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To address this, we petformed a systematic study
of the effects of NT-3 and BDNF on rat SGNs, from
the late embryonic stage through maturation, in explant
cultures.

Materials and methods
Animal dissection and explant culture

" All animal procedures were approved by the local animal

subjects commiittee (San Diego VA Medical Center) in
accordance with the National Institute of Health Guide
for the Care and Use of Laboratory Animals.

Explant cultures of SGNs were prepared from 95
Sprague-Dawley rats (Harlan, Indianapolis, IN, USA)
at embryonic Day 18 (E18; the day the positive vaginal
plug was considered as EQ), postnatal Day 0 (PP0, the day
of the birth), P5, P10 and P20. The embryonic animals
were obtained from timed pregnant rats anesthetized
with an intraperitoneal injection of rodent cocktail
(ketamine 12.5 mg/ml, xylazine 1.26 mg/ml, acepro-
mazine 0.25 mg/ml; 0.4 ml/100g body weight). After
decapitation of the pups and embryos, the mandible
was removed and skulls were opened midsagitally.
The brain was removed and the temporal bones were
harvested and transferred to Petri dishes containing
sterile phosphate buffered saline (PBS; pH 7.4). The
membranous labyrinth was exposed by peeling off
the bony or cartilaginous cochlear capsule. The spiral
ligament, stria vascularis and organ of Corti were re-
moved and then the spiral ganglion (SG) was separated
from the modiolus using fine forceps. The SG of P10
and P20 were covered with a thin bony layer. Since
the bone inhibits the SG from efficient attachment to
the bottom of the well, special attention was paid to
removing bony fragments as completely as possible
in this procedure. The procedure used for dissection
allowed for harvesting of the entire SG, from base to
apex. The ganglion was then divided into eight explants
of approximately equal size, which ensured that here
was no sampling bias toward any part of the ganglion.

Each SG explant was placed on the center of one well
of a 48-well tissue culture plate that had been precoated
overnight at 4 °C with 10 ug/ml fibronectin from hu-
man plasma (Sigma, St. Louis, MO, USA) and with
20 pg/ml poly-L-lysine (Sigma, St. Louis, MO, USA)
for 1 hour at 37 °C. To promote attachment of the tissue
to the bottom of the wells, the explants were incubated
overnight at 37 °C with 5% COy, in 80 ul of ptimary
growth media consisting of Dulbecco’s modified Eagle’s
medium (DMEM; Sigma, St. Louis, MO, USA), 10%
fetal bovine serum (FBS) (Invitrogen Life Technologies,
Grand Island, NY, USA), 10-mM HEPES buffer (In-
vitrogen Life Technologies, Grand Island, NY, USA)
and 300 U/ml penicillin (Sigma, St. Louis, MO, USA).
The explants were then cultured in 200 ul of mainte-
nance medium consisting of DMEM, 10 ul/ml N2 sup-

plement (Invitrogen Life Technologies, Grand Island,
NY, USA), 10-mM HEPES buffer, 300 U/ml penicillin
and glucose (to achieve a final concentration of 6 g/l;

‘Sigma, St. Louis, MO, USA) for an additional 72 hours.

To compare the effects of neurotrophins, the cultures of
each age were divided into 15 groups consisting of 8-12
explants each, and supplemented with either recombi-
nant human NT-3 (EMD Biosciences, La Jolla, CA,
USA) or recombinant human BDNF (Upstate Biotech-
nology, Lake Placid, NY, USA) at concentrations rang-
ing from 0.1 to 100 ng/ml, with one group cultured with-
out neurotrophin to serve as an untreated control, for a
total of 75 groups across ages.

Immunochistochemisiry

Immunostaining was petrformed using the avidin-biotin
complex (ABC) method (Vectastain Elite kit; Vector
Laboratories, Butlingame, CA, USA). SG explants were
fixed by immersion in 4% paraformaldehyde in 0.1-
M phosphate buffer for 30 minutes at room tempera-
ture (RT). After washes with PBS, endogeneous per-
oxidase activity was blocked by treatment with 0.3%
hydrogen peroxide in methanol for 30 minutes at RT.
The tissues wete then incubated with PBS contain-
ing 1% glycine and blocking solution (PBS contain-
ing 4% FBS and 0.2% Triton X-100) for 30 minutes
each at RT to reduce nonspecific antibody binding. The
explants were then incubated with anti-neurofilament
(NF) 200 mouse monoclonal antibody (1:500 in block-
ing solution; Sigma, St. Louis, MO, USA) or anti-active
caspase-3 rabbit polyclonal antibody (1:1000 in block-
ing solution; Abcam, Cambridge, MA, USA) at 4 °C
overnight. After three washes in PBS, the tissues were
then incubated with biotinylated horse anti-mouse IgG
or goat anti-rabbit IgG secondary antibody (Vector Lab~-
oratories, Burlingame, CA, USA) corresponding to the
primary antibody for 1 hour at RT. After three washes
ih PBS, the tissties Wete then reacted with ABC solu-
tion (Vector Laboratories, Burlingame, CA, USA) for
30 minutes at RT, following the manufacturers’ instrue-
tion. Immunoreactivity was visualized by diaminoben-~
zidine (DAB; Vector Laboratories, Burlingame, CA,
USA) reaction. After washing in distilled water, the tis-

-sues were coated with crystal mount (Fisher Scientific,

Tustin, CA, USA) and air dried fot several days. The
ptimary antibody was omitted from the procedure as a
negative control, which showed no labeling.

RNA isolation and polymerase chain reaction
(PCR)

The SG tissue from E18, PO, P5, P10 and P20 an-
imals were harvested in the same manner, as de-
scribed above for explant culture, and immediately
immersed and kept in RNA later (Qiagen, Valencia,
CA, USA). Total RNA was isolated using a guanidine
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thiocyanate/phenol/ chloroform-based extraction proce-
dure (TRIzol Reagent; Invitrogen Life Technologies,
Grand Island, NY, USA) according to the company’s
instructions. Reverse transcription was performed us-
ing Supérscript First-Strand ¢cDNA synthesis system
for reverse transcription-polymerase chain reaction
(RT-PCR) (Invirrogen Life Technologies, Grand Is-
land, N'Y, USA) using oligo (dT) primers. Subsequent
PCR amplification was performed using the Platinum
Tag DNA Polymerase kit (Invitrogen Life Technologies,
Grand Island, NY, USA) in a 50-ul solution, with 3 ul of
the reverse-transcribed complementary DNA (¢cDNA),
1 x PCR buffer, 1.0-U Tag DNA polymerase, 200=
nM dNTPs, 1.5-mM MgCl,, 4% DMSO and 200-nM
primers. Primer sequences for TrkB were sense: 5'-AGT
CCA GAC ACT CAG GAT TTG TAC-3'; antisense:
5-CTC CGT GTG ATT GGT AAC ATG-3'. Primer
sequences for TrkC were sense: 5-CAA CCA TGG
CAT CAC TAC ACC-3/; antisense: 5-TAA GAG GCT
TGG AAT GTC CG-3'. Primer sequences for p75 were
sense: 5'-GCA TAA GCC TGA AGC CAA CAC G-3';
antisense: 5'-CCC ACT CAT TCC AAC AGC AAG
C-3'. Primer sequences for beta-actin were sense: 5'-
GCT CGT CGT CGA CAA CGG CTC-3'; antisense:
5'-CAA ACA TGA TCT GGG TCA TCT TCT C-
3’. The predicted fragment lengths of the PCR products
wete 522 base pairs (bp) for TrkB, 365 bp for TrkC,
583 bp for p75 and 353 bp for actin, respectively. The

PCR reaction was petformed on ¢cDNA for 35 cycles at’

94 °C for 15 seconds, 56 °C for 30 seconds and 72 °C for
1 minute with a final extension at 72 °C for 5 minutes.
The omission of reverse transcriptase during reverse
transcription served as a negative control to confirm the
absence of genomic DNA contamination, Eight micro-
liters of the reaction product were analyzed by agarose
gel electrophoresis with ethidium bromide staining.

Image presentation and data analysis

Images of the immunostained explants were captured by
a Spot digital camera (Diagnostic Instruments, Sterling
Heights, MI, USA) attached to an inverted microscope
(Olympus IX70) under brightfield illumination. Digital
images were then assembled into panels using Adobe
Photoshop 6.0 software (Adobe Systems Incorporated,
San Jose, CA, USA). The images were not modified
except for the minor adjustment of the brightness and
contrast.

We used three parameters for evaluation of the ef-
fects of neurotrophins on SGNs: number of surviving
neurons in each explant, number of neurites emanating
from each explant and the length of neurite extension.
We also evaluated the neurites visually for differences in
other aspects of growth behavior.

To evaluate the SGN survival and the neurite num-
bet, each explant after immunostaining was examined
© 2013 Informa Heafthcare USA, Inc.
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under an inverted microscope. The number of surviv-
ing neurons and the number of neurites were counted
manually by adjusting the focus, if necessary, to assess
the full depth of the explant. Our criteria of identify-
ing surviving neurons were based on theit immunos-
tained morphology: (1) positivity for NF200 and (2)
visible nucleus. The immunostained E18, PO and P5 ex-
plants were sufficiently transparent that individual neu-
rons could easily be identified and counted (Figure 1).
For P10 and P20 explants, however, the tissue after im-
munostaining was not as transparent, and it was more
difficult to count the surviving SGNs reliably. There-
fore, we excluded these developmental ages from the
analysis of SGN survival. Neurite number was deter-
mined by counting neurites emanating from each ex-
plant at its edge. Therefore, branching in more periph-
eral areas was not taken into account. Since we could
not distinguish central axons from peripheral dendrites,
we refer to them simply as neurites.

The magnitude of apoptosis in the culture was eval-
uated similarly by manually counting immunolabeled
cells for active caspase-3 in each explant. This evalua-
tion was performed only for E18, PO and P5 cultures
and could not be performed on P10 and P20 cultures
because of the intransparency of older explants.

For the evaluation of neurite length extending from
the explant, we used the five longest neurites from each
explant for analysis. Using Spot advanced software (Di-
agnostic Instruments, Sterling Heights, MI, USA), each
neurite was traced by drawing a line along the neu-
rite, resulting in a series of short, linear segments. The
lengths of these segments were then summed and cal-
culated by the program. The selected neurites from all
sultures in the same condition were pooled for analysis.
When the explant had fewer than five neurites, all of the
neurites were included in the analysis.

Statistical analysis

The data for each experimental condition were com-
piled from at least four independent experiments, each
of which contained two to three explant cultures for
each given age and concentration of neurotrophin. Re-~
sults were presented as the mean & standard erffor of
all samples. For neurite length, the average value of
all the feurite length selected for gnalysis in gach con-
dition was designated as the maximum neutite length
(MNL). Statistical analyses for survival, neutite num-
bet and MNL were performed using one-way analysis
of variance (ANOVA), followed by Dunnet post hoc test
with cotrection for multiple tests, using Statview 5.0
software to compare each neurotrophin subgroup with
the corresponding untreated control group. Differences
associated with p values < 0.05 were considered as sta~
tistically significant.
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Figure 1. Representative photomicrographs of SG explants from E18 to P20 cochlea. Each
explant was cultured for 3 days in media without neurotrophin (A-E) or supplemented with
either 25 ng/ml of NT=3 (F-]) or 10 ng/ml of BDNF (K~O), the lowest maximally effective
dose of each factor. Explants were then fixed and immunostained with anti-NF200 antibody.
In E18 cultures, large number of neurons migrated outside of the explants (arrows in A, F
and K), whereas only a few such migrating neurons were observed at other ages (arrows
in T and L). Neurites were thinnest at E18, thickest from P0-P10. Thickness was variable
at P20. Neurite number and length declined significantly at P20. Responses to NT-3 and
BDNTF varied depending upon the ages of the culture, with N'T=3 responses greatest at E18
(F) and BDNF dominant at later ages (1~0). Scale bar =:0.5 mm.

Results

General morphology of the rat SGN explants
in vitro

Figure 1 illustrates the effects of N'T-3 or BDNF on the
appearance of SG explants at various ages. Generally,

neurites extended from SG explants in a radial direc-
tion, as previously described [19,20]. In E18 explants,

some neurons migrated from the explants (Figure 1A,
F, K). Older SGNs exhibited little migratory capac-
ity and remained inside the original explant (Figure
1B-E, G-J, 1L-0O). We also observed an age-dependent
difference in neurite thickness. E18 neurites appeared
consistently thinner upon visualization (Figure 1A,
F, K) when compared with PO, P5 and P10 neurites
(Figure 1B-D, G-I, L-N). In contrast, P20 explants

"showed considerable variability in apparent neurite
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Figure 2. Degenerating neuronal cells in a PO explant culture (A). The explant was main-

tained for 3 days in maintenance medium supplemented with BDNF (10 ng/ml), then fixed

and immunostained with anti-NF200 antibody. Degenerating cells (white arrows) are small, .
exhibit condensed immunolabeling for NF200, lack neurites and do not show a clear contour

of mucleus. Surviving SGNs (white arrowheads) show a clear, unstained nucleus and typi-

cally form neurites. Apoptosis in a PO explant culture (B). The explant was nnmunostamed

with anti-active caspase-3 antibody. Scale bar = 0.1 mm.

thickness (Figure 1E, J, O). These age-related mor-
phological differences in thickness did not appear to be
affected by either neutotrophin.

An unusually large number of neurons showed mot-

-phological signs of apoptosis in PO explants (Figure

2A). That is they showed anti-NF200 immunoreactivity,
but the cell bodies were smaller and exhibited pyknotic
nuclei. The average number of such cells per explant
in PO control explants (22.9 £+ 7.7) was significantly
greater than in E18 (11.7 £ 4.4,p < 0.02) or P5 (2.3 £
0.6, p < 0.01) explants.

Effect of neurotrophins on neuronal survival

Survival of the SGN somata could readily be evaluated

in E18, PO and P5 explants. However, at older ages,

A SGN Survival NT-3

160
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140~

Number of SGN / Explant

NT-3 (ng/ml)

explant density precluded reliable visualization of cell
bodies. A dose-response analysis of SGN survival, as-
sessed by normalized SGN cell body counts (Figure 3),
revealed that N'T-3 exhibited a strong effect on neuronal
survival at only E18. Tn contrast, BDNF supported sur-
vival at all the ages.

Caspase-3 activation in the explant cultures

Since morphology suggested some apoptosis, we im-
munostained E18, PO and P5 control explants with anti-
active caspase-3 antibody and counted the number of
labeled cells in each explant (Figure 2B). The number
of active caspase-3-positive cells/explant observed across
all turns was 15.7 &= 1.6 at E18, 58.2 4= 13.0 at PO and
38.7 & 10.2 at P5. The number of labeled cells at PO
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Figure3. Dose-response effects of neurotrophins on SGN survival in E18, PO and P5 explant cultures. Graphs show the average number
of surviving SGNs observed after 3 days in maintenance medium with various cencentrations of NT=3 (A) or BDNF (B). Error bars
represent the standard error of the mean. Asterisks mdlcate a significant difference (*p < 0.05, **p < 0.01) compared with control culture

(Dunnett post hoc test).
© 2013 Informa Healthcare USA, Inc.
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Figure 4. Dose-response effects of neurotrophins on the neurite mumnber observed in SG explant cultures at E18, PO, P5, P10 and P20.
Graphs show the average number of neurites emanating from each explant after 3 days in maintenance medium with various concentrations
of NT-3 (A) or BDNF (B). Error bars represent the standard error of the mean, Asterisks indicate a significant difference (*p < 0.05,
**P < 0.01) compared with the control culture (Dunnett post hoc test).

was significantly larger than the other ages (p < 0.01), age-dependent diffetences (Figure 4). In untreated ex-

representing ~10% of all neurons present. plants (neurotrophin concentration 0), the fewest neu-~
When PO explants were treated with N'T-3, signif- rites were observed at PO and P20, and the most at P5
icantly fewer cells (33.7 X 5.6) were caspase-positive and P10. NT-3 had alarge and significant effect on neu-
(p < 0.03). However, although fewer cells were caspase- rite number only at E18, although a more modest in~
positive after BDNF treatment (38.8 + 4.9), this crease was seen at one N'T=3 dose at P20. In contrast,
difference was not statistically significant (p = 0.073). BDNF increased neutite number at all ages, although it
Neurotrophin treatment had no effect on caspase exhibited an especially strong effect at P5 and P10.

positivity for either E18 or P5 explants.

Effect of neurotrophins on neurite length

Effect of neurotrophins on neurite number As shown in Figure 5, there was also a strong effect of

Quantitative analysis for the number of neurites ex- age on neurite length. The shortest neurites wetre ob-
tending from each explant also demonstrated clear served on untreated explants from P20 rats, and the
A B
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Figure 5. Dose-response effects of neutotrophins on the neutite extention observed in SG explant cultures at PO, P5, P10 and P20.
Graphs show the average length of longest neurites selected from each explant (5 neurites/explant) and pooled in the same culture con-
dition. Each explant was cultured for 3 days in maintenance medium with various concentrations of N'I-3 (A) or BDNF (B). Error bars
tepresent the standard ertor of the mean. Asterisks indicate a significant difference (*p < 0.05, *p < 0.01) compared with the control
culture (Dunnett post hoc test).
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Figure 6. Expression of mRNA for TYkB, TrkC and p75 re-
ceptors in SG during rat development. Ethidium bromide-
stained agarose gel demonstrating RI-PCR products for TrkB
(522 bp), TrkC (365 bp) and p75 (583 bp) throughout the
developmental period examined (E18-P20). DNA ladder and
the expression of mRNA for actin (internal control) are also
shown.

longest at P5 and P10. These age differences were gen-
erally maintained during neurotrophin treatment. How-
ever, NI=3 treatment produced a modest increase in
neutite length at P5, P10 and P20, and no effect at E18
or PO. BDNF treatment produced moderate increases in
neurite length at all ages tested, with the greatest effect
at P5, P10 and P20.

Expression of neurotrophin receptors in
developing SGNs determined by RT-PCR

We assessed the expression of messenger RNA (mRNA)
for TYkC, TtrkB and p75, the receptor proteins for N1-3
and BDNT, in SG across age using RI-PCR. As shown
in Figure 6, we observed robust PCR products for the
mRNA of each receptor throughout the developmental
period analyzed. Assuming that the mRNA is translated,
these data suggest that changes in Trk or p75 receptors
may be unlikely to mediate changes in the responsive-
ness of SG explants. However, it roust be noted that the
PCR products potentially represent expression by both
neuronal and nonneuronal elements within the gan-
glion. Therefore, variation in expression between neu-
rons and other cell types is certainly possible.

Discussion

The aim of the present study was to investigate the age-
dependence of SGN survival, neurite outgrowth and
neurite extension regulation by N'I-3 and BDNE. Our
results demonstrate that both N'T=3 and BDNF support
these aspects of SGN development in a dose- and stage-

© 2013 Informa Healthcare USA, Inc.
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dependent manner and that the response pattetn to neu-
rotrophins varies between each of these parameters. The
findings suggest that BDNF and N'T-3 mediate separate
ontogenetic events at different developmental stages.

A switch in neurotrophin dependence for SGN
survival

We found that SGNs change their dependence for sur-
vival from NT-3 at E18 to BDNF at older ages. Al-
though this report appears to be the first longitudinal
study to show such a shift in mammals, it is consistent
with previous reports from individual developmental
stages. Pirvola et al. [21] observed greater sutvival-
promoting effect of N'T-3 over BDNF on rat embry-
onic (E13) cochleovestibular ganglion neurons, whereas
others [22-24] reported greater BDNF dependence
for postnatal SGNs. Developmental changes in neu-
rotrophin dependence occur in other parts of the periph-
eral nervous system as well: trigeminal ganglion neurons
switch from NT=3 and BDNF to NGF [15], whereas
a subpopulation of DRG neurons switch from NGF to
GDNF [16].

Our data are also similar to the developmental
changes in the chick cochlea described by Avila et al.
[17]. In their report, the chick cochlear neurons in cul-
ture predominantly depend on NT-3 for their survival
in the early embryonic period. The response is maxi-
mum at E7 and decreased thereafter, being negligible
from E13 to hatching. In contrast, the effect of BDNF
for survival is more delayed and peaked at E9—E11 and
although diminishing from then onward, remains in a
significant range until hatching. This is roughly compa-
rable with the timing of neurotrophin dependence in the
rat, suggesting that age-dependent support of primary
auditory neuron survival by NT:3 followed by BDNF
may be a common molecular mechanism shared by birds
and mammals.

- Changes in survival response of SGNs to neu-
rotrophins during development could be due to the
selective death of a subset of neurons that respond
preferentially to N'T23. For example, based on knockout
mouse data, it has been suggested that developing
type 1 SGNs depend preferentially upon N3 for
their survival, whereas type II neurons depend upon
BDNFE [25]. Alternatively, our observation could be
due to changes in the neurotrophin responsiveness of
individual neurons. We do not have ‘evidence to treach
a definite conclusion regarding this point. Because rat
SGNs upregulate peripherin in culture [26], we could
not distinguish between type I and type II neurons.
However, Mou et al. [27] found that the survival of dis-
sociated postnatal (P1-P10) type 1 and type II mouse
SGNs was preferentially enhanced by BDNF when
compared with N'I-3, in agreement with our results at
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P5 and P10. With respect to other potential subtypes
of SGNs, previous immunohistochemical examinations
showed that all SGNs in both embtyonic and postnatal
mamumals uniformly express both TrkB and TtrkC re-
ceptors and that there appear to be no distinct subsets of
neurons based on Trk expression [22,28]. This suggests
that the overall population of SGNs may switch their
dependence for survival from NT-3 to BDNF based
on changes in the intracellular responses to TrkB and
TrkC stimulation, rather than on receptor expression.

Effects of neurotrophin concentration

For each of the measures employed, a neurotrophin con-
centration effect was noted. This typically consisted of
an increase in neuronal survival, neurite number or neu-
rite length with increasing dose. In most cases, the re-
sponse appeared to saturate at between 5 and 10 ng/ml.
An exception was N'T-3, where 25 ng/ml produced sig-
nificantly greater SGN survival and neurite number
than either lower or higher concentrations. The response
saturation may reflect maximal utilization of all Trk re-
ceptors at relatively low concentrations. Another possi-
bility is that neurotrophin receptors were downregulated
at higher ligand concentrations, as has been observed in
other systems (e.g. [29]). In this case, greater amounts
of ligand may have been required to produce the same
effect. In general, we did not observe systematic changes
in threshold dose across age. When an effect was ro-
bust, it typically showed a similar minimal effective dose
at all ages (e.g., Figure 4, BDNF; Figure 5, N'I-3 and
BDNF). Only when responses were minimal did we see
variation in threshold dose. These data suggest that neu-
ally with age. Rather, age-dependent changes observed
in some SGN responses may be related to changes in in-
tracellular signaling in response to receptor activation.

A critical period of SGN death

Corﬁparing the total number of rat SGNs/cochlea iz situ
(18 000-25 000; [4]) and the small numbers of surviving

" SGNs after 4 days in vitro in our culture system (20-120

neurons/explant in about 1/8 of the whole SG), consid-
erable cell death occurred when SGNs were placed into
explant cultutes at any age. However, PO cultures ex-
hibited a significantly lower number of surviving SGNs,
both in the presence or absence of neurotrophins than
did either in E18 or P5 explants. PO explants also ex-
hibited significantly higher levels of caspase activity, in-
dicating apoptosis. Interestingly, the dose response of
SGNs to N'T=3 for survival appeared to shift to higher
concentrations, and the enhancement of survival at PO

was saturated at a lower magnitude (2.3-fold compared

with control explants) than in E18 culture (more than

fivefold compared with control explants; Figure 3A). At
the same time, BDNF influence on survival remains low
(Figure 3B). It is significant that the period of culture for
PO ends at the time equivalent to P4 in vivo. This cor-
responds to the peak of naturally occurring cell death
in the rat SG i vive [4]. Our findings in culture sug-
gest that the in vive increase in cell death may reflect
a downregulation of SGN sensitivity to NT=3, without
an increase in BDNF sensitivity, resulting in neuronal
apoptosis.

The expression of p75 by SG explants suggests
another potential pathway for the regulation of cell
death and survival. Stimulation of the p75 receptor
by the proforms of neurotrophins is well known to
mediate apoptosis, including in the SG [30,31] and
has also been implicated in regulation of neurite length
[32]. Since we applied matute neurottophins to- our
cultures, this could not have resulted directly from our
experimental manipulations. Although neurotrophins
are not expressed in the SG of neonatal or adult rats
n vivo [33], the potential for autocrine neurotrophic
effects in SGNs [34] should be considered. The low
level of survival of SGNs that we observed in untreated
SGNs suggests that there is not extensive production
of neurotrophins in our cultures. However, Zha et al.
[35] have reported that neonatal SGNs can express
neurotrophins, at least in culture. Thus neurotrophin
genes expressed in their proforms could potentially
mediate apoptosis in virro via an autocrine process.
Stimulation of p75 by mature neurotrophins is also
well known to modulate the response of Trk receptors
to mature neurotrophins [30]. Thus, changes in the

“interaction of p75 and Trk receptors across age could

On the basis of our PCR results, the expression of p75
mRNA did not appear to vary across age. Assuming
that this mRNA was translated, any age-related changes
would not be based on differential expression but could
reflect downstream signaling changes.

The effects of neurotrophins on neurite

.number

Quantitative assessment of explants indicated a larger
number of neurites in the presence of N'T-3 than BDNF
at E18 (Figure 1F and K, Figure 4). In contrast, at PO
neither neurotrophin had a strong effect. However, the
number of neurites emanating from P5 and P10 SG
explants was much more strongly enhanced by BDNF
than N'T=3. Thus, the effects of neutotrophins on neu-
rite number resemble those observed for survival in E18,
PO and P5 cultures.

Our neurite outgrowth index (the ratio of neurite
numbet/number of SGNs in each explant) demon-
strated that none of the neurotrophin subgroups, either
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fotr N'I=3 or for BDNF, had significantly different ratios
comnpared with the untreated control in PO culture. In
contrast, the BDNTF subgroups at higher concentrations
(10 ng/ml and 50 ng/ml) had significantly greater index
values compared with the control group in P5 culture.
This finding suggests that the modest increase in neurite
number induced at PO by neurotrophins reflects primat-
ily an increase in surviving SGNs, whereas the effects on
neurite number at P5 and P10 are mediated primarily by
neuritogenesis.

Comparison of neurotrophic effects in vilro
with the expression of neurotrophins and
developmental events in vivo

The period of E18 culture (equivalent to E18-E21
n Do), the earliest developmental stage we examined,
corresponds to the period when the afferent fibers of
SGNs reach the cochlear sensory epithelivm {1,36].
By this stage, expression of both NT-3 and BDNF ex-
tends throughout the organ of Corti longitudinally [37],
implying that both neurotrophins are available for all
SGNs. N'T=3 is more strongly expressed than BDNF
[37-39] and distributed more widely in the sensory
epithelium, since both hair cells and supporting cells
express this neurotrophin, whereas BDNF is more re-
stricted to hair cells [37,39]. This is consistent with our
observation of greater enhancement of SGN survival by
NT-3 than BDNF in E18 explants.

It should be noted, however, that there is a discrep-

ancy betweer our result and the results of gene deletion

studies [37]. Althbugh mice null for the N'I*3 gene show
a considerably reduced number of SGNs in the basal
cochlea (less than 20% of wild type) at birth [25,40],
replacement of the N'T-3-coding sequence with that for
BDNF almost completely rescues the loss of basal turn
SGNs (85%) by N'I-3 absence [37,41]. Similar rescue
in the number of SGNs has been demonstrated in mice
for which the coding part of the BDNF gene was re-
placed with that of NT=3 [42]. These results suggest
that N'T=3 and BDNF can be functionally equivalent for

the survival of SGNs prenatally [37,42]. The discrep-

ancy beiween this finding and ours may be related to
the mode of exposure of SGNs to neurotrophins: in the
in vivo condition, neurotrophins are supplied to the
SGNs basically through the targets of their neurites, and
concentrations at these targets may Be very high. In the
in vitro condition, the entire SGN is exposed to the neu-
rotrophins and concentration is uniform. The synergis-
tic effects of neurotrophins with other survival factors
in vive must also be considered.

The period of PO explant culture (equivalent to
P0-P4 in vivo) corresponds not only to that of natu-
rally occurring cell death {4,5] as mentioned above, but
also to a relatively low level of responsiveness to N'T-3

© 2013 Informa Healthcare USA, Inc.
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and BDNF with respect to survival, neurite number and
neurite length. Interestingly, the expression of BDNF
in the cochlear sensory epithelium, which disappears in
the eatly postnatal period [10,39], reappears at P6-P7
in hair cells and supporting cells [10], which is tempo-
rally coincident with strong effects of BDNF, which we
observed on sutrvival, neurite number and neurite exten-
sion. SGNs may, therefore, tailor their responsiveness
to coincide with developmental trends in neurotrophin
availability.

P20 cultures, the oldest stage we examined, cotte-
spond to P20-P24 in vivo. Almost all of the major de-
velopmental events for SGNs are complete and hearing
function has matured by this age [1]. Although the in~
trinsic capacity for neurite growth has considerably de-
clined in this period, SGNs still retained the capacity
to respond to both N'I-3 and BDNF. This finding is
consistent with the enhancement of survival and neu-
rite regrowth of adult SGNs by neurotrophins. i1 vivo
[43-46]. N'T-3 is highly expressed in inner hair cells and
their supporting cells {36,39,47,48], so responsiveness
to this neurctrophin is not surprising. However, BDNF
expression is almost absent in the target field of adult
SGNs [10,33,39]. Moreover, BDNF expression is ob-
served in SGNs themselves [49] and may be acting in
an autocrine manner [49].

Mechanisms for differential regulation by
neurotrophins

Our RT-PCR results demonstrate that three kinds of
neurotrophin receptors, TrkC, TtkB and p75, all of the
neurotrophin receptors-involved in the signaling of N'T-3
and BDNF, are expressed in SG throughout the devel-
opmental period we examined. These data are in good
agreement with previous immunohistochemical and
in situ hybridization studies [9,22,28,33,37,47].

Our results appear in line with the results of trans-
genic mouse studies in which the coding part of the
NT-3 gene is replaced by BDNF ([37,50] and wvice
versa [42]. These studies suggest that although NT-
3 and BDNF can be functionally equivalent for the
survival of SGNs prenatally [37,42], they have dis-
tiict roles for the axon guidance and innervations in
the cochlea [50]. These findings cannot be explained
simply by the expression pattern of each neurotrophin
receptor. As noted above, the biological responses to
neurotrophins are presumably regulated by molecu-
lar cascades downstream of Ttk/p75 signaling. It has
been shown that multiple signal transduction pathways
are involved in neurotrophin-mediated biological effects
on neurons, which may contribute to age-dependent
differential regulation of SGN bioclogical responses to
neurotrophins.
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Conclusion

The present study demonstrates that neurotrophins reg-
ulate developing rat SGNs in an age-dependent man-
ner. The temporal patterns of responsiveness of SGNs to
NT-3 and BDNF presented here correspond well to the
expression pattern of the two neurotrophins in cochlear
sensory epithelium in vivo and also correlate with the
time course of developmental events in the SG, such
as neuronal cell death and the remodeling of afferent

innervation. Our data, therefore; suggest multiple, age-.

specific roles for NT-3 and BDNF in the ontogeny of
cochlear innervation.
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BEICLIDIOMITE 3IBICSBIIH3E)) 28I,
spondee word & 2 fEFE D target word (Z ILAHEH]
ENPTVXBEBLHEH SN WLEDOFO 2
F8) % M7, speech reception threshold (SRT)
ERDIz. B ONEE TIEEFEEIUI&H96-
100%DIEETH o 7o TDFER, SRTITTEHIER
ETREELBHETER R o720, BiETIX
BEBOBMENRLEATAHESRTO ERA L. €56
\= SRT @ 30dB £ 0 & FE C 0 BEEUR & 2550 % 12 72
A multi-talker noise D EEZ KD/ E T S, EH
WHETEIEEEVERE LD S S/NEIVKL,
ERTRTTORPUCHET LI EIRENT, &
WEOEMLERE CIIEEROEIBRER LA T 512
ES/N ML, FRCHER LI O WXERD tar-
get word TEDEMPAL P TH o7z, TDHER
FEHOMICEABMELA D BE TORERICEET
BT RRELTV S,

3) HEE

s & ) BEEERCEEFH AR L (MG

n, HEEZEHRE (spontaneous otoacoustic emis-
sions (SOAE)) OHBEL ML & b1 T 5,

Bl 21X Mazelovd 67 IS BWERRETHEZ R
BEEE306 (67-93m%) & FEFE3I06 (19-27%) %k
LA, EHEETIES3%DEIZSOAE 254 5

N7, BEETIIIEOAR (5%) Thol-k L

TWwa,

100 o 20~30 @&
90 - —s 40~-50 &
F 8ot -
EXl o - G0
aﬁ 60 - e N > o 70&‘;%
B so | R Ny o~ 80~90 g
B a0l Ter
o~ m, -
k)
Zo0
10k
0 1 i3 I 1 -
30 40 50 6 70 8 HE (dBHL}
EIEI VAL
R4 FERICBITAZFHEH VANV EETHEREOBR
(Cwk202 H )

TORM LR EFMEE L BT 5 L FHIENICHK
NCHEEREESRCEEICSH 5,

FHRETE RS (transitory evoked otoacoustic
emissions (TEOAE)) (oW Thinie & & 125U
VARWVAMET L, BMEENTHRL Lo Tn
%o ik @ Mazelova 5% DIRE T reproducibility
D60% U LEE LD Y & T2 L, FEZFDIT% TR
RO NT-DIZK L, HEETHEHB%THY,
TEOAE LRV SlETERICHA L Twiz, [
FROFHEFIXMIZ D Z L, #1213 Bonfils 5% 1Z605%
F Tli3100% T TEOAE (ZFiék T & =28 L DL
B THolzLBEL T 5B, KIFTHRABOMER
BHEINTEBY, 2 ITKAS® 13 125Hz~8kHz
D7RBEBOTES L RN DSF R T 30dBHL B
41452 (6 ~735% : F3540.058) 2W% L LT,
500Hz~4kHz ® b — ¥ 78— 2 b fil#c & 3 TEOAE
XY A MmO EZRE L& 25, TEOAE ®
BAIRIBICHT T 2 MEOHE L 2 BRI b
WA, IERCAE W BT EOBERE S 2 ER T
HEHMEL T B,

ERDEEERE (distortion product otoacoustic
emissions (DPOAE)) dIIERIC & U FUS2MET 3
BT ERMLNT VAR, B LY X105 2 569
B ¥ T?324585 T DPOAE % f##7 (f2/f1=1.2,
P1=P2) L, 60m&ftTIk 70dBSPL % &DE W AN
BETREFCRIB SN, BUANTETE/
AZXVNVECERTTAI L, MFEILAVTIR
AEBEEPEVWEETHI0HM L 50, 60 L OH
T DPOAE MHIREICEELRENH L I L 2L

TWwb,
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BEFEHEORBMET IO EREFIEET LD
B, D BOOBEO LRASEET A0, #
HDOHDHEZATHD, NI TDELORETIE
FOPENIVEEB L EZPENLE EINTWAHERE T
YO TPl OEEIFEL VD I ERREDE
BB DN L BERPBROEBNCHEEL T
%o BIZIE TEOAE IZBA$ 5718 (EEFHEN4TH,
ENEEETE2AE) 2R L 2REDOHRE T,
TEOAE (Z4# & L D HEASBRW DS, AL XL
—EOEELTHEENTVEY, L LEEAD
HETIIEHRBEELY, BIREORENREVE
ENTw5b, Cliento 5% i Framingham cohort (2
20N L 7248651 (58 14£2096136-825%, 2 1E2774131-
80/%) %W, DPOAE OIRIBETIIFEM L D EET)
BEICEZEICHET 5 & e L7, Hoth 5 138
FRRTOZHIZHHH (0250 F TD5142
%) 7 —% % H\w, §EJ, TEOAE, DPOAE ®
B NI25424FE 2 BAT U ze 1-4kHz OFESI RIE D
10dBHL LA T O Ff & F A S ICBE L J- L 7-8 125
JielZ B, ELLOBETH OAE DIRMEIZER &
EBIWCEALL720s, BAEEHETIES, 4&kHz TO
DPOAE TO A FUSE T 2 6 TH o 72 D3
L, #EBE% <X TEOAE O IRIBE T3 H 5 20 T,
DPOAE iZ& BB TRIGAMET Le Bz L8
ETholnbHELTWE, INOEHEBIDOMETHE
Bab, 44k &b DPOAE B 2 EihE O Kb
BTFERHI ) DBIRELRz EIRBTLI L
PRRENG,

4) FEMERER RS
INES O EE M A FUS (auditory brainstem response
(ABR)) 23§ B BEIX30FEIEFERM 2 LIIE LD
CRESAS e SIS, EORREFERHRICEIY R
RERZS5TWAY, ABRIZBITAHMMEIZELIEED
ERICE Y ERT 2, MEOZTIEHEERICHRE
BETREVEREINTWS, B2 1, 2, 4kHz
D=V TERAVEHREDOEITEFEETIX
12, 7.5, 8dB T& o 72Dt L &% Tid 17. 5,

18, 21dB Th o7zt wH¥, ZOHEHHE LTI

v AREETIE B DR T L MR EER IEOKT 2%
AHENTWE, TLEEORIEBIZONTLIBHET
BTT5E0)HEIEZN,

BIEDHEIIERIZ OV T I ERHE CEE T 5 1EM
WCH 5B LV HENS V. —HEMERIZOWTIE
MEMICEDIRKE V. BEFIZHETEHETIEV
BERD I-VERMBROIERT S &) HfE
bHBHA, EEBFRIZIERLZVEVIREDLS
WO N & B B2 R 2 270 L Lo
BB AUEERRE L, [-VERMERIEEREL
TWzDIE5F (5.3%) TholzbBHmELTnD,
F B HEROERYNH S LI REITBVTD,
ZNPERIZLEDOPENHREOLFICEIAbD
», B oBRPSZ W (EEMIL Boetther™ O
BEBBENI),

5) Temporal Gap Detection IRE%

EE T BERMEEEREE L) o RIS
REED A Z TS 5 DOHE Lo bl L7z HEIRR
THWLN TV R EERETIIERE OEEPIED
AEFIT A Z LI TE LV, EICWFOEERIE
BCEO EEZONBHERORERESHER L TR
20, FER OB SRS L IBA i D o AR F Rk
WCEDWTWELEEZLNTE), EEOHPEER
TIERAEAERE I B D & T IR E AR O e R E SR 2 gk
EIMESICAEWET L, ENPETHEEICRET S
EENTVDH, —RIZME TR VDS, WEHR
B # (ITD), Binaural Masking Level Difference
(BMLD), Temporal Gap Detection (GD), Voice
Onset Time (VOT) 7 &12 X % 5/l CHERE 4 RE D
BEEEMIHFE SN TV LY, FIZHEWHEORRE -
HHRILE BZHIEBEORKRMIMRETDH Y,
BMLD & VOT i& speech %, ITD & GD i non-
speech Z R T 7%, BRECRIREFEROFE
WZE6T, ST IOBESNLEEND, &
BHEEORESHEOETIFETRIETORRED
—D|Z7% 5%, non-speech & speech O k4R RE
BTICEELZANZALDPFETHEEZLNT
Wb,

GD A&, EWEMESTOPRBICHENZ2ETX
MzHEALCT ZOMERXM (Temporal Gap) 7%
BAMTELE) Ritflls 5, FEFEELTHVME
BEOBENRS A7 THY, EFEFEETE (&8
12d £ 5% @EE 3-5ms FBE DFE V> Temporal Gap
¥ CTHEITE 5, Mazelova 5% 38 F i {ER RS
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B2 R EHE CIIMBREIEL, SRT &1
B35 & L7z Moore 5% &, METHEIMRE LN
BEERAOZVWERE LEERELROD 5 SHED
GD BZEZITL, BELEAORZVWEREIIBVT
bEFEZ LV RIBBEOMMAALN, BEHEED
BERELE ol HEL TS, ZDLHI
MEEARERMEO AT LA WEREEH
WAHZEIZLY, REEREORE e (HHEE) K
WCHHR O FE R i $ 5 FEIZEE LESEMNIC X

CATbhTHY, MOBE® T GD BEDHEKRA
FEINTWEILDL, KIEBEOBEDOFLEIC
Mhod, HREREICET 2 EESHETmEss &
BIETLCTwSEEZLNE, 2O GDHEDE
ABED LS IIEREOFETEIEICEbLo TS
PEHLPTEZVY, HETTORER)IZEY
T, HE LAV YE B TOREFIEN (hearing in
temporal dip) DK TIZEbDL o Tna Z LR S
NTn3B®,

GD DAL OEE.OEFN 5 2 7 TH INHEL A
FHEIN T, BIZITIEREE S A7 Tk, WEFED
REOFHPTEFREEZEIC X 5 F &ML
WK T 752 LPHRINTBY, BEIRY
T3 VOT OEBRTEERE ZREINMEN T & 25#HE
EhTwb, TF [p] &FF b] IEOMHH
RSN EE»OBEFIRESNS FTORHY
VOTHFREVDLEVWPIZE o TEVWHREE ST oh
TWAY, BMETIRE A A -V 75 2P1EE
ECTH ZO R ) RHEE - BiEE % VOT TH
EGTHBEMMEC 2 Y, 297 [p] 31T [b]
DEEEEZNBI L LEFHBEEINTWBEY, )

Gap AN MEDOFKEEDHEHTRENS
IV EAH Y FENORMOHEL KL TV &%
RHENTWET s, BEEPRKIIWFMEORE KD
Arathy FEAOMMEZ (BEZE) 25627
MBS HEETIHH Y, 72 & 2 T E R
(interaural time difference, ITD) IZHFBEERK L K
BERETOLTPRUMOTNEZEEFRE (L+1)—
THEEE) PRETAZETEOHABREERLT
WEN, TheDv A rath s FEAEDOMAE (B
M) ®Zid, temporal fine structure (TFS, BRI
MMEE) & Xidh, & MREWICBT A TFS O
BB IZOWTHA ZREPBYEIh T

bo AIZIOTFS 2FHLV Iy FREZF]
FRITEVDONAZFNET AW, miiEimEEE
IZBWTITD BB X CTFS BABEOET 2 1
BLZEZA WMEOTES #F#E2) ELTHA
HEOEBITIMDMRAMIEELZETZRE 2
Mol L, FEDOTFS #F#H»0icy 5
MEZVOEBI T TFSHABEIERICETLT
w7z (Ochi et al, #fF) (M5). BHEEHE T
I ITD AL AEREICET T LELNTE P,

TFS OB FEALEEEO I I KR TIZ X ) Bk

BTHRID I EIWREEING,

6) ATAFTERUR & :
—RRICEREICBVWTHOATHEFERICL ) BIF
TSI EONL EHESIN TS, LILE
BB COMETIIMBIC L ABERRON TV,
Lenarz 5% 3% KYEEEREL, 00561 D KA % 18~395%
(220%10), 40~59%% (420%1), 60~697% (235%), 70
Ll b (13081) 12407, HEHEEE M~/ 2B
IO OFERNICIATRIEE S L~ & R I 2
| ol, TOMKE, ANTHEEHZD 2EHOE
MBAROWE B, 70U Lo EE b € OMOFi
HLFETHY, BET CORFTEHCLERIUCD

ITD Pitch

s AFIFQ
13 107 7% * *

10

16
10 10°%

~> Poor

10%°

107t

Glood €

162

10°

K5 #F4E (Young) ¥, EHTHEOLZWE (HL-), &
HMTRERTHEE (HL+) BB 2mEMEE
¥ (ITD) L ¥y FRE
ITD % A7 TREBICENF TV, EvyFRES X
s TCEHEEENRONDE,

**: p<0.01, ***: p<0.001
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HM6 ALWNEFME1EE LARNICHY 5 HINT BIUL

WO & FAER & OBME U0 X ) BZE)
FATERHTE 2 513 LAFRO HINT BEEUL R OB
EVL B ERICH S,

CEREY o A, BERMEME (S/N I +10dB)
TONEBEUI70RIU LOEREH CEBICE/LL
TWwizo Lin 51260 L CATHEFRM % %217
7o445F0 R, HiTRT & BT 1 EBICHE U4E&MH THINT
(hearing in noise test) % ¥ 728351% Mt L7z &
A, BEEICELIIONTHBORBEIEN &
(K6), FMETOTEIEESREWITE (40% LT DIE
Bl L T40-60% DIEFINZ B\ C) A IERUR A&
MRWIZERRLTZ. INHDOFERITE, BMALA
HEREOBRE T COFETEICIIEHOFZE IR
BMTELRWEEREVWIEERLTEBY, BEED
BETORSEIUIB W THRE - FREEOER(L
RPEE - RELE o RABRET OB K E W
HERBELTWA,
HBBHONTHEERRICBWT, EHEED
Byioh, $%bhb LX) EERICE 5D TIHE
BEIMET$500 L b o TR, Dilon
51365 UL E T ATHEFM 2 21T 10 L A
L7z14plico &, BT L BEEN CORBEEIEIE
\ril-LZan, EHBBLIE,S 5FEOHIZTE
HEEESoIcmEL, 5EPLLI0FEOMIZREL
TWhEHELTWS, ZORBREHEICBNT
bR OFEFREEIC X BRI L, i
L A2FEFEHRIIHTHEEBIIECELZREL T
Bo 1251, SHITEENIR S EEREEIMETLT
CBDPEIDPICOVTRSBREAPLETH S,
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ZNEEIEDO TR EXIR

v OEAEBEOFRERTIIE L BLTLD
FAUThWwEERIONLY, EFET— 7 PEYER

DR B, IR D R OBRIEZ b LRI

DIy N7 DNAZENNEREL, F/123
oY FYTHEEDELL FoOEREEME %
VIRAEET IR, ML CTRRERRREICEE MR
BELZTCHEIETECELLEEZONATY
A, ZORBICHEY L, BFERICBIT AR %
free radical BEDFRHVPEREE W) T &Ik,
RLBELRBRENODRELZE VI B LEBIEIT A
ZEDRID LD, FBEEIE T OBEY
B, ThbbMBEOEMALEE & 5%, BIREL
Hd B &5 M AEBEE & AL THXT R R I,
LN, SHLUERTRERTHROFERICL S free
radical DB ELEZFIER I LT EZEZ LN
b, ZOBERPOEIREILE FHTHIEIERE
Ezoh, £EEE (BF Ey &5, ZELY)
T HIEESUETH L, BIRIE, HBRKE 5
MERER EX2 RGO BE I DI O FHETIX
ARREEZ EORBAADEID 5N B, free radi-
cal ZRET LTI AL, BIZI bar by 7
ATIERT 55 00BN FHRIRSEHF I L Tn
575, & MIBITHENEERFHMROLE TV
ATFEREL, TOWHRISBHOFETH LY, &
BINSOFHHRISICIZHEOEITZESES &
WIORRLD D, BEIFELLBETHoTH—ED
BRDVEFINS, _
BENGEEPE L AT LOAREEZR L%
& Thhbbaiazr—Ya YBEFELLE
&, WEFROERAP#HD NG, TAYHOBRE
ANEx8 & LT Hearing Handicap Inventory in the
Elderly (HHIE) % Geriatric Depression Scale 7 &
ZROTHESEAZIEFHOREEZ RRET
13, FTESREC A ERARRRE, e, BRIE, BlEm,
Tla=fr—avCHLPTAERTH 2L HE
ENTWBE?, HEEHFFETH % Blue Mountains Eye
Study I2&0 L 7260 DL £1328% OETTH, WE
R (500~4000Hz @ 3 % 25-40dBHL) #
TEOEmMISR, 1H 1R EHESREERT
AZHETEABCBERNZAH ST s
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TWaY, Z0 L) ICHEFEOEREICIOWTIEE
AFTHHVY, FICEETTORERY BE
Wl EWHZEICEEL, /A XV a ik
AT AZEDNEETH S, BHERZTENC
ERTAHP—EICTENEV) HIZDOWT, —&KEY
CETHEESECEE THERNOWEZZE L CHE
ERANENEEDNLY, —HEROFFEEED
RTWVEWI BEICOFICEBRT A", Henkin 5%
2800 (SFI72.85%) DEED L & EOTE KRS
BEEIC L, EEEH, LEEH WHEHOZ=Z
HizBWT, THEI L5 27-EF (S/N I +10dB)
T CIEHE 2 & 70dBSPL T5 % 7z HEE O FEEUE %
L Zh, TI%DEECHEERIVORE
ERICBOWTRENE o EHELTWE, 20
L9 WCHEAGELE ZEE L -RIEARTHHEE
BITAT ) RERH A9 o

KBV CIERESFREIEE S TSI L
RRBEICES, [Wol K DEFELTHL)L LI

FBET L, ILEVRCRRALMUETERHETHER .

HEMBIEHTE 2, BHESAEOMREET ST
HBTEHMRA VY, BEZAWRAIIETH 5
EWET AT MDD 5. Anderson 5 1X55~707%
DRI JWHR, M=oV FEHETRRETI AN
@ Brain Fittness cognitive training % fi\» TIEHEIC
FEOWIRANRZ T, HRBIRESPEER Y
NHEEDVD £ RT EELTDVD 2 A5 7-90)
Multiple Choice Question (2% 2 % I % 1T - 720
i iX 6 D D formant & # 2 170ms @ [da] % H
BE L LoiEs ERTEEET (S/NHE+10
dB) TRIER), BEE T OHEEIEAL(S/N K 0~25dB),
FHRER ETITole TORKRE, PL—=VI7H#
Ti2BEE T O formant transition 123 5§ 5 BEE 2%
By, SHEENMEL, BE TRIREI K
EZL, BBEROY -7 OBTAEMICL5ENL R
HUL7D, WRETEMREIR O 2P o7, 20
faRiE, FERICED WA ME ) K
TEEBET2HABEERESE) AWEEELZREL
TWwa,

T & B

AFETIE, IESICEES MEREEICOWT, EAM
HEEZ LI, FAFCBERICEY SN TV AKRE

EHOMC L E 22— L7z, M) TEREE IR
BEEEICNA CHRER - RAOoBEDL KRS
n, BOTEREBELZoTWh, SHBLTE
ez 5 HERCBVT, SHEOHERELE
PN L TR EHE LB DT TEITEREL S
2T %, BETCTOMBEESLHERERDRZE
HEAEEEEE L-5HE - Bf7e, ZAEEREFRIC
B9 2 EBERTSE - - ARFSE, HARARNT OREERM
YHmopFEL L, ReOWMYALREEEIZ B
SN TW5b,

Age—related auditory disorder

Tatsuya Yamasoba, MD. PhD.”, Atsushi Ochi,
MD.>?

"Department of Otolaryngology and Head and
Neck Surgery, University of Tokyo
®Department of Otolaryngology and Head and

Neck Surgery, Kameda General Hospital

Age-related auditory disorder is a complex dis-
order characterized by a decline in peripheral and
central auditory and cognitive functions. Hearing
thresholds, which begin to be elevated from higher
frequencies, vary significantly among the subjects
and the speed of the threshold elevation increases
with age. Speech perception is affected in subjects
with preshycusis, due mainly to their hearing loss,
but is more severely so in patients of advanced age.
Otoacoustic emissions and auditory brainstem re-
sponses are also impaired, mainly reflecting the
subjects’ hearing threshold elevations, and less sig-
nificantly, their age. Auditory temporal processing,
which can be evaluated by psychoacoustic tests
such as the gap detection test, is also deteriorated
in elderly subjects. For elderly subjects with diffi--
culty in speech communication in daily life, hearing
aid (HA) is the treatment of choice. When HAs no
longer provide benefit, cochlear i1nplantation is the
treatment of choice ; excellent results of cochlear

implantation have been demonstrated even in eld-
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erly subjects, although those who are older at im-
plantation tend to show lower speech understanding
scores postoperatively. "It is considered important to
avoid unnecessary exposure to loud noises and to
prevent/treat atherosclerosis in order to prevent
age-related auditory disorder. Auditory—based cog-
nitive training may be useful to restore age-related

deficits in temporal processing.
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