DE GRUYTER

Turk ] Biochem 2023; 48(5): 507-514 a

Research Article

Mojtaba Doulatpanah, Meltem Kocamanoglu*, Eser Yildirim Sézmen,
Gokcen Kartal Oztiirk, Esen Demir, Figen Giilen and Yasemin Akcay

Nasal fluid sample as a reliable matrix for
determination of cytokine levels in

childhood asthma

https://doi.org/10.1515/tjb-2022-0147
Received July 30, 2022; accepted June 6, 2023;
published online August 17, 2023

Abstract

Objectives: Childhood asthma is a chronic disease with
high incidence worldwide. As a lifelong disease, asthma has
episodes. Inflammation continues to occur in the clinical
remission of asthma. It can be difficult to diagnose childhood
asthma, especially in clinical remission. We hypothesized
that some cytokines secreted to nasal fluid from the airway
during inflammation might help diagnose clinical remission
of asthma. Moreover, sampling nasal fluid is an easy and
non-invasive procedure, so it may be a preferable sampling
method.

Methods: We measured levels of some interleukins (ILs),
which are IL-4, IL-5, IL-6, IL-12p70, IL-13, IL-33, granulocyte-
macrophage colony-stimulating factor (GM-CSF), periostin
and thymic stromal lymphopoietin (TSLP) by Luminex
magnetic bead-based immunoassay in nasal fluid and in
serum of asthmatic children in clinical remission.

Results: We found that IL-5, IL-6, IL-33, and periostin had
elevated levels in nasal fluid. IL-5 and IL-33 had increased
levels in the nasal fluid of the patients with immunoglobulin
E (IgE) high and low phenotypes. While the nasal fluid TSLP
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levels were positively correlated with most of the increased
serum cytokine levels of non-allergic asthmatic children, the
nasal fluid GM-CSF levels were positively correlated with
most of the increased serum cytokine levels of the allergic
asthmatic children.

Conclusions: IL-5, IL-6, IL-33, and periostin had elevated
levels in the nasal fluid of the patients in clinical remission.
The nasal fluid GM-CSF levels of the allergic patients and
nasal fluid TSLP levels of the non-allergic patients had
a positive correlation with most of the serum cytokine
levels. Thus, our results showed that nasal fluid might be a
preferable biological sample to diagnose asthma in children.

Keywords: biomarker; childhood asthma;
immune response; remission

cytokines;

Introduction

Asthma is the most common chronic childhood respiratory
disease all over the world [1]. This disease is characterized
by reversible airway obstruction and remodeling. The
development risk of asthma is related to genetic and envi-
ronmental factors [2], and it includes asthma episodes.
Remission of childhood asthma is experienced in more
than half of asthmatic children [3]. While clinical remission
is characterized by normal lung function, absence of
symptoms, use of no medication, at least one year of no
attack of asthma, complete remission of asthma has no
bronchial hyperresponsiveness [4]. Several studies show
that it is necessary to evaluate lower airway inflammation
and bronchial hyperresponsiveness via bronchoalveolar
lavage (BAL) [5].

It has been complicated to describe asthma due to the
development of diagnosis and treatment strategies for
this disease with recent approaches [6]. Asthma is mostly
associated with T-helper type 2 (Th2) inflammatory responses
[7]. Clinical observations showed that type 2 asthma is usually
early-onset allergic asthma, late-onset eosinophilic asthma,
or exercise-induced asthma [8], and the patients are allergic
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to common aeroallergens, have high blood eosinophilia,
increased serum periostin levels, and high exhaled nitric
oxide [9].

For patients who have allergic asthma, it is necessary to
measure Ig levels, especially IgE, to determine the allergens
that trigger asthma attacks [10]. Inflammatory responses in
asthma have a local basis, so serum IL levels have poor
diagnosis efficiency [11]. It may be helpful to investigate
interleukins in nasal fluid in terms of their biomarker
potential because of their direct connection to secretions
of airway epithelial cells.

Thymic stromal lymphopoietin (TSLP), IL-25, and IL-33
are produced by epithelial and some haematopoietic cells
and contribute to the promotion of Th2 cell development
and the initiation of asthma pathogenesis [12]. Stimulated
overproduction of type 2 cytokines such as IL-4, IL-5, IL-6,
and IL-13 by these regulators results in hypersensitivity to
aeroallergens, activation of airway epithelial cells, chemo-
attraction of mast cells, eosinophils, and basophils, remod-
eling of epithelium and subepithelial matrix [8]. IL-5
contributes migration of eosinophils in the bloodstream
to the affected tissues in eosinophilic inflammation, and
allergen exposure induces IL-5 production by Th2 cells
in asthma [13]. IL-13 has an important role in the recombi-
nation of B cells to IgE production [14]. Moreover, IL-13
mediated activation of airway epithelial cells is related to
upregulated gene expression of periostin in the subepithelial
region of the airway [15]. IL-4, IL-5, and IL-13 are closely
related to each other; therefore, they reach high amounts in
blood serum to respond to several antigens [16]; in many
chronic diseases, IL-6 is a proinflammatory cytokine as well
as in asthma, and IL-6 has increased levels in serum and
sputum [17]. IL-12p70 decreases the severity of asthma by
inhibiting the development and proliferation of Th2 cells
[18]. IL-33 acts as an alarmin to stimulate several immune
responses when endothelial or epithelial tissue has damage
[19]. GM-CSF secretion is not detectable in blood circulation
except in response to endotoxins, GM-CSF has increased
concentrations at local sites in tissue inflammations, and it is
required for the accumulation of eosinophils in airways and
lung tissue during allergic inflammation in asthma [20].

Our aim was to determine L-4, IL-5, IL-6, IL-12p70, IL-13,
IL-33, GM-CSF, periostin, and TSLP cytokine levels in the
nasal fluid of childhood asthma patients in clinical remis-
sion. Because sampling nasal fluid is an easy, non-invasive,
non-traumatic sample collection method from children, and
local inflammation response occurs via cytokines secreted
by airway epithelial cells in asthma. For this purpose, we
divided the patient group into two different subgroups:
Allergic and non-allergic, serum IgE>100 IU/mL and serum
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IgE<100 IU/mL, and we evaluated the serum and nasal fluid
levels of the cytokines in terms of their biomarker potential.

Materials and methods

This is a prospective study involving asthma and healthy cohort groups
at Ege University Children’s Hospital Department of Paediatric Allergy
and Pediatric Pulmonology. Serum and nasal cytokine levels were
compared in the patient and the control groups. This study was
approved by the Ethics Committee of Ege University Faculty of Medicine
on 8 May 2017 with approval No 17-4/11, and written informed consent
was obtained from the subjects and their parents.

Twenty asthmatic children were between 7 and 18 years old and in
clinical remission, and 20 healthy subjects were included. Subjects with
any underlying disease and upper respiratory tract infection in the last
three months, who live with smoker parents, use any type of medication,
have severe asthma, and cannot acceptably perform spirometry were
excluded from the study.

Asthma was diagnosed according to The Global Initiative for
Asthma [21]. The patients with asthma who do not have exacerbations
and symptoms of asthma and who do not use any medications, also who
do not have airflow obstruction in one year were assumed to be in
clinical remission. The pulmonary function test was performed by
spirometry (Flowhandy ZAN 100, Oberthulba, Germany) by measuring
forced expiratory volume in 1s (FEV1), forced vital capacity (FVC), and
forced expiratory flow during the middle half of FVC (FEF25-75) in
accordance with the standards of American Thoracic Society [22].
Spirometry parameters at the last visit of the patients were recorded.

The patients were divided into two subgroups in this study. While
the first subgroup was divided into allergic and non-allergic patients
according to the blood allergy test results, the second group was divided
into patients with serum IgE>100 IU/mL and serum IgE<100 IU/mL.

Blood allergy test parameters were as follows

Dermatophagoides pteronyssinus, Dermatophagoidesfarinae, Alternaria
alternata, tree, grass, mold, weed panels, olive tree, eucalyptus tree,
white egg-cow milk-whiting-wheat flour-peanut-soy, milk, Gum arabick,
Tragacanth, Carob, Guar gum, orange-apple-peach, strawberry, tomato,
spinach, cabbage, red pepper.

The sample collection procedure for nasal fluid was previously
defined [23]. 300 pL saline solution was added to collected nasal fluid
samples, and they were centrifuged for 5min at 3000xg. 2 mL of blood
samples were collected into blood tubes with EDTA from subjects’ veins
centrifuged for 10 min at 5000xg, and the plasmas were obtained. After
that, the nasal fluid and the plasma samples were divided into two
separate plastic tubes and stored at —80°C until the analyses were
performed.

Quantities of IL-4, IL-5, IL-6, IL-12p70, IL-13, IL-33, GM-CSF, TSLP,
and periostin were analysed with custom design multiple panels
(Luminex®, LXSAHM, RnDSystems, MN, USA). These panels were
designed for the cytokines of this study. A 96-well plate with magnetic
beads (MagPlex, RnDSystems, MN, USA) coated with antibodies. 50 pL of
the nasal fluid and the plasma samples, and the reagents that were
prepared according to the manufacturer’s instructions were added into
the wells with three replicates. After antibody-cytokine interactions for
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90 min, the plates were read (Luminex® INTELLIFLEX, RnDSytems, MN,
USA) with a set at 7,000 and 17,000 doublet discriminator gates. Total
protein measurement was carried out by Bicinchoninic Acid Assay
(23,225, Thermo Scientific, IL, USA). The calibration curves were
achieved using current concentrations (0.1, 0.2, 0.4, 0.8, 1.2, 16,
2.0 ug/mL) of bovine serum albumin.

Statistical analysis was performed using Statistical Package for
the Social Sciences Statistics Package V.21.0 (IBM Corp., NY, USA). A
two-sided power analysis with an a value (default)=0.05 of the variables
was performed to assess the size of the samples is adequate to evaluate
the results. While the y* test was used to compare categorical variables
between groups, the Kolmogorov-Smirnov test was used to evaluate
the normal distribution assumption for numerical variables. For
normally distributed variables, the difference between the two groups
was examined by independent samples t-test, and for non-normally
distributed variables, the Mann—-Whitney U-test was used. Following the
Kruskal Wallis test, a post-hoc test (LSD) was performed in the three
groups -the control group and the two patient groups with different IgE
levels-to evaluate the differences in the variables. Statistically, a p<0.05
value was considered significant.

Results

The study included 20 subjects with asthma in clinical
remission (8 females, 12 males) and 20 healthy subjects
(11 females, 9 males) of similar age. The clinical character-
istics of the groups are shown in Table 1.

Table 1: General and spirometric data of the subjects.

Healthy Asthma group in p-Value
group clinical remission

n 20 20 -
Male gender, n (%) 9 (45) 12 (60) 0.352
Age, years (range) 9.1(7-12) 8.6 (7-11) 0.291
Serum IgE>100 IU/mL, 0(0) 10 (50) -
n (%)
Allergy positive, n (%) 0 (0) 10 (50) -
Serum eosinophil, 230 £ 162 231+ 112 0.878
cells/pL + SD
FVC, % + SD - 82.80 + 14.08 -
FEV1, % + SD - 91.70 + 14.18 -
FEV1/FVC, % + SD - 109.20 + 6.24 -
PEF, % + SD - 80.30 + 12.14 -
MEF75, % + SD - 85.85 + 15.76 -
MEF50, % + SD - 91.60 + 21.32 -
MEF25, % + SD - 94.30 + 29.34 -
MEF2575, % + SD - 95.55 + 23.57 -

Data are represented in mean with standard deviations (mean + SD) FVC,
forced vital capacity; FEV1, first forced expiratory volume; FEV1/FVC, forced
expiratory volume/forced vital capacity; PEF, peak expiratory flow; MEF75,
mid-expiratory flow at 75 % of FVC; MEF50, maximal expiratory flow at 50 %
of vital flow capacity; MEF25, maximal expiratory flow at 25 % of forced vital
capacity; MEF2575, forced medium expiratory flow.
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Blood allergy tests “were performed, and mixed aller-
gens, olive tree, weeds, Dermatophagoides pteronyssinus,
trees, A. alternata, and eucalyptus tree were detected alone
or together some of the patients, and 10 of the patients were
sensitive to at least one of them. The other 10 patients were
not sensitive to any type of allergens. 10 of the patients
had high levels of serum IgE (>100 IU/mL), and five of these
patients were sensitive to some type of allergens; serum
eosinophil levels of the patients were in the reference
interval out of the four patients who have higher levels than
the interval. Spirometry tests were in the normal range.

The cytokine levels in the serum and the nasal fluid for
both groups are shown in Table 2. IL-5 (p=0.015), IL-12p70
(p=0.024), IL-13 (p=0.020), and TSLP (p=0.030) serum levels of
the patient group were found to be significantly higher than
the control group. In the patient group, IL-5 (p=0.001), IL-6
(p=0.022), IL-33 (p=0.006), and periostin (p=0.000) nasal fluid
levels were significantly higher than the control group.

Nasal IL-33 and IL-5 levels of patients with serum
IgE<100 IU/mL and IgE>100 IU/mL were significantly higher
than the control group. Nasal IL-13 levels of patients with
blood IgE>100 IU/mL were significantly higher than patients
with serum IgE<100 IU/mL (Figure 1).

Nasal fluid GM-CSF levels of the allergic patients had a
positive correlation with serum cytokine levels out of the
periostin. Nasal fluid TSLP levels of the non-allergic patients
had a positive correlation with serum cytokine levels out of
the IL-6 and periostin (Supplementary Figure).

Discussion

Serum levels of IL-5, IL-6, IL-12p70, IL-13, and TSLP and nasal
fluid levels of IL-5, IL-6, IL-33, and periostin of the patient
group were found to be significantly higher than the control
group in this study (Table 2). Besides, IL-5 and IL-33 levels in
the nasal fluid of the patient groups with IgE<100 IU/mL
and IgE>100 IU/mL were significantly higher than in the
control group, also IL-13 levels in nasal fluid from the
patients with IgE>100 IU/mL were significantly higher than
the IgE<100 IU/mL group. There was no significant differ-
ence in blood eosinophil counts between the patients and the
control group. Furthermore, while nasal fluid GM-CSF levels
of the allergic patients had a positive correlation with serum
cytokine levels out of periostin levels, nasal fluid TSLP levels
of the non-allergic group had a strong positive correlation
with serum cytokine levels out of IL-6 and periostin in this
study.

Characteristic symptoms and limitation in airflow at
spirometry are the diagnostic criteria of childhood asthma.
However, spirometric values can be in the normal range in
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Figure 1: Nasal fluid levels of IL-5 (A), IL-13 (B), and IL-33 (C). IgE, immunoglobulin E; IL, interleukin. *Statistically significant compared with the control
group, p<0.05. **Statistically significant compared with the IgE<100 patient group, p<0.05.

some cases. Also, running spirometry tests under age 6 in
clinical practice is impossible. Because of these reasons,
there are some difficulties in diagnosing asthma in children.
Moreover, there is no serological biomarker for diagnosis or
follow-up of asthma, and novel biomarkers of asthma in all
patients and especially in children, have been investigated
for long years. Because of these reasons, it is important to
discover new biomarkers with a non-invasive sampling
method for diagnosis and follow-up of childhood asthma.
In other words, asthma diagnosis and follow-up are per-
formed by anamnesis of the patient and spirometry tests.
A biomarker or a panel of biomarkers is not clinically
available for the diagnosis of asthma [24]. There are several
cytokines that we evaluated for their biomarker potential in
nasal fluid for clinical remission in this study. It has been
chosen nasal fluid samples for two main reasons; firstly,
nasal fluid samples can be easily collected from patients, and
secondly, nasal fluid may show a local inflammatory
response from epithelial cells of the airway due to its direct
link to the airway.

We performed spirometry tests on the patient group to
evaluate their pulmonary function. The results were in the
normal range, supporting their clinical remission.

There is no consensus about serum IgE levels in healthy
or asthmatic children in the literature. A study that included
786 allergic asthmatic children in Turkey showed that the
mean value of serum IgE levels was 153 IU/mL [25]; the other

research with 179 asthma patients and 93 healthy subjects in
Turkey showed that the mean value of serum IgE levels was
257.57IU/mL in asthmatic children and 68.26 IU/mL in
healthy children [26]. Because half of the children in the
patient group had allergic asthma, and the patient group was
in clinical remission in our study, we determined the cut-off
value of total serum IgE level as 100 IU/mL assumptionally.
There were 10 patients with IgE>100 IU/mL, and five of them
were also allergic patients. It was controversial that the five
patients of the IgE>100IU/mL group were not allergic
because IgE levels increase in allergic diseases [27].

Serum IL-5 and IL-13 but not serum IL-4 levels of the
patients were significantly higher than the control group in
this study. IL-4, IL-5, and IL-13 are highly relevant to each
other because they are essential cytokines in the Th2
response in asthma [8]. IL-5 is associated with an eosino-
philic pathway of the immune response [13], IL-13 has
an important role in increased smooth muscle contractility
associated with asthma to contribute to the secretion of
inflammatory mediators from bronchial tissue [28].
Production of IL-5 and IL-13 from mast cells is induced by
TSLP [29], so elevated levels of serum IL-5 and IL-13 of the
asthmatic subjects from this study might be induced by
increased levels of TSLP. We found that IL-5 nasal fluid levels
of the patients were significantly higher than the control
group, but we did not find significantly higher levels for IL-4
and IL-13 in nasal fluid. Low levels of IL-4 and IL-13 may be
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caused by low blood eosinophil levels, production of these
cytokines may not have been increased in clinical remission,
or a low amount of these cytokines may have been secreted
to the nasal fluid.

Because IL-5 enhances IgE production with cytokines
IL-4 and IL-13 [27] and it has a key role in Th2 immune
response [13] as well, IL-5 levels in nasal fluid for both the
patients with IgE<100 IU/mL and IgE>100 IU/mL may be
significantly higher than the control group. Elevated IL-13
nasal fluid levels in the patient group with IgE>100 IU/mL
support its role in mucus production, airway remodeling,
and bronchial hyperresponsiveness [13]. IgE levels are
over-increased by IL-4 secretion from airway mucosa during
the pathogenesis of asthma [30]. However, this study did not
show any significant difference between the control and the
patient group in terms of serum or nasal fluid IL-4 levels.
Interestingly, IL-4 levels do not have a significant elevation
even in the patient group with IgE>100 IU/mL in our study
because IL-4 directly promotes higher IgE levels [13, 31].

Our data showed that nasal IL-6 levels of the patients
were significantly higher than the control group. Proin-
flammatory cytokine IL-6 is secreted from inflamed tissue
[17]. Therefore, IL-6 levels in the nasal fluid of the patient
group may have been significantly higher than IL-6 levels of
the control group. Manise et al. showed that IL-6 levels
increased in the airway with IgE high phenotype as well [32].
Controversially, there was no correlation between nasal
fluid IL-6 levels and serum IgE levels in our study.

Although we have no data on IL-17 and IL-23 levels in
this study, it might be speculated that increased serum
IL-12p70 levels of the patients and serum IL-12p70 levels of
the non-allergic patient group may be an indicator for mixed
granulocytic non-type 2 non-eosinophilic asthma rather
than type 2 non-allergic asthma [33]. Nasal fluid levels of
IL-12 in the patient group have not significantly increased,
this discrepancy might be explained by the fact that it’s
secreted by T cells, not by airway epithelial cells [34].

IL-33 in nuclei and cytoplasm of nasal mucosa epithe-
lium is overexpressed when the Th2 immune response
occurs, and overexpressed IL-33 may induce the production
of IL-4, IL-5, and IL-13 [35]. IL-33 acts as an alarmin to
stimulate several immune responses when endothelial or
epithelial tissue is damaged [19]. Therefore, nasal fluid levels
of IL-33 in the patients might have increased but not serum
levels. IL-33 has a modulator role for all the immune
responses of human organisms, specifically in asthma.
Due to its significant role in allergic inflammation [35],
we observed increased levels of IL-33 in the patients
independent of IgE levels (Figure 1C).

Since TSLP induces eosinophilia in the airway and blood
and enhances the production of proinflammatory cytokines
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[36], we found significantly elevated serum levels of TSLP in
the patients. Interestingly, we did not find a significant in-
crease of TSLP in the nasal fluid of the patients. Because TSLP
has an important role in Th2 responses of mucosal barriers
[12], a non-significant increase of TSLP in the nasal fluid
was unexpected, however, TSLP may have been increased
at only the early stage of inflammation because of its
proinflammatory effect, or it may be a result of lower nasal
fluid levels of TSLP in clinical remission. Because TSLP is a
molecule that is produced by epithelial and haematopoietic
cells [37], nasal fluid TSLP levels in non-allergic patients
might have a positive correlation with serum cytokine levels
out of IL-6 and periostin.

Nasal fluid levels of periostin increased in the patients
because of the overexpressed levels of it by inflammation in
airway epithelial cells [15]. Since airway epithelial cells, not
circulating cells are responsible for the production of peri-
ostin, our results showed that serum periostin levels of the
patient group were not significantly higher than the control
group. Unexpectedly we did not find a correlation between
serum or nasal fluid levels of IL-13 and periostin, probably
because our patients were in clinical remission when we
collected their samples. It is known that the periostin gene of
airway epithelium cells is overexpressed by IL-13 activation
in the active inflammatory state [15]. Serum IL-13 and nasal
fluid periostin levels may have a positive correlation in only
exacerbated asthma.

In this research, we did not observe a significant
difference (p>0.05) in blood eosinophil counts between the
patient and the control groups, the blood eosinophil levels
were 231 + 112 cells/uL and 230 + 162 cells/uL, respectively.
The decision limit of circulating eosinophil levels to iden-
tify the severity of asthma is not clear in the literature, the
levels changed from 150 cells/uL to 757 cells/uL according
to several studies. For instance, Gupta A. et al. reported that
blood eosinophil levels which are higher than 150 cells/uL
represents eosinophilic childhood asthma [38]; results of
another study showed that if blood eosinophil counts per
uL are higher than 436, it is accepted that the child patient
has childhood asthma [39]. Another study indicated that
moderate to severe child asthma patients have 757 cells/uL
circulating eosinophils, while healthy subjects have
282 cells/uL of circulating eosinophils [40], all these results
can be interpreted that childhood patients had moderate
or severe asthma in these studies; as it was shown that
their blood eosinophil counts were similar to those of the
healthy subjects, patients in our study were in clinical
remission.

GM-CSF is secreted by tissues with inflammation, and its
concentration increases with Th2 inflammation response
[20]; therefore, nasal fluid GM-CSF levels of the allergic
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patients may have a positive correlation with serum cyto-
kine levels out of the serum periostin levels in this study.

In conclusion, IL-5, IL-6, IL-33, and periostin had elevated
levels in the nasal fluid of asthmatic children in clinical
remission. Nasal fluid GM-CSF levels of the allergic asthma
group had a positive correlation with serum cytokine levels
out of the serum periostin, and nasal fluid TSLP levels of the
non-allergic patients had a strong positive correlation with
serum cytokine levels out of IL-6 and periostin. Our results
showed that nasal fluid might be a preferable biological
sample to diagnose asthma in asthmatic children. However,
it is necessary to investigate and compare nasal fluid levels
of these cytokines, I1-17 and IL-23, in different stages and
subtypes of asthma together in further studies.
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