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staining.** In our present study the TZ was more clearly
observed with anti-GFAP immunostaining because as-
trocytes are found only in the CNS portion of the audi-
tory nerve (Fig. 2).

At the fundus of the IAC, multiple tiny osseous ca-
nals, called the TSF, allow the axons to pass from the
Rosenthal canal along the auditory nerve (modiolus) to-
ward the CNS (Figs. 2 and 3).%°

Throughout the control specimens, the length of
the astrocytic processes toward the basal cochlear turn
tended to be longer than those toward the middle and api-
cal cochlear turns (Fig. 2 right). It was noted, however,
that these astrocytic processes never entered into the TSF
in any cochlear turn, even in the basal cochlear turn in
controls. With the exception of those in the basal turn,
the length of the astrocytic processes never exceeded ap-
proximately 75 pum.

Electrophysiological and Morphological Changes After
Compression

In rats the CNS portion of the auditory nerve is rela-
tively long, and hence, the TZ is situated within the IAC as
in humans (Figs. 2 and 3).1553 Because of this anatomical
relationship, the compression in the CPA cistern always
injured the CNS portion where astrocytes are abundant.

Group A. One week after compression, the general
shape of the ABR was preserved but the peak amplitudes
were attenuated and the latencies of Waves II, III, and
IV were prolonged (Fig. 4). The I-II IPL increased from
0.34 + 0.03 msec before compression to 0.40 + 0.03 msec
(mean =+ SD). The II-IV IPL increased from 0.64 + 0.03
msec to 0.66 + 0.04 msec (Fig. 5). The I-II IPL was sig-
nificantly prolonged after compression (p < 0.05) but the
II-IV IPL was not. After compression, an unlabeled re-
gion was observed just beneath the compression site (Fig.
6). Within this region, GFAP immunoreactivity was lost,
indicating the mechanical disruption of the astrocytes.
The shape of the TZ was essentially unchanged and the
astrocytic outgrowth at the TZ was limited. In the co-
chlear nucleus we did not observe any change in GFAP
staining (data not shown).

Eight weeks after compression the general configura-
tion of the ABR was preserved but the peak amplitude
was attenuated and the latencies of Waves II, III, and IV
were prolonged (Fig. 7). The latency of the I-II IPL in-
creased from 0.34 + 0.02 msec to 0.41 + 0.03 msec (p
< 0.05) and the II-IV IPL decreased from 0.64 + 0.01
msec to 0.63 £ 0.03 msec (not significant) (Fig. 5). There
was no significant difference in the I-II IPLs between 1
week and 8 weeks after compression. Labeling for GFAP
showed that the astrocytic processes elongated enormous-
ly from the TZ toward the PNS portion of the auditory
nerve (Fig. 8A and B). The length of a substantial number
of astrocytic processes was more than 200 pm. The elon-
gated processes ran in paralle] with the residual auditory
neurons. They entered much further into the TSF in the
basal portion of the cochlea compared with the middle
cochlear turns (Fig. 8B and C). At the compression site,
small, unlabeled areas were observed. Confocal images
disclosed a dense meshwork of gliotic tissue at and in the
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vicinity of the lesion epicenter and fragments of neurons
were scattered in this gliotic tissue (Fig. 8D). In the co-
chlear nucleus, hypertrophic astrocytic processes were
abundant around the soma of the neurons (Fig. 8E single
asterisks) in comparison with the control (Fig. 8F), and in
a limited area they formed a meshlike structure of gliotic
tissue (Fig. 8E double asterisks).

Group B. One week after compression, the ABR was
hardly discernible (Fig. 9). Immunohistochemically, a
large area unlabeled for GFAP was observed at the com-
pression site (Fig. 10), and it was much larger than that
observed in Group A (Fig. 6). The IAC was filled with
swollen auditory nerve tissue, a finding not observed in
any of the rats in Group A at either time point or in the
Group B rats 8 weeks after compression (see below). As-
trocytic outgrowth from the TZ was, however, limited
(Fig. 10 large arrowheads) and in the cochlear nucleus
there was no obvious change in GFAP staining (data not
shown).

Eight weeks after compression, the peaks of the ABR
could not be identified (Fig. 11). The growth of astrocytic
processes was much more extensive than in Group A at 8
weeks postcompression (Fig. 12). The length of many pro-
cesses was more than 300 wm. The astrocytic outgrowth
was most evident at the basal portion of the cochlear turn,
where the processes elongated and occupied all the ori-
fices of the TSF. Confocal images showed that they ran
parallel with the residual auditory neurons within the
TSF. In the lesion epicenter, dense gliotic tissue surround-
ed neural tissue fragments. Similar dense gliotic tissue
occupied the cochlear nucleus, where the neurons were
tightly surrounded by ramified gliotic tissue. This pathol-
ogy was only rarely observed in the Group A animals
(Fig. 8E). The transverse diameter of the auditory nerve
at and proximal to the compression site was reduced con-
siderably, and this finding was more pronounced in this
subgroup than in the Group A rats killed at 8 weeks (Figs.
12A and 8A, respectively).

Discussion

In this study we demonstrate for the first time that
compression of the auditory nerve induces reactive glio-
sis not only in the auditory nerve but also in the cochlear
nucleus. This can occur even with minimal degradation
of the ABR. Thus, reactive gliosis should potentially be
regarded as a “third causative factor,” in addition to neu-
ral and vascular factors, for hearing loss following surgi-
cal treatment for VS.

Glial Scar Formation and Degree of Injury

Glial scars are formed in the adult CNS following
various insults and constitute a physical and molecular
barrier unfavorable to axon survival and regeneration %44
In our present study, the gliotic tissue was observed at the
lesion epicenter and in the vicinity of the compression site
8 weeks postcompression. Normal tissue architecture was
lost, and fragments of auditory neurons were surrounded
by reactive astrocytes (Figs. 8D and 12D). Reported ul-
trastructural findings of degenerating and degenerated
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Fic. 2. Photomicrographs showing the TZ of the normal auditory nerve. The interface between the central and peripheral
portions of the auditory nerve is clearly observed with anti-GFAP immunostaining (green) because of the presence of astrocytes
only in the CNS portion of the auditory nerve. Note that the astrocytic processes toward the basal cochlear turn are longer than
those toward the other cochlear turns (arrowheads in the right panel). The astrocytic processes never entered into the TSF in
any cochlear turn even in the basal cochlear turn in controls. In this rat, the length of the astrocytic processes from the TZ was
less than 75 pum, the longest distance of astrocytic extension in controls in all the cochlear turns except the basal turn (dotted
line in the right panel). The dotted line in the left panel indicates the border between the intra- and extracranial compartments.
Anti-GFAP and anti-beta llI-tubulin (clone Tuj1) immunostaining. Bar = 500 um (left) and 250 um (right). AuN = auditory nerve;

BS = brainstem; SGC = spiral ganglion cell.

axon terminals surrounded and phagocytosed by reactive
astrocytes after deafferentation may correspond to our
results.#1017.23

Our results also show that the higher level of com-
pression applied to animals in Group B caused greater
degradation of the ABR, increased astrocytic outgrowth
from the TZ, higher levels of gliosis in the cochlear nu-
cleus, and larger areas lacking GFAP labeling close to the
compression site. In spinal cord injury, the hemorrhagic
zone at the lesion epicenter cavitates as a result of necrosis
several days after trauma.?>* Hemorrhagic foci have been
observed previously within the auditory nerve trunk fol-
lowing mechanical trauma.* This study shows that they
decrease between 1 and 8 weeks after surgery, suggesting
invasion by reactive astrocytes. The observed swelling of
the auditory nerve within the IAC was much less for low
levels of compression and after the longer survival pe-
riod. Hence, it is likely that swelling occurs only in acute
stages of severely compressed auditory nerves, and that it
is caused by edema as observed in the optic nerve.”

Astrocytic Proliferation and ABR Deterioration

In small experimental animals, Wave I of the ABR
is generated from the extracranial (intratemporal bone)
portion of the auditory nerve, Wave II reflects synaptic
activity in the cochlear nucleus, and the subsequent waves
reflect electrical activity in the pons/upper brainstem 3346
Because the compression site in our experiments was
situated at the IAM, the IPL between Waves I and II was
prolonged, but from Wave II through Wave IV the laten-
cies were unaffected.

In our present study, the astrocytic processes elon-
gated conspicuously from the TZ toward the PNS por-
tion of the auditory nerve, ran paralle] with the residual
auditory neurons, and entered into the TSF, particularly
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Cochlea

Fie. 3. Schematic illustration showing the anatomical relationships
between the auditory nerve and the surrounding structures. The audi-
tory nerve is a bundle of bipolar neurons that form synaptic contacts
with the hair cells peripherally and cochlear nucleus cells centrally. The
cell bodies of the auditory neurons (spiral ganglion cells) are housed in
the Rosenthal canal. The TSF is an osseous canal through which the
axons of the auditory nerve pass from the Rosenthal canal to the axis
of the auditory nerve (modiolus). CN = cochlear nucleus; CPAC = CPA
cistern; HC = hair cell; RC = Rosenthal canal; TB = temporal bone.
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Fic. 4. Auditory brainstem responses in a Group A rat, before and
1 week after compression. The general configuration of the ABR was
maintained after compression, but the amplitude of each peak was at-
tenuated and the latencies of Waves I, IIl, and IV were prolonged. The
IPL between Waves | and Il (I-II IPL) and that between Waves Il and IV
(II-1V IPL) before compression are indicated by doubleheaded horizon-
tal arrows. Comp = compression.

in the basal region of the cochlea. Massive proliferation
of astrocytic processes within the modiolus may physical-
ly compress the adjacent nerve fibers, especially within
the narrow canals of the TSF. If so, then this could be a
cause of hearing loss. Moreover, enhanced glial activity
in the region of the cochlear nucleus might have caused
both structural and functional changes among synaptic
complexes and postsynaptic neurons.*'648 Progressive
degeneration of axons has been reported to occur over 8
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months and more than 1 year after peripheral insult to the
auditory nerve/cochlear nucleus (noise-induced hair cell
damage) and spinal cord injury, respectively.®*>” Thus,
the attenuation of Wave II of the ABR may have been
caused both by reactive gliosis related to cochlear nucle-
opathy and by reduction of auditory nerve activity in the
cochlear nucleus.

Within Group A, statistically significant differences
in the I-IT IPLs were not observed between 1 and 8 weeks
after compression. However, some auditory nerve degen-
eration must have developed without being detected in
the ABR recordings. Our fast Fourier transform analysis
revealed that the click that we used included frequencies
up to approximately 5 kHz. The stimulator used was de-
signed for use in humans, and its power spectrum nor-
mally stimulates the apical, middle, and upper basal turns
of the cochlea; in rats, however, it stimulates only ap-
proximately one-quarter of the length of the cochlea 3760
Thus, the ABRs in our experiments did not cover the po-
tential electrophysiological changes associated with the
auditory nerve dysfunction due to the massive outgrowth
of astrocytic processes in the lower apical, middle, and
basal turns. In one study on rats in which the cochlea was
surgically removed, GFAP immunoreactivity increased
in the cochlear nuclei 2 days after the surgery, remained
intense for 3-8 days, and then declined by Day 21.12 In
another study, the GFAP reaction occurred on Day 1, in-
creased in intensity at Days 4-21, and then remained el-
evated until Day 45 in the cochlear nucleus (the longest
observation time in the study).® Our results suggest that
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Fie. 5. Bar graphs showing the mean IPLs (= 1 SD) between Waves | and Il (-1 IPL) and between Waves Il and IV (II-IV IPL),
1 week and 8 weeks after compression in Group A. The I-Il IPL was significantly prolonged after compression but the I1-1V IPL
was not. There was no significant difference between the I-Il IPL at 1 week and that at 8 weeks postcompression. ms = msec;

n.s. = not significant. * p < 0.05.
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Fic. 6. Photomicrograph showing morphological changes in the au-
ditory nervous system 1 week after compression in Group A (the same
rat as in Fig. 4). A GFAP-negative region (asterisks) was observed at
the compression site (arrow). The shape of the TZ was essentially un-
changed (arrowheads). Anti-GFAP and anti-beta Ill-tubulin (clone Tuj1)
immunostaining. Bar = 500 pum. V = vestibular nerve.

reactive gliosis continues at least to the 8th week post-
compression, and longer-term studies are needed to de-
scribe the full consequences of the response.

Clinical Extrapolations

Various clinical observations can be explained by
reactive gliosis combined with the previously reported
pathophysiological mechanisms. Several reports have
demonstrated that the presence of adhesion in the inter-
face between the auditory nerve and the tumor is the most
significant negative prognostic factor in hearing preser-
vation surgery, regardless of tumor size.**¢8! The less
adhesion, the less mechanical force needed to separate
the auditory nerve from the tumor surface, leading not
only to less trauma-induced auditory nerve degeneration
but also to less reactive gliosis.

“Cochlear nucleopathy” may “naturally” occur as a
VS increases in volume. As the cochlear nuclei are locat-
ed at the entrance of the fourth ventricle' and the shape of
the fourth ventricle is inevitably distorted in accordance
with tumor growth, the cochlear nuclei cannot escape
from the effects of mechanical stress and reactive gliosis.
In patients with neurofibromatosis Type 2, the outcome of
auditory brainstem implant placement was less favorable
in those cases in which the VS compressed and distorted
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Fic. 7. Auditory brainstem response in a Group A rat, before and
8 weeks after compression. The amplitude was attenuated, but each
peak of the ABR was preserved while the latencies of Waves I, Ill, and
IV were prolonged. The I-Il IPL and II-IV IPL before compression are
indicated by doubleheaded arrows.

the brainstem than in those in which it did not.? In the
former, reactive astrocytic proliferation in the cochlear
nuclei may have modified synaptic organization leading
to less effectiveness of the implant, although larger tu-
mors can be expected to cause more advanced degenera-
tion than smaller ones.

There are some caveats with respect to extrapolation
from our results to the situation in human patients. First,
the length of the auditory nerve differs markedly between
rats and humans. In rats the cisternal portion is approxi-
mately 0.5 mm at most (Fig. 2), whereas in humans it is
approximately 10-15 mm 26345 Reactive gliosis may be
more severe where the compression site is so much closer
to the brainstem.?>*? Second, in our study the changes to
the ABR were created on purpose by traumatizing the
“normal” auditory nerve. Under clinical conditions, trau-
ma to the normal auditory nerve may be very rare. In the
clinical setting, the ABR configuration in patients with
VS is often already distorted before surgical intervention,
with the tumor mass causing auditory nerve dysfunction
through mechanical compression. This is especially the
case with respect to the intracanalicular portion of the
auditory nerve. In a study in which the intracanalicular
pressure was directly measured in the patients with VS,
the pressure within the IAC was significantly elevated,
and the authors concluded that pressure from tumor
growth in the IAC might be responsible for hearing loss.?
The morbid auditory nerve in the patients with VS could
be significantly more sensitive to the same insult than
the normal auditory nerve.”” Third, we observed ABR
decline and remarkable astrocytic proliferation 8 weeks
after compression. In contrast, delayed hearing loss has
been reported years after surgery in patients who have
undergone VS surgery with preserved hearing.>1832589
Therefore, our results may be better applied to “subacute”
hearing loss in VS surgery. Typically, these patients wake
up with hearing after surgery but suffer hearing loss 1-2
months later. However, the time course in gliosis may be
different in humans and rats, and it is important to carry
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Fic. 8. Morphological changes in the auditory nervous system 8 weeks after compression in Group A (the same rat as in Fig.
7). The astrocytic processes elongated enormously from the TZ toward the periphery (A and B). The length of many astrocytic
processes was more than 200 um from the TZ (dotted lines in B) and they ran parallel with the residual auditory neurons (the
arrowhead in B indicates an astrocytic process and the arrows, auditory neurons). The astrocytic processes penetrated the TSF
more deeply in the basal portion of the cochlea (C) than in the middle portion (B). (Panels B and C are enlargements of areas
indicated by “(B)” and “(C)" in panel A.) At the compression site (farge arrow in A), small, unlabeled areas were observed (aster-
isks in A). Atand in the vicinity of the lesion epicenter, a dense meshwork of gliotic tissue containing the fragments of neurons
(arrows in D) was observed (the area indicated by “(D)" in panel A is enlarged in panel D). Hypertrophic astrocytic processes
were observed in the cochlear nucleus (single asterisks in E). Meshlike structure of gliotic tissue was occasionally seen (double
asterisks in E). F: Cochlear nucleus region in control. Anti-GFAP and anti-beta lll-tubulin (clone Tuj1) immunostaining. Bar =
500 pm (A), 100 um (B), 100 um (C), 10 um (D), 50 um (E), and 50 um (F).
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Fic. 9. Auditory brainstem responses in a Group B rat before and 1
week after compression. All the components of ABR were hardly dis-
cernible after compression. The -l IPL and II-IV IPL before compres-
sion are indicated by doubleheaded arrows.

Fic. 10. Morphological changes in the auditory nerve 1 week after
compression in a Group B rat (the same animal as in Fig. 9). A large
area unlabeled for GFAP (asterisks) was observed at the compression
site (arrow) (compare with Fig. 6). The IAC was filled with swollen audi-
tory nerve tissue. Astrocytic outgrowth from the TZ was limited (large
arrowheads). Small double arrowheads indicate the IAM. Anti-GFAP
and anti-beta lll-tubulin (clone Tuj1) immunostaining. Bar = 500 um.
Original magnification x 2.
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Fic. 11. Auditory brainstem responses in a Group B rat before and 8
weeks after compression. The waveform was not visible after compres-
sion. The |-Il IPL and II-IV IPL before compression are indicated by
doubleheaded arrows.

out short- and long-term studies of sequential ABR trac-
ings following surgery in human patients.

Conclusions

We applied compression, a constituent mechanical
factor in complex operative procedures, to the auditory
nerve of rats while recording ABRs to measure the re-
lated hearing loss quantitatively. We found for the first
time that a substantial reactive gliosis occurs in both
the peripheral and central auditory pathways within 1-8
weeks and is associated with significant degradation of
the ABR. This finding warrants further research to test
the possibility that in the longer term the gliosis may cor-
relate with and may even cause continued hearing loss.
Reactive gliosis may be a primary cause of progressive
hearing loss following microsurgical treatment for VS.
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Fi. 12. Morphological changes in the auditory nervous system 8 weeks after compression in a Group B rat (the same animal
as in Fig. 11). Extensive astrocytic outgrowth from the TZ was evident (A-C). The length of many astrocytic processes was
more than 300 um from the TZ (dotted lines in B). In the basal turn of the cochlea where the astrocytic outgrowth was greatest,
the elongated processes occupied all the orifices of the TSF (arrowheads in C). The rectangle in C is enlarged in the inset; the
astrocytic processes (indicated by arrowheads) ran parallel with the residual auditory neurons (indicated by arrow). In the lesion
epicenter, dense plexiform gliotic tissue surrounded neural tissue fragments (arrows in D). Multiple, small areas unlabeled for
GFAP were observed at the compressed site (asterisk in A). In the cochlear nucleus, neurons were surrounded by dense gliotic
tissue (asterisks in E; cochlear nucleus region in control, F). The transverse diameter of the auditory nerve at and proximal to
the compression site was reduced in comparison with that in the Group A rats at 8 weeks postcompression (Fig. 8). The small
arrows in the Rosenthal canals in B and C indicate the residual spiral ganglion cells after compression. Anti-GFAP and anti-beta
I1l-tubulin (clone Tuj1) immunostaining. Bar = 500 pum (A), 100 um (B), 200 um (C), 25 um (D), 25 um (E), and 25 um (F).
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-----------------------------------------------------------------

m¢u wrﬁ%ﬂﬂwr%ru%ﬁﬁwﬁﬁ
HREEBREMICEH I N (mechanoelectrical
transduction), WEEMME & HEZOL YT
TATIIRERBMAP AL 7FIC BRI NG,
Mechanoelectrical transduction % #44 =& #f fz o> B8
EEEICHEE LT3, BEMEDO LT EWY
P fBigIC 2 D &) REBLERENFEL, 4%
SERBA R 3% Do T ST D 10 £E CEEAN 2
MRMfRA E/FOoNTR 5,

@) - AEEEEOREE
=

-----------------------------------------------------------------

t b CR—EIOET 3 FADBEMRGHEHTE
Y5, ROERHEIZIBSOFEMIE & REFOIRE
R R BT B, & W ARSI D 5~10%
DEEMBICERE L, B BNEEMIEICER
337, # 20 RO RLMRRED: 16O NE B
12, 7280 6 ROROMERHED 18D 56 B
CERET 5, NEEMETRIAREE B WITRIC
ﬁU,ﬂﬁ%M%fuwiﬁmmg(ﬂﬂo

@ BEHRED '
— mechanoelectrical ransduction

-----------------------------------------------------------------

EEMBEEAHEDO DT R EHIC b BRI K
JBL, BEABMEMETIEIFEBOE ¥ X 1nm b

Pl ST

BRI

SRl ok
B 1 AEMECERE O

I, AEHEFLIX lateral link 8 & U ankle link
WX o TGEEINERE LCH, BniE) OARE
FDEIHERWVIE) OAEFEZ D% < tip link 23
HH, TEIFEDEIE % mechanoelectrical trans-
ducer (MET) # % v 2 AfEO21F 29 (R 2),
Tip link #8383 % & mechanoelectrical transduc-
tion 1XBEE & N, tip link DIELET 5 LEEL 727,
AEHEBORBEWAEEOHFHEICHES &, MET
F ¥ ZIVHBFHT AT LA v HHHRER IR
AL THABIET 3, FORBEHAICHEL &
MET 7 % ¥ 2V a8582 i B U TN BIZ B0
I27 %, BEOH%ET MET 4 % ¥ /LI tip link
DB TFET 2 EVWRASDPITE S
71-,5)

TLigEEhz?, RERIZ7 7 F Vi TR MET 9 ¥ ¥ % V%8 tip link IZ %#Abfw
x* BhO LiIkr)  HRAFEETEEWER (T113-0033 ERA SRR AR 7-3-1)
0914-3491/10/ ¥ 500/343/JCOPY HGESE 2% 08 201048 A . 631



Upper tip-link density

(UTLD)

Tip link

Tip link

Lower tip-link density

(LTLD)

Membrane cup ——

Lateral link

Harmonin
CDH23

PCDH15

?vyiﬂ
Tether?

MYO15A
whirlin

S B 2 Hair bundle D
- a t NEPB L tip link FIADIEAZE b IZRT, b : tip link ATEORES RT,
Cc b DEEICHIET 30T ERT, H\ IS OFEIEIC mechanoelectrical transducer F ¥ ¥ b

VHFET 5,

UTLD

Tether
LTLD

B 3 MET F+ YRILHFHELEEOETI
a 'MET F % v % )UH8 tip link ICEEES LTV
AEHEWMEL EF v ZADFL LwIEF)
b MREROEAEMIZ L D F ¥ 22 LW

5 EFN
(Ut 6 25 —EFRE LB A)

(SCHk 6 2 —H#eZ L <3 /)

TABBOBMEL EF vV RADEIL L HgiL,

EOBAIEALTF v v F UM LS B

%% (H8), MET % v Vik 10 v4 7 u®
DI &S HE TR & & 23T % mechnoelectri-
cal transduction DA E'— F 2 FHBAT & 243, BER
DEZPHEETCRIDAY—F23HETEL
W 1 KOFREEY S D D MET F ¥ ¥ 32V id
1~2 EEHEZIN TV 2D, Tip link 2HRT 2
5F (B F~Y > 23 (CDH23) 71 +h FAY
v 15 (PCDH15)) 28EH & 22 %2 7= DIREET
H Do MET F % Y2 VOEME LT3 tran-
sient receptor potential (TRP) F ¥ ¥ & V53217 &
NTWBH, F v v R2LOYENEEISESIC I
— B FRERIIH TR LD,

. BEEHEID mechanoelectrical
transduction E TV AF

-----------------------------------------------------------------

BEMBEOE OB % 1372725 100 nm BEIC
BERVICD D06, WATE 3 SEOHEHE
(FAFEvILUY) BAE, Z0EHHNEE
HHAE DY D EHR % BRI s 2 IO BRET, 2
SLTFEORBIIAE REEQCRE L DS X iR
CHIBI N NE)H 5 (FEH) , ERIZS
DIREIBIZ HHE TREN T 528, ZDEIKD>T
VAN BB ICEI & & T, EERD
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Hair bundle motor

—
51—

G

TLAF

4 HNEEMRIEERDIREZIBIET 2144
BIFEERN (—) KBLTREEA L VYIELOSTF
TV AF IES L T30, REEEN TSR
(+) B 3 LERA A VBANTTLRAF VDT
FEEXEDLY, AEEBHMBEBEEFEICED
(somatic motor), ¥ 7/ X W ABESENS &,
AEBICHADERAUFEDHIEL T positive
feedback 232 Z % (hair bundle motor),

(SCHR 13 2> 6 —E%Z L <5 M)

RENVIERI NS, 2 DBBRITIT 2 DOBEEIVE
EENTn3 (K4), -

1 23 EEMED B e 5 EEH,
TVAFIZ X 3 H DT, somatic motor & FEIEHL
%, WFAHEONEEMITIIESHEELIC X - T
THILEPHONTWS, BIETRR L) I,
TEEPENT MET F ¥ 2 V050 LR
AR DR S 5, BEEEMN O & ¥ iTi3EEA
FYBT VAT VA LT 528, BiaiRasid
E B LERA X VPNNTT VAT v OIS
DL, MBEEEC D 2HEENNE kB
B IHVE B D T 219,

%9 121 hair bundle motor & MR 2, B
BOMENT MET F v Y 2ADBLC LAV T A
A Z VHMEAICTRAT 2, COLETY FOB
BIEAREBIN I ER L HRDIIHEL T posi-
tive feedback 2S#28 Z % Z E B S ITRoT W

SFTZNE

GluR2/3, GluR4

5 FHEHBID active zone ICEFET
BPURYVFTIREERT29F
- [0k 16 B —EF%ZE L <HIA)

W, MET F* V2V 6W|AT B AN b4
F v, BomBEET 7LV AF iz kB somatic
motor % JEMALT 2 1IEERE{ B TH, hair
bundle motor ¥#E8E 9 2 , Somatic motor %k
PURE A D THEORERICHE S N CEEEOR
Bz I #7228, hair bundle motor IXE D
MET ¥ Y2 NVOREAA E— FizDAHIRE 1
2D CEAFESOHIBICONIGTEL LEZON
TWw3,

-----------------------------------------------------------------

TP C R D R O 43 L e AR 22
D 5~30 A3 1 DONEEMIE L > F T A2
B LT3, BRI all or none DIFENEEAI D 51
F2BHEDCFTALRED, YRV T TR,
TrusERTH s RAREM L EEEMIC SR
LT Nidns v, JoBRER, FHMORE
DRI L 7z BEMRE D K (phase locking)
ZERT 5720, BORENBENRDOND,
OV T T AR, HEEEYEEECRHEEE
THERANCHH T 5 7= dRLL 72 ) Ry v F 72
LN, Rl tand s (K 5)9,

BEMBEOREREMOEMIcLD, LEEN
WEEAINS T L F % 3 (Cavl3) BSEAVT
MBER A LS MBEDHEM L, SR EEWED

EWREHE 82#%9%5 201048 H ‘ 633




VFTARBEBENE, TOANLYILF YR
WiEY F T ANIRD %\ active zone & TN B
WOEBICEFTLUTCHFEL, BARRA AL 7 A
BENELC T3, 10D active zone IZ 1 DD F
TABHADBEL T3, 35121 DD active zone
BRI Dk AT U R Y LRI B EEYT
EL, ZORABEKERICORENESTF 7 R/NE
DEET 21, Y Ry DEMKIZ RIBEYE & IEIEh
Z2ERYETH 5, Bassoon % Piccolo & HEIFN 3
SFHY R v % active zone IZBVTW %, Bas-
soon DEEFRIEB Y A THRBADYF 7 AN
R LT, v F TABENF Ik TE
h17 auditory neuropathy & DBIENRE I N3,
EORBEEE - FT300Ic, ZOINYY
AF %Y 2 IE 300 © A 7 uDEEDE EE
Bk bbb, RETERELIMES I AoTH
h, BRMEEVERBRNCKETE 0T, H
FRY F 7 AGEICHLTW 3920, Hrey
LABEODSELEMICHRT 5700 NV T L
BEAL LI L ABEREDRCRERZ LD L
HEIN TN, RETS LEROREL %3
BT Otoferlin 12, NEEBMETAOINS T L2
MUTYF PAMAD L Y ¥ A b —v A 2B &
BT EEZSNTLABEEBRES AT
222 HEWENORAEE AN A4 T VB
EEFRIRIGELT, vV AONEERETCRES
+ 1 Bk SXWWEBREDY F 7 A/NEO ¥
VYA b= ADRIBW, YRVOFEILD
3 F T ANEDS active zone ICEBLTWB I &
W F T AGROWEEE LTWED, 1Y
FA4 b R THBBRICERShTuky
F 7 ANEDHIEEIC R X N 320, ZABREMD
SRR ERE (—50~—30mV) Ti, ALY
A4 A v OMBEATRA & R OERED EE O ER
HEHTh Y, BEOa— FIREAMIR NI E
PREKT 2, REBMRTILVY S vBEY T
7 AN FRIE T B D Id vesicular glutamate
transporter3 (VGLUT3) T» bh, ZDEEBEFIRK
BLETY AT, BROYF 7 ABERD
AMPA ZAEIEEL TOTH S+ 7 ARER
DBEL b 7’:?8)0

T 7 ARIBR I & - AR EE Y E I B

BREIDY F 7 ABIRICHEET 3 AMPA B L
5 S VBREREIMT 2%, v I X ICEENMG
%52 3%t AMPA BAGEA L, T OBEHR
EHIRET 2L ERHLD I EBTRINTED,
AMPA ZHEIZ X D > F T RABEOB 2 KHE
LT 2 AEEHEASTRIR & 11230, BEMHR I X
NMDA ZAEHHFEL, ¥V FNVBISFETIUL
INB7 I ¥ FYBOBEL B, NMDA &K
RIS OO EE R D 27, Th
IX NMDA ZAMFIC X h HMEOEEIHAEI N
TVWBZERFRL, FUFLBRICEBEBD D
EFNDIEEKT B,
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