Local Drug Delivery to Inner Ear for Treatment of Hearing Loss

The potential use of the gelatin hydrogel system was ini-
tially investigated for cochlear delivery of brain-derived neu-
rotrophic factor (BDNF) [32]. BDNF plays a crucial role in
the development of the inner ears [38] and in the mainte-
nance of the auditory function [41]. In addition, previous
studies have demonstrated the effects of local BDNF appli-
cation when using an osmotic mini pump [3] or adenovirus
[26]. We measured BDNF concentrations in the cochlear
fluid after placing a gelatin hydrogel that contained this
agent onto the RWM [32]. The results revealed a sustained
delivery of BDNF into the cochlear fluid via the hydrogel
over a seven-day period. The functional and histological
protection of the SGNs by BDNF that was applied through
the gelatin hydrogel was then examined using a guinea pig
model of SGN degeneration. The measurement of electri-
cally evoked auditory-brainstem responses, which reflect
SGN function, demonstrated that BDNF delivered via gelatin
hydrogels was able to significantly reduce the threshold ele-
vation [32]. Histological analysis demonstrated an increased
survival of SGNs due to BDNF application through gelatin
hydrogels. These findings indicate that gelatin hydrogel can
be utilized for drug delivery to the cochlea.

Subsequently, we examined the efficacy of cochlear de-
livery of insulin-like growth factor-1 (IGF1) for the protec-
tion of auditory HCs against acoustic trauma [33]. IGF1 is a
mitogenic peptide that plays essential roles in the regulation
of growth and development in the inner ear [42]. In addition,
previous studies on the inner ear have suggested the possibil-
ity of inner ear protection by IGF1 [43,44]. Moreover, re-
combinant human IGF-1 (thIGF1) has already been ap-
proved for clinical use. Therefore, we selected tThIGF1 as a
suitable trophic factor for local cochlear application using a
gelatin hydrogel. Local rhIGF1 application through the gela-
tin hydrogel prior _to-noise exposure has been shown to effi-
ciently protect the hearing from noise trauma. Additionally,
histological analysis also revealed that local rhIGF-1 treat-
ment ameliorated the loss of HCs [33].

Otur ultimate goal is the clinical use of a local thIGF1
application using gelatin hydrogel as a therapeutic option for
the treatment of SNHL. Therefore, we examined whether
post-traumatic application of thIGF1 to the cochlea via gela-
tin hydrogels could attenuate noise-induced hearing loss. The
results demonstrated that functional and histological efficacy
of local rhIGF! treatment on the attenuation of noise-
induced hearing loss occurred in a dose-dependent manner
[34]. We also measured IGF1 concentrations in the cochlear
fluid, cerebrospinal fluid (CSF) and serum after placing a
gelatin hydrogel containing rhIGF1 onto the RWM of guinea
pigs. The results demonstrated that there was sustained de-
livery of rhIGF1 into the cochlear fluid, in addition to no
alterations of the IGF1 levels in CSF and serum [34]. There
were also no adverse effects due to local rhIGF1 treatment
found in any of the experimental animals. These findings
document both the effectiveness and the safety of local
rhIGF1 treatment using gelatin hydrogels for noise-induced
hearing loss.

CELL TRANSPLANTATION

Chronic SNHL is usually incurable because of the loss of
HCs and SGNs, and which at the present time is irreversible.
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Therefore, an alternative means of biological therapy, includ-
ing cell therapy is required. Indeed, recent studies have indi-
cated that cell therapy could be utilized to regenerate HCs
[45] and SGNs [46]. In contrast, cell transplantation is an
alternative that can be used as a method for drug delivery
where the transplanted cells for this purpose have the ability
to survive and generate therapeutic agents. Several stem cells
have been reported to have the ability to secrete trophic fac-
tors [47-49]. Cell transplantation has been used as a means of
delivering peptides or proteins into the central nervous sys-
tem, demonstrating its viable use as a delivery vehicle for
therapeutic molecules [50,51].

Iguchi ef al. have reported on the ability of neural stem
cell-derived cells being used for the production of BDNF and
glial cell line-derived neurotrophic factor (GDNF) after en-
graftment into the cochlea [47]. In addition, transplantation
of neural stem cells into the cochlea has the potential of be-
ing able to attenuate HC damages due to transient ischemia
of the cochlea [48]. Bone marrow derived cells also have the
potential for secreting trophic factors. Implantation of bone
marrow stromal cells has been reported to contribute to func-
tional recovery of the brain [52] and spinal cord [53] by
means of producing trophic factors. Furthermore, previous
studies have revealed the potential of bone marrow derived
cells surviving in the cochlea [54,55]. Yoshida et al. have
demonstrated a significant increase in the protein level of
GDNF: in cochlear specimens and the prevention of HC
death due to-transient cochlear ischemia by engraftment of
hematopoietic:stem cells [49]. These findings indicate that
cell transplantation into the cochlea may be a novel strategy
for treatment of SNHL by providing a means for local appli-
cation of trophic factors within the cochlea.

Transplantation of cells that have been genetically ma-
nipulated ex vivo has been used as a means of delivering
peptides or proteins into the central nervous system [56-58].
In comparison with the stem cell transplantation that has
been described above, this strategy has an advantage in that
aimed gene-encoded products are applicable. In addition, use
of non-viral vectors for ex vivo gene transfer potentially
could resolve the problem of viral vector toxicity in cochlear
gene therapy. Therefore, we conducted an examination of the
efficacy of cell-gene delivery in the application of therapeu-
tic molecules into the cochlea [59]. NIH3T3 cells were cho-
sen as a delivery vehicle for the gene. NIH3T3 cells are a
well-established fibroblast cell line, thus, it is easy to opti-
mize conditions for gene transfer and to select gene-
expressing cells for use in vitro. In addition, such fibroblasts
are available from various human sources, which may be
advantageous for extending future clinical investigations.
NIH3T3 cells were transfected with the BDNF gene using
lipofection, with the cells expressing the BDNF gene being
selected for use. We examined the potential for transplanting
transfected NIH3T3 cells into the inner ear of the mouse.
Immunohistochemistry and Western blotting demonstrated
the survival of the grafted cells within the cochlea, and a
BDNF-specific enzyme-linked immunosorbent assay re-
vealed a significant increase in BDNF production in the in-
ner ear following cell transplantations [59]. These findings
indicate that cell-gene delivery with non-viral vectors may
be applicable for the local, sustained delivery of therapeutic
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molecules into the cochlea. Cell-gene delivery of therapeutic
molecules into the inner ear is suitable for protection of inner
ear cells against gradually progressive degeneration. Presby-
cusis, which is an age-related hearing loss, may also need to
be included as one of the targets for cell-gene therapy.
BDNF application via cell-gene delivery could be an effec-
tive strategy for survival promotion of SGNs in cases involv-
ing cochlear implants, which require the opening of the
cochlea for the purpose of inserting an electrode.

CONCLUSIONS

The lack of effective methods for drug delivery to the
cochlea has been a considerable obstacle with regard to de-
veloping novel therapeutic strategies for SNHL. However,
recent findings in studies examining drug delivery systems
using biomaterials and cell therapy demonstrate the efficacy
of these strategies for cochlear drug delivery, which in the
future may contribute to the establishment of novel therapeu-
tic strategies for SNHL.
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Surgical Training in Otorhinolaryngology

Juichi Ito
(Kyoto University)

1t is very difficult to master surgical skills in Otorhinolaryngology because of the anatomical com-
plexixy of the field. There are several ways to gain surgical skills before being involved in surgery on hu-

mans, especially for young surgeons.

This paper introduces the concept of surgical dissection in the field of nasal surgery using a human
cadaver and points out certain problems with using human cadavers. Future surgical training systems
such as computer-simulated surgical training system are also described.

Key words : surgical training, nasal surgery, cadaver, computer-simulated surgical training system
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