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Cell Therapy for Inner Ear Diseases

Juichi Ito*, Takayuki Nakagawa

Kyoto University Graduate School of Medicine, Kyoto, Japan
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Meniere’s disease and delayed endolymphatic hydrops sometimes
cause severe hearing impairment, which is sometimes irreversible.
[rreversible hearing loss due to endolymphatic hydrops is caused by
degeneration of hair cells and/or the cochlear lateral wall including
the stria vascularis and spiral ligament.' The cochlear lateral wall is a
critical component for maintenance of cochlear fluid homeostasis.
Therefore, degeneration of the cochlear lateral wall can be a reason
for production of endolymphatic hydrops. Progression of
endolymphatic hydrops sometimes causes degeneration of cochlear
hair cells, and the loss of cochlear hair cells leads to degeneration of
spiral ganglion neurons (SGNs). Protection of SGNs from cell death
secondary to hair cell loss is, consequently, important for maintaining
the hearing benefits provided by cochlear implants (Cls). Cell therapy
has been reported to be a strategy for application of neurotrophins,
which are also effective for J)rotection of hair cells and SGNs,>* in
the central nervous system™. It might therefore be possible for
neurotrophins to be administered into the inner ear by cell therapy.

The aim of the present study was to examine the potential of cell
therapy for the treatment of degenerative inner ear disease including
Meniere's disease. We examined the potential of autologous bone
marrow stromal cells (MSCs) for restoration of the cells in the
cochlear lateral wall, and the ability of neural stem cells (NSCs) for
production of neurotrophins after transplantation into the inner ear.

Materials and Methods

MSC transplantation

We used five adult chinchillas weighing 450 to 540 g. The bone
marrow was collected from the right femur, and MSCs were prepared
as described previously.” Two weeks after harvesting the bone
marrow, the chinchillas were injected with a single concurrent dose
of gentamicin sulfate (GM: 125 mgrkg, im.) and ethacrynic acid
(EA: 40 mgrke, i.v.). At 4 weeks after GM-EA treatment, the cultured
autologous MSCs were collected, and labeled with Dil (Molecular
Probes, Eugene, OR). The cell suspension (107 cells in 20 uL of
DMEM-LG) was injected into the cochlea through the round window
toward the direction of the cochlear modiolus using a 30 gauge
needle.

The temporal bones were collected and fixed with 4%
paraformaldehyde (PFA) in 0.1 M phosphate butfered saline (PBS)
for histological examination at 3 weeks after MSC injection. After
decalcification with 5% ethylenediamine tetraacetic acid (EDTA) in
PBS, 10-um sections were prepared using a cryostat. Specimens were
stained with 4’6-diamino-2-phenylindole dihydrochloride (DAPI) (2
ng/ml PBS, Molecular Probes, Eugene, OR) to demonstrate nuclear
chromatin. The specimens were viewed with a Nikon Eclipse E600
fluorescence microscope (Nikon, Tokyo, Japan) to determine the
location that MSCs settled in the cochlea. Three sections, at intervals
of 120 um, were selected trom each cochlea, and cells that exhibited
positive Dil with a distinct nucleus identified by DAPI were judged
to be transplant-derived cells and counted. The numbers of
transplant-derived cells were counted in five anatomical sub-regions
of the cochlea: the scala vestibuli; scala media; lateral wall; scala
tympani and modiolus.
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NSC transplantation

As a source of NSCs, we used enhanced green fluorescent protein
(EGFP)-transgenic mice. The uneuroepithelium of the dorsal
telencephalon of embryonic mice at embryonic day 1.5 was
transferred into the neurosphere culture medium.” Secondary spheres
were collected for transplantation, dissociated and suspended at a
density of 1 x 10" cells/pl in the neurosphere culture medium. We
injected 10 pl of the medium including NSCs into the inner ear of 5
adult C57/BL6 mice at 6 weeks of age. Animals were anaesthetized
by an intraperitoneal injection of ketamine (100 mg/kg) and xylazine
(9 mg/kg). We made a small hole in each of the lateral and posterior
semicircular canals of the left ear. A glass needle was inserted into
the lateral semicircular canal, and the medium containing NSCs was
injected using a micro-infusion pump.

Four weeks later, the temporal bones were collected, and immersed in
4% paraformaldehyde in PBS. After decalcification with 0.1M
EDTA, cryostat sections of the temporal bones were prepared at 10
wm in thickness. Mid-modiolus sections from each animal were
provided for histological analysis. The cell fate of transplant-derived
cells was determined by immunohistochemistry for microtubule-
associated protein 2 (MAP2), a cell marker of neural cells, and glial
fibrillary acidic protein (GFAP), a cell marker for ghal cells. The
ability for production of neurotrophins was examined by
immunohistochemistry for glial cell line-derived neurotrophic factor
(GDNF) and brain-derived neurotrophic factor (BDNF). Anti-MAP2
mouse monoclonal antibody (1:500; Sigma), anti-GFAP rabbit
monoclonal antibody (1:200; DAKO, Carpinteria, CA), anti-GDNF
rabbit polyclonal antibody (1:200; Santa Cruz, Santa Cruz, CA) and
anti-BDNF rabbit polyclonal antibody (1:200; Santa Cruz) were used
as primary antibodies, followed by incubation with secondary
antibodies. Rhiodamine-conjugated anti-rabbit goat IgG (1:200;
Chemicon, Temecula, CA) or Alexa Fluor 394-conjugated anti-
mouse goat [gG (1:200; Molecular Probes) was used as secondary
antibodics.

All experimental protocols were approved by the Animal Research
Committee, Graduate School of Medicine, Kyoto

Results

MSC transplantation

We confirmed robust survival of the injected MSCs in multiple
regions in the cochlea. Transplant-derived cells were found in every
turn of the cochlea, including its apical end, in all animals. The mean
number of surviving transplanted cells in the basal end of the basal
turn - was 1307 cells/section. Transplant-derived cells  were
predominantly located in the perilymphatic space or modiolus of the
cochlea. However, transplant-derived cells were also identified in the
cochlear lateral wall including the spiral ligament and stria vascularis.
The transplanted cells in the perilymphatic space of the scala
vestibuli appeared pyramidal or polygonal, while those in the spiral
ganglion and the cochlear nerve were oval or spindle shaped. The
transplanted cells in the lateral wall were thin or spindle shaped, and
their locations were continuous with those in the scala vestibuli.
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