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Background and Objectives We evaluated differences in the pathophysiology of atopic
and non-atopic eosinophilic nasal polyps and investigated their distinct inflammatory profiles.
Subjects and Method A total of 36 patients were recruited: 10 controls (Group C), 14 with
chronic rhinosinusitis with eosinophilic nasal polyps with atopy (Group A), and 12 without at-
opy (Group NA).
Results Serum eosinophil counts, total immunoglobulin E, eosinophil cationic protein lev-
els, and tissue eosinophil counts were elevated in Groups A and NA vs. Group C. Real-time
polymerase chain reaction results showed increased GATA-3, interleukin (IL)-4, IL-33 levels,
but decreased levels of retinoic acid-related orphan receptor gamma t, IL-17 in Groups A and
NA. Related to the regulatory T (T-reg) cell response, forkhead box P3 (Foxp3") (A: p<0.001,
NA: p<0.001) and IL-10 (A: p<0.001, NA: p<0.001) levels were elevated and transforming
growth factor-f3 levels (A: p<0.001, NA: p<0.001) were decreased in Group A and Group NA in
comparison to those in Group C. The Foxp3' (p=0.001) and IL-10 (p<0.001) were significantly
higher in Group A than in Group NA.
Conclusion T-reg cells and IL-10 may be major factors differentiating the pathophysiology of
atopic and non-atopic eosinophilic nasal polyps, and the T helper (Th) 2/Th17/T-reg imbalance
might be important in the development of eosinophilic nasal polyposis.
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Introduction

Nasal polyposis (NP) is a chronic inflammatory condition
of the nasal mucosa with heterogeneous findings. The patho-
genesis of NP is yet to be thoroughly revealed, it is presumed
to be related to abundance of inflammatory cells. Eosinophilic

inflammation is found in 65—90% of NP cases in Caucasians."”

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

However, non-eosinophilic NP has been reported in more than
half of NP patients in Korea, similar to the situation in neigh-
boring Asian countries.” It has been reported that the NP in
Western population demonstrates different immunopatholog-
ical features from those in Asian countries.”

Recent environmental and lifestyle changes of Asian pop-
ulation towards those of Western countries, led to increased
prevalence of allergic diseases in Asia.” Consequently, prev-
alence of NP with eosinophilic and atopic NP has been on a

. . . 7
continuous increase also in Korea.” A recent paper reported
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that 62.6% of NP in Korea was of the eosinophilic type.”

However, the importance of the atopic influence in eosin-
ophilic NP remains controversial. Therefore, we investigated
the atopic characteristics and immunologic profiles of eosin-
ophilic and non-eosinophilic NP using nasal mucosa and pe-
ripheral blood tests in this study. This endotype analysis might
be helpful in understanding the development and response of
biotherapeutics.

Subjects and Methods

Patients

The collection of human tissue samples used was approved
by the Institutional Review Board of Seoul St. Mary’s Hos-
pital (KC12TISI0523). All patients provided written informed
consent prior to the study.

The atopic status of the patients was evaluated using a skin-
prick test and/or a multiple allergen simultaneous test (CLA
Allergen-specific immunoglobulin E (IgE) assay, Hitachi
Chemical Diagnostics, Mountain View, CA, USA) to a panel
of aeroallergens (e.g., pollen, dust mites, pets, molds, and cock-
roaches). We used wheal average diameter of 3 mm or +++
of skin-prick test*” and class >1 of multiple allergen simulta-
neous test'” for the cut-off to divided atopic test results. Chron-
ic thinosinusitis with NP (CRSwNP) was diagnosed based on
history taking, clinical examination, nasal endoscopy, and a
CT scan according to European Position Paper on Rhinosi-
nusitis and Nasal Polyps guideline.” Exclusion criteria includ-
ed immunodeficiency, cystic fibrosis, bronchiectasis, chronic
obstructive pulmonary disease, diabetes mellitus, neoplasia,
oral steroid treatment, upper airway infection within 1 month,
and acute exacerbation of asthma.

Preoperative paranasal sinus (PNS) CT was performed for
all patients. PNS CT was performed in the axial projection,
obtaining serial axial images (0.6 mm thick). Lund-Mackay
scores were checked using PNS CT preoperatively.

Inferior turbinate tissue collected from patients undergoing
septoplasty or septorhinoplasty were used as controls (Group
C; n=10).""" During functional endoscopic sinus surgery pro-
cedures samples of nasal polyps (14 atopy patients with eosin-
ophilic NP, Group A, and 12 non-atopy patients with eosino-
philic NP, Group NA) were obtained.

Nasal tissue evaluation
Samples of nasal polyp were fixed in 4% paraformaldehyde
at 4°C for 3 days, dehydrated by passing through gradient of
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alcohol, and embedded in paraffin wax blocks. Paraffin blocks
were cut in into 4-pum sections and stained with hematoxylin
and eosin for evaluation of morphology and number of eosin-
ophils in the lamina propria. Eosinophils count was done un-
der light microscope at X400 magnification (Olympus CX-40
microscope; Olympus, Tokyo, Japan). Two independent ob-
servers blinded to the diagnosis and clinical data analyzed
four random fields in each section. Mean value of eosinophil
count in four fields of each sample was used as the final score.
NPs with eosinophil count exceeding 10% of the total infil-
trating cell count per high-power field, were classified as eo-
sinophilic."” Three different processing was done on tissue
samples; snap-freezing in liquid nitrogen at -80°C for ribonu-
cleic acid (RNA) isolation, isolating protein from tissue, and
overnight fixing in freshly prepared fixative of 4% parafor-
maldehyde in phosphate buffered saline (pH 7.4) followed by
embedding in paraffin wax for histological staining.

Eosinophil cationic protein and total
immunoglobulin E levels in serum and eosinophil
counts in peripheral blood

Enzyme-linked immunosorbent assay (ELISA) kit (Indoor
Biotechnologies, Manchester, UK) was used for measurement
of levels of total IgE and eosinophilic cationic protein (ECP).
The minimum detectable dose (sensitivity) of human ECP was
0.39 ng/mL. The sensitivity of the ELISA, or lower limit of de-
tection, was defined as the lowest protein concentration that
could be differentiated from zero. Sensitivity was presented
as mean optical density value of 20 replicates of zero plus
three standard deviations.

ELISA is a quantitative sandwich enzyme immunoassay.
Samples are pipetted into wells of microplate pre-coated with
specific antibody for ECP, so that ECP is bound to the immo-
bilized antibody. After removing other unbound substances,
biotin-conjugated antibody specific for ECP is applied. Then
avidin- conjugated horseradish peroxidase is added, and after
washing unbound avidin-enzyme reagent, color of the sam-
ple changes in proportion to the concentration of ECP bound
to the antibody. Eosinophil counts were measured by ADVIA
120 Hematology System (Bayer, Tarrytown, NY, USA).

Real-time polymerase chain reaction

The nasal mucosa was removed and prepared for real-time
PCR detection. T-bet and interferon gamma (IFN-v) for the T
helper (Th) 1 immune reaction, GATA-3 and interleukin (IL)-4,
IL-33 for the Th2 immune reaction, retinoic acid-related or-



phan receptor gamma t (ROR-yt) and IL-17 for the Th17 im-
mune reaction, Foxp3, IL-10 and transforming growth factor
(TGF)-B for the T-reg immune reaction, were measured by
real-time PCR. RNA extraction was done by TRIzol reagent
(Invitrogen, Carlsbad, CA, USA), and reverse-transcribed
using random primers (TaKaRa, Otsu, Japan). Following oli-
gonucleotide primer sequences were used: IFN-y forward
primer, >TCCCATGGGTTGTGTGTTTA-3’, IFN-y reverse
primer, 5’ AAGCACCAGGCATGAAATCT-3’, T-bet3 for-
ward primer, S>’TCAGCATGAAGCCTGCATTCTTGC-3’,
T-bet reverse primer, SSACAGCTATGAGGCTGAGTTTC
GA-3’, GATA-3 forward primer, 5’5CAAAATGAACGGA
CAGAACCG-3’, GATA-3 reverse primer, S’GCTCTCCTG
GCTGCAGACA-3’, IL-4 forward primer, S>CGAGTTGAC
CGTAACAGACAT-3’, IL-4 reverse primer, 5’CGTCTT
TAGCCTTTCCAAGAAG-3’, IL-17 forward primer, 5’AC
CAATCCCAAAAGGTCCTC-3’, IL-17 reverse primer,
5’"GGGGACAGAGTTCATGTGGT-3’, ROR-yt forward
primer; SSGCTGTGATCTTGCCCAGAAC -3°, ROR-yt re-
verse primer, 5’>CTGCCCATCATTGCTGTTAATCC-3, IL-
10 forward primer, 5’GATGCCTTCAGCAGAGTGAA-3’,
IL-10 reverse primer, 5 GCAACCCAGGTAACCCTTA
AA-3’, TGF-B1 forward primer, 5’>CGAGCCTGAGGCC
GACTAC-3’, TGF-BI1 reverse primer, SSAGATTTCGTTGT
GGGTTTCCA-3’, Foxp3 forward primer, SGAGAAGCT
GAGTGCCATGCA-3’, Foxp3 reverse primer, SAGGAGCC
CTTGTCGGATGAT-3’, IL-33 forward primer, SSCAAAGA
AGTTTGCCCCATGT-3’, IL-33 reverse primer, S’AAGG
CAAAGCACTCCACAGT-3’, glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) forward primer, 5’-GTGGATA
TTGTTGCCATCAATGACC-3’, and GAPDH reverse prim-
er, 5’-GCCCCAGCCTTCTTCATGGTG GT-3".

Results were normalized by comparison to expression rate
of GAPDH, and represented as fold increase over the control

group.

Western blot analysis

T-bet, GATA-3, ROR-vyt, IL-10, and Foxp3 expression of
samples were detected by Western blot analysis. The antibod-
ies used were T-bet antibody sc-21003 (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA); GATA-3 antibody ab106625;
IL-10 antibody ab34843; Foxp3 antibody 14-6988; and ROR-
vt antibody 14-6988 (eBioscience, San Diego, CA, USA). Re-
sults were presented as grayscale ratio of target gene compared
to GAPDH.
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Statistical analysis

Parameters are presented as means=*standard deviation.
Differences between groups were evaluated by the Kruskal-
Wallis test. Analysis of statistical significance was done by
comparing ranked parameters with one-way analysis of vari-
ance and Bonferroni’s multiple comparison tests (PASW Sta-
tistics 24; SPSS Inc., Chicago, IL, USA). In all analyses, p<
0.05 was considered statistically significant.

Results

Demographic data and Lund-Mackay scores

The mean age and male/female ratios of the C, A, and NA
groups were 59.5+17.2 (8/2), 45.5+11.8 (10/2), and 43.22+
17.65 (7/7), respectively. The mean Lund-Mackay scores of
the three groups were 0, 13.8316.26, and 10.64%7.68, respec-
tively (p=0.288). The Lund-Mackay score differences between
the A and NA groups were not significant. There were three
patients with atopy in the Group C.

Blood eosinophil counts, total IgE, and ECP

Group A showed significantly higher total IgE level (34.64+
41.23 ng/mL, p<0.001) and NA (20.04+27.37 ng/mL, p<0.001)
(Fig. 1A). ECP levels were significantly higher in Group A
(58.47+36.92 ng/mL) than in Groups C (19.47+17.37 ng/mL,
p=0.003) or NA (28.91+33.21 ng/mL, p=0.037) (Fig. 1B).
Blood eosinophil counts were significantly elevated in Group
A (50.53+28.3%10"/mL) than in Groups C (11.83+7.80x10"/
mL, p=0.009) or NA (15.33%11.93x10”/mL, p=0.005) (Fig. 1C).

Eosinophil counts in the lamina propria

Fig. 2A-C show infiltration of eosinophils in the lamina
propria. The eosinophil numbers were 17.2+23.83 in Group
C, 79.83+44.43 in Group A, and 62.16 =27.85 in Group NA.
The eosinophil counts were significantly elevated in Groups
A (p<0.001) and NA (p<0.001) than in Group C (Fig. 2D).

Real-time PCR and Western blotting

Regarding Thl response, IFN-y messenger ribonucleic
acid (mRNA) levels were not significantly different among
the groups (C vs. A, p=1.000; C vs. NA, p=1.000) (Fig. 3A)
and T-bet mRNA expression was significantly higher in Group
C than in Groups A (p=0.003) or NA (p=0.001) (Fig. 3B). Re-
garding Th2 response, GATA-3 mRNA expression was sig-
nificantly higher in Groups A (p<0.001) and NA (p<0.001)
than in Group C (Fig. 3C), IL-4 mRNA expression was sig-
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nificantly higher in Groups A (p<0.001) and NA (p<0.001)  (p<0.001) and NA (p<0.001) than in Group C (Fig. 3F), and
than in Group C (Fig. 3D), and IL-33 mRNA expression was ~ ROR-yt mRNA expression was significantly lower in Groups
significantly higher in Groups A (p<0.001) and NA (p<0.001) A (p<0.001) and NA (p<0.001) than in Group C (Fig. 3G). Re-
than in Group C (Fig. 3E). Regarding Th17 response, IL-17  garding regulatory immune response, TGF-f mRNA expres-
mRNA expression was significantly lower in Groups A sion was significantly lower in Groups NA (p<0.001) and A
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Fig. 1. Total IgE (A), ECP (B), and eosinophil counts (C) in the serum of each group. *C vs. A, tA vs. NA. C: controls, A: atopy patients
with eosinophilic nasal polyp, NA: non-atopy patients with eosinophilic nasal polyp. IgE: immunoglobulin E, ECP: eosinophil cationic
protein.
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atopy patients with eosinophilic nasal polyps (B), non-atopy patients with eosinophilic nasal polyps (C) (hematoxylin and eosin staining,
original magnification, x400). Eosinophil counts of each study group (D). *C vs. A, tC vs. NA. C: controls, A: atopy patients with eosino-
philic nasal polyp, NA: non-atopy patients with eosinophilic nasal polyp.
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Fig. 3. Quantitative analysis by real-time PCR of cytokine transcript levels in the nasal mucosa of each group. IFN-y (A), T-bet (B), GATA-3
for the T helper (Th) 1 immune reaction, (C), IL-4 (D), IL-33 (E) for the Th2 immune reaction, IL-17 (F), ROR-yt (G) for the Th17 immune
reaction, TGF-B (H), IL-10 (I), and Foxp3 (J) for the T-reg immune reaction. *C vs. A, tC vs. NA, tAvs. NA. C: control, A: atopy patients with
eosinophilic nasal polyps, NA: non-atopy patients with eosinophilic nasal polyps. IFN-y: interferon gamma, mRNA: messenger ribonucleic
acid, IL: interleukin, ROR-yt: retinoic acid-related orphan receptor gamma t, TGF-: transforming growth factor-f, Foxp3: forkhead box P3.
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Fig. 4. Cytokines and transcription factors measured by Western
blotting to confirm protein levels. C: control, A: atopy patients with
eosinophilic nasal polyps, NA: non-atopy patients with eosinophilic
nasal polyps. Foxp3: forkhead box P3, IL: interleukin, ROR-yt:
retinoic acid-related orphan receptor gamma t, GAPDH: glyceral-
dehyde 3-phosphate dehydrogenase.

GAPDH

(p<0.001) than in Group C (Fig. 3H), IL-10 mRNA expres-
sion was significantly higher in Group A than in Groups C
(p<0.001) or NA (p<0.001) (Fig. 3I), and Foxp3 mRNA ex-
pression levels were significantly higher in Group A than in
Groups C (p<0.001) or NA (p=0.001) (Fig. 3J).

Western blotting was conducted to confirm the expression
patterns of transcription factors and cytokines mentioned
above. A quantitative test was not performed, but the overall
patterns of each factor in grayscale were analyzed (Fig. 4).

Discussion

The eosinophilic CRSWNP phenotype is related to exten-
sive disease and a poor prognosis compared with other phe-
notypes.'” Our results was consistent with previous results:
eosinophilic nasal polyp patients showed eosinophilic inflam-
mation (elevated IL-4, ECP, and total IgE), and significantly
increased GATA-3 mRNA levels in the NP. However, current
treatment strategies with anti-inflammatory and/or antibiotic
therapy or surgical removal of the lesion to improve sinus
drainage are less effective in eosinophilic CRSWNP patients.
This lack of treatment efficacy highlights the need to find the
endotype for further fundamental and clinical research on eo-
sinophilic NP. The role of the immune response in the patho-
genesis of mucosal remodeling, a key problem in eosinophil-
ic NP, is of particular current interest.

Some studies have presented relationships between atopy
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and eosinophilic inflammation.™ Also, it has been reported
that the prognosis is worse in CRSwWNP, especially in the pres-
ence of atopy.'” Additionally, there is a report that the atopy
factor is related to relapse after functional endoscopic sinus
surgery.”” In our study, atopic eosinophilic NP showed more
enhanced eosinophilic inflammation, such as ECP and total
IgE, than non-atopic eosinophilic NP. However, there was no
difference in the expression of Thl, Th2, and Th17 markers,
and Lund-Mackay scores were not significantly different be-
tween Groups A and NA. An interesting finding was the Foxp3
mRNA results. CD4" CD25" Foxp3' cells are accepted as unique
to the regulatory T (T-reg) cell lineage. Foxp3 is not only es-
sential in T-reg development, but also performs a suppressive
function in controlling the transcription of proinflammatory
cytokines, such as Th2 and Thi7-related cytokines.”"*” How-
ever, in a situation in which an allergic reaction is actively oc-
curring, Th2 markers may be high even if the T-reg response
is increased as a defense response for controlling the Th2 re-
ponse. Thus, induction of Foxp3" T-regs and downregulation
of Th2 and Th17 markers in patients with NP are indicative of
an active immune-regulatory response at the site of persistent
mucosal inflammation.”” This may explain why no alteration
in the systemic Thl and Th2 cell populations was observed
between Groups A and NA. TGF-f is known to play a role in
mucosal remodeling, modulating extracellular matrix pro-
duction and the activity of degrading proteases, and shows de-
creased expression in CRSWNP.* This discrepancy might have
originated from IL-10 being induced by the chronic mucosal
inflammatory condition.”

In summary, we analyzed differences in the pathophysiolo-
gy of atopic and non-atopic eosinophilic NP and their distinct
inflammatory profiles. Increased T-reg cytokine production
in the atopic group suggested that T-regs are stimulated by the
allergic reaction. In both the atopic and non-atopic eosinophil-
ic NP groups, the levels of cytokines secreted by Th2 cells
and eosinophils were increased significantly, whereas the lev-
els of Th17 cytokines decreased. These results suggest that the
immunological activities of Th2 cells, eosinophils, and Th17
cells affect eosinophilic NP development. It will be important
to further investigate the role of T-reg induction in atopic eo-
sinophilic NP patients. However, since these results were con-
ducted on patients visiting tertiary hospitals, attention should
be paid to interpretation as selection biases may occur. Also,
the immunologic results need to be carefully interpreted, be-
cause various factors including demographics and bias could
affect these results.



T-reg cells and IL-10 may be major factors differentiating
the pathophysiology of atopic and non-atopic eosinophilic
nasal polyps. Moreover, the Th2 and Th17 profiles might be
important in the development of eosinophilic nasal polyps.
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