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Abstract

Background: Asthma and allergic rhinitis (AR) commonly co-
exist and can be taken as manifestations of one syndrome.
Evidence exists that microRNAs (miRNAs) are important in
controlling inflammatory processes and they are considered
promising biomarkers. However, little is known about the
differences in miRNA expression in patients with chronic al-
lergic airway disease. This study evaluated the inflammatory
and miRNA profiles of the nasal mucosa of patients with
long-term asthma with and without AR. Methods: We ana-
lyzed inflammatory cells, cytokines, and miRNAs in nasal bi-
opsies and measured exhaled and nasal nitric oxide levels
during the nonpollen season in 117 middle-aged men who
had suffered mainly from allergic asthma for approximately
20 years and also in 33 healthy controls. Results: The differ-
ences in the number of nasal eosinophils and cytokine ex-
pression levels were modest in nasal biopsies taken from
asthmatics. Downregulation of miR-18a, miR-126, let-7e,
miR-155, and miR-224 and upregulation of miR-498, miR-
187, miR-874, miR-143, and miR-886-3p were observed in

asthmatic patients in comparison to controls. The differenc-
es in miRNA expression were mainly similar in asthmatics
with and without AR. With regard to asthma severity, a trend
of increased miRNA expression in persistent asthma was
seen, whereas the downregulation of certain miRNAs was
most distinct in nonpersistent-asthma patients. Conclu-
sions: Differences in miRNA expression in the nasal mucosa
of subjects with long-term asthma and AR can be seen also
when no markers of Th2-type inflammation are detected.
Asthma severity had only a minor impact on miRNA expres-
sion. © 2014 S. Karger AG, Basel

Introduction

Rhinitis and asthma are highly prevalent chronic dis-
eases [1-3]. They coexist commonly; most patients with
asthma suffer from rhinitis and asthma is present in 10-
40% of patients with rhinitis [4]. Asthma has been strong-
ly associated with allergic rhinitis (AR) and also with rhi-
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nitis in nonatopic subjects [5]. The existence and severity
of AR have been linked to the severity of the coexisting
asthma [6, 7], although some studies have not confirmed
this association [8, 9].

The inflammatory process in the airways displays sev-
eral common characteristics in asthma and AR, e.g. IgE-
dependent activation of mast cells, infiltration of eosino-
phils, and an increase in the number of Cd4+ lympho-
cytes and Th-2 type cytokine concentrations [10]. In
addition, cytokines associated with regulatory T cells and
Th1 and Th17 cells have been found to be essential. It has
been postulated that rhinitis and asthma are manifesta-
tions of one syndrome with a wide spectrum of severity
and with common underlying inflammatory processes
[11]. Eosinophilic infiltration in nasal mucosa has been
found in asthma patients without symptoms of rhinitis
[12]. On the other hand, no difference in cellular infiltra-
tion in nasal mucosa has been observed in rhinitis pa-
tients either with or without asthma [13].

In the absence of allergen exposure, no increase in
numbers of inflammatory cells, markers of eosinophilic
activation, or cell surface adhesion molecule expression
have been detected in seasonal AR [14-16]. In addition,
in patients with indoor allergy, nasal eosinophilia is not
a permanent feature [3]. However, in house dust mite
(HDM) allergy, chronic upregulation of the inflamma-
tory cells and mediators has been observed in the nasal
cavities of symptom-free AR patients with detectable al-
lergen exposure [17]. Moreover, so-called ‘minimal per-
sistent inflammation’ in nasal mucosa has been found in
symptom-free patients with perennial AR as well as those
with seasonal AR, both at the beginning and after the end
of the seasonal allergic symptoms [18]. This refers to a
subclinical inflammatory state in which an increase in
inflammation can be seen after allergen exposures at sub-
threshold doses which do not result in allergic symp-
toms.

MicroRNAs (miRNAs) are small noncoding RNAs
which act mainly as suppressors of gene expression at the
posttranscriptional level and may modulate cell differen-
tiation, proliferation, and survival [19, 20]. The regula-
tory miRNA network is complex: a cluster of miRNAs
may be controlled by one promoter; alternatively, a single
miRNA may be encoded by multiple pre-miRNAs. Simi-
larly, a single messenger RNA (mRNA) may be regulated
by many miRNAs and one miRNA may potentially regu-
late many mRNA transcripts. miRNAs are important reg-
ulators in the development and activity of the innate and
adaptive immune systems and inflammation [21, 22]. Re-
cent studies have revealed the critical role of specific
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miRNAs in regulating the key pathogenic mechanisms of
allergic inflammation, including the polarization of adap-
tive immune responses and the activation of T cells, the
regulation of eosinophil development, and the modula-
tion of IL-driven epithelial responses [23, 24]. miRNAs
have been considered potentially important clinical bio-
markers. Furthermore, correcting defects in the miRNA
regulatory network may represent a new approach for
nonsteroidal anti-inflammatory treatment [25, 26]. Nev-
ertheless, the clinical data of miRNAs in asthma and rhi-
nitis is limited [23, 24, 27-29]. Compared to controls, no
significant differences were detected in miRNA expres-
sion in the bronchial biopsies of subjects with mild asth-
ma [27], whereas in the bronchial epithelial cells of asth-
matics 24 miRNAs were differentially expressed com-
pared to controls [30]. Also, compared to controls, 9
miRNAs were differentially expressed in the nasal mu-
cosa of AR patients [29].

Even though miRNAs are regarded as promising bio-
markers, their role in the airways of subjects with chron-
ic allergic airway disease is obscure. Therefore, we aimed
to detect biomarkers in nasal mucosa related to long-term
asthma and AR and to evaluate whether these markers
could be used as a surrogate measure of asthma severity.
The inflammatory differences occurring in the nasal mu-
cosa of asthmatics with or without AR were studied in the
absence of seasonal allergen exposure.

Material and Methods

Study Population

The study population consisted of men who about 20 years pre-
viously had performed their military service. Online supplemen-
tary figure S1 (see www.karger.com/doi/10.1159/000358486 for all
online suppl. material) and recent articles describe the study pop-
ulation in detail [31, 32]. The asthma group was comprised of men
who during their military service had been referred to the Central
Military Hospital between 1986 and 1990 because of asthma. Asth-
ma was verified by a significant reversibility of bronchial obstruc-
tion in spirometry, airway hyperresponsiveness in histamine chal-
lenge, a positive exercise test, a diagnostic PEF recording, and/or
evidence of earlier diagnosed asthma. Controls entered military
service without asthma. All of the subjects were examined between
2009 and 2011, approximately 20 years after their military service.

A total of 150 men aged 37-48 years (mean 41.2, SD 1.9) par-
ticipated in this study (online suppl. fig. S1). The characteristics of
the subjects are presented in table 1. A total of 82.1% of the asth-
matics had concomitant AR. Most of the asthmatics were sensi-
tized to both seasonal and perennial allergens. The nonpersistent-
and persistent-asthma groups did not differ significantly in terms
of AR, atopic sensitization, or the number of subjects with visible
nasal polyps in anterior rhinoscopy.
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Table 1. Characteristics of the study subjects

Total Control Asthma (n = 117) P1 P2 P3 P4
(n =150) (n=33) . .
nonpersistent persistent
(n=63) (n=54)
Smokers 43 (28.7) 6(18.2) 16 (25.4) 21 (38.9) 0.088 0.424 0.043  0.118
BMI 27.4+5.0 26.9+4.5 27.1+4.4 28.0+5.9 0.500 0.825 0.318  0.349
AR patients 96 (64.0) 0(0.0) 50 (79.4) 46 (85.2) <0.001 <0.001 <0.001 0.413
Number of positive SPTs <0.001 <0.001 <0.001  0.455
1-3 21 (14.0) 7 (21.2) 5(7.9) 9 (16.7)
>4 88 (58.7) 1(3.0) 48 (76.2) 39 (72.2)
At least 1 positive SPT to
perennial allergens 94 (62.7) 3(9.1) 47 (74.6) 44 (81.5) <0.001 <0.001 <0.001 0.372
At least 1 positive SPT to
seasonal allergens 100 (66.7) 7 (21.2) 49 (77.8) 44(81.5)  <0.001 <0.001 <0.001 0.621
FVC, % predicted 94.3+11.1 97.1+£9.6 96.8+8.9 89.9+12.9 0.001 0.865 0.004  0.001
FEV}, % predicted 89.7£13.3 95.6x11.7 94.2+8.6 81.0£14.2 <0.001 0.550 <0.001 <0.001
FEV,/FVC 0.77+0.7 0.79£0.05 0.79%0.06 0.73+0.08 <0.001 0.678 <0.001 <0.001
Nasal polyps 7 (4.7) 0(0.0) 3(4.8) 4(7.4) 0.282 0.203 0.109  0.548

Values are presented as n (%) or means + SD. p; = p value between the study groups; p, = p value between the control and nonper-
sistent-asthma groups; p; = p value between the control and persistent-asthma groups; p4 = p value between the nonpersistent- and

persistent-asthma groups.

This study was approved by the Ethical Committee of the De-
partment of Medicine of Helsinki University Central Hospital (ap-
proval No. 284/13/03/00/08). Written informed consent was ob-
tained from the study subjects.

Clinical Examination

Participants filled out a self-completed questionnaire covering
their medical history, validated questions about asthma symptoms
and medications in use [33], smoking, and a 10-cm visual analogue
scale (VAS) of rhinorrhea, nasal congestion, and nasal itchiness
[34]. A respiratory physician and rhinologist interviewed and ex-
amined all subjects. A period of 4 weeks without exposure to sea-
sonal allergens before the visit was required. Nasal medication in-
cluding nasal steroids, and oral steroids were withheld for 14 days
and antihistamines for 7 days before the examination if possible
(10 subjects had a shorter period after cessation of these medica-
tions). Subjects reporting feverish respiratory infection or symp-
toms of sinusitis in the previous 4 weeks were excluded from the
analysis.

Assessment of AR and Asthma Severity

At least one positive skin prick test (SPT) and relevant rhinitis
symptoms to allergen showing a positive reaction confirmed cur-
rent AR. If dermographismus occurred, specific IgE verified sen-
sitization. AR during military service was assessed based on the
medical records of the Central Military Hospital if the data was
available; 93.3% of subjects with current disease had AR already
during military service.

Asthma severity was classified according to the Global Initia-
tive for Asthma as a combination of the independent classifica-
tions of clinical severity (including FEV | and symptoms) and med-
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ication [35]. This scale was described in detail in a recent article
[32]. The following categories were used to describe asthma sever-
ity: remission, intermittent, mild persistent, moderate persistent,
and severe persistent. Remission was defined as having no asthma
symptoms and not using any asthma medication in the last 3 years.
The numbers (%) of subjects in each category were: remission, 13
(7.7); intermittent, 50 (33.3); mild persistent, 13 (8.7); moderate
persistent, 25 (16.7), and severe persistent, 16 (10.7). Because of the
small number of subjects in each category, they were combined as
follows: (1) nonpersistent asthma including remission and inter-
mittent asthma and (2) persistent asthma including mild, moder-
ate, and severe persistent asthma. Seven subjects (11%) in the non-
persistent-asthma group and 6 (11%) in the persistent-asthma
group had used nasal steroids in the preceding 4 weeks; 1 subject
(2%) in the persistent-asthma group had used oral steroids in the
preceding 4 weeks. In the nonpersistent-asthma group, 11 subjects
(17%) had used a short-acting bronchodilator, 3 subjects (5%) had
inhaled steroids, and 2 subjects (3%) had used a combination of
inhaled steroids and a long-lasting bronchodilator in the preced-
ing weeks; in the persistent-asthma group 30 (56%), 16 (30%), and
11 subjects (20%) had used asthma medication, respectively.

IgE Measurements and SPT

Serum total and specific IgEs were measured using the Phadia
UniCAP System (Phadia, Uppsala, Sweden). Total IgE <110 kU/1
and specific IgE <0.35 kU/] were regarded as normal. The SPT
panel included a negative control, a positive control (histamine),
and standardized antigens of birch, alder, timothy grass, meadow
fescue, orchard grass and mugwort pollen, Alternaria alternata,
Cladosporium herbarum, cat and dog epithelium, and HDM Der-
matophagoides pteronyssimus (ALK-Abello, Nieuwegein, The
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Fig. 1. VAS scores of nasal congestion and itching are increased in subjects with asthma despite AR. VAS scores
of rhinorrhea (a), nasal congestion (b), and nasal itching (c) in controls (C), subjects with allergic AR and asthma
(AR + asthma), and asthmatics without concomitant AR (asthma). The columns and error bars represent means

+ SEM. * p < 0.05; ** p < 0.01; *** p < 0.001.

Netherlands). Results were regarded as positive if the mean wheal
diameter was at least 3 mm without any reaction to the negative
control (dermographismus).

Lung Function and Nitric Oxide Measurements

Flow volume spirometry and a bronchodilation test were per-
formed according to the guidelines [36] with a standard spirome-
ter (Spirostar USB; Medikro, Finland). The predicted values as-
sessed for the Finnish population were used.

Exhaled (FEyno) and nasal nitric oxide (Nyo) were measured
using an online chemiluminescence analyzer (NIOX; Aerocrine
AB, Solna, Sweden) in compliance with ATS/ERS recommenda-
tions [37].

Histology of Nasal Biopsies

Nasal biopsies obtained from the anterosuperior part of the in-
ferior conchae were fixed in 10% buffered formalin and embedded
in paraffin. Sections of 2.5 pm were cut and stained with hema-
toxylin and eosin and examined under a light microscope (Leica
DM LB; Wetzlar, Germany). Eosinophils were counted in 3 high-
power fields at a x400 magnification.

Real-Time Quantitative RT-PCR and miRNA Assay

Quickly frozen nasal biopsies were kept at —70°C before the
extraction of RNA. Total RNA was extracted using TRIsure re-
agent (Bioline; Taunton, Mass., USA) according to the manufac-
turer’s protocol. The total amount of RNA was measured with a
NanoDrop ND-1000 spectrophotometer (NanoDrop Technolo-
gies Inc., Wilmington, Del., USA). The mRNA expressions of cy-
tokines IL-4, IL-5, IL-13, IL-17A, and IFN-y were measured as
described earlier [38].

The quantification of miRNAs by TaqgMan real-time PCR
was carried out as described by the manufacturer (Applied Bio-
systems). The target gene expression was normalized between
different samples based on the values of RNU48 small nuclear
RNA expression. Results were analyzed using SDS 1.4 software
according to the 2724CT method (Applied Biosystems) as de-
scribed earlier [39]. We analyzed the expressions of miR-7, miR-
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143, miR-187, miR-224, miR-498, miR-767-5p, miR-874 and
miR-886-3p, let-7e, miR-18a, miR-126, miR-146a, miR-155, and
miR-205.

Statistical Analysis

Continuous variables are expressed as means (+SD) and cate-
gorical values as percentages. Differences between groups, in the
case of 3 or more groups, were analyzed using Kruskal-Wallis,
ANOVA, and ¥ tests, depending on the distribution. The post hoc
tests for continuous variables were Student’s t test or the Mann-
Whitney U test. The analyses for miRNAs were also rerun while
adjusted for smoking. In that case, these covariates and the par-
ticular parameter to be studied were set as independent variables,
and group membership was the dependent variable in a multino-
mial logistic regression model. p < 0.05 was considered statisti-
cally significant. Spearman’s correlation was computed between
variables. The statistical analysis was performed using IBM SPSS
Statistics 20 software (SPSS Inc., Chigago, IIl., USA).

Results

Inflammatory Markers and miRNAs in AR and

Asthma

When asthmatics with AR (AR + asthma) and without
AR (asthma) were separately analyzed and compared to
controls, we found an increase in the level of nasal con-
gestion and nasal itching in both asthma groups (fig. 1),
but no difference was detected between the two asthma
groups. The level of total serum IgE was elevated in the
AR + asthma group but not in the asthma without AR
group (fig. 2a). In contrast, the numbers of blood eosino-
phils were increased in both asthma groups. The level of
FEno was elevated in the AR + asthma group compared
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Fig. 2. Blood eosinophils are increased in asthmatics with and
without AR. Serum total IgE (a) and blood eosinophil count (b)
and FEy (c) and Ny (d) in in controls (C), subjects with AR and
asthma (AR + asthma), and asthmatics without concomitant AR
(asthma). The columns and error bars represent means + SEM.
*p <0.05; % p <0.01; *** p < 0.001.

to controls and a similar trend was seen in the level of Ny
(fig. 2b). No difference in the nasal eosinophil count was
found between the studied groups (data not shown). In
order to clarify the cytokine profile in nasal mucosa, the
mRNA levels of Th2, Thl, and Th17 cytokines were as-
sayed and a reduced amount of IFN-y mRNA was detect-
ed in the nasal mucosa of asthmatics (online suppl. fig.
S2a). No statistically significant differences were detected
in the other cytokines examined.

We analyzed the expressions of 8 miRNAs formerly
identified as being differentially expressed in AR, i.e.
miR-7, miR-143, miR-187, miR-224, miR-498, miR-767-
5p, miR-874, and miR-886-3p [29]. In addition, we as-
sayed 6 miRNAs claimed to be related to allergic inflam-
matory or immunological responses in earlier studies, i.e.
let-7e, miR-18a, miR-126, miR-146a, miR-155, and miR-
205. Aberrant expressions were detected in 5 of the
miRNAs (fig. 3). The expressions of miR-18a, miR-126,
and miR-155 were similarly downregulated in both asth-
ma groups. Instead, upregulation in miR-498 and miR-
187 was most prominent in the AR + asthma group. The
differences in miRNA expressions between study groups
when adjusted for smoking are presented in online sup-
plementary table Sla. We detected an increased level of
miR-498 in the nasal mucosa of subjects with perennial
allergy (SPT positive to one or more perennial allergens)
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Fig. 3. Five microRNAs have altered expressions in nasal mucosa in AR. Expressions of miR-18a (a), miR-126 (b), miR-155 (c), miR-
498 (d), and miR-187 (e) in controls (C), subjects with AR and asthma (AR + asthma), and asthmatics without concomitant AR (asthma).
Results are shown in relative units (RU). The columns and error bars represent means + SEMs. * p < 0.05; ** p < 0.01; *** p < 0.001.
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compared to subjects with negative SPT results (p =
0.020). miR-18a expression was significantly lower in
subjects with perennial allergy compared to subjects with
sensitization to seasonal allergens only (p = 0.036).

Inflammatory Markers and miRNAs in Nonpersistent

and Persistent Asthma

Next we analyzed subjects with nonpersistent asthma
and those with persistent asthma separately and com-
pared these groups with controls. All of the nasal symp-
toms, i.e. rhinorrhea, congestion, and itching, were most
prominent in the persistent-asthma group (fig. 4). The
level of total IgE was equally elevated in both asthma
groups, whereas the number of blood eosinophils and the
level of FEno were highest in the persistent-asthma group
(fig. 5). No difference was detected in the number of nasal
eosinophils (data not shown). The level of IFN-y mRNA
in nasal mucosa was reduced in both asthma groups (on-
line suppl. fig. S2b). No significant differences were de-
tected in the concentrations of Th2 or Th17 cytokines.

Altogether, 10 miRNAs of the 14 studied were differ-
entially expressed in asthmatics compared to controls
(fig. 6). The miRNA expressions in subjects with nonper-
sistent asthma were not clearly different from those of
patients with persistent asthma. However, the levels of 5
miRNAs (miR-18a, miR-126, let-7e, miR-155, and miR-
224) were more distinctly downregulated in the nonper-
sistent-asthma group; the downregulation was less prom-
inent in persistent asthma. In contrast, the upregulation
of 5 miRNAs (miR-498, miR-187, miR-874, miR-143,
and miR-886-3p) was more explicit in the persistent-
asthma group. The cytokine and miRNA expressions of
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Fig. 5. Blood eosinophils are increased in persistent asthma. Serum
total IgE (a) and blood eosinophil count (b) and FEx (€) and Nyo
(d) in controls (C), subjects with asthma remission or intermittent
asthma (nonpersistent asthma), and subjects with mild, moderate,
or severe persistent asthma (persistent asthma). The columns and
error bars represent means = SEM. * p < 0.05; ** p < 0.01; *** p <
0.001.

Int Arch Allergy Immunol 2014;163:168-178
DOI: 10.1159/000358486

173

-31298

Downloaded by: Dr. Adriano Mari

ea Biomed. Tor Vergata

Studi&#44;

7/12014 4:54



1,200 4 300,000 — %k sk ok 1,000,000.0 *
* i —
800,000.0 —
S 7 2 200000 =)
o4 ,000 — =)
= s & 600,000.0 -
2 600 S &
! J 1, 400,000.0 —
.ﬂé % 100,000 k9]
3007 200,000.0 —
0 — 0 — 0.0 —
C Non-  Persistent C Non-  Persistent C Non- Persistent
persistent asthma persistent asthma persistent asthma
a asthma b asthma C asthma
40,000 — * 15,000 4
P
% 3k k *
5 30,000 — =) [
x & 10,000 —
i 20,000 N
o o
[+ < 5,000 |
£ 10,000 — €
0 — 0 —
C Non- Persistent C Non-  Persistent
persistent asthma persistent asthma
d asthma e asthma
500 4 * % 20,000 — * * 8,000 — *
I A
*
——
400 | * % % =
= ey 5 15,000 S 6,000 —
o4 o4 4
S 300 N <
o)) co 10,000 — ~ 4,000 —
Y 200 o i
x [+ &«
— IS —
1S 100 4 £ 5,000 2,000
0 — 0 — 0 —
C Non- Persistent C Non- Persistent C Non- Persistent
persistent asthma persistent asthma persistent asthma
f asthma g asthma h asthma
1,500,000.0 * 50,000 — *
N — P
— 3 40,000 —
) o
 1,000,000.0 — ~
~ £ 30,000 —
3 &
o % 20,000
Pé 500,000.0 — o
'€ 10,000
0 — 0 —
C Non-  Persistent C Non- Persistent
. persistent asthma persistent asthma
1 asthma j asthma

Fig. 6. Ten microRNAs are aberrantly expressed in the nasal mucosa of asthmatics. Expressions of miR-18a (a),
miR-126 (b), let-7E (c), miR-155 (d), miR-224 (e), miR-498 (f), miR-187 (g), miR-874 (h), miR-143 (i), and miR-
886-3p (j) in controls (C), subjects with asthma remission or intermittent asthma (nonpersistent asthma), and
subjects with mild, moderate, or severe persistent asthma (persistent asthma). Results are shown in relative units
(RU). The columns and error bars represent means + SEM. * p < 0.05; ** p < 0.01; *** p < 0.001.

174

Int Arch Allergy Immunol 2014;163:168-178 Suojalehto/Lindstrém/Majuri/Mitts/
DOI: 10.1159/000358486 Karjalainen/Wolft/Alenius

- 31208
I. Area Biomed. Tor Vergata

/12014 4:54:15 PM

8
=
o
=}
<
=
k5
3
3

160.80.2.8 - 2/27,



the individual asthma severity categories (remission, in-
termittent, mild persistent, and severe persistent) and the
controls are presented in online supplementary table S2.
The differences between miRNA expressions in these
study groups when adjusted for smoking are presented in
online supplementary table S1b.

mir-155 Correlates with FExg and Nyo and Th2

Cytokines and miR-498 with IFN-y in Asthmatics

In asthmatics, miR-155 positively correlated with
FExo (r = 0.317, p = 0.001), Nxo (r = 0.358, p < 0.001),
and IL-13 mRNA (r = 0.380, p < 0.001) (online suppl. fig.
S3). In addition, a weak positive correlation between
miR-155 and IgE (r = 0.212, p = 0.024) was detected and
furthermore MiR-498 inversely correlated with IFN-y
(r = -0.385, p < 0.001).

Discussion

In this study, we analyzed inflammatory markers and
miRNAs in the nasal mucosa of well-characterized pa-
tients with long-term asthma with or without AR during
the nonpollen season. No differences were seen in Th2-
type inflammatory markers. We detected aberrant ex-
pressions of 10 miRNAs in nasal mucosa. The differences
in miRNA expressions were mainly similar in asthmatics
with and without AR. With regard to asthma severity, a
trend towards increased miRNA expression of 5 miRNAs
in persistent asthma was seen, whereas the downregula-
tion of 5 miRNAs was most distinct in subjects with non-
persistent asthma.

The study population originated from a follow-up sur-
vey and represents middle-aged men. It is homogenous
with regard to age, nationality, and sex; thus, there are few
confounding factors. Little is known about the role of
gender differences in miRNA expression among asth-
matics. Our study subjects represented men with early-
onset asthma and therefore our results cannot be general-
ized to females or to adult-onset asthma cases. The asth-
ma severity was classified reliably based on symptoms,
lung function, and asthma treatment evaluation. The
asthmatics had clinically verified disease already in young
adulthood, with most of them belonging to the allergic
asthma phenotype with concomitant AR, and they were
sensitized to both perennial and seasonal allergens [39].
A smaller proportion (17.9%) of asthmatics did not have
concomitant AR; however, 8 subjects in that group had at
least 1 positive SPT to a common environmental allergen.
Although these subjects suffered no AR symptoms, we

Nasal miRNA Profiles in Asthma and AR

cannot exclude the possibility that there was some allergic
inflammation in the nasal mucosa. The subjects were ex-
amined during the nonpollen season without exposure to
seasonal allergens and their VAS scores of nasal symp-
toms were mainly low, suggesting that we were evaluating
chronic differences in nasal mucosa rather than acute al-
lergic reactions. Based on former studies, nasal and sys-
temic steroids were withdrawn 14 days before the exami-
nation [29, 40]. Only 13 subjects had used these medica-
tions during the preceding 28 days and no significant
differences in any of the miRNAs were detected in these
subjects compared to those not using these medications
(data not shown). We did not exclude from this study
subjects with visible nasal polyps in anterior rhinoscopy
(n = 7). These subjects belong to a different phenotype
than subjects with AR and asthma [41]. A comparison of
asthmatics with and without nasal polyps showed no sig-
nificant differences in any of the examined cytokines or
miRNAs (data not presented).

Asthmatics with or without AR had more nasal con-
gestion and itching than controls. This finding supports
the results of Leynaert et al. [5] who showed that rhinitis
is associated with asthma also in nonatopic subjects. In
the persistent-asthma group, the nasal symptom scores
were significantly higher than in the nonpersistent-asth-
ma group. In some studies asthma severity has been as-
sociated with rhinitis severity [7, 42], whereas in others
the link between asthma and rhinitis severity has been
less clear [9]. In our study, the number of blood eosino-
phils was increased in asthmatics despite concurrent
AR, this being more prominent in the persistent-asthma
group. In earlier studies, both an increased level of blood
eosinophils [43] and eosinophilic airway inflammation
were associated with more severe asthma [44]. Nitric ox-
ide is a marker of inflammation in the upper and lower
airways [45]. The FEyo level was elevated in subjects
with asthma and AR compared to the controls, whereas
this was not seen in asthmatics without AR. This finding
indicates that eosinophilic airway inflammation was
more prominent in subjects with concomitant AR [46].
Only a trend towards elevation was detected in Nyg in
asthmatics with AR, supporting previous findings that
Ny is not elevated in AR during the nonpollen season
[47].

We did not detect any increase in the number of eo-
sinophils or in Th2 or Th17 cytokine concentrations in
nasal mucosa. This is in agreement with previous studies
in which no increase in the number of inflammatory
cells, markers of eosinophilic activation, or cell surface
adhesion molecules in seasonal AR were observed in the
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absence of environmental allergen exposure [14-16]. On
the other hand, in HDM-sensitized AR patients, inflam-
mation in nasal mucosa has been detected in symptom-
free subjects [17]. In the current study, most of the asth-
matics had perennial allergy, but only a minority of them
(14.2%) were sensitized to HDM. An increase in the
number of IFN-y-producing cells in the bronchial biop-
sies of severe asthmatics compared to moderate asthmat-
ics was demonstrated by Shannon et al. [48]. In contrast,
IFN-y mRNA was downregulated in the nasal mucosa of
asthmatics compared to controls and a trend towards a
decrease was seen in the present study in subjects with
more severe asthma. It should be noted, however, that in
the study of Shannon et al. [48] asthmatics had more se-
vere diseases and they were not compared to healthy con-
trols.

We found downregulation of 5 miRNAs (miR-18a,
miR-126, let-7e, miR-155, and miR-224) and upregula-
tion of 5 miRNAs (miR-498, miR-187, miR-874, miR-
143, and miR-886-3p) in the nasal biopsies of asthma pa-
tients compared to controls. In general, the differences in
miRNA expressions were modest, which is in line with
former studies in asthmatics and patients with AR [27, 40,
49]. We found an altered expression of 6 miRNAs (miR-
224, miR-498, miR-187, miR-874, miR-143, and miR-
886-3p) formerly identified as exhibiting 2-fold differ-
ences in expression in AR compared to controls [29]. In-
terestingly, 5 of the upregulated miRNAs in the present
study were downregulated in the study of Shaoqing et al.
[29]. The different patient material may have influenced
the results; we examined subjects during the nonpollen
season when they were experiencing only mild symp-
toms, whereas in the study of Shaoqing et al. [29] the sub-
jects underwent surgery for nasal obstruction and current
exposure to allergens was not reported. In our study as a
whole, the differences in observed miRNA expressions
were similar in asthmatics with and without AR. This is
in line with previous reports of a persistent presence
of inflammatory cells in nasal mucosa in asthmatics
independently of rhinitis [12]. No significant differen-
ces in these miRNAs were detected between asthma se-
verity groups; however, with respect to the upregulated
miRNAs, a tendency was seen towards a more increased
expression in the persistent-asthma group compared to
their nonpersistent counterparts.

Some of the miRNAs which were differentially ex-
pressed in nasal mucosa in this study have been identi-
fied previously to be involved in the regulation of aller-
gic inflammation. MiR-155 plays an important role in
host defense and in the function of B and T lymphocytes
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and dendritic cells [50, 51] and it modulates the I1L-13
pathway in human macrophages determining the M2
phenotype [52]. Upregulation of miR-155 has been
shown in asthma and atopic dermatitis [23]. In the pres-
ent study, miR-155 expression levels were downregu-
lated in asthmatics in comparison to controls. We also
found a weak correlation between the expression level of
miR-155 and both FEyo and Ny as well as Th2 cytokine
levels in asthmatics. In our previous study, we found an
increase in miR-155 levels in subjects with current AR
symptoms, but asthmatics and subjects without current
symptoms did not differ from the controls [40]. Our re-
sults might suggest that the expression of miR-155 in
active allergic inflammation is different from that in the
chronic stage. It has been previously reported that, in
HDM-induced allergic mice, inhibition of miR-126
could suppress Th2 type airway inflammation, airway
hyperresponsiveness, and mucus hypersecretion [53].
In the present study, the expression of miR-126 was sup-
pressed in the nonpersistent-asthma group. Informa-
tion about the role of miR-498 in inflammation is exigu-
ous. Shaoqing et al. [29] reported downregulation of
miR-498 in the nasal mucosa in AR. In contrast, in the
present study we detected elevated levels of miR-498
in asthmatics with or without AR. Our findings are in
line with our previous study in which we found upregu-
lation of miR-498 in subjects with current AR symptoms
[40]. Cigarette smoke has previously been shown to
cause dysregulation (mainly downregulation) of some
miRNAs in human airway epithelium [54, 55]. Smoking
had some effect on our results; statistically significant
differences between study groups were detected in most
of the presented miRNAs (miR-18a, miR-126, miR-155,
miR-498, miR-187, and miR-886-3p) after adjusting for
smoking, whereas in let-7E, miR-224, miR-874, and
miR-143 the differences between study groups were bor-
derline significant.

In conclusion, we examined differences in nasal mu-
cosa in subjects who had suffered from asthma and AR
for 20 years. We did not detect differences in the numbers
of nasal eosinophils or the levels of Th2 cytokines, reflect-
ing the low allergen exposure and low symptom score lev-
el. However, we found altered expressions of 10 miRNAs,
of which miR-155, miR-126, and let-7 have been former-
ly revealed to be essential in regulating allergic inflamma-
tion. In addition to AR and asthma, upregulation of miR-
498 was associated with perennial allergy. Interestingly,
miRNA expression in nasal mucosa in long-term asth-
matics was similar in subjects with or without concomi-
tant AR. In summary, the differences in miRNA expres-
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sions were not significant in asthmatics in terms of asth-
ma severity, although a tendency towards greater
differences was seen in those subjects with more severe
asthma. miRNAs may be sensitive markers of chronic in-

in this study.

flammation in the airways and in the future they may be
useful in phenotyping these patients.
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Figure S2. IFN-y messenger RNA is down-regulated in asthma. IFN-y messenger RNA (mMRNA), IL-17A
MRNA, IL-13 mRNA, IL-4 mRNA and IL-5 mRNA levels in a) in controls (C), in subjects with allergic rhinitis
and asthma (AR+asthma) and in asthmatics without concomitant allergic rhinitis (Asthma) and in b) controls,
in subjects with asthma remission or intermittent asthma (Non-persistent asthma) and in subjects with mild,
moderate or severe persistent asthma (Persistent asthma). Results are shown as relative units (RU). The
columns and error bars represent means + SEMs. *p<0.05; **p<0.01.
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Figure S3. Correlations between a) microRNA (miR) 155 and exhaled nitric oxide (FENO), b) miR-155 and nasal nitric
oxide (NNO), ¢) miR-155 and IL-13 messenger RNA (mRNA), d) miR-155 and total IgE and €) miR-498 and IFN-y in

asthmatic subjects.



Table S1a) The differences in the expressions of miR-18a, miR-126, miR-155, miR-498 and miR-
187 between control, allergic rhinitis (AR) and asthma and non-allergic rhinitis groups when

adjusted with smoking.

p-value between
control and AR+
asthma groups
adjusted with

p-value between
control and asthma
groups adjusted with
smoking

p-value between
AR+ asthma and
asthma groups
adjusted with

smoking smoking
miR-18a 0.141 0.141 0.586
miR-126 0.010 0.008 0.318
miR-155 0.049 0.102 0.654
miR-498 0.011 0.185 0.189
miR-187 0.011 0.176 0.288




Table S1b) The differences in the expressions of miR-18a, miR-126, let 7E, miR-155, miR-224,
miR-498 and miR-187, miR-874, miR-143 and miR-88-3p between control, non-persistent and

persistent asthma groups when adjusted with smoking.

p-value between
control and non-
persistent asthma
groups adjusted with
smoking

p-value between
control and
persistent asthma
groups adjusted with
smoking

p-value between
non-persistent and
persistent asthma
groups adjusted with
smoking

miR-18a 0.047 0.397 0.207
miR-126 0.001 0.079 0.063
Let 7E 0.087 0.550 0.198
miR-155 0.007 0.249 0.056
miR-224 0.070 0.370 0.300
miR-498 0.025 0.015 0.639
miR-187 0.031 0.015 0.619
miR-874 0.327 0.093 0.347
miR-143 0.242 0.051 0.275
miR-886-3p 0.185 0.038 0.257




Table S2

a) Cytokine expression levels in individual asthma severity categories

Asthma severity categories IL-4 mRNA IL-5 mRNA  [IL-13 mRNA IL-17A mRNA IFN-y mRNA
Remission Mean 2.1 5,8 171,0 52,6 123,0
Std. Deviation 3,4 15,9 402,7 60,3 150,1
Intermittent Mean 2.1 3,4 96,0 90,2 93,0
Std. Deviation 51 12,8 188,2 150,1 172,8
[Mild persistent Mean 1,5 14,7 102,7 41,9 119,4
Std. Deviation 2,1 39,8 172,8 55,3 142,7
|Moderate persistent Mean 3,7 17,5 184,5 91,8 75,8
Std. Deviation 7,7 48,8 301,5 135,8 92,6
Severe persistent Mean 2,0 25,3 219,0 95,2 59,2
Std. Deviation 3,1 90,0 580,7 204,1 49,2
Control Mean 1,6 10,9 120,8 108,5 11,5
Std. Deviation 3,3 23,3 293,0 186,7 110,5
Total Mean 2,2 11,0 136,7 87,5 95,8
Std. Deviation 4.8 39,5 309,2 151,2 133,3




b) MicroRNA expressions in individual asthma severity categories

mir-886-

Asthma severity categories mir-7 mir-143 mir-187 mir-224 mir-498 | mir-7675p | mir-874 3p Let-7e mir-18a mir-126 | mir-146a mir-155 mir-205

Remission Mean 487,5 | 1295856,3 14591,8 6178,4 2425 14,3 6146,1 33444,2 | 638866,3 629,4 | 194416,1 | 238606,5 | 21373,7 1086,3
Std. 297,2 891112,6 8727,5 4179,5 125,8 40,0 2888,9 | 23968,3 | 300449,9 4871 87529,8 | 127765,3 115941 800,3
Deviation

Intermittent Mean 311,4 | 1021866,6 14402,7 6820,5 328,2 3,5 5996,0 | 33281,1 | 612005,0 644,2 | 167195,4 | 215715,2 16998,5 1291,8
Std. 233,1 693511,0 11488,9 6554,3 224,5 10,5 3111,5 | 23895,7 | 320716,2 485,5 | 82089,4 | 136582,7 10525,5 1132,2
Deviation

Mild persistent ~ Mean 372,7 | 1572285,2 15524,4 8827,9 277,8 15,0 6517,4 | 29932,2 | 777514,4 812,2 | 237799,0 | 214001,3 | 23727,5 1089,3
Std. 194,3 891714,3 8762,1 7304,0 2721 29,2 1860,2 14732,2 | 369032,2 622,2 | 112375,2 | 84784,9 9965,0 7741
Deviation

Moderate Mean 304,0 | 1086527,5 13413,4 7247,0 309,4 8,5 6455,7 | 39576,8 | 649674,5 748,5 | 196512,6 | 224085,2 22727,0 1195,2

persistent Std. 236,0 880100,7 9102,4 4176,7 280,1 19,7 2858,7 | 20655,2 | 353976,2 504,7 | 104515,1 | 206329,5 | 22609,4 729,3
Deviation

Severe Mean 341,4 | 1196227,3 | 21166,8 9082,9 470,0 5,2 6860,1 50224,9 | 737352,3 642,6 | 195429,7 | 230130,2 18198,5 1455,5

persistent Std. 176,4 727929,7 11621,7 7632,1 566,7 12,7 3930,8 | 49402,7 | 632877,1 395,1 | 112246,5 | 204165,4 8412,0 1240,9
Deviation

Control Mean 309,4 894812,6 9858,8 89541 191,1 15,3 5426,0 | 26931,2 | 743360,9 859,3 | 246445,3 | 255230,0 | 27038,5 1310,4
Std. 229,6 582203,9 6211,4 6375,6 180,2 26,4 2239,5 16244,1 | 263079,8 392,6 | 97787,2 | 170200,1 15061,1 738,6
Deviation

Total Mean 332,8 | 1094159,5 14046,6 7729,8 296,4 9,3 6094,5 | 34381,0 | 678152,3 723,2 | 201739,3 | 229446,5 | 21360,7 1260,0
Std. 232,0 756593,9 9983,5 6175,2 284,4 22,4 2864,3 | 25625,1 | 360512,9 476,0 | 99617,2 | 1599194 14538,0 936,6

Deviation
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