. For example, the data from the middle turn
of the cochlea are rare as compared the data from the
basal or apical turn. Stiffness measurements using
microprobes suffer ambiguity in interpreting results due
to high nonlinearity in force-displacement relationship.
Dissipating properties have been much less explored as
compared to stiffness properties.

We used a microfluidic chamber system to apply static
and dynamic pressures to excised cochlear turns
isolated from young gerbils, 18-21 old. Deformations
of the OoC complex due to the applied pressures were
measured and analyzed. By analyzing optical coherence
tomography images, the deforming patterns of the OoC
due static and dynamic pressures were obtained. The
pressure-displacement relationship was highly linear
within physiological pressure ranges (< 2 Pa). Unlike the
OoC in situ, the excised preparation showed little sign of
traveling waves because of its compromised mechanical
boundaries. Instead, it responded like a second-order
vibration system. Both in static and dynamic responses,
the basilar membrane was displaced in the transverse
direction, and its peak displacement occurs near the
outer pillar cells. From dynamic responses, the inertial
and dissipating properties of the OoC complex were
obtained. To analyze the measurement results further,
we used a 3-D finite element model. Using the model,
the responses of intact cochlea were simulated.

[Supported by NIH NIDCD R01 DC014685]
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Modeling Cochlear Nonlinearity in the Transmission-
line Framework
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The cochlea can be thought as a waveguide; as such
it can be approximately described by a cascade of
mechanical elements coupled together by the cochlear
fluids and/or by other structures in the organ of Corti.
By necessity, the formulation of cochlear models based
on this idea depends on simplifying (and, one hopes,
clarifying) assumptions about cochlear mechanics.

A popular family of cochlear models follows from
the assumption that the fluid flow in the scalae is
predominantly one-dimensional, leading one to describe
the motion of the cochlear partition and its basilar
membrane (BM) using transmission-line (TL) equations.
In particular, TL models represent the cochlea as a
cascade of two-port networks consisting of longitudinal
impedances (representing coupling via fluids) and
shunt admittances (representing the phenomenological
mechanics of the organ of Corti).

Transcending the details of different implementations,
TL models can be broadly categorized into two families
based on the formulation of their cochlear shunt
admittance. In the first family of models, such as that
of Zweig (1991), the frequency-dependent relationship
between BM displacement and the pressure across
the partition is represented using an “all-pole” transfer
function. In the second family, models such as that
of Neely and Kim (1986) employ a transfer function
incorporating both poles and zeros. Linear systems
theory ensures that linear TL models from the two
families are functionally equivalent when they produce
similar BM transfer functions.

However, nothing guarantees that nonlinear extensions
of the two types of models need behave similarly when
their parameters change dynamically to mimic the
compressive nonlinearities observed in BM motion. In
particular, one expects that moving either the poles or the
zeros of the admittance in order to mimic compression
at a specific frequency will manifest differently in the
time and frequency domains. Hence, nonlinear all-pole
models, where only the poles of the BM admittance can
vary with level, may behave differently than zero-pole
models, in which both zeros and poles can change.

In order to identify the most realistic strategy for modeling
cochlear nonlinearities in the TL framework, we study the
responses of a nonlinear version of the all-pole model
by Zweig (1991) and compare and contrast them with
the responses of its zero-pole approximation, where
either the zeros or the poles of the shunt admittance are
allowed to vary.
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A nonlinear transmission line cochlear model
based on two degrees of freedom micromechanical
elements
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One-dimensional transmission line cochlear models are
able to capture important features of the basilar membrane
(BM) dynamics. In the linear approximation, a successful
approach consists in fitting the BM transfer function (TF)
in terms of its zeros and poles. Although for a nonlinear
system the TF is not well-defined, one can still measure
the impulse response and find its frequency domain
representation in terms of poles and zeros. This way, the
system nonlinear dynamics is somehow characterized
by the trajectory of the zeros and poles in the complex
s-plane, as a function of the stimulus level.

On the other hand, the physical model associated to
a particular zeros and poles structure is not completely
determined. In other words, given the poles and zeros
position, it is not possible to determine the system in
terms of the parameters of a lumped elements circuit. In
Elliott (2017) the BM response TF is analyzed finding that
the best fitting function in the case of 1-d fluid coupling
is a two-pole TF. The natural physical system underlying
a two-pole TF is a two degrees of freedom mechanical
element transmission line. The purpose of this study
is finding a plausible nonlinear physical model with two
degrees of freedom micromechanics that is able to
reproduce the main symmetries of the cochlear response.
The linear model by Neely and Kim (1986) is based on
two mechanical oscillators that are suitably coupled
to reproduce a realistic BM excitement profile, without
invoking time-delayed (delayed-stiffness) or spatially-
shifted (feed-forward) interactions. In the present study,
we propose a nonlinear model in which the action—
reaction principle is respected, and the nonlinear coupling
between the two masses is tuned (by calculating the
eigenvalues of the normal modes of the system at different
stimulus levels) to get a nonlinear dynamics in which the
resonance frequencies remain approximately unchanged
whilst the damping increases significantly, at least in a low
stimulus level range. The poles trajectory is approximately
horizontal in the s-plane, and the zero-crossing invariance
is only weakly violated. These preliminary results are quite
promising, as they show that most experimental features
of the nonlinear cochlear response can be reproduced by
a simple two oscillators coupling, exploiting several hints
provided by the coupled linear oscillator theory.
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Comparison of Nonlinear Behavior of Extracellular
Potentials and Displacements of Outer Hair Cells

Elika Fallah; C. Elliott Strimbu; Lisa Olson
Columbia University

Mechanical displacements of the basilar membrane
(BM) and the electrophysiological responses of the
auditory outer hair cells (OHCs) are key components of
the frequency tuning and cochlear amplification in the
living mammalian cochlea. In the work presented here,
we measured the responses of (1) the extracellular
potentials generated by outer hair cells (OHCs) and (2)
displacements of different layers in the organ of Corti
complex (OCC) to a multi-tone stimulus, and to pure
tones. Using optical coherence tomography (OCT), we
were able to measure displacements of different layers
in the organ of Corti complex (OCC) simultaneously, at
a basal region of gerbil’s cochlea.

We compared the nonlinear behavior of the electrical
potentials and displacements of the BM and a layer
including OHCs in two frequency regions: at frequencies
well below the best frequency (BF) and in the BF
region. In the sub-BF region: (i) the BM’s motion had
linear growth for both stimulus types. (ii) The motions
of the OHCs was mildly nonlinear for single tones,
and relatively strongly nonlinear for multi-tones. (iii)
The nonlinear characteristics of the OHC-generated
potentials were very similar to that of the OHC-region
displacement. By entering the BF region, the BM’s
motion became nonlinear, and the degree of nonlinearity
of the extracellular potentials and the displacements of
the OHCs became larger.

To explore the basis for the compression seen in the
potentials and displacements of the OHCs in the sub-BF
region, a basic nonlinear analytical model was employed.
The compression of the OHC extracellular potentials
to multi-tone stimulus matched with the analytical
predictions when we accounted for the frequency tuning
of the multi-tone response.
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Ringing in Basilar-Membrane Responses to Clicks -
Effect on the Tonotopic Map
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The envelope of basilar-membrane (BM) responses to
acoustic clicks often exhibit striking temporal structures,
including multiple sequential bursts or lobes (i.e.,
ringing). This temporal structure of the BM response
envelope has been hypothesized to arise through a
global interference pattern as a consequence of multiple
internal reflections of the waves traveling within the
cochlea. These internal reflections occur in cochlear
models incorporating so called “roughness” that scatters
the forward traveling wave. The scattered wavelets
combine coherently within the peak region of the BM
response giving rise to a backward traveling wave, that
is partially reflected again towards the cochlea upon
reaching the stapes. It has been hypothesized that the
multiple reflections modify the tonotopic map of the
cochlea by slightly altering the local best frequency
(BF). The change in local BF arises due to a prolonged
ringing of the BM response to clicks that translates to
spectral ripples in the BM sensitivity around its peak.
Consequently, the tonotopic map remains exponential
on the largest scales but manifests a local, staircase-
like structure consisting of plateaus of nearly constant
BF alternating with sudden jumps. Here we test whether
the cochlear map is altered by the presence of the
ringing in the BM responses to clicks when measured
at multiple locations along the cochlear length in gerbils.
Small reflective beads were placed on the BM (at least
four) and their vibration was measured in response to
acoustic clicks with a laser doppler vibrometer. The BF
of each bead was estimated from its peak sensitivity
before and after removing the ringing from the response
with various signal processing strategies. The relative
distances between beads (i.e., cochlear location) were
estimated from microscope pictures. We demonstrate
that, although globally the BF changed exponentially
with cochlear distance, the removal of the later lobes
from the BM response results in smoother tonotopic
maps. Although our recordings are too spatially sparse
to unequivocally identify the predicted staircase-like
tonotopic map, the fact that local BF is modulated by the
ringing in the BM envelope to acoustic clicks agrees with
theoretical predictions.
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Multilocation Analysis of Mechanoelectrical Signal
Envelope Processing in the Guinea Pig and Human
Cochlea
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Signal envelopes contain valuable temporal information
which aids the interpretation of vocal communication.
Human hearing is adapted to extract this temporal
information. We previously demonstrated that organ
of Corti mechanics could respond to dynamic changes
in envelope amplitude, at the apex of the guinea pig
cochlea. Thus, envelope processing likely occurs at all
levels of the auditory system. Here, we extend the report
to investigate dynamic envelope induced mechanical
responses at multiple locations within the guinea pig
cochlea in vivo, electrical responses of hair cells in vitro
and of the human cochlea in vivo.

We demonstrated that isolated hair cells may respond
to dynamic envelope signals, and did not find evidence
of envelope responses at the basilar membrane of the
guinea pig at the 18 kHz location using laser doppler
vibrometry. The addition of TTX did not abolish
simultaneously measured electrical dynamic envelope
responses. We then sought to confirm the presence
of envelope responses at the reticular lamina and
their absence at the basilar membrane, by measuring
mechanical responses at the hook region of the guinea
pig cochlea, visible through the round window. Optical
Coherence Tomography vibrometry revealed the
presence of such envelope signals on the reticular
lamina at a characteristic frequency of approximately
30 kHz. Importantly, basilar membrane responses at
the hook region also showed no envelope entrainment,
despite comparable noise floors, in the presence of a
large electrical envelope signal measured by a round
window wire electrode. Electrical envelope responses
could be recorded at relatively low sound pressure levels,
whilst simultaneously recorded mechanical envelope
responses were not visible until high levels were used.

Finally, we demonstrated the presence of similar
dynamic envelope signals in the electrical responses
of humans, measured using a promontory electrode.
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These results taken together suggest a dominant role for
mechanoelectrical envelope processing throughout the
cochlea. The level discrepancy between the mechanical
and electrical outputs, and measurements in guinea
pig in the presence of TTX, may imply that inner hair
cell responses dominate envelope processing. Such
a mechanoelectrical mechanism is also validated via
mathematical modelling.

This work was supported by grants from the National
Institutes of Health NIDCD R01 DC000141.
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Following furosemide, a shift in the OHC transducer
operating point causes cochlear amplification to
recover more slowly than EP

Yi Wang; Elika Fallah; Lisa Olson
Columbia University

Endocochlear potential (EP) provides the voltage
drop needed to drive outer hair cell (OHC) transducer
current, which leads to OHC electromechanical force
and cochlear amplification. Earlier studies used
furosemide to reduce EP and showed that cochlear
amplification was temporarily abolished. Lacking a
measurement of EP, it is unknown whether the EP and
cochlear amplification recovered simultaneously. In
this study, using IV injection of furosemide to reduce
EP, the extracellular OHC transducer current, which we
term local cochlear microphonic (LCM), was measured
simultaneously with EP. We observed that the cochlear
amplifier and EP recovered with different time courses:
cochlear amplification just started to recover after the
EP was nearly fully recovered and stabilized. Using a
Boltzmann model and the 2nd harmonic of the LCM to
estimate the transducer operating point, we found that
this non-simultaneous recovery of cochlear amplification
resulted from a shift in the operating point.
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Locations of Distortion Product Generation Within a
Cochlear Model

Thomas Bowling'; Haigi Wen'; Julien Meaud?
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Engineering and Petit Institute for Bioengineering and
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Distortion product otoacoustic emissions (DPOAES) are
sounds generated by the cochlea in response to two
primary tones (f1 and f2) that can be measured in the
ear canal. Although DPOAEs are used both clinically and
in research to test for hearing functionality and hearing
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loss, questions remain on exactly where distortion
products (DPs) are generated. The theory of coherent
reflection predicts that distortion products are produced
by two distinct mechanisms: (1) by a distortion source
due to nonlinear interaction between the two primary
tones and (2) a reflection source caused by impedance
mismatches along the cochlear partition. DPs are
expected to be generated by the distortion source over
a broad region around the primary best places where
the envelopes overlap and the outer hair cells response
to both frequencies. The reflection source DPOAE
is expected to be generated in the region around the
distortion product best place. Multiple factors, such as
stimulus frequencies and levels, are known to affect
where distortion products are generated. The exact
basal extent of the distortion source is still debated;
researchers have found conflicting results, with some
finding evidence for the existence of basal generation
and others finding no such evidence. Determining the
exact locations of DP generation is crucial for DPOAE
measurements from locally damaged cochleae to be
correctly interpreted.

The present work uses a physiologically-based nonlinear
computational model of the gerbil ear cochlea to study
the locations of DP generation. The model includes a two-
duct three-dimensional model of the intracochlear fluid
and is formulated in the time domain. To determine the
locations of DP generation, model parameters directly
related to DP generation are selectively turned off for
different positions along the cochlear partition. By turning
off certain generation sites, the relative contributions
of different locations to the overall DPOAE measured
in the ear canal (or at the stapes) can be determined.
Several model parameters directly affect DP generation
and the benefits and issues with varying each parameter
are discussed. By using a model, the distortion and
reflection sources can be studied independently, and the
generation sites of each source determined.

Noise Injury |
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Therapeutic Hypothermia: A Potential Therapy to
Protect and Preserve Residual Hearing

Rachele Sangaletti'; Samantha Rincon?; Jayanti
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Introduction. Localized mild to moderate therapeutic
hypothermia has been widely studied for neuro-
protection against secondary injuries due to brain
trauma, strokes, and spinal cord injuries. Multiple
studies have considered the effects of temperature of
the cochlea and its influences on auditory responses
and a protective role of hypothermia in the inner ear
has been suggested. In a preclinical model, we have
recently shown that acute and localized application of
mild hypothermia reduced the trauma associated with
cochlear implantation and preserved residual hearing.
Here, we review the evidence highlighting therapeutic
efficacy and translational potential of hypothermia and
investigate the mechanisms underlying its protective
effects in the inner ear.

Methods. The University of Miami Institutional Animal
Care and Use Committee approved all procedures.
Two different models of traumatic injury were used in
the preclinical in vivo rodent model: surgical cochlear
implantation and noise-induced trauma. Residual
function was measured using auditory brainstem
responses and distortion product otoacoustic emissions.
An in vitro model was also developed to test the efficacy
of hypothermia against oxidative stress and hydrogen
peroxide mediated cellular impairment and apoptosis.
RNA-seq, Western Blot and rt-qPCR were performed at
multiple time points to quantify gene and protein level
expression of selected factors in control, euthermic
and hypothermia-treated conditions. Additionally, a
quantification of immune cells with the use of flow
cytometry technique was performed. Finally, cadaveric
temporal bone and mathematical stimulations were
developed to study translational potential of such
approach.

Results. Functional measurements suggested that
mild hypothermia provided during cochlear implantation
surgery or following noise application significantly reduced
threshold shifts post trauma. Mild therapeutic hypothermia
reduced inflammation and oxidative stress and increased
activity of anti-apoptotic pathways, while increasing
cell viability and reducing cell death. Moreover, flow
cytometric analysis shows that hypothermia treatment
significantly reduces the number of activated microglia,
macrophages and lymphocytes/leukocytes recruited
at the site of the injury (between 5 to 10-fold reduction)
when compared with euthermic conditions.
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Conclusions. Multiple cellular processes including
inflammatory reactions, oxidative stress mechanisms,
apoptosis and necroptosis mediate the death or survival
of hair cells and neurons. Understanding the mechanisms
underlying protective effects of hypothermia will guide
its translational potential and lead to identification of
potential targets for combinatorial therapeutic modalities.

Supported by NIH 1UL1TR000460, 1R21DC014324,
1R01DCO013798, Wallace H Coulter Center for
Translational Research and Cochlear grants to SMR.
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A Role of the Guanylyl Cyclase GC-A in Auditory
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Background: In the inner ear, the cGMP signaling
pathway has been described to facilitate both protective
and harmful processes in response to traumatic events.
The aim of this study was to investigate the otoprotective
role of the particulate cGMP generator guanylyl cyclase
type A (GC-A) and its ligands atrial and B-type natriuretic
peptides (ANP, BNP) for auditory function.

Methods: Transgenic mice knockout (KO) for GC-A
were tested for hearing function and for auditory
recovery from noise injury. We studied GC-A, ANP and
BNP expression in the hearing organ in the cochlea
of the inner ear. Hearing function was monitored with
auditory brainstem responses (ABRs). Integrity of the
cochlear amplifier was assessed with distortion product
otoacoustic emissions (DPOAEs) that depend on the
electromotile activity of cochlear outer hair cells (OHCs).

Results: Our results show that GC-A is expressed in
OHCs, while ANP and BNP are expressed in OHCs and
sensory inner hair cells (IHCs). We analyzed the hearing
function of GD-A-KO animals pre- and post acoustic
trauma.

Conclusion: The role of cGMP within the ANP and
BNP/GC-A/cGMP signaling pathway in the inner ear will
be discussed and scanned for protective prospects for
age and noise induced hearing loss.

This work was supported by grants from the Deutsche
Forschungsgemeinschaft (FOR 2060 project FE 438/6-
1, RU 713/3-2, DFG-Kni-316-10-1, SPP 1608 RU
316/12-1, and SPP 1608 KN 316/12-1).
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Pathophysiological differences of hearing
impairment between two types of blast induced
hearing loss
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Background

Blast induced hearing loss has been researched
because ear is the most fragile organ for blast. Although
several blast models have been established, the
detailed pathophysiology on blast induced hearing loss
has not been revealed. The most critical etiology of
blast-induced hearing loss is cochlear permanent injury.
However, measurement of detailed cochlear function
after blast exposure is difficult, because most blast
models cause tympanic membrane perforation (TMP)
following conducting hearing loss. We have established
two types of blast induced hearing loss models, which
have pure sensorineural hearing loss without TMP. In
this study, we analyzed these two models; one is induced
by air-conducting shock wave generated from an air-
compressed shock tube, the other is induced by bone-
conducting shock wave generated by laser chamber
(laser-induced shock wave: LISW).

Methods

Shock tube: SUS-tubing inflated compressed nitrogen
gas was used. Shock wave propagates to low-pressure
part by breaking the membrane. The peak pressure
was set to 25 kPa, and irradiated to the mouse from
diagonally upward.

LISW: Shock wave was generated by 532-nm Nd: YAG
laser. YAG laser irradiated to posterior ear of mice
through PET seat rubber. Shock wave energy was set
to 2.0 J/cm2.

Auditory brainstem response (ABR) and distortion
product otoacoustic emissions (DPOAE) were
used to cochlear function measurement. Cochlear
immunohistochemistory was performed 28 days after
shock wave exposure, using Myosin VIIA, CtBP2, and
GIuR2.

Results

In shock tube and LISW groups, permanent ABR
threshold shift about 10 - 20 dB was observed.
Interestingly, DPOAE threshold in the shock tube
group was elevated at higher frequencies, whereas no
elevation was observed in LISW group.
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Loss of the inner and outer hair cells was not observed
in both shock tube and LISW groups. Moreover, the
number of synapses was reduced, and orphan synapse
degeneration was also appeared mainly at the basal turn
in both groups. However, these changes were observed
more frequent in LISW group.

Discussion

It is suggested that pathopysiological differences
between shock tube induced shock wave and LISW
would be caused by shock wave property. Characteristic
of cochlear damage induced by air-conducting shock
wave generated by shock tube would be similar to that
of noise induced hearing impairment, which is mainly
observed in the lower turn. Alternatively, LISW affected
all turns via bone-conduction, whereas a gradient pattern
of severity of damage was observed.
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Mitochondrial Quality Control in Auditory Hair Cells
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Background: Mitochondrial dysfunction is believed to
be a major underlying cause of hearing loss. Cellular
stress, such as that induced by loud sound exposure,
can result in mitochondrial dysfunction resulting in
increased mitochondrial fragmentation, production of
excessive oxidative free radicals, and cell death. The
maintenance of mitochondrial integrity occurs through
the coordinated activities of mitochondrial biogenesis,
dynamics, and mitophagy. The goal of this study was to
examine the regulation of mitochondrial quality control
mechanisms in response to increased energy needs
of outer hair cells (OHCs) that occurs with loud sound
exposure.

Methods and Results: PhAMfloxed mice were crossed
with prestin-CreERT2 mice to generate mice that
express a mitochondrial-specific version of the Dendra2
fluorescent protein. These mice were exposed to either
permanent or temporary threshold shift-inducing loud
sound levels, and the cochlea were harvested at various
times following noise exposure. High resolution imaging
revealed primarily punctate mitochondria in the OHCs
of control animals. Following loud sound exposure,
alterations in mitochondrial morphology were observed
primarily in the apical region of the basal OHCs.
Depending on the intensity of the loud sound exposure,
two different observations were made: 1) following
exposure to a highly damaging level of loud sound, the
mitochondria became smaller and more punctate; and
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2) following exposure to a mildly damaging level of loud
sound, the mitochondria became significantly elongated
indicating the induction of pro-survival pathways.

Conclusions: Deregulation of mitochondrial quality
control mechanisms has long been recognized as
the underlying cause of many pathological conditions
including hearing loss. The morphological state of
mitochondria is believed to be directly related to
mitochondrial function and health, and therefore, to
cell viability. The observed presence of elongated
mitochondria following loud sound exposure suggests
that stress induced mitochondrial fusion activity is
involved in maintenance of mitochondrial integrity and
OHC survival.

Funding: Supported by grants 5R01DC000105,
P30DC005983, and W81XWH-15-1-0560.
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