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Introduction

Allergic rhinitis (AR) and allergic asthma (AA) are 
the most common chronic disorders in children con-
cerning the respiratory tract: the upper airways in AR 
and the lower airways in AA.1 Both upper and lower 
airways have a common respiratory epithelium with 
the same mucociliary clearance mechanisms.

The link between AA and AR is well-known and 
many patients have both allergic diseases. Rowe-
Jones suggested they may be presented as one 
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disease, taking into account similar epidemiology, 
pathophysiology and response to treatment, they 
are, in fact, one disorder, expressed in the upper or 
lower airways to a greater or lesser extent.2,3 The 
link between these two disorders has been acknowl-
edged and highlighted in the recent update of the 
Allergic Rhinitis and Its Impact on Asthma (ARIA) 
guidelines.4

Nasal and bronchial mucosa inflammation 
plays a crucial role in the pathogenesis of AA and 
AR. Upper and lower airways are infiltrated by 
similar inflammatory cells: Th2 lymphocytes, 
eosinophils, basophils and mast cells.5 Therefore, 
a similar set of cytokines (e.g. IL-4, IL-5, IL-13, 
GM-CSF), chemical mediators of inflammation 
and adhesion molecules is present in both disor-
ders.6,7 Increased expression of inflammatory 
proteins further enhances inflammation and dis-
ease severity.

While both AA and AR have similar Th2 cells-
driven inflammation of the mucosa, the remodel-
ling (disease-caused tissue structural changes) is 
much more extensive in the lower airway suggest-
ing that the inflammation alone cannot be respon-
sible for the development of either disorder.8 
Studies in asthmatic children seem to confirm this 
hypothesis, as the bronchial biopsies show signs of 
structural changes, abnormal cell activation and 
reticular basement membrane (RBM) thickening, 
indicating the remodelling to be an early feature of 
the disease.9,10 The epithelial-mesenchymal trophic 
unit signalling pathway might explain the dissocia-
tion between airway remodelling and inflamma-
tion: the injured epithelium secretes growth factors, 
that activate the mesenchymal cell unit and subse-
quently lead to RBM thickening, subepithelial 
fibrosis and airway smooth muscle (ASM) hyper-
plasia.11 Hypertrophic ASM cells produce high 
levels of inflammatory cytokines and growth fac-
tors (GM-CSF, IL-1β, IL-5, IL-6, IL-8, FGF, 
eotaxin and VEGF), promoting cell proliferation 
and growth, vascularisation and increased inflam-
matory response.12,13 In AR the data on remodel-
ling are limited and the studies on nasal biopsies 
report inconsistent findings: some discovered the 
increased thickness of basement membrane, others 
did not show any changes compared to healthy 
controls. These data suggested that in nasal epithe-
lium either the inflammation is not as strong as in 
the lower airways or that the nasal mucosa is more 
adapted to environmental injury.8,14

Therefore, we hypothesised that the expression 
of selected inflammatory and fibrosis-related pro-
teins may be altered in AA and AR and that the 
expression pattern would be either disease-specific 
(due to more extensive lower airway remodelling) 
or similar (as a result of the inflammation) between 
those two disorders.

Patients and methods

Participants

The study group of this cross-sectional study con-
sisted of 80 children of Caucasian origin: 20 
healthy controls, 39 patients with AA and 21 
patients with AR. Children were aged from 6 to 18. 
The study was approved by the Local Bioethics 
Committee at the Poznan University of Medial 
Sciences, Poznan, Poland (aprroval no. 954/15). 
All the parents/legal guardians and children above 
16 years gave written informed consent. Patients 
either visited an outpatient clinic or were hospital-
ised at the Department of Pulmonology, Pediatric 
Allergy and Immunology, Poznan University of 
Medical Sciences between 2012 and 2015. The 
control group was recruited from healthy volun-
teers in 2012 and 2015.

AA was diagnosed according to GINA recom-
mendations based on clinical asthma symptoms 
and lung function tests. Spirometry was per-
formed on LungTest 1000 (MES) in accordance 
with ERS/ATS guidelines.15 All asthmatic chil-
dren received inhaled steroids in the dose ranges 
between 200 and 400 µg equivalent to budesonide 
and SABA (salbutamol) on demand. About 35% 
of asthmatic patients received additionally LABA 
(salmeterol). Patients receiving biological drugs 
or undergoing immunotherapy were excluded 
from the study.

AR diagnosis was based on clinical manifestation 
(rhinorrhoea, sneezing, nasal itching and obstruc-
tion) in agreement with ARIA guidelines.4 The atopic 
background was confirmed by total immunoglobulin 
E level (IgE) higher than the normal upper limits for 
age and the positive skin prick test to at least one 
aero-allergen (Dermatophagoides pteronyssinus, 
Dermatophagoides farinae, cat, dog, feathers, 
Alternaria alternata, Cladosporium herbarum; pol-
len: grass mix, rye, birch pollen, alder, hazel – 
Allergopharma, Reinbek, Germany). Children with 
autoimmune diseases, immunodeficiency, neurolog-
ical diseases and parasitic infections were excluded 
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from the study. All allergic rhinitis patients received 
oral antihistamine drugs and nasal steroids to control 
the symptoms. For the control group, any allergic 
diseases or asthma were excluded based on medical 
history and clinical examination, spirometry and 
total IgE level. Individuals with chronic diseases 
other than allergy and asthma were also excluded.

Inflammatory proteins measurement

Blood samples were collected into tubes without 
anticoagulant. After 1 h, samples were centrifuged 
and the obtained serum was frozen at −80°C for 
further analysis. Proteins concentration in undi-
luted serum were measured in duplicates using 
custom Magnetic Luminex Assay: Human 
Premixed Multi-Analyte Kit (catalog no. LXSAHM 
R&D Systems, Minneapolis, USA), according to 
the manufacturer’s protocol. The proteins analysed 
in this study were selected based on their docu-
mented Th2-dependent inflammatory cascade or 
fibrotic and airway remodelling processes and the 
previous association with allergic rhinitis or 
asthma. This included chemokines (CCL7/MCP-3, 
CX3CL1, CXCL10/IP-10), interleukins (CXCL8/
IL-8, IL-10, IL-17α, IL-1Rα, IL-2, IL-33, IL-4, 
IL-5, IL-6), chemotactic proteins (CCL11/eotaxin, 
CCL2/MCP1), transmembrane proteins (CD-40L, 
TNFβ), glycoproteins (CHI3L1/YKL-40, gp130), 
proteoglycans (SYND4), growth factors (EGF, 
FGF basic, GM-CSF, VEGF-α), signalling pro-
teins (IFN-β), interferons (IFN-γ ) and ligands 
(LGALS9, periostin). The detailed list of analysed 
proteins is presented in the Supplemental File 
(Supplemental Table S1).

Statistical analysis

Statistical analysis was performed in Statistica v.13 
(Statsoft, Cracow, Poland). Data were not normally 
distributed after using the Shapiro-Wilk test. 
Therefore, we used non-parametric test (U-Mann-
Whitney test) to compare differences in cytokine 
levels between groups. Power analysis of U-Mann-
Whitney test assuming 80% power and 95% confi-
dence level was evaluated using online calculator 
available at: https://www.benchmarksixsigma.com/
calculators/sample-size-calculator-for-mann-whit-
ney-test/. Stepwise logistic regression analysis with 
the Wald test was performed using disease status 
(disease–control) as a dichotomous-dependent vari-
able with the cytokine expression as predictors. The 
statistical significance level was defined below 0.05.

Results

The study consisted of patients diagnosed with AA 
(n = 39) or AR (n = 21) and healthy children (n = 20) 
from the Polish population (Caucasian origin). 
Clinical characteristics are presented in Table 1. 
The analysed groups were similar in gender and 
age. The allergic patients showed significantly 
higher total IgE levels than the control group. Total 
IgE levels also differed significantly between AA 
and AR group.

Median concentrations of 27 proteins measured 
in the serum of the study population are presented 
in Table 2.

Comparison analysis revealed that CCL2/MCP1, 
GM-CSF, gp130 and periostin concentrations were 
significantly lower in patients with AA compared to 

Table 1.  Clinical characteristic of the group.

Variable Controls Allergic asthma Allergic rhinitis

Number of subjects 20 39 21
Female 15 17 6
Age (mean ± SD) 11.25 ± 2.79 10.61 ± 3.53 12.47 ± 3.57
Total IgE (mean ± SD) (IU/mL) 7.37 242.35 ± 206.86*† 27.78 ± 20.25*
Positive SPT (%) 0.0 75%*† 81.3%*
exNO (mean ± SD) (ppb) <20 32.05 ± 49.17 –
Blood eosinophils (mean ± SD) (%) – 6.2 ± 3.85 –
FEV1/FVC pred (mean ± SD) 99.87 ± 5.82 91.94 ± 15.59 93.00 ± 8.66
FEV1% pred (mean ± SD) 99.93 ± 9.88 94.19 ± 20.38 101.60 ± 13.94
PEF% pred (mean ± SD) 97.73 ± 13.31 89.80 ± 22.48 91.60 ± 15.09

SD: standard deviation.
*Indicates significance (P < 0.05) as compared to the control group.
†Indicates significance (P < 0.05) as compared to the AR group.

https://www.benchmarksixsigma.com/calculators/sample-size-calculator-for-mann-whitney-test/
https://www.benchmarksixsigma.com/calculators/sample-size-calculator-for-mann-whitney-test/
https://www.benchmarksixsigma.com/calculators/sample-size-calculator-for-mann-whitney-test/
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control (P = 0.027, P = 0.013, P = 0.018, P < 0.001, 
respectively), whereas IL-5 levels were significantly 
increased (P = 0.017), as presented in Figure 1.

Moreover, we found that that CD-40L, CHI3L1/
YKL-40, EGF, GM-CSF and periostin levels were 
significantly decreased (P < 0.001, P = 0.033, 
P = 0.043, P = 0.002 and P = 0.024, respectively) in 
patients with AR when compared to the control 
group (Figure 2).

Comparison of AA and AR patients showed sig-
nificantly higher expression of CHI3L1/YKL-40 
(P = 0.021), IL-5 (P = 0.036) and VEGFα (P = 0.046) 
in AA, as well as significantly decreased expression 

of periostin (P = 0.013) in AR. The results are pre-
sented in Figure 3.

Minimum sample size required to verify if the 
two medians are similar or not for above compari-
sons assuming 80% power and 95% confidence 
level, was between 27 and 84 subjects in each 
group, depending on the inter-individual variabil-
ity of the protein level.

We have also used stepwise logistic regression 
analysis to check whether inflammatory protein 
serum levels could be predictors of the AA or AR 
risk. All variables in the models were not specific. 
However, when the variables were reduced to the 

Table 2.  Serum mean concentrations of 27 proteins in the studied population.

Protein Full name Allergic asthma [pg/ml] Allergic rhinitis [pg/ml] Control [pg/ml]

CCL11/eotaxin C-C Motif Chemokine Ligand 11/
Eotaxin

44.35 ± 24.47 43.61 ± 16.23 43.28 ± 14.94

CCL2/MCP1 C-C Motif Chemokine Ligand 2/
Monocyte Chemotactic Protein 1

105.83 ± 38.22* 124.67 ± 37.97 134.28 ± 41.54

CCL7/MCP-3 C-C Motif Chemokine Ligand 7/
Monocyte Chemotactic Protein 3

15.22 ± 1.53 15.05 ± 2.21 14.65 ± 1.42

CD-40L CD40 Ligand/CD154 2923.08 ± 1763.76 2013.49 ± ± 1483.53* 3741.32 ± 1348.98
CHI3L1/YKL-40 Chitinase 3 Like 1 10944.36 ± 6370.54† 7203.79 ± 2867.24* 8750.37 ± 2584.40
CX3CL1 C-X3-C Motif Chemokine Receptor 

1/Fractalkine
737.06 ± 267.21 664.38 ± 325.89 640.02 ± 215.75

CXCL10/IP-10 C-X-C Motif Chemokine Ligand 10/
Interferon-Inducible Cytokine IP-10

8.92 ± 13.84 11.01 ± 13.99 7.45 ± 4.65

CXCL8/IL-8 C-X-C Motif Chemokine Ligand 8/
Interleukin-8

4.99 ± 5.95 6.60 ± 11.67 5.40 ± 4.50

EGF Epidermal Growth Factor 92.12 ± 96.06 46.39 ± 41.94* 76.29 ± 48.96
FGFbasic Fibroblast Growth Factor 2 (Basic) 2.32 ± 2.59 1.60 ± 0.89 1.67 ± 1.49
GM-CSF Granulocyte Macrophage-Colony 

Stimulating Factor/Colony 
Stimulating Factor 2

4.15 ± 2.22* 3.81 ± 1.40* 5.34 ± 1.24

gp130 Interleukin 6 Signal Transducer 39580.48 ± 18467.90* 40678.83 ± 11932.25 48284.53 ± 12547.13
IFN-β Interferon Beta 0.73 ± 1.03 1.18 ± 1.20 2.77 ± 3.16
IFN-γ Interferon Gamma 40.04 ± 42.86 26.60 ± 21.79 32.94 ± 31.85
IL-10 Interleukin-10 0.95 ± 0.81 1.55 ± 3.28 0.90 ± 0.80
IL-17α Interleukin-17α 2.97 ± 1.77 2.76 ± 1.73 2.15 ± 1.47
IL-1Rα Interleukin-1 Receptor α 475.39 ± 440.19 396.65 ± 233.14 386.60 ± 111.89
IL-2 Interleukin-2 20.34 ± 11.15 14.53 ± 8.75 28.12 ± 20.55
IL-33 Interleukin-33 4.96 ± 4.39 3.18 ± 2.03 4.42 ± 4.96
IL-4 Interleukin-4 17.29 ± 4.63 17.07 ± 3.53 17.61 ± 5.56
IL-5 Interleukin-5 1.39 ± 1.95*† 0.58 ± 0.28 0.49 ± 0.20
IL-6 Interleukin-6 2.72 ± 10.83 1.34 ± 2.12 0.72 ± 0.26
LGALS9 Galectin-9 3662.42 ± 1976.34 3444.93 ± 1699.02 4210.22 ± 1633.96
LT-α/TNF-β Lymphotoxin-α/Tumour Necrosis 

Factor β
1.01 ± 0.77 0.97 ± 0.82 0.83 ± 0.69

Periostin Periostin 56961.67 ± 18760.38*† 74228.37 ± 23669.18* 93418.73 ± 22278.76
SYND4 Syndecan-4 939.59 ± 330.59 902.05 ± 324.06 1075.27 ± 219.26
VEGFα Vascular Endothelial Growth Factor 

α
52.27 ± 22.06† 41.57 ± 24.37 41.60 ± 16.49

*Indicates significance (P < 0.05) as compared to the control group.
†Indicates significance (P < 0.05) as compared to the AR group.
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proteins with significantly changed expression in 
each of the analyses, the predictive models have 
revealed them to be good predictors for AA 
(P = 0.006, odds ratio 9.36, accuracy 75%), AR 

(P < 0.001, odds ratio 24.08, accuracy 82.93%), or 
as a good predictors to differentiate between these 
diseases (P < 0.001, odds ratio 46.00, accuracy 
88.57%).

Figure 1.  Comparison between allergic asthmatic patients and the control group of CCL2/MCP1 (P = 0.027), GM-CSF (P = 0.013), 
gp130 (P = 0.018), IL-5 (P = 0.017) and periostin (P < 0.001) levels in serum (U-Mann-Whitney, box plot).

Figure 2.  Comparison between allergic rhinitis patients and the control group of CD-40L (P < 0.001), CHI3L1/YKL-40 (P = 0.033), 
EGF (P = 0.043), GM-CSF (P = 0.002) and periostin (P = 0.024) levels in serum (U-Mann-Whitney, box plot).
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Discussion

The main finding of our study is the significantly 
changed expression of the inflammatory proteins 
in the serum of AA and AR paediatric children 
when compared to healthy controls, as well as the 
different expression of four fibrotic proteins 
between those two disorders.

CCL2/MCP1, GM-CSF, gp130 and periostin 
concentrations were significantly lower, whereas 
IL-5 levels were higher in patients with AA com-
pared to control. These results are in agreement 
with previous findings regarding CCL2/MCP1, 
periostin and IL-5, but contradictory to the existing 
literature in case of gp130 and GM-CSF .

Previous study showed that MCP-1 levels were 
decreased in serum from paediatric asthmatic 
patients when compared to controls.16 Different 
outcomes were also reported: MCP1 was signifi-
cantly higher in serum and exhaled breath conden-
sate from asthmatic patients, but the sample size 

was limited (n = 20 and n = 25).17,18 Interestingly, 
GM-CSF had higher expression in serum, sputum, 
BALF and bronchial mucosa, which is not consist-
ent with our results, probably due to the fact that 
the subjects were either adults or adolescents.19–21 
Signal-transducing receptor, gp130, is involved in 
inflammatory cytokines pathway via JAK/STAT,22 
which may explain its decreased levels in our 
study. However, our observations of its decreased 
concentrations in serum of asthmatic children com-
pared to control group are in contrast to previous 
findings by Xu et  al.23 The difference in results 
may result from different source of biological 
material (plasma) and age group of the subjects 
(<3 years). Serum IL-5 levels (essential cytokine 
for eosinophil differentiation and survival) in AA 
patients were significantly higher than in controls 
in the previous studies, as confirmed by our 
research.24 Periostin, an extracellular matrix pro-
tein, was deposited in the thickened basement 

Figure 3.  Comparison between allergic asthmatic and rhinitis patients of CHI3L1/YKL-40 (P = 0.021), IL-5 (P = 0.036), periostin 
(P = 0.013) and VEGFα (P = 0.046) levels in serum (U-Mann-Whitney, box plot).
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membrane in asthmatic patients, contributing to 
subepithelial fibrosis.25–27 However, it was also 
found that periostin decreases allergic airway 
inflammation in mice.28,29 Previous cohort study 
showed no difference between asthmatic patients 
and healthy controls.30 Different research outcomes 
show that the role of periostin in allergic inflam-
mation is still unclear.

Comparison of AR patients with control group 
revealed significant decrease in CD-40L, CHI3L1/
YKL-40, EGF, GM-CSF and periostin levels in the 
AR group. Our results differ from the other pub-
lished works, as almost all of these proteins were 
found to be up-regulated in AR. This discrepancy 
may be explained by different age of our popula-
tion (children in our study vs adults in the previ-
ously published papers). Previous studies showed 
that the concentrations of these proteins in serum 
was strongly influenced by age in different 
diseases.26,31–33

CD-40L (a member of the TNF ligand family) 
expression in serum was significantly increased in 
AR patients.34 Secreted glycoprotein CHI3L1/
YKL-40 expression level was up-regulated in 
allergic nasal mucosa and serum from moderate/
severe AR patients.35,36 EGF receptor was upregu-
lated in seasonal AR, which suggest that this mol-
ecule plays a role in the allergic inflammation.37 
Previously, GM-CSF expression in nasal secre-
tions from AR patients was significantly increased 
or normal, when compared to healthy controls.38,39 
Periostin mRNA and protein levels were upregu-
lated in AR and were associated with AR and 
asthma comorbidity.40,41 Interestingly, Korean chil-
dren with AR did not have significantly altered 
periostin levels compared to healthy controls.42

Studies in asthmatic children showed that the 
structural changes of the lung tissue originated from 
injury and often preceded the inflammation and that 
lower airways remodelling is much more extensive 
compared to that of the upper airways.8 Therefore, 
we have also compared the AA and AR patients to 
see whether the expression pattern of analysed pro-
teins would be disease-specific. CHI3L1/YKL-40, 
IL-5 and VEGFα showed significantly higher 
expression in AA, whereas the expression of peri-
ostin was significantly lower in AA than AR. 
Hoppenot et al. reported that IL-5 serum levels were 
significantly increased for AR and asthma compared 
to healthy controls; IL-5 concentrations were also 
significantly higher in asthma than AR.43 There is a 
lack of literature comparing CHI3L1/YKL-40, 

periostin and VEGF in AA and AR. Interestingly, all 
of these inflammatory proteins contribute to the air-
way fibrosis and remodelling. CHI3L1/YKL-40 
both inhibits injury and increases fibroproliferative 
repair, leading to tissue scarring.44 IL-5-deficient 
mice had less peribronchial fibrosis and peribron-
chial smooth muscle layer, whereas anti-IL-5 treat-
ment in human subjects decreased the thickness of 
reticular basement membrane by regulating the 
composition of the matrix.45,46 VEGF regulates sur-
factant production and bronchial angiogenesis,47 
whereas periostin controls the matrix composition 
via interaction with other extracellular matrix pro-
teins.48 Therefore, we hypothesise that the distinct 
expression of these proteins in AA and AR might be 
caused by different mechanisms of the remodelling: 
in the lower airways, the epithelium activates the 
mesenchymal cell unit, responsible for reticular 
basement membrane thickening, subepithelial fibro-
sis and airway smooth muscle hyperplasia, subse-
quently increasing inflammatory response, whereas, 
in the upper airways, the reaction to the injury and 
following inflammation is not as strong.8,11

Interestingly, periostin has been found to have 
decreased expression in both diseases compared to 
control and differential expression between both of 
these diseases. Since periostin was found to cause 
subepithelial fibrosis in upper and lower airways 
(although the nasal mucosa is more affected), it 
may explain the significantly higher expression in 
AR. Moreover, GM-CSF expression significantly 
differed in both AA and AR when compared to 
controls, indicating the common background of 
these disorders, as GM-CSF plays a role in the 
allergic sensitisation.49

Our analysis has revealed that proteins with sig-
nificantly changed expression in each of the analy-
ses were good predictor variables for AA or AR, as 
well as for the differentiation between these two 
diseases. Periostin, significantly changed in all of 
the comparisons, has already been proposed as a 
biomarker of asthma.25

Despite this is the first comprehensive analysis 
of inflammatory and fibrosis-related proteins in 
allergic children, we are aware of the limitations of 
this study. The main limitation is the limited size of 
the analysed groups, in particular for proteins 
showing high variability within the group, that 
resulted in low power of the comparisons and 
might affected the interpretation of the results. 
However, the strength of this study is analysis in a 
paediatric population, as the most of the previous 
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studies was carried out in adult patients. Moreover, 
previous studies were performed in the sample 
sizes comparable to our sample.

Conclusion

In conclusion, our results suggest that the expres-
sion of several inflammatory proteins significantly 
differs between AA and AR compared to controls, 
suggesting their involvement in the allergic inflam-
mation. Moreover, the different levels of four 
fibrotic proteins (CHI3L1/YKL, IL-5, VEGFα and 
periostin) between AA and AR, implicate distinct 
patomechanism in the lower and upper airway 
remodelling and could become a diagnostic aid for 
better differentiation between these diseases. These 
proteins could also serve as targets to develop 
novel therapies focused on differences in airway 
remodelling between allergic rhinitis and allergic 
asthma. However, further studies on larger popula-
tions are necessary to confirm our observations.
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