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Abstract

Background: Total and specific immunoglobulin E (IgE) in
nasal polyps (NP) is related to local eosinophilic inflamma-
tion. However, it remains unclear which antigens cause a
stronger accumulation of eosinophils in NP. We investigated
whether local IgEs to specific antigens correlated with local
eosinophil accumulation. Methods: Total IgE, antigen-spe-
cific IgEs [5 species of fungi, staphylococcal enterotoxins A
and B (SEA and SEB), cedar pollen, ragweed pollen and
house-dust mites] and eosinophil cationic protein (ECP)
were measured in sinus mucosa homogenates and serum
from 29 patients with chronic rhinosinusitis with NP
(CRSWNP), 8 patients with allergic fungal rhinosinusitis
(AFRS) and 8 control subjects without CRS. The level of ECP
in NP was analyzed for correlations with the total and spe-
cific IgE levels in the serum and NP. Results: In CRSWNP, an-
tigen-specific IgEs [Alternaria > mite (Dp) > Aspergillus > SEB
> Penicillium > mite (Df), but not the other fungi, SEA or pol-
lens] in the sinus mucosa correlated significantly with the
local ECP. In AFRS, antigen-specific IgEs [Penicillium > mite
(Df) > Alternaria, but not the other fungi, SEs or pollens] in
the sinus mucosa correlated significantly with the local ECP.

Conclusions: Local total IgE and antigen (fungi, mites and
SEs)-specific IgEs in NP are related to the local eosinophilic
inflammation of AFRS and CRSwWNP.

Copyright © 2013 S. Karger AG, Basel

Introduction

Tissue eosinophilia is a hallmark of nasal polyps (NP)
and is thought to be a risk factor for disease recurrence [1,
2]. However, the pathogenesis of chronic rhinosinusitis
(CRS) remains controversial. In Europe, patients with bi-
lateral NP are frequently linked to asthma and aspirin
sensitivity [3]. Furthermore, bilateral NP are the most
predominant type, accounting for 80-90% of NP in Eu-
rope and the USA, and are usually associated with tissue
eosinophilia [4]. However, in Japan, the ratio of eosino-
philic CRS (ECRS) differs from that in Europe and in the
USA. Our previous study found that about 40% of CRS
with NP (CRSwNP) was ECRS, with a frequent associa-
tion with asthma and aspirin sensitivity, while the re-
maining roughly 60% was noneosinophilic CRS (NECRS)
which was rarely comorbid with asthma [1, 2]. Thus,
when we investigate the pathogenesis of CRSWNP, we
should study ECRS and NECRS as separate groups. Al-
lergic fungal rhinosinusitis (AFRS) should be considered

© 2013 S. Karger AG, Basel
1018-2438/13/1616-0147$38.00/0

KARGER

E-Mail karger@karger.com
www.karger.com/iaa

Correspondence to: Dr. Yoshinori Matsuwaki

Department of Otorhinolaryngology

Jikei University School of Medicine

3-25-8 Nishi-shinbashi, Minato-ku, Tokyo 105-8461 (Japan)
E-Mail matuwaki @jikei.ac.jp

Downloaded by: Dr. Adriano Mari - 31298

78.13.211.7 - 6/6/2013 7:00:10 PM


http://dx.doi.org/10.1159%2F000350387

at the same time, because of its eosinophilic NP and fre-
quent disease recurrence, similar to ECRS [5, 6].

A multitude of factors has been proposed to be key
agents in the development of NP, including superan-
tigens, fungi, eosinophils and immunoglobulin E (IgE).
Recent studies have investigated the roles of local IgE
production against staphylococcal superantigens in
the pathogenesis of CRSWNP [7]. The mean eosinophil
counts in NP tended to be higher in superantigen toxin-
positive patients with NP compared with patients without
toxin detection [8]. Local polyclonal IgE, including IgE
specific for staphylococcal enterotoxins A and B (SEA
and SEB), was demonstrated in 50% of bilateral eosino-
philic NP, suggesting a possible role for superantigens as
disease modifiers in CRS [7]. AFRS is a representative sys-
temic IgE/IgG-mediated disease, which is a specific al-
lergy for fungi [6]. Local IgE-positive cells in AFRS are
increased [9]. Not only antifungal, also antinonfungal
IgE, was expressed in sinus tissues of AFRS, compared to
the control [10]. Local total IgE correlated significantly
with local IL-5, eosinophil cationic protein (ECP) and
with the number of eosinophils in NP [7]. However, it
remains unclear which antigens cause stronger accumu-
lation of eosinophils in the local sinus mucosa. Thus, we
hypothesized that levels of local IgE to airborne antigens
(staphylococcal superantigens, fungi, house-dust mites
and pollens) are much higher in ECRS and AFRS, and
that local IgE probably induces local eosinophilia in CRS.
We investigated whether local IgEs to specific antigens
correlated with local eosinophil accumulation.

Materials and Methods

Materials

The ECP ELISA kit was from MBL (Nagoya, Japan). Total se-
rum IgE and antigen-specific IgEs were measured by fluorometric
2-site ELISA using a Pharmacia Cap System™ (Pharmacia & Up-
john Diagnostics AB, Uppsala, Sweden). Dako REAL Target Re-
trieval Solution and Dako LSAB2 kit/HRP were from Dako (Dako
Japan, Tokyo, Japan). Goat IgG antibody to human IgE (catalog
No. 0751-1004) was from KPL (Gaithersburg, Md., USA). Goat
IgG antibody, as a negative control, was from Acris Antibodies
GmbH (Herford, Germany). Anti-mast cell chymase (CC1) anti-
body and mouse IgG, as a negative control, were from Santa Cruz
Biotechnology. Plasma cell mouse anti-human monoclonal anti-
body and mouse IgG2a, as a negative control, were from LifeSpan
BioScience.

Diagnosis of ECRS, NECRS and AFRS

CRS and AFRS were diagnosed in accordance with the criteria
in ‘Rhinosinusitis: developing guidance for clinical trials’ [11]. The
diagnostic criteria for ECRS were: (1) CRSWNP and (2) mucosal
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eosinophilia of 120 per high-power field (HPF) or more and/or
eosinophilic mucin [1]. The diagnostic criteria for NECRS were:
(1) CRSWNP and (2) mucosal eosinophilia below 120/HPF with no
eosinophilic mucin [1].

Patients

This study included 29 patients with CRSWNP and 8 with
AFRS who had undergone endoscopic sinus surgery as well as 8
normal sinus control patients with pituitary adenoma who had
undergone endoscopic transsphenoidal pituitary surgery. All sur-
geries were performed at the Department of Otorhinolaryngology
at the Jikei University School of Medicine. The diagnoses of the
CRSwWNP patients were NECRS in 14 and ECRS in 15. Table 1
shows the patients’ background data. Based on the presurgery
data, peripheral eosinophil counts were significantly higher in the
ECRS and AFRS patients than in the NECRS patients and con-
trols. Peripheral basophil counts, total IgE and fungi-specific IgE
were significantly higher in the AFRS patients than in the other
groups. These results are reasonable in light of the diagnostic cri-
teria. The study was approved by the ethics committee of the Ji-
kei University Hospital, and all patients gave their informed writ-
ten consent.

ECP and Serum IgE and Local IgE

Total and specific IgE levels in sinus tissue were measured by
using a Pharmacia CAP system according to previous reports [7].
Briefly, NP and normal sinus mucosa harvested during surgery
were weighed and then homogenized with no dilution. The total
volume of solution extracted from each homogenate was mea-
sured. The extracted solutions and serum from the same patients
were subdivided into several tubes and stored at below -40°C un-
til assay. The levels of total IgE, antigen (Alternaria, Aspergillus,
Candida, Cladosporium, Penicillium, SEA, SEB, house-dust mites
(Dp, Df), cedar pollen and ragweed pollen)-specific IgEs and ECP
were measured using the CAP system.

Immunohistochemistry

Cryostat sections of partially separated NP and normal sinus
mucosa harvested during surgery were prepared (6 um), mounted
on glass slides, packed in aluminum foil and stored at -40°C until
staining. For immunohistochemical staining, specimens were
fixed in Carnoy’s fluid (60% ethanol, 30% chloroform and 10%
glacial acetic acid) and then blocked for 20 min with 0.3% hydro-
gen peroxide in TBS (Tris-buffered-saline) containing 0.1% sodi-
um azide. Antihuman IgE antibody (1:500) or the negative control
was applied, and the specimens were incubated for 2 h at room
temperature. The signal was detected using the labeled streptavi-
din-biotin technique conjugated with peroxidase according to the
manufacturer’s instructions (Dako). Peroxidase activity was de-
tected using AEC substrate chromogen, which results in a red-
stained precipitate. Anti-mast cell chymase antibody (1:50), anti-
plasma cell antibody (1:1,000) and negative control antibodies
were applied, and the specimens were incubated for 15 h at 4°C.
The signal was detected using the labeled streptavidin-biotin tech-
nique conjugated with peroxidase. Peroxidase activity was detect-
ed using DAB chromogen, which results in a brown-stained pre-
cipitate. Finally, the sections were counterstained with hematoxy-
lin and mounted.
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Table 1. Patient background clinical data

Control CRSwNP AFRS
NECRS ECRS

Number (female:male) 8 (3:5) 14 (4:10) 15 (4:11) 8 (1:7)
Age, years 53.1+14.5 439+17.3 48.4+13.5 53.4+12.6
Peripheral eosinophils, /ml 130+48 154+108 451+197% 1 516+419*% T
Peripheral basophils, /ml 23+13 30+20 48+28 67+47% 1
Total IgE, IU/ml 84+104 110+147 178+240 1,005+788% T *
Specific IgE, AU/ml

Fungi 0+0 0.0+£0.1 0.0£0.1 8.7+10.8% " *

SEA + SEB 0+0 0.6+£2.0 0.0+£0.0 0.8+1.6

Mites 3.5+7.5 0.5+1.3 1.9+5.3 1.5+2.0

Cedar pollen 2.5+4.0 3.6+6.8 12.8+27.0 32.5+39.47
Comorbid asthma, n (%) 0/8 (0) 0/13 (0) 6/14 (42.9) 3/8 (67)
Comorbid allergic rhinitis, n (%) 3/7 (42.8) 5/13 (38.5) 9/14 (64.3) 7/8 (87.5)
CT scores (L&M) 0+0 7.9+3.3* 10.2+4.4* 12.5+7.3*
FEV1.0% 89.0+18.0 83.7+11.8 81.3+16.3 73.1£9.4

Values are mean + SE.

*p < 0.05 vs. control; T p < 0.05 vs. NECRS; ¥ p < 0.05 vs. ECRS.

Statistics

Data were summarized and presented as the mean + SD. When
the distribution of data was regular and the dispersion of each
group was equal, one-way ANOVA with repeated measures and
Tukey’s honestly significant difference test were used to compare
more than 2 variables; when the distribution of data was not regu-
lar or the dispersion of each group was not equal, the Kruskal-
Wallis and Steel-Dwass tests were used. Pearson’s product mo-
ment correlation coefficient was applied to define the relationships
between the peripheral eosinophil count and the local ECP level.
Spearman’s rank correlation coefficient was applied to define the
relationships between IgE (serum and local homogenate extracts)
and the local ECP level. All statistical analyses were performed us-
ing SPSS version 16.0J (Chicago, Ill., USA). Significance was estab-
lished at the p < 0.05 level.

Results

Local and Peripheral Eosinophilia

Local ECP levels in NP from ECRS and AFRS were
significantly increased compared with NECRS and the
control subjects, as were peripheral eosinophils (fig. 1a).
The peripheral eosinophil count correlated significantly
with local ECP in the sinus tissues of all subjects (r, =
0.661), suggesting that local eosinophilia can be estimat-

ed from the peripheral eosinophil count before surgery
(fig. 1b).

The Role of Local IgE in Nasal Polyps

Serum and Local Total IgE Levels

Serum total IgE was significantly higher in the AFRS
patients than in the other groups. Both the serum and lo-
cal total IgE levels were significantly increased in AFRS
compared with NECRS and the controls, while only the
local total IgE was significantly increased in ECRS com-
pared with NECRS and the controls (fig. 1c, d).

Expression and Distribution of Local IgE

IgE-positive cells were detected in the subepithelium
from AFRS, ECRS and NECRS, but not the controls
(fig. 2). The number of IgE-positive cells was similar to
the local total IgE results (fig. 1d). Double immunostain-
ings and morphologic findings showed that IgE-positive
cells were mainly involved with plasma cells and mast
cells (fig. 2e, ).

Local IgE Correlated with Local Eosinophilia

The local total IgE correlated significantly with the lo-
cal ECP in all subjects (r; = 0.655), control (r; = 0.810),
CRSwWNP (r, = 0.529) and AFRS (r, = 0.833), suggesting
that the total IgE in the sinus mucosa is related to local
eosinophilia, regardless of the presence of chronic sinus
disease (table 2).

In all subjects, all local fungi-specific IgEs (Aspergillus
rs = 0.585 > Alternaria r, = 0.577 > Penicillium r, = 0.549
> Cladosporium ry = 0.521 > Candida r; = 0.512) corre-
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Fig. 1. Comparisons of local ECP and serum IgE and local total IgE.
Local ECP (a), serum total IgE (c) and local total IgE (d) were com-
pared between CRSWNP (NECRS, ECRS), AFRS and controls.
One-way ANOVA with repeated measures and Tukey’s honestly
significant difference test were used to compare more than 2 vari-

lated more strongly with local ECP than the other local
antigen-specific IgEs (mite (Dp) r; = 0.479 > SEA r, =
0.471 > mite (Df) r;=0.465> SEB r,=0.460). Local pollen-
specific IgE had no correlation with local ECP. Further-
more, not only local IgE, but also serum fungi-specific IgE
(Cladosporium r, = 0.329 > Alternaria r, = 0.311) corre-
lated significantly with the local ECP (table 2).

In CRSwWNP patients, antigen-specific IgEs (Alternaria
rs=0.462 > mite (Dp) ry = 0.444 > Aspergillus r;=0.418 >
SEB 7, = 0.414 > Penicillium ry = 0.394 > mite (Df) r, =
0.370, but not the other fungi, SEA or pollens) in the sinus
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ables. * Significance was established at the p < 0.05 level. b Pear-
son’s product moment correlation coefficient was applied to de-
fine the relationships between the peripheral eosinophil count and
the local ECP level.

mucosa (but none of the serum IgEs) correlated signifi-
cantly with local ECP.

In AFRS patients, antigen-specific IgEs (Penicillium
rs = 0.857 > mite (Df) r; = 0.810 > Alternaria r; = 0.714,
but not the other fungi, SEs or pollens) in the sinus mu-
cosa (but none of the serum IgEs) correlated significantly
with local ECP.

In normal control subjects, the correlation coefticient
(rs) between antigen-specific IgE and local ECP was not
calculated, as local specific IgEs in normal subjects were
almost below the detection threshold.
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Fig. 2. The expression and distribution of local IgE in sinus mu-
cosa and NP. IgE-positive cells (indicated by an arrow) were de-
tected in AFRS (d), ECRS (c) and NECRS (b) subepithelium, but
not in controls (a). e IgE (red)/mast cell chymase (brown) double
immunostaining shows that both markers are positive for mast

cells with IgE (A), while the cell single-stained with IgE (red) looks
morphologically like a plasma cell (A). f IgE (red)/plasma cells
(brown) double immunostaining shows that both markers are pos-
itive for plasma cells with IgE (A), and the cell single-stained with
IgE (red) looks morphologically like a mast cell (A).

Table 2. Correlation between IgE (serum, local) and the local ECP level

Correlation coefficient ()

Patients (total) Controls CRSwWNP AFRS
serum local serum  local serum local serum local
Total IgE 0.285 0.655%* 0.323 0.810* 0.037 0.529** -0.214 0.833**
Specific IgE
Alternaria 0.311* 0.577** - - - 0.462* -0.119 0.714*
Aspergillus 0.260 0.585%* - - -0.077 0.418* -0.333 0.619
Candida 0.155 0.512%* - - - 0.289 -0.335 0.619
Cladosporium 0.329* 0.521%** - - - 0.340 0.575 0.611
Penicillium 0.222 0.549** - - 0.068 0.394* -0.091 0.857**
SEA 0.130 0.471%* - - -0.050 0.316 -0.109 0.464
SEB 0.207 0.460** - - 0.022 0.414* 0.063 0.469
House dust mite (Dp) 0.131 0.479** - - 0.042 0.444* 0.049 0.659
House dust mite (Df) 0.099 0.465%* - - 0.036 0.370* -0.493 0.810*
Cedar pollen 0.093 0.214 - - -0.007 0.234 -0.240 0.143
Ragweed pollen 0.242 0.214 - - 0.192 0.246 0.023 -0.082

Spearman’s rank correlation coefficient was applied to define the relationships between IgE (serum, local) and the local ECP level.

*p < 0.05; ** p < 0.01.

The Role of Local IgE in Nasal Polyps
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Discussion

We found that local total IgE and antigen (fungi, mites
and SEs)-specific IgEs in nasal polyps are related to local
eosinophilic inflammation of CRSWNP and AFRS. These
conclusions are based on the following observations. (1)
Local total IgE was significantly increased in both ECRS
and AFRS compared with NECRS and the controls. (2)
Serum total IgE was significantly higher in AFRS patients
than in the other groups. (3) IgE-positive cells were im-
munohistochemically detected in AFRS, ECRS and
NECRS subepithelium, but not in controls. (4) The local
total IgE correlated significantly with the local ECP, re-
gardless of the presence of chronic sinus disease. (5) In
total subjects, all local fungi-specific IgEs correlated more
strongly with local ECP than the other local antigen-spe-
cific IgEs. (6) In CRSWNP patients, antigen-specific IgEs
(Alternaria > mite (Dp) > Aspergillus > SEB > Penicillium
> mite (Df), but not the other fungi, SEA or pollens) in
the sinus mucosa (but not serum IgEs) correlated signifi-
cantly with local ECP. (7) In AFRS patients, antigen-spe-
cific IgEs (Penicillium > mite (Df) > Alternaria, but not
other fungi, SEs or pollens) in the sinus mucosa (but not
serum IgEs) correlated significantly with local ECP.

Although the role of local IgE production plays against
SEs and mites in the pathogenesis of CRSWNP has been
described [7-10], our findings indicate that fungi are also
important allergens that cause eosinophilic inflamma-
tion, not only in AFRS but also in CRSwNP. Fungi are
environmentally ubiquitous and, except when invasive,
are generally not looked upon as being harmful/patho-
logical. However, epidemiological and clinical reports
recognize associations between asthma and allergic dis-
eases and the presence of, or exposure to, airborne fungi
such as Alternaria (in North America), Cladosporium and
Aspergillus (in Europe) [12]. Allergic sensitivity to, and
the airborne presence of, Alternaria are associated with
the development and persistence of asthma [13]. In a
large multi-country, cross-sectional study, sensitization
to Alternaria or Cladosporium, but not to pollens or cats,
was found to be a significant risk factor for severe asthma
(odds ratio: 2.34) [14], while exposure to Alternaria was
arisk factor for respiratory arrest in patients with asthma
[15]. In vitro, Alternaria can directly induce eosinophilic
activation and degranulation [16-18]. It also induces Th2
cytokine production in the human airway epithelium, the
initial interface with airborne pathogens and allergens
[19]. Thus, both acquired and innate immune responses
to environmental fungi may increase the production of
cytokines and provide the cellular activation signals that
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lead to eosinophilic inflammation in both AFRS and
CRSwNP patients.

We also found actual amounts of local IgE and IgE-
positive cells in NP, suspecting the possibility of local IgE
production. Previous reports support our data, showing
that nasal mast cells [20] and basophils [21] induce IgE
synthesis. Allergen-driven class switching to IgE was con-
firmed in the nasal mucosa [22, 23]. A recent study indi-
cated that both Th17 cellsand IL-17 promote IgE produc-
tion and exert direct proallergic effects at the level of B
cells [24]. IL-17 expression was associated with allergic
diseases, such as asthma [25] and CRSWNP comorbid
with asthma [26]. Here, we showed that both the serum
and local total IgE levels were significantly increased in
AFRS, while only local total IgE, but not serum IgE, was
increased in ECRS. Furthermore, local total IgE and local
ECP of AFRS were more strongly correlated than those of
CRSwNP. These results suggest several possible pathoge-
netic scenarios for AFRS and ECRS: (1) AFRS is actually
a systemic IgE-mediated disease, (2) local IgE production
is increased in both AFRS and ECRS, but is much higher
in AFRS, and (3) local IgE produced in NP overflows into
a blood vessel in AFRS. AFRS is most likely a hypertro-
phic IgE-mediated disease at both the systemic and local
levels. We still understand only the tip of the iceberg re-
garding the pathogenesis of these diseases, and much fur-
ther investigation is needed.
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