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Background: Asthma is an airway disorder where inflammatory cytokines are partly responsible for

exacerbating the disease. Interleukin (IL)-32, generally referred to as natural killer cell (NK4)

transcript 4, is described as an immunoregulator involved in the stimulation of anti-/pro-

inflammatory cytokines. The abnormal presence of IL-32 has been observed during inflammatory

diseases, particularly in asthma. This study aims to characterize IL-32 in the inflammatory process in

patients with severe asthma. Methods: IL-32 and IL-1β levels in the supernatant of induced sputum

obtained from 59 asthma patients (mild: 20 patients; moderate: 20 patients; severe: 19 patients) were

measured using ELISA. Sputum IL-32 mRNA expression was measured by RT- PCR. Results: Sputum

IL-32 was significantly elevated at the protein (p= 0.00019) and mRNA expression (p < 0.0001) in

asthmatics compared to non-asthmatic controls. IL-32 was elevated in severe asthmatic patients (p <

0.0001) compared to mild-moderate asthma. Severe asthmatics allergic to house dust mites expressed

higher sputum IL-32 level than severe asthmatics without allergy (p = 0.0001). A significant

association was found between sputum IL-32 and IL-32 mRNA (r =0.531; p = 0.0159) in severe asthma.

In the same way, sputum IL-1β and IL-32 were significantly correlated (r = 0.476; p = 0.0337). Conclusion:

The level of IL-32 in induced sputum may be associated with asthma severity.
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1. Introduction

Childhood asthma is a chronic inflammatory disease of the airways  [1], where innate and adaptive

immune cells interacting with resident epithelial cells causes bronchial hyper-reactivity  [2]. Childhood

asthma manifests as recurrent attacks of wheezing, breathlessness, chest tightness, and coughing,

particularly at night and in the early morning. Asthma clinical manifestations can vary from mild to
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severe, and the phenotypical presentation is very heterogeneous. This diversity in clinic presentation

reflects the complexity of the different basic mechanisms that lead to asthma development. Childhood

asthma prevalence worldwide is rising dramatically making it regarded as a major healthcare problem in

children [3]. Immune response in the asthmatic respiratory tract is mainly driven by CD4+ T helper (Th)

cells, represented by Th1, Th2, and Th17 cells, especially Th2 cells. The balance between cytokines as well

as transcription factors associated with Th is compromised in asthma. The heterogeneity and plasticity

of Th cell subsets represent part of the immune cells involved in the pathogenesis of asthma. The

question to be answered is whether so-called pathogenic Th subpopulations and other immune cells

exhibit functional redundancy. Furthermore, how complex signals in vivo regulate the generation of

pathogenic Th cytokines (IL-17, IL-1β, IL-26)  [4][5]  or non-pathogenic Th subsets warrants increasing

investigation [6]. Restoring the balance between the responses of Th2/Th1 as well as Treg cells, and their

respective transcription factors T-bet/STAT6 and Foxp3 considerably improves asthma. Other T cell

populations and cytokines also play a role as alarmin in (IL-33, TSLP)  [7][8]  or as anti-inflammatory

cytokines including IL-37 [9], IL35 [10] and regulatory T (Treg) cells [11].

Interleukin (IL-)32, known as the Natural Killer (NK) cell transcript 4 (NK4), is a cytokine produced by

macrophages, T lymphocytes, NK cells, monocytes, mast cells, keratinocytes, and epithelial cells  [12]. It

was firstly depicted as a pro-inflammatory cytokine [13]. IL-32 by the presence of its different isoforms,

shows pro-/anti-inflammatory properties and regulatory properties [13]. The role of IL-32 has been, so far,

investigated in several inflammatory and infectious diseases [14][15][16][17] including in asthma [18]. IL-32

stimulates macrophages to produce pro-inflammatory factors (TNF-α, IL-1β, and IL-6) via the p38-MAPK

and NF-κB pathways [6][19]. Human IL-32 can promote the production of IL-1β, TNF-α. The production of

IL-1β, IL-6, IL-8, and TNF-α was down-regulated by silencing of IL-32 expression in monocytes [19]. IL-32

has increasingly been suggested as a key player in the pathophysiology of asthma. In asthmatics, the

airway presence of IL-32 was negatively correlated with the forced expiratory volume in 1 s (FEV1) and

positively correlated with the annual exacerbation rate [20]. In that study, the authors concluded that the

increased IL-32 level in the induced sputum samples correlated with an increased risk of asthma

exacerbation.

IL-32 synergizes with the NOD1- and NOD2-specific mucopeptides of peptidoglycans for the release of

IL-1β and IL-6 [21]. IL-1β is a potent inflammatory cytokine implicated in asthma. We recently reported its

overexpression in asthma [5]. Extending this, we found increased sputum IL-1β in asthmatics. IL-1β was
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recently found associated with IL-32 production during the inflammatory process  [1]. The clinical

implications of IL-32 are not fully revealed to date and remain controversial in terms of asthma severity

in childhood. This prompted us to measure IL-32 levels in induced sputum supernatants from asthmatic

patients and to analyze the relationship of IL-32 with asthma severity. We measured IL-32 and IL-1β at the

protein and mRNA levels in severe asthmatic.

2. Materials and methods

2.1. Ethical approval of the research

The present study was approved by the Institutional Review Board of our hospital (A. Mami hospital of

respiratory diseases) in compliance with the ethic committee of the Medicine Faculty of Tunis. Informed

consent was obtained from all participating subjects. This study was approved by the Ethics Review

Board at Medicine University of Tunis and ethic board of the Abderrahmane Mami hospital and was

conducted in accordance with the Helsinki declaration.

2.2. Patients

Patients were investigated from the Department of Pediatrics Respiratory Disease and the laboratory

research (Chronic Pulmonary Pathologies: From Genome to Management, Abderrahman Mami Hospital

(Ariana, Tunisia). The diagnosis and severity of asthma were established according to the current Global

Strategy for Asthma Management and Prevention (GINA) report  [22]. Patients with severe (n = 19),

moderate (n = 20) and mild (n = 20) asthma were scored according to GINA 2014 were included. The major

diagnostic criteria for asthma were as follows: medical history of episodic breathlessness, wheezing,

cough, and chest tightness; spirometric features of airway obstruction with positive bronchial

reversibility test and/or a positive result of methacholine challenge test. Control group consisted of

volunteers with no history of obstructive lung diseases, with normal spirometry test results. Exclusion

criteria for all study participants were symptoms of respiratory tract infection or asthma exacerbation

within 6 weeks preceding the study onset. Lung function was assessed by spirometry with bronchial

reversibility testing. The measurements were performed in accordance with the recommendations of the

European Respiratory Society (ERS) and the American Thoracic Society (ATS)  [23][24]. A positive

bronchodilator response was defined as an increase of >200 mL and ≥12% of the predicted value in either

FEV1 or FVC. The methacholine challenge test was performed consistently with the ATS guidelines,
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minimum one day before sputum induction. Atopy was defined as a positive skin prick test (3 mm in

diameter in the presence of positive histamine and negative diluent controls) to at least one of 15 extracts

of common local aeroallergens  [21]. Total IgE concentration was evaluated in serum using ELISA

Biomerieux mini Vidas (France) according to the manufacturer’s instruction (measurement range 0.5-

1000 kIU/L).

2.3. Sputum processing

Sputum induction was preceded by inhalation of 400 μg of salbutamol and subsequent spirometry.

Induction was performed with sterile hypertonic saline (NaCl) at increasing concentrations (3%, 4%, and

5% solutions) via an ultrasonic nebulizer (ULTRA-NEBTM2000, DeVilbiss, Port Washington, NY, USA) in

accordance with the ERS guidelines [24][25]. Spirometry was repeated after each inhalation. The induction

was stopped after a decrease in FEV1 by at least 20% from the baseline (post bronchodilator) value.

Sputum plugs were isolated from saliva and processed with 0.1% solution of dithiothreitol (DTT, Sigma

Aldrich, St. Louis, MO, USA). Total cell count was assessed manually using a haemocytometer, and cell

viability was determined by the trypan blue exclusion method. After centrifugation, the obtained

supernatants were stored at −80 ◦C for IL-32 measurements. The criteria for appropriate IS quality were

as follows: <50% epithelial cells, total cell count >0.5 cells × 106/g sputum and >300 non-epithelial cells

on one slide [24][25].

2.4. Enzyme-Linked Immunosorbent Assay (ELISA)

Levels of IL-32 were quantified with a quantitative sandwich enzyme immunoassay using an ELISA

DuoSet kit (R&D, CA) as were recently reported [18]. Briefly, the plates were coated by goat anti-human IL-

32 antibody as the capture antibody for 16 h at room temperature. Subsequently 100 μl of standards,

sputum was added and the procedure was performed according to the manufacturer’s instructions.

Reference concentrations of IL-32 were used to prepare assay calibration. The absorption was determined

with an ELISA reader (Biotek ELX800, USA) at 450 nm. The concentrations were interpolated from

standard curves expressed in pg/ml. Inter- and intra-assay coefficients of variation were below 10%. To

avoid any bias, all samples were analyzed blindly without knowledge of the clinical status. All samples

were run in duplicate with the appropriate standards on Nunc Maxi Sorb 96-well micro plates (Sigma-

Aldrich, Germany). The detection range was 5 ng/ml – 100 ng/ml. Values below this level were scored as 0

ng/mL for statistical analysis.
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Sputum IL-1β levels were determined by ELISA following the manufacturer’s instructions and as we

reported recently  [9]. The concentration of IL-1β, was measured by human Duoset ELISA kits (R&D

Systems) according to the manufacturer’s instructions. The sensitivity of the assay was high (pg/ml) and

the limit of detection (LOD) was as follows: IL-1β (0.02 pg/ml). Standards provided by the manufacturer

were used to generate a standard curve for each sample and data were analyzed using Bioplex Manager

software.

2.5. Isolation of Sputum Fluid Mononuclear Cells

Induced mononuclear cells were isolated from asthmatic patients and healthy donors by density

centrifugation using lymphocyte separation medium (PAA Laboratories). Sputum mononuclear cells

were washed twice in RPMI1640 and were stimulated with 1 μg/mL anti-CD3 plus anti-CD28 mAbs or 10

μg/mL recombinant soluble CD40L (R&D Systems), respectively, in order to analyze IL-32 mRNA

expression by reverse transcription (RT)-quantitative PCR (RT-qPCR) [5].

2.5.1. Real-time polymerase reaction (PCR) analysis

Total RNA was isolated from unfractionated sputum cells using a RNeasy Mini kit (Sigma-Aldrich) as we

reported  [18][26]. RNA purity was determined by the OD 260/OD 280 ratio. Real-time semi-quantitative

RT-PCR was performed in a single 50μl reaction volume containing 25 μl of One-step RT-PCR SYBR

GreenMaster Mix (Applied Biosystems, Foster City, CA, USA), 0.25 μl of 40 × MultiScribe reverse

transcriptase (Applied Biosystems), and the following sense and antisense primers at 10 nM: IL-32: 5’-

TGAGGAGCAGCACCCAGAGC-3; 5-CCGTAGGA CTGGAAAGAGGA-3′and β-actin: 5-GGACTT

CGAGCAAGAGATG and 3-AGCACT GTGTTGGCGTACA. The terminal cycling conditions were 50 ◦C for 2

min and 95 ◦C for 10 min, followed by 40 cycles of complication at 95 ◦C for 15 s and 60 ◦C for 1 min for

denaturing and annealing-extension, respectively. Expression of the message level was measured with an

ABI PRISM 7500 Sequence Detection System (Applied BioSystems) and normalized to β- actin mRNA.

2.6. Analysis

Data were expressed as means ± SD. Nonparametric statistical comparison between groups was

performed by using the Mann-Whitney U test. Correlations between IL-32 levels and sputum cell

percentages and other parameters were determined using Spearman's rank correlation coefficient

analysis. The data are presented as the median and 25% and 75% quartiles for skewed variables and as
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the mean ± SEM for variables with a normal distribution. All statistical analyses were performed using

Statistical Package for the Social Sciences (SPSS) software, release 20.0 (IBM Corp., Armonk, NY, USA). A p

value < 0.05 was considered to indicate statistical significance.

Results

2.7. Subjects’ characteristics

The studied subjects are summarized in Table 1. The 59 asthma patients are distributed as follows; 20

patients have mild asthma; 20 patients have moderate asthma and 19 patients have severe asthma.

Patients with severe asthma had significantly increased total IgE (p < 0.001) compared to the others two

groups. (Table 1) (p = 0.002). Among the 20 patients with severe asthma, 9 patients were allergic to dust

mites
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Mild Asthma Moderate Asthma Severe Asthma Controls p- value

Subjects n = 59 20 20 19 20

Mean age (year) 7.72 ± 2.36 9.52 ± 3.47 12.7 ± 3.24 7.86 ± 2.72 <0. 028

Gender (M/F) 33.8% 33.8% 32.2% 32.4% N.S.

IgE (IU/mL) 593.8 ± 118.2 737.8 ± 157.5 1322.5 ± 127.0* 162.7 ± 33.2 <0.001

FEV1 % pred 77.5 ± 4.72 72.6 ± 4.28 65.81  .62 87.72  .32 <0.001

FVC % pred 83.3 + 6.2 72.6 ± 4.28 58.7  .62 82.3 + 5.2 <0.001

Sputum Characteristics

Total cells x 106 per mL 1.82 (1.07 -2.37) 1.95 (1.77 - 3.63) 2.88 (1.89 - 4.59) * 1.30 (1.22 - 2.46) <0. 001

Cell viability% 77 (66 - 82) 74 (55 - 86) 71 (55 - 82) 69 (59 - 82) N.S.

Neutrophils% 19.2 (18.5 - 20. 5) 32.4 (29.3 - 40.5) 31.7(30 -53.4) * 35.6 (13.3 - 41.8) = 0. 001

Eosinophils% 0.7 (0.4 - 1.1) 0.5 (0.3 - 1.8) 0.7 (0.2 - 1.2) 0.3 (0.0 - 0.4) N.S.

Macrophages% 38 (25 - 49.5) 32 (29 - 44) 65.2 (63 -70,5) * 48.8 (32 - 65.5) <0. 001

Lymphocytes% 0.6 (0.3 - 0.9) 0.5 (0.2 - 1.0) 4.8 (2.2 - 5.6) * 3.5 (0.5 -4.2) <0. 001

Squamous% 3.9 (1.5 - 5.8) 2.7 (1.0 -4.8) 2.7 (2.0 - 6.5) 3.7 (2.0 - 5. 9) N.S.

Table 1. Patient characteristics and pulmonary function in asthmatic patients with different severity.

Data are presented as median (interquartile range) or mean ± SD, unless otherwise stated. FEV1: forced

expiratory volume in 1s; FVC: forced vital capacity. N.S. Not significant. [*]: Values in severe asthma were

significantly different from healthy controls (HC).

2.8. Expression of sputum fluid IL-32 strongly associates with severe asthmatics

Sputum IL-32 was detected in all asthmatic groups and healthy controls. IL-32 sputum levels were

significantly higher in asthmatic patients (9.77 ± 8.99 pg/ml; p = 0.0019) compared with healthy non-

asthmatics controls (3.26 ± 0.72 pg/ml) (Figure 1A). The expression of IL-32 in severe asthma (21.79 ± 2.56
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pg/ml) is higher than the values observed in patients with mild asthma (3.14 ± 0.82 pg/ml; p < 0.0001) and

moderate asthma (3.38 ± 0.80 pg/ml; p < 0.0001). No significant differences were observed between mild

and moderate asthma compared to healthy controls (p = 0.624; p = 0.632 respectively).

In the same way, IL-32 mRNA in childhood asthma was increased compared to non-asthmatic control

(Figure 1B). IL-32 mRNA in severe asthma was more expressed than patients with mild and moderate

asthma (p < 0.0001). Moderate and mild asthmatics expressed similar level of IL-32 at the protein and

mRNA levels (p > 0.05). IL-32 protein level was significantly correlated with IL-32 mRNA expression (r =

0,531; p = 0.0159) (Figure 1C).

Patients with severe asthma, allergic to dust mites expressed more IL-32 (24.25 ± 2.35 pg/ml) compared to

non-allergic patients (19.77 ± 1.46 pg/ml, p = 0.0001) (Figure 1D).
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Figure 1. IL-32 levels in childhood asthma patients. (A): Sputum IL-32 in asthmatic patients and non-

asthmatic controls (p = 0.0009). (B): IL-32 mRNA expression was increased in severe asthmatic patients

compared to healthy participant. (C): Sputum IL-32 protein correlated significantly with IL-32 mRNA

expression in severe asthmatic (r = 0.531; p = 0.0159). (D): Increased IL-32 level in severe asthma positive for

dust mite allergy compared to non-allergic severe asthmatics (p = 0.0001). The statistical analysis was

performed using the Mann Whitney U test. p values are indicated and the correlation was analyzed by

Spearman’s rank correlation test.
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2.9. Correlations of sputum IL-32 and FEV1%, macrophages (%), PNN (%) in severe asthma

Sputum IL-32 protein levels were inversely correlated with FEV1 (% pred.) (r = - 0.593; p = 0.0074) (Figure

2A). Associations were found between IL-32 protein and sputum macrophages (r = 0.599; p = 0.0067) and

neutrophils (r = 0.693; p = 0.001) (Figure 2B, 2C). However, no correlation was observed between IL-32 and

BMI (Kg/m2) (r = 0.273; p = 0.244).

Figure 2. Sputum expression of IL-32 in severe asthma, correlations with FEV1%, sputum polynuclear

neutrophils (PNN), sputum macrophages and Body Mass Index (BMI Kg/m2). (A) Significant correlation

between sputum IL-32 and FEV1% in severe asthma (r = -0.593; p =0.0074). (B) Positive correlation between

sputum IL-32 and macrophages (%) (r =0.599; p= 0.0067). (C) Significant correlation was reported between

sputum IL-32 and PNN % (r = 0.693; p = 0.001). (D): Correlation between sputum IL-32 and BMI (Kg/m2).

Statistical significance was analyzed using the Spearman’s rank correlation test for the studied correlations.

2.10. Expression of sputum fluid IL-1β strongly associates with severe asthmatics

IL-32 can induce interleukin 1β (IL-1β) and more other pro-inflammatory cytokine as reported by Netea et

al. [21]. At the protein level IL-1β was more expressed in severe asthmatic patients (78.15 ± 11.13 pg/ml; p <
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0.0001) than moderate and mild asthmatics (16.0 ± 4.18pg/ml; 14.25 ± 2.5 pg/ml respectively) (Figure 3A).

No difference was found between mild and moderate asthma (p > 0.05). IL-1β was significantly correlated

to IL-32 (r = 0.476; p = 0.0337) (Figure 3B).

Figure 3. IL-1β levels in asthmatic patients. (A) Sputum IL-1β in asthmatic patients and non-asthmatic

controls. The statistical analysis was performed using the Mann–Whitney U test. p values are indicated. (B)

Sputum IL-1β protein was correlated with IL-32 expression in severe asthmatic (r = 0.476; p = 0.033). Statistical

significance was analyzed using the Spearman’s rank correlation test.

3. Discussion

Our data reported that childhood patients with severe asthma have increased expression of IL-32 and

increased release of IL-1β protein compared to mild-moderate asthmatic patients and non-asthmatic

controls. To our knowledge, this work is likely to be the first study involving IL-32 in induced sputum in

severe asthma in children. IL-32 mRNA was increased in severe asthmatics. In addition, IL-32 protein

levels were significantly correlated with neutrophils and macrophages. In contrast, no correlation was

found with IgE levels. Additionally, IL-32 levels in the airways were inversely correlated with FEV1%.

These results indicate a relationship between IL-32 levels in the airways and disease severity.

We designed this work to investigate levels of the newly described pro-inflammatory cytokine IL-32 in

airway compartments. Our data are consistent with those of other authors who have found increased IL-

32 levels in asthma  [27][28]. Meyer et al. found that serum IL-32 levels were elevated in asthmatic

patients [29]. Other research groups have shown that IL-32 may play a role in allergic diseases. Patients
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with allergic rhinitis differed significantly from healthy control individuals in having increased

expression of IL-32 in serum [30]. IL-32 has been expressed in atopic dermatitis lesional skin, whereas it

has not been detected in skin biopsy specimens from controls [31]. The role of IL-32 in inflammation can

be explained by the participation of the immune mechanisms of Th1 cells in an endotype according to the

classification thus influencing angiogenesis  [29][32]. Our study did not allow us to differentiate the

categories of endotypes, because the number of asthmatics in our series was relatively small. We cannot

confirm or refute the role of IL-32 in mild to moderate asthma. But what seems plausible is that IL-32

certainly plays a more important role in severe asthma and Receiver operating characteristic (ROR) curve

further demonstrated that IL-32 could be a potent inflammatory cytokine implicated in asthma as

reported in chronic inflammatory diseases [33][34].

IL-32 is a key modulator in the pathogenesis of various clinical conditions and is mostly induced by IL-

8  [15][35]. Recombinant IL-32 induces the proinflammatory cytokines TNF-α, IL-8, and macrophage

inflammatory protein 2 in monocytes, macrophages, and PBMCs [13]. IL-8 has been discovered to be an

inflammatory cytokine that is a potent activating and chemotactic factor of neutrophils, suggesting an

important reciprocal relationship between neutrophils and IL-8 the pathogenesis of a variety of

neutrophil-infiltrating chronic inflammatory diseases  [36]. Heinhuis et al. reported that. The

overexpression of IL- 32 results in enhanced expression of IL-8  [37]. IL-32 modulates important

inflammatory pathways (including TNF-α, IL-6 and IL-1β), contributing to the pathogenesis of

inflammatory diseases  [15]. Mature IL-1β activates the IL-1 receptor (IL-1R) to induce the production of

pro-inflammatory cytokines including IL-8, which is typically elevated in neutrophilic asthma [38]. IL-8

is widely known as a potent neutrophil chemoattractant, but recently it also has been used as an activator

of neutrophils. Such stimulation favors degradation of cell membranes and nuclei, and leads to the

formation of extracellular web-like structures from released nucleic acids and histones  [39]. IL-1β is a

potent inflammatory cytokine implicated in several chronic inflammatory diseases, including asthma

and chronic obstructive pulmonary disease [33]. The number of neutrophils in the airways of asthmatic

individuals depends on IL-8 and tumor necrosis factor (TNF-α) concentrations, both being chemotactic

cytokines released from macrophages, epithelial cells and neutrophils [40][41]. The role of neutrophils in

the development of asthma is multi-dimensional. Their presence and overactivation is associated with

increased asthma severity. Studies regarding neutrophils were per-formed in either induced sputum or

bronchoalveolar fluid, and peripheral blood. Mediators normally released from neutrophils as IL-8,
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playing important role in innate immunity, contribute to the development of asthma. The role of IL-32 in

inflammation is pleiotropic, since it is involved in not only promoting pro-inflammatory cytokines but

also stimulating anti-inflammatory cytokines [42][43][44][45].

IL-1β is a potent inflammatory cytokine. Extending this, we found significant correlation between IL-32

and IL-1β. Simpson et al. reported that sputum IL-1β were significantly elevated in severe asthma

compared with other asthma (mild-moderate), suggesting a key role for IL-1β in asthma severity. IL-1β

concentrations were independently associated with the neutrophil chemoattractant IL-8 [34]. Our results

support recent findings, which show increased IL-1β in asthma, especially in severe asthma  [33]  and

provide evidence of the involvement of the IL-32. The activation of the in innate immune cells such as

macrophages, dendritic cells and PNN can activate caspase-1 through inflammasome assembly, which

subsequently leads to mature IL-1β through the cleavage of pro-IL-1β and finally results in cascade

inflammatory response. IL-32 stimulated the production of pro-inflammatory cytokines TNF-α, IL-1β, IL-

8 and IL-6 by activating nuclear factor-kappa B (NF-kB) and mitogen activated protein kinase (MAPK)

p38.2 [21]. We reported increased IL-32 level in severe asthma positive for dust mites compared to non-

allergic patients. Recent data reported that IL-32 expression may be elevated in allergic diseases during

Th2-type eosinophilic inflammation [31].

Pulmonary macrophages control inflammatory manifestations through the release of chemokines and

cytokines that attract inflammatory cells and the release of proteases  [45]. Macrophages are the main

source of IL-32 [45][46]. We reported a significant correlation between IL-32 production and the percentage

of macrophage in severe asthma. In asthma, alveolar macrophages are inappropriately activated and are

involved in the development and progression of the disease. Airway macrophages can be activated by

allergens via low-affinity IgE receptors to release inflammatory mediators amplifying responses [47][48].

There are some limitations to this study. First, the dosage of IL-32 at the time of exacerbation and

remission of the disease associated with the treatment is missing in our work to see the degree of

evolution of this cytokine in relation to the evolution of the asthma severity in childhood. This suggests

that the measurements taken at any given time may be insufficient to reliably capture the extent of

potential inflammatory activity. A Mendelian randomization study may provide further information to

explain the evolution of the pathology according to the inflammatory process. Second, this is a

retrospective study with relatively few samples, highlighting the need for future large-scale prospective

analyzes designed to validate and expand on these results.
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4. Conclusions

In conclusion, this study shows that significant increases in IL-32 protein and mRNA expression can be

observed in induced sputum of severe asthmatic subjects compared to mild and moderate asthmatic

patients. Significant correlation was observed between sputum protein IL-32 levels and IL-1β in severe

asthmatics. IL-32 was also correlated with macrophages and neutrophils. These results provide

information on key mechanisms of airway injury in severe childhood asthma. Our study suggests that

induced sputum, a relatively non-invasive sampling method, can be an interesting tool to study bronchial

inflammatory and remodeling events.
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