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ABSTRACT

Purpose: Non-steroidal anti-inflammatory drug-exacerbated respiratory disease (N-ERD) 
is a phenotype of bronchial asthma that is characterized by a severe course and the presence 
of chronic rhinosinusitis (CRS) with nasal polyps. MicroRNAs (miRNAs) belong to a family 
of small, non-coding RNAs whose primary function is to regulate gene transcription. The 
aim of this study was to determine the miRNA profile and to validate selected miRNAs in 
biological material from the upper respiratory tract collected with a minimally-invasive 
method in patients with N-ERD.
Methods: The miRNA profile was assessed in subjects with N-ERD, CRS, and allergic asthma 
(AA), as well as healthy controls (HCs), using microarray technique. Following this, 6 
miRNAs were validated using reverse transcription polymerase chain reaction in 77 subjects.
Results: The profiling identified 23 miRNAs whose expression significantly differed between 
patients with N-ERD and HCs. Based on these results, 6 miRNAs were selected for further 
validation. It was found that patients with N-ERD had significantly different expressions of 
miR-34a-5p and miR-22-5p compared to those with AA. In the whole study group, significant 
correlations were found between miR-7d-3p/miR-34a-5p/miR-22-5p and the presence of blood 
eosinophilia (r = 0.25, r = 0.28 and r = 0.26, for all P < 0.05). Forced expiratory volume in 1 
second/forced vital capacity was correlated with miR-149a-5p expression (r = 0.27, P < 0.05).
Conclusions: The results indicate that the miRNA profile in nasal mucosal lining fluid of 
patients with N-ERD differs from patients with AA, CRS, and compared to HCs. Some of the 
miRNAs selected on the basis of profiling may be involved in the regulation of eosinophilic 
inflammation in the respiratory tract. Our findings suggest that specific miRNAs may be 
considered as potential biomarkers of N-ERD.
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INTRODUCTION

One of the phenotypes of bronchial asthma is non-steroidal anti-inflammatory drug-
exacerbated respiratory disease (N-ERD), which is often characterized by a severe clinical 
course and intense eosinophilic inflammation in the upper and lower airways.1 Exposure 
to non-steroidal anti-inflammatory drugs intensifies the underlying abnormalities, which 
could be manifested as acute symptoms such as nasal discharge, blockage or bronchospasm. 
The pathophysiology of this process is not fully understood; however, it is believed that the 
primary defect relates to an individual predisposition comprising overproduction of pro-
inflammatory derivatives of arachidonic acid together with a simultaneous deficiency of 
protective metabolites such as PGE2.1 The key factors in this process are respiratory epithelial 
cells and non-specific response lymphocytes producing the alarmins and chemokines 
responsible for the recruitment of effector cells such as mast cells, eosinophils and 
neutrophils into the respiratory tract.2 The gold standard for the diagnosis of N-ERD is an 
aspirin challenge, most often administered orally, but there are numerous contraindications 
to this test, and for safety reasons, it is performed only in specialized centers. Also, no 
biomarkers have been identified that could form the basis for the development of in vitro 
diagnostic tests.1

MicroRNAs (miRNAs) belong to a family of small, non-coding RNAs whose primary function 
is to regulate gene transcription. They exist in both the intra- and extracellular fractions. 
A single miRNA can affect the transcription of many different genes and, consequently, 
many biochemical pathways. Several studies have shown the involvement of miRNAs in 
the regulation of processes related to inflammation occurring in chronic non-infectious 
diseases of the upper and lower respiratory tract. Besides, due to their stability and tissue 
specificity, they are considered potential biomarkers of inflammatory disorders.3 miRNAs 
are expressed differently in asthma and allergic patients, compared to healthy subjects, and 
many miRNAs may be dysregulated depending on the severity or phenotype of the disease.4 
Studies on chronic rhinosinusitis (CRS) have focused on the role of miRNAs in the regulation 
of key proinflammatory cytokines, factors associated with T2-dependent inflammation or 
tissue remodeling. Similar to asthma, differential expression of several miRNAs has been 
demonstrated in CRS patients compared to controls.5 One study showed that the miRNA 
profile varied depending on the CRS phenotype.6 However, to the authors' knowledge, this 
topic has not been explored in subjects with N-ERD.

The lining fluid of the nasal mucosa consists of a variety of mediators derived from epithelial 
and inflammatory cells. It is a material that can be collected using minimally-invasive 
methods, and the mediator`s levels of the mediators may correlate with the inflammation 
in both the upper and lower respiratory tract.7 We therefore hypothesized that patients with 
N-ERD may have a unique miRNome (disease-specific miRNA expression profile) that could 
be assessed by a nasal sampling. The aim of the study was to compare the miRNA profile of 
the fluid of the nasal mucosal lining in patients with N-ERD with that of healthy subjects and 
patients with CRS with nasal polyps (CRSwNP) or allergic asthma (AA). It also determined 
the expression of selected miRNAs in a larger group of patients to verify their potential 
usefulness as biomarkers.
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MATERIALS AND METHODS

Study design
The study was a single-center, observational, and all procedures related to the clinical 
evaluation of the patient, and collection of biological material were performed during a 
single visit. We adopted a 2-stage approach to identify miRNAs in nasal mucosal lining fluid 
of potential value as biomarkers. In the first stage, we profiled miRNAs in a representative 
group of 20 subjects (equal numbers of patients with N-ERD, asthma, CRS, and healthy 
individuals) using microarrays. The second stage was aimed to validate the results obtained 
in the previous one. miRNAs that, according to profiling, had the ability to differentiate 
between N-ERD patients and other groups were determined using reverse transcription 
polymerase chain reaction (RT-PCR) in a larger sample. The study was approved by the local 
Bioethics Committee (approval number RNN/204/19/KE). All study participants gave their 
written and informed consent. The scheme of the study is shown in Fig. 1.

Patients and biological material sampling
Patients for both stages were recruited according to the same protocol. The inclusion criteria 
comprised age 18–75 years, and a diagnosis of one or more of the following upper or lower 
respiratory diseases: allergic rhinitis (AR; diagnosed according to ARIA criteria),8 CRS with 
or without nasal polyps (diagnosed on the basis of EPOS),9 bronchial asthma (based on 
GINA 2019),10 N-ERD (based on EAACI guidelines).1 The control group consisted of subjects 
without any of the diseases mentioned above. The exclusion criteria comprised any of the 
following: active atopic dermatitis, specific immunotherapy in the last 5 years, biological 
therapy within 6 months, active infectious diseases, exacerbation of chronic diseases, 
uncontrolled mental illnesses, malignant tumors in active status, taking immunosuppressive 
drugs, condition after organ transplantation, inability to communicate or understand the 
objectives of the study, or any active addictions.

Patients taking medication were asked to discontinue nasal steroids, montelukast and 
antihistamines 7 days before the study and oral steroids 10 days before the visit. Inhaled 
steroids were discontinued 24 hours before the visit.

The patients completed a questionnaire about symptoms, medications taken, and medical 
history. The Asthma Control Questionnaire (ACQ) was used to assess asthma control. The 
Sinonasal Outcome Test 22 (SNOT-22) was used to assess the severity of symptoms and 
quality of life in patients with CRS.
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Patients (n = 20) Method: microarray, qPCR

Stage 1: miRNA profiling in NLF

Patients (n = 73) Method: RT-PCR

Stage 2: Validation of miRNA profiling in NLF

Selected for validation:
miR-181a-3p,
miR-7d-3p,
miR-22-5p,
miR-149-5p

Fig. 1. A diagram describing the study design. 
miRNA, microRNA; NLF, nasal lining fluid; qPCR, quantitative polymerase chain reaction; RT-PCR, reverse 
transcription polymerase chain reaction.



The clinical and demographical characteristics of patients taking part in the first and second 
stages of the study are presented in Tables 1 and 2.

Fractional exhaled nitric oxide (FeNO) measurement
The patients performed single breath maneuvers online according to the American Thoracic 
Society/European Respiratory Society (ERS) guidelines,11 using the HypAir FeNO (Medisoft, 
Sorinnes, Belgium). The mean value of at least 2 successful measurements was analyzed. 
FeNO measurement was performed before spirometry.

Spirometry
Spirometry was performed according to the ERS standards,12 using a Vyntus system 
spirometer (Carefusion, San Diego, CA, USA).

Atopy evaluation
Atopy was evaluated using a panel of skin prick tests including the following inhalant 

229

miRNA Expression in Patients With N-ERD

https://doi.org/10.4168/aair.2025.17.2.226https://e-aair.org

Table 1. Patient characteristics: profiling study
Variables (n = 20) Sex Age (year) FEV1/FVC% FeNO (ppb) Atopy Blood Eos (G/l)
N-ERD (n = 5) Female 61 82.4 17 Y 0.14

Male 26 83.2 17 N 0.79
Female 67 61.0 28 Y 0.09

Male 68 53.0 39 Y 0.55
Female 46 71.5 13 N NA

AA (n = 5) Female 47 65.9 48 Y 0.12
Female 42 83.6 25 Y 0.17
Female 62 73.6 23 Y 0.33

Male 45 66.2 19 Y 0.12
Male 43 73.7 22 Y 0.16

CRS (n = 5) Male 27 77.4 29 Y 0.07
Female 64 82.3 17 N 0.15
Female 49 80.7 20 N 0.08

Male 55 76.1 71 Y 0.68
Male 64 59.3 41 N 0.30

Controls (n = 5) Female 52 84.1 33 N 0.04
Male 31 82.3 21 N 0.35
Male 34 83.5 21 N 0.34

Female 64 72.1 16 Y 0.11
Female 53 71.2 18 N 0.12

N-ERD, non-steroidal anti-inflammatory drug exacerbated respiratory disease; AA, allergic asthma; CRS, chronic rhinosinusitis; FEV1/FVC%, forced expiratory 
volume in 1 second to the forced vital capacity ratio; FeNO, fractional exhaled nitric oxide; Blood Eos, blood eosinophilia.

Table 2. Patient characteristics: validation study
Variables N-ERD  

(n = 18)
AA  

(n = 22)
CRS  

(n = 23)
Controls  
(n = 14)

N-ERD vs. 
AA

N-ERD vs. 
CRS

N-ERD vs. 
Controls

AA vs.  
CRS

AA vs. 
Controls

CRS vs. 
Controls

Age (yr) 54.5 ± 13.7 42.7 ± 16.3 51.5 ± 14.8 32.7 ± 13.6 0.008 NS < 0.002 0.03 0.04 0.002
Female 15/18 (83.3) 15/22 (68.2) 15/23 (65.2) 8/14 (57.1) NS NS NS NS NS NS
Atopy 10/18 (50.6) 22/22 (100) 10/23 (43.5) 3/14 (21.4) NS NS NS NS NS NS
FeNO (ppb) 33.63 ± 27.36 27.84 ± 19.68 31.6 ± 15.82 20.33 ± 7.95 NS NS NS NS NS 0.04
FEV1/FVC% 87.1 ± 6.5 86.1 ± 9.5 89.3 ± 10.4 97.9 ± 6.5 NS NS 0.006 NS 0.002 0.03
Blood eosinophilia 
(G/l)

0.39 ± 0.32 0.23 ± 0.12 0.34 ± 0.19 0.14 ± 0.1 NS NS 0.006 NS 0.01 0.02

ACQ score 1.35 ± 1.62 1.3 ± 1.22 NA NA NS NS NS NS NS NS
SNOT 22 score 41.76 ± 21.48 NA 35.86 ± 18.36 NA NS NS NS NS NS NS
Values are presented as mean ± standard deviation or number (%).
N-ERD, non-steroidal anti-inflammatory drug exacerbated respiratory disease; AA, allergic asthma; CRS, chronic rhinosinusitis; FeNO, fractional exhaled nitric 
oxide; FEV1/FVC, forced expiratory volume in 1 second to the forced vital capacity ratio; ACQ, Asthma Control Questionnaire; SNOT 22, Sinonasal Outcome Test 
22; NS, not significant; NA, not available.



allergens: Dermatophagoides pteronyssinus, Dermatophagoides farinae, Acarus siro, Tyrophagus 
putrescentiae, Lepidoglyphus destructor, cat dander, Alternaria tenuis, birch pollen, mix of grass 
pollen, mugwort pollen, nettle pollen and ash pollen. A positive result was defined as a wheal 
of 3 mm in diameter. Atopy was diagnosed in the presence of at least one positive skin test.

Blood samples
Venous blood samples were obtained from study subjects (stages 1 and 2). These were 
collected into an anticoagulant tube (Sarstedt, Nümbrecht, Germany) to obtain serum and 
into an EDTA tube (Sarstedt) to determine differential blood count.

Nasal sampling
Nasal mucosal lining fluid was collected using Nasosorption devices (Hunt Developments 
Ltd., Midhurst, United Kingdom). After short anterior rhinoscopy, the fluid was sampled by 
gently inserting the Nasosorption into both nostrils for 60 seconds, while gently pressing on 
the wing of the nose. Then procedure was repeated twice, after a 60 minutes and then a 70 
minutes interval in each nostril.

Evaluation of blood eosinophilia and nasal sample processing
Blood eosinophilia
Cell count and differentiation were determined with an XN-1000 hematology analyzer 
(Sysmex, Kobe, Japan).

Nasal sample processing
The nasal samples were eluted in 300 µl assay buffer (Ab-33k; Merck Millipore Life Science, 
Burlington, MA, USA), centrifuged at 16,000 × g at 4°C for 20 minutes and then pooled: first 
Nasosorption samples from both nostrils were pooled, and then the second and third from 
both nostrils were pooled. Samples were stored in −80°C. miRNA profiling was performed on 
pooled samples from the 2nd and 3rd collections, while the validation study was performed 
on the first collection.

miRNA isolation, profiling and validation with RT-PCR
miRNA isolation and complementary DNA (cDNA) synthesis
miRNA was isolated using miRNeasy Serum/Plasma Advanced Kit (Qiagen, Copenhagen, 
Denmark) from 200 µL of nasal samples according to the manufacturer’s instructions. 
miRNA elution was performed in 20 µL nuclease-free water (Qiagen). Then the reverse 
transcription of RNA was performed using the miRCURY LNA RT Kit (Qiagen) and ratio 1:45 
miRNA to nuclease-free water, was used.

Verification of the presence of miRNA in nasal lining fluid (NLF)
Due to the fact that miRNAs have never been determined before in NLF collected with 
Nasosorption, we conducted a preliminary study in a group of volunteers prior the profiling. 
Its aim was to verify whether miRNAs could be found in NLF obtained by this method. For 
this purpose, nasal samples were collected according to the protocol described above in a 
group of eleven volunteers aged 28–40 with asthma (n = 2) AR (n = 2), AR with asthma (n = 3) 
and healthy controls (n = 4).

miRNA isolation and cDNA synthesis were performed as described above. The RNA isolation 
efficiency and quality of the isolated miRNA was determined using miRCURY miRNA 
QC polymerase chain reaction (PCR) Panels (Qiagen). Quantitative PCR (qPCR) reaction 
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was performed on a LightCycler 480 II (Roche, Hvidovre, Denmark) thermal cycler with 
LightCycler 480 software (Roche). All samples demonstrated miR-103a-3p, miR-191-5p, 
miR-45a, miR-23a-3p and miR-30c-5p expression (relatively stable miRNAs in different 
cells, tissues and body fluids). These results indicated that the material collected using 
Nasosorption is a suitable source of miRNAs.

Stage 1: miRNA profiling
The initial steps (miRNA isolation and cDNA synthesis) were the same for stage 1 and 2 and 
were performed according to the method described above. Synthesized cDNA combined 
with the miRCURY LNA SYBR Green master mix (Qiagen) was added into the 384-well PCR 
plate containing the pre-aliquoted miRCURY LNA miRNA Human miRNome I & II Panels 
(Qiagen). qPCR reaction was performed on a LightCycler 480 II (Roche) thermal cycler with 
LightCycler 480 software (Roche). Cycle threshold (CT) values were exported to an Excel file 
and then uploaded on to the data analysis web portal at http://www.qiagen.com/geneglobe. 
Samples were assigned to a control group and test groups (N-ERD, CRS, AA). CT values were 
normalized based on the global CT mean of expressed miRNAs. The fold change in miRNA 
levels was calculated by the 2−ΔΔCt method.

Stage 2: validation study: qPCR
The selection of miRNAs for this part of the study was based on the profiling results. Any 
miRNAs that were differently expressed in N-ERD patients compared to both the controls 
and patients with AA or CRS were selected for validation. Primers specific for miR-181a-3p, 
-7d-3p, -22-5p, -149-5p, -34a-5p and -497-5p were purchased from Qiagen. Real-time PCRs 
were performed using the LightCycler 96 (Roche) and analyzed in LightCycler 96 software. 
Results were normalized to miR-103a-3p, whose expression showed the least variance in the 
profiling samples. miRNA expression is presented as a relative ratio. which is a mathematical 
delta–delta method for comparing relative expression results between treatments in real-
time PCR.13

Statistical analysis
Differences in miRNA expressions in profiling study were calculated in Gene Globe 
application with a Student’s t-test. Differences in miRNA expression showing more than a 
2-fold up- or down-regulation (P < 0.05) were considered significant. In validation study as 
the samples were small and consisted of non-normal data, nonparametric tests were used. 
Comparisons between the groups were made with the Mann-Whitney U test. Spearman’s 
rank correlation was used to evaluate the correlation between the variables. Analysis was not 
corrected for the multiplicity given the exploratory nature of the study. The statistical analysis 
was performed using Statistica 13.1 (TIBCO Software Inc., Palo Alto, CA, USA). A 2-tailed P 
value < 0.05 was considered as significant.

Molecular pathway and gene ontology (GO) analyses
GO functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analysis were performed using DIANA TOOLS MirPath version 3. 
Analysis was performed separately for 17 miRNAs that differentiated N-ERD patients from 
healthy people (Supplementary Table S1) and for those miRNAs which were selected for 
validation study (Supplementary Table S2).
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RESULTS

Results of miRNA profiling
For miRNA profiling, a representative group of 20 participants (equal numbers of patients 
with N-ERD, CRS, AA and controls) was selected from the study population. The group was 
matched for sex (all groups) and age (patients with asthma, CRS and N-ERD) (Table 1). Out 
of the 767 miRNAs on the microarray, only 12 were not expressed in any of the samples. It was 
found that 639 miRNAs were expressed in at least 50% of the samples and 397 in all samples. 
Compared to the control group, 23 miRNAs were differently expressed in N-ERD patients, 8 
in allergic asthmatics and 12 in CRS patients (Fig. 2, Supplementary Table S3). Some of these 
miRNAs were the same in the 2 groups, as shown in Fig. 2. Compared to the N-ERD patients, 
4 miRNAs were differently expressed in CRS, 20 in allergic asthmatics (Fig. 3, Supplementary 
Table S4). Any miRNAs which were differently expressed in N-ERD patients compared to both 
controls and CRS or asthma patients and were not shared by 2 groups (Fig. 3, Supplementary 
Table S4) were chosen for further validation.
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hsa-mir-1249
hsa-mir-22-5p

hsa-mir-497-5p
hsa-mir-374a-5p
hsa-mir-181a-3p
hsa-mir-149-5p
hsa-mir-205-5p
hsa-mir-99b-3p
hsa-mir-545-3p
hsa-mir-30d-3p
hsa-mir-187-3p
hsa-mir-452-5p
hsa-mir-34a-5p
hsa-mir-132-3p
hsa-mir-92b-3p
hsa-mir-598-3p
hsa-let-7d-3p hsa-mir-92b-5p

hsa-mir-15b-3p

hsa-mir-301a-3p
hsa-mir-215-5p

hsa-mir-184
hsa-mir-181b-5p
hsa-mir-1269a

hsa-mir-101-3p
hsa-mir-18a-5p
hsa-mir-18b-5p
hsa-mir-15b-5p

hsa-mir-106b-5p
hsa-mir-590-3p

hsa-mir-150-5p
hsa-mir-449a

hsa-mir-449b-5p
hsa-mir-375

hsa-mir-449b-3p
hsa-mir-20a-3p

N-ERD

17

1
CRS

6

Asthma

6

5 1

Fig. 2. Venn diagram with miRNAs unique and common for N-ERD (n = 5), AA (n = 5) and CRS (n = 5) compared to controls (n = 5). miRNAs showing more than a 
2-fold up-regulation (P < 0.05) are marked with green; miRNAs showing more than 2-fold down-regulation (P < 0.05) are marked with red. 
N-ERD, non-steroidal anti-inflammatory drug exacerbated respiratory disease; AA, allergic asthma; CRS, chronic rhinosinusitis; miRNA, microRNA.



Results of the miRNA validation
The patients with N-ERD were older than those with AA and controls, had a lower FEV1/
FVC% and higher blood eosinophilia than controls. There was no difference in ACQ between 
N-ERD and AA patients. Similarly, the quality of life and the severity of upper respiratory tract 
symptoms assessed using the SNOT-22 questionnaire were comparable in patients with N-ERD 
and CRS. Patients with AA were younger than those with CRS, and in comparison to controls, 
a lower FEV1/FVC and higher blood eosinophilia were observed. Higher FeNO level and blood 
eosinophilia, but a lower FEV1/FVC was found in CRS patients compared to controls (Table 2).

The patients with N-ERD demonstrated significantly different expressions of miR-34a-5p and 
-22-5p than those with AA (Fig. 4). miR-22-5p, miR-149-5p and miR-497-5p were differently 
expressed in CRS patients in comparison to those with AA. miR-149a-5p was differently expressed 
in patients with AA compared to controls. In the whole study group, weak-moderate correlations 
were found between miR-7d-3p/miR-34a-5p/miR-22-5p and blood eosinophilia (Fig. 5). FEV1/FVC 
was moderately correlated with miR-149a-5p expression (r = 0.27; P = 0.04).
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DISCUSSION

The pathogenesis of N-ERD is not fully understood and is associated with dysregulation of 
the production of arachidonic acid metabolites and the presence of chronic eosinophilic 
inflammation. The role of epigenetic regulation in this context is poorly researched; as such, 
a key observation from our study is the fact that the miRNome of N-ERD patients is not only 
different from healthy controls, but also from patients with AA or CRS. Our findings indicate 17 
miRNAs whose expression differed uniquely in patients with N-ERD compared to controls. In 
addition, only 5 miRNAs differentiating between patients and healthy subjects were common 
to both the N-ERD and CRS subjects, and only one was shared between N-ERD and AA. Other 
studies also indicate that some miRNAs can not only differentiate patients with a disease of 
interest, such as asthma or AR, from healthy controls, but also can indicate the phenotype of 
the condition, suggesting that the miRNAs may have potential utility as biomarkers.4
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This study was part of a European multicenter ADAPT project, whose primary aim was to 
identify, and validate a set of biomarkers associated with AR, CRS or different phenotypes 
of asthma measured in NLF collected using a minimally-invasive method. NLF contains 
cytokines and other mediators originating from epithelial and inflammatory cells. Our 
findings in this exploratory sub-analysis indicate that it is also a rich source of circulating 
miRNAs, probably secreted by these cells. In the case of bronchial asthma, inflammation 
covers the entire airways, and it has even been suggested that collecting material from the 
upper respiratory tract may better illustrate the inflammation in the lower airways than 
serum or plasma.14 miRNAs have previously been determined in materials from the upper 
respiratory tract in eluates from nasal swabs15 or in nasal lavage fluid.16 However, it is worth 
mentioning that the miRNA profile and expression will probably differ in the material 
from the upper respiratory tract and, for example, in serum. One study in patients with 
coronavirus disease 2019 showed that the miRNA profile differed between plasma and nasal 
swab eluates, and only 2 miRNAs were shared between the 2 materials.17

Among the list of miRNAs we identified in the profiling, a few have been studied previously 
as biomarkers in studies on asthma, CRS and AR. Some authors additionally noted an 
association of miRNAs expression with clinical features, lung, the presence of eosinophilic 
inflammation in the airways, or the phenotype or severity of the disease.

Huo et al.18 report decreased epithelial and plasma miR-181b-5p expression in asthmatics 
and note that the level correlated with those of sputum and bronchial eosinophilia. Also, 
miR-181b-5p regulated interleukin (IL)-13 -induced IL-1β and CCL11 expression by targeting 
SPP1 in human bronchial epithelial cells in vitro. In our group, both N-ERD and CRS patients 
demonstrated decreased miR-181b-5p expression compared to controls. miR-34a was another 
one miRNA that differentiated asthmatic patients from controls.19 In our group, it was 
downregulated in N-ERD patients compared to controls.

Another miRNAs of interest, miR-18a-5p and miR-374 were included in the set of miRNAs 
used to differentiate asthma in the pediatric population.20 Our profiling also indicated that 
miR-375 was upregulated in asthmatics and miR-18a-5p was downregulated in CRS patients.

Hirai et al.21 identified 5 miRNAs that distinguished between asthma and chronic obstructive 
pulmonary disease, with miR-15b-5p showing the highest predictive value. In another 
study, miR-15a-5p, miR-15b-5p and miR-374a-5p were correlated with changes in ventilation 
parameters and FeNO in patients with AA challenged with house dust mites. Based on the 
results, the authors suggested the role of these miRNAs as predictors of the delayed reaction 
occurring during allergen challenge.22 Interestingly, miR-15b-5p was down-regulated in 
our patients with asthma and CRS, while miRNA-374a-5p was downregulated in N-ERD 
patients. In a study on asthma phenotypes, miRNA-215-5p was among 5 miRNAs identified 
as discriminating between mild and moderate/severe asthmatics.23 In our study, this miRNA 
was downregulated in patients with N-ERD and CRS compared to controls. Another study 
found a total of 26 miRNAs, including miR-101-3p, to be differentially expressed in asthmatics 
as compared to healthy controls after rhinovirus challenge24; in contrast, this miRNA was 
downregulated in patients with CRS in this study.

Based on microarray and qPCR analyses, in a study of Silveira et al.25, 6 miRNAs found to be 
differently expressed in CRSwNP patients as compared to controls including miR-205-5p. 
Moreover, miR-205-5p correlated with IL-5 levels, eosinophil counts at the tissue and SNOT-
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22 score. The present study demonstrated decreased expression of miR-205-5p in the NLF of 
N-ERD patients.

In a study of Yu et al.26 downregulation of 192 miRNA was demonstrated in epithelial cells 
collected form patients with CRSwNP. Validation of the profiling result in these patients using 
RT-PCR showed that, among others, miR-132-3p expression was significantly downregulated in 
those with CRSwNP in comparison to healthy controls. Similarly, in our patients with N-ERD, 
the expression of this particular miRNA was also lower than in controls.

In contrast to our present results, a previous study found miR-150-5p expression to be 
decreased in AR patients compared to controls. In addition, miR-150-5p was also found to be 
responsible for downregulating intercellular adhesion molecule 1 expression and suppressing 
innate lymphoid cells function in a study based on a mouse model of AR.27 MiR-150-5p was 
also observed to be up-regulated in dendritic cells in peripheral bloods from CRS patients.28

On the other hand, in vitro studies have shown potential mechanisms that may be influenced by 
the identified miRNAs. Most of them focused on the role in the regulation of cytokine secretion 
through influencing transcription factors or participating in remodeling-related processes.

In a mouse model of asthma, CircZNF652 activated miR-452-5p/JAK/STAT signaling, 
resulting in goblet cell metaplasia, airway hypersecretion, and hyperresponsiveness.29

Overexpression of miR-34a-5p suppressed the proliferation and migration of airway smooth 
muscle cells isolated from bronchoalveolar lavage specimens stimulated by platelet-derived 
growth factor-BB (PDGF-BB).30 miR-34a-5p was also found to be an important factor 
influencing senescence in-human and mouse lung epithelial cells31 and in normal human 
lung fibroblasts.32 In animal model of asthma miR-301a-3p suppressed the PDGF-BB-
stimulated proliferation and migration of airway smooth muscle cells, enhanced apoptosis, 
as well as decreased inflammation via targeting STAT3.33 In addition, miR-497-5p inhibited 
lung fibroblast activation in vitro,34 and miR-106b-5p inhibited transforming growth factor-
β1-induced fibrosis in BEAS-2B cells.35 In another study, miR-375 was found to be decreased 
in the epithelia of nasal mucosa of mice with AR, and the authors suggest that miR-375 may 
prevent cells from apoptosis and ameliorates AR via inhibiting JAK2/STAT3 pathway.36 In 
a study by Song et al.,37 a role for miR-181b-5p in regulating neutrophil-dependent asthma 
was demonstrated in a mouse model of asthma through inhibition of NETs release, DEK/p-
GSK-3βSer9/β-catenin/MMP-9 pathway, DEK/Wnt/DRP1/MMP-9 and mitochondria damage. 
Experimental validation of miRNA profiling with another method only partially confirmed 
the initial results. Among the 6 selected miRNAs included in the second part of the study, 
only miR-34a-5p and -22-5p expression significantly differed between patients with N-ERD 
and those with AA. In addition, allergic asthmatics had significantly lower expression of 
miR-149 than controls. Three of the miRNAs selected for validation, miR-7d-3p, miR-34a-5p 
and miR-22-5p, were also weakly associated with blood eosinophilia, which may suggest their 
potential action mechanisms.

The study has the following limitations: first, the selected group for profiling may not 
be representative of the general population. In addition, the patients were not selected 
randomly, and the study group consisted of subjects who were treated in our clinic and 
voluntarily underwent the study. Hence, the selected miRNAs require further confirmation in 
an independent population. Secondly, only a limited number of miRNAs were included in the 
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validation part, omitting those which might potentially be more representative for the study 
group. It is also possible that the patients could have overlapping respiratory diseases, e.g. 
50% of patients with N-ERD had atopy which could also be associated with the occurrence 
of AR. Thirdly, although study subjects were asked to discontinue inhaled steroids, this may 
also be a factor potentially influencing miRNA expression. Finally, in order to complete the 
study, it would also be appropriate to perform functional studies of the mechanism of action 
of the selected miRNAs, e.g. on cell lines or animal models.

Nevertheless, our results indicate that the miRNome of patients with N-ERD in NLF differed 
from those with AA/CRS or controls. The validation of miRNA profiling showed that miR-
34a-5p and miR-22 were differently expressed in patients with N-ERD compared to allergic 
asthmatics. The selected miRNAs were found to correlate with clinical features: blood 
eosinophilia and spirometric parameters.
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