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Abst rac t
Introduction: Interleukin 25 is an epithelial-derived cytokine associated with allergic Th2 inflammation. However, 
little is known about the role of IL-25 in different asthma phenotypes and its relationship with disease severity. 
Aim: To evaluate and compare the mRNA and protein expression of IL-25 in patients with mild-to moderate/severe 
asthma and cough variant asthma (CVA).
Material and methods: Thirty-eight patients with stable asthma (11 patients with mild-to-moderate asthma,  
14 patients with severe asthma and 13 patients with CVA) and 14 control subjects were enrolled. IL-25 protein con-
centration was measured in induced sputum (IS) supernatants by ELISA and IL-25 mRNA expression was evaluated 
in IS cells by real time PCR.
Results: No differences in IS IL-25 mRNA and IL-25 concentration between controls and the whole asthma group 
were found. In the detailed analysis, a lower IL-25 mRNA expression in sputum cells was observed in severe asthma 
compared to CVA and controls. IL-25 protein concentration in sputum supernatants was elevated in patients with 
severe asthma compared to controls, CVA and mild-to-moderate asthma. A sputum IL-25 level was increased in 
atopic vs. non-atopic asthma patients. The elevated IL-25 mRNA expression and protein concentration was associ-
ated with a lower eosinophil and higher neutrophil percentage in asthmatic airways.
Conclusions: Our results suggest that IL-25 is particularly associated with severe asthma. The relationship between IL-25 
and neutrophilic airway inflammation suggests the pleiotropic role of IL-25 in the immune response in this disease.
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Introduction

Interleukin 25 (IL-25), also known as IL-17E, is a mem-
ber of a larger IL-17 family. There is evidence that this 
cytokine is locally produced in the airways and may be 
involved in airway inflammation in asthma. IL-25 is con-
stitutively produced by bronchial epithelium [1]. Other 
sources of IL-25 are eosinophils, basophils and mast cells 
[2, 3]. Interleukin 25 promotes and augments allergic Th2 
inflammation via production of IL-4, IL-5, and IL-13 [4–6]. 
This results in a high serum IgE concentration, airway eo-
sinophilia and airway hyperresponsiveness (AHR) [7]. The 
effect of exogenous IL-25 protein on acute inflammatory 
response in the airways was shown to be dependent of 
CD4 T cells [6] or mediated by unidentified IL-5 produc-
ing cells [8]. Interleukin 25 was shown to act directly on 
human fibroblasts inducing collagen secretion, blockage 
of IL-25 inhibits subepithelial fibrosis, mesenchymal cell 
proliferation and AHR [9]. Thus, IL-25 and other epitheli-

um-derived cytokines including thymic stromal lympho-
poietin (TSLP) and IL-33 are regarded as prominent mark-
ers of allergic response [10, 11].

Most data on IL-25 activity available up to date 
have been derived from studies on animal models. 
There have been only few human studies evaluating 
the role of IL-25 in asthma. An increased expression of 
IL-25 was detected in the asthmatic bronchial mucosa 
and in the skin of patients with eczema [12]. Allergen-
induced expression of IL-25 and its receptor (IL-25RB) 
in patients with atopic asthma correlated with disease 
severity [13]. Bronchial IL-25 expression correlated in-
versely with forced expiratory volume in 1 s (FEV

1
)

 
[14]. 

In a study which included 43 asthmatics, a higher IL-25 
expression in bronchial biopsy samples was associated 
with greater AHR, increased systemic and airway eo-
sinophilia, more advanced subepithelial thickening, and 
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elevated expression of Th2 cytokine genes as compared 
to healthy controls [15]. 

Aim

In the face of the scarce data from human studies on 
the role of IL-25 in asthma, we undertook a study aimed 
at: 1) the evaluation of IL-25 mRNA expression and pro-
tein IL-25 concentration in induced sputum (IS) of asth-
matics with different asthma phenotypes and disease 
severity, 2) the assessment of the relationship between 
sputum IL-25 expression/level and clinical features of 
asthma with special regard to cellular phenotypes.

Material and methods

Study design 

This was a cross-sectional study performed between 
2011 and 2015 which involved 38 patients with stable 
asthma and 14 control subjects. Asthma patients were 
recruited from the pulmonary outpatient department of 
the University Hospital in Warsaw. Exclusion criteria for 
all subjects were disease exacerbation or symptoms of 
the respiratory tract infection in the previous 3 months 
and non-effective sputum induction.

The diagnosis of asthma and the evaluation of its 
severity was made in accordance with the Global Initia-
tive for Asthma (GINA) guidelines [16]. Cough variant 
asthma (CVA) was diagnosed in patients with cough as 
the sole symptom lasting for at least 8 weeks, normal 
spirometry (no airway obstruction) and a positive result 
of the methacholine challenge. All patients with asthma 
underwent the following evaluations: medical history, 
physical examination, spirometry with flow-volume 
curve, airway obstruction reversibility test (when appli-
cable), methacholine bronchial challenge, allergy skin 
prick tests and sputum induction. Patients with chronic 
cough, ultimately diagnosed as CVA, also underwent ad-
ditional examinations to exclude other causes of chronic 
cough [17, 18]. Bronchial obstruction reversibility and air-
way hyperresponsiveness were tested according to the 
recommendations of the European Respiratory Society 
(ERS) and American Thoracic Society (ATS) [19].

The control group comprised of healthy non-smoking 
subjects with no history of obstructive lung disease or 
atopy. In this group, spirometry (normal spirometry was 
mandatory for inclusion) and induced sputum were per-
formed.

Interleukin-25 protein concentration was measured 
in IS supernatants and IL-25 mRNA expression was evalu-
ated in cells obtained from sputum induction in both in-
vestigated groups.

The study protocol was approved by the Institutional 
Review Board. Informed consent was obtained from all 
individual participants included in the study.

Sputum induction

The procedure of sputum induction was preceded by 
inhalation of 400 µg of salbutamol and subsequent pulmo-
nary function testing. After the post-bronchodilator spirom-
etry, the patients inhaled sterile hypertonic saline (NaCl) at 
room temperature and increasing concentrations (3%, 4% 
and 5% solutions) via an ultrasonic nebulizer (ULTRA-NEBTM 
2000, DeVilbiss, USA). The duration of each inhalation was 
7 min. Spirometry was repeated after each inhalation. The 
induction was stopped after a decrease in the FEV

1
 by at 

least 20% from baseline (post bronchodilator) FEV
1
 value. 

Sputum processing

Induced sputum was processed immediately on re-
ceipt as described by other authors [20]. The volume of 
the sputum was measured and the plugs were separat-
ed and weighed. A freshly prepared 0.1% solution of di-
thiothreitol (DTT, Sigma Aldrich, St. Louis, USA) in sterile 
phosphate-buffered saline (PBS) was added in a volume 
equal to fourth the weight of the sputum, and the mixture 
was shaken for 15 min. Subsequently, a double volume 
of sterile PBS was added and the mixture was vortexed 
briefly. After filtration through 70 µm nylon cell strainer 
(Falcon, Corning Brand, NY, USA), the sputum was cen-
trifuged for 10 min at 1800 g. The cells were counted in 
Neubauer hemocytometer, the percentage of dead cells 
and epithelial cells (squamous and ciliated) was assessed. 
The total number of cells (× 106) and total cell count (106 

cells/g sputum) was calculated. The pellet of cells was sus-
pended in RNAlater solution (Qiagen, Valencia, USA) and 
stored at –80°C for further investigation. The smears were 
stained with May-Grünwald-Giemsa staining. The criteria 
for appropriate IS quality were as follows: less than 50% 
of epithelial cells (squamous and ciliated), and more than 
300 non-epithelial cells on one slide.

RNA isolation and cDNA synthesis

Total RNA was isolated from IS cells using Nucleo Spin 
RNA II Columns Kit (Machery&Nagel, Düren, Germany). 
The concentration and purity of isolated RNA was mea-
sured on a spectrophotometer (Beckman DU650, Krefeld, 
Germany). Fourteen µl of total RNA underwent reverse 
transcription using SuperScript III First-Strand Synthesis 
Super Mix for qRT-PCR (Thermo Fisher, Waltham, USA).

Real-time quantitative PCR

Real-time quantitative PCR evaluation was performed 
with an ABI-Prism 7500 Sequence Detector System (Ap-
plied Biosystems, Foster City, USA). For real-time PCR,  
0.8 µl of cDNA was amplified in 16 µl of PCR volume, con-
taining a Power SYBR Green PCR mastermix (Thermo Fisher, 
Waltham, USA) with 150 nM of specific primers. 18s rRNA 
was applied for each sample as an internal control in or-
der to normalize gene expression levels. Sequences of 
the applied primers were as follows: IL-25: forward 5’-TG-
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GTCCCTTTTTGGGAAACC-3’ reverse 5’-TGTGCAGAAGTG-
CAGGCTTT-3’ (153bp), 18s rRNA: forward 5’-GGATGAGGTG-
GAACGTGTGAT-3’, reverse 5’-AGGTCTTCACGGAGCTTGTTG-3’ 
(148 bp). Each sample was measured in duplicate. The results 
were expressed as relative quantification units (fold change).

Relative quantification values were calculated by the 
2–∆∆CT method. For endogenous control, 18s rRNA was 
used. In the calculation, cycle thresholds (CTs) of the 
cDNA of sputum cells from patients with asthma and 
controls were calibrated with the average CTs of sputum 
cells from healthy volunteers. 

Protein concentration measurement

The total IgE concentration was evaluated using 
ELISA BioMerieux mini Vidas (Marcy-l’Étoile, France) ac-
cording to the manufacturer’s instructions. The measure-
ments of IL-25 concentrations in sputum supernatants 
were performed with ELISA kit (EIAab, Wuhan, China) 
according to the manufacturer’s instructions. The mean 
minimal detectable level of the test was 10 pg/ml.

Ethical approval

All procedures performed in this study were in ac-
cordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 
Helsinki declaration and its later amendments or compa-
rable ethical standards.

Statistical analysis

Sample size estimation was based on data from an 
earlier study by Seys et al. [21]. We assumed that the 

difference between sputum IL-25 mRNA expression in 
asthma and controls which should be detected, would 
be similar to the results reported by these authors. To 
detect the difference with t test with a power of 80% and 
a significance level of 5% and standard deviation value 
similar to those reported in the paper by Seys et al., the 
sample size was estimated as 28 asthma patients.

Statistical analysis was performed with the use of 
Statistica 12.0 software package (StatSoft Inc., Tulsa, OK, 
USA). Differences between categorical and continuous 
variables were tested using Pearson c2 test or nonpara-
metric Mann-Whitney U test. Results are given as me-
dian and interquartile range (IQR). Correlations between 
variables were analyzed with Spearman’s rank test. Dif-
ferences were considered statistically significant at p < 
0.05. Receiver-operating characteristic (ROC) curves were 
constructed and the area under ROC curve (AUC), sensi-
tivity and specificity were calculated at the best cut-off 
values for IL-25 mRNA expression and protein level in IS.

Results

Patient characteristics

Baseline patient characteristics are presented in Ta-
ble 1. Thirteen asthmatics were classified as CVA (34%), 
mild-to-moderate asthma was diagnosed in 11 (29%) 
patients and the remaining 14 (37%) patients were clas-
sified as severe asthma. 

Twenty (53%) patients were treated with a com-
bination of inhaled corticosteroids (ICS) (median dose  
of 800 µg of budesonide or equivalent (IQR: 640–1000 µg) 

Table 1. Demographic, clinical data and cellular composition of induced sputum (IS) (the sum of all non-epithelial cells 
was counted as 100%) of patients with asthma and control subjects

Parameter Controls
(n = 14)

Asthma
(n = 38)

P-value

Gender (male/female) 7/7 6/32 0.012

Age [years] 38 (34–40) 52 (41.5–60) 0.006

BMI [kg/m2] 23.3 (21.5–25.4) 28.2 (24.3–30.8) 0.063

Positive skin prick-tests (n) NA 20 NA

Total IgE [IU/ml] NA 61.5 (16.4–210) NA

Never smokers/ex-smokers/current smokers (n) 12/2/0 28/7/3 0.1034

Disease duration [months] NA 132 (24–246) NA

FEV1 (% predicted) 105 (101–120) 83 (69–96) < 0.001

Epithelial cells (%) 14 (12–21) 22 (18–27) 0.028

Macrophages (%) 33 (26 –54) 36 (24–46) 0.827

Lymphocytes (%) 6 (4–7) 6.5 (3–9) 1.000

Neutrophils (%) 55 (43–66) 50 (41–59) 0.330

Eosinophils (%) 1 (0–1) 3 (2–7) < 0.001

BMI – body mass index, FEV
1
 – forced expiratory volume at 1 s, FVC – forced vital capacity, NA – not applicable, IS – induced sputum. Values expressed as median 

and IQR; p-value obtained by Pearson c2 test or Mann-Whitney U test.
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and long acting β
2
-agonists (LABA), while 18 (47%) pa-

tients received only short-acting β
2
-agonists (SABA) as 

needed.
The cellular composition of IS in asthmatics and con-

trols is shown in Table 1. The percentage of epithelial cells 
and eosinophils was significantly higher in the asthma 
group compared to healthy controls.

�IL-25 mRNA expression and protein concentration 
in induced sputum 

No differences between controls and asthma ana-
lyzed as a summarised group were found in mRNA: 1.09 
(0.1–8.04) fold change vs. 0.46 (0.06–3.06) fold change 
for controls and asthmatics, respectively. Also, both 
groups did not differ in IL-25 protein level: 314.9 (237.6–
418.5) pg/ml vs. 399.2 (320.6–585.9) pg/ml in controls 
and asthmatics, respectively.

The analysis of IL-25 mRNA expression and protein 
concentration in asthma subgroups stratified according to 
disease severity showed a lower IL-25 mRNA expression 
in sputum cells in patients with severe asthma – 0.095  
(0.03–0.46) fold change compared to controls (1.09 fold 
change, IQR: 0.1–8.04 fold change), and CVA (0.85 fold 
change, IQR: 0.22–18.7 fold change). In contrast, IL-25 
protein concentration in sputum supernatants was sig-
nificantly higher in these patients (571.2 pg/ml, IQR: 
451–633.8 pg/ml) than in controls (314.85 pg/ml, IQR: 
237.6–481.5 pg/ml), CVA (386.5 pg/ml, IQR: 327.3–446.1 
pg/ml), and mild-to-moderate asthma (340.6 pg/ml, IQR: 
267.1–407.5 pg/ml) (Figure 1).

�ROC analysis of the discriminative value  
of sputum IL-25 mRNA and IL-25 protein levels  
in differentiation between controls and asthma

According the ROC analysis, the diagnostic accuracy of 
IL-25 in the differentiation between asthmatics and con-
trols was low. Both, IS IL-25 mRNA expression and protein 
concentration showed low sensitivity and specificity in the 
discrimination between healthy subjects and asthma pa-
tients. The optimal cut-off points for IL-25 were: 0.76 fold 
change for mRNA expression (sensitivity: 66%, specificity: 
50%, AUC = 0.598) and 289 pg/ml for protein concentra-
tion (sensitivity: 81%, specificity: 50%, AUC = 0.618).

The analysis of asthma patients sub-classified ac-
cording to the cut-off values obtained from ROC analysis 
showed a significantly lower percentage of IS eosinophils, 
shorter disease duration and higher FEV

1
/FVC ratio in 

the group of patients with a high IL-25 mRNA expression 
(≥ 0.76 fold change). An increased sputum neutrophil 
percentage was observed in the group of asthmatics with 
sputum IL-25 concentration ≥ 289 pg/ml (Table 2).

IL-25 mRNA and protein expression in the analysis 
of clinical features of asthma

In a separate analysis of asthma patients stratified 
according to the IS eosinophil percentage, an elevated 
IL-25 mRNA expression was associated with non-eosin-
ophilic sputum phenotype (eosinophil concentration 
< 3%) (Table 3).

In the analysis of clinical features of the disease, we 
found that neither IL-25 mRNA expression nor IL-25 pro-

Figure 1. Box plots of the IL-25 mRNA expression in cells from induced sputum (A) and IL-25 protein concentration in 
induced sputum supernatants (B) from patients with asthma and control subjects. Comparisons were performed using 
Mann-Whitney U-test, significant differences (p < 0.05) are shown
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tein concentration correlated with disease duration (r = 
–0.31, p = 0.09 and r = 0.18, p = 0.31 for mRNA and pro-
tein level, respectively), FEV

1 
expressed as a percentage of 

predicted value (r = 0.31, p = 0.1 and r = –0.22, p = 0.22 
for mRNA and protein level, respectively) and IgE serum 
level (r = –0.13, p = 0.46 and r = –0.08, p = 0.63 for mRNA 
and protein level, respectively) in the whole asthma group. 
Also, no correlations between IL-25 mRNA expression 
(r = –0.312, p = 0.08) and IS IL-25 concentration (r = 0.305, 
p = 0.07) and the daily ICS dose were found. 

When we divided subjects according to their atopic 
status, we observed an increased IS IL-25 concentration 
in atopic vs. non-atopic asthma patients: 448.8 (363.6–

609.9) pg/ml vs. 331.5 (262.8–434.7) pg/ml, respectively,  
p = 0.03 (Table 4). IL-25 mRNA expression correlated nega-
tively with sputum eosinophil count in both the non-atopic 
and atopic group and with a total IgE serum concentra-
tion. IL-25 sputum concentration correlated positively with 
sputum neutrophil count in patients with atopy (Table 5).

Discussion

Our study showed an elevated IS IL-25 concentration 
in severe asthma with a simultaneous decrease in IL-25 
mRNA expression in IS cells. We also demonstrated that 
the elevated IL-25 mRNA expression and protein concen-

Table 2. Percentage of sputum eosinophils and neutrophils, disease duration and FEV1/FVC ratio in asthma patients 
sub-classified according to the optimal cut-off points for IL-25 mRNA expression and IL-25 protein concentration 
obtained from ROC analysis

Parameter IL-25 mRNA IL-25 protein

< 0.76 fold change
(n = 27)

≥ 0.76 fold
change (n = 13)

P-value < 289 pg/ml
(n = 8)

≥ 289 pg/ml
(n = 30)

P-value

Eosinophils (%) 5 (2–17) 1 (0–5) 0.003 3 (2–24) 3.5 (1–7) 0.604

Neutrophils (%) 52 (38–65) 46 (41–54) 0.207 30 (25–47) 53 (43–63) 0.005

Disease duration
[months]

180 (120–300) 72 (24–144) 0.04 96 (10–396) 120 (36–216) 0.604

FEV1/FVC 65.5 (59.4–72.1) 81 (69–97) 0.005 74.3 (60–78.8) 68.9 (63–81.2) 0.919

IgE [IU/ml] 114 (14.8–341) 48 (18–169) 0.335 101 (42–440) 53 (15–169) 0.240

ICS [µg budesonide] 640 (0–800) 0 (0–400) 0.021 0 (0–1200) 400 (0–800) 0.82

Values expressed as median and IQR, p-value obtained in Mann-Whitney U test. ROC – receiver-operating characteristic, FEV
1
 – forced expiratory volume  

at 1st s, FVC – forced vital capacity.

Table 3. mRNA expression and protein concentration of IL-25 in IS of asthma patients stratified according to the 
sputum eosinophil percentage

IL-25 Asthma

< 3%
(n = 16)

≥ 3%
(n = 22)

P-value

mRNA (fold change) 1.9 (0.18–15.9) 0.22 (0.03–0.74) 0.03

Protein [pg/ml] 395.1 (295–470.7) 425.3 (327.3–622.8) 0.25

Values expressed as median and IQR, p-value obtained in Mann-Whitney U test. IS – induced sputum.

Table 4. Eosinophil, neutrophil sputum percentage, total IgE serum concentration, IL-25 mRNA expression and protein 
concentration in induced sputum from asthma patients with and without atopy

Parameter Non-atopic patients
(n = 18)

Atopic patients
(n = 20)

P-value

Eosinophils (%) 2 (0–5) 5 (2–23) 0.043

Neutrophils (%) 47 (42–57) 52 (31–68) 0.864

IgE [IU/ml] 33.5 (11.7–56.5) 152 (58–341) 0.006

IL-25 mRNA (fold change) 0.6 (0.1–11.3) 0.25 (0.1–0.7) 0.316

IL-25 [pg/ml] 331.5 (261.5–435) 448.8 (361.6–605.2) 0.030

Values expressed as median and IQR, p-value obtained in Mann-Whitney U test. 
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tration are associated with a lower eosinophil and higher 
neutrophil percentage in asthmatic airways. Our study 
confirmed the relationship between IL-25 concentration 
in IS and the atopic status of asthma patients.

To our knowledge, this is the first study evaluating 
IS IL-25 concentration in different asthma phenotypes, 
particularly in CVA and severe asthma. We found that pa-
tients with severe asthma were the only subgroup with 
a significantly increased IS IL-25 level compared to con-
trols. The poor efficiency of IL-25 ROC analysis to discrimi-
nate between all asthma patients and healthy subjects 
may further suggest that IL-25 is particularly associated 
with only some asthma phenotypes or severity stages. Al-
though we have not found other studies on IS IL-25 that 
included patients with severe asthma, our results seem to 
be consistent with data from some previously published 
articles. This includes an excellent recent review on the 
role of IL-25 in asthma [22]. Based on data presented in 
that paper, it might be concluded that IL-25 is involved in 
the pathogenesis of severe asthma. In the study by Corri-
gan et al., it has been shown that allergen-induced expres-
sion of IL-25 in atopic asthmatics correlates with disease 
severity [13]. Peripheral blood granulocytes with expressed 
IL-25 receptor (IL-17RB+ granulocytes and its subset, type 2 
myeloid (T2M) cells) were increased in asthma, and corre-
lated with the degree of airflow obstruction [23]. According 
to the results of a different study evaluating mRNA expres-
sion in IS cells, “IL-5, IL-17A, IL-25 high” patients had worse 
asthma control [21]. These observations were confirmed by 
the identification of the cluster of “IL-17A, IL-25 and IL-10 
high” sputum profile in a subgroup of asthmatics [24]. 
These patients had increased sputum eosinophils as well 
as neutrophils and worse lung function parameters. In the 
context of the above-cited articles, our results can be seen 
as new data confirming the relationship between IL-25 
and more severe asthma course. 

The main source of IL-25 are epithelial cells which 
express IL-25 constitutively [13, 25]. Inflammatory cells, 
including eosinophils, basophils and mast cells are capa-
ble of producing and secreting IL-25 after allergic, viral or 
parasitic stimulation [12, 25, 26]. In our study, we found 
a notable discrepancy between IL-25 PCR and ELISA re-
sults, with an inverse IL-25 mRNA expression and IL-25 
protein concentration in individual subgroups of patients 
(e.g. low IL-25 mRNA and high IL-25 protein concentra-
tion in patients with severe asthma, as well as in those 
with atopy). We believe this is an interesting observa-
tion, even though we are not able to present a convinc-
ing explanation for this finding. We may speculate that 
the discrepancy between IL-25 PCR and ELISA results 
could be associated with the different biologic materi-
als used to measure IL-25 mRNA expression and IL-25 
protein concentration. The protein level was measured in 
sputum supernatants which contained IL-25 produced by 
both structural and inflammatory cells, whereas mRNA 
expression was evaluated in cells isolated from sputum. 

Moreover, we suppose that almost entire inhibition of 
IL-25 mRNA expression in severe asthma could have been 
related to ICS treatment received by these patients. All in-
vestigated patients with severe asthma (n = 14) received 
inhaled corticosteroids and this treatment is known to 
reduce the number of eosinophils [27] and to decrease 
the levels of inflammatory mediators in asthmatic air-
ways [28]. The additional analysis of all asthma patients 
classified according to ICS treatment (treated, n = 20, 
vs. not treated, n = 18) showed a significantly higher 
IL-25 mRNA expression in those not receiving ICS (0.2 
fold change (IQR: 0.04–0.7) and 0.9 fold change (IQR: 
0.2–11.3), respectively; p = 0.04). An opposite relationship 
was found for IL-25 protein concentration in those two 
groups (493 pg/ml (IQR: 343.4–621.85 pg/ml) compared 
to 369.7 pg/ml (IQR: 289.3–439.5 pg/ml)) in patients 
treated and not treated with ICS, respectively (p = 0.02). 
Thus, we cannot exclude that the discrepancy between 
PCR and ELISA results may be associated with the pres-
ence of other corticosteroid insensitive sources of IL-25, 
e.g. some structural airway cells. Although epithelial and 
endothelial cells are known IL-25 producers, it might be 
speculated that there are also other cells releasing IL-25 
into the bronchial lumen and that IL-25 production in 
those cells is not efficiently inhibited by ICS. For example, 
it has been demonstrated that airway smooth muscle 
cells of patients with severe asthma are corticosteroid 
insensitive due to a decreased glucocorticosteroid recep-
tor expression and corticosteroid-mediated attenuation 
of p65 recruitment to gene promoters [29]. 

In our study, IL-25 level was increased in IS of atopic 
asthmatics, but it was not associated with Th2 type of re-
sponse expressed as a total serum IgE level or increased 
sputum eosinophil count. Moreover, a higher IL-25 protein 
concentration was correlated with a higher neutrophil 

Table 5. Correlations between IL-25 mRNA expression and 
protein concentration in induced sputum from asthma 
patients with and without atopy and the percentage 
of sputum eosinophils and neutrophils, total IgE serum 
concentration

Parameter Non-atopic patients
(n = 18)

Atopic patients
(n = 20)

r p r p

IL-25 mRNA (fold change)

Eosinophils (%) –0.62 0.02 –0.57 0.02

Neutrophils (%) 0.21 0.49 –0.04 0.89

IgE [IU/ml] 0.33 0.25 –0.65 0.02

IL-25 protein [pg/ml]

Eosinophils (%) 0.47 0.08 –0.81 0.46

Neutrophils (%) 0.35 0.20 0.54 0.02

IgE [IU/ml] –0.28 0.29 –0.29 0.25

Correlations were performed with Spearman’s rank test.
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percentage in IS. We believe this is an interesting obser-
vation. An association of IL-25 with neutrophilic asthma 
phenotype may confirm the pleiotropic nature of this cy-
tokine. This association has also been observed by other 
authors. One study showed that IL-25 induced the airway 
neutrophilic murine model of IL-17A-dependent asthma 
[30]. In a different mouse model of asthma, IL-25 activat-
ed NF-κB and production of CXCL8, which is a strong neu-
trophil chemoattractant [31]. Garley et al. demonstrated 
the expression of IL-17RA (receptor for IL-17A) and IL-17RB  
(IL-25 receptor) on the surface of human neutrophils [32] 
and Rickel et al. found that the development of IL-25 me-
diated effects requires the presence of both receptors,  
IL-17RB and IL-17RA [30]. Interestingly, Petersen et al. 
showed that IL-25 is associated with steroid resistance 
in asthma by direct induction of IL-4/IL-13 expression in 
a granulocytic population, T2M cells [33]. Since steroid-
resistant asthma is commonly associated with neutro-
phil predominance, IL-25 may be an important cytokine 
involved in this type of immune response. We may specu-
late that the relationship between IS IL-25 level and in-
creased neutrophil percentage found in our study was 
associated with chemotactic activity of IL-25 resulting 
in neutrophil recruitment into the airways. On the other 
hand, it cannot be excluded that IS neutrophilia was as-
sociated with the use of ICS. This is because a decrease 
in the number of eosinophils caused by ICS treatment 
could result in an apparent increase in the percentage of 
neutrophils in IS. However, as the percentage of eosino-
phils in IS is relatively low (compared to other subpopula-
tions of cells), it seems unlikely that its further reduction 
could have resulted in a significant increase in the per-
centage of neutrophils.

We are aware about several limitations of the pre-
sented study. First, due to the preliminary nature of our 
research, the study group was relatively small. This refers, 
in particular, to asthma sub-groups that included asth-
matics with different disease features and severity. Sec-
ond, almost 45% of patients with asthma were treated 
with ICS what may affect both the cellular composition 
of IS and the expression of IL-25 mRNA. Some aspects 
of this issue have already been discussed above in de-
tail. ICS treatment inhibits eosinophilic inflammation 
but has no or only a weak anti-inflammatory effect on 
the neutrophilic phenotype of asthma [34]. However, it 
should be emphasized that the exclusion of asthmatics 
treated with ICS would make the evaluation of the severe 
asthma group in which such treatment is mandatory, im-
possible. Hence, the inclusion of asthma patients treated 
with ICS into different studies is also commonly accepted 
by other authors [35–37]. Third, a more detailed and ad-
vanced analysis of IL-25 source in IS is required for proper 
interpretation of our findings. We believe this could be an 
interesting field for further exploration of the role of IL-25 
in obstructive lung diseases.

Conclusions

Although IL-25 in IS did not differ between patients 
with asthma and healthy subjects, our results suggest 
that IL-25 is particularly associated with severe asthma. 
The relationship between IL-25 and neutrophilic airway 
inflammation suggests the pleiotropic role of IL-25 in the 
immune response in this disease.
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