‘ Rhinology

Online

Nasal epithelium: new insights and differences of the
cytokine profile between normal subjects and subjects

with allergic rhinitis*

S. Stamataki'?, N.G. Papadopoulos?®, J. Lakoumentas?, A. Georgountzou?,

Rhinology Online, Vol 4: 223 - 232, 2021

P Maggina®, P. Xepapadaki?, E. Andreakos?, E. Prokopakis?, E. Legaki?, S. Taka?® htps/doiorg/104193/RHINOL/21.047

" ENT Department, Childrens'Hospital "Agia Sofia’, Athens, Greece

2 ENT- Head and Neck Surgery Department, University of Crete School of Medicine, Heraklion, Crete, Greece

? Allergy and Clinical Immunology Unit, Second Department of Pediatrics, National and Kapodistrian University of Athens,

Athens, Greece

*Received for publication:
October 13,2021

Accepted: November 21, 2021
Published: December 11, 2021

* Department of Immunology, Center for Translational and Clinical Research, Biomedical Research Foundation, Academy of

Athens, Athens, Greece

Abstract

Background: The role of the nasal epithelium in the induction of a proper cytokine response in normal subjects and subjects with

allergic rhinitis is still not completely elucidated.

Methodology: We aimed to compare nasal epithelialimmune responses in allergic rhinitis patients of different ages compared

to healthy volunteers. Primary nasal epithelial cells from 47 subjects (33 normal and 17 with allergic rhinitis) were collected and

cultured. Their unstimulated supernatants were analysed for 21 cytokines and chemokines. Statistical analysis was performed

with the R statistical software and the RStudio interface.

Results: Differences of the spontaneous release of epithelial cytokines and chemokines were noticed between the two study

groups. The levels of GMCSF, MIP1A, MIP1B, IL28A, TNFA, CCL5 were significantly lower in the allergic rhinitis group compared to

healthy volunteers’ group, independent of age. Most differences were noticed in the younger allergic rhinitis group (0-12 years

old).

Conclusions: Despite the cross-sectional nature of the study and the limited number of subjects, allergic rhinitis appears to be

associated with dysfunction of cytokine and chemokine spontaneous release from nasal epithelial cells which may represent an

abnormal innate immunity maturation pattern.
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Introduction

Despite the dramatic increase of allergic rhinitis (AR), affecting
20%-30% of the global population ", and the intense study

of the role of allergy and innate immunity underpinning its
pathophysiology, there are still critical knowledge gaps .
Several studies, mostly on allergic asthma, have explored the
significance of the airway epithelium on the induction of an ap-
propriate immune response towards potentially harmful inhaled
substances and microbial pathogens or driving the downstream
innate responses. However, there are limited studies focusing on
the nasal epithelium, which represent the initial defense barrier,

particularly in the context of AR.

It is well known that central to the inflammatory cascade in AR,
is an immunoglobulin E (IgE)-dependent response to extrinsic
protein antigens orchestrated by eosinophils, T cells, mast cells
and basophils, which release several mediators such as chemo-
kines and cytokines ®%. These mediators are released locally
and maintain a persistent inflammation of the nasal mucosa by
attracting inflammatory cells and interfering with the mucosal
barrier. Recently, studies have indicated that a defective epithe-
lial barrier is a key part of the underlying pathophysiology of
diseases such as atopic dermatitis ©, asthma ©, chronic rhinosi-
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nusitis 7, otitis media ® and AR ©19,

Although the nasal epithelial cells are the building blocks of the
mucosa, their contribution to innate and adaptive immunity
only recently started to be understood, particularly in relation to
age-dependent maturation V. The development of the human
immune system is a continuous process, while the majority of
immune mechanisms are not fully developed from birth "2.In
literature, several studies have been conducted in peripheral
blood '), there is very little evidence in epithelial responses at
different ages.

This cross-sectional study aimed to evaluate nasal epithelial
responses in allergic rhinitis patients of different ages compared
to healthy volunteers and characterize the molecular pathways
involved.

Materials and methods

Eligibility criteria and sample collection

This cross-sectional study enrolled allergic and non-allergic
children (0 -18 years) and adults (18-45 years). All subjects were
Caucasian. The participants visited P. & A. Kyriakou Children’s
hospital and General University Hospital “ATTIKON” for a sche-
duled clinical evaluation or elective surgery. More specifically,
the control group were subjects that were visiting the outpa-
tient department to be evaluated for different conditions or
were undergoing elective surgery (orthopaedic, general surgery,
urology). The study was approved by the Medical Ethics Review
Board of the centers involved (protocol numbers 21826/26-11-
2012 and EBA 528/10-10-13, respectively) and written informed
consent was obtained from all participants and/or parents/
legal guardians for children aged less than 18 years. Exclusion
criteria specified concomitant chronic iliness other than an al-
lergic disease, chronic medication or recent use of medication
interfering with an immune response (i.e. <4 weeks for systemic
corticoid treatment and <3 months for other immunomodula-
tory medicaments or blood product administration), recent (<4
weeks) vaccination or acute infection or acute other disease or
surgery, smoking and, especially for allergic patients, prior im-
munotherapy.

A specialist assessed the enrolled participants. Patients with

a clinical history compatible with allergic rhinitis and relevant
sensitizations, based on the ARIA guidelines ", were included
in the allergic group. Allergic sensitization was assessed by skin
prick testing (SPT) to a panel of 8 prevalent local aeroallergens
(Dermatophagoides pteronyssinus, Dermatophagoides farinae,
cat dander, Alternaria alternata, Cockroach, 5 grasses mix, Olea
europaea, Parietaria officinalis) (Alyostal, Stallergenes, France),
whereas histamine (10 mg/ ml) and saline were used as a posi-
tive and negative control, respectively 9. Wheel diameter of 3
mm or greater was considered as positive 9. When SPT could
not be performed, the sensitization of participants was evalua-
ted by sIgE measurement using IMMULITE® 2000 immunoassay

system (Siemens, Germany) or ImmunoCap allergen-specific
IgE blood test (Phadia AB, Uppsala). Values >0.35 kU/L were
considered positive. Clinical data were recorded in a standardi-
zed manner.

Human primary nasal epithelial cell isolation and culture
Primary nasal epithelial cells (PNECs) were collected via nasal
scrapings [5-10] of the inferior turbinate (both nostrils), utilising
a sterile curette (Allgaier Instrumente GmbH, Germany) without
local anaesthesia. The PNECs were transferred to collagen
(Collagen type I rat tail, Corning USA) coated 25 cm? flasks and
cultured with bronchial epithelial growth medium (BEGM;
Lonza; Walkersville, MD, USA), containing 1% Penicillin/Strep-
tomycin. The growth medium was replaced every 48h until a
monolayer formed. At passage 2, cells were split onto 24 plates
(Corning Costar, USA) and incubated at 37°C with 5% CO, until
80% confluence was achieved. Each culture passage occurred
every 7 to 10 days.

Protein expression

Protein expression of multiple cytokines was measured in
unstimulated PNECs supernatants when cells reached 70%-80%
confluency. Twenty-one cytokines were chosen to represent ma-
jorimmune pathway responses. In order to create a network of
cytokines that implicate in cell proliferation, immune response
discrimination and cell death, the software String 10 (http://
string-db.org/) was used. Enzyme-linked immunosorbent assay
(ELISA) was used to detect IL-6 (eBioscience, San Diego, CA,
USA), RANTES/CCL5 (R&D Systems, Oxford, UK) and IFNB1 (R&D
Systems, Oxford, UK) protein concentrations. The absorbance
was read and analysed at 450 nm on a spectrophotometric
ELISA plate reader (Sanofi Diagnostics Pasteur, Chaska, USA).
Luminex assays for CX3CL1, GCSF, GMCSF, GRO (CXCL1), IL1A,
IL1B, IL6, IP10, CCL22, MIPTA MIP1B, PDGFA, TNFA, TRAIL, ENA78,
IL20, IL23, IL28A, CCL5, LIF and TSLP, were performed (Millipore
Inc, Billerica, MA, USA) according to the manufacturer’s instructi-
ons. Briefly, supernatants were incubated with antibody-coated
magnetic beads, followed by the addition of a biotinylated
detection antibody. Proteins were detected by incubation with
phycoerythrin-labelled streptavidin, and the resultant bead
immuno-complexes were read on xPONENT® Software (Lumi-
nex, TX, USA). Median fluorescence intensity (MFI) was collected
and used for calculating protein concentration.

Statistical analysis

Initially, all continuous variables (demographic and cytokines)
were tested for normality with the Shapiro-Wilk test, and they
were all found to be non-normal. Based on that, non-parametric
tests were performed on them, and their descriptives were
provided in the form of “median (25th-75th percentile)”. In order
to perform cytokine comparisons among two groups (control
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Table 1. The demographic characteristics of both healthy subjects, and subjects with allergic rhinitis. Regarding qualitative characteristics, a count
(% relative frequency) is provided per variable level, while comparison among the two groups is performed with Pearson’s chi-squared test of inde-

pendence. Regarding quantitative variables, descriptives are given in the form of median (25th - 75th percentile), and the p-value is extracted with

Wilcoxon'’s rank-sum test.

Variable Control group descriptives Allergic rhinitis descriptives
(n=33) (n=14)
Age, years, median (range) 7.92 (2.75-13.83) 14.96 (8.1 - 22.95) 0.045
Gender
male 13 (39.39) 10 (71.43) 0.091
female 20 (60.61) 4 (28.57)
BMI 18.1(15.7-22.7) 19.75 (16 - 25.17) 0.5
Aerobic exercise
seldom 7 (29.17) 2(14.29) 0378
1-2 times/week 10 (41.67) 5(35.71) :
>3 times/week 7 (29.17) 7 (50)
TV-hours day
<1 hour/day 9(33.33) 4(28.57)
1-3 hours/day 9(33.33) 9 (64.29) 0.092
3-5 hours/day 8(29.63) 0(0)
>5 hours/day 1(3.7) 1(7.14)
Smoking
no 33 (100) 13 (92.86) 0.655
yes 0(0) 1(7.14)
Smokers in house 48.48% 42,85%
0.826
(One or two or more)
Parental smoking cigarettes per 15 (9.5 - 20) 20 (20 - 25) 0.057
day (father or mother or both) ’
Traffic burden 78,78% 71,42
(Living in medium- and high-traffic 0.421
street)
Pets in house
no 21 (65.62) 10 (71.43) 0.964
yes 11 (34.38) 4 (28.57)
Humidity in house
no 19 (59.38) 11(78.57) 0.357
yes 13 (40.62) 3(21.43)
Nutritional supplements
no 31(96.88) 13 (92.86) 1
yes 1(3.12) 1(7.14)
Daycare school attendance
no 8(32) 0(0) 0.112
yes 17 (68) 10 (100)
Breastfeeding
no 5(17.86) 2(15.38) 1
yes 23 (82.14) 11(84.62)
vs AR), Wilcoxon’s rank-sum test (equivalent to Mann-Whitney Bioinformatic pathway analysis
test) was applied. Pearson’s chi-squared test of independence We performed pathway analysis using the Functional An-
was used to recognize any dependency between categorical notation Tool DAVID Bioinformatics Resources 6.8, NIAID/NIH,
variables. Linear regression analysis was performed using all the considering proteins statistically significantly different between
patients (both control and AR groups), associating jointly the AR patients and controls.
age and the AR status with the levels of the cytokines' expres-
sion in order to evaluate their combined effect. Results
All statistical tests were considered as two-sided and statistical Subjects’ characteristics and PNECs cultures
significance was taken at the level of 5%. Analysis was perfor- A total of 59 subjects were included (39 normal subjects and 20
med with the R statistical software and the RStudio interface, subjects with allergic rhinitis — (AR)). The PNECs from 47 subjects
both open-source products. (79,66%) were successfully cultured, and their unstimulated
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Table 2. Comparing the protein expression levels between control and AR PNECs; the comparisons have been performed with Wilcoxon’s rank-sum

test, while descriptive statistics are given in the form of median (25th - 75th percentile).

variable Control group median

(25-75 percentile)

AR group median
(25-75 percentile)

GMCSF 426.6 (191.77 - 998.03)
MIP1B 10.83 (9.08 - 14.96)
TNFA 34.42 (15.77 - 55.81)
CCL5 20.72 (9.59 - 38.76)
IL28A 9.31(6.87 - 12.46)
MIPTA 5.03 (4.18-7.35)

IL6 770.91 (457.16 - 1011.06)
IP10 221.22(119.55 - 338.02)
LIF 13.6(10.53-17.01)
TRAIL 1.88(1.31-2.39)
IL1B 62.64 (25.5-118.5)
CX3CL1 33.77 (30.17 - 41.84)
IL23 11.43 (0-37.45)
IL20 64.58 (53.91-91.52)
PDGFA 655.52 (308.5 - 1467.13)
IL1A 187.27 (125.78 - 308.15)
GCSF 2294.2 (1271.79 - 8370.74)
TSLP 20.92 (14.98 - 27.61)
ENA.78 239.19 (148.96 - 1019.99)
MDC (CCL22) 8.75(1.39-14.2)
GRO 7297.39 (5021.25 - 8174.08)

supernatants were analyzed for 21 cytokines and chemokines.
The percentage of AR PNECs successfully cultured up to the
third passage was 70% (14/20), slightly lower than controls
(33/39- 84%).

The demographic characteristics of participants are shown in
Table 1. The general characteristics of the groups were similar
with the exception of the age in AR patients which was higher
than in controls (age AR patients Vs controls: 14.96 years old Vs
7.92 years old p-value 0,045).

Also, a marginal difference (p=0.057) was detected between AR
patients and control group according to parental smoking ciga-
rettes per day: parents of AR patients were smoking more (>20)
cigarettes per day than parents of controls (<20).

Differentially expressed proteins between PNECs from AR
patients and control individuals

Comparing the protein expression levels between control and
AR PNECs, several mediators appeared to be decreased in sub-
jects with allergic rhinitis (Table 2). Six of them (GMCSF, MIP1A,
MIP1B, IL28A, TNFA, CCL5) (Figure 1) were statistically signifi-
cantly lower in the AR subjects than the control group. Further,
we analyzed the data according to age, comparing either two

191.92 (84.9 - 292.65) 0.003
8.58 (5.23-9.82) 0.012
14.64 (12.5 - 24.65) 0.016
10.05 (6.29 - 15.98) 0.033
6.59 (5.16-7.61) 0.037
4.25(3.49 - 4.69) 0.042
562.24 (479.87 - 682.57) 0.131
167.4 (88.71 - 239.69) 0.15
11.37 (8.68 - 14.92) 0.152
2.25(1.75-2.76) 0.173
39.73 (10.63 - 90.55) 0.247
27.87 (25.37 - 43.7) 0.288
30.49 (4.62 - 45.1) 0.296
71.07 (60.31 - 105.47) 0.403
1080.2 (264.07 - 1723.9) 0.516
156.15 (108.41 - 275.11) 0.531
5745.66 (812.2-9915.84) 0.659
20.33(7.99-27.31) 0.676
369.85 (170.58 - 724.28) 0.729
9.94 (5.3 -12.95) 0.764
6971.37 (6330.98 - 7679.25) 0.897

groups (adults vs children <18)) or three groups: children (0 -
12yrs), adolescence (>12 - 18yrs) and adults (Table S1).

As shown in Table S1, three of the cytokines (GMCSF, IL28A,
TNFA) were significantly lower in children with allergic rhinitis
than controls (p<0.05). Only one chemokine was differentially
expressed in adults, MIP1B. MIP1B is lower in the adult AR group
than adults’ controls (p<0.05).

When comparing children (<12yrs) and adolescents (>12-18yrs),
the most prominent differences in protein expression were
detected in the age group of <12 years old, as seen in Table S1.
Three cytokines (GMCSF, MIP1A, IL28A) are statistically signifi-
cantly lower expressed only in the group of AR <12 years old
compared to the control group. There were no differences in
adolescences. None of the mediators studied was expressed
statistically significantly higher in AR patients compared to
controls.

Furthermore, taking into account the age difference between
control and AR subjects (p=0.045; Table 1), we performed linear
regression analysis using all the patients (both control and AR
groups), associating jointly the age and the AR status with the
levels of the cytokines’ expression that were significantly dif-
ferentiated among groups in order to evaluate their combined
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Figure 1. A set of 6 side-by-side boxplots combined with strip-chart
visualizations that illustrate the statistically significantly dissimilar pro-
tein expression levels of control and AR subjects, accompanied with the

p-values of the comparisons.

effect. The results showed that age was found to be a significant
predictor only to IL28A (p=0.04), independently of disease status
(control or AR), (GMCSF p=0.26, MIP1A p=0.60, MIP1B p=0.95,
TNFA p=0.09, CCL5 p=0.27). We also performed linear regression
analysis separately for controls and AR using IL28A levels and
age and we did not find any difference. It seems that the age

is the main factor of IL28A differentiation, and this may influ-
ence the results in the group of children. In addition, removing
from the analysis the subjects under 3 years old, the statistical
difference of IL28A between AR and controls was p=0.07, still
remaining a trend of difference (Figure S1).

Pathway analysis in differentially expressed proteins
between PNECs from AR patients and healthy individuals
We performed pathway analysis using the Functional Anno-
tation Tool DAVID Bioinformatics Resources 6.8 in statistically
significantly different proteins between allergic rhinitis patients
and controls. The pathways identified include key inflammatory
and innate immune response pathways. Cytokine-cytokine
receptor interaction, TNF signaling pathway, NOD-like receptor

Stamataki et al.

signaling pathway, Influenza A, Chemokine signaling pathway,
and Toll-like receptor signaling pathway were found significantly
downregulated in allergic rhinitis (p<0.05) (Table 3).

Discussion

In the last decades, the airway epithelium, which is in the inter-
face between the external and internal environment, has gained
much attention as its dysfunction may cause the pathogenesis
of many diseases. More specifically, multiple studies highlight
the significant role of the airway epithelium for an appropri-

ate immune response through the production of a cascade of
cytokines and chemokines that activate inflammatory cells to
neutralize inhaled allergens, infectious agents, or pollutants.
However, the studies in patients with allergic rhinitis focusing on
the nasal epithelium and its role in the innate immune response
are limited.

This study was designed to explore the baseline cytokine profile
of nasal epithelium of healthy subjects and subjects with allergic
rhinitis of different ages. Our key finding is that the spontane-
ous secretion of specific cytokines (MIP1A, MIP1B, IL28A, CCL5,
TNFA and GMCSF) is lower in patients with allergic rhinitis than
in healthy controls. These cytokines are involved in the main
pathways involving innate immune responses, specifically in
viral infections (NOD-like receptor signaling pathway, Influenza
A, Toll-like receptor signaling pathway). In the present study,

it is the first time, we map these pathways in health and show
interesting differences in children with allergic rhinitis. These
differences were more prominent in children, while MIP1B was
lower in adults. Our results suggest that there is a dysfunction of
mucosal immune pathways in patients with allergic rhinitis.
Based on the one airway -one disease theory, nasal epithelial
cells have been used as surrogates to bronchial epithelial cells
for research purposes investigating the mechanism of whee-
zing and asthma. In a recent study, nasal epithelial cells from
neonates were collected and cultured. The parents of the neo-
nates were contacted with a questionnaire when their children
turned 4 years old. It is reported that at birth, supernatants from
cultured cells from the children with recent wheeze had reduced
release of IL-8 IL-6, GMCSF, and ICAM-1 after treatment with
culture medium alone, with TNFa/IL-1(3 and LPS compared to
children without wheeze 7. Further investigations “® in older
children (up to 16 years old) demonstrated that, at baseline,
nasal epithelial cells from children with a history of wheeze
produced significantly less IL-8, IL-6, MCP-1, and G-CSF than
healthy controls. After stimulation with IL-13 and TNFa, cells
from children with current wheeze produced significantly less IL-
8, IL-6, and MCP-1 proteins than control children. In both these
studies, it is suggested that abnormal epithelial cytokine release
may play an essential role in the pathophysiology of wheeze,
and as evident in our study, this may also present in patients
with allergic rhinitis.
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Table 3. Pathway analysis of differential expressed genes between allergic rhinitis and healthy PNECs.

KEGG_PATHWAY pon05323:Rheumatoid arthritis

KEGG_PATHWAY  pon04060:Cytokine-cytokine receptor interaction

KEGG_PATHWAY pon05142:Chagas disease

KEGG_PATHWAY pon04668:TNF signaling pathway

KEGG_PATHWAY pon04621:NOD-like receptor signaling pathway

KEGG_PATHWAY pon05164:Influenza A

KEGG_PATHWAY pon04062:Chemokine signaling pathway

KEGG_PATHWAY pon05168:Herpes simplex infection

KEGG_PATHWAY pon05144:Malaria

KEGG_PATHWAY pon04620:Toll-like receptor signaling pathway

KEGG_PATHWAY pon04664:Fc epsilon Rl signaling pathway

KEGG_PATHWAY pon04640:Hematopoietic cell lineage

KEGG_PATHWAY  pon05132:Salmonella infection

KEGG_PATHWAY pon04660:T cell receptor signaling pathway

KEGG_PATHWAY pon05146:Amoebiasis

KEGG_PATHWAY pon04650:Natural killer cell mediated cytotoxicity

The question of whether reduced cytokine release from PNECs
in subjects with allergic rhinitis is a result of environmental
stress or inflammation or genetic defect is still unclear 9. Ne-
vertheless, any reduction in mediator production may resultin a
suboptimal response of the epithelium and potential dysfuncti-
on of the epithelial barrier. It is well accepted that cytokines not
only activate inflammatory cells but also regulate the epithelial
barrier in allergic disease %2, Cytokines, such as IL13, may alter
tight junctions (TJs) of the mucosa, which play a key role in the
mucosal barrier @23, Our findings of reduced cytokine release
from the nasal epithelial cell in the allergic population may sug-
gest a distraction of the whole cytokine cascade and/or other
sources of cytokines, such as neutrophils and macrophages, may
replace the epithelial cell gap 8.

It is well accepted that the development of the human immune
system is a continuous process. On the other hand, it has been
suggested that the reduced cytokine production from nasal epi-
thelial cells of subjects with allergic rhinitis compared to normal
subjects may represent in vitro differences of the cultured cells.
Cytokine release differences may represent an in vitro different
state of differentiation of the epithelial cells from the allergic
population ¥, This may also explain the difference between the
two groups in the success rate of the epithelial cells cultures in
our study. In addition, these differences may reflect an in vivo
altered differentiation pattern or may be reflect a delayed ma-
turation process. Based on the above, our findings may support
the theory that the allergic nasal epithelium cannot undergo

6 1.587302 0.00 CSF2, CCL5, CCL3, CCL2, TNF
6 1.587302 0.00 CSF2, CCL5, CCL3, CCL2, TNF
5 1.322751 0.00 CCL5, CCL3, CCL2, TNF

5 1.322751 0.00 CSF2, CCL5, CCL2, TNF

4 1.058201 0.00 CCL5, CCL2, TNF

4 1.058201 0.00 CCL5, CCL2, TNF

4 1.058201 0.00 CCL5, CCL3, CCL2

4 1.058201 0.00 CCL5, CCL2, TNF

3 0.793651 0.00 CCL2, TNF

3 0.793651 0.00 CCL5, CCL3, TNF

2 0.529101 0.05 CSF2, TNF

2 0.529101 0.06 CSF2, TNF

2 0.529101 0.06 CSF2, CCL3

2 0.529101 0.07 CSF2, TNF

2 0.529101 0.08 CSF2, TNF

2 0.529101 0.08 CSF2, TNF

standard mechanisms of repair and differentiation.

Finally, our results suggest that in children, allergy may com-
promise the mechanical and immunological defense function

of the nasal mucosa against viruses @%. All the inflammatory
mediators differentially expressed in the allergic population

of our study are essential to the host response infection. The
cytokines MIP1A, MIP1B and CCL5/RANTES have strong chemo-
tactic effects on many inflammatory cells such as monocytes, T
lymphocytes and neutrophils 29, The GMCSF, released by the
airway epithelium, along with IL-4 and tumor necrosis factor-a
(TNF-a) cause DC maturation which then these cells are actively
involved in the development and maintenance of an inflamma-
tory response ?. TNF-a is an inflammatory cytokine produced
by macrophages/monocytes during acute inflammation and is
responsible for a diverse range of signaling events within cells,
leading to necrosis or apoptosis. It is also crucial for resistance to
infection and cancers . |L28A is essential for maintaining the
integrity and homeostasis of epithelial tissue layers. It promo-
tes innate immune responses from tissue epithelia to limit the
damage caused by viral and bacterial infections #. IL28A was
highlighted as the most age-related cytokine, and this may
influence the results in the group of children. The fact that AR

is an allergic disease that is present in older ages (>3 years),

may influence the significancy of the results. Although, all the
literature about the interferon deficiency in allergy upon virus
stimulation supports that is due to allergic status without taking
into consideration the age. In agreement with our results, Degir-
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menci et al., reported IFN-y deficiency in AR adults compared to
controls 9.

Our study has several limitations. The nature of our data is cross-
sectional, and as a result, inter-individual variability could play

a significant role in the observed differences in the cytokine
profiles. Every effort was made to eliminate factors that affect
cytokines release by applying strict inclusion criteria. The num-
ber of subjects in each group is low due to the significant cost
and effort required for primary cell cultures. However, this is the
first study of age-stratified comparison of mediators of nasal
epithelial cells in allergic rhinitis and control subjects to the best
of our knowledge.

Conclusion

Based on the above, we suggest that patients with allergic
rhinitis, especially the young ones, have an altered epithelial cy-
tokine profile, possibly related to abnormal immune maturation,
supporting disease predisposition. These observations highlight
the need to investigate further inflammatory pathways in the
pathogenesis of the allergic response, which may lead to more
effective early intervention in allergic rhinitis.
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SUPPLEMENTARY DATA

Table S1. Comparing the protein expression levels between control and AR PNECs in different age groups (0-12, >12-18, <18 and > 18 years old); the

comparisons have been performed with Wilcoxon'’s rank-sum test, while descriptive statistics are given in the form of median (25th - 75th percentile).

LST0

£2S°0

£2S0

£25°0

L61°0

86C°0

£2S°0

(4340

L26'0

£2S0

88/°0

¥6€°0

8840

£90°0

anjea
-d

(S0TL-51'8)
6’6
(E0PL-LLL)
€LroL
(S€'65C

-¥5°S0L)
60'881

(8%°'89L
-99'861)
€1'965
(@8-v19)
669
(S90v-59°LL)
67°0€

(€8°0 - L¥'€9)
SE'S9

(85°0L - 6£%T)
859

(EL°£L1-8€E'S6)
€8°0€L

(veLveL
- €€°0779)
89'68/9

(99'9v¢
-€¥'/91)
69°'LCC

(6T°SvLLT
SELLLLL)
LL0L19

(€5°€€-8L10)
18°LT
(z6'STH

-86'160)
§8'69¢

(€TLL
-LEY) S6'9

(€0-10)
ueipai 4y

(5£8-0)T9

(9zsiL
-€00L) EELL

(LS PPeE -
LT'841) ¥S°0CC

(867l -
¥8°005) 2L LLL

(¥6'L-8TY) L

(Ls€-0)0

(LOvL
- €€°EY) 88

(Lo'8L
-S9'LE) S8'TS

(Tsee-
S6'9LL) L9

(LEVY9LL
- £6'5861)
¥'0859

(#7895 -
67'101) 65'9SC

(51069
-9LTLE)
S/L°S/SL

(zee
-76'67) €9°CE

(98'¥¥L - SO'76)
al'evc

(Lo'6E - LT'ST)
L/£'8¢€

(€0-1L0)
uelp
-3\ [043U0D

(s3jnpe) dnoab abe - pjo sieak gL<

5580

L0Z’0

98L°0

LEL'O

£20'0

¢6S°0

LLS0

¢s€0

£56°0

60

€000

6980

LLS'0

956'0

61LC0

(S6TL-9)
68'8
(¢6'71L -25°6)
LE°LL

(re'0TT - 1£'88)
[43 27"

(25289
- [8'6LY)
€0°0SS
(9v'L-s6')
659
(L'sv-29v)
9LE
(€99LL- LE09)
87°6L

(9vLL-€901)
€/'6¢

(v6'87€
-vrTLL)
€661

(SLvzeL
- LL°€T8Y)
9'S60/

(CELLE-678)
LLesL

(T1168-TTL8)
99'SY/LS

(L€v-L€50)
81°0€
(9768
-85°0/L)
87'86€
(6£¥C - Lt'9)
SOl

(€0-10)
ueipa 4y

(T¥l-957)
€6'6
(@89L-LLLL)
9EvlL

(99°€€€
-LTYLL)
L6°LCC

(8%'596
-76'65%)
SLL6L
(9T°€1 -96'9)
186
(S¥'2€-0)
LY'8L

(9996 - 8'%S)
9'/9
(E8'LLL-8ST)
61'99

(6°£0€-1¥9°LTL)
68°C6L

(r'LL28
-TL'69LS)
T5°€s¢EL

(966
-¥£012)
SL'EES

(£'v8SL
-SL96€EL)
LEILYT

(£8'tv - STOE)
88'1¢

(6€°SSEL
-Sg'€91)
68'0€7
(89°8€ - 6°2)
sL6l
(€0-10)
uelps [0
13uod

(saouiw) dnoib abe - pjo sieak gL-0

(4]

70

80

(4]

8

o

80

(4]

0

80

(LzTL-68'8)
18'Ll

(r'eL-o1)
7Ll

(L1'8CT - £08)
VL0l

(90818
-9G'61S)
LL/es
(8-££V)
167
(EL'ST-0)
0

(9L't6 - ¥6'£9)
€09/

(Lo'CLL -¥9°52)
60t
(SLvLe

-6v°091)
£9'8C¢C

(506192
- ¥/'%989)
6£'9989

(croze
-TS0€EL)
vE'10C

(589089
-61°/£8L€)
vLCLL9

(¢s6€-€80)
LLEE
(L1920l
- LLTSS)
L¥'S6L
(S¥'0L-10°2)
S00lL

(€0-10)
ueipai 4y

(6l -8t'SlL)
L

(ETeT-LSTL)
6'8L
(zreve

-S/'987)
€6'/L€E

(L16gL
-9€'67L)
9TYEL
(Lv's-6v'0)
86'€
(£8'LL-96€)
16,
(€0°'SY - ¥0'TT)
vsee

(9zCE-€8°10)
¥0'LC

(827251
-€LTEL)
SCSPL

(S6's€€S
-9v LLED)
L'€T8Y

(€0'L89
- 85°909)
8'€6S

(90'LyLL
-TT164)
71996

(LS'€EE- 1S0€)
Loce

(STLLL
- LE9YL)
L8'L9L

(L9'0€-zT¥l)
r'ee
(€0-1L0)
uelp
-3\ [043U0D)

16 abe - pjo sieak gL-ZL

916’0

L9Y7'0

€8C°0

SZ1°0

970’0

9610

6880

LSC'0

8/6'0

9€C0

8000

6880

9€€’0

/90

99%°0

(80'LL-€T'L)
80'G
(€891 -7S'6)
€eCL

(£EL1T-1£88)
€SoVL

(LzoLs
- 18'6LY)
LE°66
(95 - 5¥'S)
659
('St -2€'97)
91Ty
(61601 - £€'€7)
L'zL
(86901 - £77°01)
L6%T

(v6'87€
-L0°1Tl)
LOELC

(8L'801L
-88'810t)
YYELS

(1'8£1-6'%8)
LLEEL

(zr'sziol
- L¥'L8€)
£'8861

(L6'LY - LE'ST)
£0°9C
((dWAR:]
-8l LEL)
[AN743
(€£°SE- 11'9)
6691

(€0-10)
ueipai 4y

(T¥L-€00)
856
(8¥'9L-¥tLL)
6Ll

(LT eee
-860LL)
S8LLT

(5€'586
-€9'LSP)
95'LES
¥9€L-16'2)
S0l
(€€Ty-15°€)
S/t
(¥8°L0L - 99°G9)
S0'69

(Ls'€TL-81°£7)
S/

(S9'80€
-L9vEL)
98'¢61l

(rezes
- §7°5886)
L6'LTyL

(SS°166
-20°£02)
S'E8Y

(85'¥0SL
-91°9951)
897¢59¢C

(Loer - 9€7L€)
rlse

(z99evL
- €¥'891)
61'6€C
(99:8€ -T'8)
65°0C
(€0-1L0)
uelp
-3\ [043U0D)

dnoub abe - pjo sieak g

[44 D)

411

oLdl

9l

V8l

el

ol

aLl

Vi

OoYd

4SOWD

4505

LIOEXD

8/°'VYN3

S0

a|qelieA

231



Cytokine profile normal vs AR subjects

Table S1 continued
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Figure S1: Boxplot combined with strip-chart visualizations that illustrate
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