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Drug delivery to the cochlea is hampered by blood-inner ear barrier
together with its dense bony capsule. The round window is a possible
access to deliver drugs effectively into the cochlea. Infratympanic injec-
tions and osmotic mini-pump has been utilized to get access to the
round window membrane (RWM). Gelatin hydrogel immersed with
brain derived-neurotrophic factor (BDNF) or IGF1 is successfully
applied to the RWM to protect spiral ganglion neurons or cochlear hair
cells.: PLGA nano-particles are shown to penetrate round window mem-
brane; and are expected to provide sustained-release in the cochlea.
Drug delivery to.the retina-is also a'challenge due to the existence of
blood-retina barrier: ‘Photo dynamic therapy and intraocular implants
are clinically utilized methods to overcomnie this difficulty. lontophoresis
using drug immiersed hydrogel as a contact electrode effectively brings
drugs into vitreous: PLGA nano-particles with pigment epithelium-deliv-
PLGA nano-parti-
cles may also be used as vehicles to transfect cells with plasmid DNA:

ed factor protected the retina from ischeinic injury:

Pegaptanib, an RNA aptamer which inhibit vascular endothelium-delived
growth factor, is used for ocular vascular disease. PLGA nano-particles
will also be used for better sustained-release of pegaptanib.

E-muil

Sakamoto, Tatsunori / Nakagawa, Takayuki/ Ito, Juichi

Department of Otolaryngology-Head and Neck Surgerny. Graduate School of Medicine, Kvoto
University
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Summary

- Inner ear disorders including sensorineural hearing loss is one of the most common
disabilities' in. our society, but treatment options are currently limited to cochlear: im-
‘plants and hearing aids. The major reason for this is:limited capacity for regeneration
of the mammalian inner ear. We Have sought altérnative means of biological therapy for
inner ear diseases via three different approaches, 1) cell therapy, 2) promotion of spdnta—
neous regenerative activity and 3) development of drug delivery systems (DDS) for in-
ner ears.

As for cell therapy, the first attempts to examine the feasibility of cell therapy in the
treatment of inner ear disorders have been performed using neural stem cells (NSCs),
making NSC transplantation for the restoration of inner ear cells a potentially viable
treatment. Further studies have indicated the high potential of embryonic stem cells for
restoration: of spiral ganglion neurons in rodents and primates. Results from studies us:
ing bone marrow-derived cells suggest their possible use for restoration of spiral gan:
glioris and ‘gap junctioh systems in the cochlea; Cell transplantation. has also been
demonstrated as a strategy for gene delivery into the inner ear without use of virus
vectors:

There are three possible stratégies for hair cell regeneration in the inner ear, induc:
tion ‘of proliferation of progenitor ‘cells, transdifferentiation of supporting cells to hair
cells and promotion of self-repair ‘of damaged hair 'cells. Studies for induction of cell
proliferation have indicated involvement of p27kipl ‘and skp2, beta-catenin and E=
cadherin in mechanisms of regulation of cell proliferation in sensory epithelia. Pharmaco-
logical inhibition of Notch signaling has been demonstrated as a strategy for transdiffer-
entiation of supporting cells to hair cells after birth. Results from studies using organo-
typic cultures demonstrate that functional hair cells can be regenerated through the
process of self-repair.

We have attempted to develop DDS for inner ears, because lack of safe and effective
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methods for drug delivery to the cochlea has been a considerable obstacle to clinical

application of basic findings in the inner ear. Advances in pharmacological technology

provide various drug delivery systems via biomaterials, which can be utilized for Jocal

drug delivery to the cochlea. Results from studies using poly lactic/glycolic acid (PLGA)

nanoparticles and gelatine hydrogels indicate the potential of these materials for local

drug delivery to the cochlea in clinic.

The present ﬁnfjding's, provide a sound foundation for the development of therapies to

treat inner ear: disorders. Some of the findings presented here are being progressed

towards the clinic.

Key words: innet,:]éér, regeneration, cell therapy, stem cell, cyclin-dependent kinase
inhibitor, Wnt signaling, Notch signaling, drug delivery system
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