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We previously reported that treatment of the rat cochlea with a mitochondrial toxin, 3-nitropropionic
acid (3-NP), causes temporary to permanent hearing loss depending on the amount of the drug.
Furthermore, apoptosis of cochlear lateral wall fibrocytes, which are important for maintaining the
endolymph, is a predominant pathological feature in this animal model. 3-NP is known to induce
oxidative stress as well as neuronal apoptosis. C/EBP homologous protein gene (chop) is one of the
marker genes induced during endoplasmic reticulum (ER) stress, and is also considered to be involved in

g?c’ ‘t,]‘,l(:e’.;\dS: apoptosis. To elucidate the molecular mechanism of cochlear fibrocyte apoptosis induced by 3-NP, we
Mitochondria studied spatiotemporal expression of C/EBP homologous protein (CHOP) and other signaling molecules
Apoptosis related to ER stress as well as the appearance of apoptotic cells in the cochlear lateral wall after 3-NP

treatment. Quantitative real-time PCR revealed that chop and activating transcription factor 4 gene (atf-
4) showed marked increase within 6 h, whereas expression of other ER stress-responsive genes such as
grp78 and grp94 did not change. Immunohistochemistry showed that 3-NP treatment caused up-
regulation of CHOP, especially in type II and type IV fibrocytes, followed by the appearance of terminal
deoxynucleotidyl transferase mediated dUTP nick end-labeling (TUNEL)-positive apoptotic cells in the
same confined area. Thus, apoptosis of lateral wall fibrocytes induced by 3-NP is likely to be mediated by
induction of CHOP. These results contribute clarification of pathological mechanism of cochlear
fibrocytes and may lead to development of novel therapeutic strategy for hearing loss.

© 2009 Elsevier Ltd. All rights reserved.

Endoplasmic reticulum stress
Oxidative stress

1. Introduction We recently established an animal model of acute hearing loss,

which is primarily caused by degeneration of LW fibrocytes, using

Recent advances in auditory research have helped build
strategies to cure hearing loss by sensory cell regeneration or
prevention of sensory cell loss (Holley, 2005; Kelley, 2006). Most
experimental animal models of auditory disorders indicate that
noise-induced, hereditary, and drug-induced hearing loss is caused
by degeneration of the sensory hair cells or spiral ganglion cells.
Recently, several studies reported the involvement of fibrocytes
degeneration in the cochlear lateral wall (LW) in hereditary
hearing loss (Minowa et al., 1999; Delprat et al., 2005), age-related
hearing loss (Spicer and Schulte, 2002), and noise-induced hearing
loss (Wang et al., 2002), implying that these non-sensory cells also
play important roles in hearing.
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the mitochondrial toxin 3-nitropropionic acid (3-NP) (Hoya et al.,
2004; Okamoto et al., 2005; Kamiya et al., 2007; Mizutari et al.,
2008). In this model, only less than a 2-fold difference in 3-NP dose
differentiates between temporary and irreversible hearing loss.
Appearance of TUNEL positive cells (Kamiya et al., 2007; Mizutari
et al., 2008), and blockade of fibrocyte degeneration by caspase
inhibitor (Mizutari et al., 2008) indicate that degeneration of LW
fibrocytes is mainly apoptosis in this model. LW fibrocytes are
critical for maintaining the ion concentration of the endolymph by
K" recycling from the perilymph (Schulte and Steel, 1994; Spicer and
Schulte, 1998); and disturbance of the endolymphatic ion concen-
tration leads to immediate hearing loss. Fibrocytes of the LW are
divided into five cell types based on structural features, immunos-
taining patterns and general location (Schulte and Adams, 1989;
Spicer and Schulte, 1996; Mutai et al., 2009). Type II and type IV
fibrocytes contain numerous mitochondria, and endoplasmic
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reticulum (ER) expresses various types of ion transporters, channels,
and pumps, and have significant roles in maintenance of the
endolymph. 3-NP is considered to elicit acute deafness by depleting
energy in the cochlea, which primarily induces apoptosis of type Il
and type IV fibrocytes followed by perturbation of endolymph
homeostasis. Understanding the molecular pathway of LW fibro-
cytes cell death is likely to provide insight for preventing auditory
disorders caused by LW fibrocyte dysfunction.

3-NP administration alters gene expression in various tissues
and induces apoptosis in neuronal cells (Behrens et al., 1995; Pang
and Geddes, 1997; Sato et al., 1997). C/EBP homologous protein
(CHOP) is a DNA binding protein targeted by activating transcrip-
tion factor 4 (ATF-4). chop (encoding CHOP) is one of the marker
genes induced in ER stress (Oyadomari and Mori, 2004 ), which was
originally defined as a cellular response against accumulation of
unfolded proteins in the ER (Xu et al., 2005). In addition, the
accumulation of unfolded proteins in mitochondria also induces
CHOP expression (Zhao et al., 2002). CHOP is considered to be
involved in apoptosis in various cell types (Matsumoto et al., 1996;
Maytin et al., 2001). Part of the downstream pathways of CHOP
that leads to apoptosis was recently revealed. It was reported that
overexpression of Bcl-2 blocks CHOP-induced apoptosis (Matsu-
moto et al., 1996), Tribbles-related protein 3 (TRB3) repress the
transcriptional activity of CHOP (Ohoka et al., 2005) and Bcl-2
interacting mediator of cell death (Bim) is closely related to the
CHOP-induced apoptosis (Puthalakath et al., 2007). CHOP expres-
sion is induced in Parkinson’s disease (Holtz and O’Malley, 2003),
ischemia-reperfusion injury (Tajiri et al., 2004), and diabetes
(Araki et al., 2003). The linkage between CHOP induction and cell
death raises the possibility that CHOP may also play a role in
eliciting apoptosis of LW fibrocytes exposed to 3-NP. To explore
this possibility, we examined the induction of CHOP and other ER
stress-related molecules such as atf-4 gene (encoding an ATF-4) in
the LW of 3-NP-treated animals, and the relationship of CHOP
expression and apoptosis in the degenerating cells.

2. Results
2.1. Time course of hearing after 3-NP treatment

The time course of hearing in rats treated with 3-NP was
measured by auditory brainstem response (ABR). Because our
previous studies using the same animal model as the present study
showed a remarkable difference in the time course of ABR
thresholds at 8 kHz and 20 kHz between TTS and PTS rats, we
measured ABR thresholds at these two frequencies in the present
study. The rats treated with 300 mM 3-NP demonstrated severe
hearing loss at both 8 kHz and 20kHz (72.0+5.9dB and
85.5 + 1.5 dB, respectively) 1 day after the treatment (DAT, Fig. 1).
At 7 DAT, the threshold shift at 8 kHz recovered to almost the normal
range (15.0 + 1.2 dB) and the threshold shift at 20 kHz gradually
recovered to a moderate level of hearing loss (40.0 + 8.9 dB). These
rats were referred as temporary threshold shift (TTS) rats. In contrast,
the ABR threshold in rats treated with 500 mM 3-NP exceeded the
highest measurable level at both tested frequencies 3 h after the
treatment and did not show any signs of recovery even at 7 DAT.
These rats were referred as permanent threshold shift (PTS) rats.
Saline-treated rats maintained normal thresholds, indicating that the
surgical procedures did not cause hearing loss. These phenotypes
were consistent with our previous data (Hoya et al., 2004).

2.2. Time course of chop and atf-4 expression in the LW after 3-NP
treatment

To explore the molecular events during hearing loss by 3-NP,
we investigated whether the genes activated during ER stress were
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Fig. 1. Time course of auditory thresholds in temporary threshold shift (TTS) rats
treated with 300 mM 3-nitropropionic acid (3-NP) and permanent threshold shift
(PTS) rats treated with 500 mM 3-NP. The threshold shifts were recorded at 8 kHz
(A) and 20 kHz (B). Although the thresholds reached their peak at 1 day after 3-NP
treatment (DAT) and then decreased in the TTS rats, the thresholds in the PTS rats
exceeded the measurable levels at 3 h after the treatment and were stable at 7 DAT.
n=>5.

up-regulated in the LW after 3-NP treatment. Expression of four ER
stress-responsive genes (chop, atf-4, grp78, and grp94) along with
the housekeeping gene glyceraldehyde-3-phosphate dehydroge-
nase (gapdh) in the cochlear middle turn of TTS and PTS rats was
measured using semi-quantitative reverse transcription PCR (RT-
PCR). LW of cochlear middle turn was chosen because histological
changes indicating degeneration of LW fibrocytes were evidently
detected at this region in both TTS and PTS rats and there was a
remarkable difference in the time course of ABR thresholds at this
region between TTS and PTS rats.

We found that all five transcripts were successfully amplified in
the LW from untreated rats (Fig. 2A). In addition, two of them, chop
and its activator atf-4, both of which are suggested to be involved in
activation of the apoptotic pathway, were up-regulated after 3-NP
treatment. The changes in chop and atf-4 expression from 3 h to 7
DAT were similar in the TTS and PTS rats; an increase of the PCR
bands occurred in TTS and PTS rats within a few hours after
treatment, but these band intensities dropped to the untreated
levels in TTS rats and even lower in PTS rats at 1 DAT. In contrast,
expression of grp78 and grp94, molecular chaperones in the ER
lumen and indicators of cell survival (Kaufman, 1999), did not
show apparent changes throughout the experimental period
(Fig. 2A), indicating that not all the genes mediating ER stress
are stimulated in the LW after 3-NP treatment.

In the next experiment, expression levels of chop and atf-4 after
3-NP treatment from which the changes were seen in the RT-PCR
results were further evaluated by quantitative real-time RT-PCR
(gqPCR). These gene expressions were compared with those in
untreated rats (0O DAT, n=>5). Because neither grp78 nor grp94
expression did not change in the screening by RT-PCR, these gene
expressions were not measured by qPCR. The level of chop (Fig. 2B)
was increased at 6 h after the treatment (390 + 91% in TTS rats,
p <0.05, and 595 +262% in PTS rats), confirming our previous
observation that chop is induced promptly after 3-NP treatment.
However, no significant difference in the peak level of chop was
observed between PTS and TTS rats. At 1 DAT, the chop level dropped
sharply to 53 + 6% in TTS rats and 58 + 16% in PTS rats, followed by
gradual recovery to the untreated level in TTS and PTS rats until 7
DAT. As observed for chop, atf-4 expression significantly increased
and reached its peak 6 h after 3-NP treatment (Fig. 2C). The increase in
atf-4 expression was lower than that in chop both in TTS rats
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Fig. 2. Expression of ER stress-responsive genes in the lateral wall (LW) after 3-NP
treatment. Expression was determined by semi-quantitative reverse transcription
PCR (A) and quantitative real-time PCR (B and C). UT; untreated control rats; gapdh;
glyceraldehyde-3-phosphate dehydrogenase. DAT; day(s) after 3-NP treatment.
chop (B) and atf-4 (C) were temporarily induced in the LW 6 h after treatment in
both TTS rats treated with 300 mM 3-NP and PTS rats treated with 500 mM 3-NP.
chop was decreased to approximately half of the untreated level (0 h) at 1 DAT and
then recovered to the normal level. n = 5. *p < 0.05, **p < 0.01, significant difference
vs. untreated control.

(230 +40%, p < 0.05) and in PTS rats (252 + 38%, p < 0.05). In the TTS
and PTS rats, atf-4 was down-regulated to 71 + 10% and 64 + 8% of
the untreated level, respectively, at 7 DAT. Taken together, chop and
atf-4, which are activated by various stimuli including ER stress, were
responsive to 3-NP in the present study, whereas expression of the
other candidate genes, grp78 and grp94, did not change in response to
the treatment.

2.3. Spatial expression patterns of CHOP and apoptosis in the LW after
3-NP treatment

We next investigated spatial expression patterns of the CHOP in
the LW after 3-NP treatment. CHOP signals were detected using
immunohistochemistry with paraformaldehyde-fixed, paraffin-
embedded tissues. We focused on the cochlear middle turn to
compare with expression levels of chop and atf-4 by RT-PCR and
qPCR. The same primary antibody for CHOP was used in this study
as that used for a previous report (Hayashi et al., 2005). To
ascertain specific binding of the primary antibody, a set of sections
was stained in a similar way without the primary antibody, and the
staining was not detected (data not shown). Types of LW fibrocytes
were judged based on their localization within the spiral ligament
according to the previous studies (Schulte and Adams, 1989; Spicer
and Schulte, 1996; Mutai et al., 2009). Fig. 3 shows distribution of
the CHOP signal at the middle turn of the LW before and after 3-NP
treatment. CHOP was detected at low levels in the LW of untreated
and saline-treated rats (Fig. 3A and F). The low CHOP signal level
persisted until 6 h after treatment in both TTS and PTS rats (Fig. 3B
and G). The CHOP signal intensity started to increase over the
entire spiral ligament at 1 DAT in both TTS and PTS rats (Fig. 3C and
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H), with the most intense staining in the area of type Il and type IV
fibrocytes in PTS rats. At this time in the TTS, CHOP immunoreac-
tivity was localized mainly in the cytoplasm (Fig. 3C and L), and
localized slightly also in the nuclei. CHOP immunoreactivity did
not remain in the LW at 2 DAT (Fig. 3D). On the other hand,
immunoreactivity in the PTS rats at 1 DAT was localized mainly in
the nuclei (Fig. 3H and N), and remained in the LW at 2DAT and 3
DAT (Fig. 31 and ]). Fibrocyte degeneration was not apparent in the
spiral ligament of either TTS or PTS rats until 1 DAT. In TTS rats,
fibrocyte degeneration which was indicated by a region free of
cellular nuclei was observed in the area of type Il and type IV
fibrocytes at 2 DAT (Fig. 3D and M) and 3 DAT (Fig. 3E) and area of
fibrocyte degeneration did not expand from 2 DAT to 3 DAT. In PTS
rats, a subpopulation of type II and type IV fibrocytes started to
disappear and CHOP immunoreactivity was detected around this
area at 2 DAT (Fig. 31 and O), and a majority of the fibrocytes in the
LW had degenerated at 3 DAT (Fig. 3]).

Because our previous study showed that death of LW fibrocytes
is mediated by an apoptotic pathway (Kamiya et al., 2007; Mizutari
et al., 2008), we next investigated whether the onset of apoptotic
cell death coincides with the onset of CHOP induction. The paraffin
sections were used for the terminal deoxynucleotidyl transferase
mediated dUTP nick end-labeling (TUNEL) assay, a method
generally accepted to detect DNA fragmentation caused by
activation of apoptotic pathways (Fig. 4). TUNEL-positive cells
were not detected in untreated and saline-treated LWs (Fig. 4A and
F). In TTS rats (Fig. 4B-E), TUNEL-positive cells appeared at 2 DAT in
the area of type II fibrocytes (Fig. 4D and M). A small number of
TUNEL-positive cells were also evident at 3 DAT (Fig. 4E). In PTS
rats (Fig. 4G-]), TUNEL-positive cells were detectable as early as 1
DAT in the type II/IV fibrocytes (Fig. 4H). The number of TUNEL-
positive cells in the LW gradually increased from 1 to 3 DAT
(Fig. 4H-]). To clarify whether CHOP induction and apoptotic cell
death are associated, the LWs in the untreated or PTS rats were
subjected to a double immunofluorescence study (Fig. 5A-]). CHOP
signal (red) was low in untreated rats (Fig. 5A, D, E) and intensified
in the area of type Il and type IV fibrocytes at 1 DAT in PTS rats
(Fig. 5F, I, and ]). TUNEL-positive apoptotic cells (green) were
undetectable in the LW of untreated rats (Fig. 5B, D, and E) but
were observed in PTS rats at 1 DAT (Fig. 5G, I, and J). Although
apoptotic cells were not convincingly co-immunostained with
CHOP in PTS rats at 1 DAT, they were confined to the CHOP-positive
area (Fig. 51 and J). In untreated rats, the CHOP signal visualized by
fluorescein staining in the stria vascularis (Fig. 5A) was inconsis-
tent with the absence of a signal in the stria vascularis by 3,3'-
diaminobenzidine (DAB) staining (Fig. 3A). The difference was
considered to be due to the methods used for antigen retrieval.
Because apoptotic cells were not detected in the stria vascularis,
we focused on the CHOP expression in the spiral ligament. Thus,
CHOP expression in the stria vascularis is not discussed further in
this study. Overall, we demonstrated that induction of the CHOP
signal was followed by apoptotic cell death in the LW fibrocytes
after 3-NP treatment.

3. Discussion

In this study, we examined the time course of CHOP expression,
apoptosis, and degeneration of fibrocytes after administration of 3-
NP. We demonstrated temporary CHOP expression in the confined
area of LW in which fibrocyte degeneration occurred afterwards. In
TTS rats, TUNEL-positive cells became detectable at 2 DAT,
approximately 1 day after CHOP induction. In PTS rats, a few
TUNEL-positive cells were detectable at 1 DAT, when the CHOP
level was first up-regulated. Then, the number of TUNEL-positive
cells increased significantly at 2 DAT. CHOP and TUNEL signals are
detectable in the same area, but co-localization of these two
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Fig. 3. Inmunohistochemical analysis of CHOP expression in the LW after 3-NP treatment. In untreated control rats (UT), a low level of CHOP was detectable in the entire LW
(A). InTTS rats treated with 300 mM 3-NP (B-E, L, and M), the CHOP signal (arrowheads) was unchanged at 6 h but intensified 1 day after 3-NP treatment (DAT) (C) compared
with saline-treated rats (Sal 1d, F, K). A limited area (asterisk) of the LW had degenerated at 2 DAT and 3 DAT (D, E). In PTS rats treated with 500 mM 3-NP (G-J, N, and O), an
intense CHOP signal (arrowheads) was evident, especially in the area of type Il and type IV fibrocytes of the LW at 1 DAT (H). At 2 DAT, type [l and type IV fibrocytes appeared to
start degeneration (asterisk) (I), and the area of degenerated fibrocytes expanded at 3 DAT (]). K-O are enlarged images of spiral prominence of F, C, D, H and [, respectively.

Scale bar = 50 um (A-J) and 10 pm (K-0).

staining was not detected. Because CHOP is known to be involved
in inducing apoptosis (Matsumoto et al., 1996; Maytin et al., 2001),
we speculate that the delay of TUNEL appearance is due to signal
transduction for apoptotic pathways. Tajiri et al. (2004) reported
that chop induction in the striatum peaks 12 h after the occlusion of
the carotid artery, followed by detection of numerous TUNEL-
positive cells at 24 h. Investigation of signaling molecules
downstream of CHOP (Wang et al., 1998; Sok et al., 1999) and
activation of pro-apoptotic molecules such as caspases after 3-NP
treatment may clarify the direct association of CHOP activation
with apoptotic cell death in LW fibrocytes. In the present study, of
note is that nuclei were also positively stained for CHOP in PTS rats
at 1 DAT, which is required to exert functional effect for this
transcription factor (Zinszner et al., 1998).

The activation of ATF-4 and CHOP in the LW of 3-NP-treated rats
is reminiscent of CHOP and ATF-4 activation in ischemic brain
(Hayashi et al., 2005). Induction of the same molecules in these two
affected areas is probably caused by the features of energy
depletion which are shared by mitochondrial dysfunction and
ischemia. What is the mechanism of the expression of atf-4 and

CHOP which is the downstream target of ATF-4 in LW fibrocytes?
The mitochondrial toxin 3-NP is an irreversible inhibitor of
succinate dehydrogenase (complex Il of the electron transport
chain) (Coles et al., 1979). Inhibition of energy metabolism by 3-NP
results in the production of reactive oxygen species (Beal et al.,
1995; Lee et al., 2002; Rosenstock et al., 2004) that causes oxidative
stress and neuronal cell death (Behrens et al., 1995; Pang and
Geddes, 1997; Sato et al., 1997; Higuchi, 2004). Oxidative stress
induces ER stress (Yu et al,, 1999), and this is known to enhance
CHOP expression (Oyadomari and Mori, 2004). In addition, cells
exposed to 3-NP also release mitochondrial Ca%*, which is caused
by an increasing amount of reactive oxygen species (Rosenstock
et al., 2004) and rapid elevation of the intracellular Ca®" level is
known to enhance CHOP expression (Deshpande et al., 1997;
Tanaka et al., 2005). Thus, oxidative stress, ER stress and increase in
the intracellular Ca®* level are related events in terms of the
molecular signaling pathways. We assume 3-NP induced ATF-4
and CHOP in LW by these mechanism.

Our findings are not in full agreement with the hypothesis that
CHOP is activated exclusively in response to ER stress in the LW
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Fig. 4. TUNEL histochemical analysis of apoptotic cells in the LW after 3-NP treatment. Apoptotic cells were not detected in untreated control rats (UT; A) or in saline-treated
rats (Sal 1d; F). In TTS rats treated with 300 mM 3-NP (B-E), a small number of apoptotic cells (arrowheads) were found at 2 DAT and 3 DAT (D, E). In PTS rats treated with
500 mM 3-NP (G-]), apoptotic cells were detectable at 1 DAT (H). The number of apoptotic cells (arrowheads) increased as the degenerating area expanded at 2 DAT and 3 DAT
(I, ]). K-O are enlarged images of spiral prominence of F, C, D, H and I, respectively. Scale bar = 50 um (A-]) and 10 pm (K-0).

treated with 3-NP, because multiple attempts failed to show
significant up-regulation of the ER stress mediators grp78 and
grp94. These results suggest that either a partial ER stress-response
pathway including ATF-4 and CHOP is activated, or that mechan-
isms other than ER stress are responsible for the activation of the
two molecules in the LW treated with 3-NP. CHOP has been
reported to be induced without activation of other ER stress-
responsive proteins such as GRP78 in a cultural experimental
model of mitochondrial stress (Zhao et al., 2002). In this model,
accumulation of unfolded proteins in the mitochondria resulted in
induction of CHOP and mitochondrial molecular chaperones (e.g.,
Cpn60, Cpn10 and mtDna]J), but did not induce non-mitochondrial
chaperones including GRP78. Moisoi et al. (2009) also reported
that chop expression was increased by mitochondrial dysfunction
in the brain. Similarly, induction of atf-4 and chop in the LW after 3-
NP treatment may also be caused by mitochondrial stress
following oxidative stress. On the other hand, investigation of
PERK, IRE-1 and ATF-6 is necessary to demonstrate that ER stress is
concerned with the increase of chop expression in this study.
The expression levels of chop at 6 h after 3-NP treatment and at
1 DAT were not significantly different between TTS and PTS rats,

86

despite the contrasting number of degenerating cells at 3 DAT.
Immunohistochemical study revealed nuclear staining of CHOP,
which is required to undergo functional role for transcription
factor, in PTS rats but rarely in TTS rats. This may explain the
different levels of apoptosis at 3 DAT. Another possibility is that
CHOP may be involved in the only initial induction of apoptosis in
this model and another death pathway which sustained ongoing
cell death was also activated in PTS rats but not activated in TTS
rats. Further study to identify regulators of degeneration in LW
fibrocytes will provide us with insight to develop strategies to
prevent death of LW fibrocytes.

In summary, we characterized a novel molecular mechanism
of acute hearing loss caused by 3-NP administration and
identified CHOP, a mediator of oxidative stress, ER stress, and
mitochondrial stress, as a preceding marker of damage in LW
fibrocytes.

4. Experimental procedures

4.1. Animals and drug administration

Male Sprague-Dawley rats (6-8 weeks old, weighing 170-230 g) were used.
The rats were housed in metallic breeding cages in a room with a light/dark
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Fig. 5. Concurrent detection of CHOP and apoptosis in the LW after 3-NP treatment. The LW of untreated control rats (UT; A-E) and PTS rats treated with 500 mM 3-NP (F-])
were double-immunostained with antibodies to CHOP (red) and TUNEL (green), and counterstained with DAPI for nuclear staining (blue). Although apoptotic cells were not
observed in untreated rats (B, D, and E), apoptosis was detected in the area of type Il and type IV fibrocytes in PTS rats 1 day after 3-NP treatment (PTS rats 1 DAT; G) where the
CHOP signal was enhanced (F, 1, ). E and ] were enlarged images of spiral prominence of D and H, respectively. StV; stria vascularis. Scale bar = 50 um (A-D, F-1) and 10 pm (E,
J). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

Table 1
PCR primers and their target genes used in the study.

Gene Acc. number Sequence (5' >3') Product length (bp) Annealing temperature ("C)
Forward Reverse

chop U30186 AGTCTCTGCCTTTCGCCTTT GCCACTTTCCTCTCATTCTC 382 55.4

atf-4 NM_024403 GCTGCCCCCTTTACATTCTT AGCACARAGCACCTGACTAC 615 54.5

grp78 XM_213908 AACGACCCCTGACAARAGAC TAGCCAATTCCTCCTCTCCC 768 579

grp94 XM_343192 ACACGGCTTGCTAAACTTCT CTCTGGCTCTTCCTCTACCT 771 54.2

gapdh M17701 GCCAAAAGGGTCATCATCTC GCCTCTCTCTTGCTCTCAGT 715 55.5

Abbreviations: Acc. number: accession number; chop: C/EBP homologous protein; atf-4: activating transcription factor-4; grp78 and grp94: glucose-regulated protein 78 and

94; gapdh: glyceraldehyde-3-phosphate dehydrogenase.

cycle of 12 h and humidity of 55% at 23 °C, with free access to food and water for
at least 7 days before use. In these rats, hearing loss was induced by surgical
administration of different concentrations of 3-NP onto the inner ear (Hoya
et al., 2004). Before surgery, the rats were anesthetized with pentobarbital (40—
50 mg/kg, i.p.) or pentobarbital (20-25 mg/kg, i.p.), ketamine (40-60 mg/kg, i.p.)
and xylazine (4-6 mg/kg, i.p.). An incision was made posterior to the left
pinna near the external meatus after local administration of lidocaine (1%).
The left otic bulla was opened to approach the round window niche. The tip
of a polyethylene tube (PE10, Becton Dickinson & Co., Franklin Lakes, NJ) was
drawn to a fine tip in a flame and gently inserted into the round window niche.
3-NP (Sigma, St. Louis, MO) was dissolved in saline at 300 mM or 500 mM and
the pH was adjusted to 7.4 with NaOH. Each 3-NP solution (3 pL) was
administered with a syringe pump. Following 3-NP treatment, a tiny piece of
gelatin was placed on the niche to keep the solution in the niche during head
movement after awakening from anesthesia, and the wound was closed (Hoya
et al.,, 2004; Okamoto et al., 2005). All the experimental procedures were
performed in accordance with guidelines from the National Tokyo Medical
Center, and were approved by the Animal Care and Use Committee of the
Institute. Adequate measures were taken to minimize pain or discomfort of
experimental animals.

4.2. Measurement of auditory brainstem response

ABRs were recorded from each rat before 3-NP treatment, and 3 h, 6 h, 1, 2, 3 and
7 days after 3-NP treatment. Pure tone bursts of 8 kHz and 20 kHz (0.2 ms rise/fall
time 1 ms flat segment) were used, and auditory thresholds in the treated ear were
measured at the same time point using incremental steps of 5 dB. Details of ABR
recording were previously described (Hoya et al., 2004).

4.3. Semi-quantitative reverse transcription PCR

After the rats were anesthetized from each rat before 3-NP treatment, and 3 h, 6 h,
1,2,3 and 7 days after 3-NP treatment (n = 5), temporal bones were quickly removed
and immersed in RNA later (Takara Bio, Shiga, Japan) on ice, followed by dissection of
the middle turn of the LW. Total RNA was isolated using TRIzol reagent (cultural gen,
Carlsbad, CA) according to the manufacturer’s protocol. Total RNA was extracted by
DEPC-treated water and the purity of total RNA was measured with a UV/visible
spectrophotometer (Ultrospec 2100 pro; Amersham Pharmacia Biotech, Piscataway,
NJ) by the ratio of OD5o/OD2go. First-strand cDNA synthesis was performed using
100 ng of total RNA and oligo(dT); 25 primers in a total volume of 20 pL according to
the SuperScript IIl RNase H™ Reverse Transcriptase protocol (cultural gen). We used
PCR primers specific for chop, atf-4, glucose-regulated protein grp78 and grp94, and
gapdh. The sequences of the PCR primers, sizes of the predicted PCR products, and the
annealing temperature are listed in Table 1. The target genes were amplified in 25 pL
of reaction containing 2.5 L of diluted cDNA, 0.2 M of each dNTP, 0.4 M of each
primer, 0.625 U of Taqg DNA polymerase (Sigma) and 1x buffer (10 mM Tris-HCI (pH
8.3), 50 mM KCl, 1.5 mM MgCl, and 0.001% gelatin). PCR was conducted at 94 “C for
5 min, 30 cycles of 94 °C for 1 min, the specific annealing temperature for 1 min, and
72 “Cfor 2 min, followed by 72 “C for 10 min, and then 10 p.L of each PCR product was
analyzed by 1% agarose gel electrophoresis in Tris-acetate-EDTA buffer. PCR products
were electrophoresed and visualized using ethidium bromide. The images were
captured by CS Analyzer (Atto, Tokyo, Japan).

4.4. Quantitative real-time RT-PCR analysis

qPCR was performed according to manufacturer’s protocols for the ABI PRISM
7000 Sequence Detection System (Applied Biosystems, Foster City, CA). The
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identical cDNAs prepared for RT-PCR were used as the templates for qPCR. Specific
primer sets were purchased from Takara Bio. gPCR was performed in 25 uL of
reaction mixture containing 1x SYBR Premix Ex Taq (Takara Bio), 1x ROX Reference
Dye, 0.2 1M of each primer and cDNA. PCR was conducted for 5 sat 95 “Cand 31 sat
60 °C for 40 cycles. Gene expression levels were normalized using gapdh as an
internal control. Results of ABR and qPCR are expressed as the mean + standard
error, and statistical significance was determined by one sample t-test.

4.5. Immunohistochemical analysis

Histological sample were made on the before 3-NP treatment and 1 day after
vehicle treatment, and 6 h, 1, 2 and 3 days after 3-NP treatment (n > 3). Rats were
deeply anesthetized with pentobarbital (50 mg/kg, i.p.) and perfused intracardially
with 0.01 M sodium phosphate buffer (pH 7.4) containing 8.6% sucrose, followed by
4% paraformaldehyde in 0.1 M sodium phosphate buffer (pH 7.4). After decapita-
tion, temporal bones were removed quickly and placed in the same 4%
paraformaldehyde fixative. Small openings were made at the round window, oval
window and apex of the cochlea. After immersion in the fixative overnight, the
temporal bones were decalcified by placement in 5% EDTA and 4% sucrose in 0.1 M
sodium phosphate buffer (pH 7.4) at 4 °C for 2 weeks, dehydrated, and embedded in
paraffin. Transverse cochlear sections at 5-pm thickness were cut and mounted on
glass slides. After rehydration, sections were treated with 0.3% hydrogen peroxide
in methanol to quench peroxidase activity. For epitope retrieval, slides were boiled
in citrate buffer (pH 6.0) in a microwave. After blocking nonspecific binding with 1%
normal goat serum (Vector Laboratories, Burlingame, CA), the slides were incubated
with monoclonal anti-CHOP (Santa Cruz Biotechnology, Santa Cruz, CA) at a 1:100
dilution at 4 °C overnight. The slides were washed and then incubated with
biotinylated anti-mouse IgG (Vector Laboratories) at a 1:200 dilution, and the signal
was colorized using VECTASTAIN Elite ABC kit (Vector Laboratories) and DAB
Substrate kit for Peroxidase (Vector Laboratories). Some of the slides were
counterstained with hematoxylin. Some of the unstained sections were processed
for TUNEL histochemical staining using ApopTag Peroxidase In Situ Apoptosis
Detection kit (Chemicon International, Temecula, CA) according to the manufac-
turer's protocol. The TUNEL reaction mixture was added to each sample in a
humidified chamber, followed by incubation for 1 h at 37 °C for colorization with
DAB. For fluorescent immunostaining, the sections were incubated with anti-CHOP
at a dilution of 1:50. The sections were subsequently treated with proteinase K
(DakoCytomation, Carpinteria, CA) and incubated with Alexa Fluor 568 anti-mouse
I1gG (Molecular Probes, Eugene, OR) at a 1:1000 dilution. Thereafter, the ApopTag
Fluorescein Direct In Situ Apoptosis Detection kit (Chemicon) was used according to
the manufacturer’s protocol. The sections were then covered with PermaFluor
Aqueous Mounting Medium (Thermo Shandon, Pittsburgh, PA) with DAPI (1 pg/
mL; Dojindo, Kumamoto, Japan).
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Abstract

Conclusion: G¥B2 mutations are responsible not only for deafness but also for the occurrence of vestibular dysfunction.
However, vestibular dysfunction tends to be unilateral and less severe in comparison with that of bilateral deafness. Objectives:
The correlation between the cochlear and vestibular end-organs suggests that some children with congenital deafness may have
vestibular impairments. On the other hand, G¥B2 gene mutations are the most common cause of nonsyndromic deafness. The
vestibular function of patients with congenital deafness (CD), which is related to G¥B2 gene mutation, remains to be
elucidated. The purpose of this study was to analyze the relationship between G¥B2 gene mutation and vestibular dysfunction
in adults with CD. Methods: A total of 31 subjects, including 10 healthy volunteers and 21 patients with CD, were enrolled in
the study. A hearing test and genetic analysis were performed. The vestibular evoked myogenic potentials (VEMPs) were
measured and a caloric test was performed to assess the vestibular function. The percentage of vestibular dysfunction was then
statistically analyzed. Results: The hearing level of all CD patients demonstrated a severe to profound impairment. In seven CD
patients, their hearing impairment was related to G7B2 mutation. Five of the seven patients with CD related to G¥B2 mutation
demonstrated abnormalities in one or both of the two tests. The percentage of vestibular dysfunction of the patients with CD
related to G¥B2 mutation was statistically higher than in patients with CD unrelated to G¥B2 mutation and in healthy controls.

Keywords: Vestibular evoked myogenic potentials, caloric test

Introduction the disease is caused by gene mutation. In partic-

ular, mutation in the G¥B2 gene, which encodes

Since a correlation between the peripheral auditory
and vestibular systems has been identified both
anatomically and phylogenetically, a subgroup of
children with congenital deafness (CD) may be asso-
ciated with vestibular and balance impairments [1-3].
Interestingly, the vestibular disturbance in these chil-
dren gradually disappears as they grow up, probably
because of a compensatory mechanism of the central
nervous system. However, there have been only a few
reports that conducted a detailed analysis of the
vestibular function in adults with CD.

CD has been reported in approximately one child
per 1000 births [1]. In more than half of these cases,

Cx26 in the gap junction, is known to be a most
common cause (up to 50% of such cases) [2,3].
Gap junction channels enable the neighboring cells
to exchange small signaling molecules. Immuno-
histochemical studies have revealed that Cx26 exists
not only in the cochlea but also in the vestibular
organs [4]. K' cycling involving gap junction pro-
tein Cx26 in the vestibular labyrinth, which is sim-
ilar to that in the cochlea, is thought to play a
fundamental role in the endolymph homeostasis
and sensory transduction [5]. These findings suggest
that mutations in the G¥B2 gene may thus cause
vestibular dysfunction.
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In this study, the relationship between G¥B2 gene
mutation and vestibular dysfunction in adults with
CD was investigated to confirm whether or not there
are any abnormalities associated with the vestibular
function.

Material and methods
Subjects

The subjects in this prospective study included 21
patients with CD and 10 healthy volunteers. The
patients were excluded from the study if they were
being treated with ototoxic drugs or if they had a
cytomegalovirus infection, bacterial meningitis, exter-
nal and middle ear pathological findings, or other risk
factors for inner ear damage. No participants had
syndromic deafness due to pigmentary retinopathy,
nephropathy, goiter, or any other diseases. Patients
with vestibular dysfunction due to head trauma, brain
tumor, Meniere’s disease, or other conditions were
also excluded from the study. All subjects underwent
an otoscopic examination and were found to have a
normal tympanic membrane. Audiometric testing was
performed in a double-walled, sound-treated booth.
All patients gave their informed consent in writing and
the study was approved by the Ethics Committee of
Juntendo University School of Medicine.

Genetic analysis

DNA was extracted from peripheral blood leukocytes
of the subjects. The coding region of G¥B2 was
amplified by PCR using the primers G¥B2-2F 5’-
GTGTGCATTCGTCTTTTCCAG-3" and G¥B2-
2R 5-GCGACTGAGCCTTGACA-3’". The PCR
products were sequenced using the PCR primers
and sequence primers G7B2-A 5-CCACGC-
CAGCGCTCCTAGTG-3" and G¥B2-B 5-GAA-
GATGCTGCTGCTTGTGTAGG-3’. These were
visualized using an ABI Prism 310 Analyzer (PE
Applied Biosystems, Tokyo, Japan).

Vestibular evoked myogenic potentials

The vestibular evoked myogenic potentials (VEMPs)
were measured as described in a previous report [6].
Both sound stimuli of clicks (0.1 ms, 95 dBnHL) and
short tone burst (500 Hz; rise/fall time, 1 ms, 95
dBnHIL.) were presented to each side of the ear
through the headphones wusing a Neuropack
evoked-potential recorder (Nihon Kohden Co. Ltd,
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Tokyo, Japan). The surface electromyographic activ-
ity was recorded with the patient in the supine posi-
tion from symmetrical sites over the upper half of each
sternocleidomastoid (SCM) muscle with a reference
electrode on the lateral end of the upper sternum.
During recording, the subjects were instructed to lift
their head up or to turn the contralateral side to
induce hypertonicity of the SCM. Thereafter, the
electromyographic signals from the stimulated side
of the SCM muscle were amplified.

Caloric test

The caloric test in the current study was performed as
described elsewhere [7]. Briefly, 2 ml of ice-water (at
4°C) was irrigated in the external auditory meatus to
induce a thermal gradient across the horizontal semi-
circular canal of one ear. The duration of horizontal
and vertical nystagmus was recorded. The results
were compared between the right and left ears.

Statistical analysis

The data are expressed as the mean + SD. Statistical
analyses were conducted using a non-repeated mea-
sures analysis of variance (ANOVA). Significant
effects were further analyzed by post hoc multiple
comparison tests using the Student-Newman-Keuls
test. A value of p <0.05 was considered to indicate
statistical significance.

Results
Hearing test

The pure-tone averages of 0.5, 1.0, and 2.0 kHz are
shown in Table I. The hearing impairments of CD
patients ranged from severe (71-95 dB) to profound
(>95 dB). The hearing levels of all controls were at
the normal level (<30 dB; data not shown).

Genetic analysis

G¥B2 mutations were found in nine CD patients
(Table I). All three mutations have been described
previously in association with deafness. Among these
mutations, 235delC mutation was found in eight
patients. One nonsense mutation (Y136X) and one
frameshift mutation (176-191del) were also identi-
fied. In six patients with a homozygous G¥B2 muta-
tion and one patient with a compound heterozygous
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Table I. Results of hearing level, genetic analysis, and vestibular function of subjects with congenital deafness (CD)

Hearing level
(dB)

Case no. Left Right Sex Age (years) Mutation in G¥B2 VEMPs Caloric test

Patients with G¥B2-related CD

Acta Otolaryngol Downloaded from informahealthcare.com by Juntendo University on 05/10/10

For personal use only.

1 86 98 M 26 Homo 235delC Right decreased Left CP
2 106 108 M 25 Homo 235delC Right decreased Normal
3 108 106 M 28 Homo 235delC Right decreased Normal
4 108 106 M 37 Homo 235delC Normal Right CP
5 100 106 M 32 Homo 235delC Normal Right poor/left CP
6 80 91 M 25 Homo 235delC Normal Normal
7 115 108 M 25 Y136X/235delC Normal Normal
Patients without G¥B2-related CD
8 98 98 F 24 Left decreased Bilateral CP
9 98 115 M 26 Normal Bilateral CP
10 97 97 M 20 Normal Normal
11 111 108 M 31 Normal Normal
12 100 104 F 34 Normal Normal
13 98 95 M 21 Normal Normal
14 91 91 M 24 Normal Normal
15 99 101 F 26 Normal Normal
16 99 95 F 23 Normal Normal
17 80 68 M 27 Normal Normal
18 96 95 M 27 Normal Normal
19 85 73 M 23 Normal Normal
Patients with heterozygous G¥B2 mutation
20 73 100 M 25 Hetero 235delC Normal Normal
21 97 98 M 25 Hetero 176-191del16 Normal Normal

CP, canal paresis; Poor, nystagmus was obviously weak.

mutation (case nos 1-7); their profound deafness was
thought to be caused by a G¥B2 mutation. No G¥B2
mutation was identified in any of the controls.

Vestibular function

No patients or controls had any subjective symptoms
of vertigo. Table I shows the results of the vestibular
function in all CD patients. Abnormal responses of
VEMPs and the caloric test in CD with a G¥B2-
related mutation were observed in three patients
each (case nos 1-5). Three patients with a homozy-
gous G¥B2 mutation showed asymmetrical responses
in VEMPs (case nos 1-3). Three patients with a
homozygous G¥B2 mutation showed asymmetrical
responses in the caloric test (case nos 1, 4, and 5).
One of them showed both VEMPs and the caloric test
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asymmetrical responses (case no. 1). One patient with
a homozygous G¥B2 mutation and one patient with
compound heterozygous G¥B2 mutation showed nor-
mal responses in both VEMPs and the caloric test
(case nos 6 and 7). It is notable that five of the six
patients with a homozygous 235delC mutation
showed no abnormalities in either test. Two hetero-
zygous patients (case nos 20 and 21) showed normal
responses in both tests.

Two CD patients with no G¥B2 mutation exhibited
abnormal findings for the vestibular tests (case nos. 8
and 9). One patient showed a unilateral reduction in
VEMPs and bilateral canal paresis (case no. 8). Bilat-
eral canal paresis was also observed in another patient
(case no. 9).

All the controls with normal hearing showed nor-
mal responses in both the VEMPs and the caloric test
(data not shown).
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Figure 1. Comparison of the incidence of abnormality in the
vestibular tests among the three groups. (A) Percentage showing
abnormality in VEMPS and/or caloric test. (B) Percentage showing
abnormality in VEMPs. (C) Percentage showing abnormality in the
caloric test. a, Controls; b, G¥B2-related CD subjects; ¢, CD
subjects without G¥B2 mutations.
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Statistical analysis of vestibular function in the three
groups

Figure 1 shows a comparison of the controls, patients
with CD related to a G¥B2 mutation, and those with
CD without a G¥B2 mutation. The CD patients with
G¥B2 heterozygous mutation were excluded from this
statistical analysis, since their symptoms of hearing
impairment are not necessarily caused by the G¥B2
mutation alone. Vestibular dysfunction showing an
abnormality in VEMP and/or the caloric test signif-
icantly increased in patients with G¥B2-related CD in
comparison with those with CD without G¥B2 muta-
tion (p <0.05) and the controls (p <0.01), whereas no
difference was observed between CD without a G¥B2
mutation and the controls (Fig. 1A). No differences in
the incidence of abnormality in VEMPs were
observed among the three groups (Fig. 1B). The
incidence of abnormalities in the caloric test in
patients with G¥B2-related CD differed significantly
from that in the controls, but the other two compar-
isons were not significant (Fig. 1C).

Discussion

In this study, vestibular tests were performed in CD
patients with or without a G¥B2 mutation by mea-
suring the VEMPs and using the caloric test. Only one
report has previously investigated the vestibular func-
tion of patients with G¥B2-related CD [8]. The
authors noted that five of the seven patients showed
no VEMP responses bilaterally and that only one case
had a unilateral pathological response in the caloric
test, which led to the conclusion that CD with a G¥B2
mutation is associated with severe saccular dysfunc-
tion. However, in the present study, there were no
patients showing the absence of both VEMP and a
caloric response. Todt et al. [8] showed the existence
of G¥B2 mutations that do not cause CD (polymorph-
isms), thus suggesting a considerable bias. Further-
more, patients with low-grade hearing loss were
included in their study. In contrast, all of the G¥B2
mutations detected in the present study are known to
cause CD in the Asian population [9]. In addition, the
present study included only patients with severe to
profound hearing loss, which would therefore clarify
the correlation between CD and G¥B2 mutations.
Among the seven patients with G¥B2-related CD,
five (71.4%) showed abnormal responses in either
or both tests. The incidence was apparently and
significantly higher than that in patients with CD
without a G¥B2 mutation (2/13: 15.4%). Moreover,
the incidence in the controls significantly differed
from that in patients with CD related to a G¥B2
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mutation but not in those with CD without G¥B2
mutation. Therefore, these findings support the
hypothesis that G¥B2 mutations play a critical role
in the disturbance of the vestibular function.

G¥B2 mutations cause profound deafness and the
associated mechanism has been discussed in several
studies [10,11]. A recent study showed that G¥B2 is
indispensable in the normal development of the
organ of Corti and normal hearing on the basis of
the study in Gyb2 dominant-negative mutant mice
[12]. Despite the widespread expression of Cx26 in
both the cochlear and vestibular organs [4], the
vestibular function impairment of the patients with
a (G¥B2 mutation is not as severe as the hearing
dysfunction observed in the present study. Two
hypotheses have been proposed to explain this incon-
sistency between hearing and balance function. One
hypothesis is based on the fact that two temporal
bone studies performed in patients with G7B2-
related hearing impairment in the previous study
revealed that one patient had mild vestibular hydrops
and saccular degeneration, while another patient had
a dysplastic neuroepithelium of the saccule [13,14].
This suggests that a G¥B2 mutation can cause mor-
phological dysplasia in not an entire organ, but in
part of the vestibular organs. This is contrast to the
cochlea of these patients, which showed nearly total
dysplasia of the organ of Corti. These histopatholog-
ical studies support the results of the vestibular
dysfunction of patients with G¥B2-related CD in
the present study. The other hypothesis is based
on the presence of several connexins such as
Cx26, Cx30 (encoded by G¥B6), Cx31 (encoded
by G¥B3), and Cx32 (encoded by G¥BI) in the inner
ear. A previous study showed all of these connexins
to be distributed in the vestibular organs [15]. Cx30
gene knockout mice had hair cell loss in the saccule,
which was restored by the over-expression of the
Cx26 gene [16]. Therefore, the specific loss of
Cx30 causes vestibular dysfunction, which can be
compensated by other types of connexins. The pres-
ent clinical study in which a complete defect of Cx26
resulted in a definitive but partial dysfunction of
vestibular end organs can be explained by the com-
pensation of other connexins normally expressed in
the vestibule. Further studies are required to clarify
the relationship between connexins and the vestibu-
lar function.

Although there was a statistically significant
difference in the objective examination of the vestib-
ular function among patients with G¥B2-related CD,
those with CD without a G¥B2 mutation, and
healthy controls, none of these subjects had any
vestibular symptoms regardless of the presence or
absence of a G¥B2 mutation. The peripheral
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vestibular dysfunction predicted in individuals with
the G¥B2 mutation may be compensated by the
central vestibular system in young patients with deaf-
ness, as shown in the present study. However, aging
is known to affect both the peripheral and central
vestibular system [17]. In patients with a G¥B2
mutation, the vestibular symptoms may progress
with aging. Another problematic point regarding
patients with CD related to G¥B2 mutations is
cochlear implantation, which has been reported to
cause vestibular dysfunction, such as a reduction of
the caloric responses [18] and a decrease in the
VEMP responses [19]. It is thought that the mechan-
ical damage caused by the insertion of the electrode
may induce vestibular dysfunction [20]. In the pres-
ent study, four patients with G¥B2-related deafness
showed unilateral vestibular dysfunction, while only
one of them had bilateral dysfunction. Therefore, it
should be emphasized that the assessment of
the vestibular function in patients with G¥B2-related
CD is important to determine which side of the
ear should be selected to insert the cochlear implant.

Conclusions

A G¥B2 mutation is responsible not only for deafness
but also for vestibular dysfunction. However, such
vestibular dysfunction is likely to be unilateral and less
severe in patients with a G¥B2 mutation than in those
with bilateral deafness.
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Experimental Approaches to Inner Ear Cell Therapy Using Laboratory Animals

Kazusaku Kamiya and Katsuhisa Ikeda

(Juntendo University School of Medicine)

Recently, a number of clinical studies on cell therapy have been reported and used in clinical practice
for several intractable diseases. Inner ear cell therapy for sensorineural hearing loss also has been studied
using some laboratory animals, although to date reports on successful hearing recovery have been few.

Previously, we developed a novel rat model of acute sensorineural hearing loss due to fibrocyte dys-
function induced by a mitochondrial toxin and performed cell therapy with bone marrow mesenchymal
stem cells (MSCs). In this study, we injected MSCs into the lateral semicircular canal; a number of these
stem cells were then detected in the injured area in the lateral wall. Rats with transplanted MSCs in the
lateral wall demonstrated a significantly higher hearing recovery ratio than the untreated controls. These
results suggested that mesenchymal stem cell transplantation into the inner ear may be a promising ther-
apy for patients with sensorineural hearing loss due to degeneration of cochlear fibrocytes.

In this article, we review studies on inner ear cell therapy using some laboratory animals including
rodents such as mice and rats, and primates such as cynomologus monkeys (Macaca fascicularis).

Key words : inner ear, cell therapy, sensoryneural hearing loss, stem cell
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& M AF

Kazusaku Kamiva

LR 5 A 2 B 2 0 B S MRSl 2 2

ONELIEB A U » /el &

Eﬁ%mmv%@ﬂhmmmmimm77}

S v — vmr%ﬁmw@bﬁ%&ﬁvaﬁ%mw«wﬁ{u
d— m@ﬁ%#ﬁbh?mé LhL, %nbwwm%@mr
‘ﬁ%&ﬁh&oT%ﬁ@(%ﬁ%?émﬁﬁﬁwﬁ&m&m PR, BBEOEVH

; T"Ik&%ﬂiﬂ@’ﬁ:% R EHRABRDIZLIC

‘fﬁ’%&%mib% m%- WEE@F?:‘:J:tiﬂ%JﬁIM

HTBE0, A
%A 7o B AIRa (S
SEEONE
B Cld

¢ HHHE T
ﬁEﬁ%ﬂi#éﬁyﬂﬁL%§MﬁE%
AL TOHEL DL
&uﬁhmﬁwiﬁ&%ﬁﬁﬁﬁﬂﬁk%ﬁb A

p#p BHiE

- BLEE %%

BRI ENEETHBEELDNS. X SOR
hN$ﬁ“ﬂU/A&%$mbe@&Eﬁ£%mm

MUY, BER, b MRBICEVEEMERT
HAIO & 5 15, AP EE TG PRSI

iH,H%MLME%M@%PMtbfyﬁ&ﬁﬁkﬁ?éﬁ

'73[@1(“{»7_1 ’(ti?&b\c‘:%i“oﬂé Zﬁm’ﬂi c‘:<k%@ﬁ%%ﬁﬂ'ﬂ’&"ﬁﬁ?ﬂ&*iﬁ%%ﬁb\f—ﬁﬂf\d)ﬁﬂiﬂ@

%ﬁkﬁﬁﬂ‘é‘ﬂlﬁ,kvb\fiﬁiﬁ‘é

Prr, i wm, e, smmm, wrmenn, auswrs

HHEDFRIZ LI H - 503, WHEDELBTFH
EEWIBF MR O M BRSO € 7 EY OB
I2& D, %L DIFEERA B = X L HMEBHIZE I T
W3, TRTOEREEREBD L THHEDE
BEETEIEIC B W TE, HEIEZR PR BT
? 7 ADBEFEITIC & 2 T { OB TR
KEETFREESI N TWS, IR INE
BHEEORK DL  ZNEEBMEOZE M £ /-
IIHERENY - TRRENEE CTh o 72720, % D%
FHHEBMIE A HO I EERE D e e Xﬁ N A
WD fHA T&E -, WIHEOHEBMIEIIHERN
bl OBEBETFEALR LI X 2 BB

DFHELBANCHESNTEL, 20—HT,
NE DM I X 2 6 BHMBOBEOKA S

103

TONT WL DEHS, Bk ) v oSl T kW
HORBEWRED &, Bz R L2 >R
KEEMEE BEI LI 5 2 LIFAS TR
T, Z20OEEMECEEICZE T VEIYME
724 { ORI EBRBHE £ 2 o b, T4,
BB S BRI 22 & OBRBE SR E 53
B CHIREDR E£ 03 EbHL D

o TEY, ZRZIBFEEIKPRO SN TS,
%%@@E%%N@@%%ﬁ%ﬁ%%ﬁ@w
> x, niche) 12 & % 3 LS % oo BRE g U

%EH@ ﬁ? iiﬁf”ﬂﬁﬁiﬂﬁ B?éﬁ0)¥??bl,ikblV§Ii%ﬁ
631%.

EZD&HHH Vol. 229 No. 9 2009. 5. 30 | 863



