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President’s Message 2010

Welcome to Anaheim! The ARO Council leadership is excited about this
new locale. It promises a first rate hotel, many options for dining, and a long list of
other recreational activities for those of you who can tear yourselves away from
the research meeting. This is ARQ’s first visit to Anaheim. We have only had one
previous western venue for an ARO Midwinter Meeting, in Phoenix, 2008. With
this year's MWM we inaugurate a new tradition of west coast venues on alternate
years. We are tentatively scheduled here in Anaheim on the “even” years through
2014. We very much need your feedback about your experiences here at the
Anaheim site. Hopefully we will continue this new bi-coastal tradition for many
years to come.

This year’s exciting list of symposia includes Migraine: from neurobiology
to clinic and back; Synaptic and intrinsic plasticity in the auditory system:
mechanisms and functional significance; Human otopathology and basic science:
partners in translational research; Auditory stream segregation and selection; New
developments in understanding hair-cell transduction; Signal processing in first
and second order vestibular neurons; Stem cell applications for cochlear repair —
from proof of principle to therapy; and Modeling neural responses and perceptions
of complex sounds. In addition to the symposia, we will be able to attend
workshops sponsored by the Media Relations Committee, the NIDCD, the Minority
and Diversity Affairs Committee, and the Patient Advocacy Committee. The 2010 Award of Merit recipient, lan Russell,
FRS, will speak on “Humming in tune: sex recognition by mosquitoes on the wing through acoustic distortion.” Of course,
there will also be a number of official and unofficial social events to round out the schedule.

Remember to attend the Business Meeting Sunday evening at 6PM. In addition to an update of the Association’s
affairs, new members of the nominating committee are chosen and other issues of concern are highlighted. This year we
will reprise the Exhibitors’ Scavenger Hunt that was so popular last year. The Hunt's winners will be drawn at the
Business Meeting. Prizes include popular gizmos such as iPod, Wii, etc. So, please attend to play your part in
Association business (and for the possibility of scoring cool toys).

Our Midwinter Meeting could not occur without the continued hard work and effective administration of Talley
Management. Also, many members of the ARO dedicate hours of their time to program organization, symposium and
workshop development, short courses and more. We are indebted to AAO-HNSF, DRF, AAAF, NIDCD, and the
Collegium Oto-Rhino Laryngologicum Amicitiae Sacrum - US Group, Inc, for their donations of travel funds for students
and fellows. The collected efforts and generosity of all these deserve our recognition and thanks.

The Association for Research in Otolaryngology MidWinter Meeting continues to be the highlight of the yearly
conference calendar for me and for many of you. ARO is our community. The MWM is a chance to catch up with old
friends, make new friends, and see and hear the best science in the world. This organization fills a unique niche in our
personal and professional lives. It does so because of the active engagement of you, its members. | hope you will all
enjoy this year’s meeting and | hope you will all look for opportunities to make your own contributions to this wonderful
society.

Steven D. Rauch
President
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lan Russell
2010 Recipient of the Award of Merit

lan Russell has been an active research scientist for more than 35 years. Unlike many recipients of this award, whose
magnificent achievements have resulted from concentrated intellectual investment in a single challenging area, Russell is
an intellectual butterfly. His agile mind alights on problems and issues through broad ranging interests and wide reading
and he pursues whatever engages him. This has allowed him to make considerable contributions to several areas, not
just those in mammalian hearing, for which he is rightly being recognized. His earliest publications concerned the function
of the lateral line system in fish. He demonstrated that these receptor systems were suppressed by inhibitory efferents
during a variety of activities including swimming. He further demonstrated, using state-of-the-art ion-sensitive electrodes,
that the cupula of lateral line organs contains high concentrations of potassium ions making it a typical hair cell system. It
is surprising to many that this was one of the first publications with Peter Sellick. The interest in lateral line was
maintained over many years with various collaborators such as Ake Flock, Barry Roberts and David Lowe. From the hair
cells of the lateral line system it was a short intellectual jump to consider the function of cochlear hair cells. However, in
the late 1970’s, and probably still today, it was easy to think about recording from cochlear hair cells, but actually
succeeding in doing so was another matter. Indeed, when Russell and Sellick applied for the first grant to support this
work it was rejected as being impossible. Following Ted Evans’s advice, they went ahead and actually recorded from hair
cells and subsequently won the grant funding, which has continued uninterrupted throughout Russell’s career. Bizarrely,
the first recordings were funded by Readers Digest. Colin Blakemore, visiting during the inner hair cell recordings, put
them in touch with Readers Digest, who give away money not collected in Prizes. They went to Mayfair in London to pick
up the £20,000 check that bought the microscope, microphones and amplifiers needed for the experiments. These
pioneering recordings from cochlear hair cells in vivo were a considerable tour de force. Even today the number of
laboratories with such expertise can be counted on one hand. It was these early hair cell recordings that established
Russell and Sellick’s reputations within the auditory community and contributed to Russell's election as a Fellow of the
Royal Society in 1989. What could be clearly seen in these first recordings was that outer and inner hair cells are
exquisitely sharply tuned. This alone required a re-evaluation of the many hypotheses and models of how the sharp
tuning, evident in auditory nerve fibre recordings and psychophysical measurements, came about. Direct measurements
of the basilar membrane mechanics have subsequently demonstrated that this sharp tuning is present in the vibration
patterns, which has lead on to our understanding of the active processes in the cochlea. About this time the young
Jonathan Ashmore worked with Russell on transduction in frog sacculus before going on to establish himself at Bristol and
subsequently in London. Further hair cell recordings with Alan Cody revealed the effects of noise damage at the level of
the receptors.

The hair cell recordings led directly on to further ambitious projects towards understand the working of the mammalian
cochlea. Three areas of research are particularly notable. The first required the development of a laser interferometer.
Commercial interferometers were just beginning to become available and several laboratories world-wide started using
these to re-examine the vibration of the basilar membrane, another technically demanding endeavor. With his own design
laser interferometer Russell made extensive measurements of basilar and tectorial membrane vibration and published
some of the first measurements made both across and along the basilar membrane rather than at a single locus,
revealing complex transverse vibration patterns. In another study, with Euan Murugasu, Russell measured basilar
membrane vibration while stimulating the efferent system and infusing acetyl choline via the round window, thus
demonstrating for the first time the direct effect of the olivo-cochlear system on basilar membrane mechanics! The third
major contribution to the understanding of cochlear function has been in collaboration with Guy Richardson and Corné
Kros. Together they have developed innovative electrophysiological and molecular techniques to probe the structure and
function of the tectorial membrane and the nature of mechano-electrical transducer currents of mammalian hair cells,
utilizing specially designed knock-outs and an isolated mouse cochlea preparation, the organotypic cochlear culture.
Following the discovery by Dallos’s group of the motile protein prestin in the wall of outer hair cells Russell has made
measurements of the basilar membrane vibration in a prestin knock-out mouse. The results are not quite what many
expected, but data that departs from the received wisdom has never prevented Russell from publishing his results!
Russell's laboratory currently employs otoacoustic emission measurements, isolated cochleas, interferometer
measurements and hair cell recordings to continue the quest for a complete understanding of auditory transduction.

While pursuing these fundamental questions about cochlear function, Russell has also found time to collaborate with
Marianna Vater and Manfred Kdssl to investigate cochlear function and its development in the bat. To study development
they had to locate bat caves in Cuba and develop portable recording equipment that they could operate deep in the humid
and hot caves where the various developmental stages of the bats were all accessible. Field work in the raw!
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Most recently one of Russell's great enthusiasms has been unraveling the manner in which mosquitoes choose their
mates. In collaboration with Gay Gibson and Ben Warren he has shown that they adjust and synchronize their flight tones
as part of the mating duet even, in some species, using non-linearly generated difference tones between inaudible higher
harmonics as an error signal.

While running this creative and productive research team Russell has maintained a full undergraduate teaching and
mentoring load within the Biological Sciences department of the University of Sussex for whom he has worked for the last
3 decades. As an inspirational teacher and mentor he has been instrumental in the launching or furtherance of many
auspicious careers: Jonathan Ashmore, Alan Cody, Corné Kros, Andrei Lukashin, Euan Murugasu, Alan Palmer, Guy
Richardson, Alfons Risch, Peter Sellick, to name but a few.

Russell has never been a regular contributor to the larger international conferences preferring to get on with his research
and allow his publications to speak for him. What he has been and continues to be is an inordinately creative researcher
who not only achieved pioneering measurements of cochlear function, but also employed cutting-edge
electrophysiological, biophysical and molecular techniques to the elucidation of auditory function. For these exceptional
contributions to the field of hearing he is an excellent and deserving recipient of the ARO Award of Merit.

ALAN PALMER

CORNE KROS
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[1] Neurobiology of Migraine Symptoms: The
Role of Dura-Sensitive Thalamic Neurons in
Photophobia and Allodynia

Rami Burstein'

'Harvard Medical School

Photophobia during migraine, exacerbation of headache
by exposure to ambient light, is experienced by nearly
90% of migraineurs during an acute attack. The underlying
neural substrate of such photophobia is unknown. We
hypothesize that it is driven by retinal signals conveyed
through non-image forming pathways to thalamic dura-
sensitive neurons that underlie migraine pain. We
interviewed legally-blind migraine patients and found that
exacerbation of migraine headache by light is experienced
by blind subjects with damaged image-forming pathways
who maintain light perception, but not by those devoid of
visual and non-visual light perception. Electrophysiological,
anatomical and immunohistological techniques were used
to test our hypothesis in the rat.  Ongoing activity of
thalamic dura-sensitive neurons increased 2X under
ambient light and 4X under bright light shone on the
contralateral eye. Most dura/light-sensitive thalamic
neurons were located in the lateral posterior nucleus (LP),
or in the posterior nucleus (Po)/LP border, in Po, and in
ventral posteromedial nucleus (VPM). Retinal projections
make connections to dura-sensitive neurons in the
dorsocaudal thalamus. Cortical projections of individual
dura/light-sensitive thalamic neurons were mapped within
the primary somatosensory, motor, retrosplenial, parietal
association, primary and secondary visual cortices. We
concluded that photic information is integrated by dura-
sensitive thalamic neurons that receive direct input from
retinal ganglion cells and project extensively to cortical
areas involved in nociceptive, visual, cognitive and motor
functions, providing a means for photomodulation of dura-
sensitive thalamic neurons and, thus, the severity of
migraine headache. We have shown clinically that the
throbbing headache of migraine is commonly associated
with cephalic allodynia confined ipsilaterally to

the referred pain area around the eye and, often,
extracephalic allodynia that extends to the arms and legs.
Cephalic allodynia develops 20-60 min after onset of
migraine but extracephalic allodynia does not start until 2-3
hrs later, suggesting mediation by different neuronal
mechanisms. Using single-unit recording techniques in
our rat model of intracranial pain we studied dura-sensitive
thalamic neurons receiving convergent sensory input from
cephalic and extracephalic skin.

Following a brief exposure of the dura to inflammatory
soup (IS) (1) cutaneous receptive fields expanded, (2)
ongoing activity increased and/or changed from
occasional bursts to prolonged bursts, (3) quantitative
mechanical and thermal skin stimulation evoked larger and
longer neuronal responses, and (4) response thresholds
decreased for innocuous skin stimuli. These findings
suggest that the spread of cutaneous allodynia from the
referred pain area to other parts of the head and body is
mediated by sensitization in thalamic neurons that process
sensory information from the dura, cephalic, and
extracephalic skin.
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[2] A Primary Sensory Innervation
Connecting Headache, Meniere’s Disease

and Inner Ear Dysfunction

Zoltan Vass"?, Gabor Jancsé®, Alfred Nuttall**
!Studiomed Plusz Bt Szeged, *Oregon Hearing Research
Center, *Albert Szent-Gyorgyi Medical University, “Kresge
Hearing Research Institute

Trigeminal neurogenic inflammation is one explanation for
the development of vascular headaches. The migraine-
related inner ear symptoms of phonopobia, tinnitus,
fluctuation in hearing perception, and increased noise
sensitivity provide indirect evidence for a connection to
basilar artery migraine. Meniere’'s disease is also
characterized by vertiginous episodes, sensorineural
hearing loss and decreased speech discrimination scores.
Our studies have been directed toward determining if a
physiological basis for neurogenic inflammation exists
between cochlear and the basilar artery.

Capsaicin applied to the cochlea could induce a
concentration dependent neurogenic inflammation as
indicated by plasma extravasation from the basilar artery
and anterior inferior cerebellar artery (AICA). Capsaicin
apparently activates primary sensory fibers innervating
vessels supplying the cochlea. In further work provided
direct evidence for such a population of fibers that
originates from the trigmeninal ganglion.

These results characterize a functional connection
between the cochlea and vertebro-basilar system through
the capsaicin sensitive primary sensory neurons. We
propose that vertigo, tinnitus, and hearing deficits
associated with migraine could arise by excitation of the
trigeminal ganglion leading to vascular tone and
permeability change. In homeostatic diseases of the inner
ear (e.g. Meniere’'s diseases), trigemino-sensory
innervation may also play a role. Moreover it is possible
that cochlear dysfunction may also be able to trigger
basilar and cluster headache. Supported by NIH NIDCD
DC 00105

[3] Epidemiology of Migraine, Vertigo and
Vestibular Migraine

Michael von Brevern'?

'Park-Klinik Weissensee, *Vestibular Research Group
Berlin

Both headache and dizziness/vertigo rank among the most
common complaints in the general population. Worldwide,
the 1-year prevalence for headache is about 50% and
ranges for migraine between 11% and 14%. Likewise,
dizziness and vertigo is one of the most common
complaints in medicine, affecting approximately 20% to
30% of the general population.

With respect to the high prevalence of vertigo and migraine
in the general population it is not surprising that many
patients suffer from both symptoms. Nonetheless, in the
last decade epidemiological arguments have progressively
accumulated to strengthen the hypothesis that vertigo is
linked to migraine beyond a mere chance concurrence.
Several studies with selected patient groups have shown
that the prevalence of vertigo is increased in patients with
migraine. Vice versa, patients presenting to a dizziness
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clinic more often have a history of migraine than would be
expected by chance. The epidemiological link between
vertigo and migraine has recently been confirmed on the
population level.

The relation between vertigo and migraine is intricate and
the pathophysiological basis of the link between both
symptoms is poorly understood. In vestibular migraine,
vestibular symptoms are conceptualized as a symptom of
migraine. Vestibular migraine is probably the most
common cause for recurrent spontaneous vertigo with a
lifetime-prevalence in the general population of about 1%.
Other vestibular disorders that display an increased
prevalence of migraine are benign paroxysmal positional
vertigo and Meniére disease. In both disorders the
prevalence of migraine is about twice compared to age
and sex matched controls. Furthermore, migraine is
epidemiologically linked to motion sickness, several ataxia
disorders and psychiatric syndromes that can also
manifest with vertigo and dizziness.

[4] Clinical Clues About a Dizzying Headache

Jeffrey Staab'

'Mayo Clinic

Recent years have seen a tremendous upsurge of clinical
and research interest into the proposition that migraine
causes dizziness. From 1970s case reports linking
migraine to childhood vertigo spells, migraine has become
an increasingly common diagnosis in neurotology practices
worldwide. Various clinical syndromes of migraine-related
dizziness (MRD) have been described and formal
diagnostic criteria proposed. Epidemiologic data have
been collected, mechanistic investigations performed, and
neurophysiologic models developed. Yet, the burgeoning
popularity of idea that migraine causes dizziness rests on
a surprisingly thin research database. There is no
consensus about the definition of MRD. Only one well-
controlled medication trial has been published. Opinion
pieces and review papers on this subject outnumber
rigorous research reports. As a result, clinical practice is
operating in a greater void than many realize. The field of
neurotology has embraced the concept that migraine
causes dizziness, but much about this notion remains
unknown and speculative.

This presentation will pose three questions about future
clinical investigations into the relationship between
migraine and dizziness: (1) What variables should be
measured? (2) What patients should be studied? and (3)
How might clinical trials be designed to yield both clinically
useful results and greater insights into pathophysiologic
processes? The implications of these three questions will
be illustrated with recent data demonstrating fundamental
gaps in current clinical knowledge. Ambitious, but practical
and necessary, near-term goals for clinical research will be
suggested, including production of (a) well-validated,
diagnostic schema to guide clinicians through the
differential diagnosis of headache and dizziness, (b)
treatment guidelines based on adequately powered, well-
controlled intervention trials, and (c) results that inform and
benefit from advances in neurosciences across all relevant
disciplines.
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[5] Abnormal Motion Perception in Migraine

Associated Dizziness

Richard Lewis', Koeun Lim*, Keyvan Nicoucar’, Daniel
Merfeld®, Adrian Priesol*

'Harvard Medical School

Migraine associated dizziness (MAD) is a frequently
diagnosed but poorly understood entity. The
pathophysiology underlying this disorder is unclear and no
diagnostic test is available for MAD. We hypothesized that
psychophysical measurements of motion perception may
be abnormal in MAD patients and could help clarify the
pathophysiology of MAD. Motion perception was measured
in four patients with MAD and four age-matched controls
during movements that activated the semicircular canals
(roll rotation at 0.1 and 1.0 Hz), the otolith organs (static
roll tilt), or the canals and otoliths in tandem (roll tilt at 0.1
and 1.0 Hz). Perceptual thresholds were determined
using a standard staircase paradigm, whereby the peak
acceleration of the motion was decreased or increased
based on accurate or inaccurate percepts of movement
direction.Perceptual thresholds in MAD patients did not
differ from normal subjects when the canals or otolith
organs were activated in isolation (roll rotation, static roll
tilt). When the canals and otoliths were activated in
tandem, thresholds were normal in MAD subjects during
high frequency (1.0 Hz) roll tilts but were dramatically
lower than normal during mid-frequency (0.1 Hz) roll tilts.
Our results suggest that an abnormal synthesis of canal
and otolith information by the brain may be responsible for
the reduced perceptual thresholds in MAD patients during
mid-frequency roll tilts. Since perceptual and eye
movement responses mediated by vestibular inputs may
be generated by different mechanisms, this abnormality
may be evident with psychophysical testing but not eye
movement measurements.

[6] Migraine and the Ear: Where Do We Go

from Here?

John Carey’

!Johns Hopkins School of Medicine

Migraine is an extraordinarily common neurological
disorder with manifestations that frequently present to
otolaryngologists. Migraine has been linked to Méniére's
disease, benign positional vertigo, drop attacks, and
sudden sensorineural hearing loss. Yet the NIDCD
portfolio lists only one grant that is presently investigating
mechanisms of migraine! This talk will discuss several
specific areas of potential research related to migraine that
need to be pursued by auditory and vestibular
neuroscientists. Cortical spreading depression has been
linked to visual disturbances that occur in migraine. Could
spreading disturbance of neuronal activity also occur in
vestibular and auditory centers, or even in the periphery?
What would be its physiological manifestation? Trigeminal
efferent activation and release of peptide neurotransmitters
have been linked to plasma extravasation in the inner ear.
Is this just a laboratory artifact or a real phenomenon that
underlies hearing and/or vestibular dysfunction? The
sensitization of central sensory nuclei has been linked to
pain and cutaneous hypersensitivity in migraine. Are the
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auditory and vestibular nuclei also susceptible to
hypersensitization, and can this be readily measured?
Migraine affects hearing and balance, and there are many
opportunities for our community to contribute to its
understanding and amelioration.

GABAg Adjusts the Balance of Excitation

and Inhibition in Binaural Brainstem Neurons
Benedikt Grothe', Ursula Koch®

'Department Biology Il, Ludwig-Maximilians-University
Munich

Stimulus dependent adaptation of response properties of
single neurons are a well known phenomenon in sensory
systems. Yet, its significance for processing spatial
acoustic information at the initial stages of binaural
interactions (superior olivary complex, SOC) is, at best,
circumstantial. We found an unexpected stimulus
dependent adaptation in the responses of lateral superior
olive (LSO) neurons in response to changing interaural
level difference (ILD; Park et al. 2008, Hearing Res
238:58). In vivo and in vitro pharmacology showed that
these effects can, to a large extent, be explained by
GABAg receptor mediated modulation of the synaptic
inputs to a given LSO neuron. Interestingly, this
modulation is controlled by activity of the postsynaptic LSO
neuron itself via dendritic release of GABA that activates
presynaptic GABAg receptors mainly of excitatory inputs
(Magnusson et al. 2008, Neuron 59:125).

Our most recent experiments show that synaptic inputs to
interaural time difference (ITD) processing neurons in the
medial superior olive (MSO) are also regulated by
presynaptic GABAg receptors. In contrast to LSO, GABAg
receptors in the MSO mainly regulate the inhibitory and not
the excitatory inputs. Moreover, in the MSO GABA is not
retrogradely released from the principle neurons
themselves, but rather from GABAergic fibers of unknown
origin that terminate in the region of MSO somata and
proximal dendrites.

Both findings, in LSO and MSO, clearly show that the
balance of excitation and inhibition is not only a crucial but
also a dynamic feature in adjusting binaural sensitivity in
the mammalian brain.

Nicotinic Regulation of Auditory Cortex:

From Cells to Cognition

Raju Metherate'

'University of California, Irvine

In this talk | will describe recent studies to determine how
nicotinic acetylcholine receptors, activated by either the
neurotransmitter acetylcholine or the drug nicotine,
regulate auditory cortex mechanisms and function. We
use the auditory thalamocortical slice preparation to
identify cellular mechanisms by which nicotinic
acetylcholine receptors regulate cortical responses to
thalamic inputs. We perform parallel in vivo studies to
determine functional implications for cortical processing of
sound. And finally, we examine how these regulatory
mechanisms contribute to auditory-cued behavior. The
results suggest that nicotinic cholinergic enhancement of
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cortical processing contributes
cognitive performance.

to optimal auditory-

[9] Activity-Dependent Mechanisms
Regulating Transmission and Integration in

the Superior-Olivary Complex

lan D. Forsythe'

MRC Toxicology Unit, University of Leicester, LE1 9HN
The auditory brainstem must transmit and integrate
information with high fidelity over a broad range of activity
levels. Transmission across the relay synapse of the calyx
of Held can be highly reliable at low frequencies, but as
transmission rates rise above 100Hz, short term
depression of the synaptic current vastly reduces the
security of transmission and postsynaptic failures are
observed. Long-term changes in transmitter release or
changes in synaptic strength have not been reported at the
calyx (or endbulb) of Held. Alternatively, activity-
dependent modulation of target neuron excitability
mediated via voltage-gated ion channels, could control
threshold excitability, action potential waveform and
integration of sustained or high frequency synaptic inputs.
Neuronal nitric oxide synthase (nNNOS) is highly expressed
in neurons of the medial nucleus of the trapezoid body
(MNTB) and nitric oxide (NO) is generated on stimulation
of the calyx of Held, via calcium influx through postsynaptic
glutamate receptors. The ability of NO to diffuse
unimpeded through cell membranes allows it to act as a
‘volume transmitter’, providing a local indicator of on-going
activity for both active and inactive neurons. Rather than a
presynaptic action, the predominant mechanism is via
phosphorylation of postsynaptic voltage-gated potassium
channels (Kv). NO signaling mediates an activity-
dependent suppression of Kv3.1 currents, so increasing
action potential duration and reducing firing rates in
response to auditory input, perhaps serving as a gain
control. These observations demonstrate that postsynaptic
excitability is an important means of activity-dependent
regulation, which would complement adaptation of synaptic
strength as a mechanism of neural computation in auditory
processing.

Altered GAP Coding and Glycinergic
Neurotransmission in the DCN of an Animal

Model of Tinnitus: Pathologic Plasticity
Donald Caspary"?, Hongning Wang®*, Thomas Brozoski?,
Jeremy Turner®®, Larry Hughes®

'Department of Pharmacology, Southern lllinois University
School of Medicine, 2Department of Otolaryngology,
Southern lllinois University School of Medicine,
®Department of Psychology, lllinois College

Tinnitus affects 15-35% of individuals in the United States
and up to 10% of these individuals report severe and
disabling symptoms. Sound-exposure animal models of
tinnitus can be wused to assess functional and
neurochemical tinnitus-related plastic changes. The dorsal
cochlear nucleus (DCN) displays changes consistent with
altered pre- and postsynaptic glycinergic inhibition in
animals with behavioral evidence of tinnitus. Tinnitus was
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induced in adult rats using a unilateral, one-hour, 17 kHz-
centered octave-band noise (116 dB SPL) and assessed
using a gap-startle protocol. Three months following sound
exposure, the rats showed no significant ABR threshold
elevation, and a subpopulation of animals displayed
impaired gap coding, indicative of tinnitus. There was a
significant down-regulation of the a4 glycine receptor
(GlyR) subunit protein in fusiform cells located in the
middle and high frequency regions of the DCN in rats with
behavioral evidence of tinnitus. The anchoring/trafficking
protein, gephyrin, displayed tinnitus-related increased
protein levels across DCN frequency regions. Consistent
with decreased a4 subunit protein levels, strychnine
binding showed significant tinnitus-related decreases in the
number of GlyR binding sites in the fusiform cell area.
Single unit studies found that DCN fusiform cells from
sound-exposed rats displayed significantly increased
spontaneous activity and altered gap coding, especially
near the frequency limits of the units excitatory response
area. These findings establish that loud sound-exposure
produces tinnitus in an animal model that is associated
with significant functional and glycinergic pathologic
plasticity in the DCN.

Supported by Merck Corporation,
Association and NIH DC008532.

American Tinnitus

[11] Homeostatic Control of Temporal Coding
by Coordinated LTP and LTD in an Auditory
Circuit

Thanos Tzounopoulos1

'University of Pittsburgh

Optimal neural coding over the dynamic range of natural
sensory environments requires plastic neural circuits.
However, the neural representation of temporal features of
sensory stimuli must remain invariant for accurate stimulus
identification and discrimination. The circuit mechanisms
that modulate neural coding to accommodate changes in
input statistics, while establishing homeostatic control of
temporal coding, remain to be revealed. Here we show
that coordinated long-term potentiation (LTP) and long-
term depression (LTD) in a feedforward inhibitory, auditory
brainstem circuit modulate sensory response threshold,
while preserving spike response timing. Our findings
establish a novel from of circuit plasticity that allows for
modulation of response statistics to match changing input
statistics, while establishing homeostatic control of a
temporal code necessary for accurate sound localization.

Insulin-Like Growth Factor-1 Protects
Mouse Cochlear Hair Cells from

Aminoglycoside Ex Vivo

Yushi Hayashi', Norio Yamamoto®, Takayuki Nakagawa,
Juichi Ito*

'Kyoto University

Insulin-like growth factor-1 (IGF-1) has been considered as
an important factor in inner ear sensory epithelial
development. Previously, local IGF-1 application has been
demonstrated to attenuate noise- and ischemia-induced
hearing loss and hair cell damage. In addition, a phase I-
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lla clinical trial to investigate the efficacy of local IGF-1
treatment for acute sensorineural hearing loss has been
performed. However, molecular mechanisms of hair cell
protection by IGF-1 have not been fully elucidated. To
investigate molecular mechanisms of IGF-1 actions on
cochlear sensory epithelia, we aimed to establish an ex
vivo model using explant cultures of mouse cochleae as a
basis for molecular analyses in the present study. Explants
of cochleae obtained from post-natal day 2 mice were
used. After 24-h incubation, the explants were cultured
with the medium containing 2mM neomycin with or without
supplementation of IGF-1 for 24 h. After fixation, the
specimens were provided for histological analyses using
immunohistochemistry for myosinVila and phalloidin
staining. Quantitative analyses of the surviving hair cells in
explants revealed a significant increase of hair cell
numbers in IGF-1-treated specimens, indicating that hair
cell protection by IGF-1 also occurs in our explant culture
system similarly to previous in vivo experiments. The
present findings demonstrate further evidence for the
potential of IGF-1 as a cochlear protectant, and the validity
of our ex vivo model to examine molecular mechanisms of
IGF-1 actions for cochlear protection. This works was
supported in part by a Grant-in-Aid for Scientific Research
from the Ministry of Education, Culture, Sports, Science
and Technology of Japan and by a Grant-in-Aid for
Research on Sensory and Communicative Disorders from
the Ministry of Health, Labour and Welfare of Japan.

[13] Little Siblings with a Big Attitude: Rbl1
(P107) and Rbl2 (P130) in Inner Ear Hair Cell

Regeneration

Sonia M. Rocha-Sanchez', Laura Scheetz', Michael
Weston®, JoAnn McGee?, Edward Walsh?

'Creighton University, 2Boys Town National Research
Hospital

Unlike lower vertebrates, adult mammalian HCs do not
proliferate  and HC death leads to irreversible
neurosensory hearing loss and balance impairment.
Recent advances have provided proof of principle for two
sets of therapies: the use of the cyclin system or the
retinoblastoma gene Rb1, to promote proliferation, and the
effectiveness of Atohl to induce transdifferentiation of
supporting cells (SCs) into HC. Combined, these two
approaches can mimic the ability of lower vertebrates to
regenerate HC. However, beyond the proof of principle,
attempts to regulate cell cycle through ablation of Rb1 are
not likely to safely repopulate lost HCs. The retinoblastoma
(herein called pRB) family of cell cycle regulators,
composed of Rbl, Rbll (p107), and RbI2 (p130),
constitutes a central node controlling G1 to S phase
transition in proliferating cells. Unlike other tissues, the
biochemical and molecular pathways of the pRBs,
particularly Rbl1 and RbI2 in the inner ear are relatively
unexplored. Here, we discuss the potential of Rbl1 and
Rbl2 in SC proliferation and HC regeneration. Knockout
(KO) mice lacking either Rbl1 or Rbl2 genes have been
analyzed for their inner ear phenotype. Contrasting with
the drastic effects of Rb1 ablation, deletion of either gene
causes the appearance of supernumerary rows of HCs
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and SCs, in the apical and upper middle turns of the
cochlea; while only extra SCs but not HCs are found on
the basal turn. Interestingly, functional analyses of P30
mice ears show that Rbll and Rbl2 KO mice have near
normal hearing in spite of their organ of Corti (OC)
phenotype. Furthermore, quantitative RT-PCR (Q-PCR)
analyses of both Rbl1 and RbI2 expression in the OC of
the KO mice point to a possible compensation mechanism
taking place between these two pocket proteins.
Altogether, our current results demonstrate a role for Rbl1
and/or Rbl2 in HC and SC proliferation and advocate in
favor of their modulation in future therapeutic plans to
repair damage in the OC.

Evaluation of Noise Deafened Guinea
Pigs Injected with SiRNA Targeting P27kip1

Five Weeks After Noise Exposure

Rende Gu', Eric Lynch?, Huy Tran*, Jerry Glattfelder, Jr.*,
James LaGasse", Jonathan Kil*

'Sound Pharmaceuticals, Inc.

Improved hearing following ototoxic drug or noise
exposure is linked to supporting cell proliferation and hair
cell regeneration in birds. In the mammalian cochlea,
p27Kipl (p27) inhibits cell cycle progression by functioning
as a cyclin dependent kinase inhibitor in supporting cells
following its expression at embryonic day 13.5. Targeted
deletion of p27 in mice induces ongoing supporting cell
proliferation resulting in supporting cell hyperplasia and
supernumerary hair cells in postnatal and mature mouse
cochlea (Chen and Segil, 1999; Lowenheim et al.,
1999).The induction of supporting cell proliferation in
developing mouse cochlea and mature Guinea pig cochlea
has previously been reported wusing antisense
oligonucleotides against p27 mRNA (Gu ARO 2001, Kil
ARO 2001), Adenovirus encoded p27 shRNA (Kil ARO
2004, Gu ARO 2005, Yamasoba ARO 2006), and siRNA
(Gu ARO 2008). Inhibitors to p27 were typically injected 5
days after ototoxic insult. We now describe the results
experiments were the p27 inhibitors were injected 5 weeks
after intense noise exposure.

Scala media delivery of short inhibitory RNAs (SiRNAS)
that bind and degrade p27 mRNA results in a decrease of
p27 protein and an increase in cellular proliferation. In this
Guinea pig model of noise induced hearing loss, p27
siRNAs induce cellular proliferation and regeneration in
and around the organ of Corti relative to vehicle and
random sense siRNA control animals. Audiologic and
histologic correlations in a large series of Guinea pigs
treated with scala media delivered p27 siRNA along with
appropriate controls will be presented. Correlation to
changes in behavior (photobeam activity assay and startle
assay) will be discussed as we further elucidate the role of
supporting cell proliferation in the improvement of hearing
following noise induced hearing loss in the mature
mammalian cochlea.

Portions of this work were sponsored by the Office of
Naval Research.
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[15] Changes in Sox2 and Atoh1 Protein
Expression During Supporting Cell Direct
Transdifferentiation and Mitosis in the

Regenerating Chick Cochlea

Christina Kaiser', Brittany Chapman’, Alex Valentine?,
Douglas Cotanche™?

'Boston University School of Medicine, ’Salem High
School, NH, *Harvard/MIT Division of Health Sciences &
Technology

We have examined changes in Sox2 and Atohl
expression in supporting cells of the chick cochlea during
regeneration. In the adult avian cochlea, Sox2 is seen only
in supporting cell nuclei. Atohl, a transcription factor
needed for hair cell differentiation, appears only in
embryonic hair cells. After a single gentamicin injection,
some supporting cells exhibit Atoh1 protein in their nuclei
as early as 9h after the gentamicin injection (Al), while still
retaining Sox2 expression in these same nuclei. By 15-24h
Al, Atohl labeling is seen in supporting cells throughout
the region of hair cell damage. Both Atohl and Sox2
continue to be present in the nuclei of supporting cells
undergoing direct transdifferentiation; labeling for both is
lost by 10 days Al, as they mature into functional hair cells.
Meanwhile, supporting cells undergoing mitosis take up
EdU during the peak of S phase (72-96h Al). These cells
are a separate population from those expressing Atohl.
Dividing supporting cells express Sox2 throughout the cell
cycle until metaphase, when the nuclear membrane breaks
down and chromosomes segregate to opposite spindle
poles. Once metaphase begins, Sox2 labeling in the nuclei
is lost. However, the daughter cells quickly resume
labeling for Sox2 following mitosis. By 78h Al (6h post-
EdU), >50% of the daughter cells label for Sox2. By 80h Al
(8h post-EdU), >80% of the daughter cells have Sox2-
positive nuclei. In contrast, Atohl labeling of the daughter
cell nuclei is rare until 96h Al. At 96h Al, some pairs of
daughter cells exhibit symmetric Atohl labeling, some
have only one daughter of the pair labeled, while in others
both daughters are negative for Atohl. The presumptive
hair cells continue to express Atohl and Sox2 as they
mature, but labeling for both is lost by 10 days Al. Thus, for
both direct transdifferentiation and mitosis, both Sox2 and
Atohl are expressed simultaneously throughout hair cell
maturation.

Supported by grants from DRF & NIH/NIDCD (DC001689)

Comprehensive Genetic Regulatory
Networks During Utricle Hair Cell

Regeneration

Yuan-Chieh Ku', David Alvarado®, Nicole Renaud®, Rose
Veile', Mark Warchol*, Michael Lovett*

'Washington University School of Medicine, St. Louis
Lower vertebrates such as birds are able to regenerate
sensory hair cells in response to injury whereas mammals
cannot. By utilizing Next Generation DNA sequencing
technology, we are deriving a comprehensive description
of the mMRNA and miRNA transcriptomes as the avian
utricle regenerates across a 120 hour regeneration time
course after aminoglycoside ablation of hair cells. We are
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also identifying the majority of enhancer elements that are
activated during regeneration by ChIP-Seq with an
antibody to the enhancer-associated co-factor P300. Five
chicken miRNAs, including gga-miR-183, show significant
changes in expression during regeneration (> 2-fold and p
values < 0.05). In addition, a novel chicken miRNA
predicted by sequence alignments to be the ortholog of
has-miR-96 is also differentially expressed during
regeneration. Previous studies have shown that both miR-
183 and miR-96 play important roles during the
development of the mouse inner ear and mutations in the
seed region of miR-96 are associated with inherited
deafness in humans. The effect of all of these miRNAs
upon proliferation and differentiation of hair cells is being
tested by knock-in and knock-down strategies. These
three databases (avian mMRNA, miRNA and enhancer
elements) are being compared to comprehensive
transcriptome data from postnatal mouse utricles in order
to identify similarities and differences in regenerative
programs between birds and mammals.

Culture and Characterisation of Cells

from the Human Utricle

Robert Marano'?, Sharon Redmond*?, Marcus Atlas"?
'Ear Science Institute Australia, University of Western
Australia

Background: The ability to in vitro culture cells from various
tissues has been an important research tool for many
years. Benefits include the amplification of cell types that
are either rare or difficult to obtain from the host organism.
This enables the scientist to conduct numerous and varied
controlled experiments providing data on aspects such as
cellular metabolism and genetics without continued
harvesting of cells from the host. This is particularly true for
cells within the human cochlea, which are rare in
comparison to other cells types, and extremely difficult to
obtain given its location. However, before cultured cells
can be used for research, they must be characterised for
correct phenotype. Here we describe for the first time the
culture and characterisation of cells derived from a human
utricle obtained following surgery.

Methods: Cells from human utricle explants were cultured
in DMEM using standard cell culture techniques. Cells
from passage numbers 1 through 6 were initially examined
using phase contrast microscopy followed by
immunohistochemistry using several antibodies specific for
various cell types including supporting and hair cells. In
addition, real time PCR (RT-PCR) was used to determine
genetic changes between the passage numbers.

Results: Data from early passage numbers indicate that
cultured cells appear to be all of the same phenotype.
However, immunohistochemistry shows that the cells are
expressing markers specific for both supporting and hairs
cells, also confirmed using RT-PCR. Later passage
numbers are to be examined.

Conclusion: Early results indicate that the cells are most likely
to be supporting cells in origin. However, it would seem that
gene expression becomes altered in vitro. The expression of
multiple cells markers provides some evidence that gene
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expression of cells within the cochlea are controlled by cell-
cell interactions between different cell types.

Reciprocal Effect of BMP4 on
Differentiation of Hair Cells and Neurons

from Inner Ear Stem Cells

Judith Kempfle'?, Fuxin Shi'?, Albert Edge'?
!Department of Otolaryngology, Harvard Medical School,
®Eaton Peabody Laboratory, Massachusetts Eye and Ear
Infirmary

Inner ear stem cells offer a possible source for
regeneration of inner ear hair cells and neurons and might
provide a future tool for treatment of sensorineural hearing
loss. The inner ear develops from the hindbrain adjacent to
the neural tube, and signals from the neural tube are
required for inner ear development. Bone morphogenetic
protein 4 (BMP4) is one such signal that influences inner
ear morphogenesis. However, the role of BMP4 on the
differentiation of specific cell types is still unclear.

Inner ear stem cells can be used to reconstruct the
maturation of the inner ear and its cell types. We used an
in vitro approach to investigate the role of BMP4 on mouse
stem cells from either the spiral ganglion or the organ of
Corti. We found that different concentrations of BMP4 had
distinct but reproducible effects on the differentiation of
inner ear stem cells to hair cells and neurons. BMP4 at low
concentration increased expression of transcription factor,
Pax2, in the stem cells, which coincided with an increase
in Atohl expression. Increased Pax2 expression was also
observed upon addition of retinoic acid, which may act by
regulating the BMP4 level. Increased Atohl led to an
increased percentage of hair cells (based on myosin Vlla
expression). Higher concentrations of BMP4 inhibited
expression of Pax2 and were accompanied by decreased
Atohl. The higher BMP4 concentration increased the
percentage of neurons upon differentiation of the stem
cells (based on neuronal morphology and -1l tubulin
expression). Expression of Pax2 and differentiation of
neurons or hair cells was distinct for differentiating stem
cells from spiral ganglion and organ of Corti and was also
sensitive to the stage of differentiation at which the BMP4
was added. Thus, immunocytochemistry and gene
expression analysis reveal a reciprocal impact of BMP4
concentration on the development of neurons and hair
cells.

This work was supported by grants DC007174 and
DC05209 from NIDCD.

Functional Recovery Obtained by Human
ESCs-Derived Otic NeuroProgenitor Cells
(ONPs) Transplanted Into the Deafened

Gerbil Cochlea

Marcelo Rivolta', Nopporn Jongkamonwiwat', Wei Chen*
'Centre for Stem Cell Biology and Department of
Biomedical Sciences, University of Sheffield, UK

The lack of regenerative capacity of the mammalian
cochlea prevents the restoration of any sensory cell loss,
making the damage irreversible and the ensuing deafness
permanent. A potential therapeutic strategy would lie in the
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surgical delivery of exogenous stem cells, aiming to
repopulate the damaged cochlea. Although the
replacement of hair cells is still impaired by substantial
technical challenges, the restoration of auditory neurons is
a more realistic goal. The usefulness of this approach is
enhanced by the possibility to combine it with cochlear
implants.

Our laboratory has previously developed a protocol to
generate otic progenitor cells from hESCs by activating the
FGF signalling pathway. In the work presented here, we
explored the ability of hESC-derived otic neuroprogenitors
(hONPs) to graft and differentiate when transplanted into
an animal model of deafness. After initial induction using
FGF3 and 10, hONPs were defined by the expression of
auditory markers PAX8, PAX2 and GATAS together SOX2
and NESTIN. The lineage potential of hONP cells was
validated in vitro by inducing auditory neuronal
differentiation ~ with  culture  conditions established
previously by working with human fetal auditory stem cells
(hFASCs, Chen et al Stem Cells, 27:1196-1204, 2009).
Neuronal characteristics were confirmed by the expression
of lineage markers. Deafness was induced in young adult
gerbils by a localised application of ouabain. When applied
directly into the round window niche of the ear, it damages
the spiral ganglion neurons while leaving hair cells intact,
generating a model of neuropathic hearing loss. hONPs
were harvested and transplanted into the cochlear
modiolus via the round window. Cochleae were processed
at different period intervals for up to twelve weeks post
transplantation. Analysis after 3 weeks showed that the
transplanted cells have survived and have grafted into the
modiolar region, forming a coherent ectopic ganglion. After
12 weeks, exogenous cells have repopulated the
Rosenthal canal and produced neural projections towards
the organ of Corti. More important, improvement of the
ABR thresholds was obtained, ranging from a modest
10dB to a full 60 dB recovery. The development of
protocols to manipulate human stem cells should greatly
facilitate the translation into a clinical application.

Investigating Inner Ear-Derived Neural

Progenltors for Hearing Regeneratlon
Zhengqlng Hu', Danzheng Liu®

'Department of Otolaryngology, Wayne State University
School of Medicine, “Department of Otolaryngology
Zhongshang Hospital, Fudan University

There are two critical unsolved issues in stem cell-based
replacement therapy for the inner ear. Firstly, the
appropriate donor cell type has not been determined.
Secondly, the survival and differentiation of implanted stem
cells have not been thoroughly explored. Compared to
embryonic stem cell and neural stem cell (NSC) derived
from the other tissue, inner ear-derived stem cell might be
more ready to adopt an inner ear cell fate. To regenerate
degenerated spiral ganglion neurons, we recently identify
NSCs from the inner ear of mice. These inner ear-derived
NSCs (ieNSCs) could proliferate and differentiate into cells
expressing not only universal neuronal protein such as
class Il beta tubulin and neurofilament 200 but also
glutamatergic neuronal proteins. We identified the
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neurotrophin that could stimulate the survival and
glutamatergic differentiation of ieNSCs. In implantation of
ieNSCs into the adult mammalian inner ear, we found 10-
fold more stem cells survived in the neurotrophin-supplied
inner ears. This will significantly enhance inner ear
regenerative ability and provide clues for the stem cell-
based biological and translational research that would
explore strategies for treating hearing loss, tinnitus,
balance disorder and other neurodegenerative diseases.

[21] Differentiation of Human CD34+
Hematopoietic Stem Cells Into Glia-Like Cells
in the Injured Cochlear Nerve of a Humanized

Mouse Model

Hainan Lang EIShI Mishimoto, Manna Lit Juhong Zhu',
Lauren Klpatrlck Amanda LaRue Bradley Schulte
Rlchard Schmiedt?, Kiyoshi Ando®, Maklo Ogawa’
'Department of Pathology and Laboratory Medicine,
Medical University of South Carolina, Department of
Otolaryngology- Head Neck Surgery, Medical Univeristy of
South Carolina, *Division of Hematology, Tokai University
School of Medicine

Human-mouse transplantation models (humanized mice)
based on immunodeficient mice have been widely used to
study human stem cells in vivo. The NOD/SCID IL-2R y™"
mouse, a newly developed immunodeficient model, is
deficient in mature lymphocytes and has a longer life-span
than other immunodeficient models. Appllcatlon of
ouabain to the cochleas of NOD/SCID IL-2R y™ mice
selectively causes the death of most spiral ganglion
neurons and induces glial hyperplasia. The pathologic
changes in the injured cochlear nerve in this model were
similar to those previously reported in gerbils and CBA
mice. Here, we investigate if CD34" hematopoietic stem
cells (HSCs) isolated from human cord blood can engraft
and differentiate into neuronal cells in the injured cochlear
nerves of NOD/SCID IL-2R y™' mice. Flow cytometric
analysis revealed high engraftment levels of human cells in
recipient mice 5 months after HSC transplantation. The
percentage of human CD45" cells in the bone marrow of
recipient mice ranged from 63% to 71%. The percentages
of the B-cell, T-cell, and granulocyte/macrophage lineages
in the human CD45" cells were 25%, 1%, and 19%,
respectively. The percentage of human CD45" cells in the
peripheral blood of the recipient mice ranged from 23% to
30%. Numerous human-derived cells were present in the
injured cochlear nerves in both peripheral and central
processes 7 days after ouabain exposure. In contrast, few
human-derived cells were seen in the untreated cochlea.
Specifically, histological and immunohistochemical studies
demonstrated that a portion of the human derived cells in
the cochlear nerve differentiated into glia-like cells. These
findings suggest that 1) NOD/SCID IL-2R y”“ mice are an
excellent platform for supporting engraftment of human
HSCs; and 2) cells derived from CD34" HSCs may be
involved in the regeneration of neuronal cells in the injured
cochlear nerve after exposure to ototoxins. NIHDC7506,
NIHDCO0422, NIHDC0713 and AAO-HNS CORE136165
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[22] A New Concept for Hair Cell
Regeneration: Implantation of an Artificial

Sensory Epithelium

Takatoshi Inaoka', Takayuki Nakagawa®, Hirofumi
Shintaku?, Satoyuki Kawano?, Hitoshi Wada®, Shinji
Hamanishi*, Yasuhiko Tabata®, Kozo Kumakawa®, Yasushi
Naito’, Juichi Ito*

'Department of Otolaryngology, Head and Neck Surgery,
Kyoto University, “Department of Mechanical Science and
Bioengineering, Osaka University, *Department of
Bioengineering and Robotics, Tohoku University, *“Miyagi
National College of Technology, °Institute for Frontier
Medical Sciences, Kyoto University, 6Department of
Otolaryngology, Toranomon Hospital, ‘Department of
Otolaryngology, Kobe City Hospital Organization

The sensitivity of the human ear to sounds depends on the
function of mechanosensory hair cells that transduce
mechanical stimuli into electrical signals. The signals are
transmitted to spiral ganglion neurons, which convey the
sensory information to the brain. The loss of hair cells
causes permanent hearing loss. Hence, many efforts have
been paid to realize hair cell regeneration in mammals,
which helds the promise for restoration hearing by cell and
/or gene therapy. However, practical application may be
distant. At present, the cochlear implant, of which
electrode is implanted into the cochlea and electrically
stimulate spiral ganglion neurons, is only applicable for
deaf patients. After loss of hair cells, sound-frequency
sensitive architectures still remain in the cochlea, although
less sensitivity than healthy cochleae. We highlighted such
remaining sensitivity to sounds, and designed a
piezoelectric device that can utilize the vibrations of the
cochlear basilar membrane to generate electricity to
stimulate spiral ganglion neurons without use of a battery.
This is a process mimicking the function of inner hair cells,
and this new device is named an artificial sensory
epithelium. A prototype of ASE was made to test its
sensitivity to sound stimuli and its potential for generation
of electrical stimuli in vitro. The results demonstrate that a
prototype of ASE has the sensitivity to sound frequency
and generates electrical stimuli in response to sound
exposure. Based on these findings, implantable devices for
guinea pig cochleae were made in a nano scale using
microelectromechanical systems. Now we are investigating
the efficacy of such implantable devices for generation of
compound action potential in deafened guinea pigs.

In Vitro and in Vivo Low Level Laser
Therapy in the Gentamycin Induced

Ototoxicity of the Rat Cochlea

Myung-Whan Suh'?, Peijie He?, Jae Yun Jung“?, Jin-Chul
Ahn*?, Chung-Ku Rhee'?

'Department of Otolaryngology Head & Neck Surgery,
College of Medicine, Dankook University, “Medical Laser
Research Center, Dankook University

Low Level Laser (LLL) can alter the cellular behavior to
favor regeneration. Although many studies point out a
positive effect of LLL in neural cell survival, there has been
no study in the cochlea. We aimed to elucidate the effects
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of LLL on hair cell survival following gentamycin exposure
in the organotypic culture of cochlea and in the in vivo
hearing loss model of the rat.

The organotypic culture of cochlea was allowed to grow
continuously for 17 days (C group, n=8). In L group (n=8),
the organotypic culture was irradiated with 808 nm laser, 8
mWi/cm?, 60 min/day for 10 days. The cochlea were
exposed to 1 mM of gentamicin for 48 hr and allowed to
recover (G group, n=8) or allowed to recover with daily
irradiation (GL group, n=7). The hair cells were stained
with FM1-43 and counted every 3 days.

For the in vivo study, adult rats (200g, n=8) were injected
with intravenous gentamycin (100mg/kg) and furosemide
(90mg/kg) for 2 consecutive days. After confirming a
bilateral hearing loss, only the right ear was irradiated with
830 nm laser, 200 mW/cm?, 60 min/day for 10 days.
Hearing was check before and after laser irradiation. After
the 10th day of irradiation, the animals were sacrificed for
SEM evaluation of the remaining hair cells.

As for the in vitro study, the number of hair cells was
significantly larger in the L group (p=0.05) and GL group
(p=0.01) compared to the C group and G group
respectively. As for the in vivo study, hearing thresholds
were similar on both ears after 2 dyas of GM injection (Lt
55.0+10.7 dB, Rt 53.8+11.9 dB), but Rt side hearing was
significantly better than the control ear after 10 days of
irradiation (p=0.02; Lt 57.5+16.7 dB, Rt 45.0+12.0 dB). The
number of hair cells was also significantly larger in the Rt
irradiated ear by SEM (p=0.03; Rt 129.4+34.3, Lt
97.1i%+40.9).

These results may suggest that low level laser promotes
hair cell survival following gentamycin damage in the
cochlea.

FGF Signaling in OTIC Morphogenesis
Suzanne L. Mansour', C. A. Noyes', Xiaofen Wang®,
Ekaterina P. Hatch?

*University of Utah, “University of Rochester

Development of the inner ear proceeds through phases of
placode induction, axis specification, otocyst formation,
morphogenesis and cell type specification. FGF signaling
plays dosage sensitive roles in all of these processes.
Fgf3, Fgfl0 and Fgf8 are all expressed in the developing
otic epithelium during morphogenesis and differentiation.
Fgf3 and Fgf10 global null mutants each show distinct otic
morphogenesis defects. Morphogenesis of Fgf3 null inner
ears is highly variable; with the most severe phenotypes
being similar to those caused by mutations in genes that
function from the hindbrain to direct dorsal patterning of
the otic vesicle and obscuring assessment of its function in
otic epithelium. Fgf10 null inner ear phenotypes are more
consistent; showing abnormalities of semicircular canal
formation. These are consistent with proposals that Fgf10
expression in the developing sensory tissues is required to
induce non-sensory development. To determine the otic
epithelial functions of Fgf3 and Fgfl0, without disrupting
otic induction, we generated double conditional mutants
using Tg-Pax2Cre, and found that as expected, both
genes play roles in semicircular canal morphogenesis.
Unexpectedly, these genes also appear to have redundant
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roles in cochlear morphogenesis. Initial results show that
the FGF signaling indicator Erm is affected as early as
E9.5, but the first effects on morphogenesis and patterning
markers occur at E10.5. We will describe progress in
determining the molecular and cellular mechanisms by
which these FGFs control morphogenesis, as well as a
new approach to controlling Fgf3 expression with
doxycyline administration that should enable detailed
analysis of otic morphogenesis, both in vivo and in culture.

[25] Mycn Partially Segregates Histogenesis

from Morphogenesis in Ear Development
Benjamin Kopecky1, Bernd Fritzsch®

'University of lowa

Mycn is a member of the Myc family of transcription factors
that encodes a bHLH protein. Deregulation of Mycn is
known to cause a number of tumors, most notably
neuroblastomas. Another member of the myc family, Myc
is deregulated in 30% of all tumors. Importantly, Mycn
binds with Myc Associated Factor X (MAX) to its E-box
with the sequence CACGTG, causing cell proliferation.
Homozygous KOs of Mycn are early embryonic lethal
precluding assessment of ear function. We generated
conditional knockout for Mycn using Pax2-cre. We
describe here a phenotype that links Mycn function to
histogenesis and morphogenesis of the developing inner
ear. Mycn CKOs reveal a fused utricle, saccule, and
cochlea, similar to recent reports on Lmxla mutants. The
horizontal canal crista is present but the canal is absent.
Absence of the horizontal canal but presence of a normal
anterior and posterior canal suggests a different
morphogenetic requirement between the canals; this is
consistent with previous findings in Otx1 mutants. In
contrast to Otx1 mutants, where only a partially horizontal
canal crista forms, Mycn CKOs have a near normal
neurosensory development of the horizontal canal crista.
Unigue to Mycn, the cochlear apex is shortened with a
disorganized and partially segregated Organ of Corti
implying a topographically distinct function of Mycn.
Aberrant innervations include vestibular as well as
cochlear innervations of the cochlea and disorganized
neuronal path finding to the apex. In conclusion, our Mycn
CKO reveals that this factor plays not only a role in
proliferation, but interacts in a yet to be determined way
with Otx1 and Lmxla to determine histogenesis and
morphogenesis of the developing ear. Hair cell
disorganization could relate to E-box sequence similarities
of Mycn and Atohl E-boxes and related in cross signaling.
We are currently assessing Foxgl expression in Otx1 and
Mycn mutants to understand differences in their horizontal
canal crista formation.
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Involvement of the MIF Pathway in the

Development of Zebrafish Inner Ear

Yu-chi Shen’, Katie Holmes®, Matthew Wyatt', Deborah L.
Thompson®, Stephanie A. Linn'?, Kate F. Barald®
'Department of Cell and Developmental Biology, University
of Michigan, ’Graduate Program in Cellular and Molecular
Biology, University of Michigan

Macrophage migratory inhibitory factor (MIF) was first
identified as a factor that inhibits the migration of normal
guinea pig peritoneal exudate cells, comprised mainly of
macrophages. The roles of MIF in the immune system, in
tumorigenesis, and in the neuroendocrine axis have been
extensively studied. = However, in more recent studies,
MIF has been found to be expressed in neurons, in
astrocytes, in Schwann cells, and in the eye and inner ear.
Furthermore, MIF expression has been detected in
embryos, including human, mouse, chick, and Xenopus.
In Xenopus, the knockdown of Mif expression using
antisense morpholino oligonucleotides (MO) resulted in a
complete lack of neural tissues, including brain, spinal
cord, eye, and otic vesicle (Suzuki et al., 2004). This
dramatic effect of Mif MOs was the first indication of the
importance of Mif in Xenopus nervous system
development. Our previous studies have shown that
knockdown of Zebrafish mif and its related protein mif-like
caused increased cell death in the brain, resulting in
smaller anterior brain and eyes as well as smaller
statoacoustic and other head ganglia and a decreased
number of hair cells (HC) in the macular HC patch. These
results indicated that mif plays a role in inner ear
development, both in the statoacoustic ganglion and the
sensory HC patch. However, due to the effect of mif MO
on the brain, it was hard to determine if the ear phenotype
was the result of a direct effect of the MO on the ear, or a
secondary effect of the brain defect. To overcome this
problem, we injected mif MO directly into the otic vesicle at
24 hours post fertilization (hpf) and performed
electroporation to facilitate the uptake of MO into the
otocyst. Our preliminary data showed that mif MO caused
smaller numbers of HC in the HC patch, indicating that mif
is important for ear development.

Cytokine Macrophage Migration
Inhibitory Factor (MIF) Is an Essential
Bioactive Component for Inner Ear Neuronal

Development

Fumi Ebisu’, Lisa M. Gerlach-Bank®, Elizabeth C.

Smiley*, Dov Lerman-Sinkoff', Yu-chi Shen®, Poornapriya
Ramamurthy®, Deborah L. Thompson®, Christine R. Beck?,
Matthew Flynn®, Ryan S. Teller', Luming Feng®, G.
Nicholas Llewellyn, Stephanie A. Linn*, Andrew P.
Chervenak', David F. Dolan*, Jennifer Benson®, Ariane
Kanicki!, Richard A. Altschuler!, Alicia E. Koch®, Ethan M.
Jewett', John A. Germiller®, Lynne M. Bianchi®, Kate F.
Barald®

The University of Michigan, “Children's Hospital of
Philadelphia, “Oberlin College

Spiral ganglion neuron (SGN) loss, either dependent or
independent of sensory hair cell (HC) loss, is a major
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cause of deafness, particularly in the ageing population.
Cochlear implants (CI) are presently the only known "cure"
for many forms of deafness. Nevertheless, successful
function of a Cl depends on the preservation of SGNs. In
the early developing inner ear, the otocyst secretes a
factor called Otocyst Derived Factor (ODF)“*®. ODF
promotes directional neurite outgrowth and neuronal
survival'®® of the statoacoustic ganglion (SAG), the
precursor of SG.

In a previous study, we demonstrated that the bioactive
components of ODF include Macrophage Migration
Inhibitory Factor (MIF), which is known for its roles both in
the immune system and in neuronal development and
regeneration. We found that recombinant MIF alone
supports both SAG directional neurite outgrowth and
neuronal survival, and evokes a neuronal phenotype from
mouse embryonic stem cells. We also found that MIF is
expressed in supporting cells (SC) and its receptor, CD74,
on both SAG/SGN. In MIF knock-out (KO) mice, abnormal
development of both SC and HCs as well as a significant
hearing impairment in the high frequency region of the
cochlea is seen with concomitant loss of SGN in this
region of the cochlea.

In the present study, we examined the role of MIF in inner
ear neuronal development using a mouse model ex vivo.
Freshly excised Organs of Corti (OC) from wild-type (WT)
and MIF KO mice were cultured with SG from WT mice.
Directional SG neurite outgrowth was seen toward the WT
OC, while only random neurite extension that did not reach
the OC was seen toward MIF KO mice. The present
experiments present further evidence that MIF functions as
an essential component of normal inner ear neuronal
development and innervation and could potentially be used
for SGN retention or regrowth as well as to potentiate the
function of a cochlear implant.

The Role of Zic1 and Zic2 in Cell Fate

Specification During Inner Ear Development
Andrew P. Chervenak’, Lisa M. Gerlach-Bank?, Kate F.
Barald®

'Cellular and Molecular Biology Graduate Program,
2Department of Cell and Developmental Biology, University
of Michigan, Ann Arbor

The formation of the inner ear is one of the most intricate
and well-studied of the processes that occur during
organogenesis in vertebrates [reviewed in (1)]. Still, very
little is known about the basic morphological and cellular
development of the inner ear. One of the most basic
questions is what genes are responsible for the initially
uncommitted cells in the otocyst to become neuroblasts
that form the statoacoustic ganglion (SAG), prosensory
cells that differentiate into hair cells (HC) and supporting
cells (SC), or non-sensory cells that form the other
structures within the inner ear. The Zic genes, especially
Zicl and Zic2, are involved in many different phases of
development, most notably as part of regulatory networks
during neural development“. However, involvement of
these genes during development of the inner ear has only
been described at the level of gene expression®, so
functional studies are critically needed. A previous study
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showed that Zic2 expression was upregulated in the
sensory epithelium of the chick following noise trauma,
indicating that Zic2 may be involved in regeneration of
HCs®. More recent work from our lab demonstrated that
Zicl and Zic2 are both expressed in regions of the
developing inner ear, including in the sensory epithelium®.
Work from the Aruga lab suggests that Zicl and Zic2 may
specify either neuronal or sensory tissue, but, depending
on the species, there is no consistency in which gene
specifies which cell typez. Therefore, the experiments in
this project examine the role of Zicl and Zic2 in cell fate
specification during development of the inner ear and will
test the hypothesis that Zicl helps specify a neuronal fate
and Zic2 a sensory cell fate in the inner ear.

Transgenic Rescued-GATA3 Mutant Mice
Unveiled the Essential Function of GATAS3 in

Normal Morphoqenesis of Inner Ear

Tomofumi Hoshino', Keiji Tabuchi', Takashi Moriguchi?,
Kentaro Hag/ashil, Tsumoru Terunuma®, Masayuki
Yamamoto®, Akira Hara

'University of Tsukuba, “Tohoku University

GATAZ3 is a zinc finger type transcription factor expressed
in embryonic otic vesicles. However, the physiological
roles GATA3 plays in inner ear development in the later
embryonic stages have been largely unknown, because of
the mid-gestational embryonic lethality (€10.5) of Gata3
homozygous knockout mice (Gata3-/-) from adrenaline bio-
synthesis deficiency. In order to circumvent this difficulty,
we utilized a transgenic rescue system. The 5.8kbp human
dopamine-B-hydroxylase (hDBH) promotor directed
GATAZ3 transgene expression in the sympathetic nervous
system, and then rescued the lethality of Gata3-/- embryos
up to E18.5 (Gata3-/-:Tg""®""®%). The inner ear structure of
E18.5 wild-type embryo is normally composed of the three
distinct parts, i.e., a cochlea, vestibules and semi-circular
canals. Interestingly, the stereoscopic observation
demonstrated that the inner ear region of Gata3-/-:Tg"®"
©3. E18.5 embryo is extremely shrunken. The histological
observation of the serial sections demonstrated that the
inner ear of Gata3-/-Tg"™®"® E18.5 mutant mouse
exhibited only a single cyst-like region, showing an isthmus
which failed to separate otic vesicle into the three parts.
These observations suggest that GATA3 is essential for
the normal regionalization of inner ear into the three
functionally distinct parts.

Transcription Factor GATA3 Is Necessary
for Normal Inner Ear Neurosensory

Development and Associated Morphogenesis
Jeremy Duncan', Bernd Fritzsch®

YUniversity of lowa

Inner ear development and morphogenesis requires the
coordination of many transcription factors, including zinc
finger proteins. The zinc finger protein GATA3 has been
shown to be expressed in most sensory epithelia of the
developing otocyst as early as embryonic day 8.5 and
mutations of GATA3 cause hearing loss in humans.
Previous work assessing the function of GATAS3 in the
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inner ear has been hindered by the early lethality of these
mice around embryonic day 11.5 (E11.5). We now show
that older null mutant mice (E 16.5) develop a cyst-like
inner ear of the size of a E10.5 mouse embryo with only an
extension of the endolymphatic duct and an occasional
formation of a single sensory patch. To further analyze
Gata3 function in the ear we used floxed Gata3 and the
inner ear specific Cre lines, Foxgl-cre and Pax2-cre to
generate two conditional Gata3 lines.  Conditionally
deleted Gata3"/Pax2-cre mice have a finger like projection
of the cochlea with discontinuous and deformed hair cell
patches. Some spiral ganglion neurons develop, extend
neurites toward these patches, but fibers may overshoot to
the lateral wall. Some vestibular sensory patches develop
in these mice, however, they are morphologically distorted,
continuous with each other and show overshooting
innervation. In  contrast, conditionally deleted
Gata3"/Foxgl-cre mice harvested thus far show a
complete loss of cochlea formation, closer matching the
null phenotype. Gata3"/Foxgl-cre mice show formation of
a saccule, utricle, and morphologically ambiguous
horizontal/anterior canal crista, and loss of the posterior
canal. In conclusion, GATA3 plays a crucial role in inner
ear development in particular those sensory organs that
show high level of early expression. In addition,
morphological development associated with these sensory
organs is proportionally disrupted. We suggest that loss of
cochlea formation reflects a dose dependency on GATA3
protein of sensory development.

[31] A Dysmorphic Basal Cochlea Is
Associated with a Failure of Canonical Wnt

Signaling in Lmx1a (DreherJ) Mutant Mice
David Nichols', Kirk Beisel", Bernd Fritzsch

Creighton Univ. School of Medicine, “Univ. of lowa

We (Nichols et al., '08, Cell Tissue Res 334: 339-358) and
others (Koo et al.’09, Dev Biol 333: 14-25) showed that the
basal organ of Corti of Lmxla (Dreher’) mutant mouse
embryos had up to 14 hair cell rows but lacked pillar and
Deiter’'s cells. In contrast, the apical organ appeared
histologically near normal, with 1+3 rows of hair cell rows,
pillar and Deiter’s cells. An abrupt transition separated the
two regions and array data suggested changes in Wnt
signaling pathways. To further determine the role of Wnt
signaling, we generated Lmxla wildtype and mutant mice
carrying lacZ tracers for the Atohl (Mathl) gene and
canonical Wnt signaling (Topgal). In the cochlea, Atohl-
lacZ stains only hair cells, while Topgal stains only
capsular mesenchyme, its derivatives and adjacent
cartilage. In wildtype embryos between E12.5 and E17.5 a
band of first mesenchyme then mesenchyme+cartilage
was closely associated with the posterior non-sensory
epithelium of the duct. By P7, intensely stained
mesenchyme derived cells were located in the
mesothelium on the tympanic face of the basilar
membrane and scattered in the basal layer of the stria
vascularis. In Lmxla mutants, no Wnt signal was observed
at any time (E12.5-P7) basal to the transition, while a Wnt
signal was present apical to the transition. In addition,
both the basilar membrane and the stria vascularis were
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absent in the base at P7. The site of the apical transition
to a normal organ of Corti was further correlated with its
interaction with the posterior wall of the capsule. In
summary, these results suggest that an interaction
between the cochlear epithelium and the posterior (and
only the posterior) capsule initiates canonical Wnt
signaling in the capsule that is essential for the capsule’s
contribution to the cochlea and is correlated with the
proper organization and differentiation of the epithelium
(sensory and non-sensory) as well.

[32] Smad4 Gene Plays Important Role on

Inner Ear Development in Mice

Shi-Ming Yang', Zhao-Hui Hou', Guan Yang®, Ji-Shuai
Zhang', Wei-Wei Guo', Jian-He Sun*, Wie-Yen Young®,
David He? Xiao Yang®

'Dept. of Otolaryngology, Chinese PLA General Hospital,
Beijing, “Creighton University, Omaha, *Institute of
Biotechnology, Beijing

Smad4 is the central intracellular mediator of transforming
growth factor-beta (TGF- beta) signaling, which plays
crucial roles in tissue regeneration, cell differentiation,
embryonic development, and regulation of the immune
system. Conventional Smad4 gene knockout results in
embryonic lethality, precluding its use in studies of the role
of Smad4 in inner ear development. We used chondrocyte-
specific  Smad4 knockout mice (Smad4Co/Co) to
investigate the function of Smad4 in inner ear
development. Smad4Co/Co mice were characterized by a
smaller cochlear volume, bone malformation, and
abnormalities of the osseous spiral lamina and basilar
membrane. The development of the hair cells was also
abnormal, as evidenced by the disorganized stereocilia
and reduced density of the neuronal processes beneath
the hair cells. The magnitude of CM was significantly
reduced, reflecting abnormal mechanotransduction in the
stereocilia. ABR and CAP measurements showed that the
homozygous Smad4Co/Co mice had severe hearing loss.
However, nonlinear capacitance (reflecting motility) of
outer hair cells was not statistically different from the wild
type mice. Our results suggest that Smad4 is required for
inner ear development (Supported by National Natural
Science Foundation of China grants No. 30871398 and
30730040 to SY and by NIH grant RO1 DC 004696 to DH).

Pou3f4 Is Required for Normal
Development of the Spiral Ligament and Stria

Vascularis of the Cochlea

Ling Wu', Mee Hyung Song?, Soo-Young Choi®, Se-
Kyoung Oh®, Hee Keun Lee®, Dae-Bo Shim*, Jae Young
Choi', Un-Kyung Kim?®, Jinwoong Bok®

YYonsei University College of Medicine, 2Kwandong
University College of Medicine, 3Kyungpook National
University

Pou3f4, encoding a POU domain transcription factor, is the
major gene responsible for DFN3, an X-chromosome
linked nonsyndromic deafness in human. Previous studies
using mice with targeted deletion of Pou3f4 locus have
shown that the lack of Pou3f4 causes abnormalities in the
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temporal bone and otic fibrocytes. To better understand
the role of Pou3f4 in inner ear development, we examined
the inner ears of Pou3f4®’ mouse, a spontaneous
mutant with a deletion in the Pou3f4 locus (Jackson
Laboratory, Bar Harbor, ME, USA). Our detailed genomic
analyses of Pou3f4%" mutants revealed a 530-570 kb
deletion in the X chromosome that includes the Pou3f4
and three hypothetical genes. The deletion breakpoints are
approximately 470 kb upstream and 70 kb downstream of
the Pou3f4 single exon. Pou3f4®" mice display head
shaking and circling behavior and were profoundly deaf at
3 weeks of age assessed by auditory brainstem response
assay. At the cellular level, inner ears of Pou3f4%"
mutants showed severe defects in the modiolus and spiral
fibrocytes. During development, some Pou3f4-positive
mesenchymal cells in the cochlear lateral wall undergo
condensation and mesenchymal-epithelial transition (MET)
to form the basal cells of the stria vascularis (SV), while
other Pou3f4-positive mesenchymal cells in the region
develop into various types of fibrocytes in the spiral
ligament. In Pou3f4®" mutants, the process of MET to
form the basal cells of the SV seemed to be delayed,
whereas formation of fibrocytes in the spiral ligament was
severely disrupted. Type I, Il, IV, and V fibrocytes were
almost completely absent, and type Il fibrocytes that are
normally restricted to the junction of spiral ligament and the
otic capsule were dispersed throughout the spiral ligament.
Our observations suggest that although Pou3f4 is
expressed in the entire mesenchymal area of the cochlear
lateral wall, specific role of Pou3f4 is different in fibrocytes
of the spiral ligament and basal cells of the SV during
development.

Supported by the Brain Korea 21 Project for Medical
Science, Yonsei University

Neural Crest Contributions to the

Mammalian Inner Ear

Dong-Jin Lee', Kyoung-Ah Kong', Jinwoong Bok*

YYonsei University College of Medicine

The mammalian inner ear develops from a specialized
region of the ectoderm located on either side of the caudal
hindbrain known as the otic placode. During development,
the otic placode invaginates to form the otic cup, from
which some cells delaminate and migrate into neighboring
mesenchyme to form neurons of the cochleo-vestibular
ganglion. The otic cup deepens further and pinches off
from the ectoderm to form the otocyst, which over time
develops into the membranous labyrinth of the inner ear.
While a majority of the cells in the membranous labyrinth
are derived from the otic placode, some of the cells in the
labyrinth are derived from the neural crest. Neural crest
originated from the junction between the epidermis and
dorsal region of the neural tube gives rise to a variety of
cell types in the embryo such as neurons, glia,
melanocytes, bones and cartilages.

To identify the neural crest contribution to the mouse inner
ear, we genetically fate mapped progeny of neural crest in
the inner ear using Pax3-Cre mice. Pax3 is a member of
the Pax family of transcription factors, and it is important
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for various aspects of embryogenesis including neural
crest differentiation. In human, mutations in PAX3 cause
Waardenburg's syndrome Type |, characterized by
neurosensory hearing loss. Pax3 is expressed in the
dorsal neural tube that includes the neural crest, but it is
not expressed in the otic epithelium. Crossing Pax3-Cre
with R26R reporter mice, we identified descendants of
Pax3-expressing cells in the inner ear of Pax-3; R26R
compound heterozygotes using [(-gal histochemistry. At

E17.5, B-gal positive cells are detected in various regions
of the inner ear including endolymphatic duct, stria
vascularis, and ganglia. In addition, B-gal positive cells are
present in some parts of the otic capsule and in all three
middle ear ossicles. Furthermore, analyses of Pax3-Cre
homozygous mutant embryos showed that Pax3 is
required for melanocyte formation in the stria vascularis
but not other neural crest-derived cell types associated
with the middle ear and cochleo-vestibular ganglion.
Supported by the Brain Korea 21 Project for Medical
Science, Yonsei University

Differences in Right and Left SCC
Diameters May Account for Circling Behavior

in EphB Deficient Mice

James Lee’, Constance Zhou™?, Dongmei Shao'?, Mark
Henkemeyer"®, Kenneth Lee'?

'UT Southwestern Medical Center at Dallas, 2Department
of Otolaryngology-Head & Neck Surgery, 3Center for
Developmental Biology

Previous data indicate that bidirectional signaling mediated
by B-subclass Ephs and ephrins control the production and
ionic homeostasis of endolymph fluid. EphB2 is expressed
in K+ secreting vestibular dark cells and ephrin-B2 in the
adjacent transitional cells of the inner ear. Mice lacking the
EphB2 receptor tyrosine kinase demonstrate reduced
endolymphatic lumenal volume in the semicircular canals
(SCC). Consequently, the membranous component of
these semicircular canals become collapsed and distorted
such that mice exhibit a hyperactive circling locomotion.
Digitalized photographs of histologic sections of EphB
mutated mice and age matched controls were produced
from postnatal day 14 animals. From the digital images,
mean diameters were measured for both right and left
lateral SCC using Image J software (NIH). The mean SCC
diameter for wild type and EphB2 mutant mice were 185 +
524 pym and 109 = 21.4 pm (p<0.0001) respectively,
demonstrating that, consistent with our previous findings,
mutant mice have significantly smaller SCCs. Furthermore,
the mean difference between left and right SCC diameter
for wild-type mice was 6.0 £ 5.09 ym and for EphB
mutants was 29.6 £ 8.85 uym (p =0.002). These data
suggest that the circling behavior in EphB mutated mice is
due, at least in part, to an imbalance in vestibular input
between right and left SCCs.
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Kir4.1 (KCNJ10) Gene Is Not Down-
Regulated in the Cochlea in the Cx30

Knockout Mice

Shuang Liang', Hong-Bo Zhao"

'University of Kentucky Medical Center

Connexin 30 (Cx30) is a predominant isoform of gap
junction gene in the cochlea. Cx30 mutation can induce
hearing loss. An apparent pathophysiological change in
the Cx30 knockout mouse cochlea is lack of endolymph
potential (EP). However, its mechanism remains unclear.
KCNJ10 encodes a member (Kir4.1) of inward rectifier-
type K channel family and is involved in generation of the
positive EP in the cochlea. Knockout of KCNJ10 (Kir4.1)
abolishes the EP and causes deafness in Pendred
syndrome mouse model. In this study, the Kir4.1
expression and developmental changes in the cochlea in
the Cx30 knockout mice were studied by quantitative real-
time RT-PCR. In the postnatal development, the EP starts
to increase at P8 and rapidly increases between P10 and
P14. After P18, the EP reaches the normal adult level. We
found that KCNJ10 expression in the cochlea at the
transcription level was down-regulated in the normal
postnatal development. The mRNA level of KCNJ10 was
high at postnatal day 3 (P3), and reduced by 4-fold at P30.
In the Cx30 KO mice, the expression of KCNJ10 at P3 was
similar to that in the wide-type mice. However, in contrast
to the wide-type mice, the mRNA level of KCNJ10 at P30
retained at a high level, and was not down-regulated. This
indicates that Cx30 knockout hinders the normal
downregulation of Kir4.1 at the transcriptional level in the
postnatal development in the cochlea. The data also
suggest that Cx30 deficiency may not be due to the
downregulation of KCNJ10 (Kir4.1) expression in the
cochlea to cause hearing loss.

This work was supported by NIDCD DC 05989.

The Mouse Model of SLC26A4-Related
Syndromic and Non-Syndromic Deafness
Develops Cochlear Bone Malformations and

an Enlarged Vestibular Aqueduct

X|angm|ng Li", Philine Wangemann*

'Kansas State University

Pendred syndrome and non-syndromic deafness due to
mutations of SLC26A4, are characterized by an enlarged
vestibular aquaduct (EVA) and by cochlea bone
malformations.  Slc26a4™ mice, a model of the human
disease, develop an enlargement of the membranous
labyrinth and fail to hear. The goal of the present study
was to determine whether EVA is present in the mouse
model and whether cochlea bone malformations are due to
failure or delays in the expression of bone-related
extracellular matrix proteins. Cochlear and vestibular bone
morphology was evaluated by confocal microscopy of
cryosections and gene expression was analyzed by qRT-
PCR and |mmunoh|stochem|stry durrng early postnatal
development of Slc26a4™ and SIc26a4” mice. Between
P1 and P10, calcification of the extracellular matrix and
subsequent bone formation progressed from the vestibular
labyrinth to the cochlea. The primary spongiosum,
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generated during endochondrial bone formation, was
found in the lateral wall of the cochlea to be compacted
into two layers of bone in SIc26a4 mice and only into a
single layer of bone in Slc26a4” mice. Membranous bone
formation of the mod|olus was delayed in Slc26a4” mice
compared to Slc26a4™ littermates. The cross-sectional
diameter of the vestibular aqueduct, which encloses the
common crus and the endolymphatic duct, was enlarged
2-fold in Slc26a4™ compared to Slc26a4™  mice.
Developmental up-regulation in the expression of Bglapl,
Dmp1l, Ibsp, Mepe and down- regulatlon of Coll0al were
delayed in the cochlea of Slc26a4™ mrce In conclusion,
these data demonstrate that Slc26a4” mice develop a
compromised cochlear bone formation and an enlarged
endolymphatic duct similar to human patient.

Supported by NIH-R01-DC01098, NIH-P60-RR017686.

Bone Marrow Cell Migration in Early
Postnatal Cochlea in a Mouse Model of
SLC26A4-Related Syndromic and Non-

Syndromic Deafness
Takayuk| Kudo', Xiangming Li*,
'Kansas State Unrversrty
Malformation of the otic capsule has recently been
reported in a mouse model of SLC26A4-related syndromic
and non-syndromic deafness (Wangemann et al., 2009).
The primary spongiosium of the otic capsule in the lateral
wall of the cochlea compacted into only one layer of bone
in Slc26a4™ mice, whereas two layers of bone were found
in Slc26a4™ mice. The space between the two layers of
bone was filled with bone marrow cells. This observation
raised the question how bone marrow cells colonize the
otic capsule and the bone of the vestibular labyrinth.
Macrophages, which present a minority population among
bone marrow cells in the cochlea, were visualized by
confocal immunocytochemistry using anti-CD68
antibodies. Macrophages were observed to migrate from
the vestibular labyrinth to the cochlea during postnatal age
P1 and P5. At P3, amoeboid-shaped CD68-positive
macrophages were found to migrate along the border
between the spiral ligament and adjacent chondrocytes of
the otic capsule. At P4 and P5 amoeboid-shaped CD68-
positive macrophages were found at the border between
chondrocytes and the formrng bone. At P10 macrophages
concentrated in Slc26a4"" in bone marrow cavities. At
P30, macrophages in Slc26a4™" mice were round- -shaped
and found exclusively in bone- marrow cavities. In
contrast, macrophages in Slc26a4” mice were found at
P30 both in bone-marrow cavities and inside stria
vascularis. In conclusion, these data suggest that
macrophages play a role in the ossification of the primary
spongiosium in the cochlea and the vestibular labyrinth.
Macrophages in Slc26a4” mice appear to be partially
redirected from entering bone to entering stria vascularis.
The mechanism by which macrophages cross the basal
cell border into stria vascularis remains to be determined.
Supported by NIH-R01-DC01098, NIH-P60-RR017686.

Philine Wangemann*
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Enlargement of the Membranous
Labyrinth in Slc26a4” Mice Coincides with
the Onset of Pendrin Protein Expression in

Slc26a4*" Mice During Development

Hyoung-Mi Kim', Philine Wangemann®

'Kansas State University

Mutations of SLC26A4 are one of the most prevalent forms
of childhood deafness. Acidification and enlargement of
endolymphatic spaces are key events responsible for the
failure to develop hearing in Slc26a4” mice (Wangemann
et al.,, 2004, 2007, 2009). The enlargement has been
demonstrated by ink injection in Slc26a4” mice at E15.5,
which roughly coincides with the onset of pendrin mRNA
expression in Slc26a4** mice at E13 in the endolymphatic
sac and at E15 in the cochlea (Everett et al 1999). The
goal of the present study was to determine with greater
precision whether the onset of pendrin expression in
Slc26a4* mice coincides with the onset of the
enlargement in Slc26a4”  mice. Cryosections were
prepared from embryonic and postnatal otocysts. Protein
expression of pendrin was detected by confocal
immunocytochemistry using a rabbit anti-pendrin antibody
kindly provided by Dr. S. Nielsen, Aarhus University,
Denmark. Pendrin expression was found in the apical
membrane of the endolymphatic sac and duct, in the apical
membrane of vestibular transitional cells, and in the apical
membrane of cochlear outer sulcus and spiral prominence
cells. The onset of pendrin expression was between E12.5
and E13.5 in the endolymphatic sac, at E14.5 in the
vestibular labyrinth and at E14.5 in the cochlea. Cochlear
expression began in the most basal portion at E14.5 and
reached the apex at E17.5. Prior to E13.5 scala media of
the cochlea was closed in Slc26a4™ and Slc26a4” mice.
Between E13.5 and E14.5 scala media began to open at
base of the cochlea. Already at E14.5 scala media as well
as the endolymphatic sac were enlarged in Slc26a4” mice.
In conclusion, these data demonstrate a close relationship
between the onset of pendrin expression and the formation
of an enlargement of the membranous labyrinth in mice
lacking pendrin expression.

Supported by NIH-R01-DC01098, NIH-P60-RR017686.

A Critical Test of Alternate Stimulus

Level Measures for the Human Ear

Natalie Souza', Sumitrajit Dhar', Jonathan Siegel*
'Richard and Roxelyn Pepper Dept. of Communication Sci.
and Disord., Northwestern University

Determining how to control the input level to the human
ear has been a thorny problem, especially at high
frequencies. We have compared depth-compensated
calibration in an ear simulator (Siegel, ARO Abst., 32:11-
12, 2009), a method to predict the eardrum SPL (Siegel,
2009) and measures of sound intensity (SIL) (Neely &
Gorga, JASA 104:2925-2934, 1998), forward pressure
(FPL) (Scheperle, et al, JASA 124:288-300, 2008),
transmitted pressure (TPL) (Withnell, et al, JASA
125:1605-1611, 2009) and the “integrated” eardrum
pressure (the sum of the forward and reflected pressure
waves) (IPL) (Neely, Pers. Corresp., 2009). The six
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guantities were compared using behavioral thresholds
measured in each ear with two different insertion depths,
under the assumption that the best input level measure
would be the one with the least dependence on insertion
depth (Neely & Gorga, 1998). All measures except the
simulator and prediction methods required calibrating the
Thévenin equivalent source characteristics of the ER 10B+
otoacoustic emission probe (Scheperle, et al., 2008).
Békeésy tracking thresholds were measured twice (for the
deepest possible and the shallowest possible insertion with
a good seal using a foam ear-tip) from 125Hz-20kHz in 24
individual subjects (42 ears). The prediction method,
simulator calibration, FPL and IPL were least dependent
on insertion depth throughout the frequency range. The
greatest dependence on insertion depth was for TPL,
followed by SIL, with the largest differences below 1 kHz
and above 6 kHz. Threshold TPL at 125 Hz was, on
average 9 dB higher for shallow vs deep insertions, with
correspondingly higher reflectance (lower transmitted
pressure) at low frequencies for shallower insertions. A
similar dependence of reflectance on insertion depth has
been ascribed to the non-cylindrical geometry of the
human ear canal (Farmer-Fedor and Rabbit, JASA,
112:600-620, 2002).

Supported by NIDCD grant
Northwestern University.

R0O1 DCO008420 and

Quantification of Human Middle-Ear
Function with High-Frequency Bone

Conduction Measures

Gerald Popelka', Goutham Telukuntla®, Sunil Puria®
'Stanford

Our understanding of human middle-ear function and
reconstructive surgery efficacy for high frequencies (6 — 16
kHz) is limited primarily by the insufficient high-frequency
output of the standard electrodynamic transducers used to
measure bone conduction sensitivity. Magnetostrictive
technology has the potential for increased vibratory output
in the high-frequency range. Two new commercially-
available bone conduction headphones (TEAC HP-F100
and TEAC HP-F200), that use this alternative technology,
were evaluated in the laboratory with laser vibrometry and
under clinical conditions with threshold measures in a
variety of subjects with normal hearing or sensorineural
hearing loss, but with presumably normal middle-ear
function. The HP-F200 transducer was modified to provide
control over static coupling force, in a manner similar to the
conventional electrodynamic transducer (Radioear B-71),
and allow measures at several skull locations. Results
indicated that harmonic distortion and acoustic radiation
were both sufficiently low to allow accurate threshold
measurements for high frequencies. Bone conduction
thresholds were accurate under conventional clinical
conditions for high frequencies, at levels up to 85 dB HL in
9 subjects (HP-F100). These measures, when combined
with standard air-conduction measures for high
frequencies, can accurately characterize middle-ear
function and reconstructive surgery efficacy for frequencies
higher than 6 kHz.

[Supported by RO1 DC005960 from the NIDCD of NIH]
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Relationships Between Passive Middle-
Ear Properties as Measured by Wideband
Middle Ear Power Analysis (MEPA) and
Distortion-Product Otoacoustic Emission
(DPOAE) Response Properties in Healthy

Newborns

Lisa Hunter"?, Pat Jeng?, Judi Lapsley-Miller®, Patrick
Feeney’

'Cincinnati Children's Hospital Medical Center, 2University
of Cincinnati, >Mimosa Acoustics, *University of
Washington

Wideband middle-ear immittance measures (e.g., power
reflectance, transmittance, admittance and impedance)
represent passive, linear transmission properties of the
outer and middle ear. Collectively, such measures are
referred to as Middle Ear Power Analysis (MEPA), which
can be measured in human ears with the HearID system
(developed by Mimosa Acoustics, Champaign, IL). This
system also measures distortion product otoacoustic
emissions (DPOAE) using the same probe assembly. A
strong correlation between middle-ear transmission and
DPOAE amplitude as a function of frequency, would be
expected, due to forward and reverse transmission filtering
by the middle and outer ear. In this study, wideband
middle-ear transmission was compared with DPOAE
stimulus and responses in ears of healthy newborns aged
1-3 days (DPOAE F2 frequencies: 2, 3, 4, and 6 kHz,)
using the same probe assembly and ear tip within the
same test session (n=252 ears). In our preliminary
analysis, correlations for each frequency measured by
MEPA which corresponded closely to the F1, F2, and/or
2F1-F2 DPOAE frequency were determined, and all
reached significance (p <.05). However, in contrast to our
expectation, the highest correlations did not occur when
the MEPA frequency matched one or more of the DPOAE
frequencies. Instead, the highest correlation always
occurred at 2 kHz for the F1, F2 and the 2F1-F2
frequency. The DPOAE at 2 kHz had a lower negative
correlation than at the three other test frequencies (poorer
middle-ear transmission correlated with a weaker DPOAE).
All four DPOAE frequencies showed a frequency region of
largest correlation: 2 kHz DPOAE from 1-1.5 kHz, the
other three from 1.5-2 kHz. These results suggest factors
other than direct linear flow of power, that influence the
DPOAE responses in newborn middle-ear transmission.
Related to the strong correlations with 2 kHz, this region
also showed the highest positive predictive value for
absent DPOAEs in newborns, with an area under the ROC
curve of .90. Based on these findings, a brief clinical test
for newborn middle-ear function at 2 kHz is feasible.

Effect of Middle Ear Fluid on Sound
Transmission and Auditory Brainstem
Response in Guinea Pigs

Rong Gan', Xiying Guan®, Wei Li

'School of Aerospace & Mechanical Engineering,
Bioengineering Center, University of Oklahoma
Combination of the measurements on middle ear transfer
function and auditory brainstem response (ABR) in live

ARO Abstracts

15

guinea pigs with middle ear effusion is reported in this
paper. The otitis media with effusion model was simulated
in guinea pigs by injection of saline solution into the middle
ear cavity. Vibrations of tympanic membrane (TM), incudo-
stapedial joint (IS joint) and round window membrane
(RWM) were measured with a laser vibrometer at
frequency range of 0.2-40 kHz when the middle ear fluid
increased from 0 to 0.2 ml (i.e., full fill of the cavity). The
click evoked ABR was also recorded as the middle ear
fluid increased. The results demonstrate that the middle
ear fluid reduced the mobility of TM, IS joint and RWM
mainly at high frequencies (f > 1 kHz). The reduction of the
movements of the TM, IS joint and RWM was proportional
to the volume of fluid in the middle ear. The displacement
transmission ratio (DTR) of the TM to IS joint which
represents the transfer function of the middle ear, varied
with the frequency and amount of fluid in the middle ear.
The DTR of IS joint to RW was almost constant around 1.0
over frequencies and did not vary much with the volume of
fluid in the middle ear. This observation indicates that the
cochlear fluid is generally incompressible and the present
of middle ear fluid may not have much effect on cochlear
mechanical function. The ABR thresholds elevated from 20
to 27 and 33 dB when the fluid volume in the cavity
increased from 0 to 0.1, and 0.2 ml. The prolongation of
the ABR latencies at wave | and wave lll was observed as
the fluid level elevated. The combined measurements of
laser and ABR provide a solid evidence on the change of
sound transmission efficiency induced by the middle ear
effusion. (Supported by OCAST and NIH/NIDCD)

Sound Energy Transmission Simulated in
3D Finite Element Model of the Human Ear
Rong Gan', Xiangming Zhang*

School of AME and Bioengineering Center, University of
Oklahoma

Finite element (FE) model of the human ear for analysis of
sound conduction through the ear has been improved with
advanced technologies in 3D reconstruction and multi-field
FE coupled analysis. A 3D FE model including the ear
canal, middle ear and cochlea (uncoiled) published by Gan
et al. (JASA, 2009) has shown the potential application for
simulating middle ear diseases such as the tympanic
membrane (TM) perforation, and predicting the effect of
perforation on sound energy transmission through the ear.
However, the discrepancies between the modeling results
and measurements suggest that the behavior of the model
for acoustic energy transmission needs to be improved.
One critical factor on modeling results is the mechanical
properties of ear tissues. The measurements on TM and
other middle ear ligaments have indicated that the ear
tissues are typical viscoelastic materials, showing time-
dependent behavior. This paper reports our efforts on
employing viscoelasctic properties for ear tissues in the FE
model instead of elastic properties used in the published
model. First, the FE model reported by Gan and Wang
(JASA, 2007) was modified by attaching the uncoiled
cochlea to the middle ear at the oval and round windows.
Five middle ear tissues (e.g., TM, TM annulus, incus-
malleus joint, incus-stapes joint, and stapedial annular
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ligament) were assumed as linear viscoelastic materials
characterized by complex moduli over the frequency
domain. Then, the material parameters were determined
using the measurements and cross-calibration process
based on frequency response behavior of the TM and
stapes footplate displacement in human temporal bones.
Finally, the middle ear transfer function, input impedance
of the middle ear, and sound energy transmission through
the ear (e.g., energy reflectance and admittance) were
generated using the improved FE model of human ear.
The results were compared with the temporal bone and
clinical measurements. (Supported by NIH/NIDCD)

Middle Ear Disease and Conductive

Hearing Loss in Mice

Suh-Kyung Lee"?, Melissa Wood?, John Rosowski
"Massachusetts Institute of Technology, ’Massachusetts
Eye and Ear Infirmary

The influence of middle ear disease on hearing in mice is
not well understood. We investigated middle-ear function
and structure in a small group of mice, some of which had
developed hearing loss. The suspect mice were of a
genetic background that is known to be susceptible to
middle ear disease. We measured ABR and DPOAE
thresholds and sound-induced umbo velocity, and
prepared the ears using standard histological techniques.
Histological analyses included reconstruction of middle ear
volume, observation of TM and ossicular structures, and
estimation of the volume of lightly or darkly stained middle-
ear fluid. Lightly stained fluid in diseased ears was located
throughout the middle ear, whereas darkly stained fluid
was usually seen near the round window. The ABR and
DPOAE thresholds and the umbo velocity produced by
lower- and middle-frequency sound stimuli were strongly
correlated with middle-ear air volume. The volume of
darkly stained fluid was correlated with the DPOAE and
ABR thresholds for lower- and middle-frequency sounds.
The volume of lightly stained fluid was correlated with the
umbo velocity in the middle and upper frequencies.
Regression analyses between the thresholds and velocity
show the DPOAE threshold about twice the ABR threshold
in the middle frequencies, while the ABR threshold was
roughly inversely proportional to the umbo velocity at lower
stimulus frequencies. The correlations between histological
and functional results are consistent with a decrease in
middle-ear air volume and the presence of lightly stained
fluid affecting the motion of the TM, while the darkly
stained fluid near the round window acts to reduce the
middle-ear vibrations that reach the cochlea. The inverse
relationship between the ABR threshold and the umbo
velocity is consistent with a conductive hearing loss
produced by reduced middle-ear air volume. [Work
supported by NIDCD]
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Anatomical Survey of the Ear of a
Retinoic Acid Receptor Alpha Knockout

Mouse

Melissa Wood", John Rosowski'?

"Massachusetts Eye & Ear Infirmary, ?Harvard/MIT
Division of Health Sciences & Technology

The effects of genetic mutations on the auditory system
can be varied. Retinoic acid receptors play key roles in the
development of the mammalian fetus, including the
development of bony structures in the middle and inner
ear. We previously examined an adult RARalpha knockout
mouse that exhibited a 30-40 dB increase in ABR
thresholds (Romand et al. unpublished observations). We
measured sound-induced umbo velocity using laser-
Doppler vibrometry and found that the velocities in control
(RARalpha+/+) mice were similar to velocities measured in
other strains of similar aged mice and that the RARalpha
knockout (RARalpha-/-) population had velocities that were
10-15 dB lower than controls. Now we present an analysis
of histological sections of the ears of these mice based on
moderate resolution digital photographs of every fifth
section of the mouse ear in two control mice and three
RARalpha knockout mice. We used AMIRA software and
the techniques described by Wang et al. (Otol & Neurotol
27:452-457, 2006) to generate 3-D reconstructions of the
ears of both RARalpha+/+ and RARalpha-/- mice. In the
RARalpha-/-, we find structural abnormalities in the
ossicular chain, including size and shape; also, the middle-
ear air spaces are flatter with significant volume reduction
(about half of the RARalpha+/+). We also see size and
shape differences in the bony cochlea and point fixations
of the stapes. We have begun the process of higher-
resolution reconstructions in more control and knockout
mice to define the ossicular and inner-ear abnormalities
better and to test the generality of the observed differences
in the normal and control populations.

[Work Supported by NIDCD]

Wave Motion on the Surface of the
Tympanic Membrane from Stroboscopic

Holograph and Its Clinical Application

Jeffrey Cheng"?, Mohamad Hamade™?, Michael Ravicz"?,
Ellery Harrington®, Cosme Furlong™®, Saumil N.
Merchant"?, John Rosowski'?

'Massachusetts Eye and Ear Infirmary, “Harvard Medical
School, *Worcester Polytechnic Institute

Opto-electronic stroboscopic holography interferometry is
used to study wave motion on the surface of the tympanic
membrane (TM) in human temporal bones. Tones from 0.2
to 10 kHz with levels from 60 to 120 dB SPL are used as
stimuli and the displacement amplitude and phase at more
than 40000 nodes on the TM surface are recorded in
stroboscopic holograms. The velocity of the stapes is
measured by Laser-Doppler vibrometry (LDV) near
simultaneously using continuous tone stimuli. Spatial maps
of wave velocity on the TM surface are quantified from
stroboscopic holograph data at each measured frequency.
Wave delays are then computed based on wave velocities
and dimensions of the TM. The results are compared with
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ossicular group delays derived from phase gradients of
stapes velocities measured by LDV. Such information
helps us better understand the relation between wave
motion on the TM surface and delays in middle ear sound
transfer. Our previous studies show that an imposed local
suppression of wave motion within a quadrant of TM
region has little effect on stapes velocity. In this study, we
continue investigating the relation between surface motion
of the TM and ossicular chain vibration by applying a large
piece of thin cartilage sheet to the medial side of the TM to
suppress motion of the majority of the TM. The resultant
significant changes of wave motion on the TM surface are
then compared with simultaneously measured stapes
velocities. Moreover, changes of wave motion on the TM
surface caused by various ossicular chain manipulations
are also evaluated with related stapes velocities. Such
results will have meaningful applications in clinical
tympanoplasty procedures as well as in planning
treatments for patients with conductive hearing loss.

[Work supported by NRSA F32 & RO1 from NIDCD and a
donation from L. Mittal.]

Simulating Large Deformations of the
Gerbil Pars Flaccida to Determine Its Material

Properties

Willem Decraemer’, Joris J. J. Dirckx", Nima Maftoon?,
Robert Funnell®

'University of Antwerp, 2McGill University, Montreal

The gerbil is a popular animal in hearing research and
many aspects of its middle-ear function have been studied.
Various papers have reported on studies of its pars
flaccida in the last decade. For example, the role of the
pars flaccida in low-frequency hearing (Teoh et al., Hear.
Res. 1997; Rosowski et al., Audiol. Neuro-Otol. 1999) was
investigated and the deformation of the pars flaccida with
static pressure in healthy animals and in animals with otitis
media (Dirckx et al., Hear. Res. 1997, 1998) was studied.
The interpretation of these results and hence a better
understanding of the fine details of the functioning of the
hearing organ can benefit greatly from mathematical
models in which structural elements of the ear are
represented in a geometrically correct way and with correct
physical characteristics. Finite-element analysis is often
used for such mathematical models but there has been
relatively little modeling of middle-ear deformations that
exceed the linear (infinitesimal) range. The pars flaccida in
gerbil has a flat and nearly circular shape, and in recent
studies in our laboratory the thickness has been
determined (Kuypers et al., JARO 2005). This makes the
design of a realistic finite-element model for the gerbil pars
flaccida relatively straightforward, but the material
properties are not known. We have used both linear elastic
and hyperelastic formulations for the constitutive equations
and adjusted their parameters to find simulations that
replicate well the large 3D deformations of the gerbil pars
flaccida measured in our lab.

Keywords: gerbil, pars flaccida, static
deformation, non-linear finite-element modeling

pressure,
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Reverse Transmission Along the

Ossicular Chain in Gerbil

Wei Dong', Willem Decraemer®, Ombeline de la
Rochefoucauld®, Elizabeth Olson*

'Columbia University, “University of Antwerp, *Université
Victor Segalen Bordeaux 2

In a healthy cochlea stimulated with two tones f1 and f2,
combination tones are generated by cochlear nonlinearity,
for example the 2f1-f2 and the 2f2-f1. These distortion
tones travel “in reverse” through the middle ear. They can
be detected with a sensitive microphone in the ear canal
(EC) and are known as distortion product otoacoustic
emissions (DPOAEs). Gerbil middle ear ossicles (malleus,
incus and stapes) were accessed through an opening of
the pars flaccida, and their motion was measured along a
single axis in line with the stapes piston motion using a
laser interferometer. The stimuli were two equal-intensity
tones with fixed f2:f1 ratio of 1.05 or 1.25. Comparison
between ossicular velocity and the ear canal pressure
responses at distortion product frequencies allowed us to
evaluate the middle ear transmission in the reverse
direction along the ossicular chain. Middle ear delay was
defined as the slope of the phase-frequency response. We
found: (1) at frequencies above 10 kHz, the middle ear
delay in the reverse direction was similar to that in the
forward direction, consistent with our previous studies in
which intracochlear pressure right behind the stapes and
EC pressure were compared. (2) In the forward direction
we have previously noted a systematic delay along the
chain from the umbo to the body of the malleus and to the
lenticular process of the incus, and in the reverse direction
a similar delay was present between the body of the
malleus and umbo but seemed less pronounced between
the incus and malleus. (2) Below 10 kHz, the opening of
the pars flaccida appeared to affect the sound traveling out
more than the sound going in.

Estimation of the Quasi-Static Young’s
Modulus of the Rat Eardrum Using Fourier
Transform Profilometry and Inverse Finite-

Element Analysis

Hanif M. Ladak’, Nastaran Ghadarghadar®, Sumit K.
Agrawal', Abbas Samani*

The University of Western Ontario

Background: Accurate estimates of the quasi-static
Young’s modulus of the eardrum are important for finite-
element (FE) modeling of clinical procedures such as
tympanometry in which the acoustic admittance of the
middle ear is measured at the eardrum as a function of
guasi-static pressure applied to the eardrum. Although a
few authors have reported estimates of the quasi-static
Young’'s modulus, simplifying assumptions in the analytical
approaches may raise questions as to the accuracy of the
various methodologies.

Objective: To develop a method for estimating the quasi-
static Young’'s modulus of the rat eardrum from
pressurized shape measurements made using Fourier
transform profilometry and optimization of a FE model.
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Methods and Materials: Measurements were made on six
rat eardrums with immobilized ossicular chains. A
pressurization system was used to apply quasi-static
pressures up to 4 kPa to each eardrum. The resting and
deformed shapes of each eardrum were measured using a
Fourier transform profilometer, a non-contacting optical
device for surface shape measurement. A FE model was
constructed for each eardrum from the resting shape data
to simulate the pressurization experiment, and the Golden-
Section optimization technique was used to automatically
find the Young's modulus of the model eardrum that
caused the simulated deformed shape to match the
measured shape.

Results: The average estimated Young's modulus was
22.8MPa +/- 1.5 MPa, which is comparable to values
found in the literature for human eardrums.

Conclusion: The estimation technique proposed in this
work yields Young's moduli values that are comparable to
those reported in the literature for other species. Moreover,
the results are repeatable as indicated by the low standard
deviation.

[51] Specialisation for Underwater Hearing in
the Red-Eared Slider Turtle, Trachemys

Scripta Elegans

Jakob Christensen-Dalsgaard"?, Catherine E. Carr®?,
Peter T. Madsen*®, Christian Brandt*, Katie Willis®,
Darlene R. Ketten®, Peggy Edds-Walton*®, Richard R.
Fay”

'University of Southern Denmark, *Marine Biological
Laboratory, *University of Maryland, “Aarhus University,
*Woods Hole Oceanographic Institute, *Loyola University
The inner-ear of the red-eared slider has been extensively
studied previously, primarily because of the tolerance of
turtle tissue to low oxygen tension and the resulting
viability of in vitro preparations of inner ear and brain. In
comparison, very few studies have addressed the general
sensitivity of this turtle ear in vivo.

Here, we report on an in-vivo study using auditory
brainstem responses (ABR). The turtles were lightly
anesthetized with ketamine and xylazine, and ABRs were
measured using three needle electrodes inserted
subcutaneously above the ear, at the brainstem and into
the foreleg.

We used four different modes of stimulation: 1) a closed
coupler sealed over the eardrum; 2) underwater sound 3)
dorso-ventral vibrations and 4) direct motion of the
tympanic disk.

The ABR audiogram is V-shaped with best sensitivity to
airborne sound (50 dB SPL) at 300-500 Hz. Although the
turtle ear looks like a normal tympanic ear, comparison of
audiograms before and after removing the ‘tympanum’,
i.e. the skin covering the cartilaginous tympanic disk shows
unchanged sensitivity , indicating that the tympanic disk,
not the skin, is the key sound-receiving structure. The
tympanic disk is framed by a delicate membrane and very
compliant. The head of the middle ear bone is firmly
attached to the disk. Behind the disk is a large, air-filled
cavity (volume about 0.95 ml, corresponding to a
resonance frequency of approximately 500 Hz).
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A comparison of the audiograms shows that the ear is 10-
20 dB less sensitive to underwater sound pressure than to
airborne sound. If the thresholds are compared in terms of
sound intensity, however, thresholds in water are
approximately 40-50 dB lower than in air, showing that the
ear is clearly specialized for underwater hearing. Given the
specialized structure of the tympanic disk and the large
middle ear cavity, we hypothesize that pulsations of the air
in the middle ear cavity drive the tympanic disk
underwater.

[52] Postnatal Development of the Middle Ear

in New Zealand White Rabbits

Yael Marcusohn', Amos Ar?, Joris J. J. Dirckx"
!Laboratory of Biomedical Physics, University of Antwerp,
*Department of Zoology,Faculty of Life Sciences,Tel Aviv
University

We studied the postnatal development of the middle ear
(ME) in New Zealand White rabbits. Bullae (ages:0, 1, 2, 4,
6, 9, 13, 20, 30, 40, 50, 133, 180 days) were scanned
using a desktop x-ray microtomograph. Reconstructed
slices were segmented and 3D models of the 3 ME
ossicles as well as the tympanic ring (TR) were prepared.
In 0,1,2 days old rabbits the ossification process was
incomplete. Thus, we present here quantitative data
obtained from older rabbits (ages:4-180 days). The length
of the malleus increased rapidly up to the 40th postnatal
day. It varied between 1.73mm and 4.08mm. Afterwards
almost no changes were observed. On day 180 it was
3.79mm. The distance between the tip of the malleus and
the TR increased rapidly until day 40. It varied between
0.0lmm and 1.40mm. Afterwards, the values obtained
approached a plateau. On day 180 the distance was
1.21mm. The surface area of the tympanic membrane
(TM) varied between 25.63mm? and 33.31mm? until day 50
(on day 180: 31.50mm?). The area within the TR varied
between 24.38mm’ and 30.90mm? up to day 50. No
significant changes were observed at older ages (on day
180: 28.83mm2). The ratio: [TM area] / [TR area] increased
until day 40. It varied between 1.00 and 1.11. The area of
the stapes footplate (FP) increased rapidly until day 40 and
varied between 0.72mm? and 1.49mm® (on day
180:1.28mm?). The ratio: [TM area] / [stapes FP area]
decreased until day 40 and varied between 36.01 and
21.15 (on day 180: 24.65). The distance between the tip of
the malleus and the rotation axis increased rapidly until
day 20 and varied between 3.47mm and 5.00mm (on day
180: 4.91mm). The distance between the tip of the incus
and the rotation axis increased until day 133. It varied
between 1.39mm and 1.69mm (on day 180: 1.64mm). This
study shows that in rabbits the ME is underdeveloped at
birth and that the conical shape of the TM is formed by
retraction and growth of the manubrium, mainly during the
first 40 days after birth.
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Abnormal Auditory Ossicles and Hearing

Loss in Osteopetrotic Mice

Sho Kanzaki', Yasunari Takada®, Kaoru Ogawa’, Koichi
Matsuo®

'Department of Otolaryngology, Head and Neck Surgery,
School of Medicine, Keio University, “Center for Integrated
Medical Research, School of Medicine, Keio University
The three ossicles, the malleus, incus, and stapes form a
chain, which transmits vibrations from the tympanic
membrane to the inner ear. Osteoclasts are cells that
resorb bone including auditory ossicles. Excessive bone
resorption by osteoclasts results in osteoporotic changes
and spongiosis of ossicles in mice lacking osteoprotegerin,
and the progressive hearing loss is prevented by treatment
with antiresorptive bisphosphonate (Kanzaki et al. 20086,
2009). However, the effects of lack of osteoclasts on
auditory ossicles and hearing ability have been less well
studied. Here we analyzed auditory ossicles of
osteopetrotic mice lacking molecules essential for
osteoclast differentiation, namely, the transcription factor c-
Fos or the cytokine RANKL. These mice carried auditory
ossicles, which were thicker especially at the malleus
manubrium and incus body, and suffered from impaired
auditory function. Since c-Fos is also expressed in other
cell types beside the osteoclast lineage, such as nervous
cells, we generated mice lacking c-Fos specifically in the
macrophage-osteoclast lineage. These mice showed
hearing loss, suggesting that the lack of osteoclasts rather
than alteration in the nervous system is the cause of
hearing loss. As these osteopetrotic mice had abnormal
morphology of the ossicles and impaired auditory function,
we are currently testing whether or not the vibration of
tympanic membrane is affected in these mice. We
conclude that both excess and deficiency in bone
resorption lead to hearing loss mostly due to alterations in
morphology and function of auditory ossicles.

Usefulness of the Transplantation of
Isolated Middle Ear Mucosal Epithelial Cells
Mixed with Hydrogel for the Promotion of
Mucosal Regeneration in the Middle Ear of

Wistar Rat

Naotaro Akiyama', Tomomi Yamamoto-Fukuda®, Yoko
Sato?, Yoshitaka Hishikawa?, Koji Takehiko?, Haruo
Takahashi*

'Depart of Otolaryngology-Head & Neck Surgery,

Nagasaki Univer Graduate School of Biomedical Sciences,
“Department of Histology and Cell Biology, Nagasaki
University Graduate School of Biomedical Science

Middle ear mucosa plays an important role in the
maintenance of middle ear pressure. However, in most of
the surgical cases the mucosal regeneration is not
sufficient and mucosal transplantation would be required.
In the present study, we examined the usefulness of
isolated mucosal cells mixed with hydrogel (polymer
scaffolds), which has been successfully used as scaffolds
in tissue engineering.

Sixteen Wistar rats (4 to 5 weeks) were used as recipients.
The middle ear bulla with mucosa was experitated and
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minced into small pieces, which were cultured in the
collagen-| coated dish with culture medium (1:1 mixture of
Dulbecco’s modified Eagle’s medium (Gibco) and Small
Airway Epithelial Basal Medium (Cambrex)) in a humidified
atmosphere of 5% CO, in air at 37°C. The outgrowth cells
were subcultured up to three passages. To characterize
the cells, we performed immunohistochemistry using anti-
pancytokeratin (an epithelial cellular marker), anti-vimentin
(a mesenchymal cellular marker) and anti-MUC1 and 2 (a
functional marker of mucosal cells). pEYFP-Mito DNA was
transfected into the cells by electroporation as tracers. The
cells were mixed with hydrogel and transplanted into the
middle ear of immuno-suppressed rats by injection.
Several weeks after transplantation, the middle ears with
transplanted cells were collected and performed
immunohistochemistry with above anitibodies to observe
the effect of transplantation.

Immunohistochemical results showed that about 70% of
outgrowth cells from the tissue were positive to anti-
pancytokeratin but not to anti-vimentin. pEYFP-Mito gene
expression in the transplanted cells was found in the host-
middle ear, showing a stable residence, and the function
and morphology of the transplanted cells became to be
examined by immunohistochemistry precisely. In
conclusion, our results may suggest that mucosal cells
mixed with hydrogel could provide the new effective
methods to regenerate the mucosal tissue in the middle
ear of a Wistar rat.

[55] Effect of in Vivo Over-Expression of KGF
by Electroporatively Transfected KGF CDNA
on the Histology of External Auditory Canal
in a SD Rat

Tomomi Yamamoto-Fukuda', Mariko Terakado®,
Yoshitaka Hishikawa?, Takehiko Koji?, Haruo Takahashi*
'Depart. of Otolaryngology-Head & Neck Surgery,
Nagasaki Univ. Graduate School of Biomedical Sciences,
“Department of Histology and Cell Biology, Nagasaki
University Graduate School of Biomedical Sciences

Middle ear cholesteatoma is characterized by enhanced
proliferation of epithelial cells with aberrant morphologic
characteristics. In our previous study, we have indicated
that keratinocyte growth factor (KGF) plays an important
role in cholesteatoma formation. KGF is a mesenchymal-
cell-derived paracrine growth factor that specifically
stimulates epithelial cell growth. In this study, we
investigated the effect of over-expressed KGF in vivo by
electroporatic transfection of KGF-expressed vector into
external auditory canal (EAC) tissues in SD rats.

After anesthetized 9 male SD rats Flag-hKGF
DNA plasmid (150 g) driven by a CMV promoter was
injected into the epithelial lesion of right ()EAC, and
electric pulses were given by CUY?21 Electroporator, while
the left ear with TE buffer injection was used as controls.
At 1, 4 and 7 days after injection, 3 rats at each time-point
were sacrificed. To detect the expression of Flag-hKGF
protein, western blotting was performed. The paraffin
sections of EAC tissues were used for H&E and
imunstaining of KGF and Ki-67.
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As a result, we found chronic inflammation in rEAC at 1
and 4 days, and keratin accumulation in rEAC at 7 days
after KGF cDNA electroporated. On the other hand, in the
control ear, though the inflammation change was occurred
in 1 of 3 rats at 1 day, no inflammation and no keratin debris
were detected at 4 and 7 days. Immunohistochemical results
revealed that, KGF was positive at 1, 4 and 7 days in
injected specimens, while no staining was found in control
specimens at all days. Moreover, in contrast to the control
specimens, larger numbers of Ki-67-positive cells were
detected in KGF cDNA transfected specimens (<0.0001).
These findings indicated that a single injection of KGF
cDNA expressive vector coupled with electroporation
induced inflammatory reaction and increased proliferative
activity of epithelial cells in EAC, and as results, single
KGF injection may possibly induce a cholesteatoma
formation in SD rats.

In Vitro Properties of Osteoblasts
Cultured from Stapes of Patients with

Otosclerosis: A Preliminary Report

Kourosh Parham', Yvonne Richardson®, Jonathan
Romak", Gloria Gronowicz*

'University of Connecticut Health Center

Otosclerosis is a disease of bone remodeling and turnover
in which osteoblasts play a central role. In this study we
developed in vitro osteoblast cultures grown from stapes
removed during stapedectomies and assessed how the
characteristics of these osteoblasts are altered with
exposure to bisphosphonates, a proposed therapy for
otosclerosis. Cell cultures were grown from stapes
removed from four patients with otosclerosis and
compared to cell cultures from healthy human peripheral
bone fragments harvested during four orthopedic
procedures of patients matched for age and sex.
Specimens were cultured in DMEM-F-12 with 15% FBS
and antibiotics. Staining for alkaline phosphatase, a
marker for osteoblast differentiation, verified the
osteoblast-like identity of the cells. Once cells reached
confluence, 10,000 cells/cm2 were replated, and adhesion
and proliferation assays were performed. For adhesion
studies, cells were treated with and without alendronate
(10-10 - 10-8 M) for 1 week, then trypsinized and replated.
Cells were assayed after 4 hours of culture. Trypsinized
plates yielded higher cell counts for stapes osteoblasts
than normal human osteoblasts (NHO) (mean+SEM
2261612455 vs. 12651+908 cells; p < 0.005). For
proliferation studies plates of cells were treated with and
without alendronate (10-10 - 10-8 M) for 2 days. At 72
hours of culture, tritiated thymidine uptake for the stapes
osteoblasts was lower than NHOs (2884+391 vs.
39351513 dpm; p < 0.05). In the presence of alendronate,
otosclerotic  osteoblast adhesion decreased, and
proliferation increased to levels similar to NHO osteoblasts
at baseline. The present results demonstrate distinct
characteristics of otosclerotic osteoblasts. The higher
adhesion and lower proliferation rate of otosclerotic
osteoblasts may implicate the involvement of integrins and
cyclins, respectively, in the pathogenesis of otosclerosis.
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Alendronate appears to have a “normalizing” effect on
otosclerotic osteoblasts.

Angiotensine 2 Effect on Inflammation

Signaling Pathways in Otosclerosis

Alexis Bozorg Grayeli'?, Milan Rudic?, Christine
Nguyen?, Yann Nguyen?, Michael Rodriguez?, Yutaka
Imauchi®, Evelyne Ferrary"?, Olivier Sterkers™?

'APHP, Hopital Beaujon, Clichy, Inserm, UMRS 867,
Université Paris 7

Introduction: Our previous studies showed a genetic
association between otosclerosis and 2 genetic
polymorphisms (M235T et ACE I/D). activating the renin-
angiotensin-aldosterone system (RAAS) and otosclerosis
in a French population. We also reported the in vitro
production of a proinflammatory cytokine (IL6) in the
presence of angiotensin 2 (Ang 2) in otosclerosis primary
cell cultures. The aim of this study was to assess the
MRNA and protein expression of molecules implicated in
inflammation signaling pathways in normal and otosclerotic
stpadeial cell cultures.

Materials and methods: Six otosclerotic human stapes and
six control (temporal bone tumors) human stapedial
samples were used to prepare primary cell cultures.Cells
were incubated with Ang 2 (10-7 M) or vehicle for, 24H.
Assessement of porteins related to the inflammatory
pathway and liberated in the culture media was carried out
by an antibody array (RayBio® Human Inflammation
antibody array 3, AAH-INF-G3-8, n=6). Evaluation of
MRNA expression of inflammation pathway molecules was
performed by a cDNA array (cDNA Oligo GEarray®
Human inflammatory cytokines and receptors micro array
EHS-011, SA biosciences, Frederik, MD, n=3). In case of
significant variation, results were verified by a gPCR
(Tagman, Chromo 4 ®, Biorad, Hercules, CA).

Results: In basal condition and with antibody array, a
higher production of several cytokines (Il-1b, IL-12p70, IL-
10, PDGF-BB, 1309, STNF-RII), and a lower production of
TIMP-2 et STNF-RI was observed in the culture media
from otosclerosis in comparison to controls. Ang 2
increased the production of IFN-gamma, IL-10, d'IL-7 and
decreased IL-11, MIP l1a and TNF RIl in otosclerotic
cultures. In control cultures, Ang 2 stimulates IL7 et TNF-
alpha but inhibits IL-11, IL-12, MCSF, MIP 1 alpha, TIMP-
2, and STNF RIl. Gene array studies showed a higher
expression of BCI-6 in otosclerosis versus control in basal
condition. BCI-6 expression is ihibited by Ang 2 only in
otosclerosis. QPCR studies confirmed these observations.
Conclusions: These results indicate that otosclerosis
samples produce higher quantities of proinflammtory
cytokines than normal stapes in basal cell culture
conditions. Ang 2 effect in vitro suggests its implication in
inflammatory process during the active phase of
otosclerosis. This effect appears to be different in control
and otosclerotic stapes. BCI-6 mRNA expression level,
influenced by Ang 2 may be one of the key steps to trigger
inflammation and apoptosis by Ang 2.
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Histopathologic Study on the Obliteration
of the Temporal Dorsal Bullae in Guinea Pig

Using Calcium Phosphate

Yeong Kyu Park’, Yong Ho Park®

'Chungnam National University

Mastoid obliteration is the technique to reduce
disadvantages of canal wall down procedure. Many
materials for mastoid obliteration have been devised. The
aim of our study is to evaluate the histopathologic changes
according to the different obliterating materials in guinea
pig.-We divided guinea pigs into four groups. all groups
underwent removal of mastoid mucosa with 2% TCA
(trichloroacetic acid). One group was control. The others
had mastoid obliteration by implantation of polyphosphate
(Polybonetg), bone wax, gelfoam.Twelve weeks after
implantation, the animals were sacrificed. Histopathology
study was performed to evaluate inflammation, foreign
body response, new bone formation, implant material
resorption.We suggest that Polybone¢¢ also can be used
as a obliterating material in mastoid.

The Healing Processes of the Tympanic
Membrane

Magnus von Unge'

'Karol Inst and Univ of Oslo

Introduction

The healing processes after myringotomy are studied as a
part of an ongoing project assessing the patophysiological
mechanisms involved in the destructive inflammatory
processes and the physiological repair after trauma and
chronic otitis media. Thereby better prophylaxis or
remedies for sequel of the diseases may be invented.
Methods

Acute tympanic membrane (TM) perforations were made in
rat with laser. The TMs were studied with light and electron
microscopy after different observation times. The strength
of the TM was measured with moiré interferometry if the
perforation was closed.

Results

After hours inflammatory cells invade the perforation
region. After days a massive wave of epithelial cells
migrate in peripheral direction towards the perforation.
After days to weeks fibroblasts enter the scene of repair to
produce new collagen fibers, and after months a
reorganization of the lamina propria is going on.

The epithelial invasion produces a keratin spur that
eventually spans the perforation gap and serves as a
scaffold for the ingrowth of a hypertrophy of fibrous scar
tissue that replaces the lamina propria in the defect. A
large portion of the TM shows scar tissues in the lamina
propria relatively far distant from the myringotomy site,
although only in the same half of the TM as the
myringotomy. The composition of different collagene types
in the lamina propria, each having unique mechanical
properties is assessed in normal and pathological
situations.

Fourteen days after myringotomy the strength of the
closed TM measured almost normal, with a hypertrophy of
scar tissue at the myringotomy site. At half a year the
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hypertrophy was reduced and
reduced.

Conclusion

The pars tensa has normally a low metabolism, with
sparse cell activity in its major layer, the lamina propria. It
reacts however promptly upon trauma such as an acute
perforation with a massive cellular activity. Thus, closure
and thereby restoration of the physiology of the middle ear
cleft is soon achieved, as long the healing process is not
interrupted. Thereby the requisite for near-normal hearing
is restored as well. Normalization of the structure is
however o prolonged process.

the strength slightly

Histopathological Incidence of the Facial

Canal Dehiscence in Otosclerosis

Shin Kariya™?, Shigenobu Nomiya'?, Sebahattin
Cureoglu??, Patricia Schachern?, Norimasa Morita*, Rie
Nomiya™?, Kazunori Nishizaki', Michael Paparella®®
'Okayama University, 2Univers,ity of Minnesota,
®International Hearing Foundation, “Kawasaki Medical
School, *Paparella Ear Head & Neck Institute

Background: The incidence of facial canal dehiscence in
patients with otosclerosis reported in clinical studies was
lower than that in histopathological study using normal
human temporal bones.

Objective: To evaluate the histopathological incidence of
facial canal dehiscence in human temporal bones with
otosclerosis compared with normal controls without
otosclerosis.

Subjects and Methods: One hundred and thirty three
human temporal bones with otosclerosis from 84 cases
and 102 age-matched normal temporal bones from 70
subjects were examined under light microscopy. We
evaluated the location and the invasion of otosclerosis into
the facial canal and incidence of facial canal dehiscence.
Results: In the oval window area, the incidence of facial
canal dehiscence in otosclerosis was significantly lower
than controls (P = 0.019). Temporal bones with
otosclerotic invasion to the thin bony canal were
significantly less likely to have dehiscence compared to the
otosclerotic bones without invasion (P = 0.025).
Conclusion: Facial nerve palsy due to facial canal
dehiscence is a serious complication in stapes surgery.
Our findings suggest that otosclerotic lesions might have
potential to close dehiscence of the facial canal. These
findings might provide a histological basis for low incidence
of facial canal dehiscence observed in stapes surgery.

Post-Operative Hearing of the
Reconstructed Ear with Soft Posterior Meatal

Wall

Takefumi Sakaguchi', Hiroshi Hosoi*

'Nara Medical University

A number of surgical techniques have been designed to
treat ears with cholesteatoma such as following: posterior
canal wall reconstruction using cartilage, external auditory
meatus bone, mastoid bone, and mastoid bone putty.
However, the disease recurrence problem was a matter of
concern at all times. In 1992, we reported tympanoplasty
with soft posterior meatal wall reconstruction as one
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solution to the problem. We accepted post-operative
occurrence of balloon-like retraction, in this technique, in
order to prevent post-operative retraction pocket formation
and led to lessen the possibility of cholesteatoma
recurrence.

Although we have reported there are no detrimental effect
on post-operative hearing of the ears this technique were
applied, some suggests possibility of larger energy loss to
bring about when the posterior meatal wall is reconstructed
by soft materials compared to the wall reconstructed by
hard ones.

We made numerical reconstructed ear models and
calculated the transmitted acoustic power in the auditory
pathway with both soft and hard posterior meatal walls in
order to elucidate the difference between these two in
sound conduction effect.

As a result, differences in the sound power transmitted to
columella among the models were no more than 1.9 dB.
These results suggest that there is no disadvantage in the
post-operative hearing of the ear with soft posterior meatal
wall even if it has balloon-like retraction.

Taste Disorders in Middle Ear Disease
and After Middle Ear Surgery — Evaluation of
Study Methods

Katarina Berling', Magnus von Unge?®

Center for Clinical Research, Landstinget Vastmanland,
“University of Oslo, *Karolinska Institute

Introduction

The chorda tympani nerve (CTN) location in the middle ear
predisposes for nerve trauma during middle ear surgery. It
is not clearly described how its function suffers in different
forms of otitis media or by ear surgery: is it better to cut the
CTN than to leave it traumatized after surgery? In order to
elucidate these questions a prospective study is initiated
based on functional measurements of the nerve.

Methods

Two gold standard methods of taste measurements,
Electrogustometry (EGM) and the Filter Paper Disc
method (FPD) are evaluated on healthy staff members of
our ENT dept. The methods have been in clinical use but
are untii now not thoroughly evaluated regarding
reproducibility and possible bias.

A decay test was performed, measuring before and after
eating sweet, sour, bitter, salt, a mild or hot meal, after
smoking and after taking tobacco snuff as well as before
and after local anesthesia of the tongue. Measurements
were performed at five consecutive days as well as
repeatedly during one day.

Thirty persons were measured bilaterally with booth EGM
and FPD in the same séance for correlation analysis
between the two methods.

A clinical study with pre- and postoperative measurements
has been launched including one hundred surgical cases
with  otosclerosis, dry chronic otitis media or
cholesteatoma. Simultaneously a taste and a quality of life
questionnaire are applied.

Results

The readings of 750 measurements indicate that EGM is a
reliable method to measure taste with a high degree of
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reproducibility. The only significant taste reductions were
obtained after eating bitter or having local anesthesia of
the tongue. Furthermore, it was shown a significant
correlation between EGM and FPT.

Conclusion

It is important to identify the best way to handle the CTN in
different surgical situations. To do so, the measuring
methods first need to be thoroughly evaluated. EGM was
found to be a valid (significant FPT correlation) and reliable
method for taste measurements.

Inner Ear Hair Bundle Proteomics:

Identification of Novel Stereocilia Proteins
Anthony Peng’, Patrick Hsu', Stefan Heller*

!Stanford University

The stereocilia of sensory hair cells contain proteins pivotal
to the mechanotransduction process, the underlying core
sensory process of hearing and balance. These
specialized organelles must develop and maintain not only
the principal transduction machinery but also many
accessory structures that are essential for proper sensory
function. To identify specific proteins in these specialized
organelles, we utilized a mass spectrometry protein
identification approach termed multi-dimensional protein
identification technology (MudPIT), which is based on two-
dimensional chromatographic separation followed by
tandem mass spectrometry analysis of tryptic peptides.
We isolated stereocilia from utricles of embryonic chickens
(Gallus gallus) using an agarose embedding technique.
Tandem mass spectra of stereociliary proteins from 1,900
utricles were analyzed with three database search
algorithms in combination with statistical validation. These
experiments resulted in identification of 138 proteins at the
highest confidence level, and almost 1,000 proteins with a
confidence greater than 90%. Among the proteins
identified was a significant group of known hair bundle
proteins as well as a substantial number of proteins
previously not associated with stereocilia. We have
localized 3 new proteins to stereocilia via antibody
staining, and present our emerging analysis of the function
of these proteins in stereocilia.

Molecular Constituents of the Tip-Link

Complex in Hair Cells

Ulrich Miiller’

The Scripps Research Institute

Tip links are thought to gate mechanotransduction
channels in hair cells. Tip links consist of a cadherin 23
(CDH23) homodimer that interacts in trans with
protocadherin 15 (PCDH15) homodimer to form the upper
and lower part of tip links, respectively. The distribution of
CDH23 and PCDH15 at tip links suggests that the
mechanotransduction machinery of hair cells is inherently
asymmetric. In support of this model, recent studies
suggest that the mechanotransduction channels in
cochlear hair cells are localized to the lower end of tip
links. To identify molecules that might be important for tip
link function, we have searched for proteins that interact
with the cytoplasmic domains of CDH23 and PCDH15 and
are localized in proximity to tip links. We show here that
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the PDZ-domain protein harmonin is a component of the
upper tip-link density (UTLD) where CDH23 inserts into the
stereociliary membrane. Using forward and reverse
genetics approaches, we have generated mouse lines with
mutations in tip-link cadherins and harmonin. Some of the
mutations are similar to those that are associated with
deafness in humans and affect mechanotransduction and
tip-link maintenance. Collectively, our finding define
essential components of the tip-link complex in hair cells
and provide strong evidence that some forms of human
deafness are caused by defects in tip-link function.

Immunolocalization of Hair Bundle

Proteins During Tip Link Regeneration

Kateri Spinelli', Peter Gillespie®

'Oregon Health & Science University

Chelating extracellular calcium breaks tip links, and in the
chicken basilar papilla, tip links regenerate over 12-24
hours, coincident with the return of mechanotransduction.
Using immunocytochemistry, we have characterized the
location of tip link proteins cadherin 23 (CDH23) and
protocadherinl5 (PCDH15) during tip link regeneration.
Immediately after EGTA treatment, CDH23 and PCDH15
no longer localize to the hair bundle, but instead co-
localize in vesicles in a region below the cuticular plate.
After several hours of recovery in culture, CDH23 staining
in the hair bundle is substantially increased throughout the
bundle, while PCDH15 staining is restricted to the tips of
stereocilia. We have also characterized the location of
hair-bundle myosin motors, included myosin-6 (MYOB6),
following breakage of tip links. Immediately after EGTA
treatment, MYO6 immunoreactivity increases in the
bundle, suggesting this motor may be important for
trafficking discarded transduction components out of the
bundle. These data indicate that the hair cell sends many
CDH23 molecules into the bundle to replace broken tip
links, and that MYO6 plays an important role in the hair
bundle during early stages of regeneration.

Asymmetric Distribution of
Protocadherin15 and Cadherin23 in the
Kinociliary Links of Chick Vestibular Hair

Cells

Andy Forge', Richard Goodyear?, Kevin Legan?, Guy
Richardson?

'UCL Ear Institute, “University of Sussex

Recent studies of guinea-pig cochlear hair cells have
revealed that protocadherinl5 and cadherin23 associate in
trans to form the hair bundle’s tip links. Protocadherinl5 is
located at the lower end that is associated with the
stereociliary tips and cadherin23 forms the upper part that
attaches to the sides of the stereocilia (Kazermierczak et
al., 2007). Double immunogold labelling with a monoclonal
antibody that recognises an epitope (the tip-link antigen,
TLA) known to be located in the ectodomain of chick
protocadherinl5 (Goodyear and Richardson, 2003; Ahmed
et al., 2006) and a rabbit antibody raised to a recombinant
fragment encompassing the 5th and 6th cadherin repeats
of avian cadherin23 were used to investigate the
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distribution of these proteins in the tip and kinocilial links of
hair cells in the bird inner ear. As in the guinea pig,
cadherin23 was preferentially located towards the upper
end of the tip link, whilst protocadherinl5 tended to be
located towards its basal end. Within kinocilial links,
protocadherinl5 was located on the side of the link closest
to the kinocilium whilst cadherin23 was located in closer
proximity to the stereocilia. In tannic acid stained
preparations, transmission electron microscopy revealed a
distinct density in the 120-130 nm long kinocilial links that
is located 35-40 nm from the membrane of the kinocilium.
The distance of this density from the membrane is
consistent with it being the site at which the opposing N-
termini of cadherin23 and protocadherinl5 homodimers
interact.

Supported by The Wellcome Trust
Research UK

and Deafness

HCN1 Channel Binding to Stereociliary

Tip-Link Protein Protocadherin 15 CD3
Neeliyath Ramakrishnan', Marian Drescher®, Dennis
Drescher*

"Wayne State University School of Medicine

Surface plasmon resonance (SPR) analysis has previously
provided evidence of calcium-dependent binding of the
amino terminus of the HCN1 channel to the carboxy
terminus of stereociliary tip-link protein protocadherin 15
CD3, expressed in rat organ of Corti (Ramakrishnan et al.,
J. Biol. Chem. 284: 3227-3238, 2009). The binding was
specific, not replicated by protocadherin 15 CD1. This
molecular interaction had been predicted by yeast-two
hybrid analysis of HCN1 protein-protein binding partners
for a model vestibular hair cell preparation from a teleost,
indicating generality between vestibular and cochlear end
organs, across vertebrates. The identification of
stereociliary tip-link protein protocadherin 15 CD3 as a
binding partner suggested possible involvement of the
HCNZ1 channel in mechanosensory transduction.

Molecular characterization by SPR of interactions of
proteins expressed in rat organ of Corti indicates that the
peptide sequence of the amino terminus conserved across
HCN isoforms, underlying HCN channel formation, is not
required for binding. Further, HCN4-specific amino
terminus sequence does not bind protocadherin 15 CD3.
We have investigated phospholipid interactions of HCN1,
given that PIl, PIP, and PIP; enhance HCN channel
activation (Zolles et al., Neuron 52: 1027-1036, 2006) and
hair cells require PIP, for mechanotransduction (Hirono et
al., Neuron 44: 309-320, 2004). The amino terminus of
HCN1 contains basic amino acids which could bind
phospholipids, reminiscent of the CNG channel amino
terminus. Analysis with a lipid strip (Echelon) revealed
binding of the HCN1 amino terminus to PIP; and to a
lesser extent to PIP,. These results have been confirmed
by SPR at 10-20 uM PIP; and PIP; as analytes, and the
full amino terminus of HCN1 as ligand at 26.5 uM Ca*".
Binding of HCN1 to PIP; may have an ultrastructural
correlate in PIP3 localization in hair cell stereocilia
(Tachibana et al., Histochem. 81: 157-160, 1984).
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Harmonin B: Cochlear Isoforms and

Interactions with Cadherin 23 and F-Actin

Lili Zheng', Donna S. Whitlon', James Bartles®
'Northwestern University Feinberg School of Medicine
Harmonin b, a member of the Usher “interactome,” has
been called an actin-bundling or actin-scaffolding protein of
hair cell stereocilia and is believed to associate with the
upper tip link density. We examined the harmonin b
isoforms in isolated mouse cochlear sensory epithelium by
RT-PCR using a primer from the harmonin 3'-UTR and an
upstream harmonin b-specific primer. The products were
inserted into a vector and sequenced. The vast majority of
the cDNA clones we analyzed (29 out of 31) corresponded
to harmonin b1. Only 1 clone corresponded to harmonin b3
(GenBank NM_153677), and none corresponded to
harmonin b4 (GenBank NM_001163733). Upon
heterologous expression in LLC-PK1-CL4 epithelial cells
(CL4 cells), GFP-harmonin bl was not targeted to
microvilli, but instead became concentrated in two other F-
actin-rich structures: a belt-like accumulation at the lateral
margin and a lacy cytoplasmic network. The lateral belt
appeared to be an enlarged version of the F-actin-
containing junctional belt normally present at this location,
whereas the lacy cytoplasmic network had no obvious
counterpart in cells not transfected with harmonin bl. Co-
expression with a cadherin 23 (Cdh23) construct caused a
large fraction of the harmonin bl to become colocalized
with Cdh23 in CL4 cell microvilli, reducing its tendency to
form, and accumulate in, these other F-actin-rich
structures. Deletion of the Cdh23 C-terminal PDZ-binding
motif (PBM) did not reduce the level of association of
harmonin bl with CL4 cell microvilli. Our results suggest
that bl is the major harmonin b isoform in cochlear
sensory epithelium, that it binds to the Cdh23 cytoplasmic
tail in a PBM-independent fashion and that this binding to
Cdh23 regulates harmonin bl's ability to cause the
accumulation of F-actin structures in transfected cells.
(NIH DC004314, JB)

Do Regenerating Stereocilia Links Climb

Toward the Tips of Stereocilia?

Artur Indzhykulian1, Gregory |. Frolenkov*

'University of Kentucky

One of the strongest arguments in favor of “tip link” theory
of hair cell mechanotransduction was simultaneous
disappearance of tip links and transduction in Ca*-free
environment (Assad et al., 1991). Upon returning to normal
extracellular medium, tip links regenerate concurrently with
reappearance of hair cell mechanosensitivity (Zhao et al.,
1996). It was hypothesized that nascent regenerating
stereocilia links are formed around the base of the bundle
and moved to the tips of stereocilia by myosin motor(s)
(Zhao et al., 1996). Even though this hypothesis may be
relevant to the regeneration of the tip links after acoustic
overstimulation (Kurian et al, 2003), it has never been
experimentally confirmed. Perhaps, this is because tip link
regeneration was typically studied in very tight chicken hair
bundles and it was not possible to follow nascent

stereocilia links using scanning electron microscopy
(SEM).
ARO Abstracts

We investigated disruption and subsequent recovery of
stereocilia links following application of Ca**-free medium
with BAPTA in young postnatal mouse inner hair cells. In
these cells, BAPTA treatment disrupts not only tip links but
also all other immature side links between stereocilia.
Therefore, it was possible to observe re-formation of
stereocilia links “from scratch”. Regenerating links re-
appeared stochastically with no preferred stereocilia rank.
Quantification of SEM images showed that distribution of
the side links along the length of a stereocilium always
peaked at 80-90% from the top at any time point of the
recovery period of ~8 hours. Therefore, nascent side links
either do not climb along a stereocilium or “jump up” so
fast that it cannot be detected in sequential SEM
“snapshots” taken ~30 minutes apart. Our preliminary data
also show that regeneration of tip links may proceed
slower than regeneration of side links, indicating that the
different sets of stereocilia links may have different
recovery dynamics.

Supported by NIH grant RO1 DC008861.

Membrane Components of the Avian

Mechanosensitive Hair Bundle

Clive Morgan', James Pagana’, Peter Gillespie®

'Oregon Health & Science University

We recently described a new rapid, large-scale procedure
for isolation of hair bundles (Morgan & Gillespie, 2008;
Assoc. Res. Otolaryngol. Abs.: 506). This new
methodology has allowed us to generate 18 new
monoclonal antibodies to antigens present in hair-bundle
membranes. We streamlined the procedure and are using
it to identify the monoclonal antigens, focusing on three
monoclonal antibodies: 1H3, which stains the tips of the
stereocilia; 15G11, which stains the base of the actin core;
and 2C3, which stains the bundle in discrete spots. These
antigens are being identified by mass-spectrometry, and
candidate genes are being cloned and expressed in Cos-7
cells to verify the antigen identity. Candidate proteins
include AHNAK, LYRIC, members of the ERM family
(ezrin/moesin/radixin), and thioredoxin domain containing
proteins of the PDIA family. All three monoclonal
antibodies were of the IgM subtype, and were useful for
immunocytochemistry (effective at <0.1ug/ml),
immunoblotting, and immunoprecipitation. We are now
using this methodology to identify antigens for the
remaining 15 monoclonal antibodies. We have also used
the isolation procedure to identify protein complexes of
hair-bundle membranes. For example, we found that the
2C3 antigen interacts with the lipid transfer protein NIR3,
and the complex can be isolated intact from hair bundles.
Using another monoclonal antibody, we have isolated a
complex containing PCDH15, CDH23, and MYOLC,
components of the transduction apparatus. This new
isolation procedure thus permits biochemical
characterization of minor membrane components of hair
bundles, including the transduction complex.
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Actin-Bundling Protein Fascin 2b Is a

Constituent of Stereocilia in Zebrafish

Brian McDermott', Shih-wei Chou', Philsang Hwang®,
Carol Fernando®, Megan West', Jennifer Lin-Jones?, Beth
Burnside?

'Case Western Reserve University, 2University of
California at Berkeley

Extending from the apical surface of each hair cell is a
single, actin-based hair bundle whose unique morphology
is essential for mechanosensing in the ear. Ensembles of
stereocilia that are graded in height form the hair bundle.
The stereocilia are rigid rods that are mainly constituted by
parallel actin bundles and associated proteins. In order to
identify transcripts that encode proteins that localize to
stereocilia, we scrutinized the hair-cell transcriptome of
zebrafish; one promising candidate detected encodes
fascin 2b, a protein that bundles filamentous actin in retinal
tissue. We confirmed the presence of fascin 2b mRNA in
adult hair cells and otocystic maculae using reverse
transcription polymerase chain reactions and in situ
hybridization studies with RNA probes, respectively.
Immunolabeling of adult and larval hair cells demonstrated
that fascin 2b mainly localizes to stereocilia. Furthermore,
after the introduction of green fluorescent protein (GFP)-
tagged fascin 2 fusion proteins into hair cells using
transgenic methodologies, we observed that these
chimeras localize to hair bundles. In order to determine if
there is a relationship between fascin 2b and another
stereociliary protein that has been shown to bundle actin,
espin, we performed transfection experiments on non-
auditory cells in culture. Previously, espin had been shown
to induce the formation of parallel actin bundles in cultured
cells, allowing for the formation of elongated microvillar-like
protrusions. When espin and GFP-tagged fascin 2 proteins
are present in cultured cells, the fusion proteins filled the
espin-induced cellular protrusions. These studies offer the
possibility that there is interplay between espin and fascin
2b proteins in the stereocilia of zebrafish hair cells that
may affect the physical properties of these apical
projections.

This research was supported by NIH grant DC009437.

Dynamic State and Compressive
Nonlinearity of Coupled Hair Cells in the Frog

Sacculus

C. Elliott Strimbu', Damien Ramunno-Johnson®, Lea
Fredrickson®, Albert Kao', Dolores Bozovic'

'UCLA

Active hair bundle mobility has been proposed as the
cellular basis for amplification in auditory and vestibular
organs of non-mammals. This has been extensively
studied in the bullfrog sacculus, in which uncoupled hair
cells exhibit spontaneous mechanical oscillations and a
compressive nonlinearity that agrees with theoretical
predictions. Using a high-speed CMOS camera we are
able to record the motion of many hair bundles in parallel
in an in vitro preparation of the bullfrog sacculus.
Spontaneous mechanical oscillations are not observed
when the hair bundles are coupled to the otolithic
membrane implying that the cells are in a quiescent rather
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than oscillatory regime. We are exploring the compressive
nonlinearity of arrays of cells under native coupling
conditions.

Mechanical Loading of Spontaneously
Oscillating Hair Cells from the Bullfrog

Sacculus

Lea Fredrickson', Damien Ramunno-Johnson®, C. Elliott
Strimbu®, Albert Kao*, Dolores Bozovic*

'UCLA

Hair cells are highly sensitive detectors and compressive
non-linear amplifiers. The spontaneous oscillations of the
ciliary bundles of the hair cells of the in vitro bullfrog
sacculus constitute one of the effects of an internal
amplification process and provide a way to study its
properties. We demonstrate that an imposed mechanical
load significantly affects spontaneous oscillations of hair
cells as well as their sensitivity and tuning. We find that
without any imposed load, hair bundles exhibit complex
movements, with multiple periodicities/timescales. An
imposed load induces increasingly metronomic behavior,
selecting for a favored frequency. Further, we find that a
load which just barely suppresses oscillations leads to an
increased sensitivity in the responsiveness of the bundle.

Functional Analysis of Cochlear BK
Channel-Associated Proteins Using RNA

Interference

Thandavarayan Kathiresan', Bernd Sokolowski*
'University of South Florida, College of Medicine

Large conductance Ca**-activated K* (BK) channels play a
prominent role in regulating several important physiological
processes, such as neuronal excitability, signal
transduction, smooth muscle contraction, metabolism, and
immunity. Thus, these channels will likely partner with a
number of different types of proteins. Thus far, we
identified 174 BK-Associated Proteins (BKAPS) in mouse
(Kathiresan et al., 2009) and more recently, 125 partners
in chick, using BKa co-immunoprecipitation, two-
dimensional gel electrophoresis, and shotgun proteomics
analysis. Here, we selected 8 BKAPs involved in
chaperonin, signal transduction and cell growth and
development-related functions. These proteins were
partially knocked-down by interfering with endogenous
proteins using siRNA or up-regulated by over-expressing
BKAPs, to determine BKa regulation in CHO cells. The
chaperonins, including calrecticulin, GRP78, and HSP60,
when knocked down 15 — 50% by siRNA, altered BKa
expression from 25 — 30% in CHO cells. Other
representative BKAPs involved in signal transduction in the
cochlea included 14-3-3y and annexin A5, which increased
BKa expression by 25% — 30%, when down-regulated by
~30%. In contrast, BKa expression decreased 25% — 60%
when both proteins were overexpressed by 15% — 30%,
respectively. Silencing of development-regulated BKAPs
like valosin-containing protein and lamin A/C by 40% and
60%, respectively decreased BKa expression by 40% and
50%. A potential node in these pathways is Aktl, because
an ~20% down-regulation causes an ~15% upregulation of
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BKa in CHO cells. Moreover, silencing 14-3-3y and
annexin A5 decreased Aktl expression levels by ~19% —
23%, whereas over expression increased expression 10%
— 22%. These data suggest further studies of BKa
regulation through the serine/threonine kinase Akt
pathway, since this protein lies downstream of various
cellular stimuli, including growth factors.

Supported by NIDCD grant R01DC004295 To BHAS.

Transduction in the Mammalian Saccule
Jocelyn Songer'?, Ruth Anne Eatock™?

'Mass Eye and Ear Infirmary, Harvard Medical School
The mammalian saccule is sensitive to low-frequency
linear accelerations (<30 Hz) and loud sounds (500-1000
Hz). We hypothesize that frequency sensitivity varies with
zone (striola vs. extrastriola) in the macula. Here we
present preliminary results from striolar type | hair cells
(Sls), which have large, broad bundles, and extrastriolar
type lls (ESIIs), with smaller, compact bundles. Whole-cell
transduction currents were recorded from hair cells in the
excised maculae of early postnatal rats (standard media,
25-37°C). Hair bundles were deflected with a rigid probe
driven with sinusoidal (2-100 Hz) and step (400 ms, rise
time ~1 ms) waveforms. For Sls, the mean peak-peak
transduction current in response to 100-Hz sinusoids was
195+31 pA (SEM, n=6) and the operating range was
901+142 nm. Adaptation was evident in the high-pass
filtering of sinusoids and the time course of decay during
steps. Although in some cases two adaptation time
courses could be distinguished, here we compare results
from monoexponential fits to the data. For sinusoids, peak
amplitudes rose with frequency, with a corner (fc) of 3+1
Hz, consistent with the time constant of decay during half-
maximal steps (1=441+4 ms). The extent of adaptation was
65+6% in 400 ms. Compared to Sls, ESlls had larger
operating ranges at 100 Hz: 1.5+0.1 um (6), and faster
adaptation: =282 ms (6); fc=9+2 Hz (5). Our preliminary
adaptation data from rat saccular SIs and ESlIs resemble
results from the mouse utricular and frog saccular hair
cells, respectively (Vollrath & Eatock, J Neurophysiol
90:2676, 2003), which are sensitive to different frequency
ranges. Supported by NSBRI through NASA NCC 9-58.

Slo Interacting Proteins and Electrical

Tuning in the Chick

Jun-Ping Bai', Alexei Surguchevz, Dhasakumar
Navaratnam'

yale University Dept. of Neurology, *Yale University Dept.
of Otolaryngology

In several non-mammalian species, including the chick and
turtle, BK channels play a critical role in electrical tuning, a
mechanism of frequency discrimination in the auditory
epithelium. Hair cells in these animals, which are arranged
in a tonotopic manner, have a continuously changing
frequency of membrane potential oscillation along the
tonotopic axis. The chief determinant of changing
oscillation frequency in membrane potential along the
tonotopic axis is the BK channel with its changing kinetic
properties. There is a sharp correlation between a BK
channel’'s deactivation time (measured as the exponential
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decay of K current following a step depolarization) and its
tonotopic location.

A number of mechanisms have been proposed to underlie
this change in the channels deactivation times. These
include alternative splicing of the alpha subunit of the
channel encoded by the Slo gene, and its association with
other proteins. It is apparent that alternative splicing of Slo
which generates innumerable splice variants, alone cannot
explain the range of kinetics in native BK channels. Splice
variants of Slo that have the largest to smallest inserts, in
both the chick and turtle, are unable to produce the wide
range in kinetics of native channels. To investigate the role
of BK channel associated proteins we isolated 11
individual proteins that have been shown to interact with
Slo (Ankra, Cerebelon, Caveolin, Cotarctin, Beta subunits
1, 2 and 4, syntaxinla, Rackl, CDK5, and beta catenin).
We determined the tonotopic distribution of these channels
using quantitative PCR, and determined their effects on
the kinetics of the channel using an oocyte expression
system. We show here that these proteins show a widely
varying distribution along the tonotopic axis. We also show
that these proteins have complex effects on the kinetics of
the channel. These data will require a rethinking as to how
electrical tuning is brought about.

Supported by NIH grant RO1 DC 007894

Outer Hair Cell Receptor Currents and
Potentials with Bundles Exposed to
Endolymph

Robert Fettiplace', Maryline Beurg®

'University of Wisconsin-Madison, ’INSERM U587
University of Bordeaux

Measurements of mechanotransduction (MT) in outer hair
cells (OHC) are usually performed in an isolated cochlear
coil with hair bundles bathed in a high sodium and calcium
saline resembling perilymph. We have measured OHC
receptor currents and potentials in apical turns of rat
cochleas with the solution around the bundle changed from
perilymph to endolymph (composition in mM: 152 KCI; 1
NaCl; 10 KHEPES, 0.02 CaCl2 buffered with 4 HEDTA, 8
glucose) using a closely positioned puffer pipette. MT
currents in endolymph were two-fold larger than in
perilymph and were further augmented, with amplitudes up
to 4 nA, by addition of an 80 mV endolymphatic potential
(EP). MT currents still displayed sub-millisecond fast
adaptation (time constant = 0.4 — 0.8 ms). Receptor
potentials in response to hair bundle deflection were
slowed by the membrane time constant but had amplitudes
that fully utilized the electrical driving force: up to 55 mV at
a resting potential of -60 mV and 130 mV on adding an 80
mV EP. Receptor potential amplitudes without EP are
similar to ones recorded in turtle cochlear hair cells
(Crawford & Fettiplace, 1980) but substantially larger than
those reported for OHCs in vivo. Using BAPTA rather than
EGTA as the intracellular calcium buffer increased the
fraction of MT current activated at rest to about 30 per cent
and depolarized the resting potential. The mean resting
potential in apical OHCs in hearing animals (P15 — P20)
was 43 +/- 8 mV with 1 mM intracellular BAPTA and -69
+/- 5 mV with 1 mM EGTA. We suggest the fraction of MT
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channels open at rest with bundles exposed to endolymph
generates a standing current that depolarizes the resting
potential. Our results provide a yardstick for comparison
within vivo recordings. Supported by Grant RO1 DC01362.

Changes of Mechano-Electrical
Transduction After Intense Mechanical
Stimulation: A First Event in Noise-Induced

Hearing Loss?

Ruben Stepanyan1, Gregory |. Frolenkov!

'Dept. Physiology, University of Kentucky

Damage to the stereocilia bundle produced by acoustic
overstimulation does not appear to be reversible and thus
contribute to the permanent threshold shift (Wang et al.,
2002). In vitro, the hair bundles become more compliant
after intense stimulation with fluid-jet, with stiffness
recovery observed in fifteen minutes (Adler et al., 1992;
Szymko et al.,, 1995). It was proposed (Duncan and
Saunders, 2000) that the compliance changes following in
vitro overstimulation are due to damage to the actin
filaments at the taper of stereocilia (Tilney et al., 1982)
rather than tip link destruction. However, after in vivo
exposure to damaging noise both cytoskeletal and tip link
injuries were observed in chick hair cells (Duncan and
Saunders, 2000). Although both of these injuries are
expected to affect mechano-electrical transduction (MET),
the overstimulation-induced changes of the MET
responses have never been thoroughly studied.

Here we used a fluid-jet and a piezo-driven rigid probe
stimulation to study how the intense hair bundle deflections
affect MET responses in cochlear hair cells of young
postnatal mice. We found that intense deflections can
result in a temporal but fairly sustained increase of the
resting current through MET channels. Surprisingly, this
increase was larger when the bundle had been
overstimulated in negative direction. Large positive
deflections produced smaller changes of the resting MET
current. Overstimulation-induced changes of the resting
MET current could be due to either the development of the
sustained abnormal forces within a damaged hair bundle
or the damage to the MET apparatus itself. Irrespective of
the nature of this sustained MET current, it may initiate a
chain of events leading to cell death.

Supported by NIH grant RO1 DC008861.

Characterization of Zebrafish trpn1

Mutants

Greta Glover', Katie Kindt', Josef Trapani®, Cecilia
Moens?, Teresa Nicolson®

'"HHMI/OHSU, *FHCRC

Several members of the TRP ion channel family have been
implicated in hair cell function, either as putative
mechanotransduction channels or in other roles such as
osmolarity regulation (reviewed in Daman et al. Curr Biol
18, 2008). We previously identified the zebrafish ortholog
of nompc, named trpnl. Disrupting trpnl function with
morpholino oligonucleotides caused deafness and balance
defects as well as defects in MET channel gating
(measured as a reduction in microphonic currents or
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uptake of the vital dye FM1-43 through the
mechanotransduction channel) (Sidi et al. Science 301,
2003).

In order to further examine the function of Trpnl in hair
cells, we are currently characterizing two trpnl mutant
zebrafish lines isolated by TILLING of ENU-mutagenized
fish. Unlike morpholino disruption of trpnl, neither of these
mutations cause obvious deafness or balance defects.
Both mutations introduce a stop codon, either following the
N-terminal twenty-nine ankyrin repeats (Q1176X) or
between the fourth and fifth transmembrane domain
(W1358X). To confirm that these mutations lead to
truncated proteins, antibodies to Trpnl epitopes either 5’
or 3’ to the point mutations are being characterized.
Immunolocalization of full length and truncated Trpnl will
also give insight into its function, both in hair cells and in
other cell types expressing Trpnl. To further characterize
the mutant lines, we are recording hair cell and afferent
neuron responses in intact zebrafish larvae by
mechanically deflecting the hair bundles of lateral line
neuromasts. This in vivo preparation allows exploration of
the effect of these mutations on the physiological response
properties of the hair cell and the first order afferent
neuron. Measuring microphonic potentials, afferent
neuron responses, FM1-43 dye uptake, and calcium
transients in siblings compared to homozygous mutants
will determine which aspects of hair cell function are
affected by genetic disruption of trpn1.

HCN Channels Are Not Required for
Mechanotransduction in Sensory Hair Cells

of the Mouse Inner Ear

Geoffrey C. Horwitz', Andrea Lelli*, Gwenaelle S. G.
Geleoc’, Jeffrey Holt*

'University of Virginia

The molecular composition of the hair cell transduction
channel has not been identified. Here we explore the
novel hypothesis that hair cell transduction channels
include HCN subunits. The HCN family of ion channels
includes four members, HCN1-4. They were originally
identified as the molecular correlates of the
hyperpolarization-activated, cyclic nucleotide gated ion
channels that carry currents known as If, IQ or Ih. Based
on recent evidence it has been suggested that HCN
subunits may also be components of the elusive hair cell
transduction channel. To investigate this hypothesis we
examined expression of mMRNA that encodes HCN1-4 in
sensory  epithelia of the mouse inner ear,
immunolocalization of HCN subunits 1, 2 and 4, uptake of
the transduction channel permeable dye, FM1-43 and
electrophysiological measurement of mechanotransduction
current. Dye uptake and transduction current were
assayed in cochlear and vestibular hair cells of wildtype
mice exposed to HCN channel blockers or a dominant-
negative form of HCN2 that contained a pore mutation and
in mutant mice that lacked HCN1, HCN2 or both. We
found robust expression of HCNs 1, 2 and 4 but little
evidence that localized HCN subunits in hair bundles, the
site of mechanotransduction. Although  high
concentrations of the HCN antagonist, ZD7288, blocked
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50-70% of the transduction current, we found no reduction
of transduction current in either cochlear or vestibular hair
cells of HCN1- or HCN2- deficient mice. Furthermore,
mice that lacked both HCN1 and HCN2 also had normal
transduction currents. Lastly, we found that mice exposed
the dominant-negative mutant form of HCN2 had normal
transduction currents as well.  Taken together, the
evidence suggests that HCN subunits are not required for
mechanotransduction in hair cells of the mouse inner ear.

The Outer Hair Cell Potassium Current
lk,n» Requires PIP; and Is Inhibited by Poly-D-

Lysine and Neomycin

Michael G. Leitner', Christian R. Halaszovich®, Dominik
Oliver*

!Institute for Physiology, Department of Neurophysiology,
Philipps-University-Marburg

The electrical behaviour of outer hair cells (OHC) is mainly
determined by the voltage-dependent K* current, Iy,
(Housley and Ashmore, 1992) that is mediated by the
voltage-dependent K" channel KCNQ4  (Kv7.4)
(Kharkovets et al., 2000; Kharkovets et al., 2006).
Highlighting its essential role for OHC function, mutations
in KCNQ4 lead to degeneration of OHCs and thereby
cause progressive human hereditary deafness, DFNA2
(Kubisch et al., 1999; Nie, 2008). Activity of all KCNQ
(Kv7) channels strongly depends on the membrane
phospholipide phosphatidylinositol-4,5-bisphosphate (PIP,)
(Suh  and Hille, 2002). Since alterations in
phosphoinositide homeostasis have been implicated in
OHC degeneration, we investigated a possible PIP,
dependence of Iy p.

Plasma membrane PIP, levels were experimentally
changed by intracellular application via a patch pipette of
PIP,-binding polycations in OHCs while current was
monitored by voltage clamp. For comparison, similar
experiments were performed on CHO cells heterologously
expressing KCNQ4 channels.

Intracellular application of poly-D-lysine (200 ug/ml),
known to chelate phosphoinositides through electrostatic
interactions, inhibited Ilx, in OHCs and recombinant
KCNQ4 channels. Polycationic aminoglycoside antibiotics,
such as neomycin, have also previously been used to
functionally deplete PIP,. We found that neomycin blocked
lkn (IC5=712 pM) and recombinant KCNQ4 (IC5,=225 uM)
in a dose-dependent manner. Strong binding of neomycin
to PIP, at these concentrations was confirmed by
observing displacement of the GFP-tagged, genetically
encoded PIP, binding domain PLC®1-PH from the
membrane upon introduction of the aminoglycoside.

We conclude that I¢ , activity requires membrane PIP, and
that this dependence may play a role in aminoglycoside
ototoxicity.

This work was supported by Deutsche Forschungs-
gemeinschaft (DFG) through grant OL 240/2-1 to D. Oliver.
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Cyclic Nucleotide-Gated (CNG) lon
Channels in Saccular Hair Cells

Dakshnamurthy Selvakumar', Marian Drescher®, Dennis
Drescher”

'Wayne State University School of Medicine

Cyclic nucleotide-gated (CNG) channels are cation-
selective channels that open and close in response to
CAMP/cGMP. CNG channels mediate sensory
transduction in vision, olfaction and taste. Previously, we
demonstrated that mMRNA is expressed in rat cochlear hair
cells/organ of Corti for olfactory subunits CNGA2, CNGA4
and CNGB1b, and a CNGA3 subunit. CNGA2 and
CNGA4 were immunolocalized to stereocilia (Drescher et
al., Mol. Brain Res. 98: 1-14, 2002). CNGAZ2, together with
CNGAM4, code for a cAMP-gated CNG channel, whereas
CNGA3 codes for a cGMP-preferring channel. Here, we
report full-length sequence for three CNGA3 subunit
messages that are expressed, along with CNGA2, in hair
cells isolated from the trout saccule, obtained by RT-PCR
with degenerate primers and cloning. The primary full-
length sequence for saccular hair cell CNGA3al and
CNGA3a2 exhibited 86% and 82% identity, respectively, to
trout pineal photoreceptor CNGA3 and 76% and 75%
identity to zebrafish CNGA3. CNGA3b displayed 95%
identity to trout pineal photoreceptor CNGA3 and 73%
identity to zebrafish CNGA3 sequence. Overall, the trout
saccular hair cell CNGA3 sequence is closest to
mammalian cone photoreceptor CNGA3, as opposed to
olfactory/gustatory CNGA3. A custom antibody targeting
the cone-specific amino terminus sequence has
immunolocalized CNGAS to stereocilia of the saccular hair
cells. Protein-protein binding studies with yeast-two hybrid
mating and co-transformation protocols indicate specific
binding of the cytoplasmic carboxy terminus of trout hair
cell CNGA3b to the carboxyl terminal Clg domain of
EMILIN1, elastin microfibril interfacer 1 (77% identity to
EMILIN1a, Danio rerio Accession No. NP_001025378),
and a protein with homology to a RhoGTPase-activating
protein. Positive results have also been obtained with co-
transformation protocols for rat CNGA3 and EMILINL.
EMILINL1 is an extracellular matrix protein, a member of the
elastic fiber system which interacts with integrins.

Exploring the Electrical Resonance's
Affect on the Mechanical Oscillations of Hair

Cells in the Bullfrog Sacculus

Damien Ramunno-Johnson', C. Elliott Strimbu?, Lea
Fredrickson®, Albert Kao®, Dolores Bozovic

'UCLA

Under in vitro conditions, uncoupled hair bundles of the
bullfrog (Rana catesbeiana) sacculus have been shown to
exhibit spontaneous oscillations. We used a high-speed
complementary metal oxide semiconductor camera to
track the movements of hundreds of cells in parallel from
dozens of preparations. This work revealed that the
spontaneous oscillations exhibit multiple timescales with a
slow modulation on a rapid oscillation. Experiments
inhibiting the electrical resonance in the cell body show a
strong effect on the mechanical oscillations of the hair
bundles. This indicates that the electrical oscillation is
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coupled with the mechanical oscillations of the hair
bundles.

Trans-Epithelial Electrical Stimulus on

Coupled Hair Cells in Bullfrog Sacculus

Albert Kao', C. Elliott Strimbu®, Damien Ramunno-
Johnson', Lea Fredrickson®, Dolores Bozovic'

'ucLA

Ca2+ constitutes a feedback element that affects both fast
and slow adaptation of hair cells’ spontaneous oscillations.
Application of trans-epithelial voltage modulates the entry
of Ca2+ into the stereocilia. We applied -electrical
stimulation under two in vitro conditions. First, voltage
offsets were used to modulate the frequency of
spontaneous oscillation in decoupled saccular hair
bundles. The effect of voltage was compared to that of
pharmacological blockers of somatic channels, and both
were shown to significantly affect both the frequency and
amplitude of spontaneous oscillations. Secondly,
sinusoidal currents were used to induce phase-locked
oscillations in arrays of coupled cells. With the otolithic
membrane left partially attached to the epithelium so as to
couple bundles of comparable orientations, the phase-
locked response was shown to evoke movements in the
overlying membrane.

Osmotic Properties of Auditory Hair Cells
in the Leopard Frog: Evidence for Water-

Permeable Channels

Nasser Farahbakhsh', Jaime Zelaya®, Peter Narins®
'UCLA

When amphibian papillar hair cells (APHCs) of the leopard
frog, Rana pipiens pipiens, are osmotically challenged,
they exhibit a characteristically asymmetric (rectifying)
response: A small decrease (up to 10%) in the
extracellular solution’s osmolarity does not affect the cells’
volume; larger decreases produce a slow, and sometimes
delayed, volume increase in APHCs, while exposure to a
hyperosmotic medium leads to rapid shrinking of these
cells. In 17 APHCs of different sizes, the time constant of a
single-exponential curve fitted to the volume increase time
course (t = 236 + 50 s; mean = std. err.), was 4.2 £ 0.8
times of that fitted to the volume decrease time course
(62.6 + 4.7 s). In these experiments in which osmotic
challenge was applied to cells through bath perfusion, the
rate of volume decrease appeared to be limited by the rate
of perfusion (t = 65.7 + 7.5 s, n = 11; measured with the
fluorescent dye 2',7’-dichlorofluorescein). Conversely, the
rather slower volume increase was not perfusion-limited,
and may denote these cells’ innate adaptability to small
decreases in the extracellular  osmolarity.When
hyperosmotic solutions were directly injected into the
recording chamber (1t =5.9+0.8s,n=6,for2 ul of 1.5 M
sucrose), the volume decrease had a time constant of 8.4
+ 1.6 s (n = 8; range, 4.4 — 17.4 s). From this latter group
of experiments, we estimated the osmotic permeability
coefficient (P;) for APHCs to be 4.7 + 1.1 x 10 cm/s,
suggesting that these cells express water-permeable
channels. The estimated P; appears to be cell-size
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independent, and TEA-, acetazolamide- and mercury-
insensitive.
Supported by NIH grant DC00222.

Characterizing the Inner Face of the

Mechanotransducer Channel

Bifeng Pan', Jessica Waguespack?, Christopher
LeBlanc?, Michael Schnee', Anthony Ricci'

'Department of Otolaryngology, Stanford University,
“Neuroscience Center, Louisiana State University

Hair cell mechanotransducer channels are nonspecific
cation channel with a high permeability to calcium that
shows no voltage dependence and limited inward
rectification. Experiments probing the external face of the
channel suggest an external vestibule that is quite large
and a pore diameter that can pass large molecules like,
FM1-43. That permeable blockers can pass through the
channel when presented from the external but not the
internal face is substantiated and further investigated.
Whole cell voltage-clamp experiments were performed on
hair cells in the intact turtle auditory papilla. A stiff probe
attached to a piezo electric stack was used to stimulate the

hair bundle. Drugs including FM1-43, curare and
methylene blue were ineffective at blocking the
mechanotransducer channel from the inside. One

possibility is that drug access is limited, however two
photon imaging of fluorescently tagged dextrans suggest
no diffusion barrier. Alternatively, the pore size may be
different at positive potentials. Amine substitution
experiments estimate the pore size as slightly larger than
half that estimated from the external face of the channel.
One possibility for this unusual result is more dehydration
of ions from the external face than from the internal face,
resulting in an apparent change in pore size. However
comparisons of cations with different hydration energies
(Li, Cs, Na, K) resulted in similar sensitivities whether at
the internal or external face of the channel. Another
possibility is that calcium permeation interferes with pore
size estimates differently from inside and out.
Comparisons of amine permeation when equally present
internally and externally revealed the unusual finding that
lowering external calcium did not shift the activation curve
leftward (as expected for adaptation) and also did not
result in an increase in MET current amplitude. Data
suggest calcium binding within the channel pore alters
pore diameter.

Work supported by NIDCD RO1 DC003896 to AJR
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Hearing Requires Otoferlin-Dependent
Synaptic Vesicle Replenishment in Inner Hair

Cells

Tina Pangrsic1, Livia Lasarow", Kirsten Reuter', Martin
Schwander?, Hideki Takago®, Dietmar Riedel*, Thomas
Frank', Lisa Tarantino®, Janice Bailey®, Nicola Strenzke®,
Nils Brose®, Ulrich Miiller?, Ellen Reisinger", Tobias Moser*
'University Medical Center Géttingen, “The Scripps
Research Institute, *Max Planck Institute for Biophysical
Chemistry Géttingen, *University of North Carolina, "Max
Planck Institute for Experimental Medicine Gottingen
Transmitter release at the hair cell ribbon synapses is fast
and sustained. To avoid auditory fatigue vesicle
replenishment has to efficiently follow consumption (i.e.
synaptic release). Here we show that a multi C,-domain
protein otoferlin is indispensable for that process. We
studied deaf pachanga mouse mutants, where one
aspartate of the C,F domain of otoferlin is exchanged by
glycine. This mutation causes subtle structural changes
and the reduction in the otoferlin protein level in inner hair
cells (IHCs). As revealed by confocal calcium imaging and
patch-clamp recordings, calcium signaling and the fast
exocytotic transmitter release in IHCs of pachanga mice in
vitro are not affected. Further, postsynaptic excitatory
currents and action potentials are observed. Sustained
component of exocytotic release and the re-supply of
vesicles into the readily releasable pool (RRP) however
are severely impaired. The number of ribbon-containing
synapses is only slightly decreased while the number of
docked vesicles is not affected. Spontaneous and sound-
evoked spiking of the auditory neurons is sparse; however
the evoked spiking rate improves after longer periods of
silence. We conclude that in pachanga mutants vesicle
replenishment is slow and therefore precludes the build-up
of a standing RRP of vesicles, required for continuous
transmitter release and normal hearing. In the process of
vesicle re-supply to the ribbon synapse, otoferlin plays a
crucial role and we propose its involvement in an early
step of exocytosis.

Structure of Otoferlin C2A and
Biochemical Analysis of Otoferlin C2

Domains

Kirsten Reuter', Sarah Helfmann?, Piotr Neumann®,
Martin Schwander®, Dirk Fasshauer®, Nils Brose®,
Reinhard Jahn®, Ulrich Miiller*, Kai Tittmann®, Ralf Ficner?,
Tobias Moser?, Ellen Reisinger

'University Medical Center Goettingen, 2University Medical
Center of Goettingen, 3University of Goettingen, “The
Scripps Research Institute, °Max Planck Institute for
Biophysical Chemistry, ®Max Planck Institute for
Experimental Medicine

Otoferlin is expressed in auditory hair cells, and
presumably targeted to synaptic vesicles. It contains 6 or 7
C, domains. These domains are widely known to bind
phospholipids in a Ca2+-dependent manner. In this study,
we present the crystal structure of the most N-terminal C,
domain (C,A) with 1.95 angstrom resolution. The structure
reveals a full C, domain with 8 antiparallel beta strands.
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Further, the surface of the molecule exhibits positive
charges in the putative Ca*-binding region, suggesting
that the C,A domain is not able to coordinate Ca“" ions.
This was experimentally confirmed with spectroscopic
methods.

Further, we examined biochemical properties of the C-
terminal C, domain (C,F), which bears a switch from an
aspartate to a glycine in the deaf pachanga mouse line
that originated from a random mutagenesis screen.

Using circular dichorism (CD) spectroscopy of the isolated
C,F domain, we found a slight but significant structural
alteration caused by this mutation. As aspartates usually
coordinate Ca*" ions in the Ca®* binding loops of C,
domains we investigated the Ca** binding of both variants
of the C,F domain by CD spectroscopy and fluorimetry.
Both methods indicate that the C,F domain does not bind
Ca”". Next, we analysed phospholipid binding and found
that this C, domain does not bind J:Jhospholipids, neither in
presence nor in absence of Ca“" or PIP,. Further, the
aspartate to a glycine mutation did not alter the ca* or
phospholipid binding properties of the C,F domain.
However, the mutation led to lower protein levels and a
slightly different sub-cellular distribution of Otoferlin in
auditory hair cells.

In summary, our data indicate that neither the C,A, nor the
C,F domain bind Ca*". Although the C,F domain seems to
be important for proper function of otoferlin, the exact role
of both domains remains to be investigated.

Synaptotagmin-1 Cannot Functionally

Replace Otoferlin, and Vice Versa

Ellen Reisin%er1, John Bri%andez, JeongSeop Rhee®,
Manuel Koch™, Ramya Nair®, Sebastian Kugler®, Nils
Brose®, Tobias Moser"*

'University Medical Center Goettingen, “Oregon Health
and Science Unversity, *Max-Planck-Institute for
experimental Medicine, “Center for Molecular Physiology
of the Brain, University of Géttingen

Otoferlin, a multi C, domain protein shown to be essential
for a late step in exocytosis of auditory hair cells, is
currently discussed to function as a synaptotagmin-like
Ca”" sensor for vesicle fusion. This hypothesis is based on
() otoferlin having 6 or 7 C, domains, of which 3 are
predicted to bind Ca**, (i) the absence of synaptotagmin 1,
2 and 3 at the first auditory synapse (Safieddine and
Wenthold, 1999), (iii) the absence of fast vesicle release in
Otof” hair cells (Roux et al, 2006) and (iv) the interaction
of otoferlin with syntaxin 1 and SNAP-25 in
immunoprecipitation assays.

In this study, we tested the functional equivalence of
synaptotagmin-1 (Sytl) and otoferlin by transducing hair
cells of organotypic cultures with an adeno-associated
virus containing Sytl cDNA. In contrast to wild type inner
hair cells, Sytl-transduced hair cells of Otof” mice did not
exhibit measurable exocytosis in patch-clamp capacitance
measurements. Thus, Sytl could not restore Ca®'-
triggered vesicle fusion in Otof-deficient auditory hair cells.
Next, we transfected the developing otocysts of Otof”
embryos at E12.5 with Sytl and measured hearing by
auditory brainstem response recordings in 4-week-old
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animals. We could not detect auditory brainstem
responses in either non-transfected or Syt-1 mis-
expressing ears, which showed a transfection rate of inner
hair cells of approximately 50%. Furthermore, we analyzed
exocytosis in autaptic cultures of Sytl-deficient
hippocampal neurons, but found no rescue of synchronous
vesicle release when overexpressing otoferlin.

Together, this study suggests that the mechanism of
otoferlin function is different from syt action.

Candidate Function of Otoferlin

Marlies Knipper', Christoph Franz®, Paulina Heidrych?,
Stephanie Kuhn?, Ulrike Zimmermann', Jutta Engel®,
Susanne Duncker’, Carsten M. Pusch?, Peter Ruth®,
Markus Pfister®, Walter Marcotti®, Nikolaus Blin®

'ENT Clinic Tubingen, THRC, *University of Tiibingen,
Institute of Human Genetics, *University of Tiibingen,
Institute of Physiology Il and THRC, *University of
Tubingen, Institute of Pharmacy, Department of
Pharmacology and Toxicology, *University of Tuibingen,
Department of Otorhinolaryngology, THRC, Molecular
Genetics, 6University of Sheffield, Department of
Biomedical Science

One of the genes underlying hearing impairment in mice
and humans is the sequence coding for otoferlin.
Mutations within OTOF lead to a recessive disorder called
DFNB9. Several studies have indicated otoferlin’s
association with ribbon synapses of cochlear sensory hair
cells, as well as data showing the protein’s presence in
neurons, nerve fibers and hair cells, suggesting a more
ubiquitous function. We recently notified Otoferlin’s
absence despite exocytosis in hypothyroid animals
questioning other Ca2+-sensing proteins to be upregulated
under hypothyroid conditions. Molecular studies were
therefore performed to identify possible candidates
substituting for the supposed Ca2+-sensor function of
otoferlin under hypothyroidism. On the other side search
for otoferlin binding partner may also help to clarify
otoferlin’s identity as Ca2+-sensor under hypothyroid or
normal conditions. Using yeast two-hybrid screen and
mass spectroscopy Otoferlin interaction partners were
identified and it interaction verified upon co-expression, co-
localization and co-immunoprecipitation. Results will be
discussed in the context of the undoubtful essential role of
otoferlin for exocytosis of hair cells.

This work has been supported by Deutsche
Forschungsgemeinschaft DFG-Kn-316/4-1 and
Landesgraduiertenforderung Baden-Wirttemberg.

Direct Interaction of Phosphatidylinositol

4,5-Bisphosphate with Otoferlin C2F Domain
Neeliyath Ramakrishnan', Marian Drescher®, Dennis
Drescher

Wayne State University School of Medicine

Otoferlin is thought to be a calcium sensor in auditory hair
cells and is absolutely required for evoked synaptic
transmission in hair cells. Our past studies involving
otoferlin molecular interactions have shown that otoferlin
interacts with the SNARE proteins syntaxin 1A and SNAP-
25 via the C2F domain, in a calcium-dependent manner
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and with strong binding affinity. SNAP-25 and syntaxin 1A
are expressed in the plasma membrane near the ribbon
synapse. We have also shown that otoferlin is coupled to
the Ca,1.3 calcium channel via the otoferlin C2D domain.
Yet, the molecular events involving otoferlin in the
exocytotic process are not clearly understood. In the
current study, we show that the C2F domain of otoferlin
interacts  specifically with phosphatidylinositol  4,5-
bisphosphate (PIP;), with the amount of the lipid binding
almost doubled in the presence of free calcium. In
contrast, other phospholipids, such as phosphatidylinositol,
phosphatidylserine, and phosphatidylcholine, manifest only
minimal or no interaction with C2F, and calcium has no
effect on the binding. Several studies point to the role of
PIP, in exocytosis by calcium-dependent interaction with
synaptotagmin-1 C2 domains, and PIP, has been localized
to the basolateral regions of the hair-cell plasma
membrane as well as the stereocilia, indicating a strict
plasma-membrane  distribution of this important
phospholipid.  Exocytosis requires the fusion of both
vesicle and plasma membrane, and otoferlin is thought to
be a vesicle protein that can interact with plasma
membrane proteins. Thus, the phospholipid-binding
properties of otoferlin suggest its role in membrane fusion
in hair cells. Viewed in this light, our current results show
important features of otoferlin C2 domains that enable
them to engage in molecular interactions, leading to
exocytosis. Present studies reveal the residues involved in
these interactions, as well as the secondary structural
changes induced by PIP,.

A Presynaptic Role for Harmonin in
Regulating Ca,1.3 Channels in Mouse Inner

Hair Cells

Frederick Gregory', Harold Couchoux?, Tina Pangric?,
Irina Calin-Jageman®, Tobias Moser®, Amy Lee?

'Emory University, 2University of lowa, *University of
Goettingen, *University of lllinois-Chicago

Presynaptic Ca,1.3 Ca®* channels regulate transmission of
sound information by controlling glutamate release from
cochlear inner hair cells (IHCs). Harmonin is the protein
product of the USH1C locus for Usher syndrome, which
causes combined deafness and blindness in humans.
Here, we show that Ca,1.3 channels interact with
harmonin and that this interaction is disrupted by a genetic
alteration causing the Usher syndrome phenotype in “deaf
circler” (dfcr) mice. In addition to its localization in hair
bundles, harmonin is present at the ribbon synapse where
Ca,1.3 Ca** channels cluster in IHCs. Harmonin, but not
the dfcr mutant, binds to the Ca,1.3 al subunit and
enhances voltage-dependent facilitation of Ca,1.3 in
HEK293T cells. In dfcr IHCs, Ca,1.3 currents show
weaker voltage-dependent facilitation and impaired
exocytosis of the readily releasable pool than in control
IHCs. Collectively, our results support a novel role for
harmonin in regulating Ca,1.3 Ca®* channels and afferent
synaptic transmission in IHCs.
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Myosin VI Is Required for the Proper
Maturation and Function of Inner Hair Cell

Ribbon Synapses

Saaid Safieddine’, Isabelle Roux'?, Suzanne Hosie®,
Stuart Johnson*, Amel Bahloul', Nadége Cayet Cayet’,
Sylvie Nouaille®, Corné Kros®, Christine Petit*

'Pasteur Institute/INSERM, *The Johns Hopkins

University, *School of Life Sciences, University of Sussex,
*University of Sheffield, >Pasteur Institute, *University of
Sussex

The ribbon synapses of the auditory inner hair cells (IHCs)
undergo morphological and electrophysiological transitions
during cochlear development. Here we report that myosin
VI, an actin-based motor protein involved in genetic forms
of deafness, is necessary for some of these changes to
occur. By using post embedding immunogold electron
microscopy, we showed that myosin VI is present at the
IHC synaptic active zone. In Snell's waltzer mutant mice,
which lack myosin VI, IHC ionic currents and ribbon
synapse maturation proceeded normally until at least
postnatal day six. In adult mutant mice, however, the IHCs
displayed immature potassium currents and still fired
action potentials, as normally only do immature IHCs. In
addition, the number of ribbons per IHC was reduced by
30%, and 30% of the remaining ribbons were
morphologically immature. Ca2+-dependent exocytosis
probed by capacitance measurement was markedly
reduced despite normal Ca2+ currents and the large
proportion of morphologically mature synapses, which
suggests additional defects, such as loose Ca2+-
exocytosis coupling or inefficient vesicular supply. Finally,
we provide evidence that myosin VI and otoferlin, a
putative Ca2+ sensor of synaptic exocytosis also involved
in a genetic form of deafness, interact at the IHC ribbon
synapse, and we suggest that this interaction is involved in
the recycling of synaptic vesicles. Our findings thus
uncover essential roles for myosin VI at the IHC ribbon
synapse, in addition to that proposed in membrane
turnover and anchoring at the apical surface of the hair
cells.

Calcium Store Agonists in Cochlear Hair
Cells Enhance Transmitter Release from

Efferent Terminals

Jee-Hyun Kong', Paul A. Fuchs®

Johns Hopkins School of Medicine Department of
Otolaryngology Head and Neck Surgery

Prior to hearing onset, inner hair cells (IHCs) in the
mammalian cochlea are inhibited by efferent synaptic
currents (IPSCs) resulting from the sequential activation of
a9/al0-containing receptors and small conductance
calcium activated (SK) potassium channels, perhaps
augmented by calcium release from the hair cell's
postsynaptic cistern. To probe the role of cytoplasmic
stores in hair cell inhibition, we infused cyclic ADP ribose
(cADPR) to release calcium through ryanodine-sensitive
channels. Membrane-impermeant cADPR was applied
through the whole-cell patch pipette on IHCs in excised
apical turns of cochleas from young (P7-9) rats. cADPR
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increased the amplitude and duration of the SK component
of spontaneous and electrically-evoked IPSCs, consistent
with enhanced release from a posysynaptic calcium store.
Remarkably, post-synaptically-applied cADPR (100 uM)
also increased the probability of evoked transmitter release
during electrical stimulation protocols. The control quantum
content of ~ 0.5 at 1 Hz (n = 12 cells) increased to ~ 2.0
with cADPR in the postsynaptic cell (n = 9). This result
implies the existence of a retrograde signal from hair cell to
efferent terminal. Since hair cells release glutamate,
cADPR could be raising calcium to increase release of this
potential actor on the efferent terminal. However, a panel
of mGIuR antagonists (LY367385 100 uM, E4CPG
500 uM, or LY341495, 200 uM) had no effect on the
cADPR-induced increase in efferent release probability;
nor did a cocktail of ionotropic and metabotropic glutamate
receptor antagonists (AP-5 50 uM, MCPG 500 uM, and
CNQX 50 uM). Finally, cADPR effectively raised efferent
release probability onto IHCs of the VGIut3 KO mouse that
have no vesicular release of glutamate (Seal et al., 2008,
Neuron 24:263). A retrograde signal other than glutamate
must act on to increase transmitter release from the
efferent terminal. Supported by R01 DC001508 and P30
DC005211 from the NIDCD .

Properties of the Olivocochlear-Outer

Hair Cell Synapse in the Mouse Cochlea
Jimena Ballestero’, Javier Zorrilla de San Martin®, Paul A.
Fuchs? Ana Belén Elgoyhen®, Eleonora Katz'*
'INGEBI/CONICET, “Department of Otolaryngology, Head
and Neck Surgery, Johns Hopkins, *FBMC/FCEyN-UBA

In the adult cochlea, the function of outer hair cells (OHCs)
is modulated by efferent cholinergic olivocochlear (OC)
fibers projecting from the central nervous system. It has
been previously shown that the firing rate of OC fibers
varies according to the type of sound stimulation (noise,
tones, monoaural, binaural, etc.) and that it increases with
sound intensity (Brown et al.,, 1998). These changes in
firing rates would presumably cause different strengths in
the feedback effect exerted by the OC system.

In the present work we used the technique developed by
Goutman et al. (2005) to study the properties of the OC
synapse onto OHCs. Briefly, synaptic activity was
recorded in voltage-clamped OHCs from an excised apical
turn of the mouse cochlea (10-12 postnatal days) during
stimulation of OC fibers with a bipolar electrode placed in
the modiolar region. Activation of efferent terminals by
single shocks evoked inhibitory postsynaptic currents
(IPSCs) with a very low rate of success (quantal content:
0.14 £ 0.03, n = 30 cells). Paired-pulse protocols showed
that this synapse facilitates with maximum efficacy at pulse
intervals of 10 ms (facilitation index = 2.1 = 0.4; n = 8).
Accordingly, trains of stimuli at different frequencies (10-
100 Hz) produced increasing levels of transmitter release.
This phenomenon, together with summation of synaptic
currents, resulted in an increase of OHC responses
proportional to the stimulus frequency (normalized IPSC
amplitude Ina/lsingle-shock: 5.4 = 1.0; 8.5 £ 3.7; 12.3 £ 0.8;
15.6 £ 1.0 for 25, 50, 60 and 80 Hz, respectively; n = 2-4).
These results show that this synapse can facilitate at
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intervals that correlate with the physiological frequencies at
which OC fibers fire. This property could be relevant for
encoding different degrees of OC fiber activity in response
to variable sound stimulation.

This work was supported by CONICET and UBA to EK,
HHMI to ABE and NIH to PAF.

ACh Release at the Efferent-IHC Synapse
Is Modulated by Presynaptic GABAg

Receptors

Carolina Wedemeyer1, Jimena Ballestero', Javier Zorrilla
de San Martin®, Ana Belén Elgoyhen®, Eleonora Katz'?
'INGEBI/CONICET, 2FBMC/FCEyN-UBA

During development, before the onset of hearing, inner
hair cells (IHCs) of the mammalian cochlea are transiently
innervated by medial olivocochlear (MOC) efferent fibers.
Although acetylcholine (ACh) is the main neurotransmitter
released at this synapse, there is evidence showing that y-
aminobutiric acid (GABA) is also present at MOC synaptic
terminals. The possibility that synaptically released GABA
could modulate the cholinergic input at MOC-synapses by
acting on presynaptic GABAg receptors has not been
investigated yet. We have previously shown that
transmitter release at this synapse is supported by both
P/Q and N-type calcium channels (San Martin et al., ARO
Abstracts 2008). In this work, we evaluated the effects of
compounds selective for GABAg receptors on the quantal
content of transmitter release at the MOC-IHC synapse.
Postsynaptic currents, evoked by electrically stimulating
the efferent fibers, were recorded in voltage-clamped (-90
mV) IHCs from acutely isolated mouse organs of Corti at
postnatal days 9 to 11. The quantal content of evoked
release was significantly increased by the GABAg
antagonist CGP35348 at 1uyM (55 = 19 % p < 0.05) and
significantly decreased by 1uM of the agonist baclofen (68
+ 8 % p <0.001). Our results suggest that GABA might be
exerting a negative feedback control on the release of ACh
through presynaptic GABAg receptors at MOC terminals.
We are currently evaluating whether this effect is through
the modulation of either P/Q and/or N-type calcium
channels.

This work was supported by NOHR, CONICET and UBA to
EK and HHMI and ANPCyT to ABE

Synapse Quantification in Rodent
Utricular Hair Cells

Patricia M. Quinones’, David R. Sultemeier?, Cindy Luu’,
Larry F. Hoffman?, Felix E. Schweizer*

'Dept of Neurobiology, David Geffen School of Medicine at
UCLA, “Dept of Surgery, Division of Head and Neck, David
Geffen School of Medicine at UCLA

As reported previously, we measured exocytosis from
young (P0O-P6) rat utricular hair cells using cell membrane
capacitance measurements and found a fast phase of
release with a time constant of ~80ms and an amplitude of
5 fF, corresponding to 135 vesicles released per hair cell.
In order to compare these numbers to exocytosis in other
hair cells, it is important to know the number of release
sites per utricular hair cell. In mammalian auditory hair
cells immunohistochemical techniques have proved useful
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in quantifying the number of active zones, but there are
few comparable reports for vestibular hair cells. To count
synaptic sites in utricular hair cells, we used a well-
established antibody against the transcription factor C-
terminal binding protein 2 (CtBP2) which labels hair cell
nuclei as well as synaptic bodies. To determine whether
non-nuclear CtBP2-positive structures correspond to
synaptic sites, we double-labeled utricles with antibodies
against various synapse-associated proteins including the
postsynaptic AMPA receptor subunit GIuR2/3, the
postsynaptic density protein PSD-95, the postsynaptic
scaffolding protein Shankla and the presynaptic calcium
channel Cay1.3. 3-D reconstructions of stacks of confocal
sections were analyzed with the goal of finding a strategy
that allows for semi-automated quantification of synapse
numbers per hair cell. We find that an antibody against
Shankla gives the cleanest co-localization signal and the
most reproducible number for synapses per utricular hair
cell (striolar region: 13 + 3, n = 16 utricles; extrastriolar
region: 12 + 3, n = 10 utricles). These data thus suggest
that the fast exocytosis we measured was due to the
release of 11 vesicles per synaptic site. Contrary to results
in cochlear hair cells, the antibody to GIluR2/3 did not
reproducibly  colocalize with  anti-CtBP2 labeling,
suggesting a broader repertoire of AMPA-receptor
subunits in Scarpa’s ganglion dendrites than in spiral
ganglion dendrites.

Micromechanical Compressive
Nonlinearity and Efferent Control in the

Semicircular Canals

Richard Rabbitt', Richard Boyle?, Stephen M. Highstein®
'University of Utah, °’NASA Ames, *Marine Biological
Laboratory

The remarkable sensitivity of the mammalian cochlea is
achieved largely through active mechanical amplification of
sound stimuli by outer hair cells. Amplification of quiet
sounds results in nonlinear compression of a wide dynamic
range of acoustic signals into a smaller range of
micromechanical responses. Cochlear amplification and
compression are controlled by the brain through centripetal
efferent projections that, when activated, reduce the gain
of the amplifier and sharply attenuate the vibration of the
cochlear partition. This strategy is essential to the
exquisite sense of hearing in mammals. In the present
study we demonstrate that a similar active process is
present in the semicircular canals. We measured
micromechanical motions of the semicircular canal cupula
overlying hair bundles as a function of stimulus level and
discovered that low-level stimuli were amplified resulting in
larger cupula motions than would occur in a passive
system. The amplification was eliminated by electrical
activation of the efferent system via bi-polar electrodes
located in the brainstem vestibular nucleus. Sensitivity to
efferent activation demonstrates the hair cell origin of
amplification. Vestibular hair cells lack the protein prestin
and there is currently no evidence supporting cycle-by-
cycle somatic motility in these cells. Present data support
the hypothesis that active hair bundle motility is
responsible for micromechanical amplification in the
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semicircular canals, and that the hair-bundle motor is
actively controlled through efferent synaptic contacts on
hair cells. Recordings from hair cells showed that efferent
activation opened a large basolateral conductance thus
shunting the transduction current to ground and reducing
the receptor potential modulation. The transduction
current was not attenuated by efferent activation. These
data indicate that a voltage sensitive process underlies
hair bundle amplification in the semicircular canals.
[Supported by NIDCD R01 DC006685]

Multiple Kinetic Components of Release
at the Hair Cell Afferent Fiber Synapse
Implicate Calcium-Dependent Vesicle

Trafficking

Michael Schnee', Joseph Santos-Sacchi?, Anthony Ricci*
'Department of Otolaryngology, Stanford University,
“Department of Otolaryngology and Molecular Physiology,
Yale University

Ribbon synapses are specialized to respond to graded
changes in receptor potential with varying levels of vesicle
release. These synapses tend to show linear release with
calcium, to be capable of long term release with little
fatigue and to have quite rapid release. The molecular
mechanisms underlying the operation of ribbon synapses
remain a mystery. Direct investigation of the kinetics of
release have been hampered by the capacitance method
used to study them, only being valid if conductance does
not change, leaving kinetics to be indirectly evaluated as
before and after measurements from repetitive stimulation.
Here we investigate release using a multi-sine wave
approach that we design to overcome this limitation. Three
distinct capacitive components were measured. The first
was a rapid change insensitive to calcium and eliminated
by increasing the frequency of the interrogating sine
waves. This component was not a function of synaptic
release. The second component changed rates linearly
with calcium and had a size that varied with frequency
location of the hair cell along the epithelium and stimulus
paradigm; this component correlated with the vesicle pool
associated with the ribbon. Increasing calcium buffering
slowed the rate of release for the second component. The
third component had an invariant fast release rate but an
onset time that varied with calcium load. The onset time
was delayed with increasing calcium buffering but the rate
was unchanged. The third component represented a large
capacitance change requiring recruitment of vesicles not
associated with the ribbon. Although depletion of small
pools of vesicles could be observed with this method,
release properties measured about the hair cell’'s natural
resting potential demonstrate a linear response with no
fatigue or depletion. We hypothesize that the two calcium-
dependent components of release represent vesicular
trafficking that is specialized to provide the expected rapid,
linear and indefatigable release properties. This work
supports the idea that vesicle trafficking controls release
properties and that the significance of vesicle pool
distributions requires re-evaluation.

Work supported by DC0009913 to AJR,DC000273 to JSS
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Synaptic Exocytosis Associated with T-
Type and L-Type Ca2+ Channels in

Developing Chicken Hair Cells

Snezana Levic', Didier Dulon*

'University of Bordeaux, INSERM U587, Hopital Pellegrin
Neurotransmitter release at the hair cell ribbon synapse is
well known to be stimulated by local rise of intracellular
Ca2+ near voltage gated Ca2+ channels (VGCC). This
Ca2+ dependent process implies an efficient coupling
between the synaptic vesicle fusion machinery and the
VGCC by mechanisms that are still largely unknown.
Remarkably, during development, chick auditory hair cells
switch progressively from being spontaneously active hair
cells, firing action potentials mostly driven by T-type Ca2+
channels, to quiescent mature hair cells that mostly
express L-type Ca2+ channels. The goal of the present
study was to characterize the progressive changes
occurring in the Ca2+ dependence of the hair cell synaptic
machinery during development. Hair cell exocytosis
(vesicle fusion) was recorded in the intact chick basilar
papilla from E10 to P2 by monitoring changes in
membrane capacitance (ACm) during various voltage
stimulations. Exocytosis associated with Ca2+ current
activation could be recorded at all developmental stages
examined, with a significant increase in ACm amplitude
(~1.5 fold) and Ca2+ efficiency after ~E12-16. Mibefradil
and nickel, two potent selective blockers of T-type VGCC,
largely inhibited ACm and ICa in developing hair cells up to
E10-E16 but not in more mature hair cells (>E18). Varying
intracellular Ca2+ buffering, when using 2 mM EGTA
instead of 0.5 mM EGTA, showed that the fast exocytosis
process (RRP) was largely affected when rising EGTA in
early developing hair cells (E10-E16) but not in mature
hair cells (E18 and older). Overall, our data show that
exocytosis is driven with a poor Ca2+ efficiency by T-type
VGCC in early developmental spontaneous active hair
cells. This can be explained by a reduced Ca2+ sensitivity
of the synaptic machinery at these early stages of
development or/and a loose spatial association of the T-
type VGCC with the synaptic machinery (microdomains) as
compared to L-type VGCC in mature hair cells
(nanodomains).

3D Anatomical Atlas of the Cochlea of

the CBA/J Mouse

Peter Santi', Shane Johnson®, Heather Schmitz!, Kandan
Ramakrishnan®

'University of Minnesota

The three-dimensional (3D) morphology of the cochlea has
been investigated using a newly developed thin-sheet
laser imaging microscope (TSLIM) in five cochleas from 4-
week old mice. Cochleas were fixed, decalcified,
dehydrated, cleared and serial optical sections were
obtained through the complete cochlea. Major
components of the cochlea were segmented, 3D rendered
and morphometric measurements were obtained. The
volume of the following structures was determined: scala
vestibuli, media and tympani; basilar, tectorial, and round
window membranes; spiral ligament and limbus, stria
vascularis, organ of Corti, Rosenthal's canal and the
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number of spiral ganglion neurons was estimated.
Average volume of cochlear perilymph and endolymph
was also estimated. Regions of fluid exchange such as the
ductus reuniens and helicotrema were quantified as well.
Length was determined along the centroid of several
cochlear structures (i.e., stria vascularis, organ of Corti,
scala media, basilar membrane, and Rosenthal's canal)
and virtual, orthogonal, cross sections of some of these
structures were produced. Orthogonal cross sections were
used to construct graphs of the area of a structure along its
length. Within Rosenthal’s canal there were noticeable
expansions of the canal at 10, 50, and 90% (from the
base). A 3D Cartesian coordinate system was developed
to relate structural features to a functional reference
system, such as the basilar membrane. The goal of these
efforts are to construct an interactive, 3D digital atlas of the
mouse cochlea for research and teaching.

Supported by the National Institutes of Deafness and
Other Communication Disorders (NIDCD grant RO1
DC007588)

Saccular-Specific Hair Cell Addition
During the Breeding Season of a Vocal
Teleost Fish: Do More Hair Cells Equal

Increased Auditory Sensitivity?

Allison Coffin"?, Joseph Sisneros™?

'University of Washington, ?Virginia Merrill Bloedel Hearing
Research Center

The plainfin midshipman fish, Porichthys notatus, uses
vocal signals during many aspects of its life history,
particularly reproduction. Nesting males produce multi-
harmonic signals to attract reproductive females for
spawning. The female's auditory system shows
considerable plasticity in that the auditory saccular
sensitivity of reproductive females becomes more sensitive
to a wider range of frequencies than non-reproductive
females. This seasonal increase in auditory sensitivity
coincides with the dominant harmonics of the male's mate
call, which are thought to be well suited to propagate in the
shallow-water breeding environment. The cellular and
molecular mechanisms for this seasonal auditory plasticity
are still unknown. The present study examined cell
proliferation, cell death, and hair cell number in the
saccules of non-reproductive and reproductive female
midshipman to test the hypothesis that seasonal auditory
plasticity is due, at least in part, to a seasonal increase in
hair cell number. We found more proliferating and fewer
dying cells in saccules from reproductive females than in
non-reproductive females. Quantification of phalloidin-
labeled hair bundles showed a significant increase in
bundle density in the saccule of reproductive fish relative
to non-reproductive fish, suggesting that the increased cell
addition in saccules from reproductive females was a
result of a net addition of hair cells. No increase in cell
addition or hair bundle density was found in the utricle or
lagena of the reproductive females, indicating that the
increase in hair cells is saccule-specific and not due to a
general inner ear epithelial expansion during reproduction.
Our data suggests that increased auditory saccular
sensitivity in reproductive females could be due to an
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increase in hair cells, particularly if the newly added hair
cells are responsive to higher frequencies. Future studies
will examine the role of gonadal steroids in this novel form
of auditory plasticity.

Labeling Patterns in the Inner Ear of the

Transgenic thy1-YFP-H Mouse

Robstein Chidavaenzi', Anna Lysakowski®

'Univ. of lllinois at Chicago

Transgenic mice with fluorescent marker proteins have
been used to trace neuroanatomical pathways in the brain
(Feng et al., 2000). One such mouse line that has been
developed comprises C57BL/6 mice expressing yellow
fluorescent protein (YFP) in subsets of CNS neurons,
driven by the neuronal thy-1 promoter (thyl-YFP-H). We
wished to assess inner ear labeling in this mouse line and
to examine the possibility of using it as a model for
studying inner ear afferents. Vestibular and cochlear
endorgan and ganglia fluorescence in postnatal day 8-100
YFP-H mice was observed with confocal microscopy.
Images from utricular and cochlear whole mounts and
crista sections suggest that in this mouse, vestibular
afferents (including both calyces and boutons) and type |
and Il spiral ganglion neurons are labeled. Vestibular
afferents in the central region of both cristae and maculae
were more intensely labeled than peripheral afferents; no
supporting cell labeling was observed. Cochlear afferents
innervating inner hair cells were labeled. Nerve fibers
innervating the outer hair cells were also labeled and
antibody markers are being used to determine whether
these are afferent or efferent fibers. Markers being used to
make these distinctions are ChAT, tenascin-C, calretinin,
peripherin, and CGRP. In conclusion, the thyl-YFP-H
mouse is a useful model in which to study inner ear
endorgan structure and function as it lends itself to in vivo
imaging and enables easy identification and distinction of
afferent types and regions.

Imaging of the Mouse Cochlea by
Frequency Domain Optical Coherence
Tomography

Tao Yuan', Ryan Shelton? Brian Applegate?, Simon Gao®,
John Oghalai*

'Baylor College of Medicine, Texas A&M University, *Rice
University

OCT (Optical Coherence Tomography) is an optical signal
acquisition and imaging method that has an extremely high
signal-to-noise ratio (SNR) and resolution on the order of
10 um. These features permit 3-dimensional imaging
within scattering media (e.g. biologic tissue). Importantly,
it is also non-invasive, and commercial OCT devices are in
clinical use for ophthalmic and dermatological applications.
OCT has been used to image the cochlea for research
purposes using the time domain approach. However, the
frequency domain OCT approach has significant
advantages because it provides higher SNR and faster
imaging speeds than time domain OCT. In an effort to
develop an improved technique for intracochlear imaging,
we have designed a frequency domain OCT system. In
tissue, near infrared light with longer wavelengths have
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less scattering and thus depth penetration is improved. On
the other hand, silicon-based light detectors have lower
efficiency at longer wavelength. As a compromise, we
chose 950 nm as the center wavelength for the applied
light. Depth resolution is in inverse proportion to the
bandwidth of the applied light. We created light with a
bandwidth of up to 100 nm by focusing an ultrafast laser
(Chameleon, Coherent Inc.) into an ultrahigh numerical
aperture single mode optical fiber (UHNA3, Thorlabs).
Due to the self phase modulation effect, the bandwidth of
the laser extended from 10 nm to 100 nm inside the fiber.
The light was collimated after it came out of the fiber with
an overall conversion efficiency of roughly 50%. Then to
ensure high interference efficiency, we focused this light
into a 2x2 fiber-fused coupler. One output of the fiber
coupler (the sample arm) was coupled into the X-Y mirror
scan head of an upright microscope. The other output was
used as the reference arm. The reflected light from the
sample and reference arms were combined inside the fiber
coupler, collimated, and processed by a custom-built
spectrum analyzer created by passing the light through a
diffraction grating (1292, Wasatch Photonics) and focusing
the output across a linear CMOS camera. We tested the
OCT device by imaging the excised mouse cochlea.
Three-dimensional images were created from a series of
X-Z scans. We found that the modiolar bone could be
identified even when imaging through the overlying otic
capsule bone. The estimated pixel resolution was ~10-15
um. Further research will be done to determine the
capability of this system to visualize the cochlea in vivo,
image the intracochlear soft tissue structures, and
measure vibratory movements.

Detailed Anatomical Investigation of the

Basilar Papilla of the Northern Leopard Frog
Ricl11ard Schoffelen’, Johannes Segenhout’, Pim van

Dijk

'Dpt of Otorhinolaryngology/Head and Neck Surgery,
University Medical Center Groningen

The frog inner ear contains two dedicated auditory end
organs: the amphibian papilla and the basilar papilla (BP).
Both of these organs are simple compared to other
vertebrate hearing organs, primarily due to the lack of a
basilar membrane as a flexible substrate for the hair cells.
We performed a detailed study of the anatomy of the BP in
the northern leopard frog using images from light
microscopy in fixated and non-fixated preparations and
from scanning electron microscopy

The lumen of the BP was largely cylindrical in shape. It
extended medially from the wall of the saccular space, and
had a length of approximately 500um. The cross section
was oval and tapers towards the medial end of the lumen,
where it ended at the contact membrane. The epithelium
was located at about 50um from the medial end of the
lumen. At the location of the epithelium the lumen was on
average about 270um wide and 375um high.

The sensory epithelium consisted of hair cells and
supporting cells. It measured about 100um along the
length of the lumen and 275um along the curved
perimeter. On average 76 (range 63-95) hair cells
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occupied the medial half of the epithelial patch and were
set in six to eight rows. The hair-bundle orientation was
uniformly towards the medial end of the lumen.

We identified four types of hair cells, each occupying
specific areas of the epithelium. Only the medial two to
three rows of hair cells appeared to connect to the
overlying tectorial membrane. The variety of hair cells and
the presence of free-standing hair bundles is intriguing in
light of the notion that the BP appears to function as a
single-frequency, passively tuned auditory filter.

The data presented here are consistent with data from
related species in literature. The extent and detail of the
current data may in future provide a basis for a fluid-
dynamical model of the anuran BP.

The Changes of Hearing and Related

Histology in Vitamin a Deficient Mice

Dae Bo Shim', Sang Chul Kim*, Hyun Joo Kim*, Jin
Woong Bok', Jae Young Choi*

yonsei University College of Medicine

Although numerous authors reported that the vitamin A
deficiency in human subjects and animals induced a
reduction in hearing ability, its role is not clear in the inner
ear. In the present study, we evaluated the effect of
vitamin A deficiency on changes of hearing level and
histopathology of inner ear with ICR mouse. Animals were
divided into the two groups: group 1 (experimental group;
n=6) was fed a purified vitamin A free diet from 7 days
after pregnancy; group 2 (control group; n=6) was fed a
normal diet. Hearing threshold was measured by ABR until
20 weeks after birth. Cochlea was collected for the
histological study and Phalloidin staining was observed.
Mice which completed the hearing follow-up had their
cochlear extracted for tissue confirmation. After the level of
retinoic acid was reached a half of control mice, the
hearing threshold of experimental group was increased
compared with control group. In all vitamin A deficient
mice, the damage to the outer hair cell and the Organ of
Corti was noticeable. We could see the stereocilia damage
in cochlea after FITC phalloidin stain and stereocilia loss
was more severe in basal turn. The density of spiral
ganglion cells was decreased and the vacuolization was
also increased in the stria vascularis and spiral ligament.

In conclusion, the hearing threshold and its correlated
histology of vitamin-A deficient mice were damaged as
against control ICR mice. Approach to the mechanism of
its effect should be studied in the future.

How Do Hair Cell Currents Shape
Afferent Responses in the Frog Vestibular
Organs?

Rita Mansi', Paola Perin®

'University of Pavia

Within the vestibular system, afferents vary in their
discharge properties, forming different populations which
differ in gain, dynamics and ISI regularity. Moreover, most
afferents display compressive nonlinearities around a
resting discharge which can be modulated bidirectionally.
The factors setting the zero-stimulation point, the extent of
compressive nonlinearities and the dynamics of the
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response are still unclear, and include properties of hair
cells, afferent and efferent fibers.

The main purpose of this work is to investigate how ionic
currents expressed by frog vestibular hair cells contribute
to the diversity of afferent responses. For this reason we
have developed a combined experimental-modelling
approach, to reconstruct afferent responses of the frog
crista and utricle.

In this work we recorded and modelled electrical
responses from hair cells differing in morphology and
epithelial position. Voltage-dependent currents were
studied with the whole-cell perforated-patch method in
isolated and in situ hair cells; currents were dissected out
pharmacologically. Voltage responses to current steps and
sinusoids were studied with current clamp experiments.
The biophysical parameters obtained from experiments
and literature for hair cell currents were used to simulate
utricular and crista hair cells using NEURON. Simulated
ribbon synapses were added, and their number was varied
in order to reproduce quantal data recorded from frog
vestibular organs. Spike encoding was modeled as to
reproduce experimental or literature data for resting and
stimulated discharge.

In the model we explored the effects on gain, dynamics
and linearity of responses due to variations of hair cell
currents.

Spontaneous Depolarizing Activities
Displayed by Supporting Cells in the Organ
of Corti Are Initiated by a Calcium-Dependent

Chloride Conductance

Qing Chang’, Emillie Hoang Dinh*, Xi Lin*

'Emory University

Hair cells and supporting cells in the organ of Corti are
essential for the normal cochlear functions. However, little
is known about physiological roles of the supporting cells.
A recent report demonstrates that inner supporting cells in
the Kolliker's organ of developing mouse cochlea display
spontaneous depolarizing activities (SDAS) initiated by
extracellular ATP. Such SDAs are a major driving force for
spontaneous firing activities in the developing peripheral
and central auditory systems. Supporting cells in the
organ of Corti (outer supporting cells) express purinergic
receptors and focal application of ATP triggers propagating
Ca” waves. However, it is unclear whether these
supporting cells also display SDAs similar to those
observed in the inner supporting cells.

Using the whole-cell patch clamp recording, we found that
supporting cells in the developing organ of Corti of mice
displayed robust SDAs. Double-electrode patch clamp
recordings made simultaneously from the Kdalliker's organ
and the organ of Corti, however, demonstrated that the
SDAs in these two regions were fundamentally different in
terms of synchronicity, duration, frequency and
pharmacological properties. lonic substitution experiments
revealed that the SDAs in outer supporting cells are highly
depended on both external and internal Ca*.
Simultaneous optical imaging with the Fluo-4 Ca®*
indicator and patch-clamp recording showed that SDAs in
outer supporting cells were triggered by apparent
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spontaneous intracellular Ca®* spikes. In addition, SDAs
were eliminated by perfusing zero Ca*" external solution
and by applying thapsigargin, caffeine and cyclopiazonic
acid. Pharmacological experiments suggested that a Ca**-
dependent chloride conductance is the major underlying
ion channels that carried the current for SDAs. One
subtype of Ca*-dependent CI' channel (ANO1) was
detected by immunolabelling in the outer supporting cells.
Together, these data suggested that the functional role
and underlying ionic mechanisms for SDAs in the outer
supporting cells are dramatically different from those
recorded in the Kolliker organ. Our data support that a
novel Ca**-dependent CI" channel is the major contributor
to the SDAs in the outer supporting cells in the developing
mouse cochlea.

Synaptic Activity and Stimulation of

Type Il Cochlear Afferents

Catherine Weisz', Elisabeth Glowatzki', Paul A. Fuchs®
Johns Hopkins University School of Medicine

The afferent innervation of the cochlea consists of two
types of neurons, Type | and Type Il spiral ganglion
neurons. Type | neurons comprise 95% of the afferent
neuron population, and project to single inner hair cells
(IHC) in the organ of Corti. Acoustic information of sound
timing and intensity is encoded at this IHC to Type |
synapse, while frequency is encoded by IHC position along
the tonotopic cochlear axis. Type Il afferents comprise the
remaining 5% of spiral ganglion neurons. They project past
IHCs to contact several outer hair cells (OHC). Type I
afferent projections are thin and un-myelinated, and little is
known about their synaptic inputs or excitability due to
difficulties recording from the neurons. We used a novel
approach of performing giga-ohm seal, whole-cell
electrophysiological recordings from dendrites of Type Il
afferents directly under OHCs in the apical turn of rat
cochleas. In pre-hearing (P5-9) rats, large tetrodotoxin
sensitive sodium currents and slowly accommodating
action potentials were found. Excitatory post-synaptic
currents (EPSCs) were recorded that reversed polarity
near 0 mV and were sensitive to NBQX, an AMPA type
glutamate receptor blocker. This indicates that synaptic
inputs to Type Il cochlear afferents are glutamatergic and
mediated by post-synaptic AMPA receptors. Type |l
afferents were strongly stimulated by ATP, which
depolarizes and induces neurotransmitter release from
OHCs, resulting in EPSCs in post-synaptic Type |l
dendrites. Additionally, ATP directly induced a large inward
current in Type Il dendrites. This effect of ATP depolarized
Type Il neurons and could initiate action potentials.
Stimulation of Type Il afferents by ATP was down-
regulated, but not eliminated, after the onset of hearing in
rats. Further, EPSCs were still observed in hearing (P17-
19) rats. Supported by NIDCD grants RO1 DC000276 and
R0O1 DC006476, T32 DC000023 and a grant from the
Blaustein Pain Foundation of Johns Hopkins.
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Expression and Regulation of NMDA
Receptors at Inner Hair Cell-Auditory Nerve

Ribbon Synapses

Michel Eybalin', Rim Bendris', Jean-Luc Puel*

'Inserm U583, Montpellier

Sound stimulations induce glutamate release at inner hair
cell (IHC) ribbon synapses with the dendrites of primary
auditory neurons. While these synapses predominantly
use AMPA receptors, they also bear NMDA receptors
(NMDARSs). NMDARs are tetramers formed by NR1 and
NR2A-D subunits. These receptors are calcium-permeable
cation channels with a strong voltage-dependent
magnesium block. Their activity in the cochlea is only
unmasked in pathophysiological conditions (e.g. salicylate-
induced tinnitus and in neuronal reconnexions after
excitotoxicity).

In this study, we demonstrate the expression in cochlear
homogenates of several NR1 splice variants (N1, C1, C2
and C2") and of NR2B and 2D, not that of NR2A and 2C.
When using a biotinylation technique, we found that all the
expressed subunits were present at the plasma
membrane. We have then studied their up- and down-
regulation, phosphorylation and glycosylation under
pathophysiological  conditions, i.e.  sound-induced
excitotoxicity and salicylate-induced tinnitus. We have also
studied the influence of the activation and blockade of
NMDARs by dopamine, which negatively regulates the IHC
activity, on these post-translational modifications.

Auditory Attention and the Detection of
a Signal in Noise: Effects on Human Medial

Olivocochlear Efferent Activity

Nikolas Francis'?, John J. Guinan, Jr.*?

"Harvard-MIT Division of Health Sciences and Technology,
Speech and Hearing Bioscience and Technology, “Eaton-
Peabody Laboratory, Massachusetts Eye and Ear
Infirmary, 3Department of Otology and Laryngology,
Harvard Medical School

Attention to a target tone embedded in noise may cause
cochlear physiological changes specific to the target
frequency. Medial olivocochlear (MOC) efferents may
produce such changes because they receive descending
inputs and innervate outer hair cells. Animal studies
suggest that during background noise, detection of target
level changes would be enhanced by MOC activation that
inhibits excitation and adaptation to the noise. The extent
of this enhancement may be influenced by attention such
that MOC activation strength depends on the difficulty of
detecting a target in noise. Otoacoustic emissions (OAE)
are a non-invasive tool for examining MOC activation
strength in humans. Previous studies explored the
correlation across subjects in MOC inhibition of OAEs and
the ability to detect a target in noise, with MOC inhibition
and psychophysical performance measured separately. No
study has measured MOC inhibition during the task of
detecting a target in noise.

We have begun experiments using stimulus frequency
OAEs (SFOAESs) to measure MOC effects during a three-
interval forced choice task. A monaural amplitude-
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modulated target tone is presented in one random interval
while a 40 dB SPL bilateral SFOAE probe tone and a 50
dB SPL ipsilateral (re: target ear) broadband noise are
presented in all intervals. There are three task conditions:
1) no task (always done first): 40 dB SPL target present,
but no listening instructions, 2) easy task: 40 dB SPL
target detection, and 3) hard task: detection of a target
whose level is adjusted for 60% +10% correct detection.
Preliminary results from three subjects show task
dependent changes in SFOAE magnitude or phase in the
target ear, indicating a change in MOC activation. We are
exploring the dependence of these changes on task
difficulty, subject alertness ratings, the frequency ratio
between the target and the SFOAE probe tone and how
attention affects MOC activity.
Supported by NIDCD grants
P30DC05029.

RO1 DC00235 and

[112] Infrasound-Induced Cochlear
Microphonics in Scala Media Include a

Component from Non Hair-Cell Sources

Alec N. Salt', Ruth M. Gill*, Jared J. Hartsock*
‘Washington University School of Medicine

In guinea pigs the lower limit of hearing is approximately
50 Hz. However, large cochlear microphonics (CM) to
stimulus frequencies as low as 1 Hz are present in scala
media (SM). As frequency decreases, the maximum
amplitude of the CM input/output function increases
progressively, reaching 15-20 mV at 5 Hz. The CM
amplitude in SM also becomes larger relative to that in
scala tympani (ST). At 5 Hz a 17.9 dB (SD 1.9, n=4) lower
stimulus level is required to evoke the same CM amplitude
in SM compared to ST. For infrasonic frequencies, the CM
does not saturate to the degree seen with low frequencies
in the acoustic range so that Boltzmann analysis becomes
less meaningful. In addition, as frequency decreases the
CM phase in SM increasingly differs from both SV and ST
(after allowing for the ST/SM inversion).

DC coupled CM recordings with 5 Hz biasing of a 500 Hz
probe tone shows there are two components in the CM
response to an infrasonic bias. One component arises
from displacements of operating point on the cochlear
transducer curve. In addition, there is a superimposed
second component, consisting of voltage changes that
displace the entire transducer curve. This component is
phase delayed by approximately 72 degrees (41.7 msec
@ 4.8 Hz) with respect to the bias-induced operating point
change. These data suggest that a substantial portion of
the infrasound-induced CM in SM is not generated directly
by the cochlear transducer but by another process. As the
voltage changes occur symmetrically, above and below the
saturation values seen with conventional low frequency
stimuli, this component is unlikely to be generated by the
hair cells. Instead, it may result from changes in the
potential generated by stria vascularis as current passing
through the structure is modulated by the infrasound.
Measurements of infrasound biased potentials in scala
media may provide a useful indicator of how strial function
is modulated under varying current load conditions.

This work was supported by NIH grant DC 01368
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[113] Hysteresis in the Cochlear Microphonic

Potential in Gerbil

Sebastiaan W. F. Meenderink', Corstiaen P. C.
Versteegh', Marcel van der Heijden*

'Erasmus MC

The mechano-electrical transduction by hair cells is
nonlinear. This nonlinear character is commonly described
by a sigmoidal Boltzmann activation curve, which
describes the opening and closing of mechano-electrical
transduction (MET) channels.

The transduction current passing through the hair cells via
the MET channels is also reflected in the cochlear
microphonic response (CM), and CM recordings have
been used to reconstruct instantaneous input/output
function of hair cells. For this purpose, the mechanical
input to the hair cells is related to the CM in the form of
Lissajous figures. Often, the phase of the input is chosen
such that it “...minimise hysteresis in the Lissajous
figures.” [Patuzzi et al. (1990). Hear. Res. 45: 15-32].
Effectively, the first harmonic of the (distorted) CM-signal is
used as reference for the entire recorded signal, thus
automatically minimizing hysteresis. Hysteresis, however,
may reflect (nonlinear) mechanical properties in
transduction, e.g., adaptation in the MET. Eliminating or
minimizing hysteresis a priori, prevents its systematic
study.

Here, CM recordings, obtained from Mongolian gerbil by
means of a silver-ball electrode near the round window,
are presented. Instead of using a phase reference that
minimizes hysteresis, we determined the reference phase
from independent measurements. We used an additional
stimulus to linearize the response of the cochlea to the
stimulus component under study. These recordings then
served as a phase reference for additional CM recordings
in which the stimulus component was presented alone. We
observed pronounced hysteresis in which the output
systematically lagged the input. We interpret this as a sign
of transduction-channel adaptation. Supported by NWO
grants 818.02.007 (ALW) to CPCV and 863.08.003 (VENI)
to SWFM.

Ultrastructural Localization of Cochlin in

the Rat Cochlear Duct

Seiji Hosokawa', Kunihiro Mizuta®, Hiroshi Nakanishi®,
Yasuyuki Hashimoto®, Maki Arai', Hiroyuki Mineta®,
Susumu Shindo?, Tetsuo Ikezono®

"Hamamatsu University School of Medicine, 2Nippon
Medical School

Cochlin, a product of the COCH gene, is associated with
an autosomal dominant sensorineural hearing loss referred
to as DFNA9. The symptoms of DFNA9 include not only
hearing loss but also vestibular disorders (Bom et al.,
1999; de Kok et al., 1999; Fransen et al., 1999; Grabski et
al., 2003; Khetarpal, 1993; Manolis et al., 1996; Robertson
et al.,, 1998; Usami et al., 2003; Verhagen et al., 1989;
Verhagen et al, 1992). Robertson et al. (2006) also
reported the loss of cellularity and the accumulation of an
abundant homogeneous acellular eosinophilic deposit in
the cochlea and vestibule of DFNA9-affected ears. They
suggested that these extracellularly deposited aggregates
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contain mutated cochlin, and that this mutated cochlin
alters the interactions between cochlin and other cochlin-
associated proteins. Khetarpal (2000) compared the
normal spiral ligament with that in DFNA9-affected ears at
the ultrastructural level, and noted the absence of major
fibrillar type Il collagen bundles. We speculated that the
proteins interacting with cochlin might include type Il
collagen and have previously reported that these two
extracellular matrix (ECM) proteins coexist in the same
fibrillar substance in the subepithelial area of the
semicircular canal (Mizuta, et al., 2008).

We expanded our immuno-electromicroanalysis of cochlin
to the cochlea in this study. The immunolabeling of cochlin
was observed in the fibrillar substance in the spiral limbus,
beneath the inner sulcus cells, and in the basilar
membrane, the spiral prominence and the spiral ligament.
Immunolabeling of type Il collagen was observed in the
same fibrillar substance in the extracellular matrix of the
cochlear duct. This localization of cochlin is consistent with
the expected localization of type Il collagen. The
localization of cochlin and type Il collagen indicates the
important roles played by these proteins in the hearing
process.

[115] Expression of Integrins in the Adult

Mouse Vestibular System

Nicole Stanley’, Sally Dawson', Andrew Forge®, Ruth
Taylor*

'University College London

Integrins, a family of cell surface proteins, consist of a
heterodimer formed by an alpha and a beta subunit.
Integrins are able to interact with the extracellular matrix
and other cell surface proteins, as well as with the
intracellular cytoskeleton. To date, 25 different
heterodimers have been identified, with each integrin
having its own specific ligand or ligands with which it may
bind. Previous work in the auditory system (Davies et al,
2002), described the presence of several integrins during
mouse inner ear development, but little is known about the
expression of integrins in adult vestibular tissue. We aim to
identify integrins present in the adult mammalian
vestibular system and investigate whether there are
changes in their expression patterns as a consequence of
hair cell loss. Initial work using antibodies to several
integrin subunits, revealed that integrin beta 1 is expressed
in the utricle near the basement membrane.
Immunolabelling also suggested the presence of integrin
alpha V in the vestibular system, whilst an antibody against
beta 3 failed to detect the presence of this subunit.

Using bioinformatics to design a set of degenerate PCR
primers we have begun experiments to detect all of the
integrin subunits present in the vestibular sensory
epithelia. The specificity of our primers is being tested
using control tissue, before using them to investigate which
integrin subunits are expressed in normal adult mouse
vestibular tissue. These primers will be applied initially in
cultures of utricular maculae, and we are currently
optimising culture technique to allow incubation for up to 4
weeks.
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Gene Expression Differences Along the

Tonotopic Axis of the Chick Basilar Papilla
Corey Frucht', Joseph Santos-Sacchi’, Dhasakumar
Navaratnam?®

'MD-PhD Program, Yale University, “Departments of
Surgery and Physiology, Yale University, 3Departments of
Neurology and Neurobiology, Yale University

There are known differences in the properties of hair cells
along the tonotopic axis of the basilar papilla, the avian
equivalent of the cochlea. Among the known differences
are changes in ion channel density and properties. As yet
there has not been a comprehensive comparison of gene
expression between the distal and proximal chick cochlear
epithelium. Auditory epithelia were isolated from 9 PO
white leghorn chicks and immediately sectioned into thirds,
creating low, middle, and high frequency segments.
Samples were comprised of 3 segments each, to create a
total of 9 samples: 3 low frequency, 3 middle frequency,
and 3 high frequency. RNA was isolated from each sample
and was amplified, labeled and hybridized to Affymetrix
whole-genome chicken arrays. GeneSpring software was
used to identify genes differentially expressed between the
two ends of the epithelium. Quantitative PCR was used to
validate the microarray results. 2,663 genes were found to
be differentially expressed using a fold-change cut-off of 2
and a p-value of 0.05. An enrichment analysis was
performed on the microarray data and revealed 14 gene
sets significantly (FDR < 0.05) enriched in the low
frequency end, and 88 gene sets significantly enriched in
the high frequency end. We have specifically identified
many ion channels which are differentially expressed
between the low and high frequency regions of the basilar
papilla; some of these channels are known to have this
expression pattern while others are not.

Assessing Stapes Surgery Results by

Round Window Motion Measurements

Jae Hoon Sim', Michail Chatzimichalis', Christof Ro6sli’,
Alexander Huber"

'UniversitatsSpital Ziirich

In stapes surgery, various prostheses and techniques are
used to improve the hearing for patients with otosclerosis.
In this study we present a bench test method to assess
functional results after stapes surgery. Round window
motions, which are closely related to pressure propagation
of the travelling wave inside the cochlea and thus are
closely related to hearing, are measured in fresh temporal
bones. The performance of the reconstructed middle ear is
quantitatively assessed by comparison of the volume
displacements and motion patterns at the RW before and
after the stapes surgery. Retro-reflective beads are
attached to the surface of the round window to improve
reflectivity of the LDI laser beam, and the whole surface
area of the round window is measured using a scanning
LDI system. To obtain an accurate angular position of the
laser angle with respect to the round window plane,
correlation between the measurement frame and
anatomical-fixed frame is calculated from the location of
reference wires attached to the peripheral bone, using
micro-CT images. As a preliminary result, the magnitude of
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the volume displacement at the round window of the
reconstructed ear was reduced by 10 dB at low
frequencies below 2 kHz and by 3 to 7 dB at high
frequencies above 3 kHz, compared to the normal ear. The
amounts of the reduction are similar to the corresponding
amounts from hearing test at low frequencies but smaller
at the high frequencies. Discrepancy between the volume
displacement at the round window and hearing test in the
reconstructed ears at the high frequencies is presumed to
be due to complex stapes motions in the normal ears,
which do not generate net volume displacement but affect
hearing.

Measurement of Electrically Evoked
Basilar Membrane Vibration at Two

Longitudinal Locations

Wenxuan He', Tianying Ren™?

'Oregon Health & Science University, *Xi‘an Jiaotong
University

In order to understand the backward propagation of sound
in the cochlea, the electrically evoked basilar membrane
vibration was measured at two longitudinal locations in
sensitive gerbil cochleae. Sinusoidal currents at different
frequencies and levels were delivered to the apical turn
through a bipolar electrode to stimulate the organ of Corti
near the electrodes. The electrically and acoustically
evoked basilar membrane vibrations were measured at
two longitudinal locations in the first turn using a sensitive
heterodyne laser interferometer. It was found that the
electrically evoked basilar membrane vibrations showed
tuning similar to that of acoustically evoked responses. For
either electrically or acoustically evoked wave, the phase
at a basal location led the phase at a more apical location,
indicating that the wave traveled in the forward direction.
The delay from the measured basal location to the more
apical location increased with frequency, whereas the
wave speed and wavelength decreased with frequency
over the same region. Thus, these results show that the
electrically evoked basilar membrane vibration is
dominated by a forward traveling wave. The current finding
indicates that the electrically evoked sound likely exits the
cochlea through the cochlea fluid as a compression wave,
driving the stapes, and resulting in emissions. The
compression wave-induced stapes vibration also initiated a
secondary forward traveling wave.

Supported by NIH-NIDCD.

Displacements of Footplate, Round
Window Membrane and Basilar Membrane in

Human Temporal Bones

David Mullin', Xianxi Ge', Ronald Jackson', Ben
Balough'

!Department of Otolaryngology, Naval Medical Center San
Diego

Objective: To measure displacements of stapes footplate
(SFP), round window membrane (RWM) and basilar
membrane (BM) response to acoustic stimulation using
Laser Doppler Vibrometry (LDV) and to study correlations
among them.
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Methods: Four fresh human temporal bones were used in
this study. An extended facial recess was created and the
RW niche overhang was removed allowing complete view
of the RWM. A cochleostomy was performed via
promontory exposing the BM. An acoustic transducer and
a probe microphone were inserted into the external ear
canal. The peak-to-peak displacements from SFP, RWM
and BM were obtained by LDV at a frequency of 2 KHz at
90 dB SPL. Displacements for SFP and RWM were
measured with and without cochleostomy, and with the
cochleostomy sealed by silicon. BM measurements were
obtained with and without a sealed, glass slide covering
the cochleostomy.

Results: Displacements of SFP and RWM were 1.75 and
0.8 micrometers respectively without cochleostomy.
Displacements of SFP and RWM were 1.2 and 0.8
micrometers with a cochleostomy and 3.2 and 2.4
micrometers with cochleostomy sealed by silicon.
Displacements of BM were 0.14 and 0.2 micrometers with
and without a glass slide sealing of cochleostomy.
Conclusions: Findings indicated that the displacement of
SFP was greater than that of the RWM. This difference
remained either with cochleostomy or after sealing the
opening. BM displacements were smaller in magnitude
and no difference with or without a glass slide covering.
This model can be used to increase the understanding of
micro-mechanics of middle ear and cochlea.

Efferent Inhibition of the Apical

Cochlea’s Mechanical Responses to Sound
John J. Guinan, Jr.", Nigel P. Cooper?

'Eaton-Peabody Lab, ’Keele University

We have measured sound-evoked motion in the apical
turn(s) of the guinea-pig cochlea with and without electrical
stimulation of the medial olivocochlear efferent system. We
used laser interferometry to monitor the motion of the
partition (usually from individual Hensen’'s cells), and
delivered short (100-200 ms) bursts of electrical shocks at
the floor of the fourth ventricle to stimulate the efferents.
The shock bursts were synchronised with the acoustic
stimuli that we presented to the ear. Efferent-evoked
mechanical changes were then quantified by comparing
the sound-evoked motion across time windows (i) just
before and (ii) near the end of each “shocks-on” period.
The most notable effect of the efferent stimulation was a
reduction in the baseline position shifts (or dc-shifts)
evoked by the acoustic stimuli (short tone bursts,
rarefaction and condensation clicks). This reduction
appeared to be tuned to frequencies just above the
characteristic frequency (CF) of the location being studied
(e.g. to ~800Hz when the CF was ~300Hz). The largest
reductions observed so far had the same effect on the dc
shifts as lowering the intensity of the acoustic stimulus by
~3dB. Close inspection also revealed weak inhibition of
the ac responses evoked by some of the above-CF stimuli
(typically by 1dB or less). We presume that the small size
of these effects will have been limited by a combination of
the cochlea’s physiological vulnerability and our invasive
surgery. Nonetheless, our results clearly go one stage
further than previous attempts to study this difficult to
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access region, and provide the first demonstration that at
least some efferent inhibition is effected mechanically even
in the apex of the mammalian cochlea. These data also
provide the strongest evidence so far that the sound-
evoked baseline position shifts that we have reported
previously either originate, or are controlled by, the outer
hair cells.

Supported by NIDCD RO1DC00235 and Deafness
Research UK.

[121] The Effects of Intense Sound

Stimulation on the Inner Ear

Cecilia Johansson', Anders Fridberger”

!Center for Hearing and Communication Research,
Karolinska Institutet

The focus of this study is to investigate the effects of
intense sound stimulation on the function of the apical
region of the inner ear. In order to do so we apply motion
measurements, calcium imaging and electrophysiological
measurements. The results give insights into the
physiology and nanomechanics of the hearing organ and
noise-induced hearing loss.

We used a high resolution laser interferometer with an
integrated laser scanning confocal microscope to measure
the motion of organ of Corti, during moderate sound
stimulation before and after an intense sound stimulation.
A calcium sensitive dye was used in order to track
intracellular calcium fluctuations due to the intense sound
exposure, and the fluorescence was monitored with the
confocal microscope. The cochlear microphonic potential
was measured via a microelectrode inserted into scala
media to monitor the condition of the preparation. Our set-
up allowed us to capture the sound evoked vibrations,
cochlear potentials and image the calcium fluctuations
subsequently in an isolated guinea pig temporal bone
preparation over several hours.

Data shows that the amplitude of the motion decreases
after intense sound and this decrease appears temporary.
Calcium levels seem to be transiently elevated in the
sensory cells after the intense sound exposure. The
observed changes may be the result of the sensory cells
adapting to the loud stimulus by changing their mode of
action. We have also noted, in a number of experiments,
that the Reissner's membrane bulge towards the organ of
Corti immediately after the intense sound stimulation, to
then return to its initial position.

[122] Effects of Cholesterol Content on

Viscoelastic Properties of Plasma Membrane
Nima Khatibzadeh', Sharad Gupta?, George Durm?,
William Brownell®, Bahman Anvari*

'Department of Mechanical Engineering, University of
California, Riverside, “Department of Bioengineering,
University of California, Riverside, *Bobby R. Alford
Department of Otolaryngology-Head and Neck Surgery,
Baylor College of Medicine, “Department of
Bioengineering, University of California, Riverside
Cochlear outer hair cells exhibit electrically induced
movements known as electromotility, a membrane-based
phenomenon which allows for the sensitivity and
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frequency-resolving capability of mammalian hearing. It
has recently been demonstrated that membrane
cholesterol content modulates the membrane charge
movement and electromotility in outer hair cells.

In this study, effects of cholesterol on viscoelastic
properties of the plasma membrane are investigated. We
use optical tweezers to extract nanotubes (tethers) from
the plasma membrane of human embryonic kidney (HEK)
cells as a model cell. We obtain time-resolved tether force
measurements under cholesterol depleted and cholesterol
enriched conditions. Using these data, elastic and viscous
parameters of the plasma membrane are quantified and
correlated to the changes in the membrane cholesterol
level.

Acknowledgments: This work was supported by NIH
(grant no. RO1DC02775).

On the Origins of the Compressive

Nonlinearity of Hearing

Robert Szalai', Daibhid O Maoiléidigh?, Alan R.
Champneys®, Nigel P. Cooper®, Helen Kennedy", Martin
Homer

'University of Bristol, “Max-Planck-Institut fur Physik
komplexer Systeme, *Keele University

Much attention has been focussed recently on the so-
called Hopf oscillator model for the compressive
nonlinearity and amplification of mammalian hearing. Here
we present an alternative model that is equally well able to
capture the characteristic -2/3 power law type of
amplification. The key feature of the model is bistability,
which is generated robustly by a simple balance between
linear terms and a cubic nonlinearity; it does not suffer
from one of the main drawbacks of the Hopf model, where
delicate tuning of two parameters is necessary to achieve
the amplification effect. We also investigate a recent outer
hair cell model proposed by O Maoiléidigh and Jiilicher
[personal communication] that accounts for physiological
features such as hair bundle movement, adaptation and
charge movement inside the cell. We find that it is not
necessary to tune this model into the region where Hopf
bifurcations occur. Instead, we show that there is a broad
parameter regime in which bistability occurs, and where
the charge of the hair cell shows -2/3 power law behaviour.
Since the relation between the charge of the hair cell and
its somatic motility is approximately linear, and since
somatic motility can drive the organ of Corti, we suggest
that the hair cell's bistable operation is fundamental to the
compressively nonlinear amplification that is seen
experimentally on the basilar membrane (e.g. see Rhode,
J. Acoust. Soc. Am. 121, p2792-2804, 2007). Finally, the
more physiological model shows that hair bundle
movement is almost linearly proportional to the forcing.
This suggests that it is the global motion of the organ of
Corti and basilar membrane, rather than the localised
motion of the hair bundles themselves, that underlies the
generation of mechanical nonlinearity in the cochlea.
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Consequences of Threshold

Microstructure - A Modeling Approach

Bastian Epp', Manfred D. Mauermann?, Jesko L. Verhey"
'Universitat Oldenburg, Institut fiir Physik, AG
Neuroakustik, “Universitat Oldenburg, Institut fir Physik,
AG Medizinische Physik

Threshold in quiet of normal hearing listeners often show
quasi-periodic fluctuations with frequency when measured
with a high frequency resolution. These fluctuations are
referred to as "threshold finestructure* or "threshold
microstructure”.  This  microstructure  also  affects
psychoacoustical phenomena above threshold like e.g.
modulation perception with low carrier levels. This effect
has not yet been investigated with a model of the auditory
periphery. The present study investigates this influence of
threshold microstructure on the peripheral internal
representation of sounds at the level of the cochlea. It was
proposed that random fluctutations of the place-frequency
map of the cochlea and an active process are neccessary
conditions for threshold microstructure. Following this
hypothesis, a one-dimensional nonlinear and active
transmission line model of the cochlea is used. The model
simulations show threshold microstructure  and
spontaneous otoacoustic emissions in microstructure
minima, i.e. regions of high sensitivity. This model can also
be used to predict data in finestructure in distortion
product otoacoustic emissions. For sinusoidally amplitude
modulated tones with low carrier levels, the cochleograms
show differences in the representations of the modulation
in microstructure minima and maxima. These differences
are in line with the performance of human listeners in a
modulation detection task [Heise et al. (2009), J. Acoust.
Soc. Am. (125) EL33]. It is discussed if changes in the
internal representation due to the underlying threshold
microstructure can also account for other psychoacoustical
data such as temporal integration of loudness growth
functions in threshold minima and maxima.

[125] Endocochlear Potential (EP)-Dependent
K* Circulation Model Represents the
Electrochemical Dynamics of the Cochlear

Amplification System

Fumiaki Nin"?, Hiroshi Hibino?, Shingo Murakami?,
Katsumi Doi’, Toshihiro Suzuki', Yasuo Hisa®, Yoshihisa
Kurachi?

'Department of Otolaryngology-Head and Neck
Surgery,Kyoto Prefectural University of Medicine, “Division
of Molecular and Cellular Pharmacology, Graduate School
of Medicine, Osaka University, 3Department of
Otolaryngology, Graduate School of Medicine, Osaka
University

The cochlear duct is electrically isolated compartment filled
by the endolymph, which contains high concentration of K+
and exhibits a potential of +80 mV, the endocochlear
potential (EP). Two types of functional epithelial units line
the cochlear duct. The first one is the secretory
epithelium of the lateral cochlear wall that generates the
EP as a biological battery, as well as secretes K* into the
endolymph. The second one is the sensory epithelium,
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which absorb the K™ from endolymph upon depolarization
of the hair cells. The K transport through these two units
results in the K+ circulation, which maintains the K"
homeostasis, and EP is known to amplify the sharpness of
hearing by enhancing the hair cell K" absorption. Although
recent studies indicate that each ion channels and
transporters is essential for EP and K" circulation, how the
correlation of the functional units contribute to the
electrochemical dynamics of the cochlear amplification
system remains unknown. In order to elucidate the
system, we developed the mathematical model using the
theoretical property of currently known ion channels,
transporters and structural data. The model is based on
the assumption that the driving force of the K™ circulation is
EP-dependent and K' circulation current is equal
throughout the K* transport pathway. Using this model, we
simulated the ionic concentration together with the
alteration of the membrane potentials, which are good

agreement with the physiological data previously
observed. In addition, we made some theoretical
predictions under pathophysiological condition in

hereditary deafness syndrome.

Bone Conduction Analyses in a Finite
Element Model of the Human Middle Ear and

Cochlea

Namkeun Kim"?, Kenji Homma?®, Charles Steele®, Sunil
Puria™?

'Dept. of Mechanical Engineering, Stanford University, 2VA
Palo Alto Health Care System, *Adaptive Technologies,
Inc., Blacksburg

A three-dimensional finite element model of the human
middle ear and cochlea, with a tapered box geometry, was
developed to allow calculations of the basilar membrane
(BM) velocity, as well as the round window (RW) to oval
window (OW) volume displacement ratio (Urw/Uow). The
model was used to explore the effects of bone conduction
(BC) on cochlear function, by specifically simulating the
following three cases: 1) Inserting a “third window” (TW) in
the cochlear outer wall that might account for a reported
imbalance in Urw/Uow under BC excitation (Stenfelt et al.,
2004); 2) Applying BC excitation through translational
acceleration (TA) of the ear, versus through compression
of the bony capsule; and 3) Allowing the primary osseous
spiral lamina (OSL) to be mobile versus immobile for both
air conduction (AC) and BC.

When the TW was modeled as a simple compliant
membrane, the model produced an imbalance of Urw/Uow
that was consistent with experimental measurements,
whereas when modeling the TW as a tube representing
the cochlear or vestibular aqueducts, the results were
inconsistent with experimental data. Terminating the tube
with a compliant membrane produced better experimental
agreement than with the tube alone, but poorer agreement
than with the membrane alone.

For TA without TW, BM velocities, normalized by the OW
velocity, were found to depend on the direction (X, Yy, or Z -
longitudinal, transverse, and normal to BM, respectively) of
the acceleration at high frequencies, but not at low
frequencies. By contrast, the normalized BM velocities
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generated by compression of the bony capsule were
inconsistent with experimental measurements (Stenfelt et
al., 2003). A tentative conclusion is that, relative to
compression, TA is the more dominant mechanism for BC,
at least in the tapered box model geometry for the cochlea
presently used.

For AC stimulation, adding a mobile OSL decreased the
BM velocity (normalized by the OW velocity) at high
frequencies, while at low frequencies a mobile OSL had a
negligible effect. [Work supported by grant DC007910
from the NIDCD of NIH.]

Responses to Multi-Tone Stimuli in a
Nonlinear Model of Human Cochlear

Mechanics

Yi-Wen Liu', Stephen T. Neely*

'Boys Town National Research Hospital

A nonlinear model of cochlear mechanics is described in
which force-producing outer hair cells (OHC) are
embedded in a passive cochlear partition. The OHC
mechanoelectrical transduction current is non-linearly
modulated by reticular-lamina (RL) motion, and the
resulting change in OHC membrane voltage produces
contraction between the RL and the basilar membrane
(BM). Model parameters have been chosen to produce a
tonotopic map typical of a human cochlea. Model RL
displacement responses are similar to measurements of
BM vibration in mammalian cochleae. Distortion-product
otoacoustic emissions (DPOAE) in the model are plotted
as iso-level contours against primary levels (L1, L2) for f2
=1, 2, 4, and 8 kHz and for various frequency ratios f2/f1.
The L1 at which DPOAE reaches its maximum increases
as L2 increases and the slope of the “optimal” linear path
generally decreases as f2/f1 increases. However, these
relations are confounded by notches and valleys in the
contour plots. DPOAE level is reduced by adding a third
tone as a suppressor. The amount of suppression varies
as a function of suppressor level L3 and suppressor
frequency f3. In general, the amount of suppression
increases as L3 increases and as f3 gets closer to 2, but
there are counter examples. These results will be
presented in comparison to existing data from normal-
hearing human ears.

Supported by NIH-NIDCD grant R01-DC8318.

Two-Tone Suppression in a Model of

Specific Loudness

Stephen T. Neely', Joyce Rodriguez', Yi-Wen Liu*, Walt
Jesteadt’, Michael Gorga®

'Boys Town National Research Hospital

Suppression is the decrease in cochlear response to one
sound due to the presence of another sound. The
difference between simultaneous masking (SM) and
forward masking (FM) for the same masker may provide a
psychophysical correlate of suppression. Specific loudness
is the distribution of loudness across the dimensions of
time and frequency. A model of specific loudness is
described that exhibits suppression for the same stimulus
waveforms used to elicit psychophysical tone-on-tone
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masking. This dynamic loudness model (DLM) is defined in
the time domain and takes any waveform as input. The
DLM is calibrated to produce standard equal-loudness
contours and to achieve expected intensity-discrimination
performance for tones. Two-tone suppression in the DLM
is similar to recent measurements of the difference
between SM and FM (Rodriguez et al., 2009, ARO). The
similarity between DLM predictions and empirical findings
is noteworthy because the DLM provides no separate
mechanism for suppression. Suppression in the DLM is
only possible through the same mechanism that provides
compression for single tones. Because of its computational
efficiency, the DLM may be a useful tool for exploring the
role of suppression in auditory signal processing. [This
work was supported by grants R01-DC8318 and RO1-
DC2251 from NIH/NIDCD.]

Inter-Species Comparison of Cochlear
Tuning with a Feed-Forward and Feed-

Backward Organ of Corti Model

Yongjin Yoon', Charles Steele’, Sunil Puria™?

!Stanford University, Department of Mechanical
Engineering, “Department of OHNS

The cochlear physiologies of four species, gerhil,
chinchilla, cat, and human, are simulated with a three-
dimensional hydro-dynamic cochlear model with “feed-
forward and feed-backward” active mechanism for the
organ of Corti and solution calculated using a “time-
averaged Lagrangian”. The basilar membrane velocity
(Vem) and scala tympani pressure (Pst) simulation results
for the gerbil and chinchilla cochlea show reasonable
agreement with the physiological measurements (Ren and
Nuttall, 2001; Ruggero et al., 1997; Olson 2001).
Interspecies BM velocity (3.7-164 um/s depending on
species) and displacement (0.1-3.3 nm) thresholds are
estimated by equating the simulation results to neural
thresholds at the best frequency (BF). The Q,, (BF/20dB-
down-bandwidth) is qualitatively similar in velocity and
displacement for all four species. In comparison to neurally
measured Q,o values, the model Q,, for the cat and
chinchilla have similar values (2.4 and 3.4 respectively).
However, the model Qy is less sharp than the neural
measurements in the gerbil by about a factor about 1.5
(Schmiedt, 1989). The biggest discrepancy is for human
where the model Qy is lower by about a factor of 6 in
comparison to the high Qgre=13 estimated using forward
masking methods (Oxenham and Shera, 2003).
Parameters that control the tuning include the OHC gain
factor and angle relative to the deiters cell and the reticular
lamina and the phalangeal process angle. [Work supported
by grant DC007910 from the NIDCD of NIH.]
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The Real Part of the Axial Impedance of
Isolated OHCs Is Governed by Shear Losses

in the Basolateral Wall

Mario Fleischer', Thomas Zahnert', Csaba Harasztosi’,
Manuela Nowotny®, Johannes Baumgart®, Anthony W.
Gummer?

Technische Universitat Dresden, Department of Medicine,
Clinic of Otorhinolaryngology, “University Tuebingen,
Department Otolaryngology, Section Physiological
Acoustics & Communication, *Goethe University
Frankfurt/Main, Institute of Cell Biology and Neuroscience,
*Technische Universitat Dresden, Department of
Mathematics, Institute of Scientific Computing
Electromechanical force produced by the soma of the
outer hair cell (OHC) is essential for amplification of the
travelling wave on the basilar membrane. This force
depends on the mechanical impedances of the basolateral
cell wall, composed of the motor complex, the cytoskeleton
and the sub-surface cisternae, and on the intra- and
extracellular fluids. As published by Eckrich et al. (2008,
Assoc. Res. Otolaryngol. Abs. 179), with increasing
frequency the axial impedance of the isolated OHC
decreases in both its imaginary and real parts. The
imaginary part is dominated by stiffness and the real part
by damping. In this study, by using a three-dimensional
finite element model, including the inner and outer fluid
domains, we investigate different damping properties of
the OHC system. The simulation suggests that damping
derives predominantly from the basolateral wall and is
characterized by pure shear losses. That is, only the
application of an anisotropic damping formulation, in which
the volume dilatation and normal strains are undamped,
has the abilty to match the experimental data
satisfactorily. The dynamical viscosity was found to be 1e2
— 1e3 Pa*s, dependent on wall thickness (100 — 500 nm),
and was independent of frequency. The finding that
damping is due to shear loss should serve as a basis for
understanding the dynamics of the basolateral wall.

[131] Simulating Interactions Between Hair
Bundle Tuning and Electrical Resonance in

Turtle Auditory Hair Cells

Gregg Wells', Anthony Ricci?

*Molecular & Cellular Medicine, Texas A&M Univ. Health
Science Center, College Station, “Otolaryngology and Cell
and Molecular Physiology, Stanford University

Hair bundle mechanics are implicated as part of the
cochlear amplifier. Activation and adaptation of mechano-
electric transduction currents are posited to provide a band
pass filter, mechanically tuning hair cells. Electrical
resonance is the major filtering and amplification
mechanism in turtle auditory hair cells, thus the questions,
What role does hair bundle filtering provide and how does
it alter or impact electrical resonance? Can electrical
resonance feed back to further tune the hair bundle? We
have developed a model of electrical resonance that
incorporates each component of electrical and mechanical
filtering. This Hodgkin-Huxley type model of electrical
resonance includes the time and voltage dependent
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currents from voltage-dependent Ca** channels and Ca*'-
dependent BK-type K' channels. In addition, the model
simulates activation and adaptation kinetics of mechano-
electric transduction. The model was parameterized by
fitting to voltage-clamped time-dependent tail currents
through Ca”’-dependent K* channels and to voltage-
clamped and rapidly acquired time-dependent currents
through mechano-electric transduction channels. The
experimental currents through mechano-electric
transduction channels were measured at various
displacement distances of the hair bundle and at 2.8 mM
and 50 uM ca” in endolymph. The model allows us to
vary kinetic components to simulate different characteristic
frequencies and to investigate filtering of each component
independently and then together. The model also allows us
to probe the system with more complex paradigms than
are experimentally feasible. Supported by NIH/NIDCD
5R01DC003896 to AR.

Linearization of a Physiological
Nonlinear Model of Mammalian Hair Bundle
Motility

Julien Meaud', Karl Grosh*

'University of Michigan

The hair bundle of the mammalian OHC has been
observed in vitro to exhibit fast adaptation and to generate
a force in a sub-millisecond time scale in response to
mechanical stimulation by a flexible fiber. This result
suggests that HB motility might play a role in cochlear
amplification in vivo. The parameters of a nonlinear
mathematical model are optimized to predict the measured
in vitro response of the HB. In this model, fast adaptation
of the transduction current is explained by the binding of
calcium to a site located close to the transduction channel
and slow adaptation by the action of the motor molecule
myosin-1c. The nonlinear model is linearized for small
harmonic motion around the operating point of the HB.
The linear model predicts that the transduction channel
acts as a poorly tuned band-pass filter, due to the
combined effect of channel activation and adaptation.
Near the peak of the filter, HB motility enhances the
sensitivity of the mechano-electric-transducer function,
which could have a significant effect on the cochlear
macromechanics.  In addition, the HB generates a
frequency dependent complex force described by an active
stiffness and an electromechanical coupling coefficient.
Due to the presence of an imaginary part in the active
stiffness, the linearized model predicts that the HB can add
or dissipate mechanical energy depending on the values of
the parameters of the nonlinear model. Simple analytic
conditions for mechanical energy generation and for
spontaneous oscillations are derived. We find that the
parameters optimized for the in vitro experiment are
consistent with mechanical energy dissipation. [Support
from NIH-NIDCD RO1-04084.]
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[133] Vibration Response of the Organ of

Corti at the Sensitive Location

Franck Zagadou', Paul Barbone', David Mountain®
'Boston University

A 3D Finite element model of a section of the middle turn
(4 kHz place) of the gerbil cochlea was designed to
investigate the significance of the often neglected
interstitial fluid in the organ of Corti (OC). The model is
anatomically accurate and is based on measurements by
Karavitaki [MIT Ph.D. Thesis, 2002] and includes most of
the known components of the organ of Corti. Most
importantly, radial movement of fluid between the pillar
cells, the hair cells and the stereocilia is incorporated. The
distribution of elastic properties within the OC was found
via sensitivity analysis based on the experimental point
stiffness profile obtained by Naidu and Mountain [Hearing
Research, 124:124-131, 1996].

In this study we examined the vibration modes of the
model in the presence or absence of fluid. It was found
that the presence of the interstitial fluid greatly modifies the
micromechanics of the OC, resulting in a more complex
relative motion between the components of the OC than
the case of the drained OC. Based on the fundamental
mode of vibration in the presence of fluid, the model
resonates an octave below the best frequency for the
simulated location. The resonant frequency for the third
mode was very close to the expected best frequency. The
fundamental mode in the model reflected the classical
bending mode, while it was found that the third mode of
vibration in the model matched the pattern of vibration
reported by Karavitaki and Mountain [Biophysical Journal,
92:3294-3316] when the outer hair cells were electrically
stimulated. These results suggest that two vibration modes
may be important in the normal cochlea: a low frequency
mode which dominates the passive mechanics and a
higher frequency mode which is driven by the outer hair
cells and dominates active cochlear mechanics.

Supported by NIH

Probing the Source of Stimulus-
Frequency Otoacoustic Emissions Using
Low-Frequency Biasing

Jeffery Lichtenhan"?, John J. Guinan, Jr. %, Christopher
A. Shera'?

Eaton-Peabody Laboratory of Auditory Physiology,
Harvard Medical School

A low-frequency bias tone modulates the gain of the
cochlear amplifier along the length of the cochlear
partition. Here we use biasing experiments to understand
where stimulus-frequency otoacoustic emissions
(SFOAESs) are generated. We quantify biasing effects by
measuring both the modulation of SFOAEs as well as
suppression of compound action potential (CAP) amplitude
during particular phases of the bias tone cycle. CAPs
evoked from moderate level tone-pips are helpful for our
purposes because they arise predominantly from traveling
wave peak regions associated with particular tonotopic
cochlear places. Preliminary results from guinea pig ears
indicate that a bias tone of a given level suppresses CAPs
evoked from high frequency tone-pips less than it
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suppresses CAPs evoked from low-frequency tone-pips.
Equivalently, a bias tone of higher level is needed to
achieve criterion CAP suppression in the stiffer cochlear
base than the more compliant cochlear apex. Turning to
SFOAEs, we found that the bias level needed to achieve
maximal SFOAEs modulation was correlated with the level
needed to achieve criterion CAP suppression. These
findings are consistent with models of SFOAE generation
in which the dominant emission sources are located near
the peak of the traveling wave.

Supported by NIDCD grants F32 DC010112, RO1
DC00235, R01 DC03687, and P30

DC05029.

[135] Exploring the Interrelationship Between
Spontaneous and Low-Level Stimulus-

Frequency Otoacoustic Emissions

Susan Richmond', Analydia Gonzales®, Christopher
Bergevinz, David Velenovsky', Benjamin Smith*, Jungmee
Lee

'Department of Speech, Language, and Hearing Sciences,
University of Arizona, “Department of Mathematics,
University of Arizona, *Department of Communication
Sciences and Disorders, Northwestern University
Otoacoustic emissions (OAEs) provide useful information
about cochlear function, although the complexities
associated with their generation have limited our ability to
interpret the results of OAE testing. Some healthy
cochleas produce spontaneous otoacoustic emissions
(SOAEs), which can offer further insight into cochlear
function. For example, those individuals who have SOAEs
may exhibit more robust low-level stimulus-frequency
otoacoustic emissions (SFOAEs). The purpose of this
study is to explore the relationships between SOAEs and
micro-structure of SFOAESs to gain further understanding of
the underlying generation mechanisms. Shera (2003)
proposed a theoretical model that described the
interrelationship  between SOAEs and SFOAEs,
suggesting that OAEs be classified not on the basis of the
stimuli used to evoke them, but on the mechanisms that
produce them. The present study directly compares low-
level SFOAEs and SOAEs within the context of model
predictions, with the goal of improving interpretation of
clinical OAE data. Magnitude and phase of SFOAEs were
recorded in the right ears of normal-hearing young adults
with prominent SOAEs. Low stimulus levels (10-40 dB
SPL) were used with fine resolution for both level and
frequency, particularly in regions about SOAE peaks.
Where SOAEs were identified, corresponding SFOAE
amplitude peaks were seen. This finding becomes
distinctly apparent with decreasing stimulus levels. At the
lowest levels tested, SFOAEs were indistinguishable from
the noise floor, except at SOAE frequencies. Behavioral
threshold fine structure was measured at frequencies
around SOAEs and found to be lower about SOAE
frequencies, consistent with previous studies. Elucidating
the interaction between SOAEs and low-level SFOAEs
could lead to the development of new strategies for
adapting SFOAEs for novel clinical applications, such as
rapid estimates of cochlear tuning.
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Transiently Evoked Otoacoustic
Emissions Decomposed Into Asymmetric

Waveforms

Wiktor Jedrzejczak1, Konrad Kwaskiewicz?, Katarzyna
Blinowska?, Krzysztof Kochanek®, Henryk Skarzynski'
!Institute of Physiology and Pathology of Hearing, Warsaw,
’Department of Biomedical Physics, Institute of
Experimental Physics, Warsaw University

Transiently Evoked Otoacoustic Emissions (TEOAES) are
normally modeled as the sum of asymmetric waveforms.
However, some previous studies of TEOAEs used time-
frequency (TF) methods to decompose the signals into
symmetric waveforms. This was justified mainly by a
reduction in the complexity of the calculations. It is herein
proposed to extend the set (or dictionary) of functions to
incorporate asymmetric waveforms into the analysis. The
calculations were carried out using an adaptive
approximations algorithm that used a Matching Pursuit
(MP) technique. The classic MP dictionary uses Gabor
functions and consists of waveforms described by five
parameters; namely, frequency, latency, time span,
amplitude, and phase. A sixth parameter, the degree of
asymmetry, was added to our enriched dictionary, in order
to enhance the flexibility of this approach. The effects of
this enlargement of the collection of available functions
were evaluated by means of both simulation and their
application to real otoacoustic emissions. The results were
visualized by means of time-frequency-amplitude
distributions and compared with decompositions using
symmetric waveforms.

Temporal Adaptation of the Click-
Evoked Otoacoustic Emission Level-Curve
Reveals Dynamic Properties of Human

Cochlear Processing

Sarah Verhulst', James M. Harte®, Christopher A. Shera?,
Torsten Dau'

Technical University of Denmark, ?Harvard Medical
School

The level of a click-evoked otoacoustic emission (CEOAE)
depends on the level of the evoking click through the
CEOAE level-curve. The CEOAE level grows linearly for
clicks below 30-40 dB and saturates for higher input
levels. This study shows that the CEOAE level-curve for a
test click can be shifted when a suppressor click is
presented less than 10 ms before the test click. This effect
is referred to as temporal adaptation of the CEOAE level-
curve, and its strength is determined by the levels and the
temporal separation of the two clicks. Two cochlear
mechanisms could underlie the observed temporal
adaptation: (i) temporal overlap of the basilar-membrane
(BM) excitation patterns of the two clicks and/or (i) a
temporal change in cochlear nonlinearities caused by the
presentation of the suppressor click.

To investigate the origin of temporal adaptation, we
developed a nonlinear adaptive transmission line model of
the cochlea. Reverse travelling waves (OAEs) were
produced by adding irregularities to the BM impedance
along the cochlear partition. The implemented nonlinearity
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modelled the compressive behaviour of BM impulse
responses that preserves the intensity invariance of their
temporal fine structure. These model features yielded
realistic behaviour of the CEOAE level-curve and group
delay of the simulated CEOAEs. Furthermore, model
simulations successfully reproduced the characteristic
features of temporal adaptation of the CEOAE level-curve.
Because the model employed an instantaneous (i.e., time-
invariant) nonlinearity, we conclude that temporal
adaptation can be explained by the temporal overlap of the
BM patterns of two closely spaced clicks. However, the
model simulations do not rule out contributions to temporal
adaptation from time-dependent processes, such as fast
adaptation in the outer hair cells.

Characterizing Frequency Dependence
of Human Cochlear Nonlinearity Using
Distortion Product Otoacoustic Emission

Input Output Function

Hwa Jung Son', Sumitrajit Dhar?

'Department of Otolaryngology, Northwestern University,
’Department of Communication Sciences and Disorders,
Northwestern University

Introduction: A complete characterization of cochlear
mechanics includes elucidation of the role of its active
element, which contributes to its non-linearity. Distortion
product otoacoustic emissions (DPOAEs) are a non-
invasive measure of cochlear mechanics and studying
their input output (I/O) function provides an assay of the
nonlinearities of cochlear mechanics.

In the literature, there is disagreement as to whether there
is difference in cochlear mechanics that are in play in the
apex compared to the base of the cochlea. In a previous
study by Gorga et al (2007), DPOAE 1/O functions were
measured in human subjects at 500 Hz and 4 kHz,
representing the apex and base, respectively. In
agreement with physiological data from animals, greater
compression was observed at 4 kHz compared to 500 Hz.
However, 4 kHz hardly represents the true base of human
cochlea. Dreisbach et al (2001) investigated DPOAE 1/O
functions at much higher frequencies (up to 13 kHz) and
observed a gradual increase in compression with
increasing stimulus frequency. However, the limitation of
their study was the use of a limited range of input levels
thereby preventing the characterization of the entire I/O
function at any given frequency. In the present study,
DPOAE responses from a region closer to the base of
human cochlea at 12.5 kHz was compared to those at 4
kHz over a wide dynamic range to see if there is any
further disparity in compressive nonlinearity than what was
seen between 500 Hz and 4 kHz. By using stimuli swept in
frequency, we were able to investigate the role of DPOAE
level fine structure (periodic fluctuation in DPOAE level) in
determining DPOAE 1/O characteristics.

Methods: DPOAEs were recorded around f2 frequencies of
4 and 12.5 kHz from 12 normal-hearing young adult
human subjects using custom hardware and software. A
stimulus frequency ratio of 1.2 was used while the two
stimulus tones were swept in frequency over an 1/8th
octave range centered around the test frequencies. Equal
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level stimulus tones between 25 and 100 dB SPL were
used to record I/O functions.

Results: In agreement with previous work, I/O functions
showed increased compression at higher frequencies.
Data were in good agreement with Gorga et. al., (2007) at
4 kHz. Individual variability in I/O functions was observed
and could be attributed to DPOAE level fine structure.

Towards Designing a Clinical Method for
Estimating Basilar Response Input/output
Response Characteristics in Listeners with

Normal and Impaired Hearing

Enrique A. Lopez-Poveda’, Peter T. Johannesen®
'Universidad de Salamanca

It has been claimed that the input/output (I/O) response
characteristics of the human basilar membrane (BM) may
be inferred behaviorally and from distortion product
otoacoustic emissions (DPOAES). Behavioral methods are
robust and reasonably well grounded but impractical in
clinical contexts. DPOAEs could be highly useful in the
clinic but it is controversial that they provide reasonable
BM 1/O estimates on a within-subject basis. The present
study investigated the degree of correlation between
behavioral and DPOAE 1/O curves for listeners with
sensorineural hearing loss. Test frequencies were between
1 and 6 kHz. Behavioral I/O curves were inferred from
temporal (forward) masking curves. DPOAEs were
measured for a fixed primary frequency ratio of f2/f1=1.2
and individual optimal primary levels. Reasonable within-
subject correlation between behavioral and DPOAE I/O
curves was observed for ~50% of the cases only. Data
analysis was complicated by the wide range of response
characteristics observed. Sometimes, for instance, high-
level DPOAEs were observed even when corresponding
behavioral 1/0 curves were almost linear. It is concluded
that further research is necessary to design efficient
clinical methods for estimating BM 1/O curves. Work
supported by the Junta de Castilla y Leén (GR221), the
Spanish Ministry of Science and Innovation (BFU2006-
07536) and the Oticon Foundation.

Interference Patterns in Distortion
Otoacoustic Emissions at High Frequencies

in Humans

Evan Grolley', Sumitrajit Dhar', Jonathan Siegel*

The Richard and Roxelyn Pepper Dept. of
Communication Sci. and Disord., Northwestern University
It is commonly accepted that distortion product otoacoustic
emissions (DPOAES) are generated initially in the cochlear
region of overlap between the responses to the stimulus
tones f; and f,. While this region is generally assumed to
be near the peak of the f, traveling wave, the actual
magnitude and phase versus position of distortion sources
within the generation region have not been characterized.
Suppression experiments support the concept of a
distributed generation region (Martin et al., Hear. Res.
136:105-23, 1999). We noticed in ongoing studies at
Northwestern that, at high stimulus frequencies, the level
of the 2f;-f, distortion product (DP) tends to decrease then
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increase sharply to a peak with increasing f, before
dropping into the noise floor. The frequencies of these
features correlate well with the highest audible frequencies
of each subject. We hypothesized that this pattern is due
to interference between generators with place-dependent
magnitude and phase within the interaction region. This
interference pattern may result from an increasingly
restricted generation region as the stimulus frequencies
approach the upper limit of hearing.

We tested our hypothesis using a suppressor tone, varied
in small frequency steps above f,, to remove part of the
population of DP generators. Vector analysis of the
change in DP magnitude and phase resulting from small
increments in the suppressor frequency yields an estimate
of the spatial distribution of generators. With f,
frequencies of 8 kHz and 10 kHz the phase rotates through
several periods as the frequency of the suppressor is
increased to approximately f, + 4 kHz. With f, frequencies
of 12 kHz and 14 kHz the derived generator phase
changes relatively little as the suppressor frequency is
increased. The derived generator distributions are
consistent with the hypothesis and appear to explain the
trends in our data.

Supported by NIDCD grant
Northwestern University.

RO1 DCO008420 and

Analysis of DPOAE (2f1-F2) Phase and
Individual DPOAE Components in Human

Newborns

Carolina Abdala"?, Sumitrajit Dhar®

"House Ear Institute, Div. of Communication & Auditory
Neuroscience, “University of Southern California, Keck
School of Medicine, Dept of Pediatrics, Neonatology,
®Northwestern University, Roxelyn & Richard Pepper Dept
of Communication Sciences & Disorders

Apical DPOAEs are comprised of at least two components,
as evidenced by the “interference” pattern of alternating
maxima and minima known as fine structure. DPOAE fine
structure is produced by the shifting phase relationship in
the ear canal, between the generator (distortion) and
characteristic frequency (reflection) components, each
from a different cochlear region and according to theory,
reflecting distinct generation mechanisms. The analysis of
these dual DPOAE components and of DPOAE phase in
newborns may provide a window into targeted aspects of
cochlear physiology during development. 2f;-f, DPOAE
fine structure was recorded from 15 young adults and 27
newborns over a 3-octave range using primary tones
swept at 8 sec/octave with a fixed f2/f1 ratio of 1.22 and
stimulus levels of 65-55 dB SPL. DPOAE group delay, as
well as magnitude and phase of each DPOAE component
were compared between age groups. Additionally, in
conducting these experiments, fundamental differences in
DPOAE fine structure recorded with two common probe
microphones became apparent, prompting probe
comparisons. Results show narrower DPOAE fine
structure spacing, longer group delay (steeper phase
gradient) in the low frequencies and a stronger relative
contribution from the CF component in newborns. These
age differences may reflect residual immaturities in the
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peripheral auditory system at term birth. Hypothesized
sources include: 1) Immature basilar membrane motion in
the apex of the cochlea, 2) The pristine condition of the
newborn cochlea (compared to the aging adult cochlea
that has been exposed to noise and ototoxins); 3)
Immature middle ear transmission and/or 4) Immature
medial efferent regulation of OHC function. In addition to
age effects, clear differences were identified between
DPOAE features recorded with the ER10B+ and ER10C
probe microphone systems, including a marked DPOAE
phase shift observed only when recording with the ER10C
probe.

Stimulus Frequency Otoacoustic
Emission Amplitude and Latency Estimates
Using Time Domain Methods: Effects of

Stimulus Level, Hearing Threshold and Aging
Peter Jacobs"?, Garnett McMillan', Serena Dann', Daniel
McDermott!, Eric Wan?, Dawn Konrad-Martin™?

'Portland VA Medical Center, 2Oregon Health & Sciences
University

We compared stimulus-frequency otoacoustic emission
(SFOAE) amplitudes and latencies in 32 young subjects
and 21 older subjects with hearing ranging from normal to
mild hearing impairment. SFOAEs were recorded using a
three-interval nonlinear residual technique in a two-tone
suppression paradigm, following Keefe et al. (1998). Within
this paradigm, a suppressor (sl) was presented first,
followed by a probe (s2), and finally, both probe and
suppressor were presented simultaneously (s12). The
SFOAE is estimated as the nonlinear residual to the
measured pressure in the ear in response to sl+s2-s12.
Probe frequencies f2=794 or 3175 Hz were presented at
fixed levels (L2) from 25 to 65 dB SPL. For each L2, the
probe was paired with a 0.97*f2 suppressor (f1) and
suppressor level (L1) was varied. Temporal envelopes of
probe and SFOAE waveforms were obtained using a
linear-least squares method for amplitude and phase
extraction at the probe frequency. A time-domain simplex-
based optimization methodology was used to fit the filtered
probe and SFOAE waveforms to a rising exponential
function to extract SFOAE amplitude, latency, and rise-
time. We used multivariate random effects regression to
jointly model SNR and latency over multiple L2 levels.
There was a significant effect of both age and hearing on
the bivariate outcome (p<.001). (Work supported by the
grant NIH 1R21 DK079283-01A1, and VA RR&D Service,
Advanced Research Career Development Award,
C4447K).

Spontaneous Otoacoustic Emissions at

Various Postures and Ear Canal Pressures
Bert Maat', Emile de Kleine', Pim van Dijk*

'University Medical Center Groningen

The frequency and amplitude of spontaneous otoacoustic
emissions (SOAES) depend on ear canal pressure and on
posture. This is presumably mediated by stiffness changes
of the cochlear windows. Spectral peaks corresponding to
an SOAE have a finite width due to the interactions of the
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emission generators with intra-cochlear noise. If the
change of ear canal pressure or posture does not influence
the intra-cochlear generator signals, the corresponding
spectral peak width is not expected to change. In contrast,
if the intra-cochlear generator signals do depend on static
pressure or posture, the spectral peak width will
correspondingly change as well. We recorded SOAEs at
various ear canal pressures (range: -200 to 200 daPa in
steps of 50 daPa) in 8 normal hearing subjects; and at two
postural positions (standing position and in supine position,
30 degrees below horizontal position) in 13 normal hearing
subjects. The frequency, amplitude and width of 79 SOAE
peaks (41 peaks in ear canal pressure change, and 38
peaks in postural change) were analyzed. On average,
emission frequency increased and amplitude decreased by
ear canal pressure change and postural change. For the
majority of emission peaks, the width varied with ear canal
pressure and posture and was inversely proportional to the
emission amplitude for a large range of pressures and
postures. This behaviour is consistent with that of a
mathematical oscillator that interacts with noise: if the
oscillator parameters vary such that the oscillation
amplitude changes while the noise level is constant, the
spectral peak width of the oscillation signal is inversely
proportional to the oscillation amplitude. Therefore our
results imply that changing the ear canal pressure or
intracochlear pressure changed the intra-cochlear
emission source signal amplitude.

Distortion Product Otoacoustic
Emissions Suppressed by Bone-Conducted

Ultrasound in Humans

Benjamin Sheffield', Jennifer Martin-Roff*, Gary
Sokolich®, Laura Dreisbach®, Fan-Gang Zeng"

'University of California, Irvine, “Chalmers University of
Technology, ¥san Diego State University

Humans are capable of hearing sounds with frequencies
much higher than we can normally hear in the air when
these acoustic waves are delivered via bone conduction, in
some cases up to 120 kHz. Many studies have
characterized the features of this phenomenon, but there
has been little concrete evidence explaining the
mechanism itself, in part because most have been limited
to psychophysical assessments. One theory suggests that
non-linear wave propagation of ultrasonic vibrations from
the transducer to the cochlea result in subharmonic
content in the normal audible frequency range.
Alternatively, others have suggested that the ultrasonic
stimulus frequency is preserved in its pathway to the
cochlea, activating the base of the basilar membrane at
regions dependent on stimulus intensity. The purpose of
this study was to investigate these opposing theories using
physiological responses in an attempt to further elucidate
the mechanism of human ultrasonic hearing.

Distortion product otoacoustic emission (DPOAE)
amplitudes were measured at f, frequencies from 1 to 18
kHz in normal hearing subjects in the absence and
presence of a 30 kHz sinusoidal bone-conducted vibration
set at five intensities (0, 3, 6, 9, and 12 dB SL). The
presence of bone-conducted ultrasound (BCU) resulted in
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the suppression of high frequency DPOAEs (>10 kHz).
Increasing BCU intensity resulted in a gradual decrease of
DPOAE amplitude, as well as a downward spread of
suppression to lower frequencies. Furthermore, no
significant frequency content was observed outside of the
30 kHz suppressor frequency or the primary frequencies
and their respective distortion products, suggesting that
suppression was not caused by subharmonic vibrations
created in the transmission pathway. These findings
suggest that bone-conducted ultrasonic vibrations reach
the base of the human basilar membrane and that these
vibrations spread toward the apex with increasing BCU
intensity.

Distortion Product Otoacoustic
Emissions Evoked by Amplitude Modulated

Tones in Humans

Shixiong Chen', Lin Bian®

'Arizona State University

The inner ear is a nonlinear transducer in which sounds
are converted into electrical signals. When it is stimulated
by two pure tones (f1 and f2, f1<f2), distortion product
otoacoustic emissions (DPOAEs) can be recorded in the
ear canal. One prominent DPOAE, the cubic difference
tone (CDT, 2f1-f2), is commonly used to evaluate cochlear
nonlinearity. The inner ear is also a dynamic system where
sounds are processed in real time. Currently, most signals
used in hearing tests are static tones. It would be
necessary to use non-stationary signals, such as
amplitude modulated (AM) tones, to measure the dynamic
behaviors of the cochlea. In this study, one of the two
primaries was an AM tone whose level and modulation
depth (MD) were systemically varied to observe the
changes of CDT amplitude. A major finding of this study
was that multiple sidebands appeared around the CDT
component in the frequency domain. The number and size
of the sidebands increased with the level and MD of the
AM tone. Amplitude modulated fl1 produced fewer
sidebands with the first one dominant in amplitude. More
sidebands with similar amplitude appeared when f2 was
the AM tone. Obtained from inverse fast Fourier transform
(iFFT), the instantaneous amplitude of CDT followed the
AM tone with a short delay when f1 was modulated. The
delay decreased when the AM tone level or MD increased.
When f2 served as the AM tone, the CDT showed a more
complicated modulation pattern depending on the level of
the AM tone. The extent of AM in CDT as measured by the
total sideband energy relative to the CDT increased with
the MD and with the reduction in AM tone level. Especially
when f1 was modulated, the sideband energy exceeded
the AM tone. The amplitude behaviors of CDT as a result
of AM in the stimulus may reflect the dynamic signal
processing in the cochlea. The results suggest that
amplitude variation may be important for detecting non-
stationary sounds at low levels.
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Continuously Swept Tone Paradigm for
DPOAE Measurements

Carrick Talmadge', Glenis Long?

'University of Mississippi, “‘CUNY

The continuously swept tone paradigm (e.g., Long et al.
2008) has been successfully used as a more time efficient
method for obtaining broadband DPOAE measurements.
In this method, the ratios of two primary tones being
played in the ear canal are swept through a range of
frequencies using either a linear or logarithmic swept
paradigm, and then analyzed using a least squares fit filter.
When filter parameters are carefully selected, the results
obtained with this paradigm are equivalent to those
obtained using a series of fixed tones while the
measurement time for the swept tone can be substantially
reduced. Other choices of the filter parameters, permits
extraction of either the generator or the reflection site
components. After a review of the experimental results of
the continuous-tone versus swept-tone paradigms we will
explore the underlying mathematical framework for these
least-squares fit filters and the theoretical basis for the
equivalence of the two paradigms in the measurement of
DPOAEs in the human ear. Algorithms for selecting
optimal parameter values for different outcomes (e.g., full
DPOAE fine structure, generator site component or
reflection site component) will be explored.

Comparison of Two Methods of
Recording DPOAEs Over a Wide Frequency

Range in a Large Population

Sumitrajit Dhar', Rebekah Abel*, Jungmee Lee!, Renee
Banakis', Jonathan Siegel*

"Northwestern University

Tonal signals continuously swept in frequency were used
in some of the earliest investigations of distortion product
otoacoustic emissions (DPOAES) (e.g., Brown and Kemp,
Hear Res, 13:29-37, 1984). This technique has recently
come into use again (e.g., Long, Talmadge, & Lee, JASA,
124:1613-1623, 2008) and provides the opportunity to
rapidly record DPOAE data at very high frequency
resolution. However, stimulus tones at discrete frequencies
have been used in the vast majority of reports on DPOAEs
to date. DPOAEs recorded using these two techniques
need to be thoroughly and carefully compared. Long et. al.,
(2008) showed the equivalence between DPOAEs
recorded using tones at discrete frequencies and tones
swept in frequency at 8 or 16 s/octave in six human ears
for f2 frequencies up to 4 kHz. In this report we compare
DPOAEs recorded using swept- and discrete-frequency
stimuli in a population of approximately 100 human ears.
DPOAEs were recorded on the same day using two
different hardware and software setups from each ear
between 2 frequencies of 0.5 and 16 kHz using a stimulus
frequency ratio of 1.22 and three stimulus level
combinations (L1/L2 = 55/40, 65/55, 75/75). DPOAE levels
recorded using the two different techniques will be
compared statistically across the whole population as well
as in specific age groups.
Supported by NIDCD grant
Northwestern University.

RO1 DCO008420 and
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Mirror, Mirror in the Ear, Scarcely a
Reflection Here? Characterizing DPOAE

Components in Four Species

Glen K. Martin"?, Barden B. Stagner’, You Sun Chung*?,
Laurence Fechter™?, Brenda Lonsbury-Martin*?

VA Loma Linda Healthcare System, “Department of
Otolaryngology--Head & Neck Surgery, Loma Linda
University Medical Center

DPOAE level/lphase maps were acquired from humans,
chinchillas, rabbits, and rats for the 2f;-f, and 2f,-f;
DPOAEs. To construct these maps, DPOAEs were
measured in DPOAE-frequency steps of ~44 Hz from 0.5-6
kHz in response to primary-tone sweeps using constant
f./f; ratio increments of 0.025 from 1.025-1.5. DPOAE level
was directly plotted, while phase was corrected for
primary-tone phase variation and unwrapped before
plotting. Maps were collected with and without an
interference tone (IT) placed either 44 Hz below the
DPOAE frequency (fy,) or at 1/3-octave (oct) above f,. The
IT was presented on alternate trials to minimize time-
dependent changes, and vector differences were
computed between the two conditions to obtain a residual.
In all species, 2f;-f;, DPOAEs showed horizontal phase
bands (HPBs) characteristic of distortion emissions at
standard f,/f; ratios near 1.2, and varying degrees of
vertical phase bands (VPBs) characteristic of reflection
emissions for closely spaced f,/f; ratios. When present,
2f,-f; DPOAESs exhibited VPBs. For humans, ITs at 65 dB
SPL placed below fq, (L;,L,=75 dB SPL) decreased fine
structure and produced the expected residual with VPBs,
but large areas with VPBs remained. ITs placed 1/3-oct
above f, removed most VPBs in humans, and a DPOAE
component with HPBs as well. In chinchillas, rabbits, and
rats (L1,L,=65 dB SPL), ITs at 55 dB SPL placed below fg,
produced residuals to various degrees, but all were
associated with HPBs. ITs at 75 dB SPL placed 1/3-oct
above f, in these species typically eliminated VPBs and
phase ambiguities in the maps. The resulting residuals
were large and contained DPOAE components with both
VPB and HPB characteristics. Together, the findings
suggest that these nonhuman species do not exhibit
DPOAE reflection components with steep phase gradients
arising from fy,. However, in all species tested, significant
DPOAE components presumably generated basal to f;
were evident. (NIH DCO000613, VA/RR&D C6212L,
C4494R, 4613, 6006).

DPOAE in Japanese Quail (Coturnix
Coturnix Japonica): Defining Optimal
Frequency Ratios and Characterizing

Reflection and Distortion Source Responses
Kate Belzner', Brenda Ryals', Carrick Talmadge?

'James Madison University, “University of Mississippi
Distortion product otoacoustic emissions (DPOAE) allow
for observation of subtle changes in hair cell (HC) status
and basilar membrane mechanics. Such subtle changes
might be expected after HC regeneration in birds yet most
studies show no significant change in DPOAE input/output
functions or threshold following HC regeneration. Several
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factors, including sub-optimal F2/F1 ratios, combining
amplitude contributions from reflection and distortion
sources, and anesthesia effects may contribute to this
apparent lack of change in the face of substantially
disorganized HC stereocilia on regenerated HCs. The
current investigation examined the contributions of F2/F1
ratio and reflection and distortion sources on the normal
DPOAE response in adult quail. Subjects were tested
under either inhalant or injectable anesthesia, or both.
Fifteen F2/F1 ratios were generated and tested using 5
fixed F2 (1.5-3.5 kHz) with varying F1 yielding F2/F1 ratios
from 1.01 to 1.45. Reflection and distortion source
components of the DPOAE were determined at a fixed
ratio using an inverse FFT (Talmadge, et al 1999).
Preliminary results show different F2/F1 ratios, 1.2 to 1.4,
are needed for maximal DPOAE responses as F2
changes; amplitudes are unaffected by time or type of
anesthesia within each session. Fine structure was evident
throughout the range tested with reflection source phase
dependent on frequency. Distortion source phase was
independent of frequency and contributed more to the
overall amplitude of emission. Our results in quail are
similar to results in young chickens (Bergevin, et al 2008)
confirming the presence of two distinct mechanisms for
avian DPOAE generation analogous to the reflection- and
distortion-source mechanisms in mammals. Future studies
focusing on the two source contribution to the avian
DPOAE may provide a more sensitive indicator of changes
in HC status and basilar membrane properties following
HC regeneration. Supported by NIDCD R01DC001372 &
NIH P30 DC04664

Otoacoustic Emission Temperature

Dependence Across the Lacertilia

Christopher Bergevin', David Velenovsky®, Kevin E.
Bonine'

'University of Arizona

Given their robust emissions and diverse inner ear
anatomy, lizards provide an excellent model for studying
otoacoustic emission (OAE) generation mechanisms. We
examined twelve different species of lizards with widely
varying morphology, such as tectorial membrane (TM)
structure and number of hair cells. Both spontaneous and
evoked emissions were measured under two body-
temperature conditions: ambient (~24-26° C) and warm
(~32-34° C). Body temperatures were controlled via a
regulated heating pad. For evoked emissions, low-level
stimuli (10-45 dB SPL) were used. Spectral peaks and
valleys in the magnitude of spontaneous and evoked
emissions shifted upwards in frequency with increasing
body temperature (by ~15% across the two conditions for
most species), consistent with previous observations
including neurophysiological studies. For evoked
emissions, magnitudes extended out to significantly higher
frequencies in the warm condition while phase-gradient
delays were relatively insensitive to temperature.
Differences in temperature-dependence were observed
across species and appear to correlate with variations in
TM structure. Specifically, the influence of temperature
upon evoked OAEs appears less pronounced in species
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where the TM is either absent or discretized (sallets) as
opposed to continuous over the majority of the papilla. For
species lacking a continuous TM, our results are well
described by a model (consisting of coupled oscillators
with a small degree of irregularity) that assumes increasing
body temperature produces an upward shift in the
characteristic frequency of the underlying auditory filters.
Our results suggest that body temperature has a strong
effect upon the frequency range of auditory sensitivity in all
lizards, but little influence upon sharpness of tuning (at
least in species lacking a continuous TM).

[151] Weak Inward Rectifier Channels in Root
Cells Mediate Cochlear Potassium

Recirculation

Daniel Jagger', Graham Nevill*, Andrew Forge®
'University College London

A number of mechanisms regulate perilymphatic
potassium levels, thus ensuring the sensitivity of auditory
transduction and the longevity of sensory hair cells and
neurons. Endolymphatic K™ enters sound-stimulated hair
cells via mechano-electrical transduction channels, exits
via voltage-gated channels in their basolateral membrane,
and is siphoned by underlying supporting cells.
Hypothetically, K* is redistributed to the lateral wall by the
epithelial cell gap junction network. To complete the
recirculation, root cells in the outer sulcus are assumed to
secrete K* from their basolateral processes, which are
ensheathed by the processes of type Il fibrocytes in the
spiral ligament. Following its uptake by fibrocytes, K is
returned to stria vascularis via the connective tissue gap
junction network, before its re-secretion into endolymph.

In order to determine the molecular basis of K™ secretion
from the epithelial gap junction network, we have carried
out patch clamp recordings from root cells in a guinea pig
lateral wall slice preparation. Root cells were coupled via
gap junctions, as evidenced by extensive dye transfer.
Gap junctional coupling could be abolished using 1-
octanol. In uncoupled root cells, bath-applied Ba®* blocked
weakly inwardly rectifying currents. The I-V relationship of
the Ba**-sensitive currents reversed around Ey. Kird.1
immunofluorescence was detected in root cell bodies, and
in their basolateral processes. Immunogold experiments
localized Kir4.1 to the membrane of root cell processes.

In summary, our results suggest that the membrane
properties of root cells are consistent with their
hypothesized role in cochlear K" homeostasis. Root cells
can carry out K' ‘“spatial buffering” via extensive
intercellular gap junctional coupling. The secretion of K"
from the epithelial gap junction network to perilymph in the
lateral wall is most likely mediated via Ba**-sensitive weak
inward rectifier channels, comprising Kir4.1 subunits.

[152] CIC-2 Chloride Channel in Reissner's

Membrane

Kyunghee X. Kim', Daniel C. Marcus®

'Kansas State University

Sensory transduction in the cochlea depends on regulated
ion secretion and absorption. Flux studies have provided
evidence for CI transport by Reissner's membrane
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(Konishi & Hamrick, 1978) and biochemical assays
demonstrated a highly-active cAMP signal pathway
(Thalmann & Thalmann, 1978). The present investigation
utilized whole cell patch clamp, gene array and RT-PCR to
determine the presence of CI" channels and transporters in
mouse Reissner’'s membrane and to test for regulation by
CcAMP. Whole cell patch clamp recordings from epithelial
cells under conditions where CI' was the only major
permeable ion showed strong inward rectification.
Channels expressed in the epithelial and/or mesothelial
cells include CIC-2, Slc26a7 and CIC-Ka, but not CIC-1,
ClCal, CICa2, CiCa3, ClICa4, Slc26a9, CIC-Kb, Bestl,
Best2, Best3 or the beta-subunit of CIC-K, barttin. CIC-2 is
the only channel present that is a strong inward rectifier.
The inward currents matched additional key characteristics
of CIC-2 CI' channels, including activation by lowered
external pH and inhibition by the divalent cations Zn** and
cd*. Further, inward currents were stimulated by
membrane-permeant analogs of cCAMP. Electroneutral CI
transporters found to be expressed in Reissner's
membrane include K'/CI-cotransporter isoforms Kccl,
Kce3, Keed, anion exchanger isoforms Ae2 and Ae3 but
not Kcc2, Ael, Ae4, Slc26a3 or Slc26a6. This is the first
direct evidence that Reissner's membrane epithelial cells
contain a transport pathway for CI" under control of cAMP
mediated by CIC-2. Supported by NIH grants RO1-
DC000212 and P20-RR017686

The Fibrocyte-Vascular Coupling in

Control of Cochlear Blood Flow

Xiaorui Shi"?, Min Dai*, Jackie DeGagne', Yue Yang®,
RuiJuan Xiu®, Alfred Nuttall**

'Oregon Health & Science University, “Chinese Academy
of Medical Sciences & Peking Union Medical College,
3University of Michigan

Increased hair cell activity must be accompanied by
rapid, spatially localized delivery of elevated oxygen and
glucose. The present study reports a local control
mechanism for regulation of cochlear blood flow (CBF).
Transmission electron microscope and fluorescence
confocal images show fibrocytes are spatially distributed
near  pre-capillaries of the  spiral ligament.
Immunohistochemical techniques reveal that inter-
connected fibrocytes are positive for Na+/K+ ATPase a-1
and S100. Connected fibrocytes display high intracellular
signals of a fluorescent calcium indicator, fluo-4,
compared to other cells in the cochlear lateral wall.
Elevation of Ca2+ in fibrocytes, induced through
photolysis of the caged divalent ion chelator NP-EGTA,
results in Ca2+ signal propagation to neighboring
vascular cells, including pericytes and endothelial cells,
and induces contraction or dilation of the capillary. A
cytochrome P450 epoxygenase (CYP), catalyzing
production of 20-hydroxyeicosatetraenoic acid, and a
cyclooxygenase-1, catalyzing production of PGE2, were
found to be centrally involved in this fibrocyte-mediated
control of capillaries. While increased sound stimulation
to the ear increases CBF, acoustic-evoked vasoactivity is
blocked by an inhibitor of COX1l. Our findings
demonstrate the key role of fibrocyte—to-vascular cell
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signaling in regulating cochlear blood flow, particularly in
meeting metabolic needs during increased sound activity.

Lactate Dilates Pre-Capillaries of the
Spiral Ligament Via Type V Fibrocyte-
Pericyte Coupling

Min Dai', Yue Yang', Reid Fletcher?, RuiJuan Xiu®, Alfred
Nuttall**, Xiaorui Shi**

'Oregon Health & Science University, “University of
Pennsylvania, *Chinese Academy of Medical Sciences &
Peking Union Medical College, *“University of Michigan
Although lactate has been confirmed to play an important
role in the regulation of local blood flow of many tissues,
the underlying mechanism of lactate effects on the
cochlear blood flow remain unclear. Our previous work
showed that extracellular lactate induced the increase of
intracellular Ca** in pericytes located at the pre- and post-
capillaries of the spiral ligament. Accordingly, lactate
caused the contraction of pericytes and constriction of
these microvessels. Surprisingly, some pre-capillaries
dilated when exposed to extracellular lactate. To
investigate whether nitric oxide (NO), a key vasodilator, is
involved in the lactate induced vessel dilation, time-lapse
photography was used to visualize changes in the lumen
diameter of the pre-capillaries of the spiral ligament. Fluo-4
and 4, 5-diaminofluorescein diacetate were used to
measure Ca®’* and NO levels respectively. An
immunofluorecent method was used to check the
expression of nitric oxide synthase (NOS) in the cochlear
lateral wall. During lactate exposure, NO levels in both
pericytes and type V fibrocytes increased and vessel
diameters dilated. This lactate induced dilation was totally
blocked by pre-treatment of L-NAME, a non-specific
inhibitor of NOS, suggesting the dilation was caused by
NO. Immunohistochemistry showed that no Ca**-sensitive
eNOS and nNOS expression were detected in pericytes. In
contrast, type V fibrocytes had a robust expression of
NNOS. We speculated from these results that type V
fibrocytes were the source of NO production induced by
lactate, which was further supported by photolysis of
caged calcium in fibrocytes and pericytes. Photolysis
caused increases both calcium and NO levels in fibrocytes,
but it failed to up-regulate NO levels in pericytes in spite of
the enhancement of intercellular calcium. These data
reveal the role of lactate and NO in regulating cochlear
microvessel tone and provide a mechanism for control of
blood flow by fibrocyte-pericyte coupling.

[155] Structure and Function of the Blood
Labyrinth Barrier in the Developing Mouse

Cochlea

Yue Yang', Min Dai*, RuiJuan Xiu?, Alfred Nuttall**,
Xiaorui Shi'?

'Oregon Health & Science University, Chinese Academy
of Medical Sciences & Peking Union Medical College,
SUniversity of Michigan

In this study, the structure of the blood labyrinth barrier
(BLB) in the adult and postnatal days 1, 3, 7, 10, 14 mouse
cochlea was investigated with immunohistochemistry
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combined with confocal fluorescence and transmission
electron microscopy (TEM) techniques. TEM examination
of capillaries revealed that the BLB of the adult mouse was
composed of endothelial cells, a high population of
pericytes and perivascular macrophages. The endothelial
cells contacted each other via tight junctions. Pericytes
were tightly positioned adjacent to the endothelial cells and
embedded within the basement membrane. Perivascular
macrophages were distributed regularly along the
microvessels. The serum protein IgG was observed to be
restricted to the lumen of capillaries of the stria vascularis.
Junction proteins such as ZO-1 and occludin were highly
expressed in the endothelium. In contrast, in the pre-
mature (postnatal day 1 to day 10) mice, TEM revealed
that the endothelium was discontinuous, the basement
membrane was incomplete, and IgG was observed to leak
from the capillaries of the stria vascularis. The distribution
of IgG outside of the capillary of the 1-, 3-, 7- and 10-day-
old mice was significantly greater compared to the adult
mice. The steady increase in the expression of occludin
and Z0O-1 was found from postnatal day five. Around
postnatal day 14, endothelium was continuous and tight
junctions between endothelial cells were uninterrupted.
Perivascular cells such as pericytes and macrophages
could be identified in the BLB areas. These observations
indicate that the endothelial cell transport system is more
robust in the developing cochlea and that the BLB
becomes mature and intact by 14 days after birth in mice.
The special features of the BLB at different developing
stages create new opportunities for drug and gene
deliveries to the ear in young mice with the consideration
that potential increased ototoxicity due to lack of barrier
integrity in young mice could occur.

Gap Junctional Intercellular Coupling in
Lateral Wall Fibrocytes of the Developing

Cochlea

John Kelly', Andrew Forge', Daniel Jagger*

'University College London

Intercellular communication via gap junctions is thought to
be essential for K+ cycling and buffering in the mature
cochlea. Previous dye transfer studies (Jagger, ARO,
2009) have shown extensive coupling between epithelial
supporting cells and also between fibrocytes of the adult
lateral wall, but these two networks are distinct and are not
directly coupled to each other. It is thought that K+ ions
buffered by the epithelial supporting cells are transferred to
fibrocytes and returned via gap junctions to the stria
vascularis and secreted back into the endolymph.

The role of gap junctional intercellular coupling (GJIC)
during lateral wall development and K+ cycling has not
been determined. In rats connexin expression is initially
very weak in the lateral wall at post-natal day 0 (P0), but
then rapidly increases in type | fibrocytes surrounding the
stria vascularis at P2. From here connexin expression
expands throughout the lateral wall fibrocytes before
reaching adult expression levels (~P14).

To investigate the coupling properties of developing
fibrocytes, dye transfer studies have been carried out in rat
cochlear slices (P0-P6). Developing type | fibrocytes
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revealed extensive dye spread around the stria vascularis
and correlated with connexin immuno-labelling. Cells
injected just outside this region (type Il fibrocytes) revealed
neurobiotin spread between ~10-20 cells in a columnar
direction that emanated from the outer sulcus/root cell
region and spread to the edge of the type | zone.
Intriguingly, neither connexin26 nor connexin30 (the two
predominant subtypes) were detected in this region. A third
fibrocyte type was also identified which had no coupling to
other cells (no neurobiotin transfer).

Results here suggest the presence of three distinct zones
according to the extent of GJIC during development of
lateral wall fibrocytes. These may represent unique
pathways for early K+ cycling in the cochlea.

Supported by Deafness Research UK and the Royal
Society

Characterization and Analysis of the
Cochlear Strial Vasculature Proteome and the
Role of Na*, K'-ATPase in the Blood

Labyrinth Barrier

Yue Yang', Min Dai*, RuiJuan Xiu?, John Mitchell*, Alfred
Nuttall**, Xiaorui Shi*

'Oregon Health & Science University, Chinese Academy
of Medical Sciences & Peking Union Medical College,
3University of Michigan

The blood-labyrinth barrier (BLB) plays an important role in
regulating the chemical composition of labyrinthine fluid
and maintaining the functional integrity of the inner ear. In
this study, to provide a broad view of the protein patterns
of the BLB, we used a mass spectrometry-based, shotgun
proteomics approach to identify the proteins from isolated
and purified cochlear stria vascularis capillaries in
CBA/CaJ mice. Mass spectrometry identified over 500
proteins, including protein function in energy metabolism,
proteins involved in ion transport, Ca”‘regulation, signal
transduction and proteins related to stress-response. In
particular, the Na', K'-ATPase alpha 1 subunit was the
most abundant protein of the vascular tissue in the ear.
Further immunohistochemistry studies confirmed Na®, K*-
ATPase alpha 1 express predominantly in the abluminal
BLB membrane. To investigate the involvement of Na*, K*-
ATPase in maintaining the BLB integrity, the expression
and activity of Na“, K'-ATPase associated with the
changes of expression of tight junction proteins as well as
barrier permeability were examined in normal and noise-
exposed mice. We found that vascular permeability was
significantly increased along with a decrease in tight
junction membrane contact points and decrease in Na’,
K'-ATPase activity immediately following noise exposure
at 120 dB SPL broadband noise, 3 hours per day for 2
consecutive days. In vitro, inhibition of Na', K'-ATPase
activity by ouabain corroborated the in vivo studies, with
swelling of capillary endothelial cells and impaired barrier
function, supporting a functional link between Na®, K'-
ATPase and the vascular barrier in the stria. These results
implicate the participation of Na®, K'-ATPase in
maintaining the functional integrity of the blood labyrinth
barrier and shed light on the potential role of Na', K'-
ATPase in noise-induced hearing loss.
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The Proteome of Human Perilymph
Andrew Lysaght"?, Shyan-Yuan Kao?, Joao Paulo®, Jose
N. Fayad®, Saumil N. Merchant*®, Hanno Steen®®,
Konstantina Stankovic*®

'Program in Speech and Hearing Bioscience and
Technology, Harvard & MIT, Cambridge, “Eaton-Peabody
Laboratory, Massachusetts Eye and Ear Infirmary, Boston,
*The Proteomics Center at Children's Hospital Boston,
Harvard Medical School, “House Clinic and House Ear
Institute, Los Angeles, *Dept. of Otology and Laryngology,
Harvard Medical School, 6Dept. of Pathology, Children's
Hospital Boston, Harvard Medical School

Current diagnostic tools limit a clinician’s ability to
differentiate between many possible causes of
sensorineural hearing loss at the level of the cochlea. This
leads to the frequent diagnosis of the idiopathic condition,
leaving patients without a clear prognosis and only general
treatment options. Filling this diagnostic gap is important
for the development of individualized treatment strategies
("personalized medicine”) and critical for successful
implementation of preservative and restorative therapies
that may be developed in the future. As a first step toward
developing new diagnostic tools, we analyzed the
proteome of human perilymph using mass spectrometry-
based proteomics techniques.

Four samples, containing pooled perilymph specimens
obtained from 6 patients with vestibular schwannoma (VS)
and 6 patients undergoing cochlear implantation (ClI), were
analyzed by LC-MS(/MS). Of the 245 proteins identified at
high confidence within the four samples, 55 were found in
every sample. This subset of identifications was used to
conservatively define the proteome of normal human
perilymph, generating a list twice as large as the known
proteome (~30 proteins) and containing almost 90% of the
previously identified proteins. Comparison with other
bodily fluids (cerebrospinal fluid and blood plasma)
showed significant similarity in protein content; however, a
quantitative comparison of protein expression could not be
made. Fifty-five percent of proteins identified in human
perilymph were found to have direct homologs within the
proteome of murine perilymph, indicating the potential
applicability of mouse models in future studies. A list of 22
candidate biomarkers of VS was generated by comparing
the VS and CI samples using uniqueness criterion and
network analysis. This list will be used as the starting point
for future proteomic investigations targeted at
discriminating between VS tumors that induce hearing loss
and those that do not.

Proteomic Analysis of Endolymphatic
Sac Luminal Fluid in Patients with an
Enlarged Vestibular Aqueduct (EVA)

Associated with SLC26A4 SPDS) Mutations
Sung Huhn Kim', Won Sun Yang', Eun Jin Son*, Sang
Cheol Kim', Jae Young Choi*

Yonsei University Health System

Endolymphatic sac (ES) is a highly specialized organ
which is speculated to regulate the volume of endolymph.
The ion composition and protein concentration in the ES
luminal fluid are totally different from those of cochlea and
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vestibule. However, the protein profile of human ES
luminal fluid has not been thoroughly reported. In the
present study, we sought protein profile of ES luminal fluid
which was obtained during cochlear implantation surgery
(n=4) and compared it with that of plasma by proteomic
analysis with 2-DE protein electrophoresis and MALDI-
TOF method.

Protein concentration of ES Iluminal fluid is 500-
1300mg/dL, which is lower than plasma (~35%). The
protein profile is different from that of plasma as well. The
major proteins of plasma such as albumin,
immunoglobulin, ceruloplasmin, glycoprotein, VitD binding
protein and ¥al-antichymotrypsin were also detected in
the ES luminal fluid; however, the concentration of each
protein in the luminal fluid was different from that of
plasma. Pre-albumin, several mitochondrial proteins,
proteins involved in phagocytosis, ryanodine receptor 1
and several unnamed proteins were detected only in the
ES luminal fluid, but not in the plasma.

ES luminal fluid has been reported to be originated from
plasma in the studies using animals since it showed similar
protein profile to plasma. In the present study, some major
proteins in ES luminal fluid were also detected in the
plasma, but their concentration was different from those of
plasma. Furthermore, a lot of proteins detected in the
endolymphatic sac luminal fluid did not appear in the
plasma. Therefore, it is tempting to speculate that the ES
luminal fluid is likely to be selectively filtered from plasma
and partly originated from endolymphatic sac and inner
ear.

Loss of Slc26a7 in Reissner’s Membrane

Leads to Hearing Loss in Mice

Kyunghee X. Kim', Joel D. Sanneman’, Hyoung-Mi Kim®,
Donald G. Harbidge®, Jie Xu?, Daniel C. Marcus",
Manoocher Soleimani®, Philine Wangemann*

'Kansas State University, “University of Cincinnati

Slc26a7 is a member of the Slc26 family that includes both
pendrin (Slc26a4) and prestin (Slc26a5). Slc26a7 can
function in two modes, as a CI" channel or as a CI/HCO3
exchanger. Gene array analyses revealed high levels of
Slc26a7 expression in Reissner's membrane, which
prompted us to investigate whether Slc26a7 is functional in
Reissner's membrane epithelial cells and whether Slc26a7
is essential for cochlear homeostasis, for hearing and, by
extension, for balance. CI currents were recorded in
whole-cell patches of Reissner’'s membrane epithelial cells.
Expression of Slc26a7 protein was localized by
immunocytochemistry in developing and adult mice.
Hearing and balance were evaluated by auditory brain
stem recordings and RotaRod testing and cochlear
morphology was assessed by immunocytochemistry in
wild-type (Slc26a7”") and in mice lacking Slc26a7
(SI026a7"'). Reissner's membrane epithelial cells
expressed Slc26a7 protein in the basolateral membrane
and carried CI' currents that carried NOs significantly
better than CI" and that were characterized by a slight
outward rectification when studied with symmetrical
NMDG-CI solutions in whole-cell patches. The onset of
protein expression was postnatal. At 10 month of age, two
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out of three SIc26a7” mice studied so far had a significant
hearing loss at 16 and 32 kHz. No balance deficits were
detected. Cochlear morphology was evaluated in one deaf
Slc26a7” mouse. Reissner's membrane had a reduced
number of nuclei and enlarged apical surface areas of the
epithelial cells. Outer hair cell losses were found in the 16
and 32 kHz regions. In conclusion, the data demonstrate
that Reissner's membrane epithelial cells express the CI
channel Slc26a7 in the basolateral membrane. Based on
a very limited dataset it appears that lack of this channel
leads to a degeneration of Reissner's membrane, to a loss
of outer hair cells and to a loss of hearing.

Supported by NIH-R01-DC01098, NIH-R01-DC00212,
NIH-P60-RR017686.

Determination of Molecular and
Functional Properties of Voltage-Gated K*

Channel, Ky1 in Spiral Ganglion Neurons

Hyo Jeong Kim', Ping Lv*, Bruce Tempel?, Ebenezer
Yamoah'

'University of California Davis, “University of Washington,
Seattle

K" currents are responsible for regulation of the resting
membrane potential (V,es), duration of repolarization phase
of action potential (AP), frequency of adaptation and
afterhyperpolarization (AHP) phase of AP in spiral ganglion
neurons (SGNs).

To understand the underlying molecular and functional
mechanisms of membrane excitability in SGNs, we are
investigating the roles of Ky1 channels. Here, we focused
on assembly of the subunits of Ky1 channels and their
partners that confer native K* channels.

K" channel subunit profile was studied using
immunostaining on primary culture of SGNs at different
ages. To determine the assembly of K* channel, we used
co-immunoprecipitation  (Co-IP) method. Potassium
currents were recorded using an extracellular solution (in
mM, NaCl 125, KCI 6, CaCl, 0-8, D-glucose 10, MgCl, 1,
HEPES 10), and intracellular solution (in mM, KCI 120,
Na,ATP 5, MgCl, 2, HEPES 10, EGTA 1-10, or BAPTA 1-
10, D-glucose 10).

We will present data which demonstrate that multiple Ky1
channel subunits are expressed in SGNs. Also important,
the K* current properties in SGNs are established by the
promiscuous interaction between different subunits of K1
channels.

Funded by NIDCD

What's with All the JNK in the Cochlea?
Patrick Atkinson', Ramon Galindo®, Marlan R. Hansen?,
Christopher Stipp*, Steven H. Green'?

'Department of Biology, University of lowa, “Department of
Otolaryngology, University of lowa

c-Jun N-terminal kinase (JNK), a member of the mitogen
activated protein kinase family is involved in responses to
cellular stress and in apoptosis. JNK is activated both in
vivo and in vitro in apoptotic spiral ganglion neurons
(SGNs). While this suggests a possible use for JNK
inhibition in maintaining neuronal survival, blockade of JNK
inhibits neurite initiation and inhibits, by ~80%, growth of
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neurites already established. Imaging of the plasma
membrane and microtubules showed that this reduction in
SGN neurite growth was not accompanied by growth cone
collapse, nor by gross morphological abnormalities in the
growth cone or microtubules. Consistent with this,
preliminary results using time-lapse microscopy suggest
that, while a decrease in translocation across the substrate
and neurite elongation is observed, motile structures of
cells and growth cones, such as lamellipodia remain after
JNK inhibition.

To facilitate biochemical studies of the mechanisms by
which JNK inhibits neurite growth, we used the neuronal
PC12 cell line, which extend neurites in response to NGF.
PC12 cells, alone or co-cultured with SG Schwann cells,
exhibited greatly reduced neurite growth when JNK was
inhibited. Furthermore, this inhibition was associated with a
significant decrease in cell-substrate adhesion. Therefore,
we have begun to investigate the JNK-dependent
mechanism controlling neuron-substrate adhesion. PC12
adhesion to collagen, like SGN adhesion to laminin
depends on betal (CD29) integrins. Cell surface
expression of betal integrin (CD29) and its associated
proteins was assessed via immunoprecipitation of surface-
biotinylated protein. There was no significant change in
expression of CD29 or associated proteins after JNK
inhibition. We are now assessing upstream proteins
involved in adhesion, motility and cytoskeleton dynamics to
determine the link between JNK signaling, de-adhesion,
and neurite growth.

Supported by NIDCD RO01 DCO002961 (SHG), NCI
CA136664 (CSS)

Signalling Mechanisms Involved in
Hearing Loss Associated to Insulin-Like

Growth Factor | Deficit

Isabel Varela-Nieto"?, Silvia Murillo-Cuesta®™?, Guadalupe
Camarero™?, Patricia Lorenzo-Garcia*?, Marta
Magarifios™*, Lourdes Rodriguez de la Rosa'?, Hortensia
Sanchez-Calderon?, Maria Rodriguez-Aburto™?, Raquel
Martinez-Vega™?, Raquel Riquelme’, Jose Manuel
Zubeldia®*, Julio Contreras®®, Rafael Cediel*®, Pedro
Cobo®

!Instituto de Investigaciones Biomédicas. Consejo
Superior de Investigaciones Cientificas, °Centro de
Investigacion Biomédica en Red de Enfermedades Raras,
Universidad Auténoma de Madrid, *Hospital Universitario
Gregorio Marafién, *Facultad de Veterinaria. Universidad
Complutense de Madrid, ®Instituto de AcUstica. Consejo
Superior de Investigaciones Cientificas

Insulin-like growth factor (IGF) | is fundamental for the
regulation of cochlear growth, differentiation and
metabolism, and its mutations are associated with hearing
loss in mice and men (1,2). IGF-1 and its high affinity
receptor IGFR1 are expressed in specific spatiotemporal
patterns in the cochlea during development. Peak
expression of IGF-1 occurs during the late embryonic and
neonatal periods, being reduced in the adult, a trait that
associates with age-related hearing loss. IGF-I/IGFR1
actions are mediated by intracellular signaling networks
primarily activated by the phosphorylation of insulin
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receptor substrates (IRS2) and down-regulated by the
tyrosine phosphatase PTP1B, IRS2 activation leads to the
sequential phosphorylation of lipid and protein kinases (c-
RAF). IGF-I/IGFR1 output is connected to other signaling
pathways activated by either lipid receptors (Lpal) or G
protein-mediated receptors (RasGRF1/2) (3,4).

To identify the main effectors of IGF-1 in hearing, the
analysis of auditory brainstem responses and cochlear
morphology of mutant mice deficient in the above
mentioned signaling molecules was carried out. In parallel,
susceptibility to noise-induced hearing loss was studied in
these mutant mice by using an acoustic reverberant
chamber and a violet noise, both specially designed for
noise exposure (5). By using these complementary
approaches we have identified that both IRS2 and c-RAF
are essential for cochlear development and hearing.

This work was supported in part by CIBERER (ISCiii) and
MICINN (SAF2008-00470), in collaboration with the groups
leaded by Drs. U. Rapp, AM Valverde, G Estivill-Torras, A
Fernandez-Medarde and E Santos.

Cell Death Pathways in Acquired

Hearing Loss

Su-Hua Sha"?, Fu-Quan Chen™?, Jochen Schacht*?
'Kresge Hearing Research Institute, “University of
Michigan

Among the diverse causes of acquired hearing impairment,
drug- and noise-induced as well as sensorineural age-
related hearing loss have extensively been studies in
animal models. A long-established anatomical hallmark is
the preferential loss of outer hair cells and, in recent years,
reports from several laboratories have also suggested
intriguing commonalities between the molecular events
associated with these pathologies. We have studied
signaling pathways in outer hair cell death caused by
aminoglycoside antibiotics, noise trauma and age in the
mouse in vivo. Increased oxidative stress appears to be an
early event, followed by changes in cell survival and cell
death pathways. Classic apoptosis is the major form of cell
death but we also observe necrosis in all three insults.
Additional shared alterations in pathways include the
translocation of endonuclease G, a mitochondrial protein,
to the nuclei of outer hair cells. In contrast, activation of
caspase 3 and p38MAPK/JUNK is involved in both noise-
induced and age-related but apparently not in
aminoglycoside-induced outer hair cell death. Several
other signaling cascades potentially contributing to a
diversity of cell death pathways, such as those linked to
calpain or cathepsin, have not yet been investigated in all
pathologies. The sum of our observations points to an up-
regulation of cell death pathways (combined with a
decreased survival signaling) as major molecular causes
of hair cell death by the three different insults. Comparison
of both shared and specific cellular responses might yield
further insight into the development of auditory trauma and
point to avenues of protection or attenuation.

Supported by grants RO1 DC-03685, P30 DC-05188 and
PO1 AG-025164 from NIH.
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Neurotrophic and Apoptotic Signaling in

Spiral Ganglion Neurons After Hair Cell Loss
Catherine Kane', Erin Bailey", Steven H. Green®
'University of lowa

To model sensorineural hearing loss, we inject kanamycin
(400 mg/kg) into rat pups daily from postnatal day 8 (P8) to
P16, i.e., prior to hearing onset. Rats deafened in this
manner never exhibit a detectable auditory brain response
and the cochleae are devoid of hair cells by P23. Also, NT-
3 mRNA levels have fallen to <10% of control (age-
matched normal hearing rats) by P23. Nevertheless, at this
time, spiral ganglion neuron (SGN) peripheral axons
remain in contact with the organ of Corti, terminating
immediately adjacent to the location at which the inner hair
cells had been. Also, prosurvival signaling, detected as
phosphorylated CREB, is still at control levels in SGNs and
proapoptotic signaling, detected as phosphorylated Jun, is
at control levels. One possible explanation for this
apparent lack of degeneration over a week after hair cell
loss is that organ of Corti supporting cells continue to
provide trophic support to the SGNs, either residual NT-3
or another factor. However, if hair cell death is slow in this
deafening paradigm, then it is possible that some inner
hair cells persist after P16, In that event, SGNs at P23 will
have been deprived of hair cell-derived neurotrophic factor
for only a short time and have not yet begun to
degenerate. To this end, we have started to investigate the
loss of hair cells and of NT-3 in the third postnatal week in
the kanamycin-injected rats. Preliminary data using anti-
calretinin immunofluorescence indicates that some inner
hair cells do persist until the end of the deafening period.
Studies in progress will quantify NT-3 levels in this time
interval.

Cre/lox Mediated in Vivo Mosaic Cell
Ablation to Investigate Early Stages of
Degenerative Disease: Generating a Model
for the "Onset” of Gradual Hearing

Impairment

Masato Fujioka™?, Albert Edge™?

'Eaton-Peabody Lab, Massachusetts Eye and Ear
Infirmary, Department of Otorhinolaryngology, School of
Medicine, Keio University, 3Department of Otology and
Laryngology, Harvard Medical School

Most degenerative diseases begin with a gradual loss of
specific cell types, and cell loss eventually reaches a
threshold for symptomatic onset. Early stages of
degenerative diseases are typically caused by partial loss
of particular cell types, yet investigating the loss of cells
has so far been difficult because creating reproducible
models for limited ablation of a specific cell type was
technically challenging.

Here, we generated a transgenic mouse model, Mos-
iCsp3, in which an engineered dimerizable caspase-3 was
expressed stochastically within a defined domain through a
lox-mismatched Cre/lox expression cassette, to ablate a
subset of specific cell types in a mosaic pattern. Target cell
type is defined by the choice of Cre mouse; timing of the
ablation is determined by the administration of a chemical
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inducer, AP20187, that activates iCsp3 through
dimerization. By crossing the mouse with a Pou4f3-Cre
mouse, we created a stochastic mosaic-patterned hair cell
ablation both in vitro and in vivo, along with two
functionally reversible models in pancreatic 3-cells and the
skin with the appropriate Cre-mice. In vitro study showed
that the hair cell loss was followed by coverage by
surrounding supporting cells within 72 hrs of ablation by
dimerizer. The percentage of hair cell loss in this model in
vivo was 24.6 + 1.8%, which led to irreversible hearing
impairment with a moderate threshold shift (10.2 dB by
ISO-DP). Immunostaining for Musashi-1 showed intact
supporting cells.  Spiral ganglion neurons were not
changed by the dimerizer treatment. This rapid cell
ablation model recapitulates an early stage of gradual
deafness due to the loss of hair cells and will be useful for
evaluating the “onset” of hearing impairment and potential
regenerative therapies.

Inner Hair Cells Are Not Required for
Survival of Spiral Ganglion Neurons in the

Adult Cochlea

Gabriel Corfas™?, Yael Zilberstein*?, M. Charles
Liberman®®

'Children's Hospital Boston, Harvard Medical School,
*Massachusetts Eye and Ear Infirmary

Degeneration of spiral ganglion neurons (SGNs) is an
important component of sensorineural hearing loss. The
notion that inner hair cells (IHCs), and the trophic factors
they produce, are necessary for SGN survival arises from
the observation that IHC loss after acoustic trauma or
ototoxic drugs is followed, over weeks to months, by SGN
degeneration. However, recent studies suggest that the
neurotrophin (NT) release from the IHC’s supporting cells
(SCs) may be more critical for SGN survival in the adult
(Stankovic et al.,, J. Neurosci. 24:8651, 2004). To re-
examine the role of IHCs in long-term SGN survival, we
used a new model of selective IHC loss that does not
involve noise or ototoxic drugs. Mice lacking the gene for
the high-affinity thiamine transporter (Slc19a2) have
normal cochlear structure and function when fed a regular
(thiamine-rich) diet. However, dietary thiamine restriction
causes widespread, rapid (within 10 days) and selective
loss of IHCs (Liberman et al., JARO 7:211, 2006).

Groups of wild type and SIc19a2 -/- mice were fed a
regular diet until 6 wks of age, then placed on thiamine
restriction for 26 days, and finally returned to a regular diet
for 12 wks. Additional control groups of both genotypes
were maintained on a regular diet throughout. At the end of
the observation period, ABR thresholds were severely
elevated only in the Slcl19a2-null group that had been
exposed to the low thiamine diet. Serial cochlear sections
from this group revealed selective and near-total IHC loss
throughout the basal half of the cochlea; however, IHC
supporting cells appeared normal and continued to
immunostain strongly for the glutamate transporter
(GLAST). SGN cell bodies appeared normal, and counts of
their peripheral axons in the osseous spiral lamina were
unchanged from control. In addition, immunostaining for
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vesicular acetylcholine transporter revealed a normal
efferent innervation, even in the IHC area.

These results show that SGNs do not require IHCs for
survival in the adult ear, for at least as long as 3 months.
They also suggest that SGN death in regions of noise- or
drug-induced IHC loss is due to direct effects on SGNs
themselves and/or to alterations in SC function.

Supported by NIDCD R01 DC4820 and P30 DC05209

Spiral Ganglion Neuron (SGN) to Organ
of Corti (OC) Projections After Hair Cell (HC)
Loss and Their Relationship to Apoptotic
Signaling

Erin Bailey', Jennifer Becker®, Steven H. Green'?
!Department of Biology, University of lowa, “Department of
Otolaryngology, University of lowa

SGNs die slowly after the loss of hair cells (HCs). It is not
yet known what provides trophic support for the SGNs
during this period nor why it is ultimately insufficient in
preventing SGN death. One possibility is that NT-3 derived
from OC supporting cells (OCSCs) maintains SGN survival
after loss of HCs. However, we have shown that NT-3
levels in the OC fall immediately to a very low level after
HC loss and remain at this level throughout the >3 month
period over which SGNs die. This implies that NT-3 from
OCSCs is not what maintains SGNs after HC loss.
Nevertheless, it is still possible that trophic support from
the OC, other than NT-3, contributes to maintenance of
SGN survival. This predicts that SGNs with peripheral
axons still extending to the OC will not exhibit evidence of
proapoptotic signaling (e.g., phosphoJun). In contrast,
SGNs with peripheral axons that have already
degenerated post-deafening will be likely to show
proapoptotic signaling and unlikely to show prosurvival
signaling (e.g., phosphoCREB). To determine this, we
must trace individual axons from soma to the OC and
detect phosphoCREB and phosphoJUN in the soma of
each labeled cell. We are therefore fluorescently labeling
small numbers of SGNs so that individual peripheral axons
can be traced, and doing so in a manner that is compatible
with immunofluorescence detection of apoptotic or
intracellular signaling. Our current methods include use of
transgenic mice expressing different fluorescent proteins in
small random sets of neurons (Brainbow or Ngnil-
CreER:Z/EG) and fluorescent lipophilic dye labeling
methods. Although all methods have shown some
promise, most effective is a modification of a fluorescent
dye tracing technique in which the dye is applied to the cut
end of the VIlith nerve near the base of the cochlea. To
ensure that only a small number of fibers are labeled, the
dye is applied from 1 pm coated tungsten particles
inserted into the nerve.

Re-Organisation of the Organ of Corti
Following Hair Cell Loss

Ruth Taylor', Andrew Forge®

'University College London

Most forms of acquired sensorineural hearing loss, as a
result of environmental agents or ageing, occur due to the
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progressive loss of hair cells from the organ of Corti.
Severe cochlear trauma, not only results in the loss of the
majority of sensory cells but also in changes to the non-
sensory cells within the organ of Corti to the extent that a
non-specialised ‘flat’ epithelium replaces extensive regions
of the organ of Corti.

Our study investigates the progression from an organised
organ of Corti to a non-specialised epithelium using an in
vivo mouse model. Immunohistochemistry was used to
examine the characteristics of the cells comprising the
epithelium following extensive damage, in particular
whether remaining cells retain potassium channels and
whether there is alteration in pattern expression of the
connexins (cx26, cx 30). In addition, analysis of gross
structural alterations of the cochlea, using both
transmission and scanning electron microscopy, were
carried out.

Following loss of outer hair cells, Deiters’ cells remain
differentiated for some time. Subsequently, cells from the
Hensen's cell region and outer sulcus migrate towards the
pillar cells. At later stages, in some regions, pillar cells
collapse resulting in a loss of the tunnel of Corti and
ultimately this degeneration leads to a flat epithelium, with
squamous-like epithelial cells replacing the supporting
cells.

Genetic background influences the rate and extent of
reorganisation. CBA/Ca mice retain an organised organ of
Corti even 6 months after trauma. The organ of Corti in
C57BI6 mice progress to a flat epithelium more rapidly
within a 4-6 week period post-treatment. These ‘flat’
epithelial regions are not subject to a base to apex
gradient, but seem to be located sporadically along the
length of the organ of Corti. This correlates closely to the
structural changes observed in human cochleae following
extensive or prolonged trauma.

Role of IL-10 in Inner Ear Inflammation

Secondary to Otitis Media

Sung Moon', Jeong-Im Woo', Huigi Pan', David Lim"?
"House Ear Institute, 2University of Southern California
Recently, we demonstrated that spiral ligament fibrocytes
(SLFs) up-regulate MCP-1/CCL2 upon exposure to NTHI
through TLR2-dependent NF-kB activation. Since the inner
ear is an immune privileged organ, it is believed that there
exists a protective mechanism inhibiting its excessive
inflammation. We hypothesize that IL-10 plays a critical
role in the protection of the inner ear from inflammation
secondary to NTHI-induced OM. IL-10 is a potent anti-
inflammatory cytokine repressing the expression of
inflammatory cytokines. Interestingly, it is known that IL-10
differentially regulates MCP-1/CCL2 expression depending
on the stimulatory state of monocytes, but how IL-10
affects NTHI-induced SLF-derived MCP-1/CCL2
expression remains unclear. In this study, we aim to
determine a role of IL-10 in inner ear inflammation
secondary to NTHI-induced OM. gRT-PCR data showed
that recombinant IL-10 markedly inhibits SLF's NTHI-
induced up-regulation of MCP-1/CCL2 expression.
Accordingly, migration assays showed that recombinant IL-
10 suppresses migration of THP-1 cells in response to the
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conditioned medium of NTHI-exposed SLFs. Furthermore,
luciferase assays using a luciferase-expressing vector with
an enhancer of MCP-1/CCL2 showed that silencing of IL-
10 receptor A in SLFs suppresses the inhibitory effect of
IL-10 on NTHI-induced MCP-1/CCL2 up-regulation. IL-10
deficiency of SLFs did not significantly affect NTHI-induced
MCP-1/CCL2 expression, suggesting a critical contribution
of exogenous IL-10 rather than endogenous IL-10. Our
results provide the first demonstration of the involvement
of IL-10 in inner ear inflammation secondary to NTHI-
induced OM, which may protect the inner ear from
immune-mediated damage due to excessive inflammation.
Further studies are needed to elucidate an inner ear
source of IL-10 as well as a signaling pathway associated.
[Supported in part by NIH grants DC008696 and
DC006276]

SLF-Derived MCP-1/CCL2 Is Involved in
Inner Ear Inflammation Secondary to NTHI-

Induced Otitis Media

Sung Moon', Jeong-Im Woo', Huigi Pan*, David Lim"?
'House Ear Institute, “University of Southern California
Although inner ear inflammation secondary to otitis media
(OM) is not a common complication of OM, it is clinically
important since the incidence of OM is extremely high in
children and even mild hearing loss can affect language
development. Excessive inflammation may lead to
immune-mediate inner ear damage, but the understanding
of its molecular pathogenesis is limited, particularly in the
case of nontypeable H. influenzae (NTHI)-induced OM. In
this study, we aim to elucidate a role of spiral ligament
fiborocyte (SLF)-derived MCP-1/CCL2 in inner ear
inflammation secondary to NTHI-induced OM. We first
showed that THP-1 cells actively migrate and invade to the
extracellular matrix in response to the conditioned medium
of NTHI-exposed SLFs. This migratory activity was
markedly inhibited by the viral chemokine inhibitor and by
the deficiency of MCP-1/CCL2 in SLFs, which suggests
that MCP-1/CCL2 is a main attractant of THP-1 cells
among the SLF-derived molecules. We further
demonstrated that CCR2 deficiency inhibits migration of
monocyte-like cells among the splenocytes in response to
NTHI-induced SLF-derived MCP-1/CCL2. The murine
model showed that transtympanic inoculation of live NTHI
develops inner ear inflammation in 10 out of 14 ears
(71%), which is higher than the control group with
inoculation of saline (25%) (p<0.05). Immunolabeling of
the inner ears with OM-induced inflammation showed up-
regulated expression of MCP-1/CCL2 in the cochlear
lateral wall and limbus, compared to the control group.
Unexpectedly, MCP-1/CCL2 deficiency did not significantly
decrease the incidence of OMe-induced inner ear
inflammation (60%), which suggests a compensatory effect
of other chemokines in vivo. Taken together, we suggest
that NTHI-induced SLF-derived MCP-1/CCL2 contributes
to OM-induced inner ear inflammation, but further studies
are necessary to evaluate an involvement of other SLF-
derived chemokines. [Supported in part by NIH grants
DCO008696 and DC006276]
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Effect of Vestibular Labyrinth
Destruction on Endocochlear Potential and

Potassium Concentration of the Cochlea
Ryoukichi Ikeda', Kazuhiro Nakaya', Muneharu
Yamazaki', Takeshi Oshima', Tetsuaki Kawase®,
Toshimitsu Kobayashi*

'Department of Otolaryngology-Head and Neck Surgery,
Tohoku University Graduate School of Medicine
Background: Since the very earliest attempts at otologic
surgery, it was generally believed that surgical violation of
the bony labyrinth was incompatible with hearing
preservation. Several recent lines of evidence, however,
have challenged this conventional wisdom. Clinical and
experimental reports support the fact that under certain
circumstances partial labyrinthectomy can result in
maintenance of hearing. We have previously reported that
endocochlear potential (EP) was preserved during
extensive destruction of the semicircular canals of the
guinea pig but that vestibulotomy exterminated EP. The
mechanism of the hearing impairment caused by
labyrinthectomy is open to question. High positive EP (80-
90 mV) and high concentration of potassium ([K']: ~150
mM) are essential conditions for excitation of hair cells. We
supposed that the disruption of the membranous labyrinth
caused the electrical leakage and electrolyte imbalance.
The change of the [K'] during labyrinthectomy has never
been reported. So the specific aim of this study was to
examine the change of the cochlear function with recording
of EP and [K"] caused by vestibular labyrinth destruction.
Method: Hartley guinea pigs were divided into 3 groups. 1)
Lateral semicircular canal (LSCC) transection with
suctioning of  perilymph. 2) ampullectomy. 3)
vestibulotomy. The EP and [K'] were monitored using
double-barreled ion-selective microelectrodes in the
second turn of cochlea.

Results: The results obtained in the present study
demonstrate the following: 1) EP = 73.95£7.33 mV (n = 4),
[K'] = 174.08£6.26 mM (n = 4), 2) EP = 80.48+8.17 mV (n
= 4), [K'] = 169.38£6.89 mM (n = 4), 3) EP = 47.63+16.52
mV (n = 4), [K'] = 142.10%£15.28 mM (n = 4).

Conclusion: The results of our experiments demonstrated
that EP showed little to mild change in 1) and 2), however
it declined drastically in 3). The EP did not recover but [K']
recovered considerably even in 3).

The Effect of the Insertion Speed of
Cochlear Implant Electrodes on the Insertion

Forces

Georgios Kontorinis', Gerrit Paasche’, Thomas Lenarz’,
Timo Stoever*

'Otorhinolaryngology Department, Hanover Medical
University

Background: Preservation of residual hearing gains more
and more importance in cochlear implant surgery.
Therefore reduction of the insertion trauma gets crucial.
The forces being produced by the insertion of the cochlear
implant electrode affect the insertion trauma and the
preservation of residual hearing. The effect of the insertion
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speed on the insertion forces has been hypothesized but
not proven yet.

Aim: Our aim was to examine the correlation between the
insertion speed and the insertion forces and to study the
clinical significance of these findings.

Method: Insertion force measurements were performed
while inserting human electrodes in a Teflon scala tympani
model with different speeds. For these measurements an
Instron 5542 Force Measurement System with a 10 N
measurement cell and Nucleus Contour Advance
electrodes were used. Additionally, the insertion speed
was measured through videos, which were taken during
human implantations.

Results: Progressive increase in insertion speeds from
10 mm/min  to 200 mm/min resulted in significant,
proportional increase in the average insertion force from
0.09 N to 0.185 N and in the maximum force from 0.18 N
to 0,42 N, respectively. The insertion speeds being used
by the surgeons were found to range between 36 mm/min
and 168 mm/min with an average of 86 mm/min.
Conclusions: There is a proportional correlation between
insertion speed and insertion forces. High speeds at the
stage of the cochlear implant electrode insertion cause
significant increase of the forces and consequently most
likely additional insertion trauma. Cochlear implant
surgeons should apply low speeds during the insertion so
as insertion trauma and loss of residual hearing could be
reduced.

Systemic Dexamethasone as a Hearing-
Protection Strategy in Experimental Cochlear

Implantation

Stephen O'Leary’, Tim Connelly*, Hayden Eastwood",
Gordana Kel', Elisha Thomas®, Rachael Richardson?
'University of Melbourne, “Bionic Ear Institute

Aim: The delivery of pharmaceuticals to the inner ear at
the time of surgery is emerging as a promising adjunct to
hearing-preservation cochlear implantation. The major
challenge for clinical application is to ensure that adequate
drug is delivered to the cochlea prior to surgery, given the
practical constraints of the operating theatre. Local delivery
of dexamethasone to the round window of the guinea pig
can afford good protection when applied 1-2 hours prior to
implantation, but this approach is likely lengthen clinical
surgery unacceptably. Here we investigate whether
systemic delivery of steroids may be a better alternative,
given that the timing of administration is more flexible.
Methods: After baseline tone-pip auditory brainstem
response (ABR) thresholds were estimated, normal-
hearing guinea pigs received an intravenous injection of
either 0.2 mg/kg or 2 mg/kg dexamethasone or saline
(control) [n=6,5,6]. One hour after the injection, a dummy
cochlear electrode was implanted 2.25 mm into the basal
turn scala tympani, using a soft-surgery approach. ABR
thresholds were estimated one month after surgery.
Results: In saline controls, ABR thresholds in the lower-
(24 and 32 kHz) and upper- (8 and 16 kHz) basal turns
were elevated by more than 22 dB (mean), but hearing in
the second turn (2 kHz) was near normal, consistent with
previous studies (Chang et al, Hear. Res. 255:67-72
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2009). ABR threshold shifts were significantly lower in
steroid-treated animals receiving 2 mg/ kg (ANOVA
p<0.01); protection was observed across the cochlea with
a mean threshold elevation of <10 dB. ABR thresholds did
not differ from control after delivery of the 0.2 mg/kg
dexamethasone dose.

Conclusions: High-dose systemic steroids, similar to those
used clinically, were effective in protecting hearing during
cochlear implantation. Systemic steroids offer greater
flexibility than local methods, in that pre-operative
treatment is possible and long intra-operative waiting times
are avoided.

Cochlear Implant Electrode Array-Eluted
Dexamethasone (DXMb) Conserves Hearing
and Hair Cells in an Animal Model of
Electrode InsertionTrauma Induced-Hearing

and Hair Cell Losses: Mechanisms

Thomas Van De Water', Christine Dinh®, Ralph Abi
Hachem®, Simon Angeli', Fred Telischi*, Thomas

Balkany', Adrien Eshraghi*

'University of Miami Ear Institute

Objective: Determine if polymer-eluted dexamethasone
base (DXMb) conserves hearing against trauma-induced
loss and characterize cell signaling and gene expression in
TNFalpha/DXMb treated cultures.

Methods: An animal model of electrode trauma-induced
loss of auditory function/hair cells and an in vitro model of
inflammatory cytokine-induced apoptosis of hair cells
tested the otoprotective efficacy of biopolymer (SIBS)-
eluted DXMb. Inhibitors and quantification of selected
apoptosis-related genes examined the mechanisms of
DXMb otoprotection. Significance=p<0.05.

Results: DXMb-eluted from SIBS-coated electrode arrays
conserved ABR thresholds in an animal model of cochlear
implantation and protected hair cells within TNFalpha
challenged explants. In vitro studies using inhibitors
demonstrated that activation of NFkB was required for the
otoprotective action of DXMb against TNFalpha ototoxicity.
Gene expression studies identified Bax, Bcl-2, Bcl-xI and
TNFR1 as targets of activated NFkB within DXMb-
treated/TNFalpha  challenged explants.  TNFalpha
exposure up regulates pro-apoptosis genes, e.g. Bax, and
down regulates anti-apoptosis genes, e.g. Bcl-xl, while
treatment of TNFalpha exposed explants with eluted-
DXMb reverses inflammatory cytokine-induced changes in
gene activity causing a down regulation of Bax expression
and an up regulation of both Bcl-2 and Bcl-xI. This results
in a dramatic shift in the Bax/Bcl-2 ratio favoring hair cell
survival within the TNFalpha/DXMb treated explants.

DXMb-treatment also reverses TNFalpha induced
elevation of TNFR1 expression.
Conclusions: Polymer-eluted DXMb  retains its

otoprotective efficacy activating NFkB signaling which
down regulates pro-apoptosis and up regulates anti-
apoptosis related genes. Development of a DXMb-eluting
electrode array has the potential to conserve a patient’s
residual hearing allowing for improved electro acoustic
based stimulation (EAS) of both auditory neurons/nerves
and remaining functional hair cells.
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Protection of Spiral Ganglion Cells in
Vivo After Implantation of Model Electrodes

Coated with BDNF-Producing Cells

Timo Stover', Susanne Sasse’, Verena Scheper’, Kirsten
Wissel', Gentiana I. Wenzel', Thomas Lenarz®, Athanasia
Warnecke®

'Department of Otorhinolaryngology - Head and Neck-
Surgery, Hannover Medical School

Long-term drug delivery to the inner ear may be achieved
by functionalization of cochlear implant electrodes with
cells providing neurotrophic factors to the spiral ganglion
cells (SGC). In a previous study we demonstrated survival
of NIH3T3/BDNF cells on model electrode surfaces and
release of bioactive BDNF in vitro (Sasse et al., 2008). Aim
of the present study was to investigate a potential in vivo
effect of such modified model electrodes on deafened
guinea pigs.

Lentivirally modified NIH3T3 cells producing green
fluorescent protein and brain-derived neurotrophic factor
(BDNF) were seeded on round silicone (silicone elastomer
MED-4234; length: 1 cm; diameter: 4 mm) model
electrodes (ME) at a density of 1,75x10* cells/ME and
allowed to adhere and proliferate for 7 days in 48-well
plates. Cell-coated model electrodes were then implanted
into the left ears of systemically deafened guinea pigs. The
right deafened but untreated ears served as controls.
Animals were sacrificed 30 days after implantation,
electrodes were explanted and cochleae were
histologically evaluated for SGC density. The density of
SGC was 4.12 + 1.07 (mean values * standard error of
mean) in the contralateral untreated side and significantly
increased to 5.85 + 1.07 in the implanted side (p< 0.01).
Our data demonstrated a significantly increased protection
of SGC after ototoxic deafening in the guinea pigs using
cell-coated model electrodes for the delivery of BDNF to
the inner ear.

Inhibition of JNK Pathway Protects Hair
Cells and Prevent Inner Ear Trauma Induced

Hearing Loss

Adrien Eshraghi® Gia Hossein®, Chhavi Gupta®, Mina
Elnemr?, Ralph Abi Hachem?, Fred Telischi*, Thomas
Balkany', Thomas Van De Water"

'University of Miami Miller School of Medicine, “University
of Miami Miller School of Medicine

Background: Inhibition of JNK can prevent hearing loss in
animals exposed to noise trauma and an aminoglycoside.
Material and Methods: In vitro study: Organ of Corti
explants challenged with TNF alpha and treated with
SP600125 10uM. Four groups: 1) control; 2) TNF alpha; 3)
TNF alpha + SP600125; and 4) TNF alpha with 16 hr delay
then SP600125. Explants were fixed and stained with
FITC-phalloidin for HC counts.

In vivo study: One ear had an electrode inserted via the
cochleostomy for 3 mm and then was gently withdrawn. In
experimental groups we performed the same procedure,
but instead of sealing the cochleostomy site, we inserted a
catheter that delivered artificial perilymph (AP) with or
without D-JNKI-1 peptide (AM-111) for 8 days. Hearing
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thresholds were determined using ABRs (0.5, 1, 2 and 16
kHz) pre-surgery, days 0, 3, 7. Animals treated with
DJNKI-1 were tested for 2 m post-EIT. The 4 groups were:
EIT; EIT+ DINKI-1; EIT + AP; contralateral control ears
Results: In vitro study: TNF alpha is ototoxic to explant
HCs. SP600125 immediate treatment protects both HCs
and stereocilliary bundles. SP600125 delayed treatment
(i.e. after 16 hrs) protects HCs, but not stereocilliary
bundles. TNF alpha significantly reduced HC counts
(p<0.001) compared to control values. There was no
significant difference (p>0.05) in HC counts between the
control and both the immediate and delayed SP600125
treatment groups.

In vivo study: An immediate loss of auditory function was
present in all EIT animals; this immediate loss was
lessened by DJINKI-1 treatment but still occurred. There
was a progressive loss of hearing function post-EIT in the
EIT and EIT + AP groups between day 0 and day 7. This
progressive loss of function was significantly reduced
(p<0.001) in the EIT + DJNK-1 treated group.

Conclusion: Treatment with c-Jun N-Terminal Kinase
Inhibitors (e.g. AM-111) prevents HC cell death in vitro and
prevents hearing loss post-EIT in a guinea pig model of
EIT-induced hearing loss.

Delayed Treatment of Tumor Necrosis
Factor Alpha Challenged Organ of Corti
Explants with Dexamethasone Base Prevents

Apoptosis of the Auditory Hair Cells

Ralph Abi Hachem', Christine Dinh*, Sherry Chan®,
Adrien Eshraghi®, Thomas Van De Water"

'University of Miami Ear Institute, University of Miami,
Miller School of Medicine

HYPOTHESIS: Delayed treatment of organ of Corti
explants exposed to ototoxic levels of TNFa with
dexamethasone base (DXMb) prevents auditory hair cells
loss.

BACKROUND: Previous studies have shown that TNFa
plays a significant role in multiple causes of sensorineural
hearing loss, e.g. sound trauma. Immediate DXMb
treatment of organ of Corti explants challenged with an
ototoxic level of TNFa prevents apoptosis of the hair cells.
METHODS: P-3 rat organ of Corti explants were cultured
for a total of 4 days in vitro. Two pg/ml of TNFa was added
at 0 hr, and 70pg/ml of DXMb was added at one of 5
different time points. The experimental groups were: 1)
untreated control; 2) TNFa; 3) TNFoa + DXMb at 0 hr; 4)
TNFo + DXMb at 6 hrs; 5) TNFa + DXMb at 12 hrs; 6)
TNFo + DXMb at 18 hrs; and 7) TNFa + DXMb at 24 hrs.
Explants were fixed and stained with FITC-phalloidin, and
then inner (IHC) and outer hair cells (OHC) were counted
per 415 um of explant basilar membrane from the basal
turns with total hair cell (HC) counts derived from this data.
RESULTS: Control group total HCs averaged 317.8
+4.4/415um while the TNFa group total HC count
averaged 25.05 +11.13. The TNFa + DXMb cultures at 0
hr and 6 hrs total HC counts averaged 319.1 +6.3 and
320.8 +2.86, respectively. The TNFa groups that were
treated with DXMb after 12, 18 and 24 hrs of culture had a
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total HC counts that averaged 74.3 + 27; 56.1 +5.5 and
40.5 +15.9, respectively. There were no statistical
differences (p>.05) between control HC counts and the HC
counts of both the 0 hr and 6 hrs DXMb treatment groups.
The differences between the TNFa challenged cultures
and both the control and the two DXMb at O hr and 6 hrs
treatment groups were highly significant (p<.001). The
differences in the HC counts between DXMb at O hr and 6
hrs treatment groups were not significant (p>.05). The
differences between DXMb at O hr or 6 hrs treated cultures
and the DXMb explants treated at 12, 18, and 24 hrs were
highly significant (p<.001).

CONCLUSION: DXMb treatment prevents auditory hair
cell loss for up to 6 hrs following exposure to an ototoxic
level of TNFa. The present in vitro findings suggest that
DXMb can be used as an otoprotective therapy against
TNFa ototoxicity within a 6 hr therapeutic window.
(Supported by a grant from MED-EL, Innsbruck, Austria)

Improvement in Acoustic Thresholds
Following Administration of a

Phosphodiesterase (PDE) Inhibitor in Mice
Janet Fitzakerley', Nina Holz!, George Trachte®
'University of Minnesota Medical School

Both the guanylyl cyclases necessary for cyclic guanosine
monophosphate (cGMP) production and the activators of
those guanylyl cyclases (nitric oxide and natriuretic
peptides) are present in the cochlea, suggesting that
cGMP concentrations influence auditory transduction.
Recent studies in our laboratory have established a
correlation  between  decreased cochlear cGMP
concentrations and age-related hearing loss. Furthermore,
mice deficient in natriuretic peptide A receptors (which
generate cGMP) are more likely to be deaf than wild-type
mice, while natriuretic peptide C receptor mutants (which
presumably have higher levels of natriuretic peptides) are
protected against hearing loss. These results support the
hypothesis that manipulation of cochlear cGMP
concentrations alters cochlear sensitivity. cGMP is
degraded by phosphodiesterases (PDESs); inhibition of
PDE raises cGMP concentrations. In this study, two doses
of zaprinast, a moderately selective PDE5 inhibitor, were
administered and auditory brain stem response (ABR)
thresholds.

Data were obtained from adult CBA/J and BALB/C mice
that ranged from 50 to 460 days of age. 12 kHz thresholds
were determined at 5 minute intervals, with three initial
recordings (15 minutes) being used to establish a baseline.
The diluent (DMSO) was then injected, and recordings
made for an additional 15 minutes. 20 ng/kg zaprinast (a
dose that does not modify blood pressure) was
administered, and thresholds monitored for 1 hour or until
they returned to control levels. A 40 ng/kg dose of
zaprinast was then delivered, and thresholds measured for
1 hour or until the animal died.

Administration of a low dose of zaprinast resulted in a 10-
15 dB decrease in thresholds, which was maximal
approximately 30-45 minutes after administration.
Thresholds returned to control levels within 110 minutes.
A higher dose caused a larger initial improvement in
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threshold, followed by an increase in thresholds as the
systemic vasodilation compromised cochlear function (the
higher dose was fatal). The improvement in thresholds
induced by zaprinast was dependent upon the thresholds
of the animal. No significant improvement was observed in
animals with normal hearing or profound hearing losses.
The largest changes in thresholds were observed in
animals with mild to moderate hearing loss.

These results support the idea that modest improvements
in cochlear cGMP concentrations improve hearing, while
higher levels produce inner ear damage. These
experiments provide additional evidence that cGMP, and
the control systems that regulate its concentration, are
important modulators of inner ear function.

Constitutively Active Forms of Mouse
Hsf1: A Potential Model for Protecting the

Cochlea

Margaret Lomax', Nancy Bachman'?, Tzy-Wen Gong’,
Catherine Martin', David Kohrman®

1Universit2y of Michigan, Kresge Hearing Research
Institute, “SUNY Oneonta

Heat shock transcription factor 1 (HSF1) controls the
protective heat shock or stress response. Many stressors
can activate HSF1, leading to trimerization, DNA binding,
and induction of genes for heat shock proteins (HSPs),
including Hsp70.1, Hsp70.3, and Hsp 25. Several studies
have demonstrated that activation of HSF1 by noise or
heat protects the cochlea, that Hsf1 KO mice are more
sensitive to noise, and that transgenic mice expressing a
constitutively active form of HSF1 are resistant to stress.
The 503 amino acid HSF1 monomer is inactive because of
intramolecular folding via the Negative Regulatory Region
(NRR). Removal of NRR leads to a constitutively active
form that trimerizes in the absence of heat. To develop a
transgenic mouse model that expresses an epitope-
tagged, constitutively active form of HSF1 in the cochlea,
we first generated a series of mouse HSF1 constructs in
pcDNA3.1 (CMV promoter) in which the NRR is deleted.
Two additional aspects of HSF1 structure and function
were considered in these studies. First, mammalian HSF1
exists in two isoforms. The longer mouse HSF1la isoform
differs from the B isoform by an additional 22 amino acids
following amino acid 407. The mRNAs for the two isoforms
arise by alternative splicing. Second, there is little data on
the effects of epitope tags on HSF1 transcriptional activity.
We therefore compared N- and C-tagged versions of both
isoforms by transient transfection experiments in a mouse
cell culture model (NIH 3T3 cells). On Western blots, we
detected all HSF1 constructs with anti-HSF1 antibodies,
but only the FLAG®tagged forms with anti-
FLAG®antibodies. Both the un-tagged and the N-FLAG®-
tagged Hsfla deletion constructs activated HSP70.1
expression >10-fold in the absence of heat shock. A C-
terminal FLAG® version of Hsfla showed only 2-fold HSP
activation. The series of Hsf1p deletion constructs showed
fairly low levels of activation. Supported by NIH P01
AG025154.
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Pharmacological Protection Against
Endolymphatic Hydrops-Linked Hearing Loss

in the Phex Mutant Mouse

Sami Melki', Chris Heddon®, Alexander Levitt', Jonathan
Frankel', Ralph O'Brien?, Kumar Alagramam®, Cliff
Megerian®*

'Otolaryngology - Head & Neck Surgery, University
Hospitals Case Medical Center, CWRU, *Statistical
Science Core, Center for Clinical Investigation, CWRU
N-methyl D-aspartate (NMDA) receptor mediated
glutamate excitotoxic injury has been implicated as a factor
in type | spiral ganglion neuron loss observed with
endolymphatic hydrops (ELH)-linked hearing loss. With
excitotoxic damage, reactive oxygen species are produced
resulting in cellular stress and, eventually, apoptosis. Here
we test riluzole, a glutamate release inhibitor, and
dimethylsulfoxide (DMSO), an anti-inflammatory and anti-
oxidant solvent, to protect against hearing loss in a mouse
model that spontaneously develops ELH and hearing loss
post-natally. This mouse model carries a mutation in the
Phex gene that causes bone remodeling defects and inner
ear disease, which mirrors the ELH-linked hearing loss
observed in the guinea pig model of Méniére’'s disease
(MD). Starting at postnatal day 6 (P6), daily intra-peritoneal
(IP) injections of riluzole+DMSO in phosphate buffered
saline (PBS) vehicle or DMSO alone in PBS were
administered to the mutant mice. At P21, 25, and 30,
hearing function was assessed by recording auditory
brainstem responses (ABRs). Because the hearing loss is
asymmetrical and fluctuant in this mouse model, a
cochlear function index (CFI) was developed to assess
global cochlear function at each ABR time point. A
statistically significant hearing protection for DMSO (p <
0.05) was observed. Riluzole+DMSO did not show greater
protection than DMSO alone. The results demonstrate
that DMSO has a protective effect in ELH-linked hearing
loss.

Transplantation of Neural Differentiated
Human Mesenchymal Stem Cells(HMSCs)
Into the Cochlea of an Auditory-Neuropathy

Guinea Pig Model

Hyong-Ho Cho', Yong-Bum Cho®

'Chonnam National University Medical School

Objective: Application of ouabain to the round window
membrane of the guinea pig selectively induces the death
of most spiral ganglion neurons and thus provides an
excellent auditory neuropathy model for stem cell
research. The purpose of this study was to investigate the
effects of transplanted neural differentiated human MSCs
(hMSCs) in the auditory neuropathy guinea pig model.
Methods:In this study, hMSCs were pretreated with a
neural-induction protocol and transplanted into the scala
tympani of the guinea pig cochlea 7 days after ouabain
injury. Control model was made by transplantation of
HBSS into the scala tympani of the guinea pig cochlea 7
days after ouabain injury. We established the auditory
neuropathy guinea pig model using 1mM ouabain by
application to the round window niche. After
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transplantation of neural differentiated hMSCs, histologic
analysis and functional analysis using ABR were
performed.

Results:After application of ouabain to the round window
niche, degeneration of most spiral ganglion neurons
(SGNs) without hair cell losses within the organ of Corti
and increasing of ABR threshold were found. After
transplantation of neural differentiated hMSCs, SGNs were
increased and which were stained by human nuclear
antibody under a confocal laser scanning microscopy. ABR
results showed mild hearing recovery after transplantation.
Conclusions:These findings suggest that it may be
possible to replace degenerated SGNs by grafting stem
cells into the scala tympani.

Geranylgeranylacetone Ameliorates
Acute Cochlear Damage by 3-Nitropropionic
Acid

Young Ho Kim', Jae-Jin Songz, Kyung Tae Park®, Jun Ho
Lee®, Seung Ha Oh®, Sun O. Chang®

'Boramae Hospital, Seoul National University, Seoul
National University Bundang Hospital, *Seoul National
University College of Medicine

3-Nitropropionic acid (3-NP) induces hearing loss by
impairing mitochondrial energy generation.
Geranylgeranylacetone (GGA) is known to protect the
cochlea from various injuries. The present study was
designed to investigate the protective effect of GGA
against acute 3-NP-induced cochlear damage. Female
Hartley guinea pigs were divided into 4 groups. In group A,
the 3-NP vehicle was injected, and in group C, only GGA
was administered. 3-NP (500 mM, 4 pl) was administered
with (group D) or without (group B) GGA pretreatment (800
mg/kg, 7 days). The auditory brainstem response (ABR)
was recorded at click and at 8, 16, and 32 kHz before and
after injection. After cochlear harvest, hematoxylin/eosin
staining and immunohistochemistry for anti-HSP70
antibody were done.

3-NP exposure resulted in elevated ABR thresholds that
exceeded the maximum recording limit, while GGA
pretreatment before 3-NP exposure led to a significant
decrease in hearing threshold shift. Histological analysis of
above former group revealed loss of type Il fibrocytes in
the spiral ligament, hair cells in the organ of Corti, stellate
fibrocytes in the spiral limbus, and spiral ganglion cells,
while in above latter group, these cells were preserved.
The injection of 3-NP vehicle revealed weak HSP70
expression in the nuclei of some supporting cells (pillar
cells, Deiters’ cells, and Hensen’'s cells) and interdental
cells. Administration of only GGA showed strong HSP70
expression in the same area as in 3-NP vehicle group,
while GGA pretreatment before 3-NP exposure
demonstrated slightly decreased HSP70 expression in that
area. These results suggest that GGA may protect 3-NP-
induced acute cochlear injury by the up-regulation of
HSP70.
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The Effect of Intracochlear Electrical
Stimulation on Intracellular Apoptosis
Signaling in Spiral Ganglion Neurons After

Deafening in Vivo

Jonathan Kopelovich', Alain Cagaanan?®, Steven H.
Green™?

'University of lowa Department of Otolaryngology Head
and Neck Surgery, 2University of lowa Department of
Biology

Objective: Our goal is to establish the intracellular
consequences of electrical stimulation (ES) to spiral
ganglion neurons (SGNSs) after deafferentation. SGNs die
as a result of loss of hair cells, their sole afferent input.
Some histologic animal studies of chronic electrical
stimulation (ES) after deafening show that ES alone may
improve SGN survival. This finding, however, is
controversial. Here we use a rat model to determine the
acute effect of both low and high pulse rate electrical
stimulation on activation of the apoptotic pathway protein,
Jun, in deafferented SGNs in vivo.

Methods: A single electrode was implanted through the
round window of one month-old kanamycin-deafened rats
for four hours of ES (monopolar, biphasic pulses,
amplitude twice eABR threshold) at either 100 or 5000 Hz.
c-Fos, a nuclear marker of neuronal activity, was used to
localize the effect of ES within the cochlea. Jun
phosphorylation (pJun), a proapoptotic signaling event
known to be present in apoptotic SGNs after deafening,
was assayed by immunofluorescence to quantitatively
assess the effect of ES on proapoptotic signaling.

Results: No c-Fos immunofluorescence was detected in
control deafened and hearing cochleae. cFos
immunofluorescence was limited to SGNs in the basal
region of electrically stimulated cochleae. Jun
phosphorylation was reliably suppressed by 100 Hz ES in
deafened cochleae. This effect was less robust after 5000
Hz ES.

Conclusions: Suppression of pJun occurs in deafferented
SGNs after only four hours of ES. This finding supports the
hypothesis that ES alone may provide sufficient trophic
support to SGNs to decrease cell death after
deafferentation. Furthermore these effects appear to be
spatially limited to the SGNs most adjacent to the
stimulating electrode. Stimulation frequency may be
consequential: 100 Hz ES was significantly more effective
than 5 kHz ES in suppressing pJun.

Enhanced Inner Ear lon Homeostasis
Gene Expression with Intratympanic Steroid

Delivery

Frances Hausman', Beth Kempton®, Carol MacArthur,
Dennis Trune'

'Oregon Health & Science University

Intratympanic delivery of glucocorticoids for hearing loss
has been reported to improve the likelihood of hearing
recovery compared to systemic delivery, presumably by
increasing the amount of drug reaching the inner ear.
Furthermore, although glucocorticoids are proposed to be
acting by immunosuppression, they also have a significant
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effect on the mineralocorticoid receptor and may be
enhancing ion homeostasis in the cochlea as well to
restore hearing. Clarifying these issues is critical if
effective therapies are to be developed for the various
forms of hearing loss. This study was conducted to better
assess the role of steroids on inner ear ion homeostasis
and compare the efficacy of systemic versus intratympanic
delivery. BALB/c mice were given the glucocorticoid
prednisolone (10 mg/kg) or the mineralocorticoid
aldosterone (30 pg/kg). Each steroid was delivered by oral
gavage (0.2 ml) or transtympanically (5.0 pl). Inner ear
tissues were collected at 1, 6, or 24 hours and prepared for
quantitative RT-PCR of several ion homeostasis genes (K"
channels, Na",K*-ATPase, gap junction connexin 26, tight
junction claudin 3, epithelial sodium channel, and
aquaporins 1 and 4. Analyses showed that both steroid
delivery methods had an impact on gene expression, with
the largest effect on Na',K'-ATPase, connexin 26, and
aquaporin 1. Furthermore, intratympanic delivery had a
greater impact on gene expression than systemic delivery,
particularly at 6 hours. Intratympanic prednisolone caused
double the gene expression of aquaporin 1 at 6 hours
compared to oral delivery, while intratympanic aldosterone
induced nearly double the expression of Na',K'-ATPase
compared to oral. Thus, intratympanic delivery of steroids
may indeed have a greater impact on cochlear genes than
oral delivery. This study also establishes a valid gene
assessment model system in which to compare the
delivery and impact of steroids on the inner ear.

[Research supported by NIH-NIDCD R01 DC005593]

Sjogren’s Syndrome Histopathology in
the Human Inner Ear

Ivan A. Lopez', Gail Ishiyama®, Akira Ishiyama®

'UCLA, School of Medicine

Sjogren’s syndrome (SS) is a chronic autoimmune disease
characterized by chronic inflammation involving exocrine
glands, primarily affecting the salivary and lachrymal
glands. Histologically, SS is characterized by a
lymphocytic infiltration of the affected gland. In one clinical
study, approximately one-fourth of the SS patients
presented with sensorineural hearing loss of cochlear
origin (Ziavra et al. 2000). There are no temporal bone
histopathology studies on subjects with a history of SS. We
describe the histopathology of the inner ear of two patients
diagnosed with SS. In patient 1 (55 yo female), there was
a severe loss of intermediate cells of the stria vascularis
bilaterally, and basement membrane (BM) thickening
under the strial marginal cells, with relatively well-
preserved fibrocytes in the spiral ligament (SL). There was
collapse of Reissner's membrane and loss of hair cells. In
the vestibule, the cristae epithelium was atrophied with BM
thickening; the utricle is relatively well preserved. Patient 2
(65 yo female) showed a similar morphology as patient 1,
however, there was pronounced loss of fibrocytes in the
SL. The cristae and utricle in the vestibule were well
preserved. Using immunohistochemistry, 1gG deposition
was detected in the strial BM blood vessels in the cochlea
of both patients. This is consistent with a prior study
demonstrating an association of SNHL of SS with
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anticardiolipin antibodies (Tumiati et al. 1997). The
pathological changes in the inner ear of these two patients
with SS parallels those found in the MRL/Ipr (Ruckenstein
et al. 1999) mouse models of autoimmunity: i.e.
degeneration of strial intermediate cells, and IgG
deposition on the BM of strial blood vessels, suggestive of
a similar pathology. These results also highlight the
importance of correlating the histopathology of available
archival temporal bones with animal models to understand
inner ear disease.

Supported by NIH/NIDCD grants DC005028; 5U24
DCO008635; DC05187

The Vestibular Arch: Its Anatomy,
Development, Physiology and Pathology as
Pathways Towards an Understanding of
Méniére’s Disease

Sava Soucek'?, Leslie Michaels'?

'UCL Ear Institute, 2St. Mary's Hospital, London,
3Department of Cellular Pathology, University College
London

We review here studies which may provide a basis for
research into the origin of Méniére’s disease.

The vestibular arch is a thin bony shell which is wrapped
closely around most of the endolymphatic duct. The arch is
made up of the inner layer of vestibular aqueduct and its
vestibular extension. Within the vestibule it is bordered
medially by the cochlear part of the otic capsule. The
utricle and saccule lie on its lateral and anterior vestibular
borders respectively .

It develops in membrane from the external perichondral
layer of the primordial otic capsule to become by 8 weeks
a prominent, very vascular, connective tissue sheet around
the endolymphatic duct. It later ossifies to lamellar bone
containing numerous Volkmann’s canals. Commencing at
about one year, an intricate network of microcanals grows
from the latter and reaches close to the endolymphatic
duct.

Large numbers of osteoblasts line the walls of the whole
canal system in the mature arch. These cells show
evidence, in moderate numbers, of apoptotic cell death. It
seems possible that this process contributes to the
normally high level of potassium ions in the endolymph,
providing the correct electrolytic ambience necessary for
the sensory processes of audition and balance.

The most striking pathologic change in the arch in
Méniére’s disease is a severe loss of osteoblasts. This is
probably the result of massive apoptosis, since numerous
apoptotic bodies can usually be seen in that disease in the
canals of the arch. Denudation of osteoblasts from the
canals in the arch produces a decayed appearance among
them. It is possible that attacks of excessively high levels
of potassium in the endolymph, resulting from such
marked cell death in the arch, could cause the severe
endolymphatic hydrops characteristic of Méniére’s
disease.
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Deregulation of PDGFR Signaling in
Vestibular Schwannomas

Carrie Maiorana-Brown', Zana Ahmad®, Akira Noda?,
Weg Ongkeko®, Allen F. Ryan™?, Joni Doherty*?
'University of California, San Diego, “San Diego VA
Medical Center

Both sporadic and Neurofiboromatosis 2 (NF2)-related
vestibular schwannomas (VS) arise from mutations in the
NF2 gene, encoding merlin (schwannomin). While loss of
functional merlin is presumed to initiate schwannoma
development, the mechanisms underlying tumorigenesis
remain to be elucidated. Upregulation of several receptor
tyrosine kinases (RTKs) have been reported, including
platelet-derived  growth  factor beta (PDGFRR).
Upregulation of PDGFR[ has also been reported in merlin-
deficient mouse Schwann cells (SC), sporadic and NF2-
related human VS specimens and an NF2-related
schwannoma-derived cell line, HEI193. Research in both
HEI193 and primary NF2-associated VS cultures has
shown decreased cell proliferation in response to PDGFR
small molecule inhibitors. Despite the abundant data
establishing the upregulation of various growth factor
receptors, evidence demonstrating which intracellular
signaling pathways mitigate their tumorigenic effects is
lacking. The mitogen-activated protein kinase (MAPK) and
phosphoinositide-3-kinase (PI3K)/Akt intracellular signaling
pathways have both been implicated.

The few studies evaluating PDGFRB expression in VS
have had small study numbers. We have collected a tumor
bank of greater than twenty VS specimens, in which we
have found downregulation of PDGFR at the mRNA level
and upregulation of the PDGFR[ protein compared to
normal human nerve specimens. Additionally, increased
expression of activated (phosphorylated) downstream
effectors in the MAPK and PI3K signaling pathways, Akt
and Erk1/2, was evident. To further elucidate the early
effects of merlin deficiency, we utilized our in vitro model of
early VS tumorigenesis. After siRNA knockdown of merlin
in cultured human SC, we found upregulation of PDGFR},
phosphorylated and total Akt and Erk1/2. We propose that
deregulation of PDGFRB expression and resultant
downstream mitogenic signaling pathways are the result of
merlin deficiency, and contribute to VS tumorigenesis.

Cochlea Spiral Ganglion Cells
Degeneration and Hearing Loss as a
Consequence of Schwann Cells Death in the

Saposin B KO Mice

OmarlAkiI1, Ying Sun?, Gregory Grabowski?, Laurence R.
Lustig

!Department of Otolaryngology-HNS, University of
Califonia San Francisco, “Division of Human Genetics,
Cincinnati Childen's Hospital Medical Center

Saposin B derives from the multi-functional precursor,
prosaposin, and functions as an activity enhancer for
several glycosphingolipid hydrolases. To understand the in
vivo functions of saposin B, mice were generated by
introducing a point mutation into the saposin B domain of
the prosaposin gene. This mutation disrupted a conserved
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disulfide bond that led to an unstable and undetectable
saposin B protein, but preserved prosaposin, and saposin
A, C and D processing and function (Sun et al 2008).
Saposin B KO mice exhibit slowly progressive neuromotor
deterioration and minor head tremor (Sun et al 2008).

The aim of this study is to investigate these KO mice in
order to determine the biological function of saposin B in
the cochlea and its effect on the hearing.

To gain better understanding of the effect of such a
mutation on the hearing and the anatomy of the cochlea,
the hearing in these KO mice was tested using standard
ABR threshold analysis and the histology of the cochlea
was analyzed at light and electron microscopy levels at
different ages. Data on these mice at P21 and P60 shows
that the KO has normal hearing and cochlea histology
(normal organ of Corti, hair cell and spiral ganglion (SG)
cell counts) when compared to wild-type (WT) littermates.
However at 8 month the saposin B KO mice exhibited a
statistically significant increase in ABR thresholds for each
of the four sound stimuli (Click, 8, 16 and 32 KHz), when
compared with the ABR threshold of the WT littermates. In
contrast to what is typically seen, whereby hair cells death
is followed by SG degeneration (eg Hurley et al 2007), in
the Saposin B KO cochlea the organ of Corti appears
normal with normal numbers of outer and inner hair cells
but this mice show SG degeneration primarily. At the light
and the electron microscopy levels there is degeneration of
Schwann cells in association with SG neuronal
degeneration. This degeneration is progressive with
increased SG loss at 15 months. Interestingly at the EM
level the SG myelin sheaths are reduced and sometimes
absent in the KO when compared to wild type littermates.
These data suggest that in the auditory system, Saposin B
is important for maintaining normal Schwann cells function
through normal myelin production, while absence of
saposin B leads to loss of hearing through degeneration of
spiral ganglion neurons.

Parkin Deficiency Causes Progressive

Hearing Loss in Mice

Kiyomi Hamaguchi', Norio Yamamoto®, Ryusuke Hori’,
Takayuki Nakagawa®, Juichi Ito*

'Department of Otolaryngology, Head and Neck Surgery,
Graduate School of Medicine, Kyoto University

Parkinson's disease (PD) is the second most common
neurodegenerative disorder among elderly people. PD is
characterized by muscle rigidity, tremor and a slowing of
physical movement. PD is defined as one of
"synucleinopathy”, which is due to the accumulation of
alpha synuclein (SNCA) and causes neuronal cell death.
Most PD is sporadic, but 5-10% of PD cases are familial
and presumably hereditary forms. In recent years, some
specific genetic mutations causing PD have been
discovered. One of these genes includes Parkin, encoding
an ubiquitin-protein ligase that causes autosomal
recessive juvenile parkinsonism in human. In Drosophila,
parkin null mutants show decreased adult lifespan,
apoptotic muscle degeneration and male sterility, but no
neuronal phenotypes have been observed in Parkin
deficient mice.Since sensorineuronal hearing loss can be
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caused by neuronal cell death, we assumed that Parkin
deficiency might cause hearing less. To confirm this, first,
we performed auditory brainstem responses (ABRS) in
parkin null mice (KO) and wild type mice (WT) at various
ages, 4, 8 and 12-months-old. The results showed that the
hearing loss progresses faster in KO. Next, we
investigated the hearing of KO and their littermate by
ABRs. KO showed significant hearing loss at their age of 2
and 3 months old, compared with WT and hetero mice.
Their inner ears were collected in 3 months old and
immunohistochemistry was performed in frozen sections.
Immunohistochemistry showed that phosphorylated SNCA
was expressed more intensely in KO than in WT and
hetero mice at the spiral ganglion of apical turn. These
findings indicate that the accumulation of alpha synuclein
in spiral ganglion cells causes neuronal cell death and
progresses hearing loss faster in parkin null mice.
Progressive hearing loss is the first confirmed neuronal
phenotype in Parkin null mouse.

Histogenesis of Otosclerosis and Its
Relation to the Osteogenic Activity of the

Fissula Ante Fenestram

Leslie Michaels™?, Sava Soucek™®, Fred H. Linthicum Jr.*
'University College London Ear Institute, 2University
College London Department of Cellular Pathology,
®lmperial College Healthcare NHS Trust, St Mary's
Hospital, London, “House Ear Institute, Los Angeles

We have suggested that the fissula ante fenestram
mediates the formation of new bone throughout life (Acta
Oto-laryngol in press). The purpose of this study was to
examine the histogenesis of otosclerosis and its possible
relation to the osteogenic activity of the fissula.

We analyzed the mode of normal bone and canal
formation in the fissula of 18 temporal bones from 14
patients aged between birth and 58 years. We also studied
the histologic make-up of the lesions of clinical
otosclerosis, in the light of otic capsule development, in 11
bones from 10 patients.

In the normal mature fissula, all three elements of the
middle layer of the otic capsule — chondro-osseous canals,
Volkmann’s canals and lamellar bone — seem to arise
continuously from mesenchymal cells, possibly by
“appositional transformation” of each element at its fissular
end.

The lesions of clinical otosclerosis are, like the external,
periosteal layer of the otic capsule, formed of but two
elements (although usually more active-appearing than the
normal tissue): (a) primary, secondary or even smaller
Volkmann'’s canals, all with marked osteoblastic activity in
their walls, and (b) lamellar bone. In many cases the
otosclerosis originates in the region of the fissula, and in
some, appears to have obliterated it, but in no case have
we yet seen direct origin, like that of the three-element
middle layer otic capsule bone, from the fissula.

“Histologic otosclerosis” is a lesion of doubtful pathologic
validity. In some cases there is a well-differentiated focus
composed of normal Volkmann's canals and lamellar
bone, anterior to, but not in contact with, the fissula. This
may be normal tissue originating from periosteal
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mesenchyme on the external (middle ear) surface of the
otic capsule.

Otosclerosis may thus be a focal, hyperplastic replication
of normal otic capsule tissue (hamartoma). Relationship to
fissular osteochondrogenic activity is still not defined.

The Skylab Mutation in Danio Rerio

Affects Hair-Cell Function

Rachel Clemens Grisham', Katie Kindt*, Josef Trapani®,
Teresa Nicolson®

'OHSU

Zebrafish homozygous for the skylab mutation are
insensitive to vibrational stimuli and unable to maintain
balance. A closer look at the hair cells (HCs) in skylab
mutants revealed that although they develop into
morphologically normal HCs, some cell death was
apparent at later larval stages. At 5 dpf, an average of 6
HCs remained in each neuromast compared to an average
of 10 HCs in WT. DIC and EM images of mutant skylab
HCs at 5 dpf revealed blebs that extrude from the apical
surface adjacent to the ciliary bundles, which could be an
early indication of apoptosis or that the cell surface has
been disrupted. Visible spaces between the basal end of
HCs and the support cells also developed as soon as 3dpf.
At this early larval stage, calcium imaging demonstrated
that stimulation of lateral line HCs in skylab mutants
exhibited an 80% reduction in calcium flux compared to
siblings. Additionally, no microphonics were detected in
skylab mutants. We propose that the skylab mutation,
while not important for early development, could be
important for the maintenance of HC homeostasis. The
skylab phenotype, however, could also be due to a defect
in cell surface integrity. Investigations are underway to
identify the mutation, and determine whether defective
cellular homeostasis or cell surface integrity is the cause of
the HC phenotype in skylab mutants.

Deficiency of the Ribosomal Protein L38
(RpL38) Causes Hearing Impairment in the

Tail-Short (ITs) Mouse

Harold Neely', Barden B. Stagner?, Glen K. Martin?,
Konrad Noben-Trauth®

'NIH/NIDCD, 2.]erry Pettis Memorial Veterans Medical
Center

Hereditary and acquired hearing loss are among the most
common forms of sensory impairment. Anatomy and
physiology of the inner ear has been highly conserved
during mammalian evolution making the mouse an ideal
model to dissect molecular components and pathways
relevant for normal and pathological function. An auditory-
evoked brainstem response (ABR) screen of inbred mouse
strains at The Jackson Laboratory identified a significant
hearing impairment in Tail-short (TsJ/LeJ-Ts/+) mice.
Homozygous (Ts/Ts) mutants are embryonic lethal at three
days of gestation and heterozygotes undergo a transient
fetal anemia followed by growth retardation, skeletal
anomalies and occasional perinatal lethality.

To further examine the hearing impairment, we performed
distortion-product  otoacoustic  emission  (DPOAE)
measurements. DPOAE amplitudes in Ts mutants were
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significantly reduced at four weeks of age.
Morphologically, the Ts cochlea presents with a bony
overgrowth extending from the round window to the apex.
In addition, deposition of mineral crystals that originate in
the round window and extend to the middle ear coincides
with abnormal ossification of the temporal bone. Both neo-
ossification and crystal deposition are strongly associated
with decreased DPOAEs.

To identify the underlying genetic defect, we positionally
cloned the Ts locus. Genetic fine-mapping followed by
molecular analyses demonstrated a 18 kb deletion
comprising the entire ribosomal protein L38 gene (Rpl38).
Immuno-localization of Rpl38 in inner ear tissues showed
strong expression associated with the presence of red
blood cells in the bony and membranous labyrinth. The
data point towards a physiological link between Rpl38
function and mineralization in the inner ear.

Structure-Function Analysis of Grxcr1,
the Gene Affected in the Mouse Deafness

Mutant Pirouette

Matthew Avenarius™? Kristina Hunker", David Kohrman®?
'Department of Otolaryngology/Kresge Hearing Research
Institute, 2Department of Human Genetics, University of
Michigan Medical School, Ann Arbor

The mouse mutant pirouette (pi) exhibits profound hearing
loss and circling/head shaking behaviors inherited as
recessive traits. Previous studies have demonstrated
abnormally thin stereocilia during sensory cell maturation
in the inner ears of pi/pi mice. We have identified pi
mutations in the novel gene Grxcrl, which encodes a
protein localized to stereocilia. GRXCR1 contains two
recognizable domains: a central region of similarity to
glutaredoxins, enzymes that reduce oxidized cysteines on
cellular proteins; and a putative zinc finger in the C-
terminus. These domains exhibit evolutionary conservation
in likely Grxcrl homologs in other vertebrates and in fly,
worm, and plants. We have generated a variety of deletion
and amino acid substitution mutations in GFP-tagged
versions of the gene. Earlier studies indicated that the
divergent N-terminus of GRXCR1 is necessary and
sufficient for localization of the protein to actin filament-rich
microvilli in transfected epithelial cells. We are currently
evaluating the impact of these mutations on: the ability of
the protein to localize to other actin filament-rich structures
in cultured cells and in inner ear explant cultures; activities
of the protein that impact actin filament-rich structures; and
protein-protein interactions.

Supported by NIH-NIDCD grants P30-DC05188 and RO1-
DC03049.

BLEV-1: A Transgenic Mouse Model for

BDNF Live Exon Viewing

Wibke Singer', Rama Panford-Walsh*, Hyun-Soon
Geisler', Eleonora Passeri*, Marlies Knipper"

'ENT Clinic Tubingen

In various studies we showed an altered brain-derived
neurotrophic factor (BDNF) expression in spiral ganglion
neurons in aging animals (Ruttiger et al. Knipper, 2007),
after acoustic trauma (Tan et al. Knipper, 2007) and after
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salicylate application (Panford-Walsh et al. Knipper, 2008;
Singer et al. Knipper, 2008). BDNF plays a crucial role for
activity-dependent plasticity, alteration of synaptic efficacy
and the balance of inhibition and excitation. Deletion of the
receptor of BDNF leads to progressive hearing loss
(Schimmang et al. Knipper, 2003) after salicylate
treatment.

The activity dependent usage of BDNF is due to its
characteristic gene structure. The BDNF gene consists of
a common protein-encoding exon (IX), which can be
spliced to any of the eight non-coding upstream exons (I-
VIII), resulting in different BDNF transcripts but only in one
protein (Timmusk et al., 1993; Aid et al., 2007). Each of the
eight upstream exons has a putative promoter on its 5'-
flanking region, the activation of which is controlled by
activity-dependent molecular components of calcium-
dependent signaling cascades. The different exons are
not, however, expressed ubiquitously. In the cochlea only
BDNF exon IV, VI and IX are expressed.

To get a better insight into the mechanism of a trauma
induced differential usage of BDNF exon IV and VI in the
auditory system; we generated a transgenic mouse model,
which was designed to label the activity-dependent
differential usage of BDNF exon IV and VI in vivo by
different fluorescence proteins.

Supported by the Tinnitus Research Initiative, the Marie
Curie Research Training Network CavNET MRTN-CT-
2006-035367, the Deutsche Forschungsgemeinschatft,
grant DFG-Kni-316-4-1.

Auditory Function and Sensitivity in

Chromosome 7 Disorders

Jeffrey A. Marler’, Carolyn B. Mervis?, Doris J. Kistler?,
Frederic L. Wightman?, Zsolt Urban®

The Ohio State University Medical Center, *University of
Louisville, *Washington University in St. Louis, School of
Medicine

The goal of this research is to study the role of elastin
(ELN) in peripheral and central auditory function. The ELN
gene is located on chromosome 7g11.23. One of the better
known ELN-disruption disorders is Williams syndrome
(WS), which involves a deletion of approximately 28 genes
including ELN. The ELN deletion causes insufficient
production of elastin (ELN haploinsufficiency). Two other
examples of ELN-disruption disorders are isolated
supravalvar aortic stenosis (ELN'/-), caused by a large
spectrum of ELN mutations and leading to functional ELN
haploinsufficiency, and cutis laxa (CL), in which a mutation
of ELN leads to synthesis of a mutant elastin precursor,
which disrupts the assembly of elastic fibers in a dominant
fashion.

We obtained tympanometry, audiometric thresholds, and
distortion product otoacoustic emissions (DPOAES) in
individuals with WS (n=81), ELN*/- (n=10) and CL (n=3).
Sixty-three percent of school-age children and 92% of
adults with WS demonstrated mild to moderate-to-severe
SHL. These results were also corroborated with the
DPOAE conditions. In a group of children with WS with
normal hearing (n=14), DPOAEs were significantly
decreased, indicating that the auditory systems in this
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subgroup were not normal. In addition, the DPOAE 1/O
function at 4000 Hz in this subgroup showed a loss of
cochlear compression (in the absence of hearing loss).
Individuals with point mutations of a single elastin gene,
who do not have WS (ELN*/-) have significantly depressed
cochlear function (DPOAEs) but relatively preserved
hearing sensitivity. Individuals with CL showed normal
hearing sensitivity and DPOAESs. This data is an extension
of those reported in Marler et al., (2005). Theoretically, WS
ears may be an experimental model for “tender ears”
(Maison & Liberman, 2000), or ears genetically
predisposed to trauma from normal environmental noise.
Further work needs to be conducted to identify the
possible role of ELN in central auditory system function.

CLRN1 Mutant Mice Display Aberrant

Cochlear Maturation

Joseph Rutledge’, Marisa Zallocchi?, Grady Phillips®,
Dominic Cosgrove?, Michael Anne Gratton*

!saint Louis University, 2BoysTown National Research
Hospital

Usher syndrome is a genetically heterogeneous disorder
that affects one person in 25,000. The clinical symptoms
are hearing loss and retinitis pigmentosa (RP). Usher
syndrome is divided in three clinical subtypes: USH1,
USH2 and USH3, dependent upon the severity of the
disease. USH3 patients have a later initiation of deafness
combined with variable RP and vestibular dysfunction. The
USH3A gene encodes Clarin-1, a 28 kDa tetraspanin
protein that is expressed from E18 to P6 in stereocilia and
hair cell afferent terminals (Zallocchi et al, 2009). Recently
a mouse model of USH3A was developed in which hair cell
dysfunction and prolonged ABR peak latencies suggested
that clarin-1 participates in neuronal as well as hair cell
function (Geng et al, 2009). Here we examine the
structure of the organ of Corti in the CLRN1 mouse during
the period of neuronal reorganization and maturation.
Cochlea from mutant (KO) and wild-type (WT) mice at 6
and 9 DAB were isolated and prepared for histochemistry
using tetramethylrhodamine-conjugated dextran (TMRD) to
trace the type | afferent innervation. Alternatively, electron
microscopy was employed to examine the synaptic fine
structure of the inner (IHC) and outer (OHC) hair cell
innervation. All observations were made from the upper
basal turn.

TMRD dye uptake experiments at 6 DAB demonstrate a
clear difference in the type | afferent innervation in the KO
relative to the WT. The intensity of the dye is greater in
Rosenthal’s canal with a larger areas showing dye uptake
under the OHCs and IHC. This suggests that the number
&lor size of the type | afferents in the KO exceeds that of
the WT. Ultrastructural investigation of the 9 DAB KO also
showed more and larger afferent synaptic terminals at the
OHC basal pole reminiscent of that seen in the WT mouse
at an earlier age (6 DAB). Interestingly, while at 9 DAB
the tunnel of Corti and spaces of Neul were near mature in
size in the WT cochlea, the amount of tunnel of Corti
opening in the 9 DAB KO mouse was equivalent to that
observed in the 6 DAB WT. In sum, the data suggest that
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the CLRN1 mutant cochlea displays not only pathology in
its innervation pattern but also in maturation.
Grant #DC004844 to DC and #DC006422 to MAG

Mitochondrial Deafness Alleles Confer

Misreading of the Genetic Code

E. Béttger’', D. Shcherbakov?, S. N. Hobbie®, S. K.
Kalapala'?, M. Kulstrunk'?, R. Akbergenov*

'University of Zurich, 2Institute of Medical Microbiology

A number of diseases are associated with gene-specific
defects in biogenesis, stability, processing, and translation
of mRNA. A more dgeneral pathogenic mechanism
presumably takes place in diseases associated with
mutations in ribosomal nucleic acids. Despite the fact that
important genetic diseases are linked to mutant
mitochondrial ribosomes, the molecular mechanisms by
which such ribosomes result in a clinical phenotype have
remained largely unknown. Prominent examples are
positions 1555 and 1494 in the mitochondrial genome
which encode small subunit rRNA and map to the small
subunit's decoding A-site. Mutation of these residues
(A1555G, C1494U) is associated with maternally
transmitted nonsyndromic deafness, with the phenotypic
penetrance of the disease being variable. Here we report
on the construction of bacterial hybrid ribosomes that carry
various versions of the mitochondrial decoding region of
small subunit ribosomal RNA, i.e. normal and deafness
alleles. We show that the pathogenic rRNA mutations
A1555G and C1494U decrease the accuracy of
translation. Modelling the mitochondrial decoding site
suggests that mt A1555G and C1494U reduce the contact
between H44 and H27. Mechanistically, a relative
movement between H44 and H27 is likely to be part of the
induced conformational change required for decoding, and
lowering the energetic penalty for such a change would
allow near-cognate tRNAs to become accepted more
easily. These findings suggest misreading of the genetic
code as an important molecular mechanism in disease
pathogenesis.

Screening Connexin Mutations in the
Long-Term Storage of Human Temporal Bone
Sections to Explore the Pathology of

Connexin Mutation Induced Hearing Loss
Liang Zong', Shakeel Mir', Xiao-Hui Wang®, Fred H.
Linthicum Jr. 2, David Lim?, Hong-Bo Zhao"

'University of Kentucky Medical Center, ’House Ear
Institute

In the last decade, our understanding on the genetic
causes of deafness has made a dramatic progress; many
deafness-causing mutations have been identified and
characterized. However, the pathological changes caused
by these gene mutations in the human inner ear are less
known, because the direct pathological study is almost
impossible to be carried out in the cochlea of deaf
individuals. Connexin mutations are a common genetic
cause for hereditary deafness and induce a high incidence
of nonsyndromic hearing loss. In this study, we have used
the collected celloidin-embedded human temporal bone
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sections from deaf individuals to screen connexin
mutations in order to explore the mutation-induced
pathological changes in the human inner ear. After de-
celloidining of the samples, the genomic DNA was
successfully extracted from those long-term storage
human cochlear sections, amplified by PCR, and
sequenced. We have screened Cx26 mutation in archival
temporal bone sections from deaf individuals in two cases.
We have found a point mutation (42G->C) in one case,
which clinic and pathological diagnosis is j8Unexplained
progressive hereditary hearing lossj”. The formalin-fixed,
celloidin-embedded human cochlear sections were also
processed by the antigen-retrieval treatment for
immunofluorescent staining. Clearly labeling for Cx26
could be detected in the supporting cells in the organ of
Corti and at the stria vascularis (SV) and spiral ligament
(SPL) in the cochlear lateral wall. Our preliminary data
show our established methods can successfully extract
DNA and identify gene mutations from the long-term
storage human cochlear sections, in which pathological
changes have already been characterized or can be
identified. Hence, this study can provide direct information
about pathological changes in the human cochlea of deaf
mutants.

Supported by NIH R0O1 DC05989 to HBZ and U24
DC008625 to FL and DL

Unique and Essential Functions Played

by Connexin26 in the Cochlea

Xi Lin', Wenxue Tang*, Shoeb Ahmad®, Binfei Zhou, Qing
Chang', Yunfeng Wang*

'Emory Univ Sch of Medicine

Mutations in genes coding for connexin26 (Cx26) and
Cx30 are the most common causes of congenital deafness
in  humans. Molecular mechanisms of hearing
impairments, however, are unclear. Since most of
cochlear gap junctions (GJs) are co-assembled from Cx26
and Cx30, this molecular configuration suggests that
homomeric GJs are still present in the cochlea of
conditional Cx26 (cCx26) and Cx30 null mice. Both types
of mutant mice are deaf, which may be caused by either
insufficient number of GJs or an alteration to biophysical
properties offered by homomeric GJs. Genetically over-
expressing Cx26 in the Cx30 null mice completely rescued
hearing of the mutant mice (Ahmad et al., 2007), indicating
that the presence of Cx30 is not essential for normal
hearing. To further test the essential role of Cx26 in
hearing, we investigated whether the hearing in cCx26 null
mice (Wang et al., 2009) could be rescued by over-
expressing Cx30.

Multiple lines of mouse models were used, including five
groups of control mice: (1) aged-matched WT control
(n=24); (2) BAC®®® (mice carrying extra copies of Cx26
gene introduced by transgenic expression of a modified
bacterial artificial chromosome (BAC)) (n=10) (3) BAC™®
(n=22): (4) cCx26™" (Wang, et al., 2009) (n=24); (5)
Cx30™" (Teubner, 2003) (n=18), and four experimental
groups: (6) BAC®?;cCx26™" (cCx26 null mice that also
carried a modified BAC that expressed Cx26) (n=40); (7)
BAC“?%Cx30™" (N=133); (8) BAC®*®;Cx30™" (Ahmad et
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al., 2007) (n=32); (9) BAC®**%;cCx26™" (n=34). Auditory
brainstem response (ABR) measurements showed normal
hearing in groups 1, 2, 3, 6, 7 and 8. In contrast, severe
hearing loss was found in groups 4, 5, and 9. Morphology
observations were consistent with the ABR data.
Importantly, cochleae in groups 4 & 9 both showed
abnormality in the postnatal development of the organ of
Corti. The tunnel of Corti was never opened in these mice.
Both immunolabeling and Western blot data indicated that
the protein expression of Cx26 in the cochlea preceded
that of Cx30 during the early postnatal period. Null
expression of Cx26 may therefore result in a transient total
elimination of GJs in some regions of the developing
cochlea. Since the hearing in cCx26™" mice was not
rescued by over-expressing the Cx30 and the same
BAC“*® construct was effective in rescuing the hearing of
Cx30 null mice, we conclude that function of Cx26 can not
be replaced by Cx30 in the cochlea.

Changes in Formation of Cochlear Gap-
Junction Plaques in Dominant-Negative

Connexin26 Transgenic Mice

Kazusaku Kamiya', Katsuhisa Ikeda®

YJuntendo University

Hereditary deafness affects about 1 in 2000 children and
mutations in the GJB2 gene are the major cause in various
ethnic groups. GJB2 encodes connexin26 (Cx26), a
channel component in cochlear gap junction. It has been
hypothesized that gap junction in the cochlea, especially
connexin26, provide an intercellular passage by which K+
are transported to maintain high levels of the endocochlear
potential essential for sensory hair cell excitation. We have
reported the generation and the phenotype of a mouse
model carrying human connexin26 with R75W mutation
(R75W Tg mice).

In this study, we analyzed the formation of gap-junction
plaques in cochlear supporting cells of R75W Tg mice in
different stages by confocal microscope. Gap junction
composed of Cx26 in wild type mice showed horizontal
linear gap-junction plaques along the cell-cell junction site
with the adjacent cells and these formed pentagonal or
hexagonal outlines of normal inner sulcus cells and border
cells. The gap-junction plaques in R75W Tg mice did not
show normal linear structure, but the round small spots
were observed around the cell-cell junction site. We
analyzed the size of the gap junction unit for wild type and
R75W mutant, and the width of gap junction units of R75W
Tg was significantly shorter than wild type. A number of
these small spots were scattered around their cell-cell
junction site. We also observed the formation of the gap
junction plaques in the primary culture of the organ of corti
including inner sulcus cell and border cell. The assembly of
the connexons may decline due to R75W mutation in Cx26
and it may cause mis-localiazation of the connexons. Our
results may suggest that dominant negative R75W
mutation affects on the accumulation and localization of
gap junction channels in the cell-cell junction site among
cochlear supporting cells.
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Correlating the Audiometric and
Genotypic Profile of Connexin 26, Connexin

30 and A1555G Hearinq Loss in Singapore
Lynne Lim"?, Gang Hua Zhu', Li Qing Xu®, Evelyn Koay",
Denise Goh*

"National University Singapore, ?National University
Hospital Singapore

To determine the audiometric & genotypic profile of
connexin 26, connexin 30 & A1555G sensorineural hearing
impairment (SNHI) in Singapore.

Significance: Connexin 26 mutation is the leading cause
of idiopathic congenital SNHI worldwide. Cx30 and
A1555G are other important genetic causes. They have
not been evaluated in Singapore.

Methods: Prospective study of 94 SNHI and 98 hearing
(Control) patients. Genetic testing for connexin 26,
connexin 30 and A1555G, audiometry and clinical
evaluation were performed.

Results: The prevalence of connexin 26 HI was 23%
(22/94). The carrier rate of pathologic mutations amongst
the HI group was 36.7% (69/ 188) and control 7.65% (15/
196). The leading Cx26 mutation in Singapore is V371, a
missense mutation resulting in an amino acid change of
valine to isoleucine at codon 37. The prevalence of V37I
was 26.6% (50/188) in the HI group. All patients with V371
together with another pathologic allele for HI had HI,
confirming V37I's pathogenicity. V371/ V371 is associated
with bilateral, down-sloping, mild to moderate SNHI. Four
novel mutations 130V, 282(C-T), E120K, 558(G-A) were
identified. No 35delG common to the Caucasians, and only
four 235delC alleles common in Japan and China were
found.

V271/ E114G compound heterozygote prevalence was
high, in controls16.8% (33/196) and in HI group 11.7%
(22/188). Where V271/ E114G occurred together with
another pathogenic allele, all 4 patients had HI.

A1555G screen: no mutations found. Connexin 30 screen:
4 known polymorphisms of L132L/ WT, 4 novel mutations
E101K/WT, 723G>A/WT, R32X/WT and 1118K/WT.
Conclusions

There was a high prevalence of Cx26 deafness (23%)
among patients with idiopathic congenital SNHL in
Singapore. V37l is the leading mutation and its
pathogenicity is confirmed by this study. Novel pathologic
mutations 130V, 282(C-T), E120K, 558(G-A) were found.
Interestingly, V271/ E114G with a pathologic mutation was
associated with SNHI and warrants further studies. There
were no patients with A1555G or Cx30 related HI.

Is the Loss of Endocochlear Potential
Solely Responsible for Causing Hearing

Impairment in the Connexin30 Null Mice?
Shoeb Ahmad’, Wenxue Tang', Qing Chang®, Yunfeng
Wang', Binfei Zhou?, Xi Lin*

'Emory University School of Medicine

Mutations in genes coding for connexin26 (Cx26) and
Cx30 are a major cause of genetic hearing impairment in
humans. Findings in Cx30 null mice demonstrated an
unusually slow time course of degeneration in the cochlea
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(Sun et al., 2009). In contrast, endocochlear potential (EP)
was never formed in these mice (Teubner et al., 2003).
EP is generated by a number of membrane proteins (e.g.,
Kenj10, Kengl, Kenel, Na/K* ATPase and co-transporters)
arranged in series in the stria vascularis. Among them,
Kcnj10 is the only one localized in the intermediate cells
across which EP is initially generated. Kcnj10 is known to
be required for generating EP and its protein expression is
significantly reduced in the Cx30 null mice. In this project,
we tested whether over-expressing Kcnj10 in Cx30 null
mice is sufficient to restore the EP and normal hearing in
these mutant mice.

BAC"“™° mice were generated by expressing extra copies
of Kcnjl0 gene from a bacterial artificial chromosome
(BAC) introduced into mouse genome. Presence of extra
copies of Kcnjl0 gene was confirmed by PCR and
Southern blot analyses. In our ongoing work, BAC""*°
mice are bred with Cx30 null mice to obtain
BAC"™:Gjb6"" mice in first generation. The Gjb6
heterozygote mice were interbred to obtain BAC**";Gjb6"
" mice in the second generation. Measurements of the
auditory  brainstem  responses (ABRs) of the
BACK“"%:Gjh6™ mice showed that hearing thresholds
across a frequency range of 4-32 kHz were comparable to
the wild type mice in a subset of the transgenic mice (n=2).
Measurement of EP, immunolabeling and examination of
the cochlear morphology is on-going in the lab.
Preliminary results suggest that the restoration of hearing
in BAC*™%:Cx30” mice is dependent on the copy
numbers of the Kcnj10 gene incorporated in the mouse
genome. Hearing was rescued only in those mice that
incorporated larger numbers (>6) of exogenous Kcnjl0
gene in their genome. These results suggested that hair
cells in the cochlea of Cx30 null mice are fully functional
before they are degenerated. Observed degeneration in
the organ of Corti is secondary to the loss of EP. Loss of
endocochlear potential was solely responsible for causing
hearing impairment in the Cx30 null mice. A time window
of opportunity may therefore be exploited for therapeutic
interventions of deafness caused by Cx30 null mutation,
with a focus on the regeneration of the EP.

mRNA Sample Size for Gene Expression
Profiling of Mouse Inner Ears - How Low Can

You Go?

Ronna Hertzano', Rani Elkon?, Siaw-Lin Chan', Scott
Strome®

'Department of Otorhinolaryngology/Head and Neck
Surgery, University of Maryland, Baltimore, ?Division of
Gene Regulation, The Netherlands Cancer Institute,
Amsterdam

Gene expression profiling (GEP) using microarrays is a
robust, affordable and now commonly used technique for
comparative analysis of transcriptomes. RNA amplification
methods allow for reliable gene expression profiling from
as little as 0.5 ng of total RNA. The mouse auditory and
vestibular sensory epithelia, however, are comprised of
epithelial and non-epithelial components that are further
divided into multiple cell types. Therefore,
recommendations for mRNA starting amounts that pertain
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to homogeneous cell lines may not be easily transferable
to this complex tissue.

Total RNA was extracted from auditory and vestibular
sensory epithelia of newborn mice, and a dilution series
ranging from 100 ng to 1 ng of total RNA was made. RNA
was amplified using two methods that are based on
different chemistry: WT-Ovation™ Pico RNA Amplification
system (NUGEN) and TotalPrep kit (Ambion). Amplified
RNA was processed and hybridized to the mouse lllumina
bead-arrays. The dataset was studied for differential gene
expression in the auditory and vestibular epithelia, and for
reliability in detecting mRNA signals of hair cell-specific
genes.

After evaluating reproducibility between replicates and
benchmarking against a large set of genes whose
expression was recorded using real-time RT-PCR, we
conclude that 10 ng of total RNA is sufficient to obtain
reliable gene expression profiles from the inner ear
sensory epithelia using the NuGEN system. This
corresponds to less than the amount of RNA obtained from
the auditory sensory epithelium of one mouse cochlea. We
further discuss the differences between the amplification
systems employed.

Identification of MicroRNA Targets in

the Inner Ear Using an Integrative Approach
Karen B. Avraham’, Tal Elkan’, Ronna Hertzano®, Igor
Ulitsky?, Ran Elkon*?, Martin Irmler®, Ron Shamir?,
Johannes Beckers®

'Dept. of Human Molecular Genetics, Sackler School of
Medicine, Tel Aviv University, “Blavatnik School of
Computer Science, Tel Aviv University, ®Institute of
Experimental Genetics, Neuherberg

MicroRNAs (miRNAs) are 17-24 nucleotide-long non-
coding RNAs processed from transcripts of endogenous
genes that function through the RNA interference (RNAI)
pathway. miRNAs regulate gene expression by inducing
degradation of mRNA of target genes and by inhibiting
translation. In addition to down-regulating mRNA levels,
miRNAs directly repress translation of genes. Their
relevance to the inner ear has recently been emphasized
by the discovery of miRNA mutations leading to deafness
in humans and mice. In order to optimize the search for
mMiRNA targets, we focused on enriched targets that were
differentially expressed in protein datasets but were
unchanged in mRNA datasets. To achieve this goal, we
combined a comparative transcriptomic and proteomic
analyses with a miRNA screen of early post-natal cochlear
and vestibular sensory epithelia derived from mice.
Expression profiling was performed using Affymetrix
microarrays. Proteomics analysis was conducted using a
Q-TOF mass spectrometer with iTRAQ labeling. miRNAs
were identified through the mMIRCURY LNA™ array
system. We integrated the transcriptome, proteome and
miRNA levels with sequence-based predictions to
efficiently identify functional miRNAs and their targets. The
integration of these data allowed us to significantly reduce
the number of potential targets using bioinformatic
methods, thus enabling experimental validation of these
interactions. The predicted miRNA/target pairs were
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validated. The two miRNAs with the highest differential
expression in our study were miR-124, with a 3.5 higher
expression in the cochlea, and miR-135b, with a 2.5 higher
expression in the vestibule. We identified eight targets that
had reciprocal expression with the miRNAs in our
proteomic dataset: Lamcl, Vatl, Ddx6, Snx6, Hadha, and
Actn4 for miR-124 and Subl and Psipl for miR-135b. The
miRNA-target pairs are being evaluated further to
determine their biological significance and function in the
mammalian inner ear.

Cochlear Hair Cell Micro-Isolates
Regulate the Soma Size of Spiral Ganglion

Neurons

Felicia L. Smith’, Robin L. Davis'

'Rutgers University

Specific features of spiral ganglion neuron morphology,
such as soma area and branching patterns, vary with
cochlear location, yet little is known about how the size
and shape of these neurons is established. Therefore, this
study is designed to determine the factors that regulate the
soma area of spiral ganglion neurons.

We initially determined that neurons isolated from the
basal cochlear region have a larger soma area (303 + 9
um?, n=12) than their apical counterparts (265 + 6 pm?
n=12) in vitro. This difference was enhanced when spiral
ganglion neurons are co-cultured with hair cell micro-
isolates. Basal neurons paired with basal hair cell micro-
isolates were larger (351 + 24 um? n=5) while apical
neurons co-cultured with apical hair cell micro-isolates
were smaller (221 + 5 ym% n=4) than the soma areas
observed in neuronal cultures. By mixing and matching
hair cell micro-isolates with spiral ganglion neurons
isolated from different cochlear regions we noted that
cochlear tissues could alter soma area. For example, when
basal neurons were paired to apical micro-isolates neuron
size was significantly reduced (206 +7pm?, n=5; p<0.01).
Correspondingly, apical neurons paired with basal micro-
isolates showed an enlarged soma area (361 + 27 pm?,
n=5; p<0.01). In both cases anti-neurotrophin function
blocking antibodies significantly reduced the effects of
altering the cochlear location of the hair cell micro-isolates.
Because cochlear hair cells can secrete both brain derived
neurotrophic factor and neurotrophin-3 in differing amounts
(Flores-Otereo et al., JNeurosci. 2007), we will next
determine whether neurotrophins on their own or in
combination with other factors can influence neuronal size.
Our goal is to understand the regulatory mechanisms that
control morphology and to determine how these features
contribute to the initial stages of auditory processing.
Supported by NIH NIDCD R01 DC-01856.

Influence of Central and Peripheral Glia

on Spiral Ganglion Neurite Growth

Eun-ju Jeon"?, Ningyong Xu?, Marlan R. Hansen?

The Catholic University of Korea, “University of lowa
Spiral ganglion neurons (SGNs) are bipolar having
processes that interact with peripheral glia (Schwann cells,
SCs) and with central glia (oligodendrocytes, OLs and
astrocytes, ACs). Here we investigated the ability of these
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glial cells to support and guide SGN neurite growth. SG
explants were plated on the border between cultured glial
cell groups or on individual glial cell cultures in the
presence or absence of cell permeant cpt-cAMP (1 mM) or
forskolin (FSK, 5 CIM).

In explants placed on OL-SC or AC-SC borders, the
number of neurites per explant was significantly increased
on SCs (84.04+23.12) compared with the number of
neurites on OLs (17.70+£6.18) (p<0.01), indicating that OLs
inhibit SGN neurite growth. There was no significant
difference between the number of neurites on ACs (88.24
+ 22.08) and SCs (119.29 + 21.42) (p=0.16). Treatment
with cpt-cAMP or FSK each significantly increased the
number of neurites on OLs (133.54+25.59 and
292.25+83.57, respectively) compared with control
condition (6.75+2.21) (p<0.01). cpt-cAMP and FSK each
also increased the number of neurites on ACs (213.19+
36.06 and 208.64+59.25, respectively), however the
difference was not significant compared with control
(111.38+38.73) (p=0.30). Although elevating cAMP levels
overcame the inhibitory effect of central glia, the neurites
failed to grow radially in a well-fasciculated pattern as on
SCs. In dissociated SG cultures grown in the presence of
ACs, OLs and SCs, neurites tended to follow SCs and OLs
and cross-over ACs. Remarkably, most neurites initially
followed the type of glial cell on which the neuronal cell
body was found (e.g. neurites from SGNs on OLs initially
followed OLs rather than SCs.)

In summary, SCs support and guide SGN neurite growth
better than central glia. Similar to observations in other
neurons increasing cAMP levels overcomes the inhibitory
effect of central glia. The type of glial cell in contact with
the SGN cell body may influence neurite behavior.

Surface Protein Patterning for Schwann
Cell Alignment and Cochlear Spiral Ganglion

Axon Guidance

Shaden Khalifa', Eric Scarfone®?, Per Bjork™®, Tommy
Schoénberg®, Christian Vieider®, Mats Ulfendahl*

Center for Hearing and Communication Research,
Karolinska Institutet, °Centre National de la Recherche
Scientifique CNRS, Paris Cedex, *Acreo AB, Electrum,
Kista

Background: Cochlear implant is considered as the only
effective therapy for profound hearing impairment and a
mean to regain auditory perception for deaf people. The
implanted electrical device elicits the hearing sensation by
directly stimulating the auditory neural pathway. One
critical parameter for the success of this strategy is survival
of spiral ganglion neurons. Promoting survival and, even
more so, regenerative outgrowth of these neurons in the
vicinity of the implants will improve the efficacy of the
device.

Objective: The overall goal of this study is to design a
surface that stimulates migration and attachment of
endogenous or transplanted neural cells.

Methods: Micro-scale patterned-surfaces were designed
with different extra-cellular matrix proteins using the direct
stamp technigue. Auditory spiral ganglion and other
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peripheral ganglia (i.e. vestibular, trigeminal, sciatic, and
facial) were grown on protein patterns.

Results: Spindle-shaped cells with bipolar processes
similar to Schwann cells were able to recognize and align
to the laminin stripes. Neurons plated simultaneously
showed physical co-localization to Schwann cells, and the
outgrowing neurites followed glial cell tracks. Cell identity
was confirmed by morphological appearance and
immunohistochemical neural and glial markers.
Conclusion: The relative importance of acellular and
cellular cues for directed neurite outgrowth is discussed.

Purification and Transfection of
Schwann Cells from Postnatal Mouse

Cochlea

Donna S. Whitlon"?, Mary Grover*

'Department of Otolaryngology Feinberg School of
Medicine Northwestern University, ‘Hugh Knowles Center
Northwestern University

Schwann cells line nerve fibers in the peripheral nervous
system and synthesize myelin. In the sciatic nerve,
immature Schwann cells support neuronal survival, neurite
growth and regeneration. The possibility that cochlear
Schwann cells may function in a similar manner has
significance for experimental efforts to maintain survival of
neurons, or stem cells, and to encourage the regeneration,
pathfinding and myelination of their neurites. We have
demonstrated that Schwann cells (P75, Sox10,
connexin29 positive) and spiral ganglion neurites
spontaneously associate in dissociated cultures of
postnatal mouse spiral ganglia (Whitlon et al. (2009)
Neuroscience 161:227-235.). The mechanisms and
consequences of interactions between cochlear Schwann
cells and spiral ganglion neurites have not been examined.
The purpose of this study was to develop methods for
purifying sufficient numbers of Schwann cells from
postnatal mouse cochleas and for transfecting them with
expression plasmids. Insufficient numbers of Schwann
cells exist in acutely dissociated spiral ganglia. The
dissociated spiral ganglia were therefore plated on poly-D-
lysine/laminin in medium containing BDNF, NT3, LIF, N2
and serum and maintained for 5 days. Cells were
harvested with trypsin and subjected to an
immunomagnetic purification method using rabbit anti-P75
antibody (Chemicon) and goat anti-rabbit 1gG coupled to
superparamagnetic microbeads (Miltenyi). Purified cells
were plated on poly-D-lysine/laminin coated T25 flasks in
the above medium. After 24 hours, the cultures were >90%
pure. AMAXA nucleofection of purified Schwann cells with
pMax-GFP plasmid gave greater than 45% transfection
efficiency. These methods will allow us to directly evaluate
the biochemistry, function, and genetic mechanisms of
neurite growth promotion by cochlear Schwann cells.
Supported by the Department of Otolaryngology, Feinberg
School of Medicine and the Hugh Knowles Center,
Northwestern University.
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Expression of Wnt Receptors in Adult
Spiral Ganglion Neurons: Frizzled 9
Localization at Growth Cones of

Regenerating Neurites

Richard Kollmar"?, Samit Shah', Young-Jin Kang*?,
Barbara Christensen®, Albert Feng"

'University of lllinois at Urbana-Champaign, ’SUNY
Downstate Medical Center, 3University of California - Irvine
Cochlear implant performance in patients with
sensorineural hearing loss could be improved by reducing
the distance between implanted electrodes and their
targets, the spiral ganglion neurons. This could be
achieved by activating resident signaling pathways to
stimulate neurite growth towards the electrode array. To
systematically identify neuronal receptors for regenerative
and guidance cues in the adult cochlea, a genome-wide
cDNA microarray screen was conducted with the modioli of
normal-hearing and noise-exposed CBA/CaJ mice. A
meta-analysis of our results and data from two other
studies revealed the expression of neuronal
transmembrane receptors in the mature cochlea for the
four established axon guidance pathways: ephrin, netrin,
semaphorin, and slit. Interestingly, comprehensive
expression of the Wnt receptor family was also observed.
These Frizzled (Fzd) transmembrane receptors and their
extracellular Wnt ligands have recently been associated
with axon guidance, synapse formation, and dendrite
morphogenesis throughout the nervous system, but their
presence in the mature inner ear has not been described.
After qualitatively confirming the expression of all Fzd
receptors with RT-PCR, in-situ hybridization was used to
localize Fzdl, -4, -6, -9, and -10 in adult spiral ganglion
neurons. Fzdl, -4, and -10 are expressed differentially
along the cochlea's tonotopic map, and Fzd6 was found

in the saccular macula and in Scarpa’s ganglion. These
results were further validated by using real-time RT-PCR.
Finally, immunofluorescence microscopy was used to
locate Fzd9 protein in the somata and growth cones of
adult spiral ganglion neurons that were regenerating their
neurites in culture. On the basis of these results, we
propose Wnt signaling as a candidate pathway for guiding
neurite outgrowth towards a cochlear implant after
sensorineural hearing loss.

[211] Expression of the Transcription Factor
Sox2 in the Injured Cochlear Nerve of the

Adult Mice

Manna Li', Vinu Jyothi', Lauren Kilpatrick®, Juhong Zhu®,
Ashley Smith', Liya Liu®, Richard Schmiedt', Hainan Lang*
'Medical University of South Carolina

Recent studies have shown that Sox2 protein, a Sex-
determining Region Y gene (SRY)-related transcription
factor, is required for the differentiation and maintenance
of sensory cells in developmental and adult cochlea
(Kiernan et al., 2005; Dabdoub et al., 2008; Oesterle et al.,
2008; Mak et al., 2009). Sox2 is also a key neural stem cell
marker involved in the proliferation and specification of
neural progenitor cells during development of the central
nervous system and adult neurogenesis. In our previous
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study, an animal model of cochlear nerve injury was
established by application of ouabain to the adult mouse
ear, which yields a selective loss of type | spiral ganglion
neurons (SGNs) and induction of glial hyperplasia. Here
we investigate whether Sox2 is involved in cell proliferation
and glial hyperplasia in the auditory nerve after ouabain
injury. Cell proliferation and expression of Sox2 in the
auditory nerve of adult CBA mice were examined at 1, 3, 7,
14 days and 1 month after ouabain exposure. Real-time
RT-PCR assays revealed that the expression of Sox2
MRNA in the cochlear nerve significantly increased at 1, 3
and 7 days after ouabain exposure compared to that in
control ears. The increased expression of Sox2 mRNA
was confirmed by a quantitative immunohistochemical
analysis. Cell proliferation analysis using BrdU
incorporation showed that the number of BrdU+ cells
significantly increased in the cochlear nerve at 3, 7, and 14
days after ouabain exposure. Importantly, double-labeling
studies with antibodies to BrdU and Sox2 demonstrated
that the majority of dividing cells in the injured auditory
nerves expressed Sox2. Together, these results suggest
that 1) up-regulation of Sox2 is involved in cell turnover in
the cochlear nerve after ouabain exposure; and 2) Sox2
may play an important role in preventing further neural
damage at an early stage of ototoxic injury in the adult
inner ear. Supported by NIHDC7506, NIHDC0422,
NIHDCO0713 and AAO-HNS CORE136165

[212] Aggregation of Type | Unmyelinated
Spiral Ganglion Neurons in Congenic Ly5.1
Mice

Vinu Jyothi', Manna Li*, Lauren Kilpatrick', Nancy
Smythe', Ju Zhu', Amanda LaRue’, Daohong Zhou'",
Bradley Schulte', Richard Schmiedt', Hainan Lang*
'Medical University of South Carolina

Spiral ganglion neurons (SGNSs) are the primary carriers of
auditory signals from sensory hair cells to the brain. With
the exception of humans, the cell bodies of type | SGNs in
most mammalian species are myelinated. In a previous
study, we used the Ly5.1 congenic mice strain to
investigate the role of hematopoietic stem cells in the adult
mouse inner ear (Lang et al., [2006a] J Comp Neurol
496:187-201). Surprisingly, morphological assessment
revealed that the majority of SGNs in the apical and middle
turns of Ly5.1 mice were unmyelinated. Here, we further
examined the auditory phenotype of young adult Ly5.1
mice using light and electron microscopy,
immunohistochemistry and electrophysiological recordings.
Three different mouse strains (CBA/CalJ, C57/B6 and
SJL/J) were used as controls. Our data revealed several
interesting characteristics of the inner ear in the Ly5.1
mouse including: 1) large aggregates of unmyelinated
SGNs in the apical and middle turns; 2) symmetric
junction-like contacts on adjoining plasma membranes of
the unmyelinated neural cell bodies; 3) abnormal
expression patterns for CNPase, connexin 29 and
connexin 43 in the aggregated neural clusters; 4) reduced
SGN density in the basal turn of Ly5.1 mice relative to
control strains without a corresponding loss of sensory hair
cells; 5) significant delays in auditory brainstem wave |
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latencies at low and middle frequencies as compared to
those of C57/B6 mice with similar ABR thresholds; and 6)
elevated ABR thresholds and a decline in wave |
amplitudes at high frequencies. The Ly5.1 mouse strain is
the only rodent model identified which has the “human
feature” of unmyelinated type | SGNs in the cochlea. Thus,
the Ly5.1 strain may be an animal model for studying
neural development and neuronal degeneration associated
with aging and other auditory insults. Supported by
NIHDC7506, NIHDC0422 and NIHDC0713

[213] Role of SDF-1 Expression and
Hematopoietic Stem Cells in the Injured

Auditory Nerve

Lauren Kilpatrick', Manna Li*, Vinu Jyothi®, Juhong Zhu?,
John Goddard?, Hainan Lang*

"Medical University of South Carolina, 2House Ear Institute
BACKGROUND: The degeneration of hair cells and spiral
ganglion neurons (SGNs) is an important pathologic
process in the development of sensorineural hearing loss.
In a murine model, predictable and reproducible damage
to SGNs occurs through the application of ouabain to the
round window. Recent evidence has shown that the
chemokine stromal cell-derived factor-1 (SDF-1) is a
potent chemoattractant of hematopoietic stem cells (HSCs)
and provides trophic support to injured tissues during
development and maturation. Our hypothesis for the
current study is that engrafted HSCs and expression of
SDF-1 play an important role in protecting SGNs and
preventing further degeneration in the setting of cochlear
injury.

METHODS: Bone marrow (BM) cells obtained from
transgenic mice expressing enhanced green fluorescent
protein (GFP) were injected into tail veins of adult
irradiated recipient mice for HSC transplantation. HSC
engraftment patterns in the transplanted mice were
analyzed three and seven days after ouabain application.
Auditory brainstem response (ABR) and the expression of
SDF-1 mRNA and protein were examined one, three,
seven, fourteen, and thirty days after application of
ouabain in adult mice without HSC transplantation.
RESULTS: Following ouabain application, HSC
engraftment was significantly increased in the auditory
nerve compared to control ears in BM-transplanted mice.
Real-time RT-PCR for SDF demonstrates increased
MRNA expression following ouabain injury in non-
transplanted mice; a double peak of mMRNA expression
with peaks at one day and between seven to fourteen days
post-injury was observed.

CONCLUSIONS: SDF-1 expression and HSC engraftment
is increased in the auditory nerve following cochlear injury.
Further knowledge about the cochlear microenvironment,
including SDF-1, is critical to maximizing HSC engraftment
in the injured cochlea and providing a therapeutic option
for sensorineural hearing loss.
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Can Cell Substitution Therapy Be Used

for Regeneration of Sensory Cranial Nerves?
Petri Olivius™?, Aleksandra Glavaski®, Pookie Siratirakun®,
Bjorn Palmgren®, Andreas Kaiser', Charoensti
Thonabulsombat*

'Dept of Clinical Neuroscience, 2Link(jping University,
ENT-Clinic, *Children's Memorial Research Center
(CMRC), Chicago, “Department of Anatomy, Faculty of
Science, Mahidol University, Bangkok

Several organs and organ functions can be replaced
today. Regarding our senses, however, their functions
cannot be repaired. The hearing organ is one of the
senses in which most progress in a replacement strategy
has been made. Today more than 100 000 patients have
been implanted with a cochlear implant (Cl). Following
implantation, patients with severe auditory dysfunction get
a significantly improved hearing abilty. The CI is
functioning despite of many hair cells have been damaged,
probably by stimulating directly on the spiral ganglion
neurons (SGN). Consequently, the function of a CI
depends on the integrity of the auditory neurons. Following
longer time of severe hearing impairment the number and
integrity of the SGN is reduced. A SGN loss cannot be
counteracted. These patients may therefore not benefit
from or disqualify for a Cl. The present research project is
focusing on replacement of SGN including their central
connections in the cochlear nucleus.

The project consists of an in vitro part where progenitor
cells or stem cells are co-cultured with brainstem slices
containing the cochlear nucleus. In the following in vivo
part the most successful cell candidates are implanted into
the living animal.

In the future we believe that strategies to replace auditory
neurons may also have significance for other injured
sensory cranial nerves. Until then primary issues as type of
implant and how/ where to implant have to be solved. In
this context we hope the organotypic co-culture model can
show to be valuable.

[215] Intra-Auditory Nerve Trunk Delivery

Approach Preserves Rat Auditory Function
Bjorn Palmgren’', Zhe Jin?, Petri Olivius®

'Clinical Neuroscience, Stockholm, “Clinical Neuroscience,
Uppsala

In order to rescue or even replace degenerated cells in the
cochlea, different substrates such as drugs, non-viral/viral
vectors, neuronal tissue and cells have been delivered into
the cochlea via various surgical routes. Commonly
performed surgical approaches to access the cochlea (e.g.
cochleostomy) may disturb the intracochlear structure and
jeopardize the residual hearing. Cell replacement therapies
are currently under thorough investigation but only a few
experimental studies have explored the possibility to
access the central portion of the auditory nerve. In order to
be able to inject cells and substrates directly to the
auditory nerve without damaging the inner ear we have
developed and tested a new surgical technique. This
technique is based on an occipital approach which gives
the surgeon access to the cerebellopontine angle, the
internal meatus and the auditory nerve. The preservation
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of auditory function and the inner ear has been controlled
by measuring auditory brainstem response (ABR) pre- and
post-surgery. Further we have monitored the possible
distribution of injected substrates by Horse Radish
Peroxidase (HRP) tracer injections.

Pyridoxine Preferentially Induces
Auditory Neuropathy Through Mitochondrial

Dysfunction

Channy Park"?, Jeong-Han Lee?, Sun-Ok Kim? Ah-Ra
Ryu?, Hey-Min Ji%, Bin-Na Hong', Tong-Ho Kang®, Hong-
Seob So?, Raekil Park?

'Nambu University, 2Wonkwang University School of
Medicine, *Kyung Hee University

Pyridoxine, a form of vitamin B6, is an essential dietary
constituent. However, chronic abuse of oral pyridoxine
supplements may contract progressive  sensory
neuropathy. Previously, we reported that pyridoxine-
treated mice exhibited an increase in the hearing threshold
shift and delayed latency of both ABR and AMLR in
proportion to pyridoxine dosage with extensive loss of
auditory nerve fibers. This study was designed to elucidate
the signaling mechanisms of pyridoxine toxicity in auditory
cells including HEI-OC1 auditory cells, VOT33 spiral
ganglion cells, the rat cochlear explants of organ of Corti,
and spiral ganglion cells. Treatment with pyridoxine
significantly decreased the viability of HEI-OC1 cells and
VOT33 cells, which was accompanied with apparent
apoptotic features, including fragmentation of nuclei and
increased fraction of subGo/G1 phase. Interestingly, spiral
ganglion neuron cells were more vulnerable against
pyridoxine cytotoxicity than sensory hair cells. Treatment
of VOT33 cells with pyridoxine resulted in an increase in
intracellular protein levels of heme oxygenase-1 (HO-1)
and superoxide dismutase 1 (SOD1) and SOD2 whereas it
decreased the protein expression levels of GCLM. These
results eventually lead increased generation of H202,
which further cause the oxidative stress in VOT33 cells.
Taken together, these data suggested that the cytotoxic
mechanism of pyridoxine was ascribed to ROS generation,
which would result in the modulation of the intracellular
redox cycle.

This work was supported by the Korea Science &
Engineering Foundation (KOSEF) through the Vestibulo-
cochlear Research Center (VCRC) at Wonkwang
University in 2009.

ARO Abstracts

75

Is the Projection from the Locus
Coeruleus to the Cochlear Root Neurons
Involved in the Mediation of the Acoustic

Startle Reflex?

Dolores E. Lopez'?, Jose Anchieta C. Horta-Junior*?,
Sebastian Hormigo®, Ricardo Gémez-Nieto*, Consuelo
Sancho!, Orlando Castellano®, M. Javier Herrero-Turrion®,
Juan Carro®

!Instituto de Neurociencias de Castilla y Leén, Universidad
de Salamanca, “Dept. Biologia Celular y Patologia,
Universidad de Salamanca, *Departamento de Anatomia,
Universidade Estadual Paulista, Botucatu

The noradrenergic modulation of the acoustic startle reflex
is well known, but there is a lack of information about their
neuronal connection with cochlear root neurons (CRNSs), a
fundamental element of the acoustic startle pathway. To
study the noradrenergic projection to the CRNs, we
performed immunohistochemical visualization of tyrosine
hydroxylase (TH), dopamine-beta-hydroxylase (BDH) and
tract-tracing experiments injecting biotinylated dextran
amine (BDA) into the locus coeruleus. To determine the
effects of noradrenergic fibers on the startle reflex, seven
rats of both sexes were injected intraperitoneally with
50mg/kg of DPS-4, a neurotoxin that selectively damage
the noradrenergic neurons originating in the locus
coeruleus. In control and lesioned animals, we tested the
startle reflex and prepulse inhibition (PPI) at different
interstimulus intervals prior to and 1-2 weeks after DSP-4
administration. After the last behavioral test, we studied
the immunoreactivity to BDH and TH in the cochlear root.
After BDA injections into the locus coeruleus, we observed
anterogradely labeled fibers with boutons in apposition to
the CRN somata of both brain hemispheres with ipsilateral
predominance; these BDA-positive boutons co-localized
with dopamine-beta-hydroxylase immunoreactivity. Our
behavioral tests showed a gradual decreasing of the startle
reflex and an increase in PPl in the treated animals.
Moreover, two weeks after DSP-4 administration, the
treated animals loosed the BDH immunoreactivity in the
cochlear nerve root. All together suggest that the
noradrenergic system is directly involved in the modulation
of the startle at the level of the CRNSs, which are likely to
play an important role in this paradigm.

Grant sponsors: MEC # BFU2007-65210/BFI and
JCyL#GR22 to D.E.L; Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (BRASIL)CNPQ
202535/2006-1 to JAC
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New Insights of the lonotropic
Glutamate Receptor Subunits Composition in
Cochlear Nuclei. A SDS-Freeze Fracture

Immunogold Labeling Stud

Maria Rubio™?, Naomi Kamasawa®, Yugo Fukazawa®,
Elke Molnar®, Makoto Itakura®, Masami Takahashi®,
Masahiko Watanabe®, Kenji Sakimura®, Ryuichi
Shigemoto?

'Univ. of Connecticut, Storrs, “Division of Cerebral
Structure, NIPS, Myodaiji, *MRC Centre for Synaptic
Plasticity Univ. of Bristol, Sch. of Medical Sciences,
“Kitasato Univ. of Medicine, Sagamihara, *Department of
Anatomy, Hokkaido Univ. School of Medicine, Sapporo,
®Brain Research Institute, Niigata Univ.

In the auditory pathway, the response of auditory neurons
to acoustic stimulation must accommodate rapid
transmission and maximize temporal fidelity through their
synaptic networks. Consistent with these demands is the
observation that targets of the auditory nerve (AN) often
express fast kinetic receptors in the cochlear nuclei (CN)
compared to other excitatory synapses (parallel fibers) that
mainly play a modulatory role in  auditory
neurotransmission. The composition of AMPA and NMDA
glutamate receptors at excitatory synapses in the CN has
been well documented by postembedding immunogold
labeling after freeze-substitution (Rubio and Wenthold,
1997, Neuron 18: 939; Wang et al., 1998, J Neurosci
18:1148; Whiting et al, 2009, Neuroscience
PMID:19646510). This technique has several advantages
such as the ability to identify the structures of interest and
provides precise details of molecular localization in
subcellular domains. Nevertheless, one of the major
concerns with the technique is that reliable quantification of
immunoreactivity is affected by low sensitivity and limited
accessibility of antibodies to target molecules found
deeper in the tissue. In this study, we have used SDS-
digested freeze-fracture replica labeling (SDS-FRL) - a
newly developed immunogold method that has high-spatial
resolution and high-detectability (Masugi-Tokita et al.,
2007; J Neurosci 27:2135) - to reinvestigate the subunit
composition of specific AMPA and NMDA glutamate
receptors at excitatory synapses of the ventral and dorsal
CN. Data show a differential distribution of AMPA and
NMDA receptor subunits between targets of the AN in the
ventral and dorsal CN, and also between the targets of the
parallel fibers in the molecular layer of the dorsal cochlear
nucleus.

Excitatory Inputs to Bushy Cells

Xiao-Jie Cao', Donata Oertel*

1University of Wisconsin

The innervation by auditory nerve fibers of bushy cells in
the anteroventral cochlear nucleus (aVCN) is at least in
part through end bulbs of Held. Within the VCN, auditory
nerve fibers bifurcate and terminate on cochlear nuclear
neurons. Some small collateral branches of auditory nerve
fibers terminate with one or a small group of synaptic
boutons on bushy or stellate cell target neurons. At other
branches the axon widens and ends in fingers and/or
clusters of boutons that wrap around postsynaptic bushy
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cell bodies. There is considerable variation in the shape
and complexity of those endings. @ We have recorded
excitatory postsynaptic currents (EPSCs) in response to
shocks to fiber bundles near bushy cells in slices from
mice that were identified by their biophysical
characteristics (Cao et al., 2007, J Neurophysiol 97:3961-
3975). As the strength of shocks was gradually increased,
the magnitude of the postsynaptic current increased in
jumps. The amplitude of current jumps likely reflects the
contribution to the synaptic current of a single auditory
nerve fiber. On average, each excitatory input contributed
1.3 nA at -65 mV but individual inputs varied continuously
in amplitude over a 50-fold range, between about 0.1 and
5 nA suggesting that there was not a distinct difference
between end bulb inputs and smaller terminals that are not
end bulbs. The distribution of numbers of inputs was
bimodal with 60% of bushy cells having <4 inputs and 40%
having >4 inputs. Bushy cells are known to differ in their
projection patterns. Our findings are consistent with the
interpretation that two populations of bushy cells can be
distinguished on the basis of the number of excitatory
inputs. This work was supported by a grant from the NIH
DCO00176.

The Endbulb of Held as a Model
Synapse to Study Synaptic Transmission and

Integration in Vivo

Marei Typlt', Martin D. Haustein?, Beatrice Dietz*, Joern
R. Steinert®, Mirko Witte', Bernhard Englitz®, lvan
Milenkovic!, Cornelia Kopp-Scheinpflug*?, lan D.
Forsythe?, Rudolf Ribsamen®

'University of Leipzig, “University of Leicester, *MPI MIS
Leipzig

Synaptic transmission is a crucial element of neuronal
processing but due to the difficulty of intracellular
recordings it is usually studied in vitro where physiological
means of activation are missing. In the present study we
provide a basis for in vivo studies of synaptic transmission
and integration using the endbulb of Held/spherical bushy
cell synapse (SBC) as a model system. Extracellular
signals from this synapse have up to three wave
components. Signals lacking the third component are
frequently observed, but since the origin of each of the
components is uncertain, interpretation of the failure has
been controversial.

Here we have used in vitro methods to identify the
electrophysiological basis of complex waveforms recorded
at this synapse. We combined single- and multiunit
methods and wused pharmacological tools to block
glutamate receptors. Simultaneous extra- and intracellular
recordings from single SBCs demonstrated a presynaptic
origin of the first component, consistent with data obtained
by multielectrode array recordings of local field potentials.
The later components originated from the EPSP and AP of
the SBC, respectively.

These results will provide the basis for future investigation
of convergence of excitatory and inhibitory inputs in
modulating transmission at a fully functional neuronal
system using physiological stimulation.
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[221] In Vivo Study of AVCN Principal
Neurons: Input Convergence and Synaptic

Plasticity

Thomas Kuenzel', Gerard Borst!, Marcel van der
Heijden®

'Erasmus MC

Numerous in vitro studies have documented synaptic
depression at the endbulb of Held and explored its impact
on the bushy cells' (BC) most prominent physiological
feature: the temporal sharpening of the phase-locked
auditory nerve input. Synaptic depression together with
inhibitory inputs seem to govern the response of BC to
convergent inputs. However, few studies have addressed
to which extent these observations hold true in the intact
animal. It is not well understood what the characteristics of
convergent AN inputs on BC are and how excitatory inputs
and inhibition interact to influence the temporal precision of
the BC response in vivo.

We tried to address these issues by analyzing the
waveforms of complex spikes and failed events gathered
from juxtacellular micropipette recordings in the anterior
AVCN of the gerbil. Based on previous work we interpreted
the complex spike waveforms as a three-component
signal, consisting of the presynaptic action potential, the
postsynaptic potential and the action potential in the
postsynaptic neuron. We studied relative timing and
amplitudes of these components and the effects of inter-
event-intervals and features of the auditory stimuli. Our
main preliminary conclusions are: 1) Evidence of short-
term plasticity at the endbulb of Held can not be detected
in vivo. 2) Non-monotonic frequency response areas
appear to be shaped mainly by inhibition. 3) Existence of
very short event intervals (shorter than the refractory
period seen in the auditory nerve) underline the role for
input summation in the principal function of BC.
Furthermore, in certain stimulus situations (ie high levels)
spikes show a higher synchrony to the stimulus than the
totality of events comprising all inputs to the BC, again
suggesting an important role for input summation in BC
function in vivo.

[222] A Model of Activity-Dependent Recovery
from Synaptic Depression in the Avian

Cochlear Nucleus Without Residual Calcium
Katrina MacLeod', Timothy Horiuchi*

1University of Maryland College Park

Short-term synaptic plasticity acts as a time- and firing
rate-dependent filter that mediates the transmission of
information across synapses. In the auditory brainstem,
specific forms of plasticity are expressed at different
terminals of the same auditory nerve fibers and contribute
to the divergence of acoustic timing and intensity
information into separate, parallel computation pathways.
Using whole-cell patch clamp recordings of postsynaptic
currents in the avian cochlear nucleus angularis and
magnocellularis, we demonstrate that these synapses
have a very rapid recovery from depression, explaining
their ability to maintain responses during high rates of
spontaneous and sensory driven activity. The rate of
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recovery showed a dependence on the presynaptic activity
levels. In both the intensity and timing pathways, the time
course of recovery from short-term depression was bi-
exponential, with a fast time constant of ~40 ms,
explaining ~80% of the recovery, and a slow time constant
on the order of several seconds. In the intensity pathway,
the fast recovery was not due to postsynaptic receptor
desensitization, and was complicated by the presence of
short-term facilitation that may partially contribute to the
rapid time course of recovery. A cascade model of
synaptic vesicle replenishment is described that accounts
for the activity-dependence and time course of the
recovery without requiring residual calcium feedback. The
simple model of presynaptic short-term plasticity presented
here provides an unexpected explanation for activity-
dependent recovery and illustrates the dynamic nature of
vesicle cycling.

[223] The Effects of Delayed Release on Firing

in the Cochlear Nucleus

Matthew Xu-Friedman', Hua Yang®

'University at Buffalo, SUNY

Synaptic transmission consists of both synchronous and
delayed release components. The delayed component
can become significant during long periods of high activity.
At inhibitory synapses, delayed release contributes to tonic
inhibition, but its role at excitatory synapses is unknown.
This is a particular issue in the auditory system, as precise
timing information about sounds could be disrupted by
delayed release. To address this, we studied auditory
nerve synapses onto bushy cells of the cochlear nucleus,
using brain slices taken from P15-49 CBA/CaJ mice, at
34°C. Voltage-clamp recordings indicated that delayed
release is prominent at frequencies = 100 Hz with trains of
20 pulses at all ages studied. When single auditory nerve
fibers were activated in current-clamp recordings, reducing
delayed release with EGTA-AM or enhancing delayed
release with strontium had little effect on spike probability
or timing. To test the role of delayed release when more
presynaptic fibers are active, we used dynamic clamp. We
found a small increase in response probability with four
active inputs, but little effect on spike timing. In immature
synapses (P6-11), delayed release caused significant
addition of misplaced spikes long after the end of the train.
We found similar misplaced spikes in mature slices, when
we applied a-dendrotoxin. Thus, it appears that the effects
of delayed release are suppressed in mature bushy cells
through the actions of K,1.x channels. This may indicate
that delayed release is an unavoidable consequence of
normal transmission.

Glycinergic Inhibitory Input Onto Bushy
Cells in the Cochlear Nucleus

Sharon Oleskevich', Ana Mastilo*, Jeremy Sullivan®,
David Ryugo®

'Garvan Institute of Medical Research, Johns Hopkins
University

Neurons within the cochlear nucleus, spherical bushy cells
(SBCs) and globular bushy cells (GBCs), are important for
sound localization as they initiate the pathways that
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encode interaural time and level differences, respectively.
As part of a plan to investigate the role of inhibition in
sound localization pathways, we have quantified the
inhibitory glycinergic input onto bushy cells. Tissue from
young CBA/CaH mice was labeled using glycine
immunohistochemistry and counterstained with cresyl
violet so that the two types of bushy cells and their
glycinergic inputs could be identified. Fluorescent confocal
microscopy was used to investigate the three-dimensional
distribution of glycinergic inputs onto SBC and GBC
somata. Immunopositive glycine synaptic terminals were
counted in the cochlear nucleus at the light microscope
level using a 100x oil immersion lens. Three-dimensional
reconstructions indicated that glycinergic inputs were
distributed uniformly on the cell somata of both SBCs and
GBCs. GBCs, however, showed a significantly greater
number of glycine terminals (19 %= 0.8; n=15) than SBCs
(13 = 0.9; n=15; p<0.01). This difference was maintained
when the number of terminals was standardized to cell
circumference for GBCs (0.4 £ 0.02 terminals/um) and
SBCs (0.3 £ 0.02 terminals/um; p<0.01). These results
suggest important but different roles for glycine on the cells
that initiate auditory pathways encoding interaural time and
level differences. Future studies will combine these
anatomical findings with electrophysiological recordings of
inhibitory responses in these cells with quantification of the
inhibitory inputs at the electron microscope level.

[225] Dopaminergic Modulation of Action
Potential Initiation in Auditory Brainstem

Interneurons

Kevin Bender', Laurence Trussell*

'OHSU

Dopamine is central to the neural mechanisms of reward,
learning, and attention in many brain regions, yet its
function in the auditory brainstem remains unclear.
Dopaminergic signaling through G-protein coupled
pathways can alter the activity of many ion channel types,
including those present in the axon initial segment (AIS).
The AIS is a specialized compartment with Na* and K*
channels, and is the site of action potential initiation in
many cells. Recently, we found that low voltage activated
T- and R-type Ca** channels are also expressed in the
initial segment (Bender & Trussell, 2009). These channels
contribute to the subthreshold depolarization of the local
membrane, and can influence the timing and number of
action potentials generated by a given stimulus. Using a
combination of electrophysiology and 2-photon Ca**
imaging, we show that initial segment Ca®* channel activity
is regulated by dopamine. Slices were made from P16-21
mice, and experiments were performed in cartwheel
interneurons of the dorsal cochlear nucleus, an auditory
brainstem structure that aids in localizing sound in the
vertical plane. In cartwheel cells, initial segment Ca**
channels are functionally co-localized with Na* channels,
and block of Ca** channels by local application of T- and
R-type antagonists Ni** or mibefradil can delay or prevent
action potentials triggered alone or in bursts. By
monitoring action potential-evoked Ca** transients, we
found that Ca®" influx was reduced by dopamine type 2
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family receptors (D2R) through protein kinase C (PKC).
We then isolated T-type Ca®" currents in voltage clam
and found that the D2-PKC pathway reduced Ca“’
channels activity in the AIS but not in the dendrites. We
therefore hypothesize that the D2-PKC pathway has
compartment-specific effects on T-type channels, and
activation of this pathway could influence action potential
generation through selective down-regulation of initial
segment Ca” channels. To test this idea, we evoked
action potential bursts (2-3 spikes per burst) with somatic
current injection and bath applied PMA, a PKC activator.
While no change was observed in intrinsic membrane
properties, the number of action potentials evoked per
burst was reduced by over 50%. To test if Na* channels
were affected by this pathway, we monitored AP-evoked
Na® transients in the initial segment and found that they
were unaltered by the D2R agonist quinpirole, but were
reduced by low concentrations of TTX (10 nM). Thus, the
D2R-PKC pathway is specific for AIS Ca” channels,
allowing for dopaminergic control of action potential output.
This regulation could allow for attention-based modulation
or reinforcement of proper sound localization in the dorsal
cochlear nucleus.

P2 Receptors in the Cochlear Nuclues
Neurons - In Vitro and in Vivo Study in Gerbil

and Mice

Ivan Milenkovic', Beatrice Dietz!, Sasa Jovanovic',
Mandy Sonntag®, Ute Kriigel’, Rudolf Riibsamen®

!Institute of Biology II, University of Leipzig, Rudolf Boehm
Institute for Pharmacology and Toxicology, University of
Leipzig

In mongolian gerbil, activation of P2 purinoreceptors was
recently shown to change the firing pattern of developing
spherical bushy cells (SBCs) from phasic to tonic
(Milenkovic et al., J Neurophysiol., 102: 1821-33, 2009).
While the involvement of ionotropic P2X receptors seems
to be necessary for this effect, the role of metabotropic
P2Y, receptors remained puzzling. To investigate the
contribution of P2Y; receptors in purinergic signaling on
SBCs, in vitro and in vivo experiments are conducted in
gerbil, 129/SV mice and P2Y;-knockout 129/SV mice. The
abundance of large SBCs is different between gerbil and
mouse cochlear nuclei due to diversity in hearing
frequencies in these two species. Thus, we first compared
the P2 receptor-mediated responses in acute brainstem
slices of P5-14 gerbil and mice. Whole cell recordings from
biocytin-filled neurons revealed responses in large SBCs
but not in stellate cells. In gerbils, metabolically stable P2
receptor-agonist ATPyS evoked stronger depolarizations
compared to mice. Moreover, activation of P2 receptors in
combination with depolarizing current injection did not
evoke multiple firing in mice but it was regularly observed
in gerbil SBCs. This difference is probably due to higher
input resistances measured in gerbil SBCs compared to
neurons in mice of the same age. Activation of P2Y;
receptors by ADPBS evoked transient ca* signals and
depolarization in gerbils and WT mice but no action
potentials. In vivo extracellular recordings of pre-potential
neurons in pre-hearing animals show significantly lower
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frequency of spontaneous discharges in the P2Y;-
knockout mice with respect to WT mice and gerbils. This
data indicate that P2Y; receptors possibly influence the
excitability of SBCs before the onset of acoustically evoked
signal processing.

Laser Photostimulation Mapping of
Local Circuits in Rat Dorsal Cochlear

Nucleus

Paul Manis', Luke Campagnola?, Patrick O. Kanold®
'Depts. of Otolaryngology/Head and Neck Surgery, and
Cell and Molecular PhysiologyUNC Chapel Hill,
“Curriculum in Neurobiology, UNC Chapel Hill, *Dept. of
Biology, University of Maryland, College Park

The local circuitry of the dorsal cochlear nucleus (DCN)
provides a substrate for both auditory and cross-modal
sensory processing. Anatomists have provided detailed
descriptions of many different cell types and their axonal
arborizations within the nucleus, but our knowledge of the
functional synaptic connections within this nucleus is
limited. In the present study, we used focal laser scanning
photostimulation with caged glutamate to map excitatory
and inhibitory connections in P11-P16 rat DCN brain
slices. Slices cut both parallel to isofrequency sheets
(“strial” slices) and orthogonal to isofrequency sheets
(“transstrial” slices) were used. Recordings were made
primarily, but not exclusively, from pyramidal cells. Local
inhibitory connections to pyramidal cells were visible from
sites in all layers as well as close to the cell body.
Connections from layer 1 and the layerl-2 border
sometimes were associated with bursts of IPSCs
suggestive of cartwheel cell firing. Distant inhibitory
connections crossing the isofrequency planes were also
evident in layers 2 and 3 up to at least 300 microns from
the recorded cell's soma. Weak excitatory inputs were
seen from scattered sites in all layers. A consistent and
unexpected excitatory input was seen from sites in the
very deepest regions of the DCN. This input generated
EPSCs with latencies of about 20 msec. Excitatory inputs
also crossed the isofrequency axes. In summary, these
experiments have revealed a novel functional excitatory
connection within the DCN, and permit us to assay the
spatial organization of sparse synaptic inputs to DCN
pyramidal cells. Our results suggest that pyramidal cells
integrate inputs from a larger number of sources than
previously known.

Supported by NIDCD R01DC000425
R01DCO009607 to POK.

to PBM and

Comparison of Tone-Evoked Responses
Measured Optically Using a Voltage-Sensitive
Dye with Electrophysiological Responses
Based on Multiunit Recordings

Frank Licari', James Kaltenbach®

Cleveland Clinic

We have been investigating the use of optical recordings
based on voltage sensitive dye imaging as a means of
measuring sound-evoked and spontaneous activity on the
surface of the mammalian dorsal cochlear nucleus (DCN).
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In the hamster, the DCN straddles the dorsolateral surface
of the brainstem with its tonotopic axis oriented more or
less horizontally along the medial-lateral axis. Previous
work has demonstrated vigorous sound-evoked
electrophysiological and optical responses on the surface
of the DCN. However, systematic studies comparing the
responses obtained using electrophysiological and optical
recording methods have not yet been carried out. We
therefore compared responses of multiunit clusters in the
DCN to tonal stimuli recorded by these two methods. The
dye used for optical imaging was Di-2-ANEPEQ. We
compared measures of temporal responses as well as
responses to tones of increasing intensity. The results
indicate similarities in some aspects of these responses
and differences in others. Response latencies for
electrophysiological responses tended to be in the range of
7-10 ms, compared to 15-30 ms in the optical responses.
Thresholds were lower for electrophysiological responses,
typically between 6 and 18 dB SPL compared to optical
responses, which were in the range of 18-36 dB SPL. The
rate intensity functions based on electrophysiological
recordings were usually monotonic with clearly defined
plateaus or non-monotonic with firing rates diminishing
below the peak level in the mid-intensity range. Dynamic
ranges were typically between 30-40 dB. In contrast,
optically recorded response were monotonic but did not
reach saturation levels and displayed dynamic ranges of at
least 80 dB, or roughly twice the dynamic range of the
electrophysiological response. These differences may
indicate that the two types of response originate from
different  sources. (Supported by  NIH grant
R01DCO006041).

Exploring Multisensory Integration
Using a Three-Dimensional Silicon
Microelectrode Array for Simultaneous
Ventral and Dorsal Cochlear Nucleus

Recording and Stimulation

Susanne Dehmel’, Mary Elizabeth Merriam?, Onnop
Srivannavit’, Seth Koehler*, Kensall D. Wise®, Susan E.
Shore'?

*University of Michigan, Department of Otolaryngology,
University of Michigan, Department of Electrical
Engineering and Computer Science, *University of
Michigan, Department of Molecular and Integrative
Physiology

Somatosensory projections from the spinal trigeminal
nucleus (Sp5) to the cochlear nucleus predominantly target
the granule cell domains of the dorsal cochlear nucleus
(DCN) and ventral cochlear nucleus (VCN). However
numerous SP5 terminals are also found in the deep layers
of DCN and magnocellular regions of VCN (Shore and
Zhou, J. Neurosci Res., 2004; Haenggeli et al., J. Comp.
Neurol., 2005), presumably contacting giant cells,
multipolar cells and bushy cells. Sp5 stimulation can
modify the responses of DCN pyramidal cells to acoustic
stimulation but the influence of the Sp5 input on auditory
coding in the VCN and deep layers of DCN has not yet
been studied. An added complication in the interpretation
of these experiments is the bidirectional connection
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between DCN and VCN via tuberculoventral cells in deep
DCN and stellate cells in VCN.

To address these questions we have developed a three-
dimensional array composed of 4-shank/32 site silicon
probes. One to two 32-site probes target the DCN allowing
us to record in multiple cell-layers of the DCN across its
mediolateral tonotopic axis. One to three 16-site probes
target the VCN across its tonotopic axis, with the addition
of 16 adjacent or concentric stimulation sites. This
configuration allows for simultaneous recordings in VCN
and DCN while stimulating Sp5, with the possibility of
stimulating in VCN to explore the connections between
DCN and VCN in multisensory processing.

Supported by the Tinnitus Research Consortium, NIH P01
DCO00078, NIH RO1 DC004825, NIH T32 DCO00011, the
Engineering Research Centers Program, NSF EEC-
9986866, and Ms. Polly Anderson Gift Fund.

Sp5 Stimulation Leads to Prolonged
Excitation in AVCN, and Inhibition in Deep

DCN Neurons

Shashwati Pradhan’, Susanne Dehmel*, Susan E.
Shore'?

'Department of Otolaryngology, *Molecular and Integrative
Physiology, University of Michigan

In addition to receiving inputs from the auditory nerve, the
guinea pig cochlear nucleus (CN) also receives inputs from
the somatosensory system (Shore et. al.,, J. Comp.
Neurol., 2000; Zhou and Shore, J. Neurosci. Res., 2004).
While most of these inputs terminate in the granule cell
domain (GCD) of the CN, the magnocellular regions of
antero-ventral cochlear nucleus (AVCN) and deep DCN
also receive excitatory (glutamatergic) inputs from the
spinal trigeminal nucleus, (Sp5; Zhou and Shore, J.
Neurosci. Res., 2004; Zhou et. al., J. Comp. Neurol.,
2007), a region associated with somatosensation from the
vocal tract. Previous studies have investigated the short-
term modulation of firing properties of CN neurons by
electrical stimulation of the trigeminal system. However, in
this study, we examine the long-term effects of Sp5
stimulation on the firing patterns of neurons in the AVCN
and deep DCN.

Unit responses were recorded using multichannel
electrodes placed into the DCN and VCN of ketamine-
anesthetized guinea pigs. Rate-level functions (RLF’s),
obtained at best frequency, were used to determine
changes in the sound-driven firing rates of units by Sp5
stimulation. RLFs were measured for several minutes
before and after current stimulation (60 pA; 2 biphasic
pulses, 100 us/phase). Primary-like AVCN units showed a
prolonged, significant increase in firing rate after Sp5
stimulation. In contrast, units in the deep DCN showed a
long lasting decrease in firing rate. These results suggest
that the Sp5 is exerting a direct excitation of AVCN units
and an indirect inhibition of units in deep DCN through
inhibitory interneurons.

Supported by NIH P01 DC00078 and NIH R0O1 DC004825
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[231] The Effect of Reverberation on the
Representation of Single Vowels, Double
Vowels and Consonant-Vowel Syllables by

Single Units in the Ventral Cochlear Nucleus
Arkadiusz Stasiak', lan Winter', Mark Sayles"

'University of Cambridge

Reverberation is the persistence of acoustic energy in an
enclosed space after the sound source has stopped; it is
due to the multiple reflections from the surfaces within that
space. Reverberation has a filtering effect, introducing
distortion in both the spectral and temporal domains. For
instance, spectral transitions are smeared in time and the
slowly decaying ‘tails’, added at sounds offsets, effectively
applies a low-pass filter to the temporal envelope. It is well
known that reverberation can have a deleterious effect on
the intelligibility of complex time-varying stimuli such as
speech. For instance Culling et al. (1994) examined the
effect of reverberation upon segregation mechanisms for
double vowels. They found that the effect of differences in
the FO of the two vowels was robust in reverberation
provided that the FOs were constant, however, when they
were sinusoidally modulated (i.e. changing over time) this
segregation effect was abolished. Little, however, is known
about how reverberation affects the neural representation
of these speech-like sounds. To address this question we
have studied the effects of reverberation on the
representation of single vowels, double vowels and
consonant-vowel syllables from the responses of single
units in the ventral cochlear nucleus of the anaesthetised
guinea pig. Reverberation was added by time-domain
convolution of CV's with impulse responses (IR) recorded
in a corridor at source-to receiver distances of .32, 1.25, 5,
10m (courtesy of Tony Watkins) or with simulated IRs. In
agreement with a previous study on the representation of
the fundamental frequency (FO) of frequency swept
harmonic complexes we show that the degradation of FO is
critically dependent on the neuron’s best frequency, the
listener's distance from the sound source, the FO and, in
this study, the FO modulation.

Short Latency Forward Inhibition in the

Ascending Auditory Pathways

Xueguo Zhang', Hamza Malek', Jinsheng Zhang™?
'Department of Otolaryngology-Head and Neck Surgery,
Wayne State University School of Medicine, “Dept. of
Communication Sciences & Disorders, Wayne State Univ.
College of Liberal Arts & Sciences

Acoustic information is relayed to the auditory cortex (AC)
through a series of auditory structures. The complex
synaptic connections cause time delays for neural signals
to reach target structures, which depend on the diameters
of axons and the property of synaptic transmissions. It has
been reported that there are direct projections from the
dorsal cochlear nucleus (DCN) to the medial geniculate
body (MGB) and from the inferior colliculus (IC) to the AC.
However, it is still unclear how these projections contribute
to sound perception. In the present study, we investigated
the time delays of sound-induced neural activity in the
DCN, IC and AC of both anesthetized and unanesthetized
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rats. Experiments were conducted in 12 adult Long-Evans
rats in which the DCN, IC and/or AC were implanted with
microwire electrode arrays (Clunbury Scientific). Acute
recordings were performed 1-2 hours after implantation
under anesthesia. Chronic recordings were performed 1-6
weeks after implantation while the animals were
unanesthetized. Latencies of responses to both pure tones
and broad band noise were characterized in the DCN, IC
and AC. Our results demonstrated that 1) short latency
inhibitions in the DCN, IC, and AC occurred prior to main
excitatory responses, and 2) the inhibitions were often
preceded with an excitatory response. These results
suggest that there is a forward inhibition with a short
latency before major neural activation occurs along the
ascending pathways. The mechanisms may involve that
the ascending fibers directly inhibit target neurons, activate
local inhibitory circuitry, and/or bypass certain auditory
centers. Unlike conventional forward inhibition that
modulates frequency tuning curves, this forward inhibition
might play an important role in sound perception by
suppressing background activity to prepare the brain for
major incoming acoustic stimuli.

Generation and Characterization of
Mouse Lines Expressing a Tamoxifen-
Inducible Cre-Recombinase Under the

Central Auditory-Specific KCNK15 Promoter
Hans Gerd Nothwang', Venkata Satheesh®, Oktar
Guloglu*, Tillmann Weber?, Annalisa Zuccotti®, Marlies
Knipper®, Dusan Bartsch?

'Carl von Ossietzky University Oldenburg, 71 Mannheim,
University of Tiibingen

Temporally and spatially regulated gene silencing is
essential for the analysis of genes and circuits within the
auditory system. In contrast to the cochlea, this possibility
does not yet exit for the central auditory system. Towards
this end, we set out to generate a mouse with expression
of a tamoxifen-inducible Cre-recombinase (Cre-ERT2)
under the promoter of the KCNK15 gene. This gene
encodes Task5, which is highly specific for the central
auditory system (Karschin et al., 2001; Mol Cell Neurosci
18: 632-648). Task5 is present in the spiral ganglion
neurons and the higher order auditory processing centers
up to the inferior colliculus. Importantly, the protein is not
found in the organ of corti. Using recombineering
technologies, a bacterial artificial chromosome was
generated, which expresses Cre-ERT2 under the KNCK15
promoter. After pronuclear injection of this construct, 9
founder lines with genomic integration of the DNA were
identified. The progeny of these founders are currently
characterized for expression of Cre-ERT2. These mice can
then be crossed with the ever increasing number of mice
containing floxed genes. Locally or temporally
administrated tamoxifen to the progeny will enable time
and region specific gene deletion within the central
auditory pathway. This will provide new insight into the
molecular requirements for development and function of
the central auditory system and will contribute to an
improved understanding of the mechanisms underlying
central hearing impairment.
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Organization of Neuronal Circuits in the

Cochlear Nuclei of Mice That Lack Otoferlin
Samantha Wright', Donata Oertel*

1University of Wisconsin

The orderly innervation by auditory nerve fibers gives the
cochlear nuclei a tonotopic organization. Connections
between tuberculoventral cells in the deep layer of the
dorsal cochlear nucleus (DCN) and their targets in both the
dorsal and ventral cochlear nuclei (VCN), and connections
between T stellate cells and their targets in the VCN and
DCN follow that tonotopic organization. Even when mice
never hear, the arrangement of both the auditory nerve
fibers and the intrinsic connections is preserved (Cao et
al., 2008, J Comp Neurol 510:297-308). Patterned
spontaneous activity could play a role in forming or
sharpening the tonotopic pattern (Tritsch et al., 2007,
Nature 450:50-55). We therefore examined neuronal
connections in mice that lack otoferlin (otof-/-) which
support little or no synaptic transmission from hair cells to
spiral ganglion cells ( Roux et al., 2006, Cell 127:277-289;
Beurg et al., 2008, J Neurosci 28:1798-1803), but do
support synaptic transmission within the VCN and DCN.
We found that although the cochlear nuclei are smaller in
the otof-/- mice than in heterozygotes or wild type animals,
the tonotopic relationship is largely preserved though some
fibers made unexpected turns. End bulbs of Held were
less common and wispier, and boutons were smaller in
otof-/- than in otof+/-mice. The orderliness of the neuronal
organization in the cochlear nuclei in mice that get little or
no input from hair cells throughout life indicates that
neither spontaneous nor sound-driven activity patterns
play a major role in shaping the overall composition of the
neuronal networks in the cochlear nuclei, but that it does
affect the morphology of auditory nerve terminals. This
work was supported by a grant from the NIH DC00176.

Is Pax6 Required for Normal

Development of the Cochlear Nucleus?
Kathleen Yee'

“Tufts University School of Medicine

One approach to understanding how the cochlear nucleus
(CN), the obligatory synaptic relay in the brain of inner ear
afferents, becomes organized is to examine the role of
gene function. A large body of data exists on the
molecules that are expressed in juvenile and mature CN
neurons, but studies are only beginning to examine the
role of genes during development. We have previously
reported on a role for the paired homeodomain
transcription factor, Pax6, in CN development. In
embryonic day 16.5 wild type mice, Pax6 mRNA is
detectable in the ventral cochlear nucleus (VCN). As
development proceeds, the expression domain expands to
include the molecular/granule cell layer and portions of the
dorsal CN (evident at least by postnatal day (P) 0). We
have previously reported that the Math5-expressing region
of the VCN is reduced in volume in Pax6 -/- mice.

Using an independent molecular marker for the CN, we
have examined in more detail how Pax6 loss of function
affects CN development. We have used to our advantage
the fact that the receptor tyrosine kinase, erbB4, is
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expressed in the developing CN. At PO, erbB4 mRNA is
detected in wild-type (Pax6 +/+) mice in the
molecular/granule cell layer and at a higher level in cells
positioned around and within the VCN core. In Pax6 -/-
mice at PO, high levels of erbB4 mRNA are expressed,
indicating that erbB4 is not down-regulated nor a target of
Pax6. However, there are only a few scattered cells near
the edge of the VCN core and few, if any erbB4-positive
cells distributed within the core region.

These findings suggest that the reduction in VCN volume
that we have previously observed, may be due, in part, to
the absence of erbB4-positive cells within the VCN. Pax6
is necessary for neuronal migration of other nuclei that are
derived from the rhombic lip (Englekamp, et al., '99).
Future studies will assess whether cell migration is also a
function for Pax6 within the cochlear nucleus.

Supported by Deafnhess Research Foundation

Anatomical Plasticity in Brainstem
Auditory Nuclei Following Unilateral Cochlear

Ablation in Neonatal Rat

Eriko Shima', Miyako Hatano', Kazuya Kurita', Tomokazu
Yoshizaki', Makoto Ito*

'Kanazawa University

Objectives: Hearing loss produced by cochlear damage
during early development may result in persistent changes
in the organization of the central auditory system in adults.
The purpose of the present study was to investigate the
neuro-anatomical changes produced in the auditory
brainstem of rats with unilateral cochlear ablation
conducted prior to the onset of hearing.

Methods: Following unilateral cochlear ablation during
early development, we examined the anatomical plasticity
of projections from the cochlear nucleus (CN) and the
dorsal nucleus of lateral lemniscus (DNLL) to the inferior
colliculus (IC) using retrograde tract tracing methods with
fluoro-gold (FG). We compared the number of labeled
neurons and patterns of brainstem projections to the ICs.
Results: Upon reaching adulthood, a marked decrease in
volume of CN was observed in the ipsilateral to the
cochlear ablation, particularly in the ventral nucleus of the
CN (VCN). The number of retrograde labeled neurons in
the ipsilateral VCN was also markedly decreased. Neurons
labeled with FG were found in the DNLL on both sides.
The number of FG-labeled neurons in the DNLL was
almost the same as the normal control and the ratio
labeled neurons in the bilateral DNLL was not significantly
different across groups.

Conclusion: Unilateral congenital deafness with a volume
reduction in CN did not induce changes in the number of
retrograde labeled neurons in the DNLL when FG
injections were made into the IC in rat. Because DNLL
receives several inputs from lower brainstem auditory
nuclei, the loss of neurons and a volume reduction in the
unilateral CN did not influence upper brainstem auditory
structure following unilateral congenital deafness.
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Changes of Glutamate Concentration in
Relation to Neuron Density in the Chinchilla
Anteroventral Cochlear Nucleus Following

Cochlear Ablation

Simon Crass', Donald Godfrey", Kejian Chen®, Matthew
Godfrey®, Yacine Medhkour*

'University of Toledo College of Medicine, ’Naval Medical
Center, 3University of Toledo Medical Center, *“University
of Toledo

There is evidence for glutamate as a transmitter of auditory
nerve fibers and cochlear nucleus projection neurons as
well as a non-transmitter-related metabolite in neurons and
glia. To obtain further insights into the relation of glutamate
to auditory nerve fibers vs. cochlear nucleus neurons, we
compared glutamate concentrations with neuron densities
in the chinchilla anteroventral cochlear nucleus (AVCN).
Among a group of chinchillas with ablation of the right
cochlea, one with 1-month post-surgery survival was
chosen for detailed mapping of amino acid concentrations
in both left and right cochlear nuclei, by assay of samples
microdissected from freeze-dried coronal sections.
Gradients of glutamate concentration were found in both
the left and right AVCN, and decreases of glutamate
concentration in the right AVCN were proportionately
larger in its more caudal parts. By superimposing the maps
of the dissected sections using a drawing tube, at 50 times
magnification, with adjacent Nissl-stained sections, the
number of neurons corresponding to each microdissected
sample was estimated. Also, the volume of each sample
was measured so that its neuron density could be
compared with its glutamate concentration. High and
statistically significant (P<0.01) positive correlations
between glutamate concentration and neuron density were
found for both left (r = 0.85) and right (r = 0.65) AVCN. The
proportional decreases of glutamate concentration in the
samples of the right AVCN compared to corresponding
ones on the left were larger for samples with lower neuron
densities (r = -0.44, P<0.01), but the absolute
concentration differences between the corresponding left
and right samples showed no correlation with neuron
density (r = -0.09). We conclude that glutamate is
prominent in both auditory nerve fibers and AVCN neurons
and that the decrease of glutamate 1 month after cochlear
ablation predominantly reflects its loss from degenerating
auditory nerve fibers.

Inhibitory Synaptic Transmission in
Bushy Cells During Age-Related Hearing

Loss

Ruili Xie', Paul Manis*?

'Department of Otolaryngology/Head and Neck Surgery,
*Department of Cell and Molecular Physiology, Unversity
of North Carolina at Chapel Hill

Bushy cells in the anteroventral cochlear nucleus are
innervated not only by the excitatory inputs from the
auditory nerve, but also inhibitory inputs from various
sources including the dorsal cochlear nucleus (DCN).
While it has been shown that the excitatory transmission in
bushy cells weakens during age-related hearing loss
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(AHL), it is unclear whether inhibitory transmission also
changes during the AHL process. In this study, we
assessed inhibitory synaptic transmission in bushy cells
using two different mouse strains, CBA mice with normal
hearing and DBA mice with early onset AHL. Evoked
IPSCs were recorded by electrically stimulating DCN deep
layer while APV and CNQX were applied to block
glutamatergic transmission. Spontaneous IPSCs were
also measured under the same condition. We found an
increased paired-pulse ratio of the evoked IPSCs at a
50ms interval in six-month old DBA mice (with AHL) in
comparison with both age matched CBA mice (normal
hearing) and young DBA mice at P21 (relatively normal
hearing). This suggests that the release probability of the
inhibitory transmission decreases during AHL. However,
no significant difference was found in either the amplitude
of the evoked and spontaneous IPSCs, or the
spontaneous event frequencies. The results indicate that
changes in inhibitory synaptic transmission can occur with
AHL, and that these are distinct from changes in excitatory
transmission. These changes in inhibition are expected to
alter the physiological activity of bushy cells and thus may
contribute to hearing deficits with AHL.

Supported by NIDCD grant R01DC004551 (P.B.M) and a
DRF Research Grant (R.X.).

Altered Expression of Synaptophysin
and CD45 in the Cochlea and Cochlear
Nucleus After Antioxidant Treatment in Acute

Acoustic Trauma

Xiaoping Du"?, Kejian Chen®, Weihua Cheng®*, Chul-Hee
Choi?, Jianzhong Lu**, Richard D. Kopke**

"Hough Ear Institute and Integris Health, Oklahoma City,
’Oklahoma Medical Research Foundation, Oklahoma City,
®Naval Medical Center at San Diego, “Hough Ear Institute,
Oklahoma City

Acute acoustic trauma (AAT) can cause hearing loss and
tinnitus. Excessive noise exposure promotes reactive
oxygen species and reactive nitrogen species formation in
the inner ear, which can induce cell death and hearing
loss. However, up to date, there is very little information
about the mechanisms of noise-induced tinnitus. It is
believed that tinnitus is generated in the CNS but triggered
by cochlear injury. We have previously demonstrated that
an antioxidant treatment (4-hydroxy phenyl N-tert-
butylnitrone, N-acetyl-L-cysteine, Acetyl-L-carnitine) could
significantly reduce hearing threshold shift, as well as 4-
HNE and NT formation in the cochlea. In the present
study, we have used an indirect synaptic activity marker,
synaptophysin, to examine effects of noise exposure and
antioxidant treatment on synapses in the central and
peripheral auditory systems 10 days after noise exposure
(centered at 4 KHz, 105 dB SPL for 6 hours). Densities of
positive stained fusiform cells in the dorsal cochlear
nucleus (DCN) and of positive stained efferent nerve fibers
at the basal turn of the cochleae were calculated and
statistically analyzed. Compared with normal controls,
significantly down-regulated synaptophysin expression
was found in the fusiform cell layer of the DCN, and in the
efferent nerve fibers in the cochleae of noise exposed
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chinchilla. There were no significant changes of total
number of neurons in DCN (stained by anti-NeuN
antibody) between groups. In the DCN, cartwheel cells
deliver strong inhibition to fusiform cells through the
synapses. Loss of inhibitory synapses in the DCN may be
involved in noise-induced tinnitus. However, the
significance of loss of efferent fibers in the cochlea is
unclear. Antioxidant treatment significantly reduced the
down-regulation of synaptophysin in those locations,
suggesting the antioxidant treatment may not only treat the
noise-induced hearing loss but also noise-induced tinnitus.
We also used an inflammation marker, CD45, to study the
role of inflammation in AAT. Increased numbers of
CD45"cells were found in the stria vascularis of noise
exposed chinchilla. Antioxidant treatment reduced the
number of CD45" cells, suggesting that antioxidant
treatment can reduce inflammatory responses in the inner
ear.

Supported by the Office of Naval Research and INTEGRIS
Health

Spontaneous Calcium Signals in the
Dorsal Cochlear Nucleus After Noise

Exposure in Mice

Heather O'Donohue’, Luke Campagnola?, Paul Manis*®
'Dept. Otolaryngology/Head and Neck Surgery, UNC
Chapel Hill, ?Curriculum in Neurobiology, UNC Chapel Hill,
®Dept. Cell and Molecular Physiology, UNC Chapel Hill

A noise-induced increase in the spontaneous firing rate of
neurons in the dorsal cochlear nucleus (DCN) has been
associated with the development of tinnitus in animals.
However, the underlying network activity is unknown. In
this study, we used calcium imaging to map the
spontaneous activity of populations of neurons from brain
slices of the DCN. CBA/CAJ mice were exposed to an 8-
16 kHz noise at 110 dB SPL for 2 hours in a paradigm
established to produce tinnitus. Two weeks later, auditory
brainstem response measurements confirmed a 20-40 dB
shift in response thresholds to tone pips between 4 and
48kHz. Oregon-Green BAPTA-1 AM was injected into the
DCN after preparing slices, and fluorescence measured at
30-100 frames/second. Spontaneous activity was
observed throughout the DCN, and was greatest in the
pyramidal cell and superficial deep layers. Spontaneous
calcium events exhibit similar amplitudes in both the noise-
exposed and control groups. This suggests that the
generation of calcium signals in the noise-exposed and
control groups is fundamentally similar. Conventional
ACSF bathing medium contains a higher concentration of
calcium than physiological ACSF, which has been shown
to suppress spontaneous activity. When immersed in
physiological ACSF (1mm CaCl,), DCN neurons within the
molecular and pyramidal cell layers displayed higher
synchrony (measured as the analog cross-correlation of
the calcium signals) in noise-exposed mice (R=0.3-0.4)
when compared to age-matched controls (R=0.1-0.2). In
conventional ACSF (2.5mM CacCl,), the correlation
amplitude was reduced by a factor of 2, but the difference
in synchrony remained. Synchronous signals were
consistently interspersed with intervals of asynchronous
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activity in all conditions. These data suggest noise-
exposure may enhance the inherent synchrony of
spontaneous activity in the DCN, which may ultimately
transmit an abnormal percept of sound to higher centers.
Supported by NIDCD grant RO1 DC000425.

Effects of "Benign" Noise
Overexposures on AVCN Bushy Neurons in

CBA Mice

Yong Wang', Chongyu Ren*

'Univ of Utah

Noise exposures that only produce temporary hearing
threshold shifts (TTS) are not inconsequential. Recent
findings have demonstrated a sequence of events that
lead to type | ganglion cell afferent terminal withdrawal
from the inner hair cell and ultimate ganglion cell
degeneration without the mechanosensory hair cell loss.
Because normal auditory nerve fiber activities (both
spontaneous and sound driven) require intact synaptic
contacts between the spiral ganglion cells and the inner
hair cells, we hypothesize that ganglion cell afferent
terminal damages will affect central synaptic and neuronal
properties of principal neurons in the anteroventral
cochlear nucleus. We thus examined endbulb of Held
synapse and bushy neuron properties in in-vitro slices from
mature CBA mice (~P100 day) after TTS noise exposures.
Compared to controls, we found that bushy neurons from
TTS noise exposed animals 1) have higher membrane
input resistance and action potential thresholds, 2) express
less of a low-voltage-activated K current. Additionally,
endbulb synaptic recovery from depression appears to be
faster in noise exposed animals, indicating higher synaptic
terminal Ca accumulation, perhaps, due to lower
intracellular Ca buffering. On the surface, paradoxically,
this may represent a short-term compensatory mechanism
to maintain reliable endbulb synaptic transmission.
However, loss of intracellular Ca buffering capability can
render cells more prone to neuronal excitotoxicity, thus
having detrimental longer-term effects. With incomplete
recovery from acute injury, TTS noise exposures may not
only have lingering peripheral effects but also
conseqguences in the central auditory system.

A Model for Tinnitus Generation Based

in the Ventral, Not Dorsal, Cochlear Nucleus
Jennifer Melcher"?

'Mass. Eye and Ear Infirmary, “Harvard Medical School
Many neural representations have been proposed to
underlie the tinnitus percept including elevated neural firing
rate, abnormal temporal patterns of neural discharge,
reorganized tonotopic maps, and increased correlation
between neurons. By ‘“increased correlation” we
specifically mean that the spontaneous firing patterns of
two or more neurons are correlated with one another to an
abnormally high degree. Recently, Eggermont and co-
workers reported enhanced inter-neuronal correlations
within the auditory cortex of animals having a pattern of
peripheral damage often associated with tinnitus. But
cortex may not be special in showing such enhanced
correlations. We suggest that cochlear nucleus neurons
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directly innervated by the cochlear nerve could show
enhanced inter-neuronal correlation following peripheral
deafferentation and that the spherical bushy cells of the
ventral cochlear nucleus are particularly likely candidates
for exhibiting this phenomenon. We will explain how
several structural and functional aspects of cochlear-nerve
fibers and spherical bushy cells may conspire to increase
the degree to which spherical bushy cells are correlated
with one another following cochlear hair cell or spiral
ganglion loss. We will also discuss how these correlations
might help account for various aspects of tinnitus
phenomenology including, differences between people in
the quality of the tinnitus percept, onset of tinnitus
immediately following acoustic over-exposure, and the
occurrence of tinnitus in some ears, but not others with
seemingly identical damage.

Supported by the Tinnitus Research Initiative.

Effects of Inferior Colliculus Ablation on
Noise-Induced Hyperactivity in the Dorsal

Cochlear Nucleus

Frank Licari', James Kaltenbach®

'Cleveland Clinic Foundation

Hyperactivity in the central auditory system, manifest as
increases in spontaneous activity and/or increases in
bursting activity, has been implicated as an important
correlate of tinnitus induced by noise and other tinnitus-
inducing agents. We have been investigating the
influences of descending pathways as potential modulators
of noise-induced hyperactivity in the dorsal cochlear
nucleus (DCN) of hamsters. In this study we were
interested in the potential modulatory influence of
descending pathways to the DCN from the auditory
midbrain. Hyperactivity was induced in the DCN of
hamsters by exposure to intense sound (10 kHz, 115 dB
SPL, 4 hrs). Recordings were conducted at tonotopic
locations in the DCN where spontaneous activity was
clearly elevated relative to control levels (i.e., where rates
were above 40 events/s). Following this initial recording,
input to the DCN from the contralateral inferior colliculus
(IC) and higher levels was removed by ablation. Ablation
was accomplished by electrocautery against the caudal
wall of the inferior colliculus until the bulk of the IC was
removed. Examples have been obtained in which removal
of the contralateral IC resulted in an enhancement of the
level of hyperactivity in the DCN. In other cases, IC
removal produced a transient loss of DCN activity which
recovered gradually to pre-ablation levels over a period of
15-20 minutes. These results are still preliminary, but they
do suggest that DCN hyperactivity persists and may even
be enhanced following IC ablation. This further supports
the view that DCN hyperactivity does not follow a top-down
explanation, although the descending input to the DCN
from the IC or higher order structures may exert an overall
inhibitory effect on DCN hyperactivity. (Supported by NIH
grant RO1 DC009097).
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Longitudinal Changes in Gap Detection
and Prepulse Inhibition Following Noise

Exposure in Adult Mice

Jeremy Turner'?, Deb Larsen, Larry Hughes', Chunhua
Zeng®, Diederik Moechars®, Susan E. Shore®®

S|U School of Medicine, Zlllinois College, *Kresge Hearing
Research Institute, Department of Otolaryngology,
University of Michigan, “Johnson and Johnson
Pharmaceutical Research Development, *Molecular and
Integrative Physiology, University of Michigan
Six-month-old mice on a mixed C57BI6 x 129 background
were anesthetized with isoflurane and exposed to
unilateral noise (n=9), or sham exposure for controls (n=5),
for one hour (16 kHz octave band signal, 116 dB SPL).
Gap detection and prepulse inhibition were tested at 60 dB
SPL (1,000 Hz bands centered at eight frequency bands)
before and at post-exposure time points of 1, 3-4, 7, 14,
21, and 30 days, and monthly thereafter until 7 months
post exposure. Auditory brainstem response thresholds
were measured before and after the noise exposure, and 7
mo post exposure. Brains were then perfusion fixed,
harvested, and frozen for later immunohistochemical
analysis of vesicular glutamate transporter distributions
that are altered after cochlear damage (Zeng et al., J.
Neurosci., 2009). Noise exposed mice displayed changes
in gap detection and prepulse inhibition behavior for 24
kHz stimuli consistent with the presence of tinnitus at that
frequency. Several time points following noise exposure
suggested evidence of hyperacusis (stronger responses to
gap detection and prepulse inhibition) which was followed
by the development of deficits in gap detection by 6
months post exposure. The temporal development of these
changes following noise exposure are discussed in the
context of the interactions between aging, noise exposure
and the associated neurochemical changes that occur at
early stages of auditory processing .

Supported by the Tinnitus Research Initiative, NIH P01
DC00078 and NIH RO1 DC004825 (SES) NIH R21
DC008357 (JGT)

Differential Effects of Prolonged Sound
Exposure on the Enlargement of Auditory

Neurons in the Brainstem

Hui-Pin Lu"?, Paul Wai-Fung Poon™?

'Department of Physiology, Medical College, *National
Cheng Kung University, Tainan

In our previous study (Lu et al, 2009) we have showed that
neurons at the auditory cortex enlarged their size markedly
(~30%) following prolonged sound exposure at moderate
levels, suggesting plastic changes as the result of over-
activity. If so, similar changes should be observed in the
subcortical auditory structures. To test this hypothesis, we
measured cyto-histologically two obligatory brainstem
auditory stations: inferior colliculus (IC) and cochlear
nucleus (CN) the after exposing juvenile rats (4 weeks old,
n=5) to a monotone (4 kHz, 65 dB SPL) for 7 days (10
hrs/day). Neuronal profiles (nuclei and perikarya) in the IC
(central and external subdivisions) and CN (anterior
ventral, dorsal and posterior ventral subdivisions) were
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digitized and measured on photomicrographs taken from 7
(m-thick histological sections stained with toluidine blue.
To facilitate accurate measurement, we used image-
analysis software (Image ProPlus) that contained a
confocal-like image-merging function to sharpen edges of
the nuclei and perikarya. Sound exposure expanded cell
volumes (both nuclei and perikarya) at the IC markedly
(~65%) compared with control (p<0.0001, Student’s t-test).
Such sound-induced changes were however not found in
the CN. Neurons in other non-auditory structures (visual
cortex and superior colliculus) were also unaffected by the
same sound exposure. Results showed that the prolonged
sound exposure had produced effects that cannot be
explained by a simple mechanism linking over-activity with
cell enlargement, but might involve a sensitive or critical
period that determines whether or not over-activity can
exert effects on cytomorphology. That sound has induced
marked changes at the IC and the auditory cortex without
affecting the CN also suggested the occurrence of tinnitus
in these animals as likely induced by long-term sound
exposure during their young age. Further behavioral
experiments are necessary to confirm such conjecture.
Keywords: over-activity, neural plasticity, auditory
brainstem, inferior colliculus, cochlear nucleus, tinnitus
H.P. Lu, S.C. Chen and P.W.F. Poon, Enlarged neurons
as a simple index for sound-induced plastic changes at the
rat auditory cortex Neurosci. Letters 463: 145-149(2009)
H.P. Lu, S.C. Chen and P.W.F. Poon, Differences in Fos-
expression at the brainstem of rats to tones of different
time-varying properties. Neurosci. Letters 451: 139-143
(2009)

What Squid Hear: An Evoked Potential

Study of the Longfin Squid gLoIigo Pealeii)

T. Aran Mooney’, Roger T. Hanlon?, Jakob Christensen-
Dalsgaard’, Peter T. Madsen®, Darlene R. Ketten®, Paul E.
Nachtigall®

'Woods Hole Oceanographic Institution, °Marine Biological
Laboratory, *Southern Denmark University, *Aarhus
University, *University of Hawaii

While many organisms hear and produce sound, little is
known about marine invertebrate hearing. Squid are a key
component of ocean biomass as an important predator
and prey, however it is uncertain if they hear despite
auditory implications. In particular, squid face substantial
selective foraging pressures from echolocating toothed
whales and anecdotal evidence suggests they respond to
acoustic stimuli. Using auditory evoked potentials (AEPS)
we measured squid (Loligo pealeii) hearing ranges and
thresholds in response to pressure and particle motion
components of a sound field ranging from 50 Hz to 10 kHz,
and to acceleration stimuli from 20 to 1000 Hz.
Responses were recorded from nerves in the vicinity of the
statocyst. AEPs were observed for stimuli between 20 and
500 Hz, with lowest thresholds from 100-200 Hz. Good
responses were obtained for pulsed sounds with significant
low frequency components (peak frequency 100-150 Hz)
but no AEPs were detected using simulated toothed whale
echolocation clicks. Squid evoked potentials followed
individual clicks up to 1 click/15 ms (66 Hz). Acceleration
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alone produced AEP responses. The responses recorded
here suggest squid have a hearing capability similar to
“hearing-generalist” fishes and that the statocyst acts as
an accelerometer by which squid detect the particle motion
of the sound field. These data indicate that squid likely
detect environmental low frequency sound signatures that
may aid navigation and near-field acoustic stimuli from
predators and prey.

Auditory Processing Changes
Seasonally in Gambel’s White-Crowned

Sparrow

Melissa Caras’, Eliot Brenowitz®, Edwin W. Rube
'University of Washington, 2Virginia Merrill Bloedel Hearing
Research Center

Vocalization is the primary method of communication
among songbirds. Dramatic seasonal differences in song
behavior, and in the morphology and physiology of the
neural circuitry underlying song production are well
documented in variety of songbird species. Androgenic
and estrogenic steroid sex hormones mediate these
seasonal changes. While much work has focused on the
hormonal mechanisms underlying seasonal plasticity in
songbird vocal production, comparatively little work has
investigated seasonal and hormonal effects on songbird
auditory processing. To address this issue, Gambel's
white-crowned sparrows (Zonotrichia leucophrys gambelii),
a highly seasonal songbird with sharp, distinct breeding
periods, were used in this study. Photoperiod and hormone
levels were manipulated in the laboratory to simulate
natural breeding and non-breeding conditions. Peripheral
auditory function was assessed by measuring the auditory
brainstem response (ABR) of males and females in both
conditions. Birds exposed to breeding-like conditions
demonstrated elevated thresholds and prolonged peak
latencies compared with birds housed under non-breeding-
like conditions. Females showed a greater seasonal
threshold shift than males. These results suggest that
seasons and hormones not only affect vocal production,
but also substantially impact auditory processing in wild
songbirds.

1,2
I

Serotonin Modulates Latency But Not
Amplitude of Auditory Brainstem Response

Waveforms

Melissa Papesh', Laura Hurley"

!Indiana University

Serotonin deficiencies have been linked to changes in the
latencies and amplitudes of AEP waveforms, increases in
absolute thresholds, and increased intensity dependence
of waveform amplitudes. The purpose of the present study
was to use the mouse model to investigate whether
auditory responses were altered when endogenous
serotonin was depleted. Young male CBA/J mice were
implanted with chronic subcutaneous electrodes prior to
the recording of baseline auditory brainstem responses
(ABR). ABR stimuli consisted of pure tones presented
across a range of subthreshold to suprathreshold levels.
The chemical para-chlorophenylalanine (pCPA), an
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inhibitor of endogenous serotonin synthesis, was
administered to subjects daily for a period of five days prior
to reobtaining ABR measures. Using repeated measures
ANOVA, serotonin-depleted subjects displayed
significantly shorter latencies relative to baseline measures
of approximately 0.1 ms (F(6,1)=17.285; p=0.006) at 16
kHz. However, no significant effect was found on absolute
threshold, amplitudes, or the slope of amplitude-intensity
functions. These results suggest that serotonergic effects
on ABR slope found in cortex are not present in the
brainstem of anesthetized mice. The roles of individual
serotonin receptor subtypes in mediating such changes in
latency are not well understood, and further investigation
using specific serotonergic agonists will be required to
determine which receptors are responsible for mediating
such changes.

Acoustic Masking of Noised-Induced

Tinnitus in Rats

Kelvin Kwong', Jinsheng Zhang™?

'Department of Otolaryngology-Head and Neck Surgery,
Wayne State University School of Medicine, “Dept. of
Communication Sciences & Disorders, Wayne State Univ.
College of Liberal Arts & Sciences

Tinnitus, a subjective perception of sound in the absence
of acoustic stimulation, is a prevalent condition that causes
somatic and psychological disturbances and affects quality
of life at various degrees. Acoustic masking in some forms
of background noise is a commonly used tool for tinnitus
relief. However, the underlying mechanisms are still poorly
understood. In this study, we evaluated and characterized
the effect of acoustic masking on tinnitus by examining the
changes in behavioral evidence and neural correlates of
tinnitus. To induce tinnitus, Sprague-Dawley rats (n=16)
were exposed to a 10 kHz tone at 120 dB SPL for 3 hours.
GAP detection for tinnitus and prepulse inhibition (PPI) for
hearing loss across 5 frequency bands were measured
pre-/post-noise exposure as well as during acoustic
masking with broadband and narrow band nois