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Th17 cells; Introduction and objectives: Th17 lymphocytes are now widely believed to be critical in various
IL-17; chronic pulmonary diseases. However, there is still a small number of investigations regarding
Childhood asthma; children. We aimed to assess the percentage of Th17 lymphocytes and IL-17A in peripheral blood
Severe asthma; of children with chronic obstructive lung diseases.

Controlled asthma; Patients and methods: We included a total of 42 children: 20 with bronchial asthma (BA), 12
Cystic fibrosis with cystic fibrosis (CF) and 10 healthy children without a history of allergies, aged 4-17 years.

Th17 cells (CD3+CD4+CD161+CCR6+) were determined in peripheral blood by flow cytometry.
The concentration of serum IL-17A was measured by ELISA.

Results: The BA patients had a significantly higher percentage of Th17 (12.40 & 1.16%) compared
to the CF children (7.64 +0.87%, p=0.0035) and healthy (7.25 £ 0.45%, p=0.008). Stratifying
the BA group, we found higher levels of Th17 in patients with severe BA (p=0.03), whereas
patients with moderate BA had Th17 cells close to those in CF and healthy children. We found
that patients with better control of BA had Th17 closer to those with CF (p=0.98) than BA
children with poor control (p <0.001) (post hoc, Bonferroni correction). CF patients with conco-
mitant P. aeruginosa infection showed slightly higher percentages of Th17 cells than those
without infection (8.08 & 3.09% vs. 6.25+2.42%, p=0.294).

Conclusions: The percentage of Th17 cells was significantly increased in the peripheral blood
of children with severe BA compared to the children with moderate BA, which suggests that
the former could possibly benefit from future target therapies.
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Introduction

Bronchial asthma (BA) is a complex and heterogeneous
disease characterized by intermittent and reversible
obstruction, chronic airway inflammation, bronchial hyper-
reactivity and infiltration of respiratory submucosa with
immune cells." Over the past decades, a large number
of epidemiological studies have found an increase in the
incidence of BA, mainly due to the rise in childhood
asthma. It is one of the most common chronic diseases
in childhood affecting 8-10% of all children. The chronic
airway inflammation recruits many cell types, includ-
ing T-lymphocytes, eosinophils, mast cells, macrophages,
epithelial cells, fibroblasts and bronchial smooth muscle
cells,? which release pro-inflammatory cytokines and cyto-
toxic mediators. This results in variable, diffuse, reversible
obstruction as well as hyper bronchial response to various
specific and non-specific stimuli. In about 80% of cases, BA
is diagnosed before the age of six. The natural course of the
disease is characterized with a progressive decline in respi-
ratory function (i.e. forced expiratory volume for 1 second,
FEV1) and persistent bronchial hyperreactivity, which are
accompanied by both inflammation and structural remodel-
ing of the airways.?

Advances in the study of the pathogenesis in recent years
have led to the identification of different groups of asthma
- phenotypes and endotypes.>* Moreover, suitable biomark-
ers for diagnosis and follow-up of the disease could be
revealed by exploring the various underlying mechanisms.>
Since the different types of asthma are driven by disparate
pathophysiological processes, the expectation is that the
target therapies will be applied to the respective patient
groups.*

At present, BA is thought to be an immune-mediated
disease involving T lymphocytes, mast cells, basophils, IgE-
producing plasmids and a broad range of cytokines (IL-6,
IL-8, IL-12, IL-10, IL-13, IFN-y, and IL-17).¢ IL-17-mediated
inflammation is characterized by pathogen or allergen irrita-
tion and subsequent differentiation of naive T lymphocytes
into IL-17 producing cells. Th17 lymphocytes secrete var-
ious cytokines, such as IL-17A, IL-17F, and IL-22, but also
induce mucosal and innate immune cells to emit a large num-
ber of inflammatory cytokines and chemokines that locally
attract more mast cells, eosinophils, and basophils. There
is also evidence of the involvement of Th17 subpopula-
tion and their closely related IL-17A and IL-17F cytokines
in the induction of mucin production, airway smooth muscle
hyperreactivity and corticosteroid-resistant inflammation in
mouse models.”""°

It is noteworthy that, despite intense scientific work
on the role of Th17 in various diseases, and especially in
some respiratory (i.e. BA), studies in childhood are limited.
This is understandable due to the difficulty in assess-
ing children clinically along with other limitations. Thus,
any research would complement the European and global
database. One could suggest that locally enhanced IL-17
immune responses would be associated with elevated circu-
lating Th17 cells, which can be detected in peripheral blood.
On this background, we aimed to assess the percentage of
Th17 lymphocytes along with IL-17 concentrations in periph-
eral blood in a cross-sectional study of 42 Bulgarian children

with BA, and in control groups of pediatric patients with
cystic fibrosis (CF) and healthy ones.

Material and methods

Subjects of the study

The study comprises 42 children divided into the following
groups: 20 with BA, 12 with CF and 10 healthy children at
mean age 10+ 3 years (4-17 years old). The demographic
characteristics of the children recruited in the study are
presented in Table 1. There was no significant difference in
gender distribution (p=0.447) or age (p=0.27) in all groups.

Clinical, laboratory and instrumental methods were per-
formed in selecting the three groups of children. The
appropriate inclusion and exclusion criteria were as follows.
We included children after signed informed consent from
parents, with the consent of the child to participate in the
study; with confirmed diagnosis of BA, or genetically proven
CF, or clinically healthy children (with no proven disease
including but not limited to Crohn’s disease, ulcerative col-
itis, celiac disease, atopic dermatitis, rheumatoid arthritis,
other systemic or psychiatric diseases). The exclusion crite-
ria were: the refusal of parents for their child to participate
in the study, refusal of the child to participate, and the
presence of unexplained chronic lung disease.

All subjects of the study were informed about the pur-
pose of the experiment, and a written informed consent was
obtained from parents/legal guardians. The study design
was approved by the Ethical Committee of the Medical Uni-
versity of Sofia, and the research was performed according
to the local hospitals’ ethical considerations.

Clinical characteristics of the study groups

The diagnosis of BA children was made according to the GINA
guidelines including the disease, personal atopic and fam-
ily history and positive bronchodilation test. None of the
children was with newly diagnosed asthma, all of them had
a physician-confirmed diagnosis for more than 24 months.
From the BA patients, ten were with severe BA (characte-
rized by sustained symptoms despite treatment with high
doses of intravenous corticosteroids) and ten with moder-
ate BA. All children were followed in the clinic for more
than two years and their asthma severity was defined based
on symptom frequency and spirometric results (forced expi-
ratory volume in 1 second [FEV1]) and not in one-time point
evaluation."" For all children, we performed pulmonary
function tests (PFT) (pre- and post-bronchodilator spirom-
etry), nasal smears for eosinophil counts, we drew blood for
IgE against inhaling and food allergens detection, and ACQ
(Asthma Control Questionnaire), validated Bulgarian trans-
lation and ACQ interviewer-administered version for the age
6-10 years."?

The diagnose of CF was based on clinical presenta-
tion, positive sweat tests and confirmed two disease-causing
mutations in CFTR gene. All patients were followed in the
clinic since the diagnosis was confirmed and were seen reg-
ularly for physical examination, pulmonary function tests,
therapy evaluation, microbiology samples. Specifically, for
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Table 1 Demographic characteristics of the study groups.
Diagnosis Number (%) Females, number (%) Males, number (%) Age, years
Bronchial asthma 20 (47.6) 7 (36.8) 12 (63.2) 11 +3
Cystic fibrosis 12 (28.6) 6 (50) 6 (50) 9+3
Healthy children 10 (23.8) 5 (50) 5 (50) 9+2

The data are presented as mean = SD or number (%).

the nature of the study, we excluded all children with a his-
tory of allergy or elevated eosinophil counts in sputum, and
also all the patients that can be defined as CF-asthma.'> ™
We evaluated the presence of Pseudomonas aeruginosa in
the sputum/throat samples at the time of the study, but
also all previous microbiological findings. P aeruginosa was
isolated from their sputum/throat swab samples and also
confirmed with antibody testing for proper classification,
according to previously described methods."” From the 12
children with CF included, 50% covered the criteria for
chronic P. aeruginosa infection (at least three positive sam-
ples in the last two years and/or very high antibody titer)
and the remaining six children did not. Some patients had P,
aeruginosain the sputum at the time of the evaluation, but it
was their first isolation or they had a very low antibody titer
- they were not chronically infected. Other CF patients had
previously isolated P. aeruginosa multiple times, but not in
the time of Th17 evaluation, but had very high titer - those
patients covered the definition for chronically infected.'®

Specimen collection

After informed consent, venous blood was collected from
each subject during a routinely performed blood with-
drawal. Peripheral whole blood (EDTA, 1 ml) was collected
and immediately examined with a specific flow cytometry
protocol for Th17 cells labeling and analyzing.'” Serum sam-
ples (1-3ml) from each subject were also collected using
serum separator tubes and frozen at —80°C before testing
for IL-17A.

Flow cytometry analysis of Th17 lymphocytes

Analyses of Th17 cells were performed with Lyse-Wash Pro-
tocol after staining the whole blood with the following
fluorescence-labeled antibodies: anti-CD3 (FITC), anti-CD
(PerCP), anti-CD161 (PE) and anti-CCR6 (AlexaFluor 647) (BD
Biosciences, USA). Th17 cells were analyzed by BD FAC-
SCalibur flow cytometer. Up to 10,000 lymphocytes were
counted and analyzed using the Cell Quest software pro-
gram (BD Biosciences, USA). The lymphocytes were gated
according to their size and granularity (Forward scatter,
FSC, and side scatter, SSC); afterwards CD3+CD4+(T helper)
cells were gated; from them, those cells double positive
for surface expression of CD161 and CD196 were defined
as Th17 cells. Th17 lymphocyte subpopulation determined
based on the simultaneous surface expression of CD3, CD4,
CD161, CCR6 was adapted from Kerzel et al.,'” as previously
described.'® The assay was performed at the Laboratory
of Clinical Immunology, University Hospital St. Ivan Rilski,
Sofia, Bulgaria.

Immunoenzyme assay for evaluation of IL-17A
concentrations

For the determination of IL-17A in serum samples we used
the Human IL-17A ELISA kit (Gene probe, Diaclone, France).
According to the manufacturer, the analytical sensitivity of
the IL-17 detection assay is 2.3 pg/ml. The test was car-
ried out at the Laboratory of Clinical Immunology, University
Hospital St. Ivan Rilski, Sofia, Bulgaria.

Statistical analysis

The raw data was analyzed statistically using descriptive
statistics, parametric (ANOVA analysis) (i.e. Th17 lym-
phocytes in the three different groups of children) and
non-parametric tests for unrelated samples due to the non-
normal distribution of the parameters (Mann-Whitney test),
correlation, and post hoc analysis (Bonferroni correction)
when an overall statistically significant difference in groups
was found, to emphasize which specific groups differed. Sta-
tistical analysis was performed with the software package
for statistical analysis (SPSS®, IBM 2009, version 19). We
accepted the results for significant if p <0.05.

Results

Th17 lymphocytes and IL-17 in different study
groups of children

Determination of percentage of Th17 lymphocytes in periph-
eral blood by flow cytometry revealed the following results:
for BA patients 10.40+1.16%, CF - 7.64+0.87%, and
healthy children - 7.25 4+ 0.45%, where the differences were
significant between BA and other study groups (p=0.0035,
ANOVA) (Fig. 1). There was no significant difference between
the percentage of Th17 lymphocytes in children with CF and
healthy children (p>0.05).

The levels of IL-17A were observed as follows:
2.64+2.34pg/ml in BA patients, 2.63+0.19pg/ml in CF
patients and 2.67 & 0.66 pg/ml in healthy children. However,
the differences were not estimated as significant. We also
did not find a significant correlation between the levels of
Th17 in peripheral blood and the corresponding concentra-
tion of IL-17 in serum.

Th17 lymphocytes and clinical characteristics of
children with bronchial asthma

When dividing BA patients according to the control and clini-
cal course of the disease in two subgroups, it was found that
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patients with better control of asthma (no exacerbations
during the last year) had percentages of Th17 cells closer
to children with CF (p=0.98), in contrast to the children
with poor-controlled (severe) asthma (p<0.001, post hoc,
Bonferroni correction). The results are presented in Fig. 2.

Significant differences were found regarding the num-
ber of attacks over the last 12 months in BA children:
patients with lower percentages of Th17 cells had average
2.141.5 attacks/yearly compared to those with higher per-
centages of Th17 cells - 3.2 £2.1 attacks/yearly (p=0.028,
Mann-Whitney test) (Fig. 3).

According to other clinical and laboratory findings in BA
children, we found that the higher percentage of Th17 lym-
phocytes was associated with higher percentage of nasal
eosinophils in non-linear dependence. In BA children with
poor control (eight of whom with allergic rhinitis), the per-
centage of Th17 cells were higher than those with good
control (five of them with allergic rhinitis) (8.45+1.34%
vs. 4.32 +1.33%, p<0.05). BA children with lower percent-
ages of Th17 cells performed better at lung function tests
compared to children with higher percentages of Th17 lym-
phocytes (FEV1 96.75 + 20.38% and a positive bronchodilator
response in five out of 11 children vs. FEV1 90.84 +20.55%
and a positive bronchodilator response in eight out of nine
children, respectively, p=0.034).
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Figure 2 Comparison of Th17 cells (%) between patients with

well-controlled asthma and poor-controlled (severe) asthma,
and patients with cystic fibrosis.

We did not find a relationship between Th17 levels and
the age of BA onset, the duration of the disease; concomi-
tant control therapy.

Th17 lymphocytes and clinical characteristics of
children with cystic fibrosis

In the case of CF, when we divided them into two groups
concerning the isolation of P aeruginosa at the time of
Th17 evaluation, we could not find significant differences
between both groups, although those with the presence of
P. aeruginosa showed slightly higher percentages of Th17
cells (8.08 +3.09% vs. 6.25+2.42%, p =0.294, Man-Whitney
test). Seven out of 12 patients required at least one admis-
sion to hospital for pulmonary exacerbation in the year
before Th17 evaluation (one of them even had four admis-
sions); the other five were in a stable clinical condition and
had not required inpatient treatment for more than two
years before evaluation. There was a tendency for higher
percentages of Th17 cells in the group with less stable condi-
tion 8.81+2.66 vs. 5.92+2.37 (p=0.073, Man-Whitney
test) (Fig. 4).
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Figure 4 Comparison of Th17 cells (%) between CF patients
with a stable clinical course (no pulmonary exacerbations in the
last two years) and CF patients with at least one exacerbation,
requiring hospital admission in the last year (unstable disease).
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Figure 5 Comparison of Th17 cells (%) between CF patients
with a high titer of antibodies against P. aeruginosa (>50U/l)
vs. those with medium and low titers.

The chronically infected CF patients with very high anti-
body titer against P aeruginosa (four out of 12) showed
significantly higher levels of Th17 cells (10.35+1.65%) in
comparison with all other CF patients (with medium and low
antibody titer) (5.51 +1.49%) (p=0.008, Man-Whitney test)
(Fig. 5).

Discussion

The results we obtained concerning the percentage of Th17
lymphocytes in the different groups of children with chronic
obstructive lung disease are a theoretical contribution in
the field of childhood asthma. We found that the percent-
age of Th17 lymphocytes was significantly higher in children
with BA than in children with CF and healthy children. These
results are in consensus with the results of Kerzel et al.
(2012), which have a close to our research design.'” They
also found higher percentages of Th17 lymphocytes in chil-
dren with BA than in healthy subjects. However, their study
did not have a control group of children with CF, as in our
study. In this way, our study contributes theoretically for
both Bulgarian pediatric science and worldwide.

Moreover, after separation of the group of children with
BA according to the control and the clinical course of the
disease, we found significantly higher percentages of Th17
cells in patients with poor control and frequent exacer-
bations which required hospital treatment compared to
children with good control (Figs. 3 and 4), which is a valuable
contribution with a practical focus. In this way, we could
conclude that patients with poorly controlled BA, where
Th17 cell counts are significantly elevated, would be can-
didates for targeted therapy. Studies by Irvin et al. (2014)
support the hypothesis that patients with simultaneous pres-
ence of Th2 and Th17 lymphocytes are more challenging to
treat and have a more severe respiratory obstruction and
hyperreactivity.'” There is evidence that an increased level
of IL-17 is associated with exacerbation of asthma, with
a reduced response to therapy, accumulation of granulo-
cytes, production of fibrotic mediators and remodeling of
the airways with marked eosinophilia.”'” However, we did
not document such observations for IL-17 serum concentra-
tions.

The exact mechanisms of Th17 cells involvement
in the pathogenesis of BA have not been fully eluci-
dated. It is thought that Th17/IL-23 axis is involved in
increased Th2 mediated eosinophilic inflammation and
hyperreactivity.”2°-?2 In line with this, upregulated gene and
protein expression of IL-17 in the lungs has been reported in
broncho-alveolar lavage, serum, sputum.' Furthermore, it
was also shown that the severity of bronchial hyperreactiv-
ity correlates with IL-17 levels," whereas IL-17 in sputum
- with an increased response to methacholine.??> Some
authors indicate that the elevated level of IL-17 is associated
with asthma exacerbation, reduced response to therapy,
granulocyte accumulation, fibrotic mediator production and
respiratory remodeling, as well as marked eosinophilia.?*-2¢
Moreover, some studies suggested increased serum IL-17 as
a marker and independent risk factor for severe asthma.?”
In our study, we obtained similar data but for Th17 cells, not
IL-17A. We did not detect significant differences in serum IL-
17 concentrations in the different groups of children. This
may be because the level of IL-17 in serum does not always
directly reflect the function and secretion of peripheral
blood Th17 lymphocytes. As already mentioned above, there
was no established correlation between the percentage of
Th17 lymphocytes and IL-17.

Surprisingly, in murine models of asthma, it has also been
found that IL-17 may be a negative regulator for the onset
of asthma. It was found that endogenous IL-17 is under
the control of IL-4.2 Although IL-17 is involved in antigen
sensitization and asthma, in sensitized mice IL-17 reduces
allergic responses by inhibiting antigen-presenting cells and
chemokine synthesis.?? One explanation for this paradox is
the participation of the suppressive and tolerogenic T reg-
ulatory cells (Treg). However, Treg cells in the conditions
of active inflammation and presence of IL-23 promote the
development of Th17 cells and the synthesis of IL-17A.%°
The produced IL-17 directly inhibits the IL-4, IL-13 and IL-5
cytokines in the lungs and regional lymph nodes, as well as
antigen-presenting cells and chemoattractants, thus, redu-
cing allergic responses.3°

Previous studies showed that over 90% of children with
BA and poor asthma control had accompanying allergic
rhinitis and correspondingly nasal eosinophilia, as well as
lower respiratory functional performance and strong posi-
tive broncho-dilatation test.?' High levels of IL-17 producing
CD3+CD4+ cells in peripheral blood of polysensitized aller-
gic rhinitis patients were demonstrated recently in Bulgarian
patients.>” Nasal eosinophilia is directly associated with
concomitant allergic rhinitis, which may worsen the control
of the underlying disease. The small number of children with
poor control without allergic rhinitis (one) in the current
study did not allow thorough statistical analysis.

According to CF, one of the proposed models for the
Th17 cells involvement in pulmonary inflammation is asso-
ciated with the stimulation by pathogens. P aeruginosa
induces synthesis of IL-6 and IL-23. Together with TGFb1,
the cytokine milieu pushes the differentiation of naive
T cells to Th17. Higher antibody titer against P. aerug-
inosa indicates chronic infection and involvement of the
immune system. Our CF patients with isolated P. aeruginosa
showed higher percentages of Th17 cells than those with no
infection (8.08 & 3.09% vs. 6.25+2.42%), although the dif-
ferences were considered non-significant. There are some
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publications regarding the inability of CF patients to clear
P. aeruginosa due to abnormalities in the airway surface lig-
uid and ciliary function which lead to persisting activation
of inflammatory pathways that promote the development of
Th17 phenotype and chronic IL-17 production.

The excessive attraction of neutrophils in the airways,
along with Th17 cells and cytokines such as IL-17A and IL-
17F were shown to be involved in the induction of mucine
production, the hyper-contractibility of the airway smooth
muscle cells and the corticosteroid resistant airway inflam-
mation in mouse models.'® In our study, we did not find any
differences regarding Th17/IL-17A and laboratory, clinical
nor instrumental findings of the CF patients. However, our
research was devoted to the investigations in the periphery,
but future aspects of our work might be more invasive - to
assess the Th17 cells and IL-17A in sputum, bronchoalveolar
lavage, etc.

Conclusion

We confirmed that the percentage of Th17 cells was signi-
ficantly increased in the peripheral blood of children with
severe BA compared to the children with moderate BA. Most
data in the literature, including our results, conclude that
in asthma, particularly severe, airway inflammation is not
only driven by Th2 but also by Th17 lymphocytes. Having in
mind the heterogeneity of the disease, targeting Th17/I1L-17
could help treat patients with the most severe symptoms.
However, this should be considered with pronounced caution
due to their essential physiological functions in the body.

Conflict of interest

The authors have no conflict of interest to declare.

Acknowledgment

This work was supported by the Medical University of Sofia
[grant number 54, 2015].

References

1. Yssel H, Groux H. Characterization of T cell subpopulations
involved in the pathogenesis of asthma and allergic diseases.
Int Arch Allergy Immunol. 2000;121:10-8, http://dx.doi.org/
10.1159/000024292.

2. Guibas GV, Mathioudakis AG, Tsoumani M, Tsabouri S. Relation-
ship of allergy with asthma: there are more than the allergy
‘*eggs’’ in the asthma ‘‘basket’’. Front Pediatrics. 2017;5:92,
http://dx.doi.org/10.3389/fped.2017.00092.

3. Lynch JP, Ferreira MA, Phipps S. Th2/Th17 reciprocal regulation:
twists and turns in the complexity of asthma phenotypes. Ann
Transl Med. 2016;4 Suppl 1:559, http://dx.doi.org/10.21037/
atm.2016.10.69.

4. Landgraf-Rauf K, Anselm B, Schaub B. The puzzle of immune
phenotypes of childhood asthma. The puzzle of immune phe-
notypes of childhood asthma. Mol Cell Pediatrics. 2016;3:27,
http://dx.doi.org/10.1186/s40348-016-0057-3.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Bhakta N, Erle D. IL-17 and ‘‘TH2-high’’ asthma: adding fuel

to the fire? J Allergy Clin Immunol. 2014;134:1187-8, http://
dx.doi.org/10.1016/j.jaci.2014.07.034.

. Wong CK, Ho CY, Ko FW, Chan CH, Ho AS, Hui DS, et al.

Proinflammatory cytokines (IL-17, IL-6, IL-18 and IL-12) and Th
cytokines (IFN-y amma, IL-4, IL-10 and IL-13) in patients with
allergic asthma. Clin Exp Immunol. 2001;125:177-83. PMCID:
PMC1906135.

. Aujla SJ, Alcorn JF. T(H)17 cells in asthma and inflammation.

Biochim Biophys Acta. 2018;1810:1066-79, http://dx.doi.org/
10.1016/j.bbagen.2011.02.002.

. Kudo M, Melton AC, Chen C, Engler MB, Huang KE, Ren X,

et al. IL-17A produced by alphabeta T cells drives airway hyper-
responsiveness in mice and enhances mouse and human airway
smooth muscle contraction. Nat Med. 2012;18:547-54, http://
dx.doi.org/10.1038/nm.2684. o

. McKinley L, Alcorn JF, Peterson A, Dupont RB, Kapadia S, Logar

A, et al. TH17 cells mediate steroid-resistant airway inflam-
mation and airway hyperresponsiveness in mice. J Immunol.
2008;181:4089-97. PMCID: PMC3638757.

Newcomb DC, Peebles RS Jr. Th17-mediated inflammation
in asthma. Curr Opin Immunol. 2013;25:755-60, http://
dx.doi.org/10.1016/j.coi.2013.08.002.

Stout JW, Visness CM, Enright P, et al. Classification of
asthma severity in children the contribution of pulmonary
function testing. Arch Pediatr Adolesc Med. 2006;160:844-50,
http://dx.doi.org/10.1001/archpedi.160.8.844.

Lazova S, Petrova G, Miteva D, Papochieva V, Perenovska P. Small
airway indices, bronchodilator response and asthma control in
children. Eur Respir J. 2014;44 Suppl. 58:3516.

Balfour-Lynn IM, Elborn JS. **CF asthma’’: what is it and what
do we do about it? Thorax. 2002;57:742-8.

Petrova G, Perenovska P, Strateva T, Mitov |. Cytology and micro-
biology investigation of sputum in chronic respiratory diseases
in childhood. Bulgarian Med J. 2008;2:27-33.

Petrova G, Perenovska P, Lesichkova S, Miteva D, Cholakova
K, Strateva T. Monitoring the titer of antibodies against Pseu-
domonas aeruginosa in patients with cystic fibrosis - clinical
application. Thoracic Med. 2017;2:44-55.

Petrova G, Perenovska P, Lesichkova S, Lazova S, Miteva
D, Cholakova K, et al. Pseudomonas aeruginosa infection
in patients with cystic fibrosis - concordance between the
immunology and microbiology test results. Nauka Pulmol.
2017;3:5-14.

Kerzel S, Dehne J, Rogosch T, Schaub B, Maier RF, Zem-
lin M. Th17 cell frequency in peripheral blood from children
with allergic asthma correlates with the level of asthma con-
trol. J Pediatr (Rio J). 2012;161:1172-4, http://dx.doi.org/
10.1016/j.jpeds.2012.07.051.

Krasimirova E, Velikova T, Ivanova-Todorova E, Tumangelova-
Yuzeir K, Kalinova D, Boyadzhieva V, et al. Treg/Th17
cell balance and phytohaemagglutinin activation of T
lymphocytes in peripheral blood of systemic sclerosis
patients. World J Exp Med. 2017;7:58-96, http://dx.doi.org/
10.5493/wjem.v7.i3.84.

Irvin C, Zafar |, Good J, Rollins D, Christianson C,
Gorska MM, et al. Increased frequency of dual-positive
TH2/TH17 cells in bronchoalveolar lavage fluid character-
izes a population of patients with severe asthma. J Allergy
Clin Immunol. 2014;134:1175-86, http://dx.doi.org/10.1016/
j.jaci.2014.05.038.

Aujla SJ, Dubin PJ, Kolls JK. Interleukin-17 in pulmonary host
defense. Exp Lung Res. 2007;33:507-18, http://dx.doi.org/
10.1080/01902140701756604.



dx.doi.org/10.1159/000024292
dx.doi.org/10.1159/000024292
dx.doi.org/10.3389/fped.2017.00092
dx.doi.org/10.21037/atm.2016.10.69
dx.doi.org/10.21037/atm.2016.10.69
dx.doi.org/10.1186/s40348-016-0057-3
dx.doi.org/10.1016/j.jaci.2014.07.034
dx.doi.org/10.1016/j.jaci.2014.07.034
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0195
dx.doi.org/10.1016/j.bbagen.2011.02.002
dx.doi.org/10.1016/j.bbagen.2011.02.002
dx.doi.org/10.1038/nm.2684
dx.doi.org/10.1038/nm.2684
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0210
dx.doi.org/10.1016/j.coi.2013.08.002
dx.doi.org/10.1016/j.coi.2013.08.002
dx.doi.org/10.1001/archpedi.160.8.844
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0225
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0230
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0235
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0240
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0245
dx.doi.org/10.1016/j.jpeds.2012.07.051
dx.doi.org/10.1016/j.jpeds.2012.07.051
dx.doi.org/10.5493/wjem.v7.i3.84
dx.doi.org/10.5493/wjem.v7.i3.84
dx.doi.org/10.1016/j.jaci.2014.05.038
dx.doi.org/10.1016/j.jaci.2014.05.038
dx.doi.org/10.1080/01902140701756604
dx.doi.org/10.1080/01902140701756604

Th17 cells and chronic obstructive lung diseases

233

21.

22.

23.

24.

25.

26.

27.

Kuiper S, Muris JW, Dompeling E, van Schayck CP, Schon-
berger HJ, Wesseling G, et al. Association between first-degree
familial predisposition of asthma and atopy (total IgE) in new-
borns. Clin Exp Allergy. 2006;36:594-601, http://dx.doi.org/
10.1111/j.1365-2222.2006.02467 .x.

Milner JD. IL-17 producing cells in host defense and atopy. Curr
Opin Immunol. 2011;23:784-8, http://dx.doi.org/10.1016/
j.c0i.2011.09.006.

Barczyk A, Pierzchala W, Sozanska E. Interleukin-17 in sputum
correlates with airway hyperresponsiveness to methacholine.
Respir Med. 2003;97:726-33. PMID: 12814161.

Bullens DM, Truyen E, Coteur L, Dilissen E, Hellings PW, Dupont
LJ, et al. IL-17 mRNA in sputum of asthmatic patients: linking
T cell driven inflammation and granulocytic influx? Respir Res.
2006;7:135, http://dx.doi.org/10.1186/1465-9921-7-135.

Doe C, Bafadhel M, Siddiqui S, Desai D, Mistry V, Rugman P,
et al. Expression of the T helper 17-associated cytokines IL-
17A and IL-17F in asthma and COPD. Chest. 2010;138:1140-7,
http://dx.doi.org/10.1378/chest.09-3058.

Oboki K, Ohno T, Saito H, Nakae S. Th17 and allergy. Allergol
Int. 2008;57:121-34, http://dx.doi.org/10.2332/allergolint.
R-07-160.

Agache [, Ciobanu C, Agache C, Anghel M. Increased serum
IL-17 is an independent risk factor for severe asthma. Respir

28.

29.

30.

31.

32.

33.

Med. 2010;104:1131-7,
2010.02.018.
Schnyder-Candrian S, Togbe D, Couillin I, Mercier |, Brombacher
F, Quesniaux V, et al. Interleukin-17 is a negative regulator
of established allergic asthma. J Exp Med. 2006;203:2715-25,
http://dx.doi.org/10.1084/jem.20061401.

Voehringer D, Reese TA, Huang X, Shinkai K, Locksley RM.
Type 2 immunity is controlled by IL-4/IL-13 expression in
hematopoietic non-eosinophil cells of the innate immune
system. J Exp Med. 2006;203:1435-46, http://dx.doi.org/
10.1084/jem.20052448.

Lange NE, Litonjua A, Hawrylowicz CM, Weiss S. Vitamin D
the immune system and asthma. Expert Rev Clin Immunol.
2009;5:693-702, http://dx.doi.org/10.1586/eci.09.53.

Lazova S, Miteva D, Perenovska P. Measuring the bronchial
reversibility in asthmatic children. EUS. 2016;12:24-8.
Tsvetkova-Vicheva VM, Gecheva SP, Komsa-Penkova R, Velkova
AS, Lukanov TH. IL-17 producing T cells correlate with pol-
ysensitization but not with bronchial hyperresponsiveness in
patients with allergic rhinitis. Clin Transl Allergy. 2014;4:3,
http://dx.doi.org/10.1186/2045-7022-4-3.

Dubin PJ, McAllister F, Kolls JK. Is cystic fibrosis a TH17 dis-
ease? Inflamm Res. 2007;56:221-7, http://dx.doi.org/10.1007/
s00011-007-6187-2.

http://dx.doi.org/10.1016/j.rmed.



dx.doi.org/10.1111/j.1365-2222.2006.02467.x
dx.doi.org/10.1111/j.1365-2222.2006.02467.x
dx.doi.org/10.1016/j.coi.2011.09.006
dx.doi.org/10.1016/j.coi.2011.09.006
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0280
dx.doi.org/10.1186/1465-9921-7-135
dx.doi.org/10.1378/chest.09-3058
dx.doi.org/10.2332/allergolint.R-07-160
dx.doi.org/10.2332/allergolint.R-07-160
dx.doi.org/10.1016/j.rmed.2010.02.018
dx.doi.org/10.1016/j.rmed.2010.02.018
dx.doi.org/10.1084/jem.20061401
dx.doi.org/10.1084/jem.20052448
dx.doi.org/10.1084/jem.20052448
dx.doi.org/10.1586/eci.09.53
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
http://refhub.elsevier.com/S0301-0546(18)30110-1/sbref0320
dx.doi.org/10.1186/2045-7022-4-3
dx.doi.org/10.1007/s00011-007-6187-2
dx.doi.org/10.1007/s00011-007-6187-2

	Th17 cells in Bulgarian children with chronic obstructive lung diseases
	Introduction
	Material and methods
	Subjects of the study
	Clinical characteristics of the study groups
	Specimen collection
	Flow cytometry analysis of Th17 lymphocytes
	Immunoenzyme assay for evaluation of IL-17A concentrations
	Statistical analysis

	Results
	Th17 lymphocytes and IL-17 in different study groups of children
	Th17 lymphocytes and clinical characteristics of children with bronchial asthma
	Th17 lymphocytes and clinical characteristics of children with cystic fibrosis

	Discussion
	Conclusion
	Conflict of interest
	Acknowledgment
	References


