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Abstract

Background/Aims: Glucocorticoids effectively manage au-
toimmune hearing loss, although the cochlear mechanisms
involved are unknown. Previous studies of steroid-respon-
sive hearing loss in autoimmune (lupus) mice showed gluco-
corticoids and mineralocorticoids were equally effective,
suggesting theion homeostasis functions of glucocorticoids
may be as relevant as immunosuppression for control of au-
toimmune-induced inner ear disease. Therefore, to better
characterize the role of the glucocorticoid receptor in auto-
immune hearing loss therapy, its function was blocked with
the antagonist RU-486 (mifepristone) during glucocorticoid
(prednisolone) treatments. Methods: Following baseline au-
ditory brainstem response (ABR) thresholds, MRL/MpJ-Fas’P’
autoimmune mice were implanted with pellets providing
combinations of 1.25 mg/kg of RU-486, 4 mg/kg of prednis-
olone, or their respective placebos. After 1 month, animals
were retested with ABR and blood was collected forimmune
complex analyses. Results: Mice receiving no prednisolone
(placebo + placebo and placebo + RU-486) showed contin-
ued declines in hearing. On the other hand, mice receiving
prednisolone (prednisolone + placebo and prednisolone +
RU-486) had significantly better hearing (p < 0.05) than the

non-prednisolone groups. Immune complexes were signifi-
cantly elevated in the placebo + RU-486 group, suggesting
RU-486 effectively blocked glucocorticoid receptor-medi-
ated immune suppression. These results showed that block-
age of the glucocorticoid receptor with RU-486 did not pre-
vent prednisolone’s effects in the ear, suggesting its ion
homeostasis actions via the mineralocorticoid receptor were
more relevant in hearing control. Conclusion: The mineralo-
corticoid receptor-mediated actions of glucocorticoids are
potentially relevant in steroid-responsive hearing disorders,
implying disrupted cochlear ion transport functions may un-
derlie the vascular problems proposed in some forms of im-

mune-mediated hearing loss.  Copyright ©2009 5. Karger AG, Basel

Introduction

Because hearing loss is often suspected to result from
immune processes [1], glucocorticoids (prednisone, pred-
nisolone, dexamethasone) are frequently used to treat
such hearing disorders as sudden or rapidly progressive
hearing loss [2-4], Méniére’s disease [5], and autoim-
mune inner ear disease [6, 7]. The glucocorticoids have
traditionally been prescribed because of the perceived
necessity for their immunosuppressive and anti-inflam-
matory functions in the ear. However, little is currently
known about the molecular processes glucocorticoids
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control in the ear and whether their influence is limited
to the immune system.

Glucocorticoids play a role in immunosuppression by
reducing phosphorylation and nuclear binding of nuclear
factor-kB (NF-kB), a transcription factor responsible for
expression of numerous pro-inflammatory genes [8-10].
NF-kB is located in the ear [11, 12] and is a target of glu-
cocorticoid receptor activation [13]. However, glucocor-
ticoids also bind to the mineralocorticoid receptor and
have a significant impact on ion transport functions in
the inner ear [14-16], suggesting disorders of cochlear ion
homeostasis also may be reversed or influenced by such
therapy [17]. How either of these receptor-driven process-
es in the ear responds to clinical glucocorticoid treat-
ments is unknown, which makes the management of
hearing disorders difficult and unpredictable.

The incidence of hearing loss in patients with various
systemic autoimmune diseases is quite high, often re-
ported to be 15-75% [18-19]. One autoimmune mecha-
nism often proposed for hearing loss is the impact of cir-
culating antibodies on the sensitive cochlear vasculature
[20-24]. Hearing loss has been correlated with circulat-
ing autoantibodies against endothelial cells and their
membrane phospholipids [18], such as cardiolipin and
B2-glycoprotein 1. These autoantibodies have been shown
to activate the inflammatory response of endothelial cells
[25, 26], which includes breaking tight junctions to fa-
cilitate intercellular movement of immune cells [27, 28].
Such autoantibody impact on tight junctions of the blood
labyrinth barrier is one proposed mechanism for hearing
loss by disrupting the sensitive ion homeostatic functions
within the stria vascularis. Thus, both functions of glu-
cocorticoids could be at work to suppress inflammation
via the glucocorticoid receptor and restore ion transport
via the mineralocorticoid receptor.

In order to better understand these mechanisms of
immune-mediated hearing loss and subsequent steroid
control, this laboratory has investigated the ability of glu-
cocorticoids to control inner ear disease in the autoim-
mune mouse model for lupus. Hearing loss in these mice
is due to autoantibody disruption of endothelial cell tight
junctions in the stria vascularis [29] and subsequent loss
of the endocochlear potential [30]. They have elevated
levels of autoantibodies against endothelial cell proteins
[31], paralleling the antiphospholipid mechanisms of lu-
pus patients with hearing loss. Hearing loss in these mice
is prevented or reversed with the glucocorticoid prednis-
olone [32-34], providing significant parallels with hu-
man steroid-responsive hearing loss. However, studies
also showed the mineralocorticoid aldosterone was
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equivalent to prednisolone in restoring hearing loss and
stria vascularis pathology in the autoimmune mice [34].
This raised the question of whether the glucocorticoids
were effective because of their mineralocorticoid recep-
tor-mediated control of ion transport instead of their glu-
cocorticoid receptor-mediated role in immune suppres-
sion. To begin differentiating these receptor-specific
functions, glucocorticoids were given while blocking the
mineralocorticoid receptor with spironolactone [16]. This
prevented both the mineralocorticoid aldosterone and
glucocorticoid prednisolone from restoring hearing, sug-
gesting the mineralocorticoid action of glucocorticoids is
significantly involved in steroid-responsive ear disease.
However, in that study, the glucocorticoid receptor was
still functional because blocking the mineralocorticoid
receptor with spironolactone did not prevent glucocorti-
coid receptor-mediated immunosuppression, another
potentially relevant factor.

Therefore, the present study was conducted to deter-
mine which glucocorticoid-mediated processes play a
greater role in steroid-responsive hearing loss. Autoim-
mune mice were treated with the glucocorticoid pred-
nisolone while blocking the glucocorticoid receptor with
its antagonist RU-486 (mifepristone). This would effec-
tively suppress glucocorticoid-receptor-mediated pro-
cesses (immune suppression), while leaving the miner-
alocorticoid receptor fully functional (ion homeostasis).
If hearing restoration occurs in the absence of glucocor-
ticoid receptor function, this would provide significant
new information regarding the importance of mineralo-
corticoid-receptor-mediated actions of the therapeutic
glucocorticoids. Such pharmacologic information could
be helpful in developing better targeted drug therapies
for patients with hearing loss suspected to occur from el-
evated systemic immune complexes. This could include
sudden hearing loss, labyrinthitis, Méniére’s disease, and
immune-mediated inner ear disease.

Materials and Methods

General Protocol

MRL/Mp]J-Fas" mice develop autoimmune disease and hear-
ing loss at approximately 3-4 months of age. Therefore, mice (n =
40) were obtained from Jackson Laboratories at 2 months of age,
tested for baseline auditory brainstem response (ABR) thresholds,
and bled for serum immune complex analyses. Following baseline
measurements, mice were implanted with various combinations
of pellets to deliver the glucocorticoid prednisolone, the glucocor-
ticoid receptor antagonist RU-486 (mifepristone), or placebo. An-
imals were retested by ABR after 1 month of treatment, and rebled
for serum immune complex analyses.

Trune/Kempton



Table 1. Drug treatment groups (n = 10 per group)

RU-486 (1.25 mg/kg/day)

no yes
Placebo placebo placebo
placebo RU-486
Prednisolone (4 mg/kg/day) prednisolone  prednisolone
placebo RU-486

Steroid Treatment

Mice were implanted with various combinations of time re-
lease pellets (Innovative Research, Sarasota, Fla., USA) designed
to provide daily doses of 4.0 mg/kg prednisolone, 1.25 mg/kg
RU-486 (mifepristone), or their respective placebos (table 1; n =
10 per treatment). Prednisolone was given with and without
RU486 to determine the potential role of the glucocorticoid re-
ceptor in mediating their effects on the autoimmune hearing
loss. RU486 is an antagonist of the glucocorticoid receptor with
no affinity for the mineralocorticoid receptor. It has been shown
to effectively block the glucocorticoid receptor in vivo at doses of
0.25 mg/kg, so the dose selected for the study was 5 times this
demonstrated effective concentration [35-37]. While under ket-
amine-xylazine anesthesia, a small incision was made in the
loose skin over the scapulae, the 2 pellets for each treatment com-
bination (table 1) were inserted under the skin, and the incision
was closed with tissue glue.

Cochlear Function

ABR audiometry to pure tones was used to evaluate cochlear
function, and followed our standard protocol [38]. Prior to treat-
ment, mice were anesthetized and their individual ears were stim-
ulated with a closed-tube sound delivery system sealed into the
ear canal. The ABR to tone-burst stimuli at 4, 8, 16, and 32 kHz
were recorded and thresholds at each frequency were determined
for each ear. All animals were tested the same day to minimize the
impactofvariationsininstrumentation and calibration on thresh-
olds. Following the respective pellet treatments for 1 month, ABR
thresholds were again determined and the threshold shift at each
of the 4 frequencies was determined for each ear. An analysis of
variance (ANOVA) was conducted on the threshold data to deter-
mine if the glucocorticoid treatment was impacted by blocking its
receptor with the antagonist RU-486.

Systemic Immune Complexes

The severity of systemic autoimmune disease was determined
by measurement of serum immune complexes according to previ-
ous protocols [16, 39]. Change in these serum immune complex
levels is one way to quantify the progression of systemic disease,
as well as the immune suppressive effects of the steroid treat-
ments. RU-486, as an antagonist of the glucocorticoid receptor,
would be expected to impair this receptor-mediated function.
Blood was collected at baseline and after 1 month of treatment.
Immune complex levels were compared by ANOVA among the
treatment groups, and regression analyses were used to test for
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potential correlations between these immune complex measures
and hearing levels for mice in each group.

The use of the animals reported in this study was approved
by the Oregon Health & Science University Institutional Animal
Care and Use Committee to ensure compliance with federal ani-
mal welfare guidelines.

Results

Steroid Treatment

All mice tolerated the surgery and pellet placements
well, and incisions healed within 2 days. Throughout the
treatment period, no skin pathology over the pellets was
observed and mice did not appear to be in any discom-
fort. Attrition due to autoimmune disease was in line
with previous studies. Two mice died in the placebo +
placebo group, whereas all other groups had either 9 or
10 mice still alive at 1 month.

Cochlear Function

Autoimmune mice receiving no drugs (placebo + pla-
cebo) showed the progression of hearing loss normally
seen in untreated autoimmune mice. Average thresholds
were higher after 1 month, particularly in the higher fre-
quencies (fig. 1a). Their 32-kHz threshold at 1 month was
more than 2.0 SD from baseline. In contrast, the 2 groups
receiving prednisolone showed little or no threshold el-
evation at any frequency after 1 month of treatment. The
prednisolone + placebo mice (fig. 1b) and the predniso-
lone + RU-486 mice (fig. 1c) were virtually identical in
their audiograms, and in fact showed a trend for better
thresholds. Both showed a slight elevation at 32 kHz, the
frequency most affected by systemic autoimmune dis-
ease.

An ANOVA of the total threshold shift across the 4
frequencies for mice in the 4 groups showed a significant
treatment effect (table 2; p = 0.03). The placebo + placebo
group averaged a threshold rise of 20.4 dB (approximate-
ly 5 dB per frequency), with individual mice ranging
from an improvement of 33 dB to a worsening of 137 dB.
This was a much higher total threshold shift than that
was seen in the 2 prednisolone groups. The prednisolone
+ placebo group, which represents the standard glucocor-
ticoid treatment of previous studies, averaged a total
threshold improvement of 5.4 dB (more than 1 dB per
frequency), essentially no change from baseline. The
range of hearing shifts in this prednisolone group was an
improvement of 35 dB to a worsening of only 17 dB
(slightly more than 4 dB per frequency). When RU-486
was added to the prednisolone treatment, there was little
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ical rise in thresholds at any frequency. In fact, thresholds at 8 and
16 kHz trended lower. ¢ The prednisolone + RU-486 group (10
mice, 20 ears) also did not show the typical rise in thresholds at
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any frequency and trended lower at 8 and 16 kHz.

Table 2. ANOVA of total threshold
change after 1-month treatment period

Total threshold shift, dB SPL ANOVA
mean * SD range
Placebo + placebo 20.4+36.2 -33.0to 137.0 F=3.16; p=0.03
Placebo + RU486 55+243 -48.6 to 46.5
Prednisolone + placebo -54%144 -353t017.0
Prednisolone + RU486 -3.7£30.6 -51.6 to 52.0

Negative values are improving thresholds.
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Fig. 2. Changes in hearing thresholds after 1 month of treatment.
At 4 kHz, the 2 prednisolone groups were unchanged from base-
line, but the small elevation in the placebo + placebo group lead
to no statistical difference among the 3 groups (p = 0.37). In con-
trast, the improvement in thresholds of the 2 prednisolone groups
at 8 and 16 kHz led to their being significantly better than the
placebo + placebo group. Although no statistical group differ-
ences were seen at 32 kHz, the placebo + placebo mice showed a
trend towards higher thresholds than the 2 prednisolone groups.
However, the slight rise in thresholds in the 2 latter groups was
sufficient to make the overall group difference significant at only
the p = 0.09 level. However, across all frequencies, the predniso-
lone + RU-486 mice did not differ from the prednisolone + pla-
cebo mice, suggesting that blockage of the glucocorticoid receptor
did not prevent prednisolone from preserving hearing levels.

effect (table 2). Mice averaged a 3.7-dB improvement
across the frequencies, essentially the same as the pred-
nisolone + placebo group. Thus, the ANOVA provides
statistical evidence that the mice receiving prednisolone,
with or without RU-486, changed very little from pre-
treatment baseline and were significantly better than
those mice receiving no drug.

To further evaluate the impact of RU-486 on prednis-
olone-mediated hearing preservation, the 2 prednisolone
groups were compared to the placebo + placebo mice in
frequency-specific ANOVAs. This permitted the assess-
ment of the 2 steroid groups to determine if prednisolone
+ RU-486 mice paralleled the prednisolone + placebo
mice across the frequency spectrum. If thresholds in
these 2 prednisolone groups were statistically similar, it
would offer evidence the glucocorticoid receptor is not
the sole mediator of glucocorticoid treatments. The fre-
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Fig. 3. An ANOVA of the level of immune complexes revealed an
overall group difference. The biggest increase in immune com-
plexes was seen in the mice receiving RU-486, presumably due to
its blockage of the glucocorticoid receptor and prevention of im-
mune suppressive functions.

quency-specific shift in thresholds for these groups
showed that the prednisolone + RU-486 group consis-
tently paralleled the prednisolone + placebo group (fig. 2).
The 2 prednisolone groups were essentially unchanged at
4 kHz, but the minor rise of only 3 dB in the mice receiv-
ing no drugs (placebo + placebo) led to no significant dif-
ference among the groups (F = 1.01; p = 0.37). At 8 kHz,
the placebo + placebo group showed no change, but the 2
prednisolone groups showed similarly improved thresh-
olds, causing them to be statistically different from the
controls (F = 3.09; p = 0.05). The ANOVA comparison at
16 kHz also showed the prednisolone groups had signifi-
cantly better thresholds compared to the rise in thresh-
olds in the placebo + placebo mice (F = 3.57; p = 0.03).
The greatest shift in hearing in autoimmune mice is gen-
erally seen at the higher frequencies, as evidenced by the
average threshold increase of 13 dB at 32 kHz in the pla-
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Fig. 4. The prednisolone + placebo mice showed virtually no cor-
relation (r = 0.04; p = 0.87) between hearing change and immune
complex levels, suggesting the latter was not a major factor in the
level of hearing following steroid treatment.

cebo + placebo mice (fig. 2). The 2 prednisolone groups
also showed a slight rise in thresholds, although the trend
was for less hearing loss (3—4 dB). This led to a difference
among the groups that was significant at only the p=0.09
level, outside the generally accepted limit of p = 0.05.
Thus, the consistent threshold similarity between the 2
prednisolone groups suggested that the RU-486 treat-
ment did not appreciably interfere with prednisolone’s
preservation of hearing.

Serum Immune Complexes

Serum immune complexes and/or immunoglobulin
in a normal mouse are present at a concentration of less
than 500 pg/ml. Levels in autoimmune mice can reach
5000-10000 pg/ml due to systemic disease. Suppression
of immune complexes is the hallmark of glucocorticoid
treatments and this function is mediated through the
glucocorticoid receptor. Thus, RU-486 as an antagonist
to the glucocorticoid receptor should block this immuno-
suppression function of prednisolone. There was a trend
for this to be the case. ANOVA of the change in immune
complex levels between baseline and 1 month of treat-
ment showed the groups were at the statistical cutoff
for significance (fig. 3; p = 0.05). There was considerable
variability in the immune complex levels at baseline and
after 1 month. Comparison of the placebo + placebo and
placebo + RU-486 groups suggested a considerable rise in
immune system activity due to blockage of glucocorti-
coid receptor access by the natural glucocorticoids (cor-
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tisol). If a comparison is made of actual levels of immune
complexes in these 2 groups, 57% (4/7) of the placebo +
placebo mice had levels less than 2000 pg/ml, while only
12% (1/8) of those getting RU-486 were below this critical
level; x* analysis of these ratios showed they were signifi-
cant (p = 0.006).

The differences between the 2 prednisolone-treated
groups were less dramatic (fig. 3). There was a trend for
the prednisolone + RU-486 mice to have higher immune
complex levels due to blockage of the receptor, but the
lack of statistical significance of the ANOVA did not sup-
port this. However, comparison of the actual levels in the
2 prednisolone groups suggested the RU-486 did prevent
immunosuppression. Two of the ten prednisolone + pla-
cebo mice had immune complexes under 1000 pg/ml,
while none of the prednisolone + RU-486 mice did. Also,
70% (7/10) of the prednisolone + placebo mice had levels
under 2000 pg/ml, while less than half (4/9) of those get-
ting prednisolone with RU-486 were under this amount.
Although statistically inconclusive, these trends in pre-
vention of immunosuppression suggest RU-486 was ef-
fective in blocking the glucocorticoid receptor.

Immune Complex-Threshold Relationship

The critical question regarding glucocorticoid treat-
ments in these mice is whether hearing restoration is due
to immunosuppression or re-establishing cochlear ion
homeostasis. The hearing and immune complex results
above suggest prednisolone was effective in spite of glu-
cocorticoid receptor block, although both mechanisms
may be involved. To further evaluate this potential rela-
tionship between cochlear function and circulating im-
mune complexes, a series of regression analyses com-
pared these factors. Thresholds at 32 kHz were chosen for
the comparisons because it is the frequency most affected
by the systemic disease (fig. 1a).

Atbaseline, prior to any treatment, 32-kHz thresholds
were compared to serum immune complex levels for all
mice in a regression analysis. This regression was not sig-
nificant (r = 0.04; p = 0.71), suggesting that the degree of
hearing loss was not correlated with systemic disease. Af-
ter 1 month of treatment, a similar non-significant rela-
tionship between hearinglevels and serum immune com-
plexes was observed (r = 0.20; p = 0.10). If those mice
treated with steroids were specifically analyzed, again no
correlation was seen between immune complex levels and
32-kHz thresholds. The change in threshold versus the
change in immune complex levels was also not signifi-
cant, neither for the prednisolone + placebo mice (fig. 4;
r = 0.04; p = 0.87) nor the prednisolone + RU-486 mice.
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These steroid-treated groups would presumably be the
most likely to show a correlation if the level of hearing
was due mainly to immune suppression. Thus, the im-
mune complex data support the conclusion that cochlear
physiologic factors other than systemic immune disease
are responsible for hearing levels. These data, coupled
with the threshold differences above, implicate the resto-
ration of ion homeostasis as a significantly relevant mech-
anism in glucocorticoid-induced hearing recovery.

Discussion

The results of the present study suggest that RU-486
effectively blocked the glucocorticoid receptor, and hear-
ing recovery or preservation occurred via the glucocorti-
coid prednisolone binding to the mineralocorticoid re-
ceptor. It cannot be stated with certainty that the RU-486
blocked the receptor 100%. Numerous studies [35-37]
have shown measurable effects with this antagonist at
concentrations of only 0.25 mg/kg, so it is assumed that
this study’s use at 5 times that concentration was more
than adequate to compromise glucocorticoid-receptor-
driven processes. Further studies designed to isolate the
specific cellular processes affected by this antagonist will
need to establish its dose-response effects. However,
based on this study and those in other organ systems, it
is assumed there was significant blockage of the gluco-
corticoid receptor.

The objective of studies in this laboratory is to eluci-
date the steroid-responsive mechanisms of the ear, par-
ticularly those related to hearing restoration therapies.
Toward this end, efforts have been made to better delin-
eate the specific roles of the glucocorticoid and mineralo-
corticoid receptors in glucocorticoid treatments for hear-
ing loss. Both mineralocorticoid [40, 41] and glucocorti-
coid [42, 43] receptors occur in the ear, and recent studies
of cochlear pharmacokinetics of glucocorticoids have be-
gun to clarify some parameters of steroid flow and scalar
distribution, particularly after transtympanic delivery
[44-49]. It is well established that glucocorticoids have an
affinity for the mineralocorticoid receptor that is equal
to or higher than affinity for the glucocorticoid receptor
[50-52]. The glucocorticoid immunosuppressive and
anti-inflammatory functions are mediated through the
glucocorticoid receptor, whereas sodium and potassium
exchange is controlled by glucocorticoid activation of the
mineralocorticoid receptor [53-56]. The data of the pres-
ent study parallel the previous finding that glucocorti-
coid-induced hearing recovery was mediated through the

Cochlear Glucocorticoid Functions

mineralocorticoid receptor [16]. Spironolactone blocked
the mineralocorticoid receptor-mediated actions of both
glucocorticoids and mineralocorticoids, but did not pre-
vent the glucocorticoid-receptor-mediated function of
systemic immune suppression. It was concluded from
that study as well that both steroid classes directly af-
fected inner ear ion homeostasis, while systemic immune
suppression had little functional impact on the recovery
of hearing loss. Thus, the mineralocorticoid-receptor-
driven processes of cochlear ion homeostasis that are di-
rectly regulated by glucocorticoids may be as responsible
for hearing restoration as the immune suppression func-
tion of glucocorticoids mediated through the glucocorti-
coid receptor.

Hearing Disorders of Ion Homeostasis

These various studies demonstrate that both immu-
nosuppression and ion homeostasis mechanisms are po-
tential targets of glucocorticoids in the cochlea, but these
2 processes may be affected differentially by the various
types of inner ear trauma. Although circulating immune
factors (cytokines, autoantibodies) due to systemic dis-
ease may underlie the initial development of hearingloss,
the systemic immunosuppression by steroids may not be
the primary mechanism that restores cochlear function.
This emphasizes the need to better understand the ac-
tual cochlear dysfunction underlying the various types of
hearing loss.

If current theories are correct that the vascular ele-
ments of the stria vascularis are susceptible in many cas-
es of immune-related hearing loss, then the glucocorti-
coids may be restoring normal endolymph sodium and
potassium balances. This potential impact on ion homeo-
stasis in the ear has largely been ignored in explaining
steroid-responsive ear disease. Recently, presbycusis has
been shown to correlate with reduced levels of aldoste-
rone, the natural mineralocorticoid [57]. Also, supple-
menting low aldosterone patients with this hormone ap-
pears to be effective in reversing auditory and vestibular
problems [Wright, J., pers. commun.]. Thus, the ion ho-
meostasis mechanisms within the ear are at risk and re-
sponsive to mineralocorticoids.

The fact that underlying disease is not determinable in
many cases of hearing loss precludes targeting therapy to
the specific cochlear processes involved and probably un-
derlies the unpredictable, and often inconsistent, out-
come of glucocorticoid treatment [7]. While convincing-
ly beneficial to some, other studies have concluded glu-
cocorticoids lack efficacy, and their use is still debated for
some forms of hearing loss [58-62]. Inconsistent treat-
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ment outcomes reflect our lack of understanding of un-
derlying disease and the cellular and molecular processes
that are regulated by steroids in the ear. If the immune
suppressive functions of steroids are secondary to their
impact on cochlear ion (K*, Na*) transport, then alterna-
tive therapies may be more suitable for some forms of
hearing loss. The fact that many types of hearing loss are
steroid-responsive suggests the underlying pathology oc-
curs in cochlear regions that are capable of regeneration,
such as the stria vascularis. Thus, it is imperative to de-
velop a better understanding of steroid-driven mecha-
nisms within the normal ear and how these are impacted
by various diseases. The steroid control of cochlear ion
homeostatic functions must be considered when diag-
nosing and treating some forms of hearing loss. Because

the long-term management of hearing loss with gluco-
corticoids is difficult because of their severe side effects,
any alternative therapy to glucocorticoids could be of sig-
nificant clinical benefit. Therefore, matching ear disease
with the most effective therapy must be more critically
evaluated in order to significantly advance management
of hearing loss in patients.
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