ophil count was >350/microscopic field (400X magni-
fication in hematoxylin and eosin stain) using the top
five fields in terms of rich eosinophilic infiltration. The
non-ECRS included nine patients in whom the eosin-
ophil count was <100/microscopic field (400X magni-
fication) in any of the fields. Five cases in which normal
mucosal membranes of the sphenoid sinus were re-
moved during surgery for pituitary adenoma were
used as controls. All patients gave their written in-
formed consent, and the study was approved by the
Ethics Committee of Juntendo University School of
Medicine.

Immunostaining Analysis for CD68 (Marker of
Macrophages), IL-17A, Monocyte Chemotactic
Protein 1, Neutrophil Elastase (Marker of
Neutrophils), IL-8, and MUC5AC

The nasal polyps were fixed in 10% formalin, embed-
ded in paraffin wax, processed routinely, and then
prepared as routine semithin sections (3.5 pm).

Macrophages were observed using mouse anti-hu-
man CD68 1:3 (Dako, Tokyo, Japan) and sections
treated with immunoblock served as the negative
control. The expressions of IL-17A and monocyte
chemotactic protein (MCP) 1 were examined by rab-
bit anti-mouse IL-17A antibody 1:50 (Santa Cruz Bio-
technology, Santa Cruz, CA) and anti-MCP-1 anti-
body 1:200 (R & D, Minneapolis, MN) with rabbit
serving IgGl as the negative control.

Neutrophils were observed using mouse anti-human
neutrophil elastase 1:100 (Dako) with mouse IgG1 as
the negative control. The expression of IL-8 was exam-
ined by goat anti-mouse IL-8 antibody 1:5 (R & D) with
immunoblock as the negative control.

MUCSAC was observed using mouse anti-human
MUC5AC 1:3 (Bio Science for the World, Santa Bar-
bara, CA); sections treated with mouse IgG1 served as
the negative control. The sections were stained with
the Ventana /VEW DAB Detection kit using a Ventana
automated stainer (Ventana Japan KK, Yokohama,
Japan).

The numbers of cells positive for CD68, I1L-17A,
MUC5AC, MCP-1, and IL-8 and elastase were assessed
by the mean of the top three fields in terms of the
richness of their infiltration (400X magnification).

Statistical Analyses

The data were expressed as mean * SD. Statistical
analyses were performed using StatMatelll for Win-
dows. Statistical analyses were evaluated using Pear-
son’s correlation coefficient and Student’s f-test. A
value of p < 0.05 was considered significant.

RESULTS

We identified macrophages using CD68. Most of the
CD68" macrophages (47 = 23/a field) had infiltrated
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ECRS Non-ECRS Control
Figure 1. The number of macrophages with CD68™ reactions of
eosinophilic chronic rhinosinusitis (ECRS); arrows, right) was
significantly more than in non-ECRS (middle) and control
(left).
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Figure 2. The number of macrophages with CD68 expression in

the subepithelia.

into the subepithelia of ECRS (Fig. 1), whereas non-
ECRS showed few macrophages. A significantly larger
mean number of CD68" macrophages was observed in
ECRS (47 * 23/a field) compared to non-ECRS (20 =
11/a field) and the control (17 = 7/a field) group (p <
0.001; Fig. 2). There was no significant difference in the
mean number of macrophages between non-ECRS and
the control group.

IL-17A7 inflammatory cells were observed in CRS
(Fig. 3). A significantly larger mean number of IL-
17A™ cells was seen in ECRS (48 = 18/a field) com-
pared with non-ECRS (14 * 13/a field) and the
control group (9 = 7/a field; Fig. 4). There was no
significant difference in the mean number of IL-
17A* cells between non-ECRS and the control group.
A significant correlation was recognized in all
cases between CD68 and IL-17A™ cells (p < 0.01;
Fig. 5).

The mean percentages of MUC5AC™ epithelial
cells reaction in ECRS (26.5 = 21.1%/a field) were
significantly greater than in non-ECRS (9.2 = 7.5/a
field) and the control group (7.0 = 5.1/a field; Fig. 6;
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Figure 3. Immunohistochemical demonstration of IL-17A in
chronic rhinosinusitis (CRS). The number of cells with IL-
17A™ reactions of eosinophilic CRS (ECRS; arrows, right) was
significantly more than in non-ECRS (middle) and controls

(left).
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Figure 4. The number of IL-1 7A™ cells in chronic rhinosinusitis
(CRS).
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cells.
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p < 0.05). There was a significant correlation be-
tween MUCS5AC and IL-17A™ cells in all cases
(Fig. 7; p < 0.05)).

e52

ECRS on-ECRS Controf
Figure 6. The number of MUC5AC positive cells in ECRS (ar-
rows, left) was significantly greater than in non-ECRS(middle) and
control (right).

The mean number of MCP-1¥ cells in ECRS (20
31/ field) was more than twice that in non-ECRS (10
5). However, the difference between ECRS and non-
ECRS or the control group was not significant. No
correlation between CD68 and MCP-17 cells was ob-
served.

The mean number of neutrophils (positive for neu-
trophil elastase) did not show significant differences
between ECRS (10 * 14/a field) and non-ECRS (14 =
11/a field). The mean number of IL-8" cells in ECRS -
(11 = 17/a field) was greater than that in non-ECRS
(6 = 5/a field), but not significantly. ‘

I+ I+

DISCUSSION

Poston? reported that, in asthmatic patients, the
total number of macrophages infiltrating the airway
mucosa was increased and suggested that lung mac-
rophages may have a central role in the chronic
immune-mediated inflammatory response seen in
the airway mucosa of asthmatic patients. Previously,
we examined whether severe epithelial damage
would be associated with infiltrating eosinophils in
ECRS.*? Our results showed that the number of
CD68* macrophages in the subepithelia was signif-
icantly greater in ECRS than in non-ECRS. Macro-
phages as well as eosinophils are able to produce
many cytotoxic agents such as oxidants, e.g.,"*** and
metalloproteinases.® Based on the aforementione re-
ports and our results, the remodeling in ECRS may
be associated with infiltrating macrophages as well
as eosinophils. Concerning the infiltrating macro-
phages in our experiment, we suggest two theories
as follows. First, macrophages were phagocytotic for
wastes in nasal mucosa because of inflammation as a
native function. Second, eosinophils might release
some chemokines for macrophages.

The present study was consistent with our previ-
ous report,’® in which a significant increase in the
mean number of IL-17A™ cells in ECRS was observed
in comparison with non-ECRS. The expression of
IL-17A7 cells indicated inflammatory cells including
both eosinophils and lymphocytes. We revealed a
significant relationship between eosinophils and IL-
17A* cells and suggested that eosinophils could

Fall 2012, Vol. 3, No. 2
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product IL-17A. Makihara® reported that IL-17A ex-
pression in CRS could be found in eosinophils, mac-
rophages, and lymphocytes by double staining.
Moreover, our study could show a significant corre-
lation between CD68 and IL-17A* cells in all cases.
Thus, macrophages as well as eosinophils are a pos-
sible source of IL-17A in ECRS. ECRS is character-
ized by enriched amounts of mucin-producing cells
and eosinophilic mucus secretion. The key factor in
the mucus production in ECRS is still unknown. In
the present study, IL-17A™ cells were significantly
correlated with MUC5AC™ cells, which suggest
that IL-17A plays a critical role in mucus secretion.
Chen® reported that IL-17A could induce mucin
gene expression (such as MUC5AC) in the airways
and that there was a significant correlation be-
tween MUCS5AC and IL-17A™" cells. Therefore, IL-
17A in the subepithelia is likely to stimulate the
MUCS5AC expression of epithelia in ECRS as well as
airways.

IL-8 can induce neutrophilic inflammation in both
upper and lower airways.'® Silvestri'” reported that
patients with severe asthma showed significantly
higher amounts of IL-8 than mild-moderate asth-
matic patients or controls, and increase the numbers
of neutrophils. Yoshihara'® reported that epithelial
damage is caused by enhanced IL-8 and the activity
of neutrophils during acute exacerbations of pediat-
ric asthma. Cundall® described that neutrophil-de-
rived MMP-9 was increased in severe asthma. How-
ever, neither neutrophils nor IL-8 showed significant

Allergy & Rhinology
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differences between ECRS and non-ECRS in our
study. ‘

In conclusion, IL-17A, macrophages and MUC5AC
are the key factors in the processes of ECRS and would
be more significant than neutrophils or IL8.
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Objectives: Chronic rhinosinusitis (CRS) with eosinophilic infiltration is a type of intractable
rhinosinusitis often associated with asthma. The oxidants are well known to induce aggravate asthma.
Heme oxygenase-1 (HO-1), a cytoprotective enzyme against oxidant, has been extensively studied in
airway diseases. However, no study that observed HO-1 in both epithelial and subepithelial tissues of
CRS has been reported.

Methods: Part of each specimen derived from the nasal polyps of CRS with and without eosinophilic
infiltration was promptly fixed for hematoxylin-eosin staining and 1mmunohlstochem1cal analy51s for
HO-1 and macrophages.

Results: We found that the expression of HO-1 in the epithelial layers of CRS without eosmophlhc
infiltration was significantly enhanced as compared with that of CRS with eosinophilic infiltration. On
the other hand, the number of macrophages with HO-1 positive reactions was significantly greater in CRS
with eosinophilic infiltration compared with CRS without eosinophilic infiltration.

Conclusions: Our study suggests that both a reduction of HO-1 expression in epithelial cells and an
increase of infiltration of macrophages positive for HO-1 are related to the epithelial damage of CRS with

Keywords:

Heme oxygenase (HO)-1
Nasal polyps

Chronic rhinosinusitis
Eosinophilic infiltration
Macrophage

eosinophilic infiltration.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Heme oxygenase (HO) is an enzyme with many functions that
can catabolize heme to produce carbon monoxide, free iron, and
biliverdin. Biliverdin is rapidly changed to the antioxidant bilirubin
by the enzyme biliverdin reductase, and any free iron is
sequestrated by ferritin [1]. Three kinds of HO have been identified.
HO-1 is a 32-kDa protein that can be induced in cells by a variety of
agents, including oxidative stress, heavy metals, ultraviolet light,
and heme and its derivatives [2]. Chronic inflammatory lung
diseases are associated with increased production of oxidants.
Induction of HO-1 by reactive oxygen species is a cytoprotective
mechanism against oxidative stress [3].

Macrolides are well known to contribute to the amelioration of
chronic rhinosinusitis (CRS), characterized as a neutrophil-domi-
nant type [4,5]. On the other hand, we recently encountered
intractable rhinosinusitis with resistance to macrolides, which is
dependent upon eosinophilic infiltration. CRS with eosinophilic
infiltration is an intractable disease closely related to the pathology

* Corresponding author. Tel.: +81 3 5802 1094; fax: +81 3 5689 0547.
E-mail address: ike@juntendo.ac.jp (K. Ikeda).

0385-8146/$ - see front matter © 2011 Elsevter Ireland Ltd. All rights reserved.
doi:10.1016/j.anl.2011.10.001
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of asthma [6]. Although oxidants are known to aggravate asthma
[7], HO-1 works as an antioxidant [8]. Elhini et al. [9] reported that
HO-1 was upregulated in the nasal mucosa with allergic rhinitis.
However, there has been no report concerning HO-1 in CRS with
eosinophilic infiltration. Therefore, we studied HO-1 by using nasal
polyps on both CRS with and without eosinophilic infiltration.
Moreover, we describe the relationships between HO-1 and
macrophages. Our study will be a helpful key to clarify the
processes of intractable diseases such as CRS with eosinophilic
infiltration.

2. Materials and methods
2.1. Materials

We examined 17 patients with CRS with nasal polyps who were
diagnosed based on the criteria of the European position paper [10],
that is, they had two or more symptoms one of which should be
either nasal blockage/obstruction/congestion or nasal discharge
(anterior/posterior nasal drip), +facial pain/pressure, +reduction
or loss of smell; and either endoscopic signs of polyps and/
or mucopurulent discharge primarily from middle meatus, and/or
oedema/mucosal obstruction primarily in middle meatus, and/or
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Table 1
The characteristics of patients.

K. Kawano et al./Auris Nasus Larynx 39 (2012) 387-392

Patient Age (year) Sex Asthma Eosinophils in serum Eosinophils in tissue
Number (1) % Number (/field)

Group 1 1 26 F - 875 17.5 1161
2 55 M - 543 9.7 518
3 55 F + 497 12.7 752
4 59 F + 638 11.6 427
5 43 M + 691 12.8 519
6 41 M - 809 10.5 584
7 28 E + 1518 16.5 576
8 29 F - 685 10.7 386
Group 2 9 49 M - 72 1.1 72
10 49 M - 342 5.9 52
11 51 M - 342 5.9 98
12 57 F - 422 6.8 92
13 60 M - 76 0.8 43
14 32 M - 28 0.5 37
15 21 F - 9 0.1 4
16 48 F - 29 0.9 25
17 65 M - 228 4.3 21
Control 18 32 F - 9 04 1
19 57 M - 10 0.5 3
20 5
21 6
22 68 M - 106 09 7
23 41 F - 99 1.6 8
24 59 M - 390 6.1 10

Group 1: chronic rhinosinusitis with eosinophilic infiltration; Group 2: chronic rhinosinusitis without eosinophilic infiltration; open columns are unknown data.

computed tomographic changes showing mucosal changes within
ostiomeatal complex and/or sinuses. None of the patients were
treated with systemic corticosteroids or other immune-modulating
drugs.

The above patients were classified into 2 groups (Table 1). The
CRS with eosinophilic infiltration group included 8 patients in
which the eosinophil count of the nasal polyp was more than 350
per microscopic field (400x magnification) using the top 5 fields
rich in eosinophilic infiltration, or more than 441/l eosinophils in
serum. The CRS without eosinophilic infiltration group included 9
patients in which the eosinophil count of the nasal polyp was less
than 200 per microscopic field (400x magnification) in any of the
fields or less than 440/ul eosinophils in serum. Seven cases in
which normal mucosal membranes of the sphenoid sinus were
removed during surgery for pituitary adenoma were used as
controls. All patients gave their written informed consent, and the
study was approved by the Ethics Committee of Juntendo
University School of Medicine.

2.2. Sampling of tissue specimens

Surgically removed human nasal polyps located in the middle
meatus were obtained from the patients with CRS. Control samples
were obtained from normal mucosal membranes of the sphenoid
sinus removed during surgery for pituitary adenoma. The samples
were fixed in 10% formalin, embedded in paraffin wax, processed
routinely and stained with hematoxylin—eosin.

2.3. Double immunostaining of HO-1 and MBP

The nasal polyps were fixed in 10% formalin, embedded in
paraffin wax, processed routinely and then prepared as routine
semi-thin sections (3.5 wm). Paraffin sections for double-immu-
nostaining were deparaffinized, rehydrated, and incubated with
0.1% trypsin solution at 37 °C for 30 min. After rinsing, the sections
were autoclaved at 121 °C for 10 min in 10 mM citrate buffer pH
6.0. After rinsing, the sections were stained following a sequential

method using an iVIEW DAB detection kit and ultra VIEW
Universal Alkaline Phosphatase Red kit (Ventana), with a Roche
automated stainer Nexes IHC (Ventana) according to the manu-
facturer’s instructions. Primary antibodies were used by mouse
anti-human Eosinophil Major Basic Protein (MBP) (abcam, Japan)
and anti-Heme Oxygenase-1 antibody (Assay Designs, Ann Arbor
MI). The sections were incubated at 37 °C for 32 min with MBP
antibody (1:3) and anti-Heme Oxygenase-1 antibody (1:3).
Secondary antibodies of MBP and HO-1 were reacted at 37 °C
for 8 min and 12 min. The immunohistochemical experiments
were controlled by incubation of the tissue with an isotype-
matched control mouse IgG1 (DaKo) for MBP and HO-1 at the same
concentrations as the primary antibodies. The sections were
counterstained with hematoxylin.

2.4. Double immunostaining of HO-1 and CD68

Paraffin sections for double-immunostaining were deparaffi-
nized, rehydrated, and autoclaved at 121 °C for 10 min in 10 mM
citrate buffer pH 6.0. Endogenous peroxidase was blocked with
inhibitor-D 3% H,0, (Ventana, AZ) for 4 min at 37 °C. After
rinsing, the sections were stained following a sequential method
using an iVIEW DAB detection kit and ultra VIEW Universal
Alkaline Phosphatase Red kit (Ventana) with a Roche automated
stainer Nexes IHC (Ventana) according to the manufacturer’s
instructions. The primary antibodies were mouse anti-human
Heme Oxygenase-1 antibody (Assay Designs, Ann Arbor MI) and
mouse anti-human CD68 (Dako, Glostrup Copenhagen). The
sections were incubated at 37 °C for 32 min with anti-Heme
Oxygenase-1 antibody (1:1000) and anti-CD68 antibody (1:100).
The secondary antibodies of HO-1 and CD68 were reacted at
37 °C for 8 min and 12 min. The immunohistochemical experi-
ments were controlied by incubation of the tissue with an
isotype-matched control mouse IgG2b (DaKo) for HO-1 or mouse
IgG3 (R&D System) for CD 68 at the same concentrations as
those of the primary antibodies. The sections were counter-
stained with hematoxylin.
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Fig. 1. Hematoxylin-eosin staining of nasal polyps. CRS with eosinophilic infiltration (A) and without eosinophilic infiltration (B) show both many epithelial and goblet cells.
Epithelial detachment with infiltrating eosinophils is found in CRS with eosinophilic infiltration (A), but not in CRS without eosinophilic infiltration (B). Some proliferation of

epithelial and goblet cells is observed in control mucosa (C).
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Fig. 2. Double immunostaining of HO-1 and MBP in the subepithelial layer of nasal polyps. The cells positive for both HO-1 MBP are observed in both CRS with eosinophilic
infiltration (A) and CRS without eosinophilic infiltration (B). C shows control by isotype-matched control mouse IgG1 (Dako) for HO-1 and MBP. High power - view of the
square in (A) indicates MBP positive cells with positive reaction for HO-1. Brown color = MBP; red color = HO-1.

Eosinophils and cells with positive reactions for HO-1, CD 68 or
MBP were counted in the top 5 fields that were rich in infiltration
with eosinophils and macrophages, and the mean number per a
field was calculated. On counting process of the HO-1 positive rate
of epithelial cells, we noticed only epithelial cells except for the
other cells (e.g. goblet cells). Statistical analysis was evaluated by
Mann-Whitney U method. A p value less than 0.05 was considered
as significant.

3. Results

CRS with eosinophilic infiltration was characterized by
epithelial detachment and infiltration with a considerable number
of eosinophils with many epithelial and goblet cells (Fig. 1A). On
the other hand, in CRS without eosinophilic infiltration, the
epithelial layers were composed of many epithelial and goblet cells
with little infiltration of eosinophils (Fig. 1B). In the control group,
epithelial layers showed some epithelial cells without goblet cells
or epithelial sloughing. Subepithelial layers showed none or few
inflammatory cells and fibroblasts (Fig. 1C).

Double immunostaining of HO-1 and MBP was examined in
subepithelial layers of CRS with eosinophilic infiltration (Fig. 2A)
and without eosinophilic infiltration (Fig. 2B). The majority of the
HO-1 positive cells were found to be infiltrating eosinophils with
MBP positive reaction in both CRS with and without eosinophilic
infiltration. A significant increase in number (531/a field) of
eosinophils with HO-1 positive reaction in CRS with eosinophilic
infiltration was observed in comparison with CRS without
eosinophilic infiltration (79/a field) and controls (Fig. 3). However,
there was no significant difference in the percentage of eosinophils
with HO-1 positive reaction between CRS with eosinophilic
infiltration (97.9%, 4196/4284) and CRS without eosinophilic
infiltration (84.7%, 552/652). The control group showed a nominal

number of HO-1 positive eosinophils as compared to CRS with and
without eosinophilic infiltration.

Since a previous study demonstrated that the macrophages in
the nasal mucosa of allergic rhinitis expressed HO-1 [9], we

ffield * P<0.01
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ECRS  Non- Control
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Fig. 3. The number of MBP positive cells with the expression of HO-1 in
subepithelial layer. The number of MBP positive cells with the expression of HO-1 in
CRS with eosinophilic infiltration was significantly greater than in CRS without
eosinophilic infiltration. The control mucosa showed the few infiltrating
eosinophils expressing HO-1 as compared with CRS with and without
eosinophilic infiltration. “p < 0.01.
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Fig. 4. Double immunostaining of HO-1 and CD68 in the subepithelial layer of nasal polyps in CRS with eosinophilic infiltration (A) and without eosinophilic infiltration (B). C
shows control by isotype-matched control mouse [gG2b for HO-1 or mouse IgG3 for CD68. High power-view of the square in (A) indicates CD68 positive cells with positive

reaction for HO-1. Brown color = HO-1; red color = CD68.
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Fig. 5. The number of CD68 positive cells with the expression of HO-1 in
subepithelial layer. The number of CD68 positive cells with the expression of HO-1
in CRS with eosinophilic infiltration is significantly greater than in CRS without
eosinophilic infiltration and controls. *p < 0.01; NS: not significant.

identified macrophages using CD68. A moderate number of CD68
positive macrophages had infiltrated in the subepithelial layer of
CRS with eosinophilic infiltration (Fig. 4A), whereas CRS without
eosinophilic infiltration showed few macrophages (Fig. 4B). Most
of the macrophages in both groups expressed HO-1. Significantly
greater numbers (104/a field) of HO-1 positive macrophages were
observed in CRS with eosinophilic infiltration compared with CRS
(19/a field) without eosinophilic infiltration and controls (Fig. 5).
However, there was no significant difference in the percentage of
macrophages that were HO-1 positive between CRS with
eosinophilic infiltration (98.0%) and CRS without eosinophilic
infiltration (95.0%).

Next, the immunoreactivity of HO-1 was observed in both
epithelial cells and macrophages infiltrated in the epithelial layer.
Although a considerable number of epithelial cells in CRS with
eosinophilic infiltration expressed HO-1 (Fig. 6A), CRS without
eosinophilic infiltration showed the positive reaction of HO-1 in
most of the epithelial cells (Fig. 6B). The HO-1 positive macrophages
infiltrated in the epithelial layer in CRS with eosinophilic infiltration
(Fig. 6A). In the control, little reaction of HO-1 was observed in the
epithelial layer (Fig. 6C). The rate of HO-1 positive epithelial cells in
both CRS with and without eosinophilic infiltration was significantly
increased as compared with that of controls. The HO-1 positive rate
of epithelial cells in CRS without eosinophilic infiltration was
significantly greater than that in CRS with eosinophilic infiltration
(Fig. 7). In contrast, the number of HO-positive macrophages in the
epithelial layer was significantly increased in CRS with eosinophilic
infiltration (7/a field) compared to CRS without eosinophilic
infiltration (1/a field). However, there was no significant difference
in the percentage of macrophages that were HO-1 positive between

Fig. 6. Double immunostaining of HO-1 and CD68 in the epithelial layer of nasal polyps. Epithelial cells are positive for HO-1 in CRS with eosinophilic infiltration (A) and
without eosinophilic infiltration (B). High power-view of the square in (A) indicates the cytoplasm of the epithelial cell stained with HO-1 as positive control whereas control
sinus mucosa (C) shows little immunoreaction for HO-1. Brown color = HO-1; red color = CDG8.
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Fig. 7. HO-1 positive rate of epithelial cells. The rate of HO-1 positive epithelial cells
in CRS without eosinophilic infiltration is significantly greater than that in CRS with
eosinophilic infiltration. Control mucosa shows a significant reduction of the rate as
compared with both CRS with and without eosinophilic infiltration. *p < 0.001.

CRS with eosinophilic infiltration (100%) and CRS without eosino-
philic infiltration (75%). There was also no difference in the
percentage of HO-1 positive macrophages between CRS without
eosinophilic infiltration and the control group (Fig. 8).

*P<0.01
ffield *

15 - * NS

10 4

A

ECRS Non- Control
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Fig. 8. The number of CD68 positive cells with the expression of HO-1 in epithelial
layer. The number of CD68 positive cells with the expression of HO-1 in CRS with
eosinophilic infiltration is significantly greater than CRS without eosinophilic
infiltration and controls. *p < 0.01; NS: not significant.
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4. Discussion

Vento et al. [6] revealed that eosinophilic infiltration into both
serum and tissue were found most often in patients with
acetylsalicylic acid intolerance and that such patients had the
most active nasal polyposis as judged by the degree of sinus
involvement, number of re-operations, and use of medication.
Tissue eosinophilic infiltration might thus explain the higher
recurrence and greater need for surgical treatment due to the
increased activity of nasal polyposis.

Several investigators have reported fundamental and clinical
studies of CRS with eosinophilic infiltration. The bronchus or
alveoli of the lung as well as the sinonasal fossa comprise the
respiratory airway with ciliated epithelia. Nonaka et al. [11]
described that eosinophilic infiltration of tissue is a hallmark of
nasal polyposis and asthma. They showed structural abnormalities
such as fibrosis, thickening of the basement membrane, and
detachment of the epithelium with areas of epithelial metaplasia.
In fact, we previously reported that epithelial damage and
basement membrane thickness in nasal polyps with CRS were
correlated with the numbers of eosinophils [12]. It was also
proposed that a central feature of CRS is the presence of an
inflammatory process in which eosinophils are the most prevalent
cell type. Eosinophils have some cytotoxic mediators as eosino-
philic peroxidase, which can cause severe damage to the epithelia
[13]. Moreover, the main source of metalloproteinases in
asthmatic airways is believed to be eosinophils [14].

For migration through the basement membrane, eosinophils
together with the other inflammatory cells secrete metallopro-
teinases to degrade collagens, a main component of the basement
membrane [15]. Wenzel et al. [16] demonstrated that the
endobronchial tissues in severe asthma showed increases in
macrophages, which can produce oxidants [17]. Ijima et al. [18]
described that oxidants aggravated nasal allergy-like symptoms by
inducing nasal hyperresponsiveness and infiltrating eosinophils.
The above reports support our view that infiltrating eosinophils
and macrophages in the mucosa of CRS with eosinophilic
infiltration would cause detachment or denudation of epithelial
layers, as in severe asthma.

Otterbein et al. [19] demonstrated the enhanced expression of
HO-1in macrophages from sputum of patients with asthma. Kitada
et al. [20] found that HO-1 expression localized in alveolar
macrophages was increased in allergic airway inflammation.
Horvath et al. [21] suggested that the induction of HO-1 could
be a cytoprotective function against oxidative stress in lung
disorders. We found that the number of macrophages expressing
HO-1 was significantly greater in CRS with eosinophilic infiltration
than in CRS without eosinophilic infiltration. We consider that
macrophages and epithelial cells produce HO-1 to protect
themselves against oxidants generated from macrophages, which
are prominent in the tissues of CRS with eosinophilic infiltration.
Furthermore, the expression of HO-1 in the epithelia of CRS with
eosinophilic infiltration was significantly suppressed as compared
with CRS without eosinophilic infiltration. Conversely, the HO-1
positive rate of epithelial cells in CRS without eosinophilic
infiltration was significantly greater than that in CRS with
eosinophilic infiltration. Xia et al. [22] revealed that HO-1 could
attenuate eosinophilic infiltration in bronchial alveolar lavage fluid
from asthmatic mice. Kim et al. [23] assessed PG102 (reagent with
anti allergic effects) in a murine asthma model. In PG102-treated
mice showing improvement of the asthmatic symptoms, high level
expression of HO-1 was observed in alveolar inflammatory cells.
Pae et al. [24] described that up-regulation of the HO-1 pathway
had a significant protective effect against airway inflammation,
mucus hyper-secretion and hyper-responsiveness in a model of
allergic asthma. Our findings and those of other reports suggest
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two theories, as follows. First, attacking oxidants from eosinophils
and macrophages may deplete HO-1 in the epithelia of CRS with
eosinophilic infiltration. Second, cytotoxic factors secreted from
eosinophils and macrophages in the epithelial layers may increase
and overcome the cytoprotection derived from epithelial cells and
other inflammatory cells in CRS with eosinophilic infiltration.
Thus, the epithelial damage characteristically observed in both
asthma and CRS with eosinophilic infiltration is thought to be
brought about by the interaction between cytotoxic enzymes or
cytokines and cytoprotective factors such as HO-1. In the future,
we will examine whether infiltrating eosinophils in CRS with
eosinophilic infiltration can promote the production of HO-1 in
macrophages or not.

5. Conclusion

The present study revealed that the expression of HO-1 in
epithelial layers of CRS without eosinophilic infiltration was
significantly greater than that in CRS with eosinophilic infiltration.
On the other hand, the number of HO-1 positive macrophages was
significantly enhanced in CRS with eosinophilic infiltration as
compared with CRS without eosinophilic infiltration. Epithelial
detachment or denudation was observed in CRS with eosinophilic
infiltration, but not in CRS without eosinophilic infiltration. The
above findings suggest that both a reduction of HO-1 expression in
epithelial cells and increased infiltration of macrophages positive
for HO-1 are related to the epithelial damage of CRS with
eosinophilic infiltration.
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Objective: Eosinophilic otitis media (EOM) is an intractable
otitis media characterized by a highly viscous effusion con-
taining eosinophils, and high levels of immunoglobulin (Ig) E
are detected in the middle ear effusion (MEE). We carried out a
pilot study to determine whether anti-IgE therapy is efficacious
in the treatment of EOM.

Study Design: Prospective study.

Setting: Tertiary referral center.

Patients and Methods: Eight patients with EOM received the
anti-IgE agent omalizumab for at least 3 months, in addition to
ordinary treatments for EOM. They were evaluated by a ques-
tionnaire for ear and respiratory symptoms, clinical scores,
surrogate markers in the blood, and hearing acuity before and
after the anti-IgE therapy. Nine EOM patients without anti-IgE
therapy were included as controls. )

Results: The ear symptom scores and clinical scores gradually
decreased during the therapy. In particular, 5 patients who were

treated for more than 1 year showed improvement of their
clinical scores with resolution of the MEE. The total serum IgE
level was significantly elevated after 3 months of therapy (p <
0.01). Deterioration of the bone conduction hearing levels was
more frequently found in the control group than in the omali-
zumab group.

Conclusion: This pilot study provides new evidence establish-
ing that long-term anti-IgE therapy improved the clinical ear
symptoms of EOM and bone conduction hearing levels were
mostly preserved. Therefore, long-term anti-IgE therapy can
be effective for EOM to inhibit eosinophilic inflammation in
the middle ear. Key Words: Anti-IgE therapy—Bronchial
asthma—FEosinophilic otitis media—Immunoglobulin E~—
Omalizumab.

Otol Neurotol 33:1218-1224, 2012.

Eosinophilic otitis media (EOM) is an intractable ofitis
media characterized by the presence of a highly viscous
yellow effusion containing eosinophils. In 1993, Tomioka
et al. (1) first reported 3.cases of patients with intractable
otitis media associated with bronchial asthma as a new
middle ear disease entity. EOM is resistant to conventional
treatments for otitis media with effusion or chronic otitis
media, such as insertion of a tympanostomy tube; admin-
istration of antimicrobial agents, or tympanoplasty. Not
only is EOM an intractable and persistent disease, it also
presents a high risk for development of severe hearing loss
(deafness in some cases) (1-3). Immunohistologic studies
have shown active inflammation with the production of
various cytokines and chemokines that induce eosino-
-phil migration in the middle ear mucosa (4—6). In addition,
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many IgE-immunopositive cells are found in the middle
ear mucosa (4). In the middle ear effusion (MEE), the IgE
levels are significantly higher in EOM patients than in
control patients with common otitis media with effusion
(7). The presence of high levels of IgE may exacerbate
eosinophilic inflammation in the middle ear. Omalizumab,
a recombinant humanized monoclonal anti-IgE antibody,
is the first anti-IgE agent with clinical benefits in the treat-
ment of moderate-to-severe bronchial asthma. Therefore,
we carried out a pilot study to determine whether anti-IgE
therapy is also efficacious in the treatment of EOM. This is
the first report of a prospective study on the efficacy of anti-
IgE therapy for EOM.

PATIENTS AND METHODS

Patients )

FEight patients with EOM who received anti-IgE therapy with
omalizumab were included in this study. The patients were 6 female
and 2 male subjects aged 33 to 69 years (mean + standard deviation
[SD], 54.4 £ 11.7 yr) at the time of administration of omalizumab
(omalizumab group). As controls, 9 patients with EOM without
anti-IgE therapy were included in the study. These patients were

Copyright © 2012 Otology & Neurotology, Inc. Unauthorized reproduction of this article is prohibited.
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TABLE 1. Baseline characteristics of the patients
Omalizumab Control
group - group p value

No. patients 8 9
Sex (female : male) 6:2 6:3 NS
Age (yr, mean + SD) 544 +11.7 569+16.7 NS
Associated diseases

Aspirin intolerance 4 3 NS

Chronic thinosinusitis 8 7 NS

Nasal polyposis 5 6 NS
Bacterial infection in MEE 3 4 NS
Baseline mean scores (range)

Ear symptom score 11.6 (721)  11.6 (3-23) NS

ACT score 18.5 (13-24) 19.0(12-25) NS

Clinical score 7.8 3-11) 6.7 (5-12) NS
Treatments

Inhaled corticosteroids 8 9 NS

Intranasal corticosteroids 7 8 NS

Intratympanic TA 8 9 NS

Systemic corticosteroids 7 8 NS
Eosinophil counts in PB (/ul) 537 + 421 477 + 156 NS
Total serum IgE level (IU/ml) 267 + 203 295 £ 361 NS
ECP (ug/L) 29.8+291 16555 NS

ACT indicates asthma control test; IgE, immunoglobulin E; ECP,
eosinophilic cationic protein; MEE, middle ear effusion; NS, not sig-
nificant; PB, peripheral blood; SD, standard deviation; TA, triamcino-
lone acetonide.

6 female and 3 male subjects aged 30 to 80 years (mean+ SD, 56.9 =
16.7 yr; control group). All the patients had association with bron-
chial asthma and were diagnosed as having EOM on the basis of
previously reported diagnostic criteria as follows (8). The major
criterion was otitis media with effusion or chronic otitis media with
eosinophil-dominant effusion. The minor criteria were as follows:
1) highly viscous MEE, 2) resistance to conventional treatment for
otitis media, 3) association with bronchial asthma, and 4) associa-
tion with nasal polyposis. Definitive cases were defined as positive
for the major criterion plus 2 or more of the minor criteria.
Regarding eosinophil detection in the MEE, formalin-fixed,
paraffin-embedded MEE sections were evaluated to obtain mfor-
mation about eosinophil activation and degranulation in the effu-
sion. The baseline characteristics of the EOM patients in both
groups are shown in Table 1.

Treatments L
Omalizumab was given to the 8 patients with EOM in the

omalizumab group. The dosage of omalizumab was individually

determined based on the pretreatment level of total serum IgE
~and the body weight, according to dosing tables that approxi-
" mately reflected the following formula: 0.016 mg/kg per IU/ml
of IgE per 4 weeks. The drug was administered by subcutaneous
injections every 2 or 4 weeks. All the patients in both groups
continued their previous treatments for bronchial asthma and
EOM during the study. They were all treated with inhaled cor-
ticosteroids with or without long-acting beta 2-adrenergic ago-

nists for bronchial asthma. They had also experienced frequent

asthma exacerbations and continuously or frequently taken oral
corticosteroids, in addition to inhaled therapy. For EOM, intra-
tympanic instillation of triamcinolone acetonide (9) was the

baseline treatment when.MEE or otorrhea recurred. Systemic -

administration of antibiotics was given to the patients when bac-
terial infection was detected in the MEE. The baseline treatments
for bronchial asthma and EOM in both groups are also summar-
ized in Table 1. The baseline characteristics of the patients in both
groups were almost the same. Written informed consent was

obtained from all patients before enrollment in the study. This
study was approved by the Ethics Committee of Jichi Medical
University Saitama Medical Center (study number: RIN 10-11).

Measurements of Surrogate Markers in Blood
We monitored the eosinophil counts in peripheral blood
and total serum IgE and eosinophilic cationic protein (ECP)
levels before and after the therapy because they are reliable
markers of eosinophilic inflammation. The serum concentra-
tions of total IgE and ECP were measured using fluorescence
enzyme immunoassays.

Evaluation of Hearing
The air and bone conduction hearing levels of the patients
with EOM were assessed by pure tone audiometry. When the
hearing threshold of a patient at each frequency was beyond
the measurement limit of the audiometer, the measurable level
plus 5 dB was defined as the hearing level of the patient at that
frequency.

Evaluation of Clinical Efficacy

At every visit, all the patients in the omalizumab group were
evaluated using a questionnaire consisting of 8 questions about
ear symptoms (Table 2) and the asthma control test (ACT) con-
sisting of 5 questions about respiratory symptors (hitp://www.
asthma.com/resources/asthma-control-test.html). The patients in the
control group were also evaluated using the questionnaire and
ACT at the time of enrollment in the study, at 3 months and at
1 year. The efficacy was also evaluated using the 5 items with -
scores of O to 2 points as the clinical scores of the patients in both
groups at the time of enrollment in the study and after 3 months,
6 months, and 1 year. The following 3 items were evaluated se-
parately for both ears: quantity of MEE or otorrhea, condition of
the middle ear mucosa, and frequency of intratympanic injection
of triamcinolone acetonide. The frequencies of administration of
systemic corticosteroids and. antibiotics to the patients were also
evaluated. The definitions of the scores for each item are shown

in Table 3.

Statistical Analysis
Statistical analyses were carried out using Student s t test, the
Wilcoxon matched-pairs signed-ranks test and the ¥ test. Values
of p < 0.05 were considered significant. Values of p < 0.10 were
considered to show a tendency toward significance because they
may have become significant if more patients had been included
in this study.

RESULTS

Anti-IgE Therapy
In the 8 patients in the omalizumab group, 3 patients
stopped receiving omalizumab at 3 months, mostly for

TABLE 2. Quesﬁonnaire Jfor ear symptoms

Have you had the following symptoms in the last 2 weeks?
Scores: 0, none; 1, rare; 2, sometimes;-3, often; 4, usually; 5, worst.

" 1 Echo in the ear

2 Tinnitus

3 Otorrhea

4 Dizziness )

5 Breathing sound in the ear
6 Autophony

7 Aural fullness

8 Otalgia

Otology & Neurotology, Vol. 33, No, 7, 2012
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TABLE 3. Definitions of the scores for the 5 items for
chinical efficacy
Quantity of MEE/otorthea
Without eardrum perforatlon
Score 0 No MEE
Score 1 MEE with partial intratympanic
aeration
Score 2 Mesotympanum totally filled
) ) o  with MEE
With eardrum perforation o
Score 0 No otorthea
Score 1 Otorrhea limited in the
mesotympanum
Score 2 Otorrhea comes out to the

- external auditory canal
Condition of the middle ear mucosa

Score 0 Nearly normal or slightly
edematous
Score 1 Edematous or thickened
Score 2 ‘Highly thickened or granulated
to an extent beyond the
position of a normal eardrum
Frequency of intratympauic
administration of corticosteroid . .
Score 0 None
Score 1 Once in the prcvxous 3 months
“Score 2 “T#o or more times in the ™~
previous 3 months
Frequency of systemic ) -
administration of corncosteroxds
‘Score 0 " None
Score 1 7 days or less in the previous
3 months
Score 2 More than 7 days in the

" previous 3 months
Frequency of systemic

administration of antibiotics

Score 0 None

Score 1 7 days or less in the previous
. 3 months

Score 2 More than 7 days in the

previous 3 months

economical reasons, and the remaining 5 patients contin-
ued the therapy for more than 1 year. No adverse events
were seen during the administration of omalizumab in any
patients.. ,

67 P=0:093
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FiG. 1. -Changes in the ear symptom scores evaluated by a ques-
tionnaire in the patients treated with omalizumab. Total: 8 patients
treated with omalizumab; Tx-1Y: 5 patients treated with omalizumab
for more than 1 year; Tx-3M: 3 patients treated with omalizumab for
3 months; control: 9 patients without administration of omalizumab.
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Ear Symptom Score Evaluation by the Questionnaire

The ear symptom score was calculated as the sum of
the scores of the 8 questions shown in Table 2. The changes
in the average ear symptom scores of the patients in the
omalizumab group are shown in Figure 1. The symptom
scores gradually decreased during the therapy. The mean
score at 6 months was 7.4, which showed a tendency to be
reduced compared with the baseline level of 11.6 in the
8 patients (p = 0.093). However, the scores in the 3 patients

‘who stopped administration .of omalizumab at 3 months

had slightly increased again at 1 year. In the control group,
the significant changes of the scores from the baseline were

. not observed during the study.

ACT Score

In the ACT, a score of 25 indicates perfectly controlled
bronchial asthma, and scores of lower than 20 indicate
poorly controlled asthma. The changes in the mean ACT
scores of the patients in the omalizumab group are shown
in Figure 2. The mean scores of the 8 patients increased
from 18.5 at baseline to 23.4 at 3 months (p = 0.092).
Individually, 4 patients in the omalizumab group with

~initial ACT scores of lower than 20 showed improved

scores of higher than 20 after 1 year of the therapy. Finally,
all-the patients except one showed scores of higher than
20 at 1 year, indicating well-controlled asthma. In contrast,

. the mean ACT scores of the patients in the control group

were 19.0 at baseline and 21.2 at 3 months, with no sta-
tistical significance.

Clinieal Score

The changes in the clinical scores, which were evalu-
ated by 3 items for the bilateral ear conditions and 2 items -
for the frequencies of systemic administration of cortico-
steroids and antibiotics, were analyzed and are shown in
Figure 3.

The total scores were significantly reduced after ad-
ministration of omalizumab for 3 months and 1 year com-
pared with the baseline score (Fig. 3F). In particular, the
mean scores for the quantity of MEE tended to be reduced
after the treatment (Fig. 3A). Five patients who were

P=0.092
B s e Total
g g To1Y
g . e TR3M
I* ¢ control
3
_Baseline 3 months _ 6months dyear
FIG. 2. Changes in the ACT scores of the patients treated with

omalizumab. Total: 8 patients treated with omalizumab; Tx-1Y:
5 patients treated with omalizumab for more than 1 year; Tx-3M:
3 patients treated with omalizumab for. 3 months; control: 9 patients
without administration of omalizumab. . .
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FIG. 3. Changes in the clinical scores of the patients with EOM. Quantity of MEE or otorrhea (A), condition of the middle ear mucosa (B),
frequency of intratympanic injection of triamcinolone acetonide (C), frequency of administration of systemic corticosteroids- (D), frequency of
administration of @ntibiotics (E), and total scores (F). The scores of the first 3 iterns represent the sums of the scores for both ears. Total:
8 patients treated with omalizumab; Tx-1Y: 5 patients treated with omalizumab for more than 1 year; Tx-3M: 3 patients treated with omalizumab
for 3 months; conirol: 9 patients wﬂhout adrministration of omalizumab.

treated more than 1 year showed resolution of the MEE or
otorthea for a long period and seldom needed intra-
tympanic instillation of corticosteroids after 1 year. How-
ever, the condition of the middle ear mucosa remained
almost the same (Fig. 3B). The frequency of administra-
tion of systemic corticosteroids was significantly reduced .
after the treatment (Fig. 3D). In the control patients, the
mean clinical scores at each point showed no significant
changes from the baseline level for the total score and the
scores of the 5 items.

Eosinophil Counts in Peripheral Blood and
Concentrations of Total Serum IgE and ECP
These findings are shown in Figure 4. The eosinophil
counts in the peripheral blood tended to reduce after
treatment in the omalizumab group, particularly at 3 months

(p = 0.096), whereas the mean eosinophil counts showed
no significant change in the control group. The § patients
who.continued administration of omalizumab also showed
areduction in the eosinophil counts at 3 months (p = 0.096).
The concentration of total serum IgE was significantly
elevated -after 3 months of omalizumab administration
(p < 0.01) and then gradually decreased in patients treated
not only for 3 months but also for 1 year. In contrast, the
control patients did not show elevation of the total serum
IgE level, that is, 260 IU/ml (SD, 349).at baseline and
253 TU/ml (SD 320).at 3 months, with no significant dif-
ference. The seriim ECP concéntration in the omalizumab
group gradually decreased from the baseline level. Although
the patients treated for 3 months showed a reduction in the
serum ECP level at 3 months, the level was elevated again

at 1 year.
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FIG. 4. Changes in the peripheral blood eosinophil counts, serum IgE, and serum ECP of the patients treated with omalizumab. Total:
8 patients treated with omalizumab; Tx-1Y: 5 patients treated with omalizumab for more than 1 year; Tx-3M: 3 pahems treated w:th omalizumab

for 3 months; control: 9 patients without administration of omalizumab.

Bone Conduction Hearing Level

These findings are shown in Table 4. The EOM patients
in the omalizumab group as well as the control group did
not show significant deterioration of the BCHLs at the
mean speech range and 4 kHz at'1 year after enrollment
in the study. However, in the omalizumab group, 1 patient
showed bilateral deterioration of the BCHL beyond 15 dB
at the mean speech range or 4 kHz. On the other hand, in
the control group, the BCHL worsened in 7 ears of 4 patients
at the mean speech range or 4 kHz at 1 year (p = 0.081).

Efficacy of Anti-IgE Therapy

The sums of the ear symptom score and the clinical
score at baseline and 1 year after enrollment were eval-
uated in each patient. In the omalizumab group, 5 patients
were regarded as responders to the therapy because their
total scores were reduced to less than two-thirds from the
baseline at 1 year. Two of the 3 nonresponders were patients
who stopped the therapy at 3 months.

DISCUSSION

Anti-IgE therapy was first included in Step 5. of the
Global Initiative for Asthma Guideline (10) in 2006 as an
add-on treatment to inhaled and eventually oral cortico-
steroids and other controller medications. A recent meta-
analysis of 8 trals (n = 3429 participants) showed the
efficacy and safety of omalizumab in adults, adolescents,
and children with moderate-to-severe asthma (11). Anti-
IgE therapy has been applied not only for bronchial asthma
but also for chronic idiopathic urticaria and seasonal aller-
gic thinitis, and the efficacy of the therapy has been re-
ported-(12-14). Patients with bronchial asthma are often
associated with chronic rhinesinusitis with nasal polyposis.

Otology & Neurotology, Vol. 33, No. 7, 2012

This condition is called eosinophilic chronic rhinosinusitis,
which is sometimes refractory and tends to recur even after
endoscopic sinus surgery. Recently, the effectiveness of
anti-IgE therapy for chronic rhinosinusitis-associated
bronchial asthma has been reported (15). Although that

* article was only a case report, surprisingly, the patient

also showed mastoiditis on magnetic resonance imaging
that resolved completely after 4 months of anti-IgE therapy
together with amelioration of the symptoms of bronchial
asthma and chronic thinosinusitis. The mastoiditis in the
patient would undoubtedly have been EOM. EOM is now
recognized as an intractable otitis media and is a fairly

 common middle ear disease not only in Japan but also
" worldwide. The condition is very intractable, and the pa-
- tients have persistent MEE/otorrhea and hearing loss, re-

sulting in a worsening quality of life. Currently, the most
effective treatment for EOM is administration of topical
corticosteroids (9). Patients need periodic intratympanic
instillation of corticosteroids and sometimes show exacer-
bation and require administration of oral corticosteroids.

-Thus far, complete and long-term resolution of MEF/otor-

rthea has been quite rare. This is the first study to evaluate
the effectiveness of anti-IgE therapy with omalizumab for
'EOM associated with bronchial asthma.

TABLE 4. Bone conduction hearing levels of the patzents
with eosinophilic otitis media (dB)

Omalizumab group Control group
- Speech range 4xHz Speech range . 4 kHz
Baseline 15.6+11.0 28.1£21.7 212154 269+199
1 year 194+ 134 325+21.9 284+178 35.0+243
pvalue NS NS NS NS

' Speech range: mean hearing level at 0.5, 1, and 2 kHz.
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In this study, we found evidence that anti-IgE therapy
can be effective if patients are administered omalizumab
for more than 1 year, although the number of patients was
limited. The objective scores determined by the ques-
tionnaire for ear symptoms and clinical scores clearly
showed improvement of EOM. Although omalizumab is
indicated for moderate-to-severe allergic asthma, Menzella
et al. (16) reported a significant effect of omalizumab in
patients with severe nonallergic asthma. The EOM patients
enrolled in this study had association with both allergic and
nonallergic asthma, and both diseases responded relatively
well. Our data showed dramatic reductions in the clinical
scores of the patients treated with omalizumab at 1 year
from baseline, with reduced -quantities of MEE/otorrhea

and decreased frequencies of systemic administration of

corticosteroids, particularly in the 5 patxents meaned for more
than 1 year.

Eosinophilia is a typical characterxstlc of asthma-related
inflammatory diseases, including EOM. A meta-analysis
of 5 randomized, double-blind, placebo-controlled studies
showed that significant reductions in the eosinophil counts
from baseline were observed in patients with allergic asthma

treated with omalizumab compared with those adminis- -

tered placebo (17). In our study, the eosinophil counts
tended to decrease after 3 months of the anti-IgE therapy,
whereas the concentration of ECP, a cytotoxic protein
derived from eosinophils, failed to show significant de-
creases after the therapy. The precise mechanism that
induces the reduction in eosinophils remains to be deter-
mined. However, Noga et al. (18) reported increased-
eosinophil apoptosis through reduced production of
granulocyte-macrophage—colony-stimulating factor, an im-
portant factor for eosinophil growth and survival, after ad-
ministration of omalizumab.

The total serum IgE level was elevated from baseline at

3 months and then gradually decreased in this study. By
binding to free IgE, omalizumab prevents interactions be-
“tween IgE and its high-affinity FceRI receptors on mast
cells and basophils, such that IgE cross-linking and cell
activation cannot occur. In our study, we measured the
concentration of total serum IgE, which is the sum of cir-
culating free IgE and omalizumab-bound IgE. Owing to
the binding of the monoclonal antibody to IgE, the total
serum IgE level usually tends to increase progressively
during omalizumab treatment. A recent study showed
that early elevation of IgE to more than 250 IU/ml at
3 months from baseline may be used as a predictor of
future responders to omalizumab in terms of the exacer-
bation rate (19).

One of the striking clinical cha;ractensucs of EOM was
the high incidence of gradual or sudden deterioration of
“hearing. In our previous study, 8 (5.8%) of 138 patients
became deaf unilaterally or bilaterally after the onset of
EOM (). High-tone loss was more frequently encountered
and more severe in EOM patients than in age-matched
patients with chronic otitis media (20). Our previous study
also showed that the concentration of IgE in MEE was
significantly and positively correlated with the BCHLs at
2 and 4 kHz and that a-high concentration of IgE in the

MEE as well as a high serum IgE level were significant
risk factors for BCHL deterioration in EOM patients (7).
Therefore, anti-IgE therapy can prevent BCHL deterioration.
In this study, although the mean BCHLSs at the speech range
and 4 kHz did not significantly change at 1 year from
baseline in the omalizumab group as well as in the control
group, the number of patients showing BCHL deteriora-
tion of more than 15 dB from baseline tended to be higher
in the control group than in the omalizumab group.-These

“findings indicate that theé administration of omalizumab

could prevent inner ear damage to control the eosinophilic
inflammation. :

In conclusion, from a limited number of patients with
EOM, we provide the first report that long-term anti-IgE
therapy could improve their ear symptoms and decrease
the systemic administration of corticosteroids. Randomized
controlled trials are necessary to formally confirm these
findings and to determme the factors for responders to the
therapy.
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