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Objectives. Chronic rhinosinusitis with nasal polyps (CRSwNP) is a more severe inflammatory form of CRS that often co-
exists with obstructive sleep apnea (OSA). However, little is known about the relationship between OSA and the im-
mune profile in patients with CRSwNP. We aimed to investigate the immune profile of patients with CRSwNP ac-

cording to OSA severity.

Methods. This study included 63 patients with CRSWNP and nine control subjects. Protein levels of inflammatory media-
tors were determined using multiplex immunoassays. All patients underwent standard polysomnography.

Results. In patients with eosinophilic CRSWINP (ECRSwNNP), interleukin (IL)-6 and chemokine [C-X-C motif] ligand (CXCL)-
1 (type 1 immune-related markers) were upregulated in cases of moderate-to-severe OSA. Additionally, IL-4, IL-13,
C-C motif chemokine (CCL)-11, CCL-24 (type 2 immune-related markers), and IL-17A (a type 3 immune-related
marker) were present at elevated levels in patients with moderate-to-severe OSA. Although there were no significant
differences in type 1, 2, or 3 immune-related markers among patients with non-eosinophilic CRSWNP (NECRSwNP)
according to the severity of OSA, transforming growth factor-beta expression was higher in those with moderate-to-
severe OSA. Furthermore, in ECRSwNP with moderate-to-severe OSA, associations were detected between serum

markers and some upregulated inflammatory markers.

Conclusion. OSA may increase the heterogeneity of the immune profile (types 1, 2, and 3) in patients with ECRSwNP, but

not in those with NECRSwNP.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is defined as a chronic inflammato-
ry disorder that involves the nasal and paranasal mucosa and
lasts for more than 12 weeks [1]. Its major symptoms include
nasal obstruction, nasal discharge, facial pain, and reduction or
loss of smell. However, in addition to sinonasal symptoms, pa-
tients with CRS also suffer from poor sleep quality due to nasal
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congestion, upper airway obstruction, and inflammatory status.
Previous studies demonstrated that patients with CRS common-
ly experience poor sleep quality and have highly prevalent sleep
problems compared to individuals without CRS [2]. A recent
study found that incident CRS was associated with impaired
sleep quality [3].

Obstructive sleep apnea (OSA) is characterized by repeated
cessation of breathing during sleep that is primarily caused by
complete or partial airway obstruction [4,5]. These episodes of
airway obstruction induce nocturnal hypoxemia, hypercapnia,
and sleep fragmentation. OSA can also cause or exacerbate se-
vere major-organ disorders, including cardiovascular disease,
metabolic syndrome, and neurocognitive deterioration. More-
over, a meta-analysis revealed higher levels of systemic inflam-
matory markers in patients with OSA than in controls [6]. Sev-
eral studies have also reported that OSA significantly influenced
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the sinonasal local immune response, including nitric oxide pro-
duction, lipid peroxidation, nuclear factor-kB activation, and
neutrophil infiltration [7,8].

CRS is divided into two phenotypes according to the pres-
ence of nasal polyps under nasal endoscopy: CRS with nasal
polyps (CRSwNP) and CRS without nasal polyps. Generally,
CRSwNP is considered to reflect a more severe inflammatory
status of the sinonasal mucosa, and it also could cause the de-
velopment or aggravation of apnea during sleep [9]. Further, as
a result of intermittent hypoxia due to breathing cessation dur-
ing sleep, OSA could affect the immunological response of pa-
tients with CRSwWNP. However, the effect of OSA on the im-
mune systems of patients with CRSwNP is still poorly under-
stood. Therefore, in the present study, we investigated whether
OSA influences the immune profile of patients with CRSwNP.

MATERIALS AND METHODS

Patients and tissue samples

This study was approved by the Institutional Review Board of
Hallym Medical University Chuncheon Sacred Hospital (No.
2018-39), and all participants provided written informed con-
sent for study participation. NP tissues were obtained from pa-
tients with CRSwNP during routine functional endoscopic sinus
surgery. The diagnosis of CRS was based on the European posi-
tion paper on rhinosinusitis and nasal polyps guidelines. In this
study, we excluded the subjects as follows: (1) less than 18 years
of age, (2) history of prior treatment with antibiotics, systemic
or topical corticosteroids, or other immune-modulating drugs in
the 4 weeks before surgery, and (3) presence of unilateral rhino-
sinusitis, antrochoanal polyp, allergic fungal sinusitis, cystic fi-
brosis, or immotile ciliary disease. Control tissue samples were
also obtained from patients without any sinonasal diseases dur-
ing other types of rhinologic surgeries. All samples were homog-
enized with a mechanical homogenizer at 1,000 rpm for 5 min-
utes on ice. After homogenization, the suspensions were centri-
fuged at 3,000 rpm for 10 minutes at 4°C, and the supernatants
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= We investigated the immune profile of patients with chronic
rhinosinusitis with nasal polyps (CRSWNP) according to ob-
structive sleep apnea (OSA) severity.

= In patients with eosinophilic CRSwNP, interleukin-6 and che-
mokine [C-X-C motif] ligand (CXCL)-1 were upregulated with
moderate-to-severe OSA, whereas there were no significant
differences in any type 1, 2, or 3 immune-related markers in
those with non-eosinophilic CRSwINP.

= OSA may increase the heterogeneity of immune profiles in pa-
tients with eosinophilic CRSWNP.
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were separated and stored at —-80°C for further analysis of cyto-
kines and other inflammatory mediators. The atopic status of the
patients was evaluated using the ImmunoCAP assay (Thermo
Scientific, Waltham, MA, USA), which detected immunoglobulin
E (IgE) antibodies against six mixtures of common aeroallergens
(house dust mites, molds, trees, weeds and grass pollen, and ani-
mal dander). Participants were considered atopic if the allergen-
specific IgE level was greater than 0.35 KU/L for any one or
more of the allergens. A diagnosis of asthma was made by an al-
lergist based on the medical history and lung function analysis,
including the methacholine challenge test. In this study, CRSwNP
was classified as eosinophilic CRSWNP (ECRSwNP) if eosino-
phils comprised more than 10% of the inflammatory cell popu-
lation or as non-eosinophilic CRSWNP (NECRSwNP) if eosino-
phils comprised less than 10% of the inflammatory cells.

Measurement of inflammatory mediators in tissue
homogenates

In the present study, we used multiplex cytokine analysis Kits
(tumor necrosis factor [TNF]-a, interferon [IFN]-y, interleukin
[IL]-4, IL-5, IL-10, IL-13, IL-17A, IL-22, IL-23, chemokine [C-
X-C motif] ligand [CXCL]-1, CXCL-8, C-C motif chemokine
[CCL]-11, CCL-24, eosinophil cationic protein [ECP], myelo-
peroxidase [MPO], and transforming growth factor [TGF]-B) ob-
tained from R&D Systems (Cat. No. LMSAHM; Minneapolis,
MN, USA). All assays were run in duplicate according to the
manufacturer’s protocol. All protein levels in tissue homogenates
were normalized to the concentration of total protein (mg/mL).
Samples were thawed at room temperature and vortexed to en-
sure they were well-mixed.

Polysomnography

Standard overnight polysomnography (PSG) was performed
preoperatively for all patients using a computerized polysomno-
graphic device (Nox-A1; Nox Medical, Reykjavik, Iceland). The
sleep stage and respiratory events before and after surgery were
scored according to the guidelines of the American Academy of
Sleep Medicine. Briefly, apnea was scored using an oronasal
thermal sensor when the peak signal excursions dropped by
=90% of the pre-event baseline, lasted for at least two breaths,
and were associated with respiratory effort for the entire period
of absent airflow. A respiratory event was scored as a hypopnea
if the peak signal excursions dropped by =30% of the pre-event
baseline using nasal pressure, lasted for at least two breaths, and
were associated with =3% oxygen desaturation from the pre-
event baseline or with arousal. The apnea-hypopnea index (AHI)
score was the sum of apnea plus the number of hypopneas per
hour of sleep. Based on the AHI, the severity of OSA was classi-
fied as follows: no OSA, AHI <5 per hour; mild OSA, 5< AHI
<15 per hour; moderate OSA, 15< AHI <30 per hour; severe
OSA,AHI =30 per hour.
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Statistical analysis

Prior to conducting the study, we performed a power calculation
and determined the sample size using G power. R version 3.4.2
software and GraphPad Prism software 7.0 (GraphPad, La Jolla,
CA, USA) were used for the statistical analyses. A chi-square
test and two-tailed Mann-Whitney U-test were used for unpaired
comparisons between two groups. For comparisons among more
than two groups, the Kruskal-Wallis test was initially used to
identify significant differences. The Bonferroni adjustment was
used to adjust the significance level for each comparison. We also
used Pearson’s correlation coefficient to measure the statistical
relationship. The significance level was set at a=0.05.

RESULTS

Characteristics of the study population

We consecutively enrolled CRSWNP patients during the study
period, and a total of 63 CRSWNP patients underwent PSG be-
fore surgery. Of the patients with CRSwNP, 20 (31.7%) had
ECRSwNP and 43 (68.3%) had NECRSwNP. The demographic
and clinical characteristics of the participants enrolled in this
study are presented in Table 1. Among the enrolled patients with
CRSwWNP, 59 (93.7%) were diagnosed with OSA and 4 CRSwNP
patients were considered as non-OSA. The control subjects also
underwent PSG, but none were diagnosed with OSA. The
ECRSwNP group consisted of 8 patients with no-to-mild OSA
and 12 patients with moderate-to-severe OSA, whereas there
were 12 patients with no-to-mild OSA and 31 patients with mod-
erate-to-severe OSA in the NECRSwNP group. The demographic
and clinical characteristics according to the severity of OSA are
presented in Table 2. A significantly higher body mass index was
found in patients with moderate to mild OSA (P=0.025).Table 3

Table 1. Patient characteristics according to the phenotype of chron-
ic rhinosinusitis with nasal polyps

Variable Control NECRSwWNP  ECRSwNP
(n=9) (n=43) (n=20)

Age (yr) 549+105 50.3+£149 49.7+115
Male sex 8(88.9) 35(81.4) 16 (80.0)
Smoking history 1(11.1) 18 (41.9) 5(25.0)
Body mass index (kg/m?) 23.7+15 254445 246+4.2
Asthma 0 4(10.5) 5(25.0)
Atopy 3(33.3) 17 (39.5) 5(25.0)
Aspirin sensitivity 0 0 0
Serum eosinophil count 48.7£26.8 159.7+£179.8 193.9+70.6
C-reactive protein 0.4+0.3 0.8+£0.5 14+0.9
Lund-Mackay CT score 0 15+5.1 145+4.6

Values are presented as mean =+ standard deviation or number (%).
NECRSwNP, non-eosinophilic chronic rhinosinusitis with nasal polyps;
ECRSwWNP, eosinophilic chronic rhinosinusitis with nasal polyps; CT, com-
puted tomography.

presents the data for sleep quality, such as the sleep-related ques-
tionnaire and sleep parameters from PSG.

Expression of inflammatory cytokines and chemokines
according to the different endotypes of CRSWNP

To investigate patients’ immune profile, we performed enzyme-
linked immunosorbent assay on sinonasal tissues. The analysis
of type 1 inflammation among the three groups showed signifi-
cant differences in CXCL-1, CXCL-2, and IL-6 expression; how-
ever, there were no significant differences in IFN-y, TNF-a, or
MPO expression among the three groups (Fig. 1A). TNF-a ex-
pression was also higher in the NECRSwNP group than in the
control group. Meanwhile, we detected significantly higher ex-
pression of various type 2-related inflammatory markers, includ-
ing IL-4, IL-5, IL-13, CCL-11, and CCL-24 in patients with
ECRSwNP (Fig. 1B). In the analysis of type 3 inflammation, IL-
22 expression was significantly higher in the ECRSWNP and
NECRSwNP groups than in the control group, whereas there

Table 2. Characteristics of patients with CRSWNP between no-to-
mild and moderate-to-severe OSA

) No-to-mild OSA  Moderate-to-severe
Variable

(n=24) OSA (n=39)
Age (yr) 52.0+129 49.2+14.4
Male sex 19(79.2) 32(82.1)
Smoking history 9(37.5) 14 (35.9)
Body mass index* (kg/m?) 233135 258+4.5
Asthma 4(16.7) 5(12.8)
Atopy 11(45.8) 11(28.2)
Aspirin sensitivity 0 0
Serum eosinophil count 190.7£79.9 158.1+185.4
C-reactive protein 1.0£0.8 0.9+0.7
Lund-Mackay CT score 14.31£4.9 15.5+4.9

Values are presented as meantstandard deviation or number (%).
CRSwWNP, chronic rhinosinusitis with nasal polyps; OSA, obstructive sleep
apnea; CT, computed tomography.

*P<0.05.

Table 3. Sleep quality parameters in the study population

Variable No-to-mild Moderate-to-severe
OSA OSA
Sleep-related questionnaire
Epworth sleepiness scale 76155 16.2+4.5
Pitchburg sleep quality 74133 11.2£3.1
Sleep parameter
Total sleep time (min) 381.56£81.0 284.3+£99.1
Sleep efficiency (%) 79.9 68.0
N3 (%) 15+31 4.3x6.0
REM (%) 22153 156.31£56
Mean AHI (event/hr) 7.6+£3.4 35.1£28.9

Values are presented as mean +standard deviation.
OSA, obstructive sleep apnea; N3, deep sleep; REM, rapid eye move-
ment; AHI, apnea-hypopnea index.
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Fig. 1. Expression of inflammatory mediators in nasal tissues according to the phenotype of chronic rhinosinusitis: (A) type 1 immune-related
markers, (B) type 2 immune-related markers, (C) type 3 immune-related markers (results reported as median and interquartile range). ECRSwWNP,
eosinophilic chronic rhinosinusitis with nasal polyps; NECRSwWNP, non-eosinophilic chronic rhinosinusitis with nasal polyps; IFN, interferon; TNF,
tumor necrosis factor; MPO, myeloperoxidase; CXCL, chemokine [C-X-C motif] ligand; IL, interleukin; CCL, C-C motif chemokine; ECP, eosino-
phil cationic protein; TGF, transforming growth factor. *P<0.05, **P<0.01, **<0.001.

were no significant differences in IL-17A or IL-23 among the
three groups (Fig. 1C). TGF-B expression also showed significant
downregulation in patients with ECRSWNP and NECRSwNP.

Effect of OSA on the expression of inflammatory cytokines
and chemokines according to the different endotypes of
CRSwNP

To elucidate the effect of OSA in CRSWNP, we compared the
expression of several inflammatory markers in NP tissues be-
tween patients with no-to-mild OSA and those with moderate-

to-severe OSA. Interestingly, in the patients with ECRSWNP, we
found that the expression of several type 1 (CXCL-1 and IL-6),
type 2 (IL-4, IL-13, CCL-11, and CCL-24), and type 3 (IL-17A)
inflammatory markers were significantly upregulated in patients
with moderate-to-severe OSA compared to those with no-to-
mild OSA (Fig. 2). In contrast, there were no significant differ-
ences between the NECRSwNP patients with no-to-mild OSA
and those with moderate-to-severe OSA in the expression of
type 1, 2, or 3 inflammatory markers in NP tissues. Moreover,
patients with NECRSwNP showed only increased TGF-p expres-
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Fig. 2. Expression of inflammatory mediators in eosinophilic chronic rhinosinusitis with nasal polyps (ECRSWNP) patients according to the se-
verity of OSA: (A) type 1 immune-related markers, (B) type 2 immune-related markers, (C) type 3 immune-related markers (results reported as
median and interquartile range). OSA, obstructive sleep apnea; IFN, interferon; TNF, tumor necrosis factor; MPO, myeloperoxidase; CXCL,
chemokine [C-X-C motif] ligand; IL, interleukin; CCL, C-C motif chemokine; ECP, eosinophil cationic protein; TGF, transforming growth factor.

sion in NP tissues in cases of moderate-to-severe OSA com-
pared to cases with no-to-mild OSA (Fig. 3).

Next, to elucidate the relationship between the systemic and
local immune response in patients with ECRSWNP and moder-
ate-to-severe OSA, we analyzed the correlations of upregulated
inflammatory mediators with serum markers, such as eosinophil
count and C-reactive protein (CRP) (Fig. 4). CRP was signifi-

cantly associated with IL-6 (*=0.916, P=0.002) and CXCL-1
(r=0.713, P=0.047), but not IL-17A. No significant association
was found between serum eosinophil count and type 2 inflam-
matory markers; however, we found nearly significant associa-

tions between serum eosinophil count and IL-4 (r=0.702, P=
0.052) and CCL-11 (r=0.689, P=0.059).
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Fig. 3. Expression of inflammatory mediators in non-eosinophilic chronic rhinosinusitis with nasal polyps (NECRSWNP) patients according to
the severity of OSA: (A) type 1 immune-related markers, (B) type 2 immune-related markers, (C) type 3 immune-related markers (results re-
ported as median and interquartile range). OSA, obstructive sleep apnea; IFN, interferon; TNF, tumor necrosis factor; MPO, myeloperoxidase;
CXCL, chemokine [C-X-C moitif] ligand; IL, interleukin; CCL, C-C motif chemokine; ECP, eosinophil cationic protein; TGF, transforming growth

factor.

DISCUSSION

Several previous studies have demonstrated relationships between
CRS and OSA. In addition, some studies have shown improve-
ments in sleep quality in CRS patients after endoscopic sinus
surgery [10,11]. OSA also may be associated with changes that

affect the components and responses of the immune system, as
sleep deprivation impairs host defense mechanisms [12]. Moreover,
a recent study of the nasal microbiome showed that the severity
of OSA was correlated with differences in microbiome diversity
and composition in the sinonasal cavity [13]. However, to the best
of our knowledge, no studies have examined the effects of OSA
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on the immune profile of patients with CRSwNP. In this study,
we investigated the immune profile of patients with CRSwNP
according to the severity of OSA.We found that IL-6 and CXCL-1
(type 1 immune-related markers); IL-4, IL-13, CCL-11, CCL-24
(type 2 immune-related markers); and IL17A (a type 3 immune-
related marker) levels were upregulated in cases of moderate-to-
severe OSA in ECRSwNP, but not in NECRSwNP. Therefore,
we suggest that OSA may contribute to an increase in immune
profile heterogeneity in patients with ECRSwNP.

ECRSwNP is characterized by type 2 immune inflammation
with increased eosinophil infiltration, whereas NECRSwNP
shows mixed (types 1, 2, and 3) immune inflammation with pre-
dominant neutrophilic infiltration [14,15]. In accordance with
previous reports, our study revealed that ECRSWNP primarily
showed higher type 2 immune inflammation compared to
NECRSwNP, regardless of OSA severity. Interestingly, we showed
that, in patients with ECRSwNP, type 1-, 2-, and 3-related in-
flammatory cytokines were upregulated in moderate-to-severe

OSA compared to no-to-mild OSA. However, unlike ECRSWINP,
patients with NECRSwNP had no significant differences in type
1-, 2-, or 3-related inflammatory cytokine expression according
to OSA severity. Additionally, in ECRSwNP patients with mod-
erate-to-severe OSA, CRP levels in serum were significantly as-
sociated with nasal neutrophilic inflammation markers, such as
IL-6 and CXCL-1, and serum eosinophil count showed a linear
relation with nasal eosinophilic inflammation markers, such as
IL-4 and CCL-11. Collectively, these findings imply that sleep
fragmentation and intermittent hypoxia could contribute to
changes of the immune profile in patients with ECRSWNP, but
not in those with NECRSwNP.

To date, multiple studies have consistently reported that undi-
agnosed or inadequately treated OSA adversely affects asthma
control, whereas continuous positive airway pressure as a treat-
ment for OSA could attenuate the risk for poor asthma outcomes,
partially due to the effects of intermittent hypoxia on airway in-
flammation and tissue remodeling [16,17]. Several other human



and animal studies showed that OSA could shift the immune
profile in patients with asthma from traditional eosinophilic or
type 2 inflammation to neutrophilic or type 1 inflammation
[16,18,19]. Additionally, real-world datasets showed an associa-
tion between OSA and poor asthma control [20]. These studies
showed that OSA may be a contributor to increased neutrophil-
related inflammation in asthma, leading to a more heterogeneous
immune profile and poor disease control. Similar to prior stud-
ies, our study found an increased type 1 (CXCL-1 and IL-6) and
type 3 (IL-17A) immune profile in patients with ECRSwNP with
moderate-to-severe OSA. Consistent with our findings, prior
studies showed that OSA was associated with increased serum
levels of CRP, IL-8, IL-6, and TNF-a [21-23]. Several previous
studies demonstrated that OSA may be associated with changes
in T-cell activation and proliferation, leading to increased CD4+
and CD8+ cell counts [24,25]. A recent study reported that OSA
affected the immune response by increasing the proliferative po-
tential of CD4+ and natural killer cells and decreasing phagocy-
tosis and NADPH oxidase activity in neutrophils [26]. Similar
to those results, we found upregulated type 2 immune inflam-
mation in patients with ECRSwWNP and moderate-to-severe OSA.
Collectively, the increased heterogeneity in immune status may
be associated with more severe disease expression, remodeling,
and poor response to corticosteroids in patients with ECRSwNP
and moderate-to-severe OSA.

Generally, NECRSwNP is regarded as an extrinsic form of
CRS,; since its inflammation originates from external stimuli such
as bacteria and allergens, rather than intrinsic mucosal abnormal-
ities [27]. Thus, NECRSwNP usually shows enhanced epithelial
alterations and more localized maxillary involvement than
ECRSwNP [28,29]. For these reasons, we assumed that the im-
mune profile of patients with NECRSwNP was relatively strong-
ly affected by localized immune status (such as sinonasal tissue),
while systemic immune status (such as in asthma) more exten-
sively affected the immune profile of patients with ECRSwNP.
In the present study, we did not find any significant differences
in type 1, 2, and 3-related inflammatory markers in the NP tis-
sues of patients with NECRSwNP with no-to-mild and moder-
ate-to-severe OSA. Since OSA should be considered a systemic
disease rather than a local abnormality, we do not the change in
the immune profile to be definitively established in patients with
NECRSwNP. However, TGF-3 expression was higher in patients
with NECRSwNP with moderate-to-severe OSA than in those
with no-to-mild OSA. It has been established that TGF-f plays
an important role in remodeling processes involved in CRS and
serves as the main switch for different remodeling patterns in
CRSwNP [30]. Therefore, OSA severity may partially influence
tissue remodeling in patients with NECRSwNP.

As this was a cross-sectional study, it presented some limita-
tions. First, although there was no significant difference in dis-
ease severity as shown by the Lund-Mackay computed tomog-
raphy score for CRSWNP and AHI for OSA, whether OSA se-
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verity influences the immune profile of NP tissues or whether
CRSwNP severity contributes to the severity of OSA remains
unclear. Therefore, a longitudinal study is required to investigate
the possibility of changes in NP tissue immunology over time.
Nonetheless, we found some clues regarding the effect of sys-
temic immune status on local nasal immunity in ECRSWNP pa-
tients with moderate-to-severe OSA. Interestingly, we observed
that a higher CRP level, as a systemic immunological factor, was
associated with higher expression of nasal neutrophil inflamma-
tory markers, such as IL-6 and CXCL-1, and the association be-
tween a higher serum eosinophil count, as a systemic immuno-
logical factor, and higher expression of nasal type 2 inflammato-
ry markers, such as IL-4 and CCL-11 was nearly significant. These
findings imply that sleep fragmentation and intermittent hypoxia
might contribute to changes of the immune profile in CRSwNP
patients. Secondly, to prove the reliability of these findings, an
external validation study is needed.

Our findings suggest that OSA severity influences the immune
profile of NP tissues in patients with ECRSwNP. Specifically, a
mixed immune response (types 1, 2, and 3) was upregulated in
ECRSwNP, whereas we could not find any significant effect in
NECRSwNP according to OSA severity.
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