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 Introduction 

 Asthma is the most common chronic disease of child-
hood and the leading cause of childhood morbidity as 
measured by school absences, emergency department
visits, and hospitalizations  [1] . Besides the paradigmatic 
Th2/Th1 schema, other T subpopulations, such as regula-
tory T cells and Th17 cells, may play a pathogenic role in 
atopic disorders  [2] . Several studies suggest that Th17 cells 
are involved in allergy and asthma  [3–5] . The mechanisms 
of enhanced Th17 immunity in allergic asthma are still 
unknown even though there are some reports showing a 
pathogenic activity in allergic rhinitis  [6, 7] . Th17 cells are 
regulated by IL-23, a novel member of the IL-12 heterodi-
meric cytokine family  [8] . IL-23 is a heterodimer compris-
ing the p19 and p40 subunits shared with IL-12p70, and is 
secreted by dendritic cells in response to immune danger 
 [9] . Moreover, IL-23 may contribute to the differentiation 
of macrophages. It has been shown that increased expres-
sion of IL-23 in the lungs enhances not only antigen-in-
duced IL-17A production and neutrophil recruitment in 
the airways but also antigen-induced Th2 cytokine pro-
duction and eosinophil recruitment in the airways  [10] . 
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 Abstract 

  Background:  Recently, Th17 cells have been found to par-
ticipate in the pathogenesis of allergic asthma. IL-23 is a cy-
tokine that may be implicated in modulating Th17 response. 
This study aimed at evaluating IL-23 and relating it to lung 
function in asthmatic children.  Methods:  Seventy-eight 
asthmatic children and 40 healthy children were evaluated. 
Spirometry and serum IL-23 measurement (ELISA kit) were 
performed in all asthmatic children.  Results:  IL-23 levels 
were higher in asthmatic than in healthy children (p  !  0.001). 
There was a strong inverse relationship between FEV 1  and 
IL-23 (r = –0.787).  Conclusions:  This preliminary study sug-
gests that serum IL-23 could be a suitable marker of bron-
chial function impairment in allergic asthmatic children. 
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These findings suggest a substantial role of IL-23 in caus-
ing eosinophilic inflammation in the airways. Therefore, 
IL-23 may play a pivotal role in bridging innate and adap-
tive immune responses, but comparatively little is known 
regarding its regulation.

  On the other hand, studies concerning the circulating 
levels of IL-23 and its functional consequence in asth-
matic children are still lacking. Therefore, the aims of the 
present study were to evaluate serum IL-23 levels in al-
lergic children with asthma compared with healthy con-
trols, and to correlate them to lung function. 

  Materials and Methods 

 This study included asthmatic as well as healthy children. 
Children were recruited in 4 Italian pediatric departments (Mes-
sina, Catania, Naples and Pavia). All the participating subjects 
were of Italian origin. The inclusion criterion was a diagnosis of 
mild to moderate persistent asthma according to validated crite-
ria (GINA guidelines)  [11]  and documented reversibility. Exclu-
sion criteria were: previous use of inhaled corticosteroids, pulmo-
nary or cardiac congenital malformations; chronic pulmonary 
disease (bronchopulmonary dysplasia, cystic fibrosis, bronchiol-
itis obliterans following a viral infection), prematurity, small for 
gestational age, concurrent stridor, foreign body aspiration, neu-
rological alteration, contact with tuberculosis and laryngomala-
cia. In addition, the healthy age-matched control subjects had to 
have no history of lung disease or allergy, no airway hyperrespon-
siveness and no upper and lower respiratory infections, and none 
of the patients should have sustained respiratory infections in the 
last 3 months before the beginning of the study and none of the 
children should have received oral corticosteroids in the last 3 
months before inclusion into the study.

  The study was explained in detail to the parents/guardians of 
the children who participated in this study, and informed consent 
was obtained from each parent/guardian. Study approval was re-

quested from the ‘Human Ethics Committee’ of the University 
Polyclinic of Messina. 

  The study was carried out from September 2010 to October 
2010, and included 78 asthmatic subjects (40 males and 38 fe-
males, median age 9.1  8  3.5 years)   and 40 (22 males and 18 fe-
males) healthy age-matched children as controls (median age 9.26 
 8  3.9 years; with a negative history of allergic disease, normal 
levels of total serum IgE and negative skin prick tests to a panel of 
aeroallergens, such as dust mite, mixed grass and tree pollen, cat 
and dog). 

  The blood samples were collected by venipuncture under ap-
propriate conditions. Serum was acquired after blood coagula -
tion for 1–2 h at room temperature. The supernatant was centri-
fuged for 10 min at 2,000  g.  The serum thus obtained was then 
stored at –70   °   C.

  IL-23 was measured using an ELISA kit (Human interleu-
kin-12/int.-23P40 ELISA© Biovendor) according to the manufac-
turer’s instructions.

  Pulmonary function was measured spirometrically (Lungtest 
1000; MES Ltd. 30–390, Krakow, Poland). FEV 1  values were ex-
pressed as percentage of predicted values, based on the child’s age, 
gender, ethnicity, weight and height.

  The data collected were analyzed by SPSS, version 15.0, statis-
tical computer software. A p value  ! 0.05 was considered statisti-
cally significant. Means and standard deviations were calculated 
for the variables and a t test was employed for the comparisons. 
Correlations between interleukin levels and FEV 1  were estab-
lished using Spearman’s correlation coefficient.

  Results 

 Serum IL-23 levels were significantly higher in asth-
matic children than in healthy control subjects (111.38  8  
14.77 vs. 30.63  8  10.73 pg/ml; p  !  0.001) as shown in  fig-
ure 1 . The mean FEV 1  values were significantly higher in 
healthy control subjects compared with asthmatic chil-
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  Fig. 1.  Serum IL-23 levels in children with asthma and in healthy 
controls. 

  Fig. 2.  FEV 1  values in children with asthma and in healthy con-
trols. 
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dren (96.2  8  3.05 vs. 75.2  8  5.7; p  !  0.001) as shown in 
 figure 2 .Moreover, there was a strong and inverse signif-
icant relationship between serum IL-23 levels and FEV 1  
values (r = –0.787) in asthmatic children ( fig. 3 ). 

  Discussion 

 Asthma is characterized by airway inflammation that 
is orchestrated by a complex cytokine network. Allergic 
inflammation sustains the airflow limitation that is the 
main pathophysiologic feature of asthma. Recently, at-
tention has focused on IL-23  [12–15] . Therefore, this 
study was designed to be conducted in children with 
atopic asthma, compared with healthy controls to mea-
sure serum levels of IL-23 and to correlate them to lung 
function.

  The findings revealed that asthmatic children had 
higher serum IL-23 levels than healthy controls. There 
was a strong inverse relationship between IL-23 and lung 
function. This finding underlines the possible negative 
influence of IL-23 on bronchial airflow.

  In asthma, IL-23 probably amplifies airway inflam-
mation, recruits neutrophils and potentiates airway hy-
perresponsiveness. On the other hand, neutrophils can 
also produce a wide range of cytokines including IL-23 
 [16] , which may be linked to the inflammatory status in 
asthma. Indeed, IL-23 stimulates survival and prolifera-
tion of Th17 cells, a key cell that regulates the production 
of other proinflammatory cytokines (IL-17, IL-22, IL-21, 
IL-6, TNF- � ). Moreover, it has been shown that there was 

an overexpression of IL-23 in the lung during asthma ex-
acerbations that correlated with Th2-dependent cytokine 
production and eosinophilic infiltrates  [17] . These find-
ings could suggest a substantial role of IL-23 in causing 
eosinophilic airway inflammation. 

  In fact, recent studies on mice  [18]  have shown that IL-
23 and Th17 cells enhance Th2 cell-mediated eosinophil-
ic airway inflammation, suggesting that IL-23 and Th17 
cells upregulate Th2 cell-mediated eosinophilic airway 
inflammation in two phases: IL-23 enhances antigen-in-
duced activation of Th2 cells in the airways and antigen-
specific Th17 cells cooperate to enhance Th2 cell-medi-
ated eosinophil recruitment into the airways. This could 
thus suggest that IL-23 may be implicated in Th2 cell dif-
ferentiation and this machinery could be involved in part 
in the IL-23-mediated enhancement of allergic airway in-
flammation. 

  Our data support the hypothesis that the altered pul-
monary function in allergic asthmatic subjects might be 
associated with increased production of IL-23. Although 
additional studies are required to address the molecular 
mechanisms causing IL-23- and Th17-cell-mediated en-
hancement of allergic airway inflammation, our results 
raise the possibility that IL-23 could be a novel marker of 
allergic status. 

  On the other hand, this study had some limitations: 
IL-17A was not measured, nor did we assesses IL-6 and 
TGF- �  as both cytokines are involved in IL-17A produc-
tion.

  In conclusion, this preliminary study shows that se-
rum IL-23 levels are increased in allergic children with 
asthma not treated with corticosteroids, and IL-23 levels 
are strongly and inversely correlated to lung function. 
Therefore, IL-23 might be considered a putative marker 
of reduced lung function in allergic asthmatics. 
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  Fig. 3.  Relationship between serum IL-23 levels and FEV 1  values 
in asthmatic children. 
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