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ABSTRACT

Background: Chronic rhinosinusitis (CRS) and asthma are collectively called unified airway dis-
eases. Periostin has been implicated in the pathophysiologic link of these conditions but only by
serum measurements. We sought to investigate sputum levels of periostin and their association
with upper airway inflammation and olfactory function in CRS patients.

Methods: We prospectively recruited 56 CRS patients who underwent endoscopic sinus surgery
(20 with and 36 without comorbid asthma), and 28 healthy controls between October 2015 and
December 2017. Lower and upper airway indices such as sputum periostin levels and eosinophil
and neutrophil counts, exhaled fractional nitric oxide (FeNO) levels, and olfactory function were
evaluated in the three groups. Radiological severity of CT images and tissue eosinophilia of sur-
gical specimens were also assessed in the CRS patients.

Results: Sputum periostin levels were highest, and olfactory function was most impaired, in the
CRS patients with comorbid asthma, followed by those without asthma and controls in this order.
CRS with asthma group showed higher sputum eosinophils and FeNO levels than the other two
groups, while CRS patients without asthma showed significantly higher neutrophils in sputum than
the other two groups. When confined to CRS patients, olfactory dysfunction was correlated with
sputum eosinophil counts. Eosinophil counts of nasal polyps showed a significant positive corre-
lation with sputum periostin and FeNO levels. Radiological severity of CRS was correlated with
sputum eosinophil counts and FeNO levels.

Conclusions: Periostin levels and inflammatory cells such as eosinophils and neutrophils in the
lower airways are increased in patients with CRS, suggesting the presence of mutual interactions
between upper and lower airways even if asthma does not coexist. Olfactory dysfunction and
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eosinophilic nasal polyps may be potential indicators of Th2-driven inflammation in the lower

airways.

Trial registration: This study was registered on the UMIN Clinical Trials Registry (Registry ID

UMINO00018672).

Keywords: Asthma, Chronic rhinosinusitis, Olfactory dysfunction, Eosinophils, Periostin, Frac-

tional exhaled nitric oxides

INTRODUCTION

There are close interactions between chronic
rhinosinusitis (CRS) and asthma because upper
and lower airways are continuous from nasal cavity
to the lung parenchyma and functionally linked;
they are often collectively called “unified airway
diseases”. Indeed, it has been reported that 41-
51% of patients with asthma have comorbid CRS,"
and asthma coexists in 20-31.9% of patients with
CRS according to epidemiologic surveys.?
Furthermore, CRS is associated with the
development of late-onset asthma® and the
exacerbations and poor control of asthma.'*
Thus, CRS is linked to the pathophysiology of
asthma.

Previous studies have demonstrated the inter-
action between upper and lower airways inflam-
mation. Acute allergen exposure conducted out
of hay fever seasons into nasal cavity could facil-
itate the infiltration of eosinophils in nasal and
bronchial mucosa in patients with seasonal
allergic rhinitis but without asthma.® Rhinitis
patients, irrespective of the presence or absence
of asthma, also showed marked infiltration of
eosinophils in nasal and bronchial tissues when
compared to subjects without rhinitis.®
Furthermore, marked eosinophilia in nasal
mucosa was also present in patients with asthma
even if they did not have concomitant rhinitis.”
In patients with severe asthma, Th2-driven bio-
markers such as blood and sputum eosinophils
and fractional exhaled nitric oxide (FeNQO) were
associated with radiological severity of concomi-
tant CRS. More severe CRS was also associated
with higher functional residual capacity and lower
carbon monoxide diffusing capacity.® These
findings indicate the existence of naso/sino-

bronchial crosstalk between upper and lower
airways.

Periostin, a 90-kD extracellular protein which is
mainly produced by fibroblasts in response to
interleukin (IL)-4 and IL-13, is a notable biomarker
which reflects the pathophysiology of both
asthma and CRS. It acts as a matricellular protein,
and it is involved in the chronicity of allergic
inflammation. In patients with asthma, serum
periostin levels were higher when patients suf-
fered from comorbid CRS.? The increase of
periostin was prominent when patients had
nasal polyps (NPs) with olfactory dysfunction.’®
We have also demonstrated that serum periostin
is a sensitive biomarker to detect comorbid CRS
with NPs (CRSwNP) in patients with asthma.l’
Therefore, periostin would be involved in the
pathophysiology of unified airway diseases.
Also, sputum periostin levels reflect fixed airflow
limitation'® and sputum eosinophilia’®"*  of
severe asthmatics with Th2-high phenotypes®®'*
and poorly controlled asthma.'® However, the
relevance of sputum periostin levels to the
pathophysiology of unified airway diseases
remains unknown.

In this study, we sought to examine periostin
levels in the lower airways with induced sputum
samples in CRS patients as compared to healthy
subjects. CRS patients were subdivided into those
with or without comorbid asthma. Other bio-
markers of lower airways (sputum eosinophils and
neutrophils, and FeNO) were also compared
among the three groups. Association of sputum
periostin levels with upper airway indices (olfactory
function, CRS symptoms, resected sinus and NP
tissue eosinophilia, and radiological CRS severity)
were also analysed, along with sputum cells and
FeNO levels.
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METHODS
Patients and diagnosis

We prospectively recruited CRS patients and
those with comorbid asthma who visited our
hospital to undergo endoscopic sinus surgery
(ESS) between October 2015 and December
2017. Patients were diagnosed as having asthma
when they complained of asthma-related symp-
toms such as cough, dyspnoea, chest tightness
and/or wheezing with the presence of clinical
reversible airway obstruction or airway hyper-
responsiveness (AHR) to inhaled methacholine.”®
AHR was measured by continuous inhalation of 10
doubling concentrations of methacholine (49-
25,000 pg/mlL) (Astograph®; Chest, Tokyo,
Japan)."®"” The total cumulative dose of
methacholine at the end of inhaling the highest
concentration was 50 units. Subjects inhaled
methacholine until maximum methacholine
concentrations or 2 folds of baseline respiratory
resistance (Rrs) values determined by 1 minute
inhalation of saline before the initiation of
inhaled methacholine, followed by salbutamol
inhalation for 2 minutes. Dmin, the cumulative
dose of inhaled methacholine at the inflection
point at which Rrs began to increase, represents
airway sensitivity. AHR was considered positive if
Dmin was <125 units."” All patients with
asthma were confirmed the presence of AHR to
inhaled methacholine in our hospital (n = 18)
and/or clinical airway reversibility with the
response to P, agonists for their symptoms
previously. The diagnosis of CRS was made
according to radiological and endoscopic
findings with physical symptoms lasting for 12
weeks or longer."® Endoscopic and radiological
examinations show NPs, purulent mucus and
submucosal edema in the middle meatus or
anterior ethmoid cavity. When these endoscopic
and/or radiological features were applicable in
combination with two or more physical
symptoms  (mucopurulent  drainage, nasal
obstruction, facial pain and/or impairment of
smelling), patients were diagnosed as having
CRS."® CRS were stratified according to the
presence or absence of NPs (CRSwNP and
CRSsNP, respectively)."® All patients underwent
medical check by both asthma and
otorhinolaryngology specialists to evaluate the
existence or condition of asthma and CRS, and

the indication of ESS. Healthy volunteers who
had no history of either upper or lower airway
diseases were also enrolled as controls between
October 2015 and December 2017. Participants
were excluded if they smoked currently or quit
smoking within the past six months, had other
pulmonary diseases including chronic
obstructive pulmonary disease (COPD), took oral
corticosteroids, or experienced acute respiratory
infection within 4 weeks prior to enrollment. This
study was approved by the Ethics Committee of
our hospital (1165) and was registered on the
UMIN Clinical Trials Registry (Registry ID
UMINO00018672). Written informed consent was
obtained from all participants.

Measurements

All participants underwent spirometry, FeNO
measurement, olfactory function test and sputum
induction, and answered the Sinonasal Outcome
Test-22 (SNOT-22). Only one CRS patient with
comorbid asthma failed to conduct the NO mea-
surement because of apparatus failure. Further-
more, all CRS patients underwent blood analyses
[eosinophils, total IgE, and specific IgE antibody
against 9 aeroallergens; house dust mite, cat, dog
dander, Japanese cedar pollen, mixed Gramineae
pollens (orchard grass, sweet vernal grass,
Bermuda grass, Timothy grass and reeds), mixed
weed pollen (ragweed, mugwort, goldenrod,
dandelion and oxeye daisy), Alternaria alternata,
and Staphylococcus aureus enterotoxin A and B],
sinus computed tomography (CT) scan, and ESS.
Patients were considered to have atopic predis-
position if one or more specific IgE antibody titer
showed >0.35 UA/ml. All measurements except
for tissue sample collections were conducted
before ESS.

Evaluation of upper airways

Olfactory function was evaluated using the
Open Essence method."?2° Briefly, Open Essence
consists of 12 different smelling cards (i.e.
condensed milk, cooking gas, curry, cypress
wood, India ink, Japanese orange, menthol,
wood, rose, sweaty-smelling clothes, perfume,
and roasted garlic). Each card was sniffed, and
then the odorant was chosen among 4 alternatives
in order. The number of correct scores (Open
Essence scores ranging from 0 to 12) was
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calculated. Higher scores represent better sense of
smell (i.e. 0 = anosmia, 12 = good sense of smell).

SNOT-22 is a validated questionnaire which is
composed of the most 22 CRS-related symptoms
regarding quality of life (QoL).?" All symptoms
range from 0 to 5 (0 = “No Problem”, 1 = “Very
mild problem”, 2 = "Mild or slight problem”,
3 = "Moderate”, 4 = "Severe Problem”, and
5 = "Problem as bad as it can be"”). Higher
scores represent worse CRS-related QoL and pre-
dict good response to ESS.?" The reliability and
validity of the Japanese version of the original
questionnaire, SNOT-20, have already been vali-
dated.?? We obtained the permission to use it for
this study from Professor Jay Piccirillo, Washington
University, USA.

The Lund-Mackay score (LMS) was adopted to
evaluate radiological severity of CRS. Briefly,
scores ranging from 0 to 2 assigned into each of
unilateral sides of the maxillary, anterior ethmoid,
posterior ethmoid, sphenoid and frontal sinuses
(0: no abnormality, 1: partial opacification, or 2:
total opacification), and the ostiomeatal complex
(0: not obstructed, or 2 obstructed). The total
scores range from 0 to 24. Higher scores indicate
more severe CRS (i.e. 0 = complete lucency,
24 = complete opacity of all the sinuses).?® The
LMS was determined by one radiologist who is a
specialist of the head and neck regions.

All of ESS were performed, and inflamed sinus
tissue samples were taken from 54 patients under
general anesthesia by otorhinolaryngology spe-
cialists. The remaining 2 patients, all without
asthma, underwent resection of NPs only because
there was no mucopurulent discharge in sinuses
when ESS was performed. NPs were resected from
38 patients. After fixing in formalin and embed-
ding in paraffin, 4-um paraffin sections were
stained with Hematoxylin-Eosin. The number of
eosinophils in NPs and sinus tissues per high-
power field (HPF, 400 x ) was counted by one
pathologist. Radiological and histological evalua-
tions were independently performed under a
blinded manner, respectively.

Evaluation of lower airways

Spirometry was performed to assess pre-
bronchodilator FEV; according to the ATS/ERS

recommendations using Chestac-8900 (Chest

Corp, Tokyo, Japan).?*

FeNO levels were measured with an oral expi-
ratory flow rate of 50 ml/s using a Sievers NOA
280i chemiluminescence analyzer (GE Analytical
Instruments, Boulder, USA)."%2% |n patients with
asthma, they withheld taking anti-asthma drugs
including ICS 24 hours before the measurement of
spirometry and FeNO.

The sputum samples were obtained from 65
participants (16 with and 29 without asthma, and
20 controls) with 15 minute inhalation of 3% saline
after 400 pg of inhaled salbutamol.?® After
counting 400 differential cells, the proportion of
neutrophils and eosinophils was calculated.
Periostin levels of sputum supernatant were
measured with the use of an enzyme-linked
immunosorbent assay developed by Shino-Test
(Kanagawa, Japan)."'11 SS18A and SS19C, both
of which are antibodies against FAS | domains,
were used to determine sputum periostin levels.

Statistics

Data were analyzed using JMP 11.2.0 Start
Statics (SAS Institute Inc., Cary, NC, USA). Data
were presented as median (5th percentile, 95th
percentile). Kruskal-Wallis test followed by Steel-
Dwass analysis or Chi square test was applied
when the difference in indices among the 3 groups
was evaluated. Comparisons of CRS patients with
or without asthma were made using Wilcoxon
rank-sum test. For categorical variables, chi-square
tests or fisher exact tests were applied. A p
value < 0.05 was considered significant when o
error was set at 5%.

Spearman rank correlation was used to assess
association of sputum periostin with other lower
airways variables, and association between upper
and lower airways indices. When a p value
showed < ]0.40|, we considered that a correlation
between variables might not mean a lot evenifa p
value was significant.

RESULTS
Participant's characteristics

Eighty-four participants (56 CRS patients [20
with and 36 without comorbid asthma] and 28
healthy subjects) were eligible for this study.
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Characteristics of participants were shown in
Table 1. Among patients with CRS, 20 were
comorbid with asthma and 19 of which had NPs.
Thirty-five patients were sensitized to at least
one or more perennial (n = 25) and/or seasonal
(n = 29) allergens. Furthermore, 8 patients (5 with
and 3 without asthma) previously experienced
dyspnoea, cough, and/or chest tightness after
taking nonsteroidal anti-inflammatory drugs
(NSAIDs) and/or after using toothpaste containing
sodium benzoate and paraben. Although we did
not perform aspirin challenge test, they were
considered as having aspirin-intolerance. Of
these 8 patients, 4 (3 with comorbid asthma and 1
without asthma) were sensitized to perennial al-
lergens and 3 with comorbid asthma showed
sensitization to seasonal allergens. The propor-
tion of never smokers was significantly higher in

healthy subjects than in CRS patients with/without
asthma. Meanwhile, other characteristics such as
age, sex, and body mass index were similar
among CRS patients with/without asthma and
healthy subjects. The median duration of sinusitis
and asthma was 3 (0.5, 18) years and 5 (0.5, 15)
years, respectively. Patients with comorbid
asthma showed higher blood eosinophils and
total IgE levels than those without asthma, while
proportion of atopic predisposition was not
affected by comorbid asthma (Table 1). In
patients with comorbid asthma, 17 had regularly
received inhaled corticosteroids with the mean
dose of 605 (295) pg (fluticasone propionate
equivalent). According to the GINA 2015
guidelines, 7 patients were classified as step 3,
and 10 as step 4. The remaining 3 patients had
taken leukotriene receptor antagonists alone

. _ CRS with CRS w/o Healthy
Allce)r:g:l(t:l\?vir:rse(:(;e%‘l)' asthma asthma subjects p value
P (n = 20) (n = 36) (n = 28)

Age, years 60 (30, 76) 60 (41, 70) 61 (34, 77) 59 (27, 74) 0.67
Sex, females, n 35 (42) 5 (25) 14 (39) 16 (57) 0.08"
(%)
Body Mass Index, 23.3(18.5, 28.5) 24.2 (20.0, 22.5(17.8, 21.6 (191, 0.14
kg/m? 27.4) 31.9) 26.8)
Smoking history, 45 (54) 8 (40) 15 (42) 22 (79) 0.005"
never, n (%)
pack-years 16 (1.5, 61)° 15 (0.8, 70)b 20 (3., 60)° | 14 (2.5, 36)d 0.88
Aspirin 8 (14)° 5 (25) 3(8) N/A 0.12
intolerance, n (%)
Atopic 35 (63)° 14 (70) 21 (58) N/A 0.56'
predisposition, n
(%)
Blood analyses
Eosinophils, %° 45 (0.5, 13.2) 9.0 (3.4, 23.4)| 2.8 (0.3, 9.8) | N/A <0.0001"
Serum total IgE, 155 (15, 1500) 377 (124, 69 (12, 1510) | N/A 0.0005
IU/mL® 1052)
Durations
of diseases

Sinusitis, years 3 (0.5, 18)° 2 (0.5, 15) 6.7 (0.7, 22) | N/A 0.31

Asthma, years - 5(0.5, 15) | N/A N/A -

Table 1. Clinical characteristics of participants. a. n=39. b. n=12.c. n=21.d. n= 5. e. n = 56. f. Values were evaluated by Wilcoxon rank-sum test,
chi-square test or Fisher's exact test. The remaining p values were analysed by Kruskal-Wallis test. N/A: not assessed or not applicable. Data were presented as
median (5th percentile, 95th percentile) or n (%)



. . Healthy p value
All participants (n = 84, Asthma | W/o asthma ;
except where noted) (n = 20) (n = 36) (S:tiezc'és) p value | A zsp\{V/
Upper airway indices

Open essence 7 (0, 11) 1 (0, 8) 6 (0, 10) 9(4,12) <0.0001| 0.029 | <0.0001| 0.001
scores, points

SNOT-22, points 15 (0, 66) 28 (11,62)| 24(4,77) 2 (0, 8) <0.0001 0.99 | <0.0001| <0.0001

Lund-Mackay scores, 12 (4, 21) 15(10,23)| 10 (4, 20) | N/A N/A 0.006° | N/A N/A
points®

The presence of 38 (50) 19 (95) 19 (53) N/A N/A 0.001° | N/A N/A
nasal polyp, n (%)"

Eosinophils in nasal 85 (0, 423) 123 (30, 16 (0, 310) | N/A N/A 0.003° | N/A N/A
polyp, HPF 423)

Eosinophils in sinus 66 (0, 595) 95 (38, 35(0, 501) | N/A N/A 0.027° | N/A N/A
tissue, HPF® 743)

Lower airway indices

Sputum periostin, 7.1 (0.4, 42.3) 19.4 (4.4, 8.6 (0.2, 1.6 (0.4,5.9) | <0.0001| 0.019 | <0.0001| 0.002
ng/mlL' 55.7) 37.1)
eosinophils, %' 0 (0, 61) 12 (1, 81) 0 (0, 6) 0 (0, 3) <0.0001 | <0.0001 | <0.0001 0.72
neutrophils, %f 74 (6, 96) 51 (4, 95) | 82 (33, 97) 48 (0, 85) 0.0001 0.021 0.83 0.0001

FeNO, ppb? 25.8 (10.9, 80.4) 50.4 (26.7,] 24.1 (6.5, 20.6 (15.3, <0.0001| 0.0004 | <0.0001 0.36

91.7) 79.1) 34.9)
FEV,, % predicted 93.2 (69.8, 119.3) 84.5(53.1,] 97.1(70.5, 97.9 (77.7, 0.006 0.031 0.005 0.76
102.2) 121.5) 119.2)

¥60001°610z noloem /91010l /610" 10p//:dnny

¥60001:€L (0Z0Z) [ewinor uoneziuebiQ ABis|)yy PHOM “[e 18 nspwauey

Table 2. The upper and lower airways characteristics of participants stratified according to the presence or absence of asthma. A: asthma, w/o A: without asthma, H: healthy subjects, SNOT-22:
sino-nasal outcome test-22, HPF: high power field. a. Analyzed by Kruskal-Wallis test. b. Analyzed by Steel-Dwass analysis. c. n = 56. d. Sinus tissue samples were taken from 54 patients. e. Analyzed by Wilcoxon
rank-sum test or Fisher's exact test. f. Sputum samples were obtained from 65 participants (31 with CRSWNP, 14 with CRSsNP, and 20 controls). g. FeNO was measured in 83 participants except for one with
CRSwWNP. Data were presented as median (5th percentile, 95th percentile)
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CRSWNP | CRSsNP Healthy
= e subjects
(n=38) | (n=18) (n — 28)
Upper airway
indices
Open essence 2 (0, 9) 7 (2, 10) 9(4,12)
scores, points
SNOT-22, points | 25 (10, 63)| 25 (5, 78) 2 (0, 8)
Lund-Mackay 15(5,23) | 7(4,13) | N/A
scores, points®
Eosinophils in 87 (3, 572)| 35(0, 455)| N/A
sinus tissue,
HPF<
Lower airway
indices
Sputum dperiostin, 12.0 (0.5, | 11.2 (1.0, 1.6 (0.4, 5.9)
ng/mL 47.8) 46.3)
eosinophils, % 2 (0, 74) | 0.5(0, 5) 0(0, 3)
neutrophils, %< 78(9,97) | 81(47,96) 48 (0, 85)
FeNO, ppb*® 38.1 (14.1,| 26.8 (6.5, 20.6 (15.3,
109.5) 53.0) 34.9)
FEV4, % 92.2 (65.0, | 86.9 (67.9, 97.9(77.7,
predicted 114.0) 121.0) 119.2)

<0.0001

<0.0001
N/A

N/A

<0.0001

0.017
0.004
0.001

0.15

0.007

0.99
<0.0001¢

0.12¢

0.91

0.38
0.70
0.11

0.86

p value

wNP vs

H

<0.0001

<0.0001
N/A

N/A

<0.0001

0.020
0.0499
0.001

0.19

p value
sNP vs
H

0.053

<0.0001
N/A

N/A

0.0005

0.20
0.002
0.31

0.29

Table 3. The upper and lower airways characteristics of participants stratified according to the presence or absence of nasal polyps. wNP:
CRSwNP, sNP: CRSsNP, H: Healthy subjects, SNOT-22: sino-nasal outcome test-22, HPF: high power field. a. Analyzed by Kruskal-Wallis test. b. Analyzed by
Steel-Dwass analysis. c. Analyzed by Wilcoxon rank-sum test. Data were presented as median (5th percentile, 95th percentile). d. Sputum samples were

obtained from 65 participants (31 with CRSWNP, 14 with CRSsNP, and 20 controls). e. FeNO was measured in 83 participants except for one with CRSwWNP. Data
were presented as median (5th percentile, 95th percentile)

and were categorized into step 2. None were
taking oral corticosteroids or biologic treatments
at enrollment.

Comparison of upper airway indices

Tables 2 and 3 show the upper and lower
airways characteristics of participants when

stratified according to the presence or absence
of asthma and NPs, respectively.

CRS patients showed lower Open Essence
scores and higher SNOT-22 scores than healthy
subjects, indicating that their olfactory function
and QoL were impaired by CRS (Table 2).
Particularly, olfactory function was worst in CRS

Sputum eosinophils, %
neutrophils, %

FeNO?, ppb

FEV,, % predicted

0.44 0.003
—0.08 0.59
0.49 0.001
-0.32 0.0008

Table 4. Correlation between sputum periostin and other lower airways indices in CRS patients (n = 45). Spearman rank correlation test was adopted
a. Only one CRS patient with comorbid asthma failed to conduct the NO measurement because of apparatus failure.
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Sputum periostin, Sputum
ng/mL eosinophils, %
p value p p value
Open essence scores, points —0.08 0.58 —0.35 0.017 —0.22 0.10
Lund-Mackay scores, points 0.18 0.24 0.36 0.014 0.18 0.18
Eosinophils in nasal polyp, HPF 0.45 0.017 0.35 0.056 0.42 0.01
Eosinophils in sinus tissue, HPF® 0.31 0.043 0.29 0.062 0.32 0.021

Table 5. Correlation between Th2-driven lower airway indices and upper airway indices. a. Sputum samples were obtained from 45 participants
(31 with CRSWNP and 14 with CRSsNP). b. FeNO was measured in 55 participants (37 with CRSwNP and 18 with CRSsNP). c. n = 43 for sputum periostin and

eosinophils, and n = 53 for FeNO

patients with comorbid asthma, followed by those
without asthma and healthy subjects in this order
(Table 2), while CRS-related QoL was similar be-
tween CRS patients with and without asthma
(Table 2).

When confined to CRS patients, 38 had NPs.
Patients with asthma had significantly higher
prevalence of NPs, radiologically more severe
CRS, more prominent infiltration of eosinophils in
NPs and sinus tissues, as compared with those
without asthma (Table 2). These suggest that
comorbid asthma would be associated with more
severe CRS, as reflected by olfactory dysfunction
and upper airway eosinophilia.

When they were stratified according to the
presence or absence of NPs (Table 3), patients with
CRSwWNP showed more significant impairment of
olfactory function than those with CRSsNP
(Table 3). Additionally, radiological severity was
also significantly higher in patients with CRSWNP
than in those with CRSsNP (Table 2).

Comparison of lower airways indices

To evaluate the impact of CRS on the lower
airways, inflammatory and functional markers of
lower airways were compared among the three
groups (Table 2). Sputum periostin levels were
highest in CRS patients with comorbid asthma,
followed by those without asthma and healthy
subjects, in this order. Other Th2-driven bio-
markers such as sputum eosinophils and FeNO
were significantly higher in CRS patients with co-
morbid asthma than the other two groups. On the
contrary, CRS patients without asthma showed
significantly higher sputum neutrophils than those
with comorbid asthma and healthy subjects. FEV,

values were lower in patients with comorbid
asthma than the other groups.

When confined to CRS patients, sputum peri-
ostin levels were significantly correlated with
sputum eosinophils, and FeNO levels (Table 4),
but not sputum neutrophils (Table 4). %FEV, also
showed a significant correlation with sputum
periostin, though it was weak (Table 4).

When CRS patients were stratified according to
the presence or absence of NPs (Table 3), all lower
airways indices were similar between these CRS
subgroups.

Association of upper and lower airways indices

Lastly, associations between upper and lower
airway indices in CRS patients were investigated.
Impaired olfactory function as examined by the
Open Essence method showed significant but
weak correlation with increased levels of sputum
eosinophils (Table 5), while it was unrelated to
sputum periostin, or FeNO (Table 5). Meanwhile,
the CRS-related QoL examined by SNOT-22 un-
related to any biomarkers of the lower airways
(data not shown).

The infiltration of eosinophils in NPs was signif-
icantly correlated with levels of sputum periostin
and FeNO, but not eosinophil counts (Table 5). The
association between eosinophils in NPs and
sputum periostin tended to be significant even
when the asthmatics were excluded (n = 14,
p = 043, p = 0.098). All of Th2-driven lower
airway biomarkers also showed weak correlations
with eosinophils in sinus tissues (Table 5).
However, sputum periostin levels and FeNO were
unrelated to the radiological severity of CRS,
unlike sputum eosinophil counts (Table 5). In
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addition, sputum neutrophil counts did not
correlate with olfactory function, the infiltration of
eosinophils in NPs and in sinus tissue or the
radiological severity of CRS (p = 0.29,
p = 0.0504 for olfactory function, n = 31,
p = —0.09, p = 0.65 for eosinophils in NPs,
n =43, p = -0.21, p = 0.17 for eosinophils in
sinuses tissue, and n = 45, p = 0.04, p = 0.79 for
radiological severity of CRS).

Additionally, olfactory function, CRS-related
Qol, and eosinophils in NP or sinus tissues were
unrelated to FEV, (data not shown).

DISCUSSION

We have demonstrated, for the first time to the
best of our knowledge, that periostin levels are
increased in the lower airways, as examined by
sputum, of patients with CRS, even when asthma
does not coexist. These levels, as well as FeNO
levels, were significantly associated with eosino-
philia of NPs. Moreover, the impairment of olfac-
tory function was prominent when CRS patients
had comorbid asthma. These results strongly indi-
cate the existence of mutual interaction between
upper and lower airways, which would affect the
pathophysiology of unified airway diseases.

CRS patients showed a significant increase of
sputum levels of periostin as compared with
healthy controls, but these levels were comparable
when the patients were stratified by the presence
or absence of NPs. In the gene expression analysis
of periostin comparing between NPs and inflamed
sinuses of patients with CRSwWNP, the expression
was five-fold higher in NPs than in inflamed si-
nuses,?” suggesting that NPs are the main source
of periostin. On the other hand, eosinophilic NPs
were reportedly less prevalent in the Asian than
in the Western population; less than 50% of NPs
were eosinophilic in Korea.?® The same authors
also found a significantly higher expression of
periostin in eosinophilic than in noneosinophilic
NPs.?® These results may be consistent with
similar sputum levels of periostin between our
patients with CRSWNP and those with CRSsNP.
We have also demonstrated a significant
correlation between eosinophilia of NPs and
sputum periostin and FeNO levels, but not
sputum eosinophils. This may indicate the
association between eosinophilic NPs, which

might produce IL-4/IL-13, and the lower airways
through naso/sino-bronchial crosstalk. Indeed, the
association between sputum periostin levels and
the number of eosinophils in NPs tends to be
significant when confined to CRS patients without
asthma. However, it remains unclear how naso/
sino-bronchial crosstalk between upper and
lower airways is involved in the upregulation of IL-
4/IL-13, if present, in the unified airways.

There is another explanation of increased
expression of periostin in lower airways even when
asthma does not coexist. In experimental models
using rabbits, artificial sinusitis established by a
complement fragment could elicit AHR to hista-
mine.?? In this report, post-nasal dripping of in-
flammatory cells and proteins into the lower airway
was the most plausible mechanisms for the
development of AHR. Indeed, patients with chronic
cough and post-nasal drip showed increased
levels of sputum neutrophils and TNF-a. than
normal subjects,*® which is line with the present
findings of significant increase in sputum
neutrophils in CRS patients without asthma
(Table 2). However, the link of periostin to
neutrophils is less certain than that to
eosinophils.9 Furthermore, we cannot exclude
the possibility that neutrophils may have seemed
increased “passively”, and secondary to the lower
percentage of eosinophils as compared with CRS
patients with asthma.

Anosmia is a major symptom of CRS and it is
often refractory to topical corticosteroids.®”
Eosinophilic inflammation in sinus or NP tissues
has been associated with the prevalence and
severity of anosmia in CRS patients.*?*® Asthma
is also known as one of risk factors of olfactory
dysfunction in CRS patients as has been
confirmed in this study (Table 2) in addition to
aging, the presence of NPs (Table 3), and current
smoking.***® Decline in CRS-related QoL is also
associated with poor asthma control®® and asthma
exacerbations that require oral corticosteroids®” in
CRS patients with comorbid asthma. However, CRS
patients with comorbid asthma showed similar
preoperative QoL scores assessed by SNOT-20
when compared to those without asthma.®®
These results are consistent with the present
study that olfactory dysfunction was more severe
in CRS patients with comorbid asthma than those
without asthma, while the impairment of CRS-
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related QoL was similar between the two groups.
Additionally, olfactory dysfunction, but not CRS-
related Qol, showed a correlation with sputum
eosinophils (Table 5). These suggest that olfactory
dysfunction in CRS patients is a potential sign of
the existence of eosinophilic inflammation in
lower airways and comorbid asthma.

We have firstly demonstrated the relevance of
sputum periostin levels in the pathophysiology of
unified airway diseases. In the present study,
sputum periostin levels were significantly higher in
CRS patients with comorbid asthma than those
without asthma. This may be the consequence of
asthma. Periostin could facilitate not only the
recruitment of allergen-induced eosinophils to the
lung tissue but also a 5- to 8- fold increase of
eosinophil adhesion to fibronectin.®*? Furthermore,
it also activates the migration of IL-5-stimulated
eosinophils by binding to CD11b.*® These
indicate that periostin in the lower airways may
be further produced through activated
eosinophils under an inflammatory situation like
asthma. Some studies have shown the implication
of sputum periostin in the pathophysiology of
asthma, 271441 Sputum periostin levels
correlated with sputum eosinophilia in patients
with severe'? and poorly controlled asthma.'®
Recently, its levels were significantly higher in
patients with severe type 2 asthma than in those
with mild to moderate asthma.’® Furthermore,
there were significant correlations of sputum
periostin levels with lung function’? and sputum
specific IgE against Dermatophagoides
pteronyssinus levels.*' Hence, sputum periostin
might be a potential biomarker of patients with
severe type 2 asthma who are expected to show
good response to biologics.*? Sputum periostin
levels of our subjects (0.1-70.7 ng/mL) showed
similar range to previous studies (0.1-152 ng/

L),"27'*4"  indicating the validity of our
measurement.

We would like to point out some limitations to
our study. First, 33 of 56 CRS patients had past
smoking history. Although smoking is one of the
most important factors of the development of CRS,
the development of the lower airway inflammation
may be affected by past smoking rather than CRS-
related factors such as naso/sino-bronchial cross-
talk and post-nasal drips. However, the influence of
smoking on sputum periostin levels has not been

confirmed yet; one study of poorly-controlled
asthma showed similar periostin levels between
never smokers and past smokers.'* Second, not all
of our asthmatic patients had very severe disease
that may require biologics. On the contrary, CRS
of  all patients  were intractable  to
pharmacological treatments and had an
indication of ESS. Therefore, our findings may not
be applicable for milder CRS patients and CRS
patients with comorbid more severe asthma.
Third, we did not measure total protein in
sputum because of the lack of samples. In the
study presented here, sputum periostin levels
were not corrected by total protein content in the
previous studies. However, we cannot preclude
the possibility that the content of total protein in
collected sputum samples may influence the
measurement of periostin levels. To address
these problems, studies of larger cohorts,
including both severe asthma and non-severe
CRS, are needed to further determine the patho-
physiological link between upper and lower air-
ways, particularly the association of olfactory
function with sputum periostin levels, eosinophilia
and FeNO levels.

In conclusion, we have demonstrated that peri-
ostin levels and inflammatory cells such as eosin-
ophils and neutrophils in the lower airways are
increased in patients with CRS, suggesting the
presence of mutual interactions between upper
and lower airways even if asthma does not coexist.
Eosinophilic NPs may be associated with Th2-
driven inflammation of the lower airways through
naso/sino-bronchial crosstalk and post nasal drips,
indicating that eosinophilic NPs may be related to
the pathophysiology of unified airway diseases.
Moreover, olfactory dysfunction could be a po-
tential indicator of eosinophilic inflammation in
lower airways and asthma. Further longitudinal
studies are necessary to clarify how mutual inter-
action between upper and lower airways affects
the pathophysiology of unified airway diseases.

Abbreviations

AHR: airway hyperresponsiveness; ATS: American Thoracic
Society; COPD: chronic obstructive pulmonary disease;
CRS: chronic rhinosinusitis; CRSsNP: CRS without nasal
polyps; CRSWNP: CRS with nasal polyps; CT: computed
tomography; ESS: endoscopic sinus surgery; ERS: Euro-
pean Respiratory Society; FeNO: fractional nitric oxides;
GINA: Global Initiative for Asthma; HPF: high-power field;
IL: interleukin; LMS: Lund-Mackay score; NPs: nasal polyps;


https://doi.org/10.1016/j.waojou.2019.100094

Volume 13, No. 1, Month 2020

SNOT-22: Sinonasal Outcome Test-22; Tukey Kramer HSD:
Tukey Kramer honestly significant difference

A declaration of all sources of funding for the research
This study was supported in part by research grants from
Novartis Pharma, Japan; Tanabe Mitsubishi pharma, Japan;
and KOBAYASHI FOUNDATION, Japan.

Consent for publication and funding

Y.K. reports research grants from Novartis Pharma, and
Tanabe Mitsubishi pharma for the submitted work, and
grants from MSD and Kyowa-Kirin corporations outside the
submitted work. M.S. reports research grants from
Kobayashi Foundation for the submitted work. S. F. reports
personal fees from AstraZeneca, personal fees from Eli Lilly
Japan outside the submitted work. H.O reports research
grant from Boehringer Ingelheim outside the submitted
work. K.M. reports personal fees from Pfizer and Chugai
Pharmaceutical outside the submitted work. T.O reports
personal fees from AstraZeneca, Eli Lilly Japan, Taiho
Pharmaceutical, Pfizer, Chugai Pharmaceutical, MSD, Daii-
chi Sankyo, and Asahi Kasei Pharma, and research grants
and personal fees from Kyowa Hakko Kirin, Boehringer
Ingelheim, Ono Pharmaceutical, and Novaltis outside the
submitted work. K.I. reports research grants from Shino-
Test Corporation for the submitted work. M.T reports
research grant from Pfizer outside the submitted work. A.N.
reports personal fees from Astellas, AstraZeneca, Kyorin,
GSK, and Boehringer Ingelheim, and research grants from
Astellas, Kyorin, Boehringer Ingelheim, Novartis, MSD,
Daiichi Sankyo, Taiho, Teijin, Ono, Takeda, Maruho Phar-
maceutical outside the submitted work.

Availability of data and materials
Not applicable.

Conflict of interest
None.

Ethics approval and consent to participate

This study was approved by the Ethics Committee of
Nagoya City University (Number 1165) and was registered
on the UMIN Clinical Trials Registry (Registry ID
UMINO000018672). Written informed consent was obtained
from all participants.

Author's contribution

YK: established the conception of the whole study, and
contributed to the performance of diagnostic tests, the
collection of data, the recruitment of patients, disease
diagnosis and management, the acquisition and
interpretation of data, and drafting the manuscript. KF, NT,
RK, HN and JY contributed to the performance of
diagnostic tests, the collection of data, and the acquisition
and interpretation of data. YN, TA, and MT contributed to

11

the recruitment of patients, disease diagnosis and
management, and revision of the manuscript. YO
contributed to assess the radiological severity of CRS. AM
made specimens and assessed the infiltration of
eosinophils in upper airway tissues. SF, HO, KM, YI, and TO
contributed to the diagnostic tests, the collection of data,
and management of patients. Kl, SO, and JO carried out
the measurement of periostin. MS and AN contributed to
the recruitment of patients, disease diagnosis and
management, interpretation of data, and revision of the
manuscript.

Acknowledgement

The authors thank Dr Takashi Ueda, Department of
anatomy, Nagoya City University of Medical Science, for his
fruitful advice.

Author details

#Department of Respiratory Medicine, Allergy and Clinical
Immunology, Nagoya City University Graduate School of
Medical Sciences, Nagoya, Japan®Department of
Otorhinolaryngology, Nagoya City University Graduate
School of Medical Sciences, Nagoya, Japan“Department of
Radiology, Nagoya City University Graduate School of
Medical Sciences, Nagoya, Japan®Department of
Pathology, Nagoya City University Graduate School of
Medical Sciences, Nagoya, Japan®Shino-Test Corporation,
Sagamihara, JapanfThe Division of Medical Biochemistry,
Department of Biomolecular Sciences, Saga Medical
School, Saga, Japan.

REFERENCES

1. Dixon AE, Kaminsky DA, Holbrook JT, Wise RA, Shade DM,
Irvin CG. Allergic rhinitis and sinusitis in asthma: differential
effects on symptoms and pulmonary function. Chest.
2006;130:429-435.

2. Bachert C, Pawankar R, Zhang L, et al. ICON: chronic
rhinosinusitis. World Allergy Organ J. 2014;7:25.

3. Jarvis D, Newson R, Lotvall J, et al. Asthma in adults and its
association with chronic rhinosinusitis: the GA2LEN survey in
Europe. Allergy. 2012;67:91-98.

4. Bousquet J, Gaugris S, Kocevar VS, et al. Increased risk of
asthma attacks and emergency visits among asthma patients
with allergic rhinitis: a subgroup analysis of the investigation of
montelukast as a partner agent for complementary therapy.
Clin Exp Allergy. 2005;35:723-727.

5. Braunstahl GJ, Overbeek SE, Kleinjan A, Prins JB,
Hoogsteden HC, Fokkens WJ. Nasal allergen provocation
induces adhesion molecule expression and tissue eosinophilia
in upper and lower airways. J Allergy Clin Immunol. 2001;107:
469-476.

6. Braunstahl GJ, Fokkens WJ, Overbeek SE, KleinJan A,
Hoogsteden HC, Prins JB. Mucosal and systemic inflammatory
changes in allergic rhinitis and asthma: a comparison between
upper and lower airways. Clin Exp Allergy. 2003;33:579-587.

7. Gaga M, Lambrou P, Papageorgiou N, et al. Eosinophils are a
feature of upper and lower airway pathology in non-atopic
asthma, irrespective of the presence of rhinitis. Clin Exp
Allergy. 2000;30:663-669.


http://refhub.elsevier.com/S1939-4551(19)31250-5/sref1
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref1
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref1
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref1
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref2
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref2
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref3
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref3
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref3
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref4
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref4
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref4
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref4
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref4
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref5
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref5
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref5
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref5
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref5
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref6
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref6
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref6
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref6
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref7
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref7
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref7
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref7

12

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kanemitsu et al. World Allergy Organization Journal (2020) 13:100094

http://doi.org/10.1016/j.waojou.2019.100094

ten Brinke A, Grootendorst DC, Schmidt JT, et al. Chronic
sinusitis in severe asthma is related to sputum eosinophilia.
J Allergy Clin Immunol. 2002;109:621-626.

. Kanemitsu Y, Matsumoto H, lzuhara K, et al. Increased periostin

associates with greater airflow limitation in patients receiving
inhaled corticosteroids. J Allergy Clin Immunol. 2013;132:305-
312.

Matsusaka M, Kabata H, Fukunaga K, et al. Phenotype of
asthma related with high serum periostin levels. Allergol Int.
2015;64:175-180.

Asano T, Kanemitsu Y, Takemura M, et al. Serum periostin as a
biomarker for comorbid chronic rhinosinusitis in patients with
asthma. Ann Am Thorac Soc. 2017;14:667-675.

Bobolea |, Barranco P, Del Pozo V, et al. Sputum periostin in
patients with different severe asthma phenotypes. Allergy.
2015;70:540-546.

Carpagnano GE, Scioscia G, Lacedonia D, et al. Looking for
airways periostin in severe asthma: could it Be useful for
clustering type 2 endotype? Chest. 2018;154:1083-1090.

Simpson JL, Yang IA, Upham JW, et al. Periostin levels and
eosinophilic inflammation in poorly-controlled asthma. BMC
Pulm Med. 2016;16:67.

2015 GINA Report, Global Strategy for Asthma Management
and Prevention https://ginasthma.org.

Takishima T, Hida W, Sasaki H, Suzuki S, Sasaki T. Direct-
writing recorder of the dose-response curves of the airway to
methacholine. Clinical application. Chest. 1981;80:600-606.

Niimi A, Matsumoto H, Takemura M, Ueda T, Chin K,
Mishima M. Relationship of airway wall thickness to airway
sensitivity and airway reactivity in asthma. Am J Respir Crit
Care Med. 2003;168:983-988.

Fokkens WJ, Lund VJ, Mullol J, et al. European position paper
on rhinosinusitis and nasal polyps 2012. Rhinol Suppl.
2012;23:1-298. p preceding table of contents.

Asano T, Takemura M, Kanemitsu Y, et al. Combined
measurements of fractional exhaled nitric oxide and nasal
nitric oxide levels for assessing upper airway diseases in
asthmatic patients. J Asthma. 2018;55:300-309.

Shiga H, Yamamoto J, Kitamura M, et al. Combinations of two
odorants of smell identification test for screening of olfactory
impairment. Auris Nasus Larynx. 2014;41:523-527.

Kennedy JL, Hubbard MA, Huyett P, Patrie JT, Borish L,
Payne SC. Sino-nasal outcome test (SNOT-22): a predictor of
postsurgical improvement in patients with chronic sinusitis.
Ann Allergy Asthma Immunol. 2013;111:246-251.

Majima Y, Kurono Y, Hirakawa K, et al. Reliability and validity
assessments of a Japanese version of QOL 20-Item Sino-Nasal
Outcome Test for chronic rhinosinusitis. Auris Nasus Larynx.
2010;37:443-448.

Lund VJ, Kennedy DW. Staging for rhinosinusitis. Otolaryngol
Head Neck Surg. 1997;117:535-S40.

Miller MR, Crapo R, Hankinson J, et al. General considerations
for lung function testing. Eur Respir J. 2005;26:153-161.

Dweik RA, Boggs PB, Erzurum SC, et al. An official ATS clinical
practice guideline: interpretation of exhaled nitric oxide levels
(FENO) for clinical applications. Am J Respir Crit Care Med.
2011;184:602-615.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Tajiri T, Matsumoto H, Niimi A, et al. Association of
eosinophilic inflammation with FKBP51 expression in sputum
cells in asthma. PLoS One. 2013;8. e65284.

Mitonski J, Zielinska-Blizniewska H, Przybytowska K, et al.
Significance of CYCLOOXYGENASE-2(COX-2), PERIOSTIN
(POSTN) and INTERLEUKIN-4(IL-4) gene expression in the
pathogenesis of chronic rhinosinusitis with nasal polyps. Eur
Arch Oto-Rhino-Laryngol. 2015;272:3715-3720.

Kim DK, Jin HR, Eun KM, et al. Non-eosinophilic nasal polyps
shows increased epithelial proliferation and localized disease
pattern in the early stage. PLoS One. 2015;10. e0139945.

Brugman SM, Larsen GL, Henson PM, Honor J, Irvin CG.
Increased lower airways responsiveness associated with
sinusitis in a rabbit model. Am Rev Respir Dis. 1993;147:314-
320.

Jatakanon A, Lalloo UG, Lim S, Chung KF, Barnes PJ. Increased
neutrophils and cytokines, TNF-alpha and IL-8, in induced
sputum of non-asthmatic patients with chronic dry cough.
Thorax. 1999;54:234-237.

Stevens MH. Steroid-dependent anosmia. The Laryngoscope.
2001;111:200-203.

Haruna S, Otori N, Moriyama H, Nakanishi M. Olfactory
dysfunction in sinusitis with infiltration of numerous activated
eosinophils. Auris Nasus Larynx. 2006;33:23-30.

Mori E, Matsuwaki Y, Mitsuyama C, Okushi T, Nakajima T,
Moriyama H. Risk factors for olfactory dysfunction in chronic
rhinosinusitis. Auris Nasus Larynx. 2013;40:465-469.

Litvack JR, Fong K, Mace J, James KE, Smith TL. Predictors of
olfactory dysfunction in patients with chronic rhinosinusitis.
The Laryngoscope. 2008;118:2225-2230.

Seybt MW, McMains KC, Kountakis SE. The prevalence and
effect of asthma on adults with chronic rhinosinusitis. Ear Nose
Throat J. 2007;86:409-411.

Phillips KM, Hoehle LP, Caradonna DS, Gray ST, Sedaghat AR.
Association of severity of chronic rhinosinusitis with degree of
comorbid asthma control. Ann Allergy Asthma Immunol.
2016;117:651-654.

Phillips KM, Hoehle LP, Bergmark RW, et al. Chronic
rhinosinusitis severity is associated with need for asthma-
related systemic corticosteroids. Rhinology. 2017;55:211-217.

Kountakis SE, Bradley DT. Effect of asthma on sinus computed
tomography grade and symptom scores in patients
undergoing revision functional endoscopic sinus surgery. Am J
Rhinol. 2003;17:215-219.

Blanchard C, Mingler MK, McBride M, et al. Periostin facilitates
eosinophil tissue infiltration in allergic lung and esophageal
responses. Mucosal Immunol. 2008;1:289-296.

Johansson MW, Annis DS, Mosher DF. aMf2 integrin-
mediated adhesion and motility of IL-5-stimulated eosinophils
on periostin. Am J Respir Cell Mol Biol. 2013;48:503-510.

Mouthuy J, Viart S, Ladjemi MZ, et al. Mite allergen-specific IgE
is detectable in bronchial secretions of patients with nonatopic
asthma and correlates with mucosal expression of periostin.
J Allergy Clin Immunol. 2015;136:1685-1688.

Corren J, Lemanske RF, Hanania NA, et al. Lebrikizumab
treatment in adults with asthma. N Engl J Med. 2011;365:
1088-1098.


http://refhub.elsevier.com/S1939-4551(19)31250-5/sref8
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref8
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref8
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref9
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref9
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref9
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref9
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref10
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref10
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref10
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref11
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref11
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref11
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref12
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref12
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref12
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref13
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref13
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref13
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref14
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref14
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref14
https://ginasthma.org
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref16
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref16
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref16
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref17
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref17
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref17
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref17
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref18
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref18
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref18
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref19
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref19
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref19
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref19
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref20
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref20
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref20
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref21
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref21
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref21
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref21
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref22
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref22
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref22
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref22
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref23
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref23
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref24
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref24
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref25
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref25
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref25
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref25
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref26
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref26
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref26
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref27
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref27
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref27
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref27
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref27
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref27
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref27
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref27
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref28
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref28
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref28
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref29
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref29
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref29
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref29
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref30
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref30
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref30
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref30
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref31
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref31
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref32
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref32
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref32
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref33
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref33
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref33
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref34
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref34
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref34
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref35
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref35
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref35
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref36
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref36
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref36
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref36
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref37
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref37
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref37
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref38
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref38
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref38
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref38
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref39
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref39
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref39
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref40
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref40
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref40
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref41
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref41
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref41
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref41
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref42
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref42
http://refhub.elsevier.com/S1939-4551(19)31250-5/sref42
https://doi.org/10.1016/j.waojou.2019.100094

	A novel pathophysiologic link between upper and lower airways in patients with chronic rhinosinusitis: Association of sputu ...
	Introduction
	Methods
	Patients and diagnosis
	Measurements
	Evaluation of upper airways
	Evaluation of lower airways
	Statistics

	Results
	Participant's characteristics
	Comparison of upper airway indices
	Comparison of lower airways indices
	Association of upper and lower airways indices

	Discussion
	A declaration of all sources of funding for the researchThis study was supported in part by research grants from Novartis P ...
	A declaration of all sources of funding for the research
	Consent for publication and fundingY.K. reports research grants from Novartis Pharma, and Tanabe Mitsubishi pharma for the  ...
	Consent for publication and funding
	Availability of data and materialsNot applicable.
	Availability of data and materials
	Conflict of interestNone.
	Conflict of interest
	Ethics approval and consent to participateThis study was approved by the Ethics Committee of Nagoya City University (Number ...
	Ethics approval and consent to participate
	Author's contributionYK: established the conception of the whole study, and contributed to the performance of diagnostic te ...
	Author's contribution
	Acknowledgement
	References


