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Summary. Background and Objective. Biphasic cellular immune reactions, which follow al-
lergen inhalation, are a specific feature of inflammation in allergic asthma. The aim of this study
was to determine the changes in the percentage of peripheral blood Th17 cells and neutrophil func-
tions after Dermatophagoides pteronyssinus-induced early- and late-phase asthmatic response in
patients with allergic asthma.

Material and Methods. A total of 19 patients with allergic asthma were examined. Eleven pa-
tients developed an isolated early-phase asthmatic response (EAR), whereas 8 developed both early-
and late-phase (dual) asthmatic responses (DAR) after the bronchial challenge with Dermatopha-
goides pteronyssinus. The control group included 15 healthy subjects. Peripheral blood collection
was performed 24 hours before as well as 7 and 24 hours after the bronchial challenge. The percent-
age of Th17 cells, and chemotaxis and apoptosis of neutrophils were analyzed by flow cytometry.
The serum IL-8 and IL-17 levels were determined by ELISA.

Results. After the bronchial challenge, the percentage of Th17 and IL-17 levels increased con-
siderably 7 and 24 hours after the challenge in both groups of patients. Moreover, 24 hours after
the challenge, the percentage of Th17 cells and IL-17 levels were significantly higher in the patients
with the DAR than those with the EAR or healthy controls. Seven and 24 hours after the challenge,
neutrophil chemotaxis was greater in the patients with the DAR as compared with those with the
EAR and healthy controls as well. The apoptotic activity of neutrophils was lower 24 hours after the
challenge in the patients with the DAR than those with the EAR.

Conclusions. Dermatophagoides pteronyssinus-induced early- and late-phase asthmatic re-
sponse in patients with allergic asthma was found to be accompanied by an increased percentage of
peripheral blood Th17 cells and elevated serum IL-17 levels as well as altered neutrophil functions.

Introduction

Allergic asthma is a chronic inflammatory disease
of the airways associated with the response of pre-
dominant type 2 helper T (Th2) cells to an inhaled
allergen (1). The activation of antigen-specific Th2
cells with a subsequent release of interleukin 4 (IL-4)
and interleukin 5 (IL-5) leads to immunoglobulin E
(IgE)-mediated mast cell activation and eosinophilic
inflammation in the airways (2). This mechanism is
believed to be crucial in the pathogenesis of allergic
asthma. Allergen-induced early-phase asthmatic re-
sponse (EAR) occurs within minutes after allergen
inhalation and is considered a result of [gE-mediated
mast cell activation and release of various mediators
(histamine, leukotrienes, prostaglandin D2, brady-
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kinin, and platelet-activating factor), which induce
an acute fall in lung function and symptoms of acute
asthma (3). In part of patients with allergic asthma,
EAR is followed by a secondary fall in lung function
2-7 hours after initial allergen exposure (4). This
late-phase asthmatic response (LAR) is characterized
by an influx of inflammatory cells, which are pre-
dominantly eosinophils, as well as neutrophils, baso-
phils, and T cells (5). The LAR is associated with an
increase in airway hyperresponsiveness and leads to
the airway remodeling, which develops as the disease
progresses (6). It is supposed that individuals who
develop both the EAR and the LAR (dual asthmat-
ic response, DAR) after inhaled allergen challenge
also have more marked local inflammation as well
as changes in systemic inflammation compared with
those who develop only the EAR. The differences
between the pathways leading to the isolated EAR or
DAR have not been known.
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There is an increasing interest in the role played
by the neutrophils, which are thought to contrib-
ute to the development of allergic inflammation. It
has been reported that the neutrophil count in the
airways of patients with asthma is increased and fur-
ther increases during asthma exacerbations (7, 8).
Neutrophil influx in the airways is related to the
activation of these cells. They produce leukotrienes
(LT) A,, LTB,, thromboxane (TX) A,, cytokines
(IL-1p, IL-6, IL-8, tumor necrosis factor a (TNF-a),
transforming growth factor § [TGF-f]), proteases
(elastase, matrix metalloproteinases 2 and 9 [MMP2
and MMP9], myeloperoxidase [MPO]), adhesion
molecules, reactive oxygen species (ROS), and eo-
sinophil cationic protein (ECP) (2, 9). Activated
neutrophils may prolong the inflammatory process
and lead to persistent airway inflammation, as well
as changes in airway function.

Recently it has been demonstrated that allergen
inhalation leads to an enhanced expression of IL-
17 in the airways, and this mediator constituted the
link between the activation of allergen-induced T
cells and recruitment of neutrophils (10). IL-17 can
activate neutrophil recruitment indirectly via the
induction of cytokines by resident airway structur-
al cells (epithelial cells, fibroblast, smooth muscle
cells) (11). Moreover, IL-8 that is known as the most
important chemoattractant for neutrophils is syn-
thesized by many cells, including neutrophils them-
selves and activated Th17 cells (12). Despite clear
evidence demonstrating the importance of IL-8 in
neutrophil migration, IL-17 seems to be most im-
portant not for the early phase, but for the durable
phase of neutrophil mobilization in host defense in
the lungs (13). The mechanisms underlying neu-
trophil recruitment into the airways and persistent
airway neutrophilia in patients with allergic asthma
are still under investigations (14).

In asthma, reduced cell death of different in-
flammatory cells is one of the most important
mechanisms for cell accumulation in inflamed air-
ways. Delayed neutrophil apoptosis exacerbates and
prolongs inflammation as well as prevents a spon-
taneous resolution of allergic inflammation (15).
Recently performed studies have reported a direct
effect of IL-17 on neutrophils as well as macrophag-
es via IL-17 receptors, but the mechanism how
macrophages control the neutrophil turnover has to
be elucidated yet (16, 17). According to this, IL-17
may be involved in controlling the total turnover
of neutrophils not only in the recruitment and ac-
cumulation of these cells. The exact role of neutro-
phils in asthma still remains unknown; however, a
greater amount of neutrophils in inflamed airways
or altered neutrophil functions and delayed neutro-
phil apoptosis could enhance the proinflammatory
potential of these cells.

The aim of this study was analyze the percentage
of peripheral blood Th17 cells, serum IL-17 levels,
and the activity of peripheral blood neutrophils in
patients with Dermatophagoides pteronyssinus (D.
pteronyssinus)-induced early- and late-phase asth-
matic response.

Material and Methods

Subjects. A total of 34 nonsmoking adults (16 men
and 18 women; mean age, 31+2 years) were exam-
ined: 19 patients with intermittent- or mild-to-mod-
erate persistent allergic asthma, defined according to
the Global Initiative for Asthma (GINA) criteria (18),
and 15 healthy subjects who comprised the control
group. The patients were recruited from the Depart-
ment of Pulmonology and Immunology, Hospital of
the Lithuanian University of Health Sciences, Kau-
nas. The study protocol was approved by the Re-
gional Ethics Committee for Biomedical Research,
Lithuanian University of Health Sciences, and each
participant gave his/her informed written consent.

Patients with allergic asthma had a clinical his-
tory of the disease for >1 year, current symptoms,
and positive results of skin prick test (>3 mm) with
D. pteronyssinus. All the patients were instructed to
refrain from using inhaled as well as oral steroids
at least 1 month before visits, short-acting 2 ago-
nists at least 12 hours and long-acting B2 agonists
at least 48 hours before the lung function test, and
antihistamines and antileukotrienes, 7 days before
skin prick test. None of the patients had a history of
smoking. Baseline forced expiratory volume in one
second (FEV ) was more than 70% of the predicted
value in all patients. None of the patients had any
clinically significant allergy to other allergens such
as pollen or cat and dog dander. All healthy subjects
were nonsmokers, without symptoms of asthma,
with normal findings of spirometry, and all showed
negative results of skin prick test.

Skin Prick Testing. All patients were screened for
allergy by the skin prick test using the standard-
ized allergen extracts (Stallergenes S.A., France) for
the following allergens: D. pteronyssinus, D. farinae,
cat and dog dander, mixed grass pollen, birch pol-
len, mugwort, cockroach, Alternaria, Aspergillus, and
Cladosporium. Phenolated glycerol saline was used
for a negative control, and histamine hydrochloride
(10 mg/mL) was used for a positive control. The re-
sults of skin prick testing were evaluated after 15 min-
utes. The results of skin prick test were considered
positive if the mean wheal diameter was >3 mm (19).

Study Design. On a screening visit (V0), all sub-
jects were informed about participation in the study,
informed written consent was obtained, inclusion/
exclusion criteria were verified, and also physical
examination, spirometry, responsiveness to metha-
choline, and skin prick test were performed. Twen-
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ty-four hours before bronchial challenge with D.
pteronyssinus (V1), spirometry was performed and
peripheral blood was collected; these data were used
as baseline values.

A bronchial challenge with D. pteronyssinus was
performed at 8:00 am, and spirometry was reas-
sessed every 10 minutes within the first hour and
later on every hour for subsequent 6 hours. Physical
examination and peripheral blood collection were
repeated 7 hours and 24 hours after bronchial chal-
lenge with D. pteronyssinus (V2).

Lung Function Testing. Pulmonary function was
tested using a pneumotachometric spirometer Cus-
tovitM (Custo Med, Germany). The best measure-
ments of baseline FEV , forced vital capacity (FVC),
and FEV /FVC ratio from 3 reproducible measure-
ments were recorded. The results were compared
with the predicted values matched for age, body
height, and sex according to the standard method-
ology (20).

Measurement of Airway Responsiveness to Meth-
acholine. Airway responsiveness was assessed as
changes in airway function after the challenge with
inhaled methacholine using a reservoir method
(21). Methacholine was nebulized into a 10-L res-
ervoir with a pressure nebulizer (Pari Provocation I;
Pari, Starnberg, Germany). Aerolized methacholine
was inhaled through a one-way valve at 5-minute
intervals starting with methacholine at a dose of
15 pg and doubling it until a 20% decrease in FEV|
from the baseline or the total cumulative dose of
3.87 mg was achieved. The bronchoconstricting ef-
fect of each dose of methacholine was expressed as
a percentage of decrease in FEV | from the baseline
value. The provocative dose of methacholine caus-
ing a >20% fall in FEV (PD, ) was calculated from
the log dose-response curve by linear interpolation
of 2 adjacent data points.

Bronchial Challenge With Allergen. A bronchial
challenge was performed with a D. pteronyssinus al-
lergen (Stallergenes SA, France) at different con-
centrations (0.1 IR/mL, 1.0 IR/mL, 10 IR/mL,
and 33.3 IR/mL) using a KoKo DigiDoser nebu-
lizer (Sunrise Medical, Somerset, Pa, USA) (22). A
freeze-dried lyophilized allergen was diluted with
nonphenol saline. The isolated EAR to D. pteron-
yssinus was considered when a >20% fall in FEV,
from baseline within the first hour after allergen
challenge was achieved. The DAR to D. pteronys-
sinus was defined as a >20% decrease in FEV from
baseline within the first hour of allergen inhalation
(EAR) and subsequently a >15% fall in FEV | be-
tween 2 and 7 hours after the allergen challenge
(LAR).

Evaluation of Cytokine Production in CD4* T
Cells. Peripheral blood mononuclear cells (PBMC)
were isolated from heparinized venous blood on

Ficoll-Paque gradient and resuspended in RPMI
1640 (Sigma-Aldrich, USA) containing r-glu-
tamine autologous plasma. Two million cells per mL
were activated for 5 hours at 37°C with phorbol-
12-myristate-13-acetate (PMA) (50 ng/mL; Sig-
ma-Aldrich, USA) and ionomycin (1 pg/mL; Inv-
itrogen, USA) in the presence of protein transport
inhibitor (BD GolgiStop™, BD Biosciences, USA)
to avoid cytokine secretion. After the activation, the
cells were washed 2 times with stain buffer (fetal bo-
vine serum [FBS], BD Biosciences) and fixed with
cold BD Cytofix™ fixation buffer (BD Biosciences,
USA) for 10 minutes at room temperature. After the
fixation, the cells were washed twice. Permeabiliza-
tion of the fixed cells was performed by adding BD
Perm/Wash™ buffer (BD Biosciences, USA) and
incubating the cells for 15 minutes at room tem-
perature. The cells were stained by adding 20 uL
of human Thl1l/Th2/Thl7 phenotyping cocktail
(BD Biosciences, USA) containing human CD4
PERCP-CY5.5, human IL-17A PE, human IFN-
GMA FITC, and human IL-4 APC in each tube and
incubating for 30 minutes at room temperature in
the dark. Finally, the cells were washed twice with
Perm/Wash™ buffer and suspended in stain buffer
(FBS) before flow cytometric analysis. Flow cytom-
etry was performed on a FACSCanto flow cytom-
eter (BD Biosciences, USA). Results are reported as
the percentages of CD4* T cells producing IL-17.
Antimouse Ig, x/negative control (FBS) compen-
sation particles (BD Biosciences) were used as an
isotype control.

Evaluation of Neutrophil Chemotaxis in Vitro.
Neutrophils from peripheral blood were isolated by
density gradient centrifugation. The whole blood
was layered on Ficoll-Paque PLUS (GE Healthcare,
Finland) and centrifuged at 1000g for 30 minutes at
room temperature. Neutrophil population was sep-
arated by hypotonic lysis of erythrocytes. Isolated
neutrophils were diluted in cell culture RPMI 1640
media (Biological Industries, Israel) at a final con-
centration of 2x10°/mL. The viability of neutro-
phils was checked by flow cytometry, and it always
was >95%.

Neutrophil chemotaxis in vitro was performed in
a 10-well cell transmigration chamber (Neuro Probe,
USA). The lower and upper wells of the chamber
were separated by a polyvinylpyrrolidone (PVP)-
treated polycarbonate track-etched membrane,
containing 2x10° 3-um/mm?* pores (Neuro Probe,
USA). The lower wells were prefilled with isotonic
Percoll (GE Healthcare, Finland), and chemotactic
factors at different concentrations (IL-8 at 10, 30,
or 100 ng/mL or IL-17 at 10, 30, or 100 ng/mL);
RPMI 1640 was used as a negative control. The up-
per wells were filled with 2x10%/mL neutrophil cul-
ture suspension and incubated for 2 hours (37°C,
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5% CO,). After the incubation, the suspensions of
upper and lower wells were resuspended into flow
cytometry tubes. Nonmigrated neutrophils re-
mained in the upper wells. The number of migrated
neutrophil was calculated by flow cytometry using
the reference cells (BD Biosciences, USA), accord-
ing to the manufacturer’s recommendations. The
amount of migrated neutrophils was expressed in
percentages.

Apoptosis Assay. Isolated peripheral blood neu-
trophils were resuspended in the annexin-binding
buffer (pH 7.4) containing 50 mM HEPES, 700
mM NaCl, 12.5 mM CaCl, (Invitrogen, USA) and
incubated with fluorescein isothiocyanate-labeled
(FITC)-annexin V (Invitrogen, USA) and propidi-
um iodide (PI) for 15 minutes at room temperature
in the dark. After the incubation, apoptosis was ana-
lyzed by flow cytometry using the CellQuest soft-
ware (BD Biosciences, USA). Apoptotic cells were
quantified as the percentage of the total population
that was positive for FITC, but negative for PI. Ne-
crotic cells were positive for both FITC and PI.

Detection of Cytokine in Serum. The serum IL-17
and IL-8 levels were measured by enzyme-linked im-
munosorbent assay (ELISA) according to the manu-
facturer’s instructions (BioSource S.A., Belgium, and
BD Biosciences, USA, respectively). The minimum
detectable dose was 2 pg/mL and 0.8 pg/mL, respec-
tively, and was defined as the lowest cytokine con-
centrations that could be differentiated from zero.

The peripheral blood cell analysis was performed
on an automated hematology analyzer (Sysmex
XE-5000, Japan).

Statistical Analysis. Statistical analysis was per-
formed using the Statistical Package for Social Sci-
ences, version 17.0 for Windows (SPSS 17.0). All
data are presented as mean+SEM (standard error of
the mean). The Mann-Whitney U test was used to
evaluate statistical differences between the patients’
and control groups, and the Wilcoxon test was used

for paired analyses. A P value of <0.05 was consid-
ered statistically significant.

Results

Characteristics of Studied Subjects. There were
no significant age and gender differences compar-
ing the groups (Table 1). The patients with allergic
asthma (n=19) were divided into 2 groups depend-
ing on the results of bronchial challenge with D.
pteronyssinus: patients who developed the isolated
EAR to inhaled D. pteronyssinus (n=11) and patients
who developed the DAR to inhaled D. pteronyssinus
(n=8). All patients were sensitized to D. pteronyssi-
nus detected by the skin prick test. The mean wheal
diameter induced by D. pteronyssinus was similar in
both groups of patients. The baseline FEV, (% of
predicted) was similar in both patients’ groups. The
maximum percentage fall in FEV 0-1 hour after the
bronchial challenge in the patients with the EAR and
DAR was 28%*4% and 30%+*2%, respectively. The
maximum percentage fall in FEV, 2-7 hours after
the bronchial challenge was 33%*8% in the patients
with allergic asthma who developed the DAR. No
clinically severe late reactions were recorded.

The percentage of eosinophils in peripheral
blood was significantly higher in both groups of
patients with allergic asthma 24 hours before and
24 hours after the bronchial challenge as compared
with the healthy subjects (Table 2). There were no
significant differences in the peripheral blood leu-
kocyte, lymphocyte, and neutrophil counts before
and after the bronchial challenge in all the groups
of studied subjects.

Peripheral Blood Th17 Cells. The percentage of
Th17 cells was significantly higher in the patients
with EAR and DAR compared with healthy subjects
24 hours before as well as 7 and 24 hours after the
bronchial challenge (Fig. 1). The representative flow
cytometry dot plots and gating strategy are shown in
Fig. 2A—C. The percentage of Th17 cells in the both

Table 1. Demographic and Clinical Characteristics of the Study Population

Patients With Allergic Asthma

Characteristic Healthy Subjects n=19
n=15 EAR DAR
n=11 n=_8
Age, years 31+2 (22-45) 36+4 (21-50) 29+4 (21-42)
Sex (male/female), n/N 6/9 7/4 3/5
Wheal diameter induced by D. pteronyssinus, mm 0 5.6+£0.4 (4-7) 6.6+1.0 (4-11)

FEV;, % of predicted

105+13 (79-119)

104+4 (92-118) 95+4 (82-104)

PDyo, mg — 0.43+0.10 (0.06-0.96)  0.42+0.10 (0.18-0.68)
Maximum fall in FEV | after bronchial challenge with

D. pteronyssinus during1 the first hour, % 544 (2-9) 28+4 (20-33) 30+2 (22-32)
Maximum fall in FEV | after bronchial challenge with 542 (4-7) 742 (5-9) 3348 (15-62)

D. pteronyssinus after 2—7 hours, %

Values are meanztstandard error of the mean (range) unless otherwise stated.
FEV, forced expiratory volume in the first second; PD,,, provocative dose of methacholine causing a 20% fall in FEV .
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Table 2. Changes in Number of Peripheral Blood Cells Before and After Bronchial Challenge with D. pteronyssinus
in Patients With Early-Phase, Dual Asthmatic Response, and Healthy Subjects

Characteristic 24 h Before 7 h After 24 h After
Patients with early-phase asthmatic response (n=11)
Leukocytes, x10°/L 5.9+0.4 7.1+0.4 6.0+0.3
Eosinophils, % 5.9+1.2* 4.6+0.7 6.3+0.7*
Eosinophils, x10°/L 0.33+0.05* 0.25+0.05 0.50+0.15*
Neutrophils, % 54.4+3.3 53.0+£3.2 51.1+£2.0
Neutrophils, x10°/L 3.10+0.38 4.0+0.51 3.0+0.19
Lymphocytes, % 33.0+2.3 31.5%2.1 32.3+1.7
Lymphocytes, x10°/L 2.05+0.12 2.25+0.15 2.10£0.21
Patients with dual asthmatic response (n=8)
Leukocytes, x10°/L 4.8+0.2 5.6+0.4 6.1+0.7
Eosinophils, % 5.8+1.2* 5.1+0.7 6.4+0.9*
Eosinophils, x10°/L 0.34+0.10* 0.32+0.11 0.47+0.07*
Neutrophils, % 53.4+3.2 51.0£3.8 53.1+£2.5
Neutrophils, x10°/L 3.35+0.59 4.33+0.84 3.17+0.46
Lymphocytes, % 32.0+1.9 33.5+2.7 30.3%1.1
Lymphocytes, x10°/L 1.57%+0.09 2.14+0.15 1.79+0.05
Healthy subjects (n=15)
Leukocytes, x10°/L 4.9+0.7 6.4+0.5 5.6+0.6
Eosinophils, % 3.3%1.6 2.4+0.6 2.7%1.3
Eosinophils, x10°/L 0.2+0.03 0.3+0.1 0.2+0.08
Neutrophils, % 53.1+4.5 56.2+1.0 57.2+5.3
Neutrophils, x10°/L 3.6+1.0 3.1+0.9 3.4%1.1
Lymphocytes, % 33.9+3.4 32.1%1.1 30.9+3.9
Lymphocytes, x10°/L 1.7+0.4 1.6+0.5 1.6+0.8

Values are mean+standard error of the mean.
*P<0.05, versus healthy subjects.

groups of patients significantly increased 24 hours
after the bronchial challenge as compared with the
baseline values, but no significant increase in the
percentage of Thl7 cells was documented after 7
hours. Seven and 24 h after the bronchial challenge,
the percentage of Th17 cells was significant higher
in the patients with the DAR than those with the
EAR. No significant difference in the percentage of
Th17 cells was observed in the healthy subjects after
the bronchial challenge.
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Fig. 1. The percentage of peripheral blood Th17 cells in patients
with early-phase or dual asthmatic response and healthy sub-
jects before and after bronchial challenge with D. pteronyssinus

HS, healthy subjects (n=15); EAR, patients with early-phase
asthmatic response (n=11); DAR, patients with dual asthmatic
response (n=8). *P<0.05; **P<0.001.

Serum IL-17 and IL-8 Levels. The serum IL-17
and IL-8 levels in both patients’ groups with allergic
asthma were significantly higher as compared with
the healthy subjects 24 hours before as well as 7
and 24 hours after the bronchial challenge (Figs. 3
and 4). The patients with the DAR had the con-
siderably higher serum IL-17 and IL-8 levels 7 and
24 hours after the bronchial challenge than those
with the EAR. A significant increase in the serum
IL-17 and IL-8 levels was observed 24 hours later
after the bronchial challenge as compared with the
baseline values in both groups of patients with al-
lergic asthma. No significant differences in the lev-
els of these cytokines were observed in the healthy
subjects after the bronchial challenge.

Chemotaxis of Neutrophils in Vitro. Chemotaxis
of peripheral blood neutrophils isolated from the
patients with allergic asthma and stimulated with
different IL-17 concentrations (30 and 100 pg/mL)
in vitro was significantly greater compared with
the healthy subjects 24 hours before as well as 7
and 24 hours after the bronchial challenge (Fig. 5).
Twenty-four hours after the bronchial challenge,
chemotaxis of neutrophils stimulated with IL-17 at
the concentrations of 30 and 100 pg/mL was signifi-
cant greater in the patients with the DAR than those
with the EAR. A significantly greater chemotaxis of
neutrophils stimulated with 30 and 100 pg/mL of
IL-17 was observed in the patients with the DAR

Medicina (Kaunas) 2012;48(9)



Th17 and Neutrophils in Early- and Late-Phase Asthmatic Response

447

A
10% 10*
1.7
10°
<
=
—10?
9 =
2] A~
w
10'
10°
10°
0
0 10%
FSC

FITC IFN-y

B C

10
4.1

PEIL-17A
— —
R <

,_.
=

10°
102 10° 10 10° 10'  10®  10°  10*
FITC IFN-y

Fig. 2. Representative dot plots of peripheral blood Th17 cells in one patient with allergic asthma before
and after the bronchial challenge

Lymphocytes were isolated from the peripheral blood of a patient with allergic asthma. After the stimulation in vitro with PMA
and ionomycin for 5 hours, the cells were permeabilized, stained for CD4, IFN-y and IL-17, and analyzed by FACS. Representa-
tive dot plots gated on CD4+ cells are shown (A). Numbers indicate the percentage of Th17 cells in the quadrants 24 h before
(B) and 24 h after (C) bronchial challenge.
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Fig. 3. Serum IL-17 levels in patients with the early-phase or
dual asthmatic responses and healthy subjects before and after
the bronchial challenge with Dermatophagoides pteronyssinus

EAR, patients with early-phase asthmatic response (n=11);
DAR, patients with dual asthmatic response (n==8);
HS, healthy subjects (n=15).

Data are expressed as mean+SEM. *P<0.05; **P<0.001.

7 and 24 hours later after the bronchial challenge
as compared with the baseline values. The lowest
concentration of IL-17 (10 ng/mL) did not stimu-
late the chemotaxis of neutrophils in both groups of
patients 24 hours before as well as 7 and 24 hours
after the bronchial challenge. No significant differ-
ence in the chemotaxis of peripheral blood neutro-
phils stimulated with different IL-17 concentrations
was documented in the healthy subjects after the
bronchial challenge.

Chemotaxis of neutrophils stimulated in vitro
with IL-8 (10, 30, and 100 pg/mL) was significantly
greater in the patients with allergic asthma than the
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Fig. 4. Serum IL-8 levels in patients with the early-phase or
dual asthmatic responses and healthy subjects before and after
the bronchial challenge with Dermatophagoides pteronyssinus

EAR, patients with early-phase asthmatic response (n=11);
DAR, patients with dual asthmatic response (n==8);
HS, healthy subjects (n=15).

Data are expressed as mean+SEM. *P<0.05; **P<0.001.

healthy subjects 24 hours before as well as 7 and
24 hours after the bronchial challenge (Fig. 6). Sev-
en and 24 hours after the bronchial challenge, the
chemotaxis of neutrophils stimulated with 30 and
100 pg/mL of IL-8 was significantly greater in the
patients with the DAR than those with the EAR. A
significant increase in the migration of neutrophils
stimulated with IL-8 at the concentrations of 30 and
100 pg/mL was observed 7 and 24 hours after the
bronchial challenge as compared with the baseline
values in the patients with the DAR. No significant
differences in the chemotaxis of peripheral blood
neutrophils stimulated with different IL-8 concen-
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Fig. 5. Chemotaxis of neutrophils isolated from peripheral blood of patients with early-phase or dual asthmatic response and
healthy subjects stimulated in vitro with different IL-17 concentrations

EAR, patients with early-phase asthmatic response (n=11); DAR, patients with dual asthmatic response (n=8);
HS, healthy subjects (n=15).
Data are expressed as mean+SEM. *P<0.05, versus baseline values; 7P<0.001, versus healthy subjects; #P<0.05, versus EAR.
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Fig. 6. Chemotaxis of neutrophils isolated from peripheral blood of patients with the early-phase or dual asthmatic responses
and healthy subjects stimulated in vitro with different IL-8 concentrations

EAR, patients with early-phase asthmatic response (n=11); DAR, patients with dual asthmatic response (n=8);
HS, healthy subjects (n=15).
Data are expressed as mean+SEM. *P<0.05, versus baseline values; 1P<0.001, versus healthy subjects; #P<0.05, versus EAR.

trations were recorded in the healthy subjects after
the bronchial challenge.

Apoptosis of Neutrophils. The percentage of apo-
ptotic neutrophils was significantly higher in the
healthy subjects 24 hours before as well as 7 and
24 hours after the bronchial cha]lenge compared with
the patients with the EAR or DAR (Fig. 7). The rep-
resentative dot plots from one patient with allergic
asthma illustrating the method for the identification
of apoptosis of neutrophils are shown in Fig. 8A and
B. The percentage of apoptotic cells significantly de-
creased 24 hours after the bronchial challenge com-
pared with the baseline values in the patients with
the DAR, although no changes in the percentage of
apoptotic neutrophils were documented in the EAR

group. No significant difference in the percentage of
apoptotic neutrophils was observed in the healthy
subjects after the bronchial challenge.

Discussion

Overa]l, our results demonstrated that inflam-
matory patterns in patients with allergic asthma
who developed the EAR or the DAR later after the
bronchial challenge with D. pteronyssinus were dif-
ferent. The DAR is accompanied by the increased
percentages of Th17 cells and serum IL-17 levels,
enhanced chemotaxis, and delayed apoptosis of pe-
ripheral blood neutrophils.

The results of this study also indicated that pe-
ripheral blood lymphocytes and neutrophils might
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Fig. 7. Apoptosis of neutrophils isolated from peripheral blood
of patients with the early-phase or dual asthmatic responses
and healthy subjects before and after bronchial challenge with
Dermatophagoides pteronyssinus

EAR, patients with early-phase asthmatic response (n=11);
DAR, patients with dual asthmatic response (n=8); HS,
healthy subjects (n=15).

Data are expressed as mean+SEM. *P<0.05; **P<0.001.

represent a mirror event in human lungs. Some
studies examined IL-17-expressing cells in the
lungs by employing endobronchial biopsy and in-
duced sputum. Some human studies have revealed
the infiltration of Th17 lymphocytes in the submu-
cosa of airways in patients with chronic lung inflam-
matory disorders (cystic fibrosis, chronic obstruc-
tive pulmonary disease, severe asthma) (23-25).
The studies that assessed Th17 cell immunity in the
local as well as systemic allergic inflammation are
scarce; only few studies documented the infiltra-
tion of Th17 cells in patients with mild and moder-
ate asthma (26). Nevertheless, there are some data
on humans referring the importance of circulating
Th17 cells in allergic asthma, especially in a more
severe form of the disease (27). In our study, a sig-
nificantly higher percentage of Th17 cells in pe-

ripheral blood of patients with allergic asthma were

SSC

FSC

found, and it tended to increase after the allergen
challenge in both groups of the patients with aller-
gic asthma. Indeed, a maximum increase in Thl7
cells and IL-17 levels occurred 7 and 24 hours after
the allergen challenge with D. pteronyssinus in aller-
gic asthma subjects with the DAR. The bronchial al-
lergen challenge performed in this study was found
to be a useful model of asthma exacerbation l'iigh—
lighting the changes in Th17 response, especially in
the development of DAR.

Activated Th17 cells have been regarded to be the
major source of IL-17 (12). It is known that IL-17 can
also be produced by other T—lymphocyte subsets, neu-
trophils, and macrophages. Our findings demonstrat-
ed a rapid increase in serum IL-17 levels of patients
with allergic asthma following the bronchial chal-
lenge. This explanation is consistent with the observa-
tion that in patients with allergic asthma, a higher per-
centage of Th17 cells, which are the principal source
of IL-17, were found. Serum IL-17 levels were found
to be elevated in allergic rhinitis and allergic asthma
of different severity (28). In this study, the elevated
IL-17 levels in the patients with allergic asthma, who
developed the DAR after the bronchial challenge,
were found, and the same tendency for Th17 cells
was observed. All these data suggest an important role
of Th17 response and an existing difference between
asthma patients with the EAR and the DAR.

Mouse models of allergic asthma have demon-
strated that IL-17 expression in the airways is reg-
ulated upon allergen inhalation and represents an
association between T-cell activation induced by an
allergen and neutropl’lilic influx. Treatment with
anti-IL-17 monoclonal antibodies reduced neutro-
philic influx in the airways (29, 30). Increased infil-
tration of the airways with neutrophils characterizes
lung inflammation in severe asthma and is associ-

B
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Fig. 8. Representative dot plots of neurophil population isolated from peripheral blood from one patient with allergic asthma

Side light scatter (SSC) represents the granularity and complexity of the cells, and forward light scatter (FSC) represents the
size of the cells (A). Fluorescein isothiocyanate-labeled (FITC)-annexin V versus propidium iodide (PI) dot plot showing viable,
apoptotic, and necrotic neutrophils isolated from one patient with asthma 24 hours before the allergen challenge (B).
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ated with chronic airway narrowing. Some studies
confirmed that neutrophils are the predominant cells
in the airways of patients with acute asthma exacerba-
tion and in cases of fatal asthma (7, 8). In this study,
we decided to investigate neutrophil chemotaxis in
vitro using the different concentrations of IL-17, a
potent stimulator of neutrophils, and IL-8, a classi-
cal chemoattractant. First, it is important to note that
the neutrophil count in the peripheral blood of pa-
tients with asthma did not change after the bronchial
challenge with D. pteronyssinus. Although there was
no difference in the neutrophil count, the changes
in some their functions were observed. The results
demonstrated increased chemotaxis of neutrophils in
the patients with allergic asthma before and after the
allergen challenge. The comparison of patients with
the EAR and the DAR revealed that changes in neu-
trophil chemotaxis were more expressed in the pa-
tients with the DAR 7 and 24 hours after the allergen
challenge. It should be noted that intensive chemo-
taxis of neutrophils was induced by stimulating only
with high IL-17 concentrations (30 and 100 ng/mL).
There are conflicting data on the impact of IL-17
on neutrophil chemotaxis in vivo, and this should
be considered while interpreting the results. Some
data demonstrated that IL-17 stimulated neutrophil
chemotaxis in the airways indirectly via the release
of IL-8 in bronchial structural cells (13). A recent
experimental animal study by Lemos et al. suggested
a mechanism by which the IL-23/IL-17 axis induced
neutrophil migration and hence the pathogenesis of
articular inflammation (31). It was shown in vivo that
IL-17-induced neutrophil migration to the knee joint
was dependent on leukotrienes, TNF-a, CXCLI,
and CXCL5, released by joint structural and resi-
dent cells (e.g., chondrocytes, synovial fibroblasts,
and macrophages). In the same study, the authors re-
ported that IL-17-mediated neutrophil migration in
vitro could depend not only on the abovementioned
chemokines and cytokines, but also on a direct effect
of IL-17 on neutrophils (31). Explaining our results,
we take into account the above observations that neu-
trophil migration in vivo can be influenced by a di-
rect IL-17 effect on neutrophils and mainly depends
on the concentration gradient. On the other hand,
on activation with different mediators during the al-
lergen challenge in vivo in patients with asthma, neu-
trophils can be activated and can synthesize and re-
lease a greater amount of cytokines and chemokines,
including IL-8, potentially implicated in the migra-
tion of neutrophils in vitro. We suggest that the activ-
ity of neutrophil migration, stimulating it with IL-17
in vitro, is depended on the ability of neutrophils to
produce chemokines, thus to induce their chemot-
axis. However, whether neutrophils respond directly
to IL-17 remains controversial. Future studies are
needed for the investigation of the complex interac-

tion between neutrophils and molecules involved in
the processes that lead to neutrophil migration to an
allergic inflammation area.

Apoptosis is the most common form of physio-
logic cell death and a necessary process to maintain
cell numbers in organisms. In chronic diseases, such
as allergic asthma, reduced apoptosis of neutrophils is
one of the most important mechanisms for cell accu-
mulation and prolongation of inflammation (32). Our
study revealed a reduced percentage of apoptotic pe-
ripheral blood neutrophils in the patients with allergic
asthma as compared with the healthy subjects. More-
over, the patients with allergic asthma who developed
the D. pteronyssinus-induced DAR showed more de-
creased neutrophil apoptosis 24 hours after the chal-
lenge compared with those who developed the EAR.
Various mechanisms have been implicated in delay-
ing neutrophil apoptosis in the blood. An enhanced
production of granulocyte-macrophage colony-stim-
ulating factor is thought to mediate the suppression of
neutrophil apoptosis. The data show that IL-8, known
as the main chemoattractant, not only promotes the
inflammatory response by recruiting neutrophils,
but also acts to suppress apoptosis mainly through
the IL-8RA (33). The impact of IL-17 on neutrophil
apoptosis has not been elucidated yet. There are data
suggesting that IL-17 can control the accumulation of
neutrophils at the site of inflammation not only by the
impact on their migration, but also by attenuating the
delay in neutrophil apoptosis induced by inflamma-
tory cytokines (16). Other researchers reported that
IL-17 capability to stimulate neutrophil apoptosis is
accompanied by other very important factor leading
to a reduced neutrophil count at the site of inflamma-
tion, i.e., IL-17 impact on macrophages. They con-
firmed that IL-17 could stimulate macrophage phago-
cytosis of apoptotic neutrophils, thus controlling the
total turnover of neutrophils. However, it remains to
be examined whether this effect of IL-17 is also valid
in humans in vivo (17).

Our study showed an increased IL-17 level and
reduced neutrophil apoptosis in patients with asth-
ma and after the bronchial asthma. Of note, all these
changes were more pronounced in the patients who
developed the DAR. This can be explained by the
fact that in humans, IL-17 is found in very small
quantities, and it could not directly affect neutrophil
apoptosis. Moreover, many factors have an impact
on neutrophil functions, and to prove this, more
studies are needed.

Thus, IL-17 can be considered as a one of the
most important factors having an impact on neu-
trophils and their functions: migration to and ac-
cumulation at the site of inflammation, apoptosis,
and phagocytosis, i.e., neutrophil turnover, in the
development of response to the antigen and control
of inflammatory process.
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Conclusions
The inhalation of Dermatophagoides pteronys-

sinus allergen in the patients with allergic asthma
resulted in an enhanced Th17 cell response and had
an impact on neutrophil functions: activated chem-
otaxis and delayed apoptosis. Furthermore, these
changes were more pronounced in patients with
early- and late-phase allergen-induced asthmatic
response 24 hours after the bronchial challenge.
Our findings support the hypothesis that Th17 cells

10.

11.

12.

13.

14.

15.

16.

17.

18.

References

Devendra K, Shao AZ. Pathogenesis of allergic airway in-
flammation. Cur Allergy Asthma Rep 2010;10:39-48.
Bloemen K, Verstraelen S, Van Den Heuvel R, Witters H,
Nelissen I, Schoeters G. The allergic cascade: review of the
most important molecules in the asthmatic lung. Immunol
Lett 2007;113:6-18.

Minai-Fleminger Y, Levi-Schaffer F. Mast cells and eosino-
phils: the two key effector cells in allergic inflammation.
Inflamm Res 2009;58:631-8.

Gauvreau GM, Evans MY. Allergen inhalation challenge: a
human model of asthma exacerbation. Contrib Microbiol
2007;14:21-32.

Galli SJ, Tsai M, Piliponsky AM. The development of al-
lergic inflammation. Nature 2008;454:445-54.
Kariyawasam HH, Aizen M, Barkans J, Robinson DS, Kay
AB. Remodeling and airway hyperresponsiveness but not
cellular inflammation persist after allergen challenge in
asthma. Am | Respir Crit Care Med 2007;175:896-904.
Shaw DE, Berry MA, Hargadon B, McKenna S, Shelley
M], Green RH, et al. Association between neutrophilic
airway inflammation and airflow limitation in adults with
asthma. Chest 2007;132:1871-5.

James AL, Elliot JG, Abramson M]J, Walters EH. Time to
death, airway wall inflammation and remodelling in fatal
asthma. Eur Respir | 2005;26:429-34.

Monteseirin |, Vega A, Chacon P, Camacho MJ, Bekay E,
Asturias JA, et al. Neutrophils as a novel source of eosino-
phil cationic protein in IgE-mediated process. ] Immunol
2007;179:2634-41.

Wilson RH, Whitehead GS, Nakano H, Free ME, Kolls JK,
Cook DN. Allergic sensitization through the airway primes
Th17-dependent neutrophilia and airway hyperresponsive-
ness. Am J Respir Crit Care Med 2009;180:720-30.
Roussel L, Houle F, Chan C, Yao Y, Berube |, Olivenstein
R, et al. IL-17 promotes p38 MAPK-dependent endothelial
activation enhancing neutrophil recruitment to sites of in-
flammation. ] Immunol 2010;184:4531-7.

Pelletier M, Maggi L, Micheletti A, Lazzeri E, Tamassia N,
Costantini C, et al. Evidence for a cross-talk between hu-
man neutrophils and Th17 cells. Blood 2010;115:335-43.
Linden A, Laan M, Anderson GP. Neutrophils, interleukin-
17A and lung disease. Eur Respir ] 2005;25:159-72.
Bullens DMA, Truyen E, Coteur L, Dilissen E, Hellings
PW, Dupont L], et al. IL-17 mRNA in sputum of asthmatic
patients: linking T cell driven inflammation and granulo-
cytic influx? Respir Res 2006;7:135.

Fox S, Leitch AE, Duffin R, Haslet Ch, Rossi AG. Neu-
trophil apoptosis: relevance to the innate immune response
and inflammatory disease. ] Innate Immun 2010;2:216-27.
Dragon S, Saffar AS, Shan L, Gounni AS. IL-17 attenuates
the anti-apoptotic effects of GM-CSF in human neutro-
phils. Mol Immunol 2008;45:160-8.

Silverpil E, Glader P, Hansson M, Linden A. Impact of in-
terleukin-17 on macrophage phagocytosis of apoptotic neu-
trophils and particles. Inflammation 2011;34:1-9.

Global Initiative for Asthma. Global strategy for asthma
management and prevention. NHLBI/WHO workshop.

Received 19 December 2011, accepted 17 July 2012

and neutrophils are involved in the development of
late-phase allergen-induced inflammation in aller-
gic asthma.

Acknowledgments

This research was funded by the grant from the

Research Council of Lithuania (No. LIG-18/2010).

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Statement of Conflict of Interest
The authors state no conflict of interest.

Bethesda: National Institutes of Health; 2010. Available
from: URL: http://www.ginasthma.com

Dreborg S, Backman A, Basoma A. Skin tests used in type I
allergy testing. Position paper. Allergy 1989;44:1-59.
Miller MR, Hankinson |, Brusasco V, Burgos F, Casaburi
R, Coates A. Standardisation of spirometry. Eur Respir |
2005;26:319-38.

Baur X, Huber H, Degens PO, Allmers H, Ammon J. Rela-
tion between occupational asthma case history, bronchial
methacholine challenge, and specific challenge test in pa-
tients with suspected occupational asthma. Am | Ind Med
1998;33:144-22.

Liu L, Jarjour NN, Busse WW, Kelly EAB. Enhanced gen-
eration of helper T type 1 and 2 chemokines in allergen-
induced asthma. Am ] Respir Crit Care Med 2004;169:
1118-24.

Tan HL, Regamey N, Brown S, Bush A, Lloyd CM, Davies
JC. The Th17 pathway in cystic fibrosis lung disease. Am |
Respir Crit Care Med 2011;184:252-8.

Eustace A, Smyth LJC, Mitchell L, Williamson K, Plumb J,
Singh D. Identification of cells expressing IL-17A and IL-
17F in the lungs of patients with COPD. Chest 2011;139:
1089-100.

Péne ], Chevalier S, Preisser L, Vénéreau E, Guilleux MH,
Ghannam S, et al. Chronically inflamed human tissues are
infiltrated by highly differentiated Th17 lymphocytes. ] Im-
munol 2008;180:7423-30.

Doe K, Bafadheld M, Siddiqui S, Desai D, Mistry V, Rug-
man P, et al. Expression of the T helper 17-associated cy-
tokines IL-17A and IL-17F in asthma and COPD. Chest
2010;138:1140-7.

Zhao Y, Yang J, Gao Y, Guo W. Th1l7 immunity in pa-
tients with allergic asthma. Int Arch Allergy Immunol
2010;151:297-307.

Agache I, Ciobanu C, Agache C, Anghel M. Increased se-
rum IL-17 is an independent risk factor for severe asthma.
Resp Med 2010;104:1131-7.

Durrant DM, Gaffen SL, Riesenfeld EP, Irvin CG, Metzger
DW. Development of allergen-induced airway inflamma-
tion in the absence of T-bet regulation is dependent on IL-
17. J Immunol 2009;183:5293-300.

Wakashin H, Hirose K, Maezawa Y, Kagami S, Suto A, Wa-
tanabe N, et al. IL-23 and Thl17 cells enhance Th2-cell-
mediated eosinophilic airway inflammation in mice. Am |
Respir Crit Care Med 2008;178:1023-32.

Lemos HP, Grespan R, Vieiraa SM, Cunhaa TM, Verri WA,
Fernandesa KSS, et al. Prostaglandin mediates IL-23/IL-
17-induced neutrophil migration in inflammation by inhib-
iting IL-12 and IFN-y production. Proc Natl Acad Sci U S
A 2009;106:5954-9.

Bianchi SM, Dockrell DH, Rensahaw SA, Sabroe I, Whyte
MKB. Granulocyte apoptosis in the pathogenesis and reso-
lution of lung disease. Clin Sci 2006;110:293-304.
Leuenroth S, Lee C, Grutkoski P, Keeping H, Simms HH.
Interleukin-8-induced suppression of polymorphonuclear
leukocyte apoptosis is mediated by suppressing CD95 (Fas/
Apo-1) Fas-1 interactions. Surgery 1998;124:409-17.

Medicina (Kaunas) 2012;48(9)



