clarify the immunological characteristics. The present
study proposes a new subclassification of CRSwNP,
defined by eosinophilia and neutrophilia in the sinonasal
tissue and secretion.

MATERIALS AND METHODS

Patients

The patients with CRSwNP, visiting the Department of
Otorhinolaryngology, Juntendo University Hospital, Tokyo, Ja-
pan, and undergoing endoscopic sinus surgery between January
2008 and December 2010, were consecutively recruited after
giving informed consent; the clinical profiles were analyzed,
and the H & E samples of the nasal polyps were examined. The
study was approved by the ethics committee of the Juntendo
University Faculty of Medicine.

CRSwNP was diagnosed based on the criteria of the Euro-
pean position article.” The presence of nasal discharge, post-
nasal drainage, nasal obstruction, headache, and anosmia was
recorded and the severity was defined as follows: severe = 3,
moderate = 2, slight = 1, and absent = 0—based on a previous
article.!’ The disease extent on computed tomographic (CT)
scans was categorized according to Lund and Mackay.'” None of
the patients were treated with antibiotics, systemic or topical
corticosteroids, or other immune-modulating drugs for at least 1
month before the surgery. Allergic fungal rhinosinusitis was
excluded by the absence of specific IgE antibodies against fungi,
and the absence of fungi in the sinus effusion using cytological
staining and microbiological examination in the present sub-
jects. Aspirin intolerance was defined as the exacerbation of
nasal symptoms triggered by aspirin or NSAID exposure. The
diagnosis was confirmed in some patients by oral challenge
with aspirin. Polyp recurrence defined as the presence of nasal
polyps in the middle meatus, detected by nasal endoscopy dur-
ing postoperative follow-up, ranged from 15 to 48 months
(28 % 12 months).

Immunohistochemistry

Surgically removed nasal polyps located in the middle me-
atus with CRSwNP were randomly selected and examined for
immunohistochemistry. Ten subjects from whom normal muco-
sal membranes of the sphenoid sinus were removed during sur-
gery for pituitary adenoma were used as controls. The samples
were fixed in 10% formalin, embedded in paraffin wax, proc-
essed routinely, and then prepared as routine semithin sections
(8.5 pm). Immunohistochemistry was performed, as in our previ-
ous reports.®” Briefly, the sections were treated with 0.3% H.O,
to quench endogenous peroxidase and blocked with normal se-
rum after deparaffinization. The sections were treated with
each primary antibody containing 1% bovine serum, and treated
with a cocktail of HQ-labeled antibodies (HQ is a proprietary
hapten covalently attached to the goat antibodies) and a mouse
monoclonal antiHQ-labeled horseradish peroxidase tertiary
antibody. The color was developed by 3, 3'-diaminobenzidine tet-
rahydrochloride chromogen. The primary antibodies were
mouse antihuman major basic protein (MBP) (Abcam, Tokyo,
Japan) 1:3, mouse antihuman neutrophil elastase (Dako, Tokyo,
Japan) 1:100, rabbit antihuman eotaxin (Abcam) 1:30, rabbit
antihuman IL-8 (abcam, Japan) 1:250, rabbit antihuman IL-
17A (Santa Cruz Biotechnology, Santa Cruz, CA) 1:80, mouse
antihuman CD68 1:3, rabbit antihuman Cuw/Zn superperoxide
dismutase (SOD) (Stressgen Bioreagents Corp,) 1:200, mouse
antihuman MUCSAC (BIO SCIENCE FOR THE WORLD,
Santa Barbara, CA) 1:3. The sections were stained by the
Ventana iVEWTM DAB Detection kit using a Ventana
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automated stainer (Ventana Japan K.XK., Yokohama, Japan).
The sections treated with control mouse and rabbit IgG1 served
as negative controls.

Quantification of Eosinophils and Neutrophils
in Tissues

To evaluate the degree of cell infiltration, two of the
authors (N.O., T.K.) independently counted the number of eosin-
ophils and neutrophils determined by H & E stains in the three
fields containing the greatest degree of cellular infiltration
using light microscopy (X 400 magnification). The total number
of eosinophils and neutrophils present with a 10 X 10-mm retic-
ulate present in the eyepiece was determined as the count per
high-power field (HPF). Eosinophilic mucin was defined as
thick, strongly colored mucus in the sinuses, confirmed at sur-
gery and recognized as the presence of eosinophil or eosinophil-
degraded produets in mucus by histology.

Statistics

The data were expressed as the mean+ S.D. Statistical
analyses were made using StatMate IV for Windows (Tokyo, Ja-
pan). Data of three-group comparison were evaluated using
analysis of variance for age; Pearson’s chi-square for the gender
and the recurrence rates; and Kruskal-Wallis one-way analysis
of variance for serum eosinophils, IgE, symptomatic scores, and
CT scores. A two-sample ¢ test was used for a two-group com-
parison of age. Pearson’s chi-square test was used for a two-
group comparison of the gender and the recurrence rates. An
one-way analysis of variance was followed by a Mann-Whitney
test for a two-group comparison of serum eosinophils, IgE,
symptomatic scores, and CT scores. The significance of differen-
ces among the three groups in immunohistochemical parame-
ters was analyzed by one-way analysis of variance. Differences
were considered to be significant if P < 0.05.

To derive cutoff values of eosinophils and neutrophils in
order to define as eosinophilic and neutrophilic CRS, respec-
tively, we divided patients in the derivation set into 10 cells/
HPF. We constructed receiver operating characteristics curves
of the number of patients with polyp recurrence for the number
of eosinophils and neutrophils to find the best cutoff value, and
fitted Cox proportional hazard model to obtain the hazard ratio
and 95% confidence intervals—representing the increase in cut-
off value per 10 cells. The statistical analysis was performed
using a Chi-square test.

RESULTS

Subclassification of Chronic Rhinosinusitis
With Nasal Polyps

One hundred thirty patients with CRSwNP (36
females and 94 males, ranging in age from 13 to 80
years, mean age 54 * 13 years) were enrolled in this
study. The eosinophilic and neutrophilic counts associ-
ated with polyp recurrence are shown in Figure 1. The
patients between 90 and 110 eosinophils/HPF showed
the minimum P values (P = 0.005). The patients with
>20 neutrophils/HPF exhibited the minimum P values
(P = 0.0026). Therefore, eosinophilic and neutrophilic
polyps were defined as eosinophil counts of more than
100 cells/HPF and neutrophil counts of more than 20
cells/HPF, respectively. Noneosinophilic nonneutrophilic
polyps were defined as those with both eosinophil counts
of less than 100 cells/HPF and neutrophil counts of less
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Fig. 1. Association of mucosal eosinophils (A) and neutrophils (B)
with polyp recurrence. To derive cutoff values of eosinophils and
neutrophils in order to define as eosinophilic and neutrophilic
CRS, respectively, the patients were divided in the derivation set
into 10 cells/high-power field (HPF). We constructed receiver oper-
ating-characteristics curves of the number of patients with polyp
recurrence for the number of eosinophils and neutrophils to find
the best cutoff value, and fitted Cox proportional hazard model to
obtain the hazard ratio (HR) and 95% confidence intervals (Cl),
representing the increase in cutoff value per 10 cells. The patients
between 90 and 110 eosinophils/HPF showed the minimum P val-
ues (). The patients with > 20 neutrophils/HPF exhibited the mini-
mum P values (*).

than 20 cells/HPF. On this basis, the eosinophil count
with H& E findings of nasal polyps (Fig. 2A), 130
patients were first classified into 42 patients with eosin-
ophilic type and 88 patients with noneosinophilic type.
Next, 88 noneosinophilic type was divided into 27
patients with neutrophilic type and 61 patients with
noneosinophilic and nonneutrophilic type, based on the
neutrophil count. Furthermore, the activated types of eo-
sinophils and neutrophils were determined by staining
with MBP and neutrophil elastase, respectively. Eosino-
phils positive for MBP were significantly higher in the
eosinophilic group than in the other two groups, both of
which showed marked reductions of infiltrated eosino-
phils (Figs. 2B and 2D). Although the neutrophilic group
showed increased numbers of neutrophil elastase-posi-
tive cells compared to the other two groups, moderate
numbers of neutrophils infiltrated into the nasal polyps
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were recognized in the eosinophilic group (Figs. 2C
and 2D).

Clinical Profiles

Among the three subgroups, there was no signifi-
cant difference in age. The incidence of males was signif-
icantly higher than that of females in the
noneosinophilic nonneutrophilic group compared to the
other two groups. Both the numbers of serum eosino-
phils and the recurrence rates were significantly higher
in the eosinophilic group compared to the other two
groups. The IgE value was significantly higher in the eo-
sinophilic group, followed by the noneosinophilic non-
neutrophilic and neutrophilic groups. Both the
symptomatic and CT scores were significantly higher in
the eosinophilic group than in the neutrophilic group
(Fig. 3).

Next, eosinophilic CRSwNP (n = 42) was divided by
the presence or absence of aspirin-induced exacerbation.
The patients with aspirin-exacerbated eosinophilic
CRSwNP (n = 11) significantly differed from those with-
out evidence of aspirin sensitivity (n = 31) in gender,
but not in the other parameters (Fig. 4). Finally, eosino-
philic CRSwNP patients who evidenced no episodes of
aspirin-induced exacerbation (n = 31) were classified
according to the presence (n = 10) or absence (n = 21) of
eosinophilic mucin in the sinus. The number of serum
eosinophils, IgE values, and CT scores were significantly
higher in mucin eosinophilic CRSwNP than in the non-
mucin group. There were no differences in age, gender,
symptomatic scores, or recurrence rates between mucin
and nonmucin eosinophilic CRSwNP (Fig. 5).

Immunohistochimical Analysis

The immunopathologic features obtained from 42
patients (17 females and 25 males, ranging in age from
21 to 75 years; mean age 53 =13 years) of eosinophilic
(n = 30), neutrophilic (n = 6), and noneosinophilic non-
neutrophilic (n = 6) subgroups of CRSwNP mentioned
above were evaluated according to the expression of
eotaxin, IL-8, IL-17A, CD68, Cu/Zn SOD, and MUC5AC
in the nasal polyp tissues (Fig. 6). The expressions of
eotaxin, IL-17A, MUC5AC, and CD68 were upregulated
in the eosinophilic group compared to the other two
groups. IL-8 expression was significantly decreased in
the noneosinophilic nonneutrophilic group compared to
the other two groups. Cw/Zn SOD-positive cells were sig-
nificantly reduced in the eosinophilic group compared to
the other two groups (Fig. 7). The aspirin-exacerbated
type showed a significant increase in the infiltrated cells
positive for IL-8, IL-17A, and MUC5AC compared to the
aspirin-tolerant type. Significantly different expression
between the mucin and nonmucin types was observed
only in IL-17A.

DISCUSSION

A general grouping of CRS into forms with nasal
polyps and those without nasal polyps has been
accepted.™® CRSwNP in Caucasian populations is

lkeda et al.: Chronic Rhinosinusitis With Nasal Polyp
E3

— 337 —



Neutrophilic

Eosinophilic

A

B

C

D Eosinophil
& P<0.01 a
600 - rma 1 ES0 [
g Zg§ P <0.01 340
2 2
g 400 §30
3 300 2
2 230 £20
2 2
E 100 E10
Z z

0 0
Eo Ne Non-eo Eo

non-ne

believed to be enriched in tissue eosinophils and related
biomarkers.'>'* However, stronger arguments that eo-
sinophils are not the end-all of the CRSwNP pathogene-
sis have been made. The nasal polyps from southern
China have been suggested to poorly express eosino-
philia.'® Based on our previous study,” two positive feed-
back mechanisms of neutrophil accumulation involving
II-18 and IL-8 in the sinus tissues and cavities are
applied to both CRS with and without nasal polyps in
the Japanese population. Thus, the CRSwNP phenotype
forms heterogenous groups, at least in Asian
populations.

The asthma phenotype is postulated to be both clin-
ically and pathologically heterogenous. Four subtypes
have been identified: eosinophilic, neutrophilic, pauci-
granulocytic, or mixed cellularity—depending on the
presence or absence of sputum eosinophils and/or neu-
trophils.*® The inflammatory phenotype of CRSWINP in
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Fig. 2. Subclassification of chronic rhi-
nosinusitis with nasal polyps. (A) H & E
histopathology; (B) immunohistochemi-
cal staining with major basic protein;
and (C) neutrophil elastase in nasal pol-
yps of eosinophilic, neutrophilic, and
noneosinophilic nonneutrophilic types
were presented. (D) The numbers of
activated eosinophils and neutrophils
infiltrated in nasal polyps were eval-
uated in eosinophilic (Eo, n = 30), neu-
trophilic (Ne, n= 6), and
noneosinophilic nonneutrophilic (Non-eo
non-ne, n = 6) groups.
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the present study was subclassified into eosinophilic,
neutrophilic, and noneosinophilic nonneutrophilic types,
according to the presence or absence of eosinophils and/
or neutrophils in the tissues.

The definition of mucosal eosinophilia in CRSwNP
is still controversial. Soler et al.'® used a cut-point of >5
eosinophils/HPF to define clinically relevant mucosal eo-
sinophilia based on in vivo evidence of eosinophil activa-
tion.!” More currently, '® they observed the impact of
eosinophilia on quality-of-life outcome above 10 eosino-
phils/HPF. On the other hand, the molecular and biologi-
cal nature of nasal polyps in the Japanese population
seems to be different than those of Western countries.
Matsuwaki et al.'® documented that <120 eosinophils/
HPF was most strongly correlated with the recurrence
of CRS. Moreover, from the same group of the study, the
patients with >70 eosinophils/HPF had the highest re-
currence rate of nasal polyps.2® Therefore, the present
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Fig. 6. Immunohistochemistry of
eotaxin, IL-8, IL-17A, CD68, Cu/Zn
superperoxide dismutase (SOD),
MUCSAC in eosinophilic, neutro-
philic, and noneosinophilic nonneu-
trophilic (Non-eo non-ne) groups of
chronic rhinosinusitis with nasal
polyps.
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results of cutoff values of eosinophils/HPF are very con-
sistent with the previous studies in the Japanese
population.

Tissue eosinophilia in CRS is thought to be related
to more extension disease and a decreased likelihood of
surgical success.?’® Serum eosinophilia had a worse
prognosis and extensive sinus disease.***?® In the pres-
ent study, eosinophilic CRSwNP was characterized by
serum eosinophilia, atopy, extensive disease, and poor
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prognosis compared to the other two subgroups. A signif-
icant difference between neutrophilic and noneosino-
philic nonneutrophilic subgroups was recognized only in
gender and total IgE values. Thus, the eosinophilic type
can be clearly distinguished from noneosinophilic types
on the basis of the clinical profiles.

Revision surgery rates and recurrence rates follow-
ing endoscopic sinus surgery are higher in patients with
aspirin intolerance compared to those with aspirin
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tolerance.*™2% However, that no significant difference in
the recurrence rates between aspirin tolerance and intol-
erance was found in the present study may be due to
the shortness of the postoperative follow-up periods.”
Although the clinical profiles showed no significant dif-
ferences between the aspirin-intolerant and tolerant
types, immunohistochemical parameters such as I[L-8,
IL-17A, and MACSAC were significantly upregulated in
the aspirin-intolerant type, suggesting severe inflamma-
tion. The disease with eosinophilic mucin is postulated
to be broadly divided into nonfungal and fungal catego-
ries.?? The present study excluded CRSwNP related to
fungus based on the negative fungal-specific IgE and the
absence of fungal hyphae examined by histopathology
and bacteriology of the mucous. Serum eosinophilia, at-
opy, and disease severity, based on the CT scores demon-
strated in CRSwNP in the presence of eosinophilic
mucin, would be the characteristic clinical feature of
mucin CRSwNP.

Eotaxin and IL-8 exhibit potent and selective che-
moattractive activities for eosinophils and neutrophils,
respectively. Eosinophil-dominant polyps of CRSwNP are
reported to show significant expression of eotaxin com-
pared to noneosinophilic CRSwNP,® which was also con-
firmed by the present study. FEotaxins (eotaxin-1, 2, 3)
have a preference in the activation of eosinophils via a
single C-C chemokine receptor, the CCR-3. Thus, eotaxin
and selective CCR-3 receptors differentiate the thera-
peutic approach. IL-8 expression is highly observed in
the sinonasal mucosa in CRS with neutrophil-rich secre-
tion.® One of the target molecules of macrolide therapy
for CRS is IL-8, which is produced in neutrophils, eosin-
ophils, and epithelial cells.” The present findings that
IL-8 was highly expressed in eosinophilic CRSwNP, as
well as in the neutrophilic group, may support the idea
that macrolide therapy is also effective in the eosino-
philic-dominant pathology of CRSwNP.> These two che-
mokines are secreted in nasal discharge, which may
represent potential candidates of diagnostic biomarkers
to distinguish between eosinophilic and neutrophilic
CRSwNP.

The increased expression of IL-17A in asthmatic
lungs is proposed to induce the increased accumulation
and activation of lung neutrophils and neutrophil-
activating cytokines.*' However, the localization of
IL-17A expression predominantly coincided with eosino-
phils and CD4-positive lymphocytes in Japanese
CRSwNP. The infiltration of the cells both positive for
CD4 and IL-17A (Th17 cells) showed a significant corre-
lation with the number of eosinophils and mucosal
remodeling in Japanese populations.”*? The present
study showed that eosinophilic CRSwNP had a moderate
number of neutrophils (Fig. 2), indicating the involve-
ment of neutrophilic inflammation. Neutrophils are
recruited by IL-8, which is mediated by IL-17A in asth-
matic airways.?® Taken together, Th17 cells may play a
key role in regulating the recruitment of both eosino-
phils and neutrophils in eosinophilic CRSwNP, at least
of Asian populations. Furthermore, the significant up-
regulation of IL-17A expression in aspirin-exacerbated
and mucin types supports the idea that the eosinophil-
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dominant pathway of Asian nasal polyps is driven by
Th17 cells.

In our results, the number of macrophages with CD
68-positive reactions was higher in the eosinophilic type
than in the other two types. Macrophages, as well as eo-
sinophils, are known to produce cytotoxic agents such as
oxidants and metalloproteinases.®* The mucosal remod-
eling in eosinophilic CRSwNP may be associated with
the infiltration of macrophages as well as eosinophils.
On the other hand, there is a cytoprotective mechanism
against oxidative stress. We previously demonstrated
that heme-oxidase-1—an enzyme-catabolizing heme to
produce monoxide, free iron, and biliverdin—showed
reduced expression in eosinophilic CRSwNP.*® Another
endogenous antioxidant enzyme, Cu/Zn SOD, which was
gshown to be downregulated in eosinophilic CRSwNP in
the present study, may result from consumption of the
enzyme by neutralizing reactive oxidative species pro-
duced by eosinophils and macrophages.

Mucus hypersecretion and persistent airway in-
flammation result from increased expression of the
MUCSAC mucin gene,*® which is induced by IL-17A.%7
The upregulation of MUCBHAC expression in eosinophilic
CRSwNP implies the underlying mechanism of mucus
hypersecretion.

CONCLUSION

The eosinophilic CRSwNP phenotype is clinically
characterized by serum eosinophilia, atopy, extensive
disease, and poor prognosis compared to the neutrophilic
and the noneosinophilic nonneutrophilic groups. We
clearly demonstrated that all three subgroups of
CRSwNP had characteristic differences in those inflam-
matory markers, which allows for pathophysiologically
meaningful differentiations with likely therapeutic
consequences.
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Pathophysiology and Treatment Strategy of Chronic
Rhinosinusitis with Nasal Polyps

Katsuhisa Ikeda

(Juntendo University Graduate School of Medicine)

Although chronic rhinosinusitis (CRS) is a multifactorial disease in a heterogenous group of diseases
with different underlying etiologies and pathophysiologies, European and US studies have proposed its
classification into four categories, i) acute bacterial rhinosinusitis, ii) CRS without nasal polyps, iii) CRS
with nasal polyps (CRSwNP), and iv) allergic fungal rhinosinusitis. The histomorphological patterns of
CRSwNP are characterized by Th2-driven immune responses including the predominance of eosinophils
and mixed mononuclear cells with a relative paucity of neutrophils. Differing from European and US
patients, Japanese patients with CRSwNP are thought to be subdivided into eosinophil-dominant,
neutrophil-dominant, and eosinophil- and neutrophil-paucity types. The subclassified categories of
CRSwNP were evaluated and supported by the clinical backgrounds such as disease severity, atopic status,
recurrence, etc. Furthermore, the expression patterns of inflammatory parameters in each group were
compared in order to clarify the immunological characteristics.

The treatment strategy for eosinophilic CRS is as follows. In selective patients showing extensive
and massive sinonasal pathology a 7-day course of oral predonisolone tablets was administered before and/
or after endoscopic sinus surgery (ESS). A short-term (3 to 5 days) of oral predonisolone was administered
when olfaction judged by the self smell test was aggravated. Moreover, antibiotics were orally given in
the presence of massive purulent nasal discharge. Bacterial infection may play a critical role in recurrent
polyps and refractory symptoms during post-ESS follow-up. Moreover, worsening of sinusitis accompanies
asthma exacerbation.

Keywords : pathophysiology, treatment, chronic rhinosinusitis, nasal polyp, classification
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Abstract

Background: Eosinophils generate large amounts of oxidant
species. The eosinophil-dominant type of chronic rhinosi-
nusitis (CRS) with nasal polyps is related to more extensive
disease and a decreased likelihood of surgical success. Super-
oxide dismutase (SOD) is the first-line and only antioxidant
enzyme that converts superoxide to hydrogen peroxide.
Methods: The patients with CRS with nasal polyps were di-
vided into eosinophilic and noneosinophilic groups. The ex-
pression of three isoforms of SOD, intracellular copper-zinc
SOD (CuZnSOD), mitochondrial manganese SOD (MnSOD)
and extracellular SOD (ECSOD), were examined by enzyme
activity assay, immunohistochemistry and quantitative real-
time RT-PCR sampled by laser capture microdissection. Re-
sults: SOD activity in the eosinophilic and noneosinophil-
ic groups was significantly reduced compared to that of
the control groups. Immunostaining of both CuZnSOD and
MnSOD in the eosinophilic group was significantly decreased
compared with that in the noneosinophilic and control
groups. CuZnSOD mRNA of the eosinophilic group was sig-
nificantly decreased compared with that of the control

group, whereas MnSOD mRNA in the eosinophilic group was
significantly decreased compared with that in the noneosin-
ophilic and control groups. Neither immunoreactivity nor
mRNA of ECSOD was different among the three groups. The
degree of epithelial damage and disease severity were in-
versely correlated with CuZnSOD and MnSOD immunoreac-
tivity. Conclusions: The reduction in SOD activity and the
downregulation of the SOD message are suggested to be re-
lated to eosinophil recruitment and epithelial damage of CRS
with nasal polyps. Copyright © 2013 S. Karger AG, Basel

Introduction

Chronic rhinosinusitis (CRS) is defined as persistent
inflammation of the nasal and paranasal cavity mucosa
lasting 23 months [1]. Based on an epidemiological study,
CRS affects 12.5% of the population in the United States
[2]. The prevalence and medical costs of CRS are increas-
ing and have become important social issues.

The histomorphological pattern of CRS with nasal pol-
yps is characterized by the predominance of eosinophils
and mixed mononuclear cells, and the relative paucity of
neutrophils. CRS with nasal polyps associated with mu-
cosal infiltration of eosinophils may be regarded as eo-
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sinophilic CRS due to the distinctive feature of tissue eo-
sinophilia [3], which is more refractory to surgical treat-
ment and is frequently associated with bronchial asthma.
The histopathological features of asthma, including tissue
eosinophils, epithelial damage and basement membrane
thickening of the lower airways, are also observed in si-
nonasal specimens with CRS [4]. Epithelial damage in
asthma is thought to be a consequence of ongoing inflam-
mation, bronchoconstriction and host susceptibility fac-
tors [5]. We found a significant correlation between base-
ment membrane thickness and eosinophilic infiltration
into both the epithelial and subepithelial layers of the na-
sal polyps of CRS [6].

Eosinophils have some cytotoxic mediators such as eo-
sinophilic peroxidase, which can be produced during ox-
idative stress, resulting in severe damage to the epithelia
[7]. The role of oxidative stress in the pathogenesis of na-
sal polyps has been recognized recently. High levels of
malondialdehyde, one of the metabolites of free radical-
mediated lipid peroxidation, were observed in nasal pol-
yps [8, 9]. Moreover, free radical levels in nasal polyps
were associated with nasal polyp severity [10, 11]. The
overproduction of free radicals and decrements in the an-
tioxidant system can both cause tissue injury. We previ-
ously demonstrated that heme oxygenase-1, a cytoprotec-
tive enzyme against oxidant, is reduced in epithelial cells
in CRS with eosinophilic infiltration [12].

Superoxide dismutase (SOD) is the most important
antioxidant enzyme system against free radicals and the
decomposition of superoxide radicals into H,O, in the
human lung. SODs are composed of three isoforms of in-
tracellular copper-zinc SOD (CuZnSOD), mitochondri-
al manganese SOD (MnSOD) and extracellular SOD
(ECSOD). Previous studies regarding the measurement
of SOD activities in nasal polyps are still controversial.
Karlidag et al. [13] and Cannady et al. [14] reported that
the enzyme activity of SOD was lower in the nasal polyps
than in the normal inferior turbinate. In contrast, SOD
activity has been reported to be unchanged in the nasal
polyps compared with the normal middle turbinate.
Cheng et al. [15] reported that the expression profiles of
SOD isoforms could be determined by reverse transcrip-
tion-polymerase chain reaction (RT-PCR), enzyme-
linked immunosorbent assay and Western blotting, and
found that the expression of both CuZnSOD and ECSOD
was higher in polyp tissue. However, previous reports
did not focus on eosinophilic infiltration into nasal pol-
yps. Herein, we examined the enzymatic activity, localiza-
tion of the protein and expression of the message of SOD
from the viewpoint of eosinophilic inflammation. Fur-
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thermore, we analyzed the relationship between SOD ex-
pression and epithelial damage. This study will provide a
helpful key to determining whether SOD would be a pro-
tective factor for eosinophilic CRS and a new tool for
ameliorating eosinophilic CRS.

Patients and Methods

Patients

Cases of CRS with nasal polyps were diagnosed based on the
criteria of the European position paper [16]. The disease extent on
computed tomographic (CT) scans was categorized according to
Lund and Mackay [17]. None of the patients were treated with sys-
temic corticosteroids or other immune-modulating drugs for at
least 1 month before surgery. All patients gave their written in-
formed consent, and the study was approved by the Ethics Com-
mittee of the Juntendo University Faculty of Medicine.

Sampling of Tissue Specimens

Tissue specimens were obtained from nasal polyps located in
the middle meatus. Control samples were obtained from normal
mucosal membranes of the sphenoid sinus removed during sur-
gery for pituitary adenoma. A part of each sample was fixed in 10%
formalin embedded in paraffin wax, processed routinely and
stained with hematoxylin-eosin. The patients were classified into
2 groups according to our recent report [18]. The eosinophilic and
noneosinophilc groups were defined as eosinophil counts of the
nasal polyp of more and less than 100/microscopic field (magnifi-
cation: x400) using 3 fields, respectively. Eosinophils were quanti-
fied in the foci of the densest cellular infiltrate. The length of epi-
thelial sloughing was expressed as a percentage of the total epithe-
lial length. The residual sample tissue of the nasal polyps was used
for the enzyme activity assay, immunohistochemistry and quanti-
tative real-time RT-PCR. However, due to the amount of the sam-
ples or the conditions of preparation, these three series of experi-
ments could not be performed using samples from all the patients.

SOD Activity

The tissue samples were homogenized using a bead-based ho-
mogenizer. After centrifugation at 78,000 g for 60 min at 4°C, the
upper clear layer was taken. The total protein concentration was
measured by a Pierce 660-nm protein assay reagent (Thermo Sci-
entific Pierce, Japan). SOD activity was assayed using an SOD assay
kit (WST; Dojindo Laboratories, Japan) according to the manufac-
turer’s instructions.

Immunohistochemistry

Nasal polyps were fixed in 10% formalin, embedded in paraffin
wax, processed routinely and then prepared as routine semithin
sections (3.5 pm). The primary antibodies were CuZnSOD 1:200,
MnSOD 1:500 and ECSOD 1:2,000. Rabbit anti-human CuZnSOD
and MnSOD was obtained from Stressgen Bioreagents (USA).
Rabbit anti-human ECSOD was obtained from Abnova (USA).
The sections were stained by a Ventana iVIEW DAB detection kit
using a Ventana (USA) automated stainer (NexES IHC). The sec-
tions treated with control rabbit and mouse IgG1 served as nega-
tive controls.
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Table 1. Clinical and epidemiologic profiles of the study groups

Control p value
“(n=20) e
Age, years 49.5+12.3 49.8+18.8 60.9+17.0
Gender, male/female 21/10 18/10 10/10
Symptomatic score 11.8+2.43 8.91+2.21 <0.01
CT score 19.7+5.08 12.7+4.61 <0.001
Peripheral blood eosinophils, n/ul 640.1+£303.9 143.0x118.2 <0.001
Tissue eosinophils, n 325.7+£198.7 23.2+244 <0.001
Laser Capture Microdissection
Frozen sections, microdissected (8 um) on a laser capture micro- ¥k
dissection system (Leica DMLA, Leica Microsystems, Germany), €0 - : % ‘
were immediately fixed in 99.5% ethanol. Atleast 500 epithelial cells 1
were microdissected from cryosections. 50 - ©

Quantitative Real-Time RT-PCR

Total epithelial RNA was extracted from the microdissected
samples using an RNeasy micro kit (Qiagen, Germany). cDNA was
synthesized from total epithelial RNA with the PrimerScript II
first-strand cDNA synthesis kit (TAKARA Bio, Japan). Real-time
RT-PCR was performed for CuZnSOD, MnSOD and ECSOD us-
ing a 7500 fast real-time PCR system (Applied Biosystems, USA)
and TagMan gene expression assays (assay identification Nos.
Hs00533490_m1, Hs00167309_m1 and Hs00162090_m1) accord-
ing to the manufacturer’s specifications. Data analysis was done on
Applied Biosystems 2.0.1 software. All results were normalized to
B-actin to compensate for differences in the amount of cDNA (as-
say identification No. Hs99999903_m1).

Statistical Analyses

Data were expressed as means + SD. Student’s t test was used
for age, gender, symptomatic score, CT score, and eosinophils in
the serum and tissue. One-way ANOVA was used for SOD activ-
ity, immunohistochemistry and quantitative real-time RT-PCR.
Pearson’s correlation coefficient was applied to assess the relation-
ships among the rate of SOD-positive epithelial cells, CT score and
degree of epithelial damage. Statistical analysis was performed us-
ing State Mate IV for Windows. * p < 0.05 was considered as sta-
tistically significant.

Results

Clinical Background

Clinical and epidemiologic data are shown in table 1.
There were no significant differences in age or gender
among the eosinophilic, noneosinophilic and control
groups. Four clinical parameters such as symptomatic
score, CT score, blood eosinophils and tissue eosinophils
were significantly higher in the eosinophilic group than
in the noneosinophilic group.

SOD in Eosinophilic Nasal Polyps
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: - . -
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Fig. 1. Decreased activity of SOD in eosinophilic and noneosino-
philic CRS with nasal polyps compared with the control group.
Numbers of samples are given in parentheses; * p < 0.05; ** p < 0.01.

SOD Activity

SOD activity was examined in the eosinophilic and
noneosinophilic CRS with nasal polyps as well as control
sinus mucosa (fig. 1). SOD activity of the eosinophilic and
noneosinophilic groups was significantly lower than that
of the control group. The eosinophilic group tended to
show reduced SOD activity compared with the noneosin-
ophilic group, but no significant difference was found.

Immunohistochemical Study

The labeling localization and distribution of the three
SOD isoforms were determined using immunohisto-
chemistry (fig. 2). CuZnSOD immunoreactivity was
mainly observed in the epithelium, fibroblasts and vascu-
lar endothelium in normal sinus mucosa. In the epithe-
lium, CuZnSOD was expressed most prominently in cili-
ated epithelial cells. MnSOD was moderately to highly
expressed in epithelial cells and vascular endothelium.
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Fig. 2. Histochemical localization and distribution of SOD in nasal polyps. Arrows indicate epithelial cells; arrow
heads fibroblast, and asterisks indicate vascular endothelium.

On the other hand, weak expression of ECSOD was ob-
served in fibroblasts and vascular endothelium as well as
epithelial cells. Immunoreactivity for SOD isoforms was
semiquantitatively assessed in epithelial cells (fig. 2, 3). A
significant reduction in immunopositivity for CuZnSOD
and MnSOD in eosinophilic CRS was recognized in com-
parison with the noneosinophilic and control groups
(fig. 3a,b). In contrast, there was no difference in ECSOD
among the three groups (fig. 3c).

Real-Time Quantitative PCR

In order to obtain selective sampling of the cells en-
riched with target molecules, we applied laser capture mi-
crodissection to histological sections of nasal polyps. In-
formation on the mRNA expression of SOD in epithelial
cells by real-time quantitative PCR is shown in figure 4.
The CuZnSOD mRNA levels in eosinophilic CRS were
significantly decreased compared with those of the con-
trols (fig. 4a). Although not statistically significant, the
CuZnSOD mRNA levels in the eosinophilic group tended
to be lower than those of the noneosinophilic group. A
significant downregulation in the MnSOD message was
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seen in the eosinophilic group compared with those of the
other two groups (fig. 4b). ECSOD mRNA in epithelial
cells showed no difference among the three groups
(fig. 4c).

Relevance of SOD Expression to Disease Severity and

Epithelial Damage

CT scores were significantly and inversely correlat-
ed with the reduction in SOD activity in CRS with nasal
polyps. The correlation between immunopositivity for
CuZnSOD and MnSOD with the degree of epithelial
damage was evaluated using all samples from CRS with
nasal polyps. The epithelial damage had a significantly
inverse correlation with the rate of both CuZnSOD- and
MnSOD-positive epithelial cells (fig. 5).

Discussion
The present study first and clearly demonstrated that

eosinophilic infiltration and resultant tissue damage in
CRS with nasal polyps is characterized by a disruption
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