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intracranial Schwannomas of the
Lower Cranial Nerves

John P. Leonetti, MD; Douglas A. Anderson, MD
Sam J. Marzo, MD; Thomas C. Origitano, MD, PhD
Mobeen Shirazi, MD

Objective: To present our experience in the diagnosis
and management of 39 patients with lower cranial nerve
schwannomas of the posterior fossa.

Study Design: A retrospective chart review of patient
medical records.

Setting: Tertiary care, academic medical center.

Patients: All patients with intracranial lower cranial
nerve schwannomas treated surgically at our institution
between July 1988 and July 2005.

Intervention: A retrosigmoid, transcondylar, or
combined approach was employed for tumor resection.

Main Outcome Measure: The extent of tumor resection
and the incidence of tumor recurrence.

Results: Thirty-nine patients underwent surgical
resection with complete tumor removal in 32, near-total
resection in five patients, and subtotal tumor excision in
two cases. Long-term (mean of 8.2 years) MRI
surveillance demonstrated recurrent tumor in two of 32
complete resections, and slow regrowth in two of seven
patients with known residual disease. Only one of these
four patients required re-operation.

Discussion: Intracranial schwannomas of the lower
cranial nerves are relatively uncommon, and may
present with subtle or no clinical symptoms. Successful
surgical resection with low risk of tumor recurrence can
be achieved with the retrosigmoid or transcondylar
appraoch. Morbidity, in this series, was limited to
isolated individual lower cranial nerve deficits.

Acknowledgments: The authors would like to thank

Erin Sebastian for her work in the preparation and
critique of this abstract.
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Prevention and Treatment of Cerebrospinal Fluid
Leak Following Translabyrinthine
Acoustic Tumor Removal

Jose N. Fayad, MD; Marc S. Schwartz, MD
Derald E Brackmann, MD; William H. Slattery, MD

Objective: To determine the incidence of cerebrospinal
fluid (CSF) leak following translabyrinthine acoustic
tumor removal using titanium mesh cranioplasty and
compare to previous series and historical controls.

Study Design: Retrospective chart review.

Setting: Tertiary referral neurotologic private practice.

Patients: The series of 388 patients who underwent
titanium mesh cranioplasty after translabyrinthine
tumor removal between March 2003 and July

2005. Results were compared to those in a group of
1195 translabyrinthine tumor removal patients from a
previously published series.

Intervention: Cranioplasty using titanium mesh
following acoustic tumor removal.

Main Outcome Measures: Rate of CSF leak for this
method and previous methods of closure.

Results: 13 patients (3.3%) had CSF leaks when using
the new method of titanium mesh closure. This
compares to a rate of 10.9% in a series in which
previous methods of closure were used (p <.001). The
rates of CSF leak requiring reoperation were 0.8% and
2.5% for the new and older series, respectively (p
<.001).

Conclusions: Titanium mesh cranioplasty appears to
reduce the rate of CSF leaks following translabyrinthine
removal of acoustic tumors in our hands. A new
paradigm to treat those leaks is described which
includes blind sac closure and packing of the
Eustachian tube, avoiding the re-exploration of the
mastoid as is traditionally proposed.
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Interim Progress Report for the American Otological
Society Research Grants

Effects of Low-Dose Gentamicin
on Labyrinthine Structure

PI: John Carey, MD

The aims of this study are: (1) To elucidate the fate of calyceal
afferent endings after low-dose IT gentamicin treatment, and
(2) To elucidate the fate of stereocilia after low-dose IT
gentamicin treatment. Intratympanic (1T) gentamicin
treatment is an increasingly popular therapy for intractable
vertigo due to Méniére’s disease. Our laboratory has studied
the effects of [T gentamicin treatment on the chinchilla
labyrinth as a model for the human treatment. Cristae and
utricles lose almost all type I hair cells and calyceal afferent
endings within weeks of the lesion, but type 11 hair cells are
not significantly reduced in density. Vestibular nerve
afferents stop responding to head acceleration, but they
continue to fire spontaneously. Even the most irregular units
are preserved, which is surprising because such units in
normal chinchillas only have calyceal endings on type I cells.
These results imply that afferents must be receiving synaptic
input from endings that are no longer calyceal in appearance.
Thus, we are interested in further studying the fates of
calyceal afferent endings after IT gentamicin treatment.

Adult chinchillas received a single unilateral intratympanic
gentamicin injection; contralateral ears served as controls.
Animals were euthanized at 2 periods after treatment: early
(14-28 d) or late (3 mo). Semicircular canal cristae and
utricular maculae were sectioned for light microscopy (LM);
cristae were also sectioned for transmission electron
microscopy (TEM). Hair cell counts decreased by 53% in
treated cristae and 38% in treated maculae, with loss of nearly
all type I hair cells but no change in type II hair cell number.
Equivalent hair cell loss was seen in the three zones of the
cristae. In the utricular macula, hair cell loss was greater in
the striolar region. Neuroepithelial height was reduced by
21%. There was no change in afferent bouton number.
Efferent bouton number decreased over time. Ribbon synapses
per section were reduced by 48%, with no change in the
ribbon synapse-to-hair cell ratio. By LM there was a 66%
decrease in the proportion of hair cells with stereociliary
bundles, from 83.8% in control cristae to 28.7% in treated
cristae (p<0.001, y’-test). Upon TEM analysis, we noted that
many of the remaining stereociliary bundles in gentamicin-
treated cristae appeared abnormally swollen and less tightly
associated.

In addition to the loss of Type I hair cells and calyx endings,
gentamicin-treated cristae were noted to have globular
structures in the neural ending layer of the crista on LM.
Strong evidence that these globular structures were also neural
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endings was provided by finding ribbon synaptic
specializations of adjacent hair cells aligned with post-
synaptic densities in the globular structures. Using
immunohistochemical techniques and antibodies selective for
calyx associated proteins (tenascin) and calyx only afferents
(calretinin), we found further morphologic evidence that the
globular endings indeed represent calyceal remnants. Anti-
calretinin antibody labeled calyceal afferents in the central
zone of control cristae. Antibody to tenascin, an extracellular
matrix glycoprotein, labeled the space between type I hair
cells and their calyceal endings in controls. We found that
calyx-associated tenascin immunoreactivity was abolished
after treatment with gentamicin. However, calretinin
immunoreactivity persisted after gentamicin in thick fibers
within the stroma of the crista ampullaris and in the globular
endings within the neuroepithelium. This suggests that
afferent calyces may lose their Type I hair cells and
extracellular matrices but remain in the retracted form of
globular endings after gentamicin treatment. These endings
may still make en face contacts with Type II hair cells, which
could provide the synaptic activity for continued spontaneous
firing. The preservation of spontaneous vestibular nerve
activity after intratympanic gentamicin treatment may
decrease the adaptive burden placed on the central vestibular
system relative to destructive procedures that silence afferent
firing.
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Effects of Elevated Potassium on Spiral
Ganglion Neurite Growth and Maintenance

PI: Marlan R. Hansen, Pamela C. Roehm,
Ningyong Xu, Steven H. Green

The effect of elevated extracellular potassium ([K'],) on
spiral ganglion neurons (SGNs) and afferent cochlear
innervation carries critical implications for Méniére’s
disease. We have begun exploring the effects of elevated
[K'], on spiral ganglion neurites.

Elevated [K'], inhibits SGN neurite growth and results in
loss of peripheral afferent fibers in cochlear explants. To
determine the effects of elevated [K'], on SGN neurite
growth, dissociated spiral ganglion cultures were maintained
in neurotrophin 3 (NT-3) in the presence of 5.4 mM K (5K),
30 mM K* (30K), or 80 mM K" (80K). After 48 hours (h),
the cultures were fixed and immunostained with anti-
neurofilament 200 (NF200) antibody and neurite length was
determined. We found that SGNs maintained in elevated [K"]
, have significantly reduced neurite lengths compared with
SGNs in 5K. The extent of neurite inhibition by
depolarization varied directly with [K'Jo; SGNs in 80K had
shorter neurites than those in 30K.

Membrane depolarization could reduce neurite growth by
inhibiting initial formation of the process or by inhibiting
neurite extension. To distinguish between these possibilities,
we performed time lapse imaging of SGNs expressing green
fluorescent protein (GFP) to allow viewing of live neurites.
Depolarization with 30K reduced the growth of neurites that
had already formed while depolarization resulted in
retraction of exiting neurites.

To confirm the effects of elevated [K'], on neurites that have
already formed we used a cochlear explant preparation,
which maintains the relationship of the SGNs with hair,
supporting, and glial cells. Cochlear explants were exposed
to 80K for 24 h, fixed, and immunolabeled with anti-NF200
antibody. Depolarization with 80K for 24 h results in
blebbing and loss of the peripheral neurites, similar to the
observation of neurite retraction in dissociated cultures.
Treatment of explants in 80K with the L-type voltage
sensitive Ca®'-channel blocker, verapamil (40 uM) (VPL)
prevented the blebbing and loss of SGN neurites while
treatment with NT3 failed to prevent neurite degeneration.
Explants that had been exposed to 80K for 24 h and
maintained in 5K for an additional 72 h (96 h total) showed a
near complete loss of peripheral processes.

Inhibition of neurite growth by depolarization results
from Ca?" entry through multiple types of Ca’*-channels.
The inhibition of neurite growth by depolarization depends
on Ca*" entry since SGNs cultured in the absence of
extracellular Ca** showed normal neurite growth. Further,
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the negative effects on neurite growth are reduced in the
presence of L, N, P/Q type Ca®" channel blockers with the
greatest effect occurring when all 3 blocker are used in
combination. This differs from the effect of membrane
depolarization on SGN survival, which entirely depends on
Ca”" entry through L-type channels.

CaMKII and PKA are not required for the inhibition of
neurite growth by elevated [K'],.

CaMKII and PKA are activity dependent kinases that promote
SGN survival, are required for the survival promoting effects
of elevated [K™],, and inhibit SGN neurite growth. We
transfected cultured SGNs with GFP-AIP or GPKI, small
peptides fused with GFP that are specific and effective
CaMKII and PKA inhibitors, respectively. Neither inhibitory
peptide prevented the inhibition of neurite growth by elevated
[K"]o. These results were confirmed using KN-62 and
RpcAMPS, pharmacologic CaMK and PKA inhibitors. These
results demonstrate that elevated [K*], recruits different
signals to inhibit SGN neurite growth than those that are
required to promote survival.

The results of these studies hold important implications for
patients with Méniére’s disease. For example, retraction or
loss of neurites by exposure to elevated [K'], may reduce the
density of afferent fibers innervating the organ of Corti.
Manipulation of the signals activated by elevated [K'], could
limit the potentially damaging consequences on axons.
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“Genetic Modification of Mouse Inner Ear
Stem Cells in vitro”

Pl: Samuel Gubbels, MD

The first objective of this research project is to investigate
whether adult mouse inner ear stem cells can be modified in
vitro to produce hair cells through transfection with the mouse
atonal homolog 1 gene (Math1). Math1 has been shown
previously to be necessary for hair cell genesis in multiple
mammalian models and has been shown to generate both
supernumerary and ectopic hair cells when misexpressed in
the organ of Corti. The secondary goal of our study seeks to
explore if stem cells transfected with Math1 can be
transplanted into the developing mouse inner ear in utero at
the otic placode or otocyst stage of development using the
technique of transuterine microinjection. We aim to evaluate
the ability of Math1 transfected stem cells to integrate into the
organ of Corti and vestibular sensory epithelium and assume a
hair cell fate once transplanted.

* The first phase of the research fellowship project involved
gaining facility with basic science and experimental
embryology research techniques. Transuterine microinjection
enables delivery of bioactive substances directly into the
developing mouse inner ear at the nascent otocyst stage. It is a
technically difficult method with a small margin for error as
injected embryos have little tolerance for mechanical trauma.
I spent the majority of the time in the first 6 months of my
research fellowship gaining expertise with transuterine
microinjection. I focused on delivery of the Math-1 gene into
the developing mouse inner ear using a variety of methods,
including viral vectors. My data from injection of embryonic
day 11 otocysts indicate misexpression of the Math-1 gene
with subsequent generation of supernumerary and ectopic hair
cells in the developing mouse organ of Corti. We are
currently determining if the newly produced hair cells are
innervated and capable of mechanotransduction. I have
conceptually mastered the technique of transuterine
microinjection and provided strong validation of our
experimental embryological approach for studying
mammalian inner ear development. This work will form the
core of a manuscript independent of the stem cell studies. The
overall significance of the work lies in the demonstration of
our ability to perform gain-of-function experiments in the
developing mouse inner ear using an alternative strategy to
transgenics. Manipulation of the genes involved in hair cell
fate specification may offer insight into developmental
mechanisms that can be exploited for regenerative medical
treatments of the diseased inner ear in the future.
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Having gained expertise with the most demanding techniques
involved in my fellowship project, I am now poised to direct
my efforts toward the transfection of stem cells with Math-1
and injection of these modified stem cells into the developing
mouse inner ear.

The basic science research skills gained during this research
fellowship have many potential applications in the area of
auditory research. I am very grateful to the American
Otological Society for its support and look forward to future
opportunities to use the skills developed during this
fellowship to conduct research relevant to the fields of
otology and neurotology.
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Progress Report for Karen J. Mu, AOS Medical
Student Training Fellow

The specific aim of this grant is to understand the role of inner
ear lateral wall-specific CI” channels. We hypothesize that the
properties of CI' currents in the cells of the stria vascularis
(StV) have distinct features that allow them to maintain high
CI” outflow across marginal cells (MCs) and intermediate cells
to generate endocochlear potential. Our goals are to determine
the whole-cell and single channel properties of CI” channels in
MCs, to clone inner ear/StV-specific CI” channels using RT-
PCR techniques, and to localize the channels using
immunocytochemistry and immunoelectron microscopy to
determine the density and location of the channels in the StV.
We hypothesize that CI channel current at the MC basolateral
membrane is regulated by the channel's interaction with barttin
to confer electroneutrality and to ensure the dynamic flow of
K*. We have expressed the cloned channels in heterologous
expression systems to determine their electrophysiological
phenotype using whole-cell recording techniques and will
utilize mutagenesis techniques together with functional
expression to better determine channel function.

We cloned CIC-K 1 and barttin in the pNLE expression vector
containing the 5'- and 3'-untranslated regions of the Xenopus -
globin gene. Co-injection of RNAs of CIC-K1 and barttin
yielded robust CI” current. Measurements were taken in
solutions with differing CaCl, concentrations, pH, and anion
types. The currents were elicited at voltages more positive than
+40 mV and negative to -100 mV. Traces were recorded by
applying step potentials from +60 mV to -120 mV and then to
+60 mV from a holding potential of -30 mV. The current
amplitude increased by nearly four-fold upon elevation of
extracellular calcium levels from 5 mM CaCl, solution to
10mM CaCl, (Figure A). The current amplitude increased
upon extracellular alkalinization to pH 8.0, was decreased by
two-fold at pH 7.5 and was very small at more acidic pH
(Figure B). Replacement of 100 mM extracellular chloride
with other anions indicated a permeability sequence of Br" >
CI'>NO5 > I > Glutamate (Figure C). Of particular interest,
we observe very minimal inward current with glutamate
substitution. While we expected the outward current to
decrease as extracellular chloride was removed, the small
inward current implies that there may be an extracellular
chloride-dependent gating mechanism, which we will examine
in several mutants that we have constructed.

We have identified four areas along the ion permeation
pathway that are important for pore function: V166, K527,
K149, and K165. To this end, we have constructed the
following: V166E, V166C, K527C, K527A, K527E, K527R,
K149R, K149A, K149E, and K165C. We are currently in the
process of characterizing their contribution to CIC-K1 function,
and their overall contribution to the generation of endocochlear
potential .

For Figures see next page. 61
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