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Abstract

Bionic devices electrically activate neural populations to partially restore lost function. Of
fundamental importance is the functional integrity of the targeted neurons. However, in many
conditions the ongoing pathology can lead to continued neural degeneration and death that may
compromise the effectiveness of the device and limit future strategies to improve performance.
The use of drugs that can prevent nerve cell degeneration and promote their regeneration may
improve clinical outcomes. In this paper we focus on strategies of delivering neuroprotective
drugs to the auditory system in a way that is safe and clinically relevant for use in combination
with a cochlear implant. The aim of this approach is to prevent neural degeneration and promote
nerve regrowth in order to improve outcomes for cochlear implant recipients using techniques that
can be translated to the clinic.
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Introduction

Medical bionics and Neurodegeneration

Medical bionics is a rapidly expanding field combining biology and electronics for the
development of neural prostheses that can be applied to treat neurological disorders.
Specifically, this involves interfacing engineered bionic devices with the body to treat
pathological conditions of the nervous system. To date, medical bionic devices have been
successfully implemented to manage chronic neurological pain, through spinal cord
stimulation; to treat movement disorders such as, Parkinson's disease, tremor and dystonia,
through deep brain stimulation; and to enable some hearing for people with severe-profound
hearing loss, through the cochlear implant (CI). The ClI, in particular, has been highly
successful, restoring some hearing function to over 220,000 people, with about two-fifths of
those being children [1]. Similar technologies are now being utilised for the development of
a bionic eye to restore some visual function to blind recipients.
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Neural prostheses typically stimulate neural tissue that has undergone degenerative changes
as a result of the underlying pathological condition. Therefore, technologies designed to
minimise ongoing neural degeneration and improve the electrode-neural interface are
important for improving device efficacy and may enable new strategies for activating nerve
populations with electrical stimulation.

While there are numerous neural conditions for which medical bionics are currently used,
and many others for which there exist potential future applications, this paper will focus on
the auditory system, and the development of cell-based strategies for drug delivery to the
inner ear to preserve and regrow the neurons of the cochlea, commonly called spiral
ganglion neurons (SGNs). However, many of the strategies designed to deliver therapeutics
in combination with a CI are also likely to be relevant to pathologies in other systems that
can be treated with a bionic device.

Sensorineural Hearing Loss

Deafness is one of the most common health conditions in developed countries. In 2004, the
World Health Organisation estimated that over 275 million people globally had moderate-to-
profound hearing impairment, and as the population ages and people live longer, the
incidence of hearing loss is going to increase. Sensorineural hearing loss (SNHL) is the most
common form of deafness, accounting for approximately 80% of cases of hearing loss.
SNHL typically occurs following damage to, or loss of, cochlear hair cells (HCs), with a
complete loss of HCs leading to profound SNHL. For patients with a profound SNHL, the
only therapeutic option to restore some hearing function is a Cl (Figure 1).

Cochlear Implants

Cochlear implants bypass the damaged or missing HCs to directly electrically stimulate
SGNs in order to provide the auditory cues necessary for sound perception and speech
recognition. The ClI has an electrode array that is inserted into the scala tympani
compartment of the tonotopically organised cochlea (Figure 1) and typically delivers charge-
balanced biphasic pulses to each electrode contact in a monopolar configuration with a
return electrode located outside the cochlea. Electrical stimuli are delivered to different
electrode contacts in order to activate different regions of the cochlea and provide cues
relating to the spectral composition of incoming sound. Sound intensity is encoded by
electrical stimulus intensity and the temporal properties of speech are encoded by the
dynamics of the electrical stimulus envelope [2,3].

One of the significant limitations of contemporary Cls is the manner in which charge is
delivered to the SGNs. The positioning of the array in the scala tympani, which is filled with
perilymph (essentially a conductive saline solution), with a return electrode located outside
the cochlea, leads to significant spread of electrical charge, resulting in relatively broad
activation profiles [4,5,6]. This limits the spatial resolution of the device, due to overlap of
stimulating currents and thus limits CI performance [7,8]. Therefore much attention has
been concentrated on stimulation strategies designed to minimise spread of current in order
to limit channel interactions [9] and increase the precision with which spectral and temporal
information is presented via the CI.
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To address this limitation, stimulation strategies which use the intracochlear electrode
contacts as return electrodes have been developed, to ‘“focus’ currents in order to activate
more discrete populations of SGNs and provide greater spatial resolution [9]. However, such
focussing strategies have not led to the expected improvements in clinical Cl performance
[10]. Complicating the matter is the fact that perceptual thresholds are higher and more
variable for individual electrode contacts, meaning that relatively greater stimulation
intensities are required to activate the SGNs in the perceptual dynamic range compared to
conventional stimulation configurations [11,12,13].

In order to limit the effects of channel interactions caused by current spread, contemporary
Cls use strategies that ensure that channels are not activated simultaneously whereby
electrical stimuli are delivered by individual electrode contacts with non-overlapping
stimulation [14,15]. Although stimulation strategies used in contemporary devices limit
channel interactions, no stimulation strategy is able to provide fine temporal information.
Temporal fine structure is most important for pitch perception [3] and the loss of this
information compromises CI performance in noisy environments and the comprehension of
speech in tonal languages that are rich in pitch information. However, the use of focussing
strategies to deliver more spatially precise and independent channels of activation would
enable the use of synchronous stimulation strategies that may enhance temporal fine
structure.

A significant limitation constraining strategies designed to improve spatial resolution in
cochlear implant recipients is the variability in neural responses to electrical stimulation
[16]. Variation in SGN survival within the cochlea can lead to a poor electrode-nerve
interface through localised neuronal loss, or ‘dead regions’, with poor nerve survival [12]
(Figure 1E). Increased thresholds in regions with poor SGN survival would lead to higher
current amplitudes and thus broader activation profiles with less precise neural activation
[17]. The end result is that focussing strategies have not yielded the expected improvements
in Cl performance. Poor electrode-nerve interface is arguably less of a problem in
conventional (monopolar) stimulation strategies, as the broader current spread means that
SGN loss has much less of an influence on the selectivity of neural activation. Indeed,
studies have failed to show a correlation between overall SGN survival and Cl performance
using contemporary stimulation strategies [18,19].

Therefore, factors such as SGN loss and distance of the electrode to the neural population
are all significant limitations to the effectiveness of new stimulation strategies designed to
improve the spatial and temporal resolution of Cls. Compounding these limitations is the
fact that SGN degeneration is progressive over time. Degeneration is characterised by
retraction of the peripheral processes away from the electrode array and towards the
centrally located cell bodies of the SGN [20] (Figure 1B). Other changes, such as cell
shrinkage, might also compromise SGN responses to electrical stimulation [20]. Therefore,
there has been strong interest in research that aims to prevent or reverse SGN degeneration
using therapeutics delivered to the cochlea in combination with a CI. If we can develop drug
delivery strategies that improve SGN survival, and possibly promote SGN regrowth to
improve the electrode-nerve interface, then it might be possible to combine this approach
with new stimulation strategies to improve ClI function.
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Neurotrophins and the Auditory System

One approach that has received considerable research attention is the administration of
neurotrophins (NTSs) into the deafened cochlea in order to prevent SGN degeneration.
Neurotrophins are naturally occurring proteins that are involved in the development and
maintenance of the nervous system. The NTs brain derived neurotrophic factor (BDNF) and
neurotrophin-3 (NT3) are produced by the hair cells [21,22] and supporting cells [23,24] of
the organ of Corti within the cochlea, and are key to the development and ongoing survival
of SGNs; loss of this endogenous neurotrophic support is a key factor in SGN degeneration.

It is well established that the exogenous application of NTs via mini-osmotic pumps
[25,26,27,28,29,30,31,32,33,34], bolus injections [35] or slow release systems [36], rescues
SGNs from deafness-induced degeneration. When the application of NTs has been
combined with chronic electrical stimulation from a Cl the SGN survival effects were
enhanced over either treatment alone [31], and there were functional improvements in terms
of reduced electrically-evoked auditory brainstem response thresholds [37,38,39]. Lower
electrical thresholds would be advantageous for reducing current spread and minimising
power consumption using current focussing strategies.

However, the supply of NTs using pump-based devices is finite, and the survival-promoting
effects of NT delivery have not been shown to persist beyond two to four weeks following
NT cessation [28,40,41]. The implication is that long term NT delivery is likely to be
required for the survival effects to be maintained over time. Furthermore, the significant risk
of infection associated with implantable pump devices, compounded with the likely need to
refill the pump once the NTs are exhausted, preclude the use of pumps as a clinically
relevant delivery method [42]. This has led to the development of drug delivery strategies
that can be combined with a Cl and translated to the clinic.

Drug delivery — Clinically viable therapeutic options

There are a number of options in terms of potential clinically viable methods for drug
delivery to the cochlea (see [42,43]). These include drug-eluting polymers which can
provide slow-release drug delivery based upon changes in the surrounding environment. For
example, polypyrrole is an electroactive polymer that can be loaded with therapeutic
compounds such as NTs. The release of these NTs can be induced and controlled via
electrical stimulation, and can elicit nerve survival and regrowth in the inner ear [44].
However, there is a maximum amount of NT with which these polymers can be loaded and
therefore the amount of NT available for release will diminish over time. Although
diminished NT supply may compromise nerve survival, there is evidence that chronic
electrical stimulation from a cochlear implant can potentiate the effects of NTs [31,45].
Therefore, it might be possible to maintain nerve survival when the NT supply is reduced, or
even exhausted, with concurrent electrical stimulation from a cochlear implant [46].

The use of nanoporous particles as biocarriers for NT delivery may also have clinical
application in the treatment of damaged nerves, with BDNF-loaded poly (L-glutamic acid)
(PGA) nanoparticles eliciting survival effects on SGNs in an in vivo model of deafness [47].
Although the release profile of BDNF from these PGA particles indicated NT release for up
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to 70 days, most of the BDNF was released within the first month of treatment with lower
levels released subsequently [47]. Further research is required to engineer particles that
provide more even and sustained NT delivery over many months.

Cell-based therapies for preserving spiral ganglion neurons

Cell-based therapies using neuronal or sensory stem cells to repair or replace lost neural or
sensory cell populations may one day restore lost function in CI recipients [48,49]. In
addition to cell replacement, cell-based therapies may also be employed to deliver NTs to
the cochlea. Such cell-based therapies involve the transplantation of cells which naturally, or
via genetic manipulation, secrete therapeutic agents in a safe, efficient, consistent and
physiologically relevant manner. We have previously reported that Schwann cells can be
genetically modified to over-express BDNF, and that these BDNF-expressing Schwann cells
support SGN survival in vitro [50]. For clinical application in deafness, cell-based therapies
are likely to require the use of encapsulation technologies which encase the transplanted
cells in a biocompatible, semi-permeable membrane (Figure 2A). The semi-permeable
membrane allows for outward diffusion of the therapeutic proteins and other cellular
metabolites, and inward diffusion of nutrients essential for cell survival. In addition, the
encapsulation membrane provides an immunological barrier that protects allogeneic or
xenogeneic cells from the host immune system. Furthermore, and particularly relevant in the
case of the fluidfilled cochlea, encapsulation prevents cellular dispersal away from the site
of implantation, as can occur following injection of cell suspensions [51].

Importantly, BDNF-expressing Schwann cells encapsulated in an alginate membrane
enhanced SGN survival in profoundly deaf guinea pigs (Figure 2B) [52]. Guinea pigs that
were bilaterally deafened were implanted with either encapsulated BDNF-Schwann cells or
empty control capsules, and the density of surviving SGNs (see upper panel Figure 2B) was
quantified at two or four weeks post-implantation. At both time points (two and four weeks
treatment), there was significantly greater SGN survival in the cochleae that received the
encapsulated BDNF-Schwann cell implants as compared to those receiving the control
capsules [52]. We have also reported that encapsulated choroid plexus cells (NTCell), which
naturally secrete NTs, can be implanted long-term (6 months) in the deafened cat to promote
SGN survival. These survival effects were enhanced with concurrent chronic electrical
stimulation from a cochlear implant [45]. Furthermore, minimal inflammatory reactions
were observed following these chronic cell implantations providing evidence that
encapsulation technology is well tolerated in vivo [45]. In addition, other studies which have
implanted NT-expressing cells into the rat brain have shown no adverse effects on the target
or surrounding tissue following implantation for over 12 months [53]. These results provide
evidence that cell-based therapies are safe for clinical application.

Cell-based therapies for preserving the peripheral processes

Previous studies have shown that NT treatment delivered by pump-based systems can
protect SGN peripheral processes against deafness-induced retraction [32,34]. Consistent
with these studies, we have shown that cell-based NT delivery was also effective in
protecting peripheral processes within the osseous spiral lamina (OSL) of the cochlea
(Figure 3A-D). This effect was enhanced with chronic electrical stimulation from a CI.

J Neural Eng. Author manuscript; available in PMC 2014 November 06.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wise and Gillespie

Page 6

Figure 3 shows examples of the peripheral processes in cross-sections taken through the
OSL (at a location indicated by the dotted line in Figure 3C). There was a significantly
greater density of processes in NT treated cochleae compared to the deafened control
(contralateral and untreated) cochleae. There was no difference in peripheral process density
in cochleae that received electrical stimulation on its own. When cell-based NT was
provided with concurrent chronic electrical stimulation from a Cl the survival promoting
effect on the peripheral processes was enhanced.

In terms of implications for CI function, significant and ongoing peripheral process
retraction limits the possible site of action potential initiation to a central location at, or near,
the cell body. Animal and modelling studies indicate that a central location for spike
initiation sites reduces the dynamic range and capacity to provide selective activation
compared to a peripheral site of activation [54]. Lower thresholds of activation were
observed when the stimulating electrode was placed close to the peripheral processes, and a
shallower gradient in the input/output growth function for electrical stimulation was also
observed [55]. An electrode array close to the peripheral processes is preferred [55] as it
would be expected to provide more spatially restricted activation of SGNs and thus help to
limit the broad activation profiles that normally occur with contemporary CI stimulation
strategies. Therefore, drug delivery techniques that prevent retraction of the peripheral
processes may also improve electrical thresholds, excitation growth functions and spatial
selectivity of the CI.

Cell-based therapies for regrowth of peripheral processes

The SGN peripheral processes have an inherent capacity to regrow following damage to the
organ of Corti [56,57] and this can be enhanced with NTs [32]. We have observed peripheral
process regrowth following cochlear implantation and NT treatment with cell-based
therapies [45]. Processes were observed to regrow into the scala tympani compartment
(Figure 4A) and also within the scala media compartment (Figure 4B) of the cochlea. In the
scala tympani, regrowing processes were incorporated into the fibrous tissue matrix that was
associated with the tissue response to the intracochlear electrode (see schematic Figure 4C).
The fibrotic tissue response is likely to provide a tissue matrix which supports the regrowth
of the peripheral processes. Importantly, the regrowing processes were in close proximity to
the electrode array, raising the possibility of harnessing regrowth using novel drug delivery
techniques in order to bring the neurons closer to the electrode array and improve the
electrode-nerve interface. Regrowth of peripheral processes towards the electrode array may
lead to functional improvements in CI performance and may be a factor contributing to the
reduced electrical thresholds observed with NT treatment [31,34,39].

However, several questions remain. It is not known whether the regrowing processes
possess the neural machinery required to elicit functional responses to electrical stimulation.
While there is evidence that resprouting processes can become remyelinated [34], we do not
know if these processes express the ion channels required for action potential initiation or if
they have nodes of Ranvier necessary for saltatory conduction. Therefore, regrowing
peripheral processes may have different functional responses to electrical stimulation from
an implant. NT-induced changes in peripheral process size, myelination, ion channel density
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and function is likely to influence the response characteristics to electrical stimulation from
the CI. Furthermore, contrary to the potential benefit that peripheral process regrowth may
provide, uncontrolled and extensive regrowth extending along the electrode array may
potentially reduce the specificity of the cochlear implant. Extensive ectopic re-sprouting,
particularly if processes project longitudinally along the electrode array, may act to reduce
the precision of electrical stimulation delivered by a cochlear implant. Therefore, a key
requirement of regrowing SGN peripheral processes to improve Cl performance is to control
the direction and extent of regrowth.

Gene therapy for the localised production of neurotrophins

NT gene therapy has the potential to provide long-term NTs to protect SGNs from deafness-
induced degeneration, and also to harness and control peripheral process regrowth, via a
single application. By administering vectors containing the genes for NT production into the
cochlea it is possible to transfect cochlear cells so that they produce and release NTs in a
way that mimics their normal production and release. The aim is to produce a localised,
cellular source of NTs in regions of the cochlea that are accessible to regrowing peripheral
processes so that the processes grow towards, and possibly make contact with these NT-
producing cells.

We have injected adenoviral vectors containing genes for NTs and the marker green
fluorescent protein (GFP) into the scala media compartment of the ototoxically deafened
guinea pig cochlea in order to transfect remaining supporting cells with genes for NT
production (see schematic in Figure 5A). Using this approach we have shown increased
SGN survival in the treated cochleae compared to the untreated contralateral cochlea (Figure
5A) [45,58]. NT gene therapy also has the potential to provide localised cues that have the
capacity to attract and control regrowing peripheral processes. We found a significantly
greater density of peripheral processes around cells that were transfected with genes for NT
production compared to cells transfected with the GFP control vector (Figure 5B) [58] (see
also [59]).

Viral vectors have the capacity to provide stable, long-term gene expression following a
single application, and regulatable gene expression systems, in which transgene expression
can be switched off if required, is an added advantage of this technology. While mutagenic
integration and immune responses are current limitations [60], immunogenic responses to
newer generation viral vectors are less severe [58,61,62], and the ongoing demonstration of
the safety and efficacy of viral vectors through current clinical trials (see http://
www.abedia.com/wiley/index.html) will continue to expand the possibilities for use in other
systems and for other neurodegenerative conditions.

The possibility of using drug delivery therapies that can provide localised sources of NTs at
physiologically relevant levels for increased SGN survival and are also capable of
promoting targeted regrowth of the SGN may lead to new developments in Cls. New
electrode arrays may incorporate localised cellular sources of NTs in order to promote
regrowth towards the electrode array and improve the electrode-nerve interface. This may
act to reduce the spread of SGN activation that is problematic for strategies aiming to
increase spectral and temporal resolution. Furthermore, BDNF and NT3 are known to be
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differentially expressed along the length of the cochlea and exposure to these different NTs
may lead to changes in the response characteristics of SGNs [63]. For example, when early
postnatal (postnatal day 3 - day 8) SGNs that originate in the apex of the cochlea were
exposed to BDNF they exhibited responses that were like SGNs that originate in the base of
the cochlea. If NTs were to be incorporated into an electrode array then the production of
different NTs along the array may lead to improvements in SGN function that are relevant to
the particular region of the cochlea in which they reside, and therefore to improved
functional outcomes.

Conclusion

Ongoing degeneration and loss of SGNs in the deafened cochlea can lead to a deterioration
of the neural signals provided to the brain from a cochlear implant. Nerve cell loss can
potentially compromise the efficacy and impede the development of new stimulation
strategies that are designed to deliver focussed electrical stimulation in order to improve the
spatial and temporal resolution of the device. The delivery of neuroprotective factors, such
as NTs, to the cochlea can prevent SGN degeneration and promote regrowth of their
peripheral fibres. However, clinically safe and effective techniques for drug delivery are yet
to be established. Delivery strategies that use cells, both endogenous and exogenous, to
produce and release NTs over extended periods of time offer an attractive means by which
therapeutics can be delivered to the cochlea in combination with a cochlear implant.

Of considerable interest to the cochlear implant field is the potential of drug delivery
technology that can be employed to preserve any residual hearing that a cochlear implant
recipient may have before cochlear implantation. Clinically there is a significant risk of
losing some (or all) residual hearing following implantation and therefore there is a need to
develop strategies to prevent this loss. One potential cause of loss of residual hearing is an
inflammatory response due to the presence of the cochlear electrode array. Future cochlear
implants may combine drug delivery that not only prevents SGNs loss but also prevents the
loss of any remaining hearing function, possibly by limiting the local inflammatory response
to the electrode array.

While there is considerable effort to develop clinically relevant strategies to provide NTs for
SGN survival, we believe these techniques also have significant potential for application in
other neurodegenerative diseases. For example, cell- or gene-based therapies may be applied
as a source of long-term NT delivery in Amyotrophic Lateral Sclerosis, Parkinson's disease
or Alzheimer's disease, to prevent neural degeneration. Furthermore, the development of a
retinal implant (bionic eye) for retinal degenerative and dystrophic diseases may benefit
from combined electrical stimulation and application of NTs to support the survival of
retinal ganglion cells. These techniques are not restricted to the delivery of NTs, and in fact
have the potential to be used to deliver a variety of therapeutic substances.

Of fundamental importance to the effectiveness of a bionic device is to deliver electrical
charge to a specific target neural population. Unwanted activation of non-targeted neurons
can reduce device effectiveness and may lead to unwanted side effects. The delivery of
drugs to protect the target neurons and to improve the electrode-nerve interface is likely to
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be an important strategy leading to improvements in outcomes for medical bionics. The
development of clinically viable drug delivery methods which can be used in conjunction
with medical bionics devices therefore has the potential to have a major impact on the
treatment of a variety of neurodegenerative conditions for which there are limited or no
current treatment options. Considering the social and economic impact of these conditions,
the scope of potential benefits to be obtained from the combined application of medical
bionics and drug delivery therapies is significant.
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Figure 1.

Upper panel; Schematic diagram of a cross-section through a normal cochlea (A) showing
the three fluid filled compartments of the cochlea — the scalae vestibuli, media and tympani.
The sensory hair cells (HCs) are located in the organ of Corti (OC) and the cell bodies of the
spiral ganglion neurons (SGNs) are located centrally. The SGN peripheral processes (PP)

innervate the sensory HCs. In a deafened cochlea (B), cells within the OC are severely

damaged, and a cochlear electrode array can be implanted to electrically activate SGNSs.
However, the PP continue to retract, ultimately leading to death of the SGNs. Lower panel:
surface preparations, providing a top-down view of the OC and PP, show the PP stained

black and the OC in a normal hearing guinea pig cochlea (C), a cochlea that has been

deafened with aminoglycoside drugs (D), and a deafened cochlea that exhibits a localised
region (“dead region”) of greater loss of SGNs and their PP (E — arrow), (scale bar 20 um C
and D, 40 ym E).
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Figure 2.
(A) Schematic diagram illustrating the general concept of encapsulated cell-based therapies.

Cells which secrete therapeutic products such as neurotrophins (NTs) are encapsulated in a
biocompatible, semi-permeable membrane which allows for outward diffusion of the
therapeutics as well as waste products, and inward diffusion of oxygen and nutrients for
survival of the transplanted cells. The membrane also provides an immunoprotective barrier
to the transplanted cells. The second panel in (A) shows an example of cells encapsulated in
an alginate membrane; these are clusters of BDNF-expressing Schwann cells. (B)
Photomicrographs showing spiral ganglion neurons (SGNs) (arrows) in the deaf guinea pig
cochlea after implantation of BDNF-expressing Schwann cells (treated) or empty control
capsules (untreated). Cell-based NT delivery using modified Schwann cells for a two and
four week treatment period resulted in enhanced SGN survival in the treated cochlea
compared to the control (modified from [52]). (C) Cell-based NT delivery using choroid
plexus cells (cells that naturally produce and release neurotrophins), alone (NT) or in
combination with chronic electrical stimulation (ES+NT) from cochlear implant, also
enhanced SGN survival over a long-term (6 months) treatment period in the deafened cat
(modified from [45]).
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Figure 3.
(A and B) example images of cross sections through the osseous spiral lamina (OSL — dotted

white box) showing peripheral processes stained with antibodies for neurofilament proteins
(red) and cell nuclei stained with DAPI (blue; scale bar 50 pm). Greater process density was
observed in the cochleae that received cell-based NT delivery in combination with chronic
electrical stimulation from a CI (ES+NT) compared to the deafened control cochlea. (C)
Sections were collected in the periphery of the cochlea (dotted black line) and are viewed
from the direction of the arrow (SV — scala vestibuli; SM — scala media; ST — scala tympani;
OSL - osseous spiral lamina). (D) Means (z standard errors) for peripheral process density
within the OSL (dotted box in A and B) of normal hearing cochleae (grey bar), treated
cochleae (black bars) and the untreated deaf, contralateral control cochleae (white bars) for
each experimental cohort. NT treatment resulted in significantly greater density of
peripheral processes compared to the deafened control cochleae. The effect was enhanced
with chronic electrical stimulation (NT + ES). There was no effect of electrical stimulation
on its own (ES).
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Peripheral process regrowth

Figure4.
Regrowth of the peripheral processes was observed following cell-based NT delivery.

Ectopic processes were observed in the scala tympani (A arrow) and scala media (B arrow
heads) compartments of the cochlea as depicted schematically (C). Interestingly, resprouting
processes in the scala tympani were observed only in regions of the cochlea where there was
a fibrotic tissue response surrounding the implanted electrode array. Presumably there was a
dependence on a tissue scaffold provided by the tissue response to provide a matrix in which
the processes could regrow. (Adapted from [45]).
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Gene therapy for SGN survival Controlling process regrowth for new electrode designs

A

Figureb5.
(A) Schematic diagram illustrating supporting cells (pillar cells) transfected with NT genes

(green GFP labelled) in the ototoxically damaged organ of Corti. The transfected cells
produce and release NTs (yellow dots) that are accessible to the SGNs and their peripheral
processes (red). Lower panels: NT gene therapy resulted in greater SGN survival in the
treated (L) cochlea compared to the untreated contralateral cochlea (R), as indicated by a
significantly greater density of SGNs in Rosenthal's canal (scale bar 50 um). (B) A
transfected pillar cell (green) in the organ of Corti (top down view). The peripheral
processes (red) grew towards cells transfected with NT genes. There was a significantly
greater density of processes around NT expressing cells compared to cells expressing the
control (GFP only) vector. (C) Schematic illustration depicting the potential of using cell or
gene therapy to provide localised sources of NTs in order to promote SGN survival and
attract regrowing peripheral processes in a controlled manner. An electrode with this
capability might have a greater density of electrode contacts to enable higher resolution and
provide greater pitch and temporal information. (Figure 5A adapted from [62] and Figure 5B
from [58]).
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