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Introduction

Chronic rhinosinusitis (CRS) represents a heterogeneous disease
group characterized by local inflammation of the sinonasal tissues.!
It has been defined as symptomatic inflammation of the sinonasal
mucosa that lasts more than 12 weeks as confirmed by computed
tomography (CT) and nasal endoscopy.” Generally, CRS is divided
into 2 subsets based on endoscopic findings: CRS with nasal polyps
(CRSWNP) and CRS without nasal polyps (CRSsNP).?

In Europe and the United States, eosinophilia is evident in nasal
polyps (NPs) from patients with CRSWNP. In contrast, heteroge-
neity of CRSWNP has been reported in East Asian countries, such as
Japan, Korea, and China, where the presence and extent of eosin-
ophilia are variable and a significant proportion of NPs do not
manifest local eosinophilia.” Although the pathogenesis of CRS
remains controversial, eosinophilic inflammation is considered at
least partly responsible.

Eosinophilic NPs contain an environment enriched for Ty2
cytokines, including interleukin (IL) 4, IL-5, and IL-13.° Ty2 cyto-
kines are believed to contribute to the pathogenesis of eosinophilic
CRSWNP, with IL-5 and IL-13 inducing eosinophil recruitment and
promoting their activation and IL-4 promoting the switching of the
immunoglobulin to the IgE isotype.”

Basophils are reportedly increased in the bronchial submucosa
of asthmatic patients and the nasal submucosa of patients with
allergic rhinitis.>? Research is increasingly addressing the role of
basophils in inducing Ty2-type responses.'? Although CRSwWNP is a
highly Ty2-biased disease, making the involvement of basophils
likely, there are few reports of the involvement of basophils in CRS.!
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We performed a histologic analysis of eosinophils, basophils,
and T cells in NPs. We also studied the association among the
basophil count, clinical features, and severity on sinus CT.

Methods
Patients

We included 33 patients (26 men and 7 women) with CRSWNP
who were surgically treated in the Department of Otolaryngology,
The University of Tokyo Hospital, Tokyo, Japan, from September 1,
2009, through December 31, 2012. Written informed consent was
obtained from each patient. The mean age was 58.1 years (range,
40-76 years) at the time of surgery. CRSWNP was diagnosed
based on the criteria of the European Academy of Allergology and
Clinical Immunology position article. It required endoscopic
evidences of NPs and 2 or more of the following symptoms for at
least 3 months: blockage or congestion, discharge (anterior or
posterior drip), facial pain or pressure, and reduction or loss of
smell.'?

We excluded patients with CRSWNP associated with chronic
obstructive pulmonary disease, diffuse panbronchiolitis, Churg-
Strauss syndrome, cystic fibrosis, and any congenital mucociliary
diseases. In addition, patients who had received systemic cortico-
steroids or other immunomodulating drugs within 1 month before
surgery were also excluded.

The patients were divided into an eosinophilic CRS (ECRS) group
and a noneosinophilic CRS (non-ECRS) group. Categorization was
based on the eosinophil count in a microscopic field (original
magnification x400) of the subepithelial area of a hematoxylin-
eosin (H&E)—stained NP section. The cutoff value for the ECRS
group was an eosinophil count greater than 50 cells per field. The
non-ECRS group did not fulfill this criterion.

Before surgery, each patient underwent CT of the sinuses, and
the Lund-Mackay CT score was determined.”” The score was

1081-1206/© 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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calculated by assigning scores of 0, 1, or 2 for maxillary, anterior
ethmoid, posterior ethmoid, frontal, and sphenoid sinuses and 0 or
2 for the ostiomeatal complex for right and left sides. The total
score ranged from O to 24.

The local ethics committee of The University of Tokyo Hospital
approved the study. Informed consent was obtained from each
patient before collecting the samples.

Sampling and Immunohistochemical Analysis

The NP specimens were harvested during endoscopic sinus
surgery. Each sample was fixed in 10% formalin, embedded in
paraffin, sectioned at 4-um thicknesses, mounted on Matsunami
adhesive silane—coated slides (Matsunami Glass, Osaka, Japan), and
used for H&E staining and immunohistochemical analysis.

After deparaffinization and rehydration, sections were subjected
to heat-induced antigen retrieval using a citrate buffer solution
(Mitsubishi Chemical Medience Corporation, Tokyo, Japan). For
endogenous peroxidase inhibition, 3% hydrogen peroxidase was
used. Fetal bovine serum was used to block nonspecific binding.
The following primary antibodies were used for identifying
inflammatory cells in the specimens: antihuman proform of
eosinophil major basic protein (proMBP-1; mouse monoclonal,
clone J175-7D4; BioLegend, San Diego, California), anti-CD3 (rabbit
monoclonal, clone SP7; Nichirei, Tokyo, Japan), anti-CD4 (rabbit
monoclonal, clone SP35; Acris Antibodies Inc, San Diego, Califor-
nia), and anti-CD8 (mouse monoclonal, clone C8/144B; Nichirei).
Color development was achieved with 3,3’-diaminobenzidine,
which rendered positive cells brown. Finally, sections were coun-
terstained with hematoxylin and mounted.

Cell Counting

To determine the degree of eosinophil infiltration in the tissues, 2
of the authors (RK. and K.K.) independently and manually counted
the number of infiltrated cells in 5 random fields. H&E sections under
light microscopy at high magnification (original magnification x400)
were used in a masked manner. The numbers of basophils, T cells,
CD4™" Tcells, and CD8™ T cells were counted in a same manner using
sections that were immunostained for each cell type.

Cytospin and May-Griinwald-Giemsa and Immunohistochemical
Staining

To confirm the specificity of the antihuman proMBP-1 antibody
for basophils, we prepared smears of blood basophils, blood
eosinophils, NP eosinophils, and NP mast cells as follows.

Human peripheral blood was obtained from a healthy volunteer.
Peripheral blood leukocytes were isolated using Polymorphprep
(Axis-Shield PoC AS, Oslo, Norway) according to the manufac-
turer’s protocol. NP specimens harvested from 2 patients were
digested separately by Dispase (4 mg/mL; Gibco, Carlsbad, Cali-
fornia) for 60 minutes at 37°C in Dulbecco modified Eagle medium
(supplemented with 10% fetal calf serum, 100 U/mL of penicillin,

Table 1
Patient characteristics

Abbreviations: AR, allergic rhinitis; ECRS, eosinophilic chronic rhinosinusitis; non-ECRS, noneosinophilic chronic rhinosinusitis; NPs, nasal polyps.

%P < .001.

and 100 U/mL of streptomycin). Contaminating erythrocytes were
removed by hypotonic lysis. After washing, the cells were resus-
pended in complete RPMI 1640 medium.

Basophils (CD45%, CD3~, CD14™, CD167, CD19~, CD20~, CD34~,
(D567, FceRl high, and CRTH2") and eosinophils (CD45", CD3™,
(D147, CD167, CD197, CD207, CD34~, CD567, FceRI™, and CRTH2™")
were obtained from the peripheral blood of a healthy volunteer and
patients with NPs. Mast cells (CD45", CD3™, CD147, (D167, CD19",
CD207, CD34~, CD567, FceRI high, and c-kit+) were obtained from
patients with NPs. The cells were sorted by a FACS Aria 3 flow
cytometer (BD Biosciences, San Jose, California) and transferred to
slides in a cytospin centrifuge. Some of the slides were immediately
fixed in methanol for 5 minutes and stained with May-Griinwald-
Giemsa following standard protocols. The remaining slides were
fixed in methanol overnight. We then performed immunohisto-
chemical staining with the antihuman proMBP-1 antibody for
basophils. Images were captured using a Keyence microscope with
a digital camera.

Statistical Analysis

Statistical analyses were performed using SPSS statistical
software (SPSS Inc, Chicago, Illinois). The significance of the
between-group differences in the age, Lund-Mackay score, blood
eosinophil counts, and immune cell counts in NPs was determined
using the Mann-Whitney test. In the ECRS group, simple linear
regression analyses were performed to evaluate the association of
each parameter with the Lund-Mackey score based on the
assumption that the score reflected the severity of CRSWNP. After
considering confounding variables, multiple linear regression
analyses were performed to assess which parameter contributed
most to the score. P < .05 was considered statistically significant.

Results
Clinical Characteristics of ECRS and Non-ECRS Patients

Of the 33 patients included in the study, 14 were classified into
the ECRS group and 19 into the non-ECRS group. The ECRS group
included 1 woman and 13 men, whereas the non-ECRS group
included 6 women and 13 men. The mean (SE) values for key
parameters were as follows. Mean ages in the ECRS and non-ECRS
groups were 57.5 (9.3) years (range, 42—76 years) and 58.5 (9.8)
years (range, 40—72 years), respectively. Mean percentages of
eosinophils among total leukocytes in the peripheral blood of the
ECRS and non-ECRS groups were 5.5% (1.3%) (range, 3.1%—7.1%) and
2.3% (1.9%) (range, 0.4%—7.4%), respectively. Mean Lund-Mackay
scores in the ECRS and non-ECRS groups were 10.6 (5.2) (range,
4-19) and 9.2 (3.8) (range, 1-16), respectively. In the ECRS group, 3
patients had allergic rhinitis, 2 had asthma, and the remaining 9
had no relevant comorbidities. In the Non-ECRS group, 3 patients
had allergic rhinitis, 1 had asthma, and the remaining 15 had no
relevant comorbidities. The data are summarized in Table 1.
Between the 2 groups, there were no significant differences in
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Figure 1. Hematoxylin-eosin staining (A—D) and antihuman proform of eosinophil major basic protein antibody immunohistochemical staining (E—H) smears. Blood
basophils (A and E), blood eosinophils (B and F), nasal polyp eosinophils (C and G), and nasal polyp mast cells (D and H) are shown. Scale bar represents 100 pm.

either age or Lund-Mackay scores, but blood eosinophil counts
were significantly higher (P <.001) in the ECRS group.

May-Griinwald-Giemsa and Immunohistochemical Staining

In the smear of blood basophils, most cells were positive for the
proMBP-1 antibody. In contrast, blood eosinophils, NP eosinophils,
and NP mast cells were negative for the antibody. Images of each
smear are shown in Figure 1.

Immunohistochemical Analysis of the Basophils and T Cells in NPs

We counted the number of cells positive for proMBP-1 (baso-
phils), CD3 (T cells), CD4, and CD8 using immunohistochemical

staining in the NP sections from ECRS and pon-ECRS patients.
Typical images of the H&E and immunohistochemical staining are
shown in Figures 2 and 3.

Figure 4 shows that there were significantly more basophils in
NPs of the ECRS group compared with the non-ECRS group.
Conversely, there were significantly fewer CD4" T cells and CDS8+ T
cells in NPs of the ECRS group than in NPs of the non-ECRS group.

Association Between Immunohistochemical Analysis and Clinical
Severity

In simple linear regression analyses, only the basophil count in
NPs correlated with the Lund-Mackay score. Age, blood eosinophil

Figure 2. Images of nasal polyp sections from patients with eosinophilic chronic rhinosinusitis. Hematoxylin-eosin staining (A), immunohistochemical staining of basophils

(B), T cells (C), CD4™ T cells (D), and CD8™ T cells (E). Scale bar represents 100 um.
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Figure 3. Images of nasal polyp sections from patients with noneosinophilic chronic rhinosinusitis. Hematoxylin-eosin staining (A) and immunohistochemical staining of
basophils (B), T cells (C), CD4* T cells (D), and CD8" T cells (E). Scale bar represents 100 um.

We then included the following items as explanatory variables
in multiple linear regression analysis: age, blood eosinophil count,
immunohistochemical counts (basophils, T cells, CD4" T cells, and
CD8* T cells). The results are presented in Table 2. The basophil

count, and immunohistochemical counts (T cells, CD4" T cells, and
CD8" T cells) did not correlate with the score. The results of the
simple linear regression analysis between the basophil count and
the Lund-Mackay score are shown in Figure 4.

CD4+ T cells

ECRS NonECRS ECRS NonECRS NonECRS
o
P 2
>
:
& 5
8 °
= c
— |
3 o7 J 5 B ¥, 2,
I I 0 20 40 6.0 8.0
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Figure 4. Comparison of the numbers of basophils, T cells, CD4* T cells, and CD8" T cells between patients with eosinophilic chronic rhinosinusitis and those with
noneosinophilic chronic rhinosinusitis. Box and whisker plots represent the median, lower quartile, upper quartile, lower extreme, and upper extreme. The results of the

simple linear regression analysis between the basophil counts and the Lund-Mackay score are shown.
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Table 2
Multiple linear regression models with the Lund-Mackay Score as the dependent
variable

Dependent variable Partial regression coefficient (95% CI) P value
Age —0.1857 (—0.2228 to —0.1486) <.005
Blood eosinophils 0.3599 (0.0761 to 0.6436) 25
Eosinophils —0.0095 (—0.0157 to —0.0033) A7
Basophils 2.0651 (1.9245 to 2.2057) <.001
T cells 0.0076 (—0.0049 to 0.0200) 5%
CD4" T cells 0.0309 (—0.0400 to 0.1019) .68
CD8" T cells 0.0437 (0.0182 to 0.0691) 14

Abbreviation: CI, confidence interval.

count was positively associated with the Lund-Mackay score. In
contrast, there was negative correlation between age and the Lund-
Mackay score.

Discussion

In this study, compared with NPs of the non-ECRS patients,
basophil count was significantly increased in NPs of the ECRS
patients. Conversely, compared with the non-ECRS patients, CD4™"
and CD8' T-cell levels were significantly decreased in ECRS
patients. Furthermore, the basophil count in NPs was positively
correlated with the severity of the Lund-Mackay score in the ECRS
patients. These results suggest that basophils are involved in the
recruitment of eosinophils into NP tissue and that basophil count in
the tissue reflects the severity of eosinophilic inflammation.

Basophils account for only 0.1% to 1% of all peripheral blood
leukocytes, and for a long time they were considered a redundant
cell type.'” Recently, basophils were reported to be involved in
inducing and perpetuating Ty2 responses in eosinophilic diseases.
Ono et al™ reported that acute exacerbations of asthma were
accompanied by increased expression of the CD203c activation
marker on blood basophils. In addition, interactions between
basophils and epithelial cell-derived cytokines, such as IL-33 and
thymic stromal lymphopoietin (TSLP), are described as promoting
Ty2 cytokine production. Noti et al’®> reported elevated TSLP
expression and exaggerated basophil responses in the esophageal
biopsy tissue of patients with eosinophilic esophagitis. Suzukawa
et al'® reported that, in vitro, IL-33 induced Ty2 cytokine produc-
tion by basophil via its ST2 receptor. Although the involvement of
these mechanisms has not been reported in ECRS, increases in both
TSLP and IL-33 have been reported in NPs. Nagarkar et al'” reported
that TSLP messenger RNA and protein levels were increased in NPs
when compared with uncinate process. Reh et al'® reported that
IL-33 messenger RNA expression in sinonasal epithelial cells was
increased in patients with severe CRSWNP than in patients with
mild CRSWNP. These reports suggest that basophils may have a key
role in the pathogenesis of ECRS, as with other eosinophilic
diseases. Our results are consistent with this understanding. To the
best of our knowledge, this report is the first to evaluate the
association between the basophil count in NPs and clinical char-
acteristics. We found that basophils infiltrated NPs and that the
basophil count was significantly higher in the ECRS group than in
the non-ECRS group. We also found that the basophil count in NPs
correlated with the Lund-Mackay score in ECRS patients. Peri¢
et al'® indicated a correlation between the Lund-Mackay score and
the level of cytokines, such as IL-4, in the nasal secretions of
CRSWNP patients. Our results agree with their results, revealing
that biomarkers of Ty2 inflammation were associated with the
severity of the Lund-Mackay score.

It is interesting that the CD4" T-cell count was significantly
lower in the ECRS group than in the non-ECRS group. There are a
few reports on the immunohistochemical analysis of T cells in NPs.
Consistent with our results, Hao et al?® and Stoop et al?! reported

the CD8™ T-cell count was higher than CD4" T-cell count in NPs.
Regarding CD4* T-cell counts, Stoop et al*! reported no significant
differences between NPs and the mucosa of the middle turbinate.
Although we expected that numerous Ty2 cells infiltrated tissues
with eosinophilia, these cells may not be the major source of Ty2
cytokines. Indeed, basophils and natural helper cells have recently
received attention as major sources of Ty2 cytokines. Halim et al??
reported that lung natural helper cells produced large amounts of
Ty2 cytokines through TSLP or IL-33 stimulation. Although we
cannot clarify the number of lymphocytes in this study, the few
CD4™ T cells do not necessarily conflict with the severity of T2
inflammation.

We also found a weak negative correlation between age and the
severity of the Lund-Mackay score. There are no reports discussing
the contribution of age to the severity of ECRS. In murine model of
asthma, which also entails eosinophilic inflammation, contrasting
results have been reported. For example, Kang et al*> reported a
positive correlation between age and the eosinophil count of
bronchoalveolar lavage fluid, whereas Yagi et al’** reported a
negative correlation between age and eosinophil counts in the
peribronchial tissue. Although our result suggests that the severity
of ECRS may be reduced with age, we cannot exclude the possibility
of selection bias toward milder cases in elderly patients, particu-
larly because the patients enrolled were restricted to those who
could undergo surgery with general anesthesia.

Some limitations in the present study must be considered
before concluding that the basophil count in NPs correlates with
the severity of ECRS. First, it is unclear whether the Lund-Mackay
score strictly reflected the degree of sinusitis severity. Although it
is difficult in practice, we need a long-term follow-up with a unified
treatment protocol to compare severity among cases. Second,
absolute basophil numbers were inherently low. Therefore,
although we found an approximate correlation between local
basophil distribution and clinical severity in ECRS, it is difficult to
develop a helpful parameter for disease prognostication from these
immunohistochemical results.

In conclusion, the basophil count was increased in NPs of ECRS
patients, and the degree of basophil recruitment correlated with
the severity according to the Lund-Mackay score. These results are
consistent with current limited knowledge that basophils are
related with the severity of eosinophilic inflammation.
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