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Introduction

Summary

Background Patients with intractable otitis media associated with bronchial asthma have an extens-
ive accumulation of eosinophils in the effusion and mucosa of the middle ear; this condition is called
eosinophilic otitis media (EOM). It remained to be determined how eosinophils accumulate in the
middle ear.

Objectives To clarify the pathogenesis of middle ear diseases, we measured the concentration of
eosinophil chemoattractants in middle ear effusion (MEE), and carried out immunohistochemical
studies of middle ear mucosa specimens to demonstrate the expression of eosinophil chemoattractants.
Methods Middle ear effusion samples were obtained from 15 EOM patients with bronchial asthma
and from six controls for the measurement of eosinophil cationic protein (ECP), IL-5, eotaxin and
regulated on activation, normal T expressed and secreted concentrations. Middle ear mucosa
samples were also taken from 14 EOM patients and 16 controls for immunohistochemical study. In
10 EOM patients, the numbers of immunoreactive cells as well as apoptotic cells were determined
before and after the topical application of triamcinolone acetonide into the middle ear.

Results  In EOM, significantly higher ECP and IL-5 concentrations were detected in MEE than in
serum, and ECP, IL-5 and eotaxin concentrations in MEE were higher in the EOM patients than in the
controls. ECP concentration positively correlated with that of IL-5. Immunohistochemically, the
numbers of cells positive for EG2 and ecalectin were significantly higher in the EOM patients than in the
controls. After the topical application of triamcinolone acetonide, the numbers of infiltrating cells and
immunoreactive cells distinctly decreased, whereas the number of apoptotic cells significantly increased.
Conclusion In EOM, locally produced IL-5 may play a crucial role in the accumulation of eosino-
phils in the middle ear. Chemokines such as ecalectin and eotaxin are also produced in the middle
ear, and help activate and enhance the survival of eosinophils to induce the intractable condition in
the middle ear. The topical application of triamcinolone acetonide induces the apoptosis of not only
eosinophils but also eosinophil chemoattractant-producing cells, thereby improving the middle ear
condition.
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mucous membrane that is fairly thickened with numerous
eosinophils; (3) a protracted healing time; (4) occurrence in

Recently, there have been some reports on adult patients with
intractable otitis media with effusion (OME) or chronic otitis
media associated with bronchial asthma and/or allergic
rhinitis (AR) [1, 2]. The reported patients generally exhibited
the same characteristics of the clinical course and symptoms
that were markedly different from those of the common type
of OME or chronic otitis media. Derlacki [3] summarized the
clinical characteristics of the intractable otitis media as
follows: (1) a secretion having a markedly viscous or
gelatinous consistency with eosinophils; (2) a middle ear
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allergic disposition such as AR; and (5) a likely good response
to anti-allergy treatment. He suggested that the condition
resulted from an allergic aetiology.

In the common OME or chronic otitis media, neutrophils,
lymphocytes and macrophages predominantly infiltrate into
middle ear effusion (MEE) and the middle ear mucosa. In
contrast, a marked infiltration of eosinophils in MEE and the
middle ear mucosa is a common feature in these patients as
Derlacki [3] has described. Tomioka et al. [1] named the
specific-type intractable otitis media associated with bronchial
asthma eosinophilic otitis media (EOM) because some of the
patients do not have type I allergy to a specific allergen by
skin testing or RAST. In 2001, we reported seven patients
with EOM, and proposed the diagnostic criteria of the disease
as follows: (1) the presence of yellow and extremely viscous
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MEE predominantly containing eosinophils and (2) prece-
dence and association with adult bronchial asthma [4].
Although EOM has not yet been widely recognized, it is
expected that a sizable population of asthmatic patients will
be diagnosed with this disease if it is properly recognized.
Recently, a clinical surveillance of EOM was performed in the
Otorhinolaryngology department of major hospitals all over
Japan, and 341 patients were diagnosed as definite cases of
EOM according to the criteria reported. Suzuki et al. [5]
summarized the clinical characteristics of all the patients, and
showed that generally the age at the onset of EOM is
approximately in the fifties, and the female to male ratio is
about 2:1. Surprisingly, about one-half the number of the
patients showed a deterioration in bone conduction hearing
threshold, and among these 6% became completely deaf. The
cause of EOM is not fully understood, and the treatment of
this disease remains to a major problem.

We previously reported that, in EOM patients, most of the
eosinophils in the middle ear mucosa are activated with
degranulation, and that the concentration of eosinophil
cationic protein (ECP) in MEE is high [6]. Eosinophils are
pro-inflammatory cells that normally reside in the circulation,
and are induced to extravasate into tissues by a diverse array
of chemoattractants and viability-enhancing factors. There-
fore, the present study was carried out to determine the
presence of eosinophil chemoattractants in MEE and middle
ear mucosa that may clarify the mechanism of accumulation
of eosinophils in the middle ear. In addition, we analysed
whether eosinophilia in the middle ear mucosa is altered by
the topical application of a glucocorticoid into the middle ear.

Materials and methods

Study subjects

MEE and/or middle ear mucosa samples were obtained from
15 patients (11 females and four males, aged between 35 and
74 years) who participated in this study. All the patients had a
long history of bronchial asthma and were under medical
treatment with systemic and topical glucocorticoids. Six
patients were diagnosed as having atopic asthma, and the
remaining nine patients as having non-atopic asthma. Aspirin
intolerance was detected in four patients with non-atopic
asthma. Some had been treated for OME for a long period,
by medication, catheter inflation, myringotomy and insertion
of tympanostomy tubes. On their first visit to our hospital,
some patients had bilateral or unilateral perforation of the
eardrum because of spontaneous rupture or persistent
perforation after myringotomy or extrusion of tympanost-
omy tubes. All the patients except one had bilateral OME or
chronic otitis media. The diagnosis of EOM in these patients
was based on the criteria proposed by Nagamine et al. [4] as
described previously, that is, intractable otitis media with
highly viscous MEE, in which many eosinophils were
histologically or cytologically detected, in association with
atopic or non-atopic bronchial asthma.

MEE samples were collected from the persistent perfora-
tion of the eardrum in 11 patients and by myringotomy in
four patients for the measurement of the concentrations of
ECP and cosinophil chemoattractants. At the same time,
peripheral blood samples were also obtained from the

patients to analyse ECP and eosinophil chemoattractant
concentrations in the serum. Middle ear mucosa samples were
obtained from the persistent perforation in 12 patients and at
the time of ear surgery in two patients, and were subjected to
histological and immunohistochemical studies, and in situ
hybridization. In 10 of these patients, middle ear mucosa
samples were again obtained one week after the instillation of
triamcinolone acetonide into the middle ear through eardrum
perforation. In cases without eardrum perforation, myrin-
gotomy was carried out followed by the complete removal of
viscous MEE, and then triamcinolone acetonide was instil-
lated into the middle ear cavity. In cases with persistent
perforation, triamcinolone acetonide was applied via eardrum
perforation after the removal of MEE or otorrhoea. Most of
the EOM patients were free from MEE 1-3 months after the
instillation of triamcinolone acetonide. Triamcinolone acet-
onide was applied into the middle ear in the same way when
MEE or otorrhoea recurred.

As controls, serous or seromucoid MEE samples were
obtained by myringotomy in six adult patients with OME but
without bronchial asthma or nasal allergy. Samples of the
granulated or hypertrophic middle ear mucosa were also
obtained from 16 adult patients with chronic perforated otitis
media but without bronchial asthma or nasal allergy during
the middle ear surgery. All the control patients responded
well to the conservative and surgical treatment for OME or
chronic otitis media. Informed consent was obtained from all
the asthmatic and control patients prior to the study.

Middle ear effusion preparation The middle ear effusion
samples were collected using a Jun-Tym-Tap middle ear fluid
aspirator/collector (Xomed, Jacksonville, FL, USA). Fifty to
100mg of the effusion samples was suspended in 1mL of
saline until the fluid became homogeneous by pipetting and
vortexing vigorously at room temperature. When the effusion
was too viscous to be homogenized, dithioerythritol (DTE,
Fluka, Gillingham, Dorset, UK; final concentration, 0.01 M)
solution was added to dissolve the effusion according to the
method described by Louis et al. [7]. The fluid samples were
allowed to stand for 60-120min, and then centrifuged at
1000-1350¢ for 10min. The resultant supernatant was
collected and stored at — 80 °C until measurement.

Measurement of eosinophil cationic protein and eosinophil
chemoattractants in middle ear effusion ECP concentra-
tion in the samples was measured using a Pharmacia RIA kit
(Pharmacia-Upjon, Uppsala, Sweden). IL-5, eotaxin-1, and
regulated on activation, normal T expressed and secreted
(RANTES) concentrations in MEE and serum were deter-
mined using ELISA IL-5 (Immunotech (MBL), Tokyo,
Japan), Quantikine human eotaxin (R&D Systems, Minnea-
polis, MN, USA) and Quantikine human RANTES (R&D
Systems) Kkits, respectively, according to the manufacturers’
recommendations. The sensitivity of the assay was higher
than the detection limits of 2 pg/L for ECP, 5 pg/mL for IL-5,
15.6 pg/mL for eotaxin and 31.2 pg/mL for RANTES.

Tissue preparation The middle ear mucosa samples were
immediately fixed in 10% formaldehyde solution, and
paraffin-embedded sections were prepared by a conventional
method.
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Immunohistochemical reagents The mouse monoclonal
antibodies used were as follows: anti-EG2 antibody (Kabi
Pharmacia, Uppsala, Sweden) that recognizes eosinophils;
anti-CD3 antibody (DAKO A/S, Glostrop, Denmark); anti-
IgE antibody (DAKO A/S); and anti-RANTES antibody
(DAKO A/S). The poyclonal antibody against ecalectin was a
gift from Dr Akiyama of Effector Cell Institute (Tokyo,
Japan). The antibodies were appropriately diluted in 0.01 m
phosphate-buffered saline (pH 7.4) containing bovine serum
albumin and used for immunohistochemical staining.

Immunohistochemistry To examine the distribution of cells
that immunoreacted with the above-mentioned antibodies in
the middle ear specimens, an immunohistochemical method
using a Histofine SAB-PO (G) kit or a Histofine simplestain
MAX-PO (M) kit (Nichirei, Tokyo, Japan) was utilized,
according to the manufacturer’s instruction. The sections
were stained with 3,3-diaminobenzidine tetrahydrochloride or
alkaline phosphatase.

In situ hybridization (ISH) To detect eotaxin-1, ecalectin
and RANTES mRNAs in the section of middle ear mucosa,
digoxigenin complementary riboprobes (cRNA antisense)
were used. The complementary DNA sequences encoding
eotaxin-1, ecalectin and RANTES were inserted into pGEM
vectors, amplified in Escherichia coli and linearized with the
appropriate enzymes. Prior to ISH, in vitro transcription to
generate sense and antisense probes was performed using a
DIG RNA Labelling Mix (Roche, Basel, Switzerland) [8].
There were no significant hybridization signals observed when
the sections were treated with RNase prior to hybridization,
or when the sections were treated with a sense probe identical
to cytokine receptor mRNA. Cells positive for eotaxin-1,
ecalectin and RANTES mRNAs were detected using an
alkaline phosphatase-conjugated anti-digoxigenin antibody
(Boehringer Mannheim, Mannheim, Germany) followed by
staining with nitroblue tetrazolium/BCIP. The sections that
hybridized with the sense (negative) probe were examined first
to deduce background signals.

In situ detection of apoptotic cells In the sections of
middle ear mucosa samples taken before and 1 week after the
instillation of triamcinolone acetonide, apoptotic cells were
detected by the non-radioactive (deoxyuridine triphosphate

Table 1. Concentrations of ECP and chemoattractants in MEE and serum

(dUTP)-digoxigenin) in situ labelling of nuclear DNA
fragmentation using Cell Death In-situ Labelling and
Detection Systems (DAKO A/S). Bound alkaline phospha-
tase was detected using nitroblue tetrazolium/BCIP.

Evaluation The sections were coded and evaluated inde-
pendently by two individuals under a conventional light
microscope at low and high magnifications, and the
immunohistochemically stained cells in the submucosal layer
were observed. We counted immunoreactive cells at x 400
magnification in ten fields where many inflammatory cells
were observed. Simultaneously, the sections were stained with
haematoxylin and eosin.

Statistical analysis Statistical analysis was carried out using
an unpaired ¢-test or a Mann—Whitneys U-test. Simple
regression analysis was also performed to determine the
correlation between two variants. Two-tailed P-values less
than 0.05 were considered significant.

Results

Concentration of eosinophil cationic protein and
eosinophil chemoattractants in middle ear effusion

All the patients in the EOM group had more than 100-fold
higher ECP concentration in MEE than in serum, and the
difference was statistically significant (P<0.0001) (Table 1).
In the control group, MEE from one patient contained ECP
at a concentration less than the detection limit (<2 pg/L).
The ECP concentration in MEE from the EOM group was
significantly higher than that in MEE from the control groups
(P<0.0001). When the EOM patients were divided into
atopic athma (n = 6) and non-atopic asthma group (n=9),
the concentrations of ECP in MEE and serum showed no
statistical difference between the two groups. A significantly
higher ECP concentration was recovered from MEE from
EOM patients even with non-atopic asthma than from MEE
from control patients (P<0.01).

An IL-5 concentration less than 5pg/mL (detection limit)
was noted in none of MEE samples and in 10 serum samples
from the EOM group, and in two MEE samples from the
control group. The concentration of IL-5 in MEE from the
EOM patients was significantly higher than that in the serum
of the patients as well as that in MEE from the control group.

Patients with EOM (n= 15)

Control patients (n = 6)

MEE Serum MEE
ECP (ng/L) 10105 (6536, 2610-22927) 30 (25, 6-83) 193 (179, 2 to >458)
P value*® <0.0001 <0.0001
IL-5 (pg/mL) 2208 (2655, 150-9434) 9(2, 5t >12) 93 (96, 5 to >231)
P value*® <0.01 <0.0001
Eotaxin (pg/mL) 300 (193, 15.6 to >600) 143 (42, 94-232) 85 (35, 15to >114)
P value* NS <0.001
RANTES (pg/mL) 1259 (1046, 31.2 to >3080) 16483 (9802, 897044 500) 1686 (1742, 260—4039)
P value*® <0.0001 NS

ECP, eosinophil cationic protein; MEE, middle ear effusion; EOM, eosinophilic otitis media; RANTES, regulated on activation, normal T expressed and secreted;

NS, not significant; SD, range.
*P value vs. MEE of patients with EOM.
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An eotaxin concentration less than the detection limit
(<15.6 pg/mL) was noted in five MEE samples and none of
the serum samples from the EOM group, and in three MEE
samples from the control group. Generally, the eotaxin
concentration in MEE from the EOM patients was signifi-
cantly higher than that in MEE from the control group
(P<0.001). In contrast, the RANTES concentration in MEE
was significantly lower than that in serum from the EOM
group (P<0.0001), and five samples of MEE contained
RANTES at a concentration less than the detection limit of
31.2pg/mL. The RANTES concentrations in MEE from the
EOM patients were almost the same as those in the controls.
There were no statistically significant differences in the
concentration of IL-5, eotaxin and RANTES in MEE and
serum between the EOM patients with atopic asthma and
those with non-atopic asthma.

When correlation was studied between the concentration of
ECP and that of each eosinophil chemoattractant in MEE
from the EOM and control patients, a significantly positive
correlation was found between ECP and IL-5 concentrations
(Fig. 1: =151.758 + 0.199X, R>=0.341, P<0.01).
However, no correlation was noted between ECP and
eotaxin concentrations (¥ =99.211 + 0.009X, R*=0.103),
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Fig. 1. Correlation between eosinophil cationic protein (ECP) and IL-5
concentrations in middle ear effusion of the eosinophilic otitis media
patients and control patients. A significantly positive correlation between
ECP and IL-5 concentrations was noted.
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or ECP and RANTES concentrations (Y =1515.451 —
0.959X, R*>=0.107).

Immunohistochemically stained cells in middle ear muco-
sa Numerous eosinophils labelled with the antibody against
EG?2 were observed in the submucosal layer in the middle ear
mucosa of the EOM patients (Fig. 2a). On the other hand, in
the control patients, few EG2™ cells were distributed in the
submucosal area. The number of EG2™ cells was significantly
higher in the EOM patients than in the control patients
(Table 2). Positive staining for CD3 was observed on the
surface of small, round cells in the submucosa of the middle
ear mucosa, and the numbers of CD3™ cells were almost the
same for the EOM and control patients. Ecalectin-positive
cells were observed in the submucosal layers in the middle ear
mucosa. Two types of ecalectin-positive cell were identified in
the submucosa, namely, spindle-shaped, presumably fibro-
blasts, and large and irregularly shaped, presumably macro-
phages. Each cell showed many granules in the cytoplasm,
which was positively immunostained. In addition, some
endothelial cells were also positive for ecalectin. Cells positive
for ecalectin were observed in the submucosa, particularly in
the area where many EG2" cells accumulated (Fig. 2b).
Compared with control patients, a significantly large number
of ecalectin-positive cells were present in the EOM patients.
Many RANTES™ cells were also found in the submucosa not
only in the EOM patients but also in the controls. These cells
were spindle-shaped, presumably fibroblasts, and large and
round, presumably macrophages. Some endothelial cells and
epithelial cells were also RANTES™ (Fig. 2c). Positive
correlations of the number of EG2™ cells with the numbers
of cells positive for ecalectin (¥ = 8.294 + 0.399X, R* = 0.412,
P<0.001) and RANTES (Y =50477 + 1.03X, R*=0.58,
P<0.0001) were found, but not with that of CD3" cells
(Y=102.559 + 0.15X, R>=0.014).

After the topical application of triamcinolone acetonide,
the number of infiltrating cells markedly decreased in the
submucosa of the middle ear in the EOM patients.
Immunohistochemically, the numbers of EG2*, CD3" and
ecalectin® cells significantly decreased after the application
(89 £46-24 £ 16, P<0.01 for EG2; 115+ 4843+ 29,
P<0.01 for CD3; 49 4+ 35-13 + 14, P<0.05 for ecalectin).
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Fig. 2. Immunohistochemical staining of middle ear mucosa of an eosinophilic otitis media patient. (a) Many EG2* cells were observed in the subepithelial
layer of the middle ear mucosa. (b) Red-stained ecalectin-positive cells were spindle-shaped, presumably fibroblasts, and large and irregular, presumably
macrophages. Some of the endothelial cells were also ecalectin-positive. (c) Many regulated on activation, normal T expressed and secreted-positive cells
were observed in the submucosa ( x 400).
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Table 2. Number of immunopositive cells in middle ear mucosa (x 400, 10
fields)

Patients with EOM Control patients

(n=14) (n=14) P-value
EG2 116 + 80 15 £ 17 <0.05
CD3 100 + 48 117 £ 77 NS
Ecalectin 65 + 54 7+7 <0.01
RANTES 146 + 131 80 + 45 NS

EOM, eosinophilic otitis media; RANTES, regulated on activation, normal T
expressed and secreted; NS, not significant.

Although the number of RANTES™ cells also decreased after
the application (120 £ 49-46 + 35), the difference between
before and after the application was not statistically
significant.

Gene expression for eotaxin, ecalectin and regulated on
activation, normal T expressed and secreted of middle ear
mucosa

Some of the cells in the submucosa in the EOM patients were
positive for eotaxin-1, ecalectin and RANTES mRNAs (Figs
3a—c). In particular, ecalectin mRNA™ cells were observed in
the areas where the eosinophils accumulated.

Apoptotic cells in middle ear mucosa

The number of apoptotic cells was very small in the middle
ear mucosa before the application of triamcinolone acetonide
in the EOM patients. However, blue-stained, apoptotic cells
were among the infiltrating cells in the submucosa as well as
in the epithelium of the middle ear mucosa after the
application. The infiltrating cells included eosinophils,
macrophages, fibroblasts and epithelial cells (Fig. 4). The
number of apoptotic cells after the application of triamcino-
lone acetonide significantly increased in each patient com-
pared with that before the application (Fig. 5).

Discussion

Tissue eosinophilia is a characteristic feature of chronic
inflammatory airway diseases including nasal polyposis with
chronic rhinosinusitis, AR and bronchial asthma. Sensitive
immunoassays for ECP indicate eosinophil activation in
asthma and allergic diseases [9-11]. Hurst and Venge [12]
reported that elevated levels of ECP are detected in MEE
from atopic children with OME, suggesting that allergic
response is one of the main causes of OME. The present study
also clearly demonstrated that in EOM patients, a higher
ECP concentration was detected in MEE than in serum. This
ECP concentration was also higher than that in MEE from
the control patients. The detected levels of ECP in the EOM
patients in our study was 10-100 times higher than the levels
of ECP in the atopic children reported by Hurst and Venge
[12]. These results may have been dependent on the severity of
eosinophilic inflammation in the middle ear.

It is still controversial as to how eosinophils are recruited
and accumulate in the airway mucosa including the middle
ear. We have recently reported that, in EOM patients, most
eosinophils in the middle ear mucosa and MEE are activated,
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Fig. 3. In situ hybridization staining of mRNA of each eosinophil
chemoattractant in the middle ear mucosa of an eosinophilic otitis media
patient. Cells positive for mMRNA of each eosinophil chemoattractant were
observed adjacent to the area where many eosinophils accumulated in the
submucosa of the middle ear. (a) eotaxin, (b) ecalectin, (c) regulated on
activation, normal T expressed and secreted (x 400).

resulting in the degranulation and release of ECP, and that
local IgE production occurs in the middle ear mucosa [6]. The
nasal polyps of patients who were designated as non-atopic
by skin testing and RAST exhibited local specific IgE
production against Staphylococcus aureus enterotoxins A
and B [13]. At the same time, in nasal polyp tissues, the
concentrations of eosinophil chemoattractants such as IL-5,
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Fig. 4. In situ detection of apoptosis in the middle ear mucosa. Many
apoptotic cells with a dark-stained nucleus (arrows) were observed in the
submucosa and the epithelium of the middle ear mucosa after the
instillation of triamcinolone acetonide into the middle ear cavity (x 400).
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Fig. 5. Numbers of apoptotic cells before and after the instillation of
triamcinolone acetonide into the middle ear cavity in 10 patients with
eosinophilic otitis media. The number of apoptotic cells significantly
increased after the instillation.

eotaxin and RANTES are significantly higher than those in
the normal turbinate mucosa [13-16]. It was suggested that
these cytokines and chemokines are also responsible for
eosinophilia in the nasal tissues. Therefore, the present study
was conducted to clarify whether such eosinophil chemoat-
tractants contribute to eosinophilia in the middle ear.

The role of IL-5 in eosinophil accumulation has been well
documented. Bronchoalveolar lavage fluid from atopic and
non-atopic patients with asthma contains a high IL-5
concentration [17]. In the bronchial mucosa of asthmatic
patients, the level of IL-5 mRNA expression correlates well
with the severity of eosinophilic infiltration. IL-5 has been
highly implicated in the local accumulation and activation of

eosinophils and also in the survival of eosinophils. In
addition, Wright et al. [18] reported that in the middle ear
mucosa of atopic children with OME, a significant level of IL-
5 expression was detected, and they concluded that the middle
ear may serve as a target organ for allergic inflammation. In
our study, a significantly higher IL-5 concentration was
detected in MEE from the EOM patients regardless of the
presence of atopy than in that from the control group. In
addition, compared with those in the serum, IL-5 concentra-
tion in MEE was significantly high and showed a positive
correlation with ECP concentration. Nonaka et al. [19] also
reported that in MEE from OME patients with asthma, there
was a significant correlation between percentage of eosino-
phils and IL-5 concentration. Therefore, IL-5 is highly likely
to be responsible for eosinophilia in the middle ear.

Eotaxin, a C—C chemokine, is a strong chemoattractant of
eosinophils, and RANTES is another C-C chemokine that
acts as a chemoattractant and an activator of most
inflammatory cells except neutrophils. Although the eotaxin
concentration was slightly higher in MEE than in serum from
the EOM patients, there was no statistically significant
difference. Interestingly, the RANTES concentration was
significantly higher in serum than in MEE from the EOM
patients. The expression of eotaxin and RANTES mRNAs
was determined in the middle ear mucosa of the EOM
patients, which supported the local production of eotaxin and
RANTES. However, there is minimal effect of these
chemokines on eosinophilia compared with IL-5.

Ecalectin is a novel chemoattractant of eosinophils.
Hirashima et al. [20] first reported that concanavalin A-
activated or antigen-activated CD4" T cells from patients
infected with Schistosoma mansoni produce an apparently
novel 30-40 kDa eosinophil chemoattractant with a relatively
neutral isoelectric point. Later, Matsumoto et al. [21] purified
ecalectin and clarified that it is a 36 kDa protein consisting of
323 amino acids and is not related to any known cytokines or
chemokines but is rather a variant of human galectin-9.
Recombinant ecalectin exhibited a potent eosinophil che-
moattractant activity and attracted eosinophils, in vitro and in
vivo, in a dose-dependent manner, but not neutrophils,
lymphocytes or monocytes. The eosinophil chemoattractant
activity of ecalectin was similar to that obtained using an
optimal dose of RANTES and IL-5, and was approximately
one-half that obtained using an optimal dose of eotaxin-1. In
our study, ecalectin was immunohistochemically detected in
the cytoplasm of fibroblasts, macrophages and endothelial
cells. Many ecalectin mRNA™ cells were also detected in the
submucosa of the middle ear of the EOM patients
particularly adjacent to the area where many eosinophils
were found, suggesting that ecalectin is expressed at the
protein level as well as the mRNA level, contributing to
eosinophil accumulation.

It is a very important finding that endothelial cells in the
middle ear mucosa express ecalectin and RANTES in EOM.
These endothelial cells may be activated presumably by pro-
inflammatory cytokines under some conditions, to produce
ecalectin, resulting in the recruitment and adhesion of
eosinophils in local tissues. Consistent with the hypothesis
mentioned above, we clearly demonstrated that the number
of EG2" cells correlates positively with that of ecalectin-
positive cells, and ecalectin-positive cells are usually located in
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the region where eosinophils accumulate. Activated eosino-
phils can release various cytokines and chemokines, such as
IL-3, granulocyte macrophage colony-stimulating factor,
IL-5, TGFs and RANTES, which may perpetuate the
inflammatory process and enhance fibroblast function. The
present study demonstrated that many fibroblasts in the
middle ear mucosa can produce eosinophil chemoattractants
such as ecalectin, RANTES and eotaxin. These chemokines
play a supportive role in autocrine activation and survival of
eosinophils.

Most EOM patients showed a patulous eustachian tube
rather than tubal stenosis [4]. In a patient with T helper type
2-dominant predisposition such as bronchial asthma, an
antigenic material may easily invade via a patulous eu-
stachian tube to stimulate IL-5 production in Th2 cells,
resulting in the accumulation of eosinophils and further
inducing fibroblasts or endothelial cells to produce eosinophil
chemoattractants. The accumulated eosinophils, in turn,
stimulate the mucus production of goblet cells or grandular
cells [22] around the eustachian tube. Mucus containing
activated eosinophils, degranulating eosinophils and cell
debris forms extremely viscous yellowish MEE, which can
disturb the mucociliary function, damage the middle ear
epithelium and cause intractable middle ear inflammation.

At present, the systemic administration or topical applica-
tion of glucocorticoids is believed to be the most effective
treatment for EOM. The present study also demonstrated
decreases in the numbers of cells positive for EG2, CD3 and
ecalectin, and an increase in the number of apoptotic cells,
after the topical application of triamcinolone acetonide.
These results suggest that a decrease in the number of
EG2™ cells, that is, an improvement of eosinophilia, is in part
because of the induction of the apoptosis of eosinophils, and
also the induction of apoptosis of eosinophil chemoattrac-
tant-producing cells such as T cells, macrophages, fibroblasts
and endothelial cells.
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