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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
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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.

ARO Abstracts

20

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 excitabili