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Background: The mechanism of bronchial hyperresponsiveness (BHR) is not certain in seasonal allergic
rhinitis (SAR) patients.

Objective: We aimed to investigate the effects of natural pollen exposure on IL-18 and its relationship
with BHR.

Methods: Thirty-two SAR patients with grass pollen sensitivity, 14 nonallergic rhinitis (NAR) patients and
17 normal-controls were included. Sixteen SAR patients had BHR during pollen season and off-season.
Serum IL-18 levels were measured in SAR patients during pollen season between May-August and off-
Allergic rhinitis season between November-February. IL-18 levels were measured in NAR patients and normal controls
Bronchial hyperresponsiveness once.

IL-18 Results: During pollen season, SAR patients with BHR had significantly increased levels of IL-18 than
those without BHR (279.2 + 161.1 versus 145.3 + 101.0 pg/ml, p = 0.012). Serum IL-18 levels were not dif-
ferent between SAR patients with and without BHR during off-season (233.8+139.7 versus
183.2+1629 pg/ml, p=0.16). Serum IL-18 levels in SAR patients during pollen season
(212.3 £ 148.8 pg/ml) and off-season (208.5 + 151.5 pg/ml) were not different than those NAR patients
(224.8 £180.1 pg/ml, p=0.98 and p=1.0, respectively) and normal controls (174.8 +76.0 pg/ml,
p=0.60 and p = 0.76, respectively).

Conclusion: The results suggested us that BHR in SAR patients is associated with increased IL-18 during
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natural pollen exposure.
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1. Introduction

Although bronchial hyperresponsiveness (BHR) is a characteris-
tic feature of asthma, patients with allergic rhinitis (AR) have also
BHR even if they have no asthma symptoms. Asthma is the most
common comorbid disease with AR [1]. Presence of BHR in AR is
considered as a risk factor for asthma development [2,3]. Patients
with seasonal allergic rhinitis (SAR) have increased BHR during
pollen season that strengthens the thought that natural pollen
exposure causes BHR. We previously showed that changes in the
number of eosinophils and eosinophil apoptosis in induced sputum
samples were associated with natural pollen exposure and might
have a role in the seasonal changes of BHR in patients with SAR
[4]. Although the seasonal increase of BHR during pollen season
is well known in SAR patients, mechanism of BHR in these patients
is not explained exactly. BHR is also observed in SAR patients dur-
ing off-season when the patients are not exposed to allergens. The
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mechanism of BHR in off-season is also not known exactly. We pre-
viously stated that IL-10 have a role in the continuation of BHR out
of pollen season in SAR patients [5].

During the process of airway sensitivity, lymphocytes accumu-
late and send stimulus to eosinophils [6]. Cytokines play a crucial
role in modulating these allergic and asthmatic inflammatory reac-
tions. During the course of airway hyperresponsiveness a variety of
Th2-type cytokines have been shown to play role [7]. Interleukin
(IL)-18, previously named as IFN-y inducing factor, has been
shown to exert autoimmune regulatory activity on both Th1 and
Th2 cytokines suggesting a complex role on Th1 and Th2 inflam-
matory responses [8,9]. IL-18 has effects on IFN-y, proinflamma-
tory cytokines, and other cytokines probably depending on the
environment [10]. By these effects, IL-18 exerts a Th1-type re-
sponse requiring co-stimulation with IL-12, IL-15 or IL-2, and a
Th2 type response without IL-12 and IL-23 [11]. Murine models
have indicated that IL-18 can increase allergic sensitization, serum
IgE and Th2 type inflammation in the airways [8,12]. Moreover,
when administered with allergen via nasal route, IL-18 activates
Th1 cells to produce Th2-related cytokines and induces airway
hyperresponsiveness with increase of eosinophils in their broncho-
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alveolar lavage fluid in mice [13]. We proposed that SAR patients
with BHR might show different IL-18 profile during pollen season
when they are exposed to allergen. In this study, we aimed to
investigate the effect of natural pollen exposure on serum IL-18
and whether there was a relationship between IL-18 and BHR dur-
ing pollen season and off-season in patients with SAR.

2. Methods
2.1. Patients

Three groups of subjects were selected: Thirty-two SAR pa-
tients, 14 nonallergic rhinitis (NAR) patients, and 17 normal-nonal-
lergic controls. Only SAR patients with pollen allergy have been
included in the study. The inclusion criteria for SAR patients were
the following: having historical data defined by nasal itching, rhi-
norrhea, sneezing, and nasal obstruction for at least 2 years; posi-
tive physical examination finding with positive skin prick tests
(SPTs) to grass pollen only; and no sensitization to perennial
allergens.

NAR patients had perennial symptoms such as nasal itching,
rhinorrhea, sneezing, and nasal obstruction for at least 2 years,
but none of them had any allergic sensitivity determined by either
historical data or SPTs.

Seventeen nonallergic—-nonasthmatic subjects were taken as
normal-controls. Patients were restricted to those living in Es-
kisehir to exclude possible effect of varying severity of pollen con-
centration on inflammatory parameters. All patients and controls
did denied any history of chronic systemic disease. None of the
SAR patients had previously been treated with immunotherapy.
None of the subjects were smoker.

At the beginning of the study, the patients were asked for asth-
matic symptoms and patients thought to be asthmatic by the med-
ical story were excluded. None of the subjects did report any upper
or lower respiratory tract infection and use of nasal or oral steroids
during the previous 6 weeks or within the study period. During the
study, none of the patients used nasal or oral corticosteroids that
might affect BHR. Intranasal azelastin spray was allowed when
necessary to suppress nasal symptoms during pollen season. The
study was approved by the local ethics committee and informed
consent was obtained from the subjects.

2.2. Evaluation of atopy

SPTs were performed by using a common panel including Der-
matophagoides pteronyssinus, Dermatophagoides farinae, grass, tree
and weed pollens, animal dander (cat, dog), animal feathers, and
mold (including Alternaria, Cladosporium, Aspergillus, Penicillium)
allergen extracts (ALK, Spain). Positive and negative controls were
histamine (10 mg/ml) and phenolated glycerol saline, respectively.
A mean wheal diameter of 3 mm or greater than that of obtained
with control solution was considered as positive.

2.3. Bronchial provocation test (BPT)

Methacholine bronchial challenges were performed by a modi-
fication of the method described by Chai et al. [14]. A dosimeter
(Zan 200; Zan, Oberthulpa, Germany), triggered by a valve set to
remain open for 0.6 s, was used to deliver the aerosol. After inha-
lation of physiologic saline, subjects inhaled doubling concentra-
tion of methacholine from 0.06 mg/ml to 8 mg/ml diluted in
buffered saline. Forced expiratory volume in one second (FEV;)
was measured with a spirometer (Alpha III; Vitalograph, Bucking-
ham, England), and the largest value of triplicate FEV; after 60-90 s
of each inhalation was adopted for analysis. The challenge was

stopped when the FEV,; dropped by >20% from the post-physiologic
saline or when the highest concentration of methacholine had
been administered. The result was expressed as methacholine
PC, (provocative concentration requires to produce a 20% fall in
FEV). The PC,o was obtained from the log concentration-percent
fall in FEV; curve by linear interpolation of the last two points. Sub-
jects were considered to have BHR if they showed a decline in FEV;
of >20% at a concentration of methacholine of <8 mg/mL. At the
end of the challenge, patients received 200 pg of salbutamol from
a metered-dose inhaler to relieve airway obstruction.

2.4. Serum IL-18 detection

Blood samples were obtained from all patients and controls
after an overnight fast by venipuncture. Samples were routinely
centrifuged at 2500 g for 15 min in order to separate serum and
stored at —80 °C until analysis. IL-18 levels in these serum samples
were measured using a commercially available ELISA (Bendermed
Systems, Vienna, Austria). The samples were processed according
to the manufacturer’s instructions. The lower limit of detection
of this IL-18 assay was 9.2 pg/ml. The intra- and interassay coeffi-
cients of variation of this assay were 6.5% and 8.1%, respectively.

2.5. Study design

SAR patients: Peripheral blood samples to determine eosinophil
and IgE levels and to detect serum IL-18 level have been obtained
during the off-season between November and February and the
pollen season between May and August. These seasonal intervals
were selected according to the data regarding peak and off-grass
pollen season in our city [15]. BPT with methacholine was also
measured in both seasons. Only those SAR patients who had BHR
and those who did not have BHR during both seasons were in-
cluded in the study. Sixteen SAR patients had BHR and 16 did
not have BHR during both seasons.

NAR patients and normal-controls: BPT and serum samples have
been obtained once at any time regardless of the season.

Nasal symptoms, rhinorrhea, nasal blockage, and sneezing were
recorded by rhinitis patients over a period of 4 weeks. SAR patients
recorded symptom scores during the pollen season. The scores
graded from O to 3 according to the severity considering the whole
day (0=no symptoms, 1=mild symptoms, 2 = moderate symp-
toms, and 3 = severe symptoms). Mean nasal symptom scores were
calculated as the sum of scores divided by the number of days re-
corded for each patient. SAR patients were allowed to take topical
nasal azelastine and ophthalmic olopatadine as required during
pollen season. Drugs were stopped 24 h before the study during
pollen season.

2.6. Statistical analysis

The results were presented as mean + standard deviation (SD).
Multiple comparisons between groups were made using Kruskal-
Wallis analysis. Two-sided comparisons were made using the
Mann-Whitney U test, chi-square ()?) tests, and parametric and
nonparametric types of t-test for unpaired data when appropriate.
The pollen season and off-pollen season values of SAR patients
were compared using Wilcoxon’s paired t-test. P value less than
0.05 was considered as statistically significant. SPSS for Windows
(version 13.0; SPSS Inc. Chicago, IL) was used for the calculations.

3. Results

Mean ages were not different between groups (p = 0.11) (Table 1).
Duration of disease and nasal symptom scores were not different
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Table 1
Characteristics of the subjects in each study group.

Seasonal allergic rhinitis

Nonallergic rhinitis Normal controls

N 32

Gender (female/male) 22/10

Age (year) 31.0+93
Duration of disease (year) 5.7+3.6
Nasal symptom score, mean 1.39+049

14 17

8/6 10/7
349+103 3724105
51+33 -

1.21 +0.47 -

between those SAR and NAR patients (p = 0.67 and p = 0.16 respec-
tively) (Table 1).

Blood eosinophil numbers and serum total IgE levels were high-
er in SAR patients during pollen season when compared with off-
season (p<0.001 and p=0.017 respectively) (Table 2). Blood
eosinophil numbers were not different in NAR patients than SAR
patients during both seasons (p =0.23 and p = 0.42, respectively)
(Table 2). NAR patients had lower total serum IgE levels when com-
pared with SAR patients during pollen season (p = 0.001) and off-
season (p = 0.01) (Table 2). Serum IL-18 levels were not different
between groups (p = 0.98) (Table 2).

Mean age of the patients (p =0.34) and mean duration of the
disease (p = 0.96) were not different between those patients with
BHR and without BHR (Table 3). There was no statistical difference
in respect to nasal symptom scores between BHR positive and neg-
ative SAR patients (p = 0.61) during pollen season (Table 3). Blood
eosinophil numbers (p = 0.38 and p = 0.42, respectively) and serum
total IgE levels (p = 0.32 and p = 0.17, respectively) were not differ-
ent between those patients with and without BHR during both sea-
sons (Table 3). During pollen season, SAR patients with BHR had
significantly increased levels of IL-18 than those patients without
BHR (p = 0.012). Power analysis of this outcome showed 78% power
when o = 0.05. Serum IL-18 levels were not different between SAR
patients with and without BHR during off-season (p = 0.16).

When we considered SAR patients during pollen season, serum
IL-18 levels were not correlated with severity of rhinitis obtained
by nasal symptom scores (r = 0.19, p = 0.31), blood eosinophil num-
bers (r=0.22, p=0.22), and total IgE levels (r=—0.09, p = 0.64). In
addition, there was positive correlation between nasal symptom
scores and the number of blood eosinophils (r=0.45, p=0.011).
There was no correlation between serum IL-18 levels and nasal
symptom score (r=0.34, p=0.24), blood eosinophil numbers
(r=0.48, p=0.08), and total IgE levels (r=0.38, p=0.18) in NAR
patients.

4. Discussion

Even though BHR is a characteristic feature of asthma, it can be
seen in SAR patients without asthma symptoms as in the present
study [4,5]. The relationship between BHR and airway inflamma-
tion in the asthmatic patients is well known. But, the pathogenesis
of BHR in AR patients is not clear. The proposed mechanisms for
BHR in AR patients are the contraction of bronchial smooth muscle
by mediators releasing from inflammatory cells reaching to the
bronchi directly or by blood circulation and eosinophilic inflamma-
tion of the airways [4,16,17]. In the present study, BHR in SAR pa-

Table 2

tients was not associated with blood eosinophil numbers, total IgE
levels, and rhinitis severity during pollen season. Showing BHR also
continues during off-season confirmed that BHR occurs as a result
of systemic effects of allergic inflammation rather than rhinitis or
its severity. This opinion was also supported by the result that
there was no relation between BHR and the severity of rhinitis
which was determined by nasal symptom scores during pollen sea-
son. However, SAR patients with BHR had increased levels of IL-18
during pollen season indicating that allergen exposure causes BHR
through IL-18 related mechanisms.

IL-18 have pleiotrophic role in Th1 and Th2 responses depend-
ing on cytokine milieu. IL-18 is produced by monocytes/macro-
phages, and IL-18 receptor is expressed on variety of cells
including Th1 cells, naive T cells, B cells, dendritic cells, macro-
phages, neutrophils, NK cells, endothelial, and smooth muscle cells
[11]. IL-18 appears to have a variety of immunological effects on
both Th1 and Th2 cytokines, suggesting a complex role on Th1
and Th2 inflammatory responses [8,9]. IL-18 has effects on IFN-v,
proinflammatory cytokines, and other cytokines probably depend-
ing on the environment [10]. By these effects, IL-18 exerts a Th1-
type response requiring co-stimulation with IL-12, IL-15 or IL-2,
and a Th2 type response without IL-12 and IL-23 [11]. Besides,
IL-18 is able to generate Th2 responses under certain conditions
and promote allergic inflammation through the stimulation of IL-
4, IL-13, and histamine release [18]. Several studies have demon-
strated that IL-18 activity is increased in Th2 type diseases such
as asthma, allergic rhinitis, and atopic dermatitis [19-21].

IL-18 may show Th2-type inflammatory response in the airways
when given together with allergen. When administered with rag-
weed allergen, IL-18 has been shown to increase intrapulmonary
eosinophilia and airway mucus and induces IgE response in a
mouse model [9]. Verhaeghe et al. [22] demonstrated that IL-18
expression in nasal secretion was increased after natural allergen
exposure in SAR patients suggesting enhanced expression of IL-
18 modulated by allergen exposure. Our study also confirmed that
IL-18 may contribute to BHR in SAR patients with natural allergen
exposure during pollen season. This is also supported with our data
that IL-18 was not associated with BHR during off-season when the
patients are not exposed pollen allergen. The mechanism of BHR in
these patients during off-season when there is no allergen expo-
sure is not certain yet. We previously suggested that continuation
of BHR in SAR patients during off-season in which there is no aller-
gen exposure is probably related to IL-10 dependant regulatory
mechanisms on airway inflammation [5].

Several cytokines mediate allergic inflammation and bronchial
hyperresponsiveness [23]. Previous studies have shown that

Blood eosinophils, total IgE levels, bronchial hyperresponsiveness, and serum IL-18 levels in each group.

Seasonal allergic rhinitis (N =32)

Nonallergic rhinitis (N = 14) Normal controls (N =17)

Off-season
Blood eosinophils (mm~3) 193.8 +123.7
Total IgE (IU/ml) 177.3 250.7

BHR, yes/no 16/16
Serum IL-18 (pg/ml) 208.5+151.5

265+2125 -

66.2 £76.3 -

2/12 0/17

224.8 +180.1 174.8£76.0
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Table 3
Blood eosinophils, serum total IgE, and IL-18 levels in seasonal allergic rhinitis (SAR) patients with and without bronchial hyperresponsiveness during off-season and pollen
season.
Off-season Pollen season
Bronchial hyperresposiveness Bronchial hyperresposiveness
Yes No Yes No
(n=16) (n=16) (n=16) (n=16)
Age (year) 326+84 294 +£10.1
Duration of the disease (year) 57+3.6 5.6+3.6
Nasal symptom score 143 +048 1.34+£0.53 - -
Blood eosinophils (mm~—3) 2244 £151 163.1+82.6 379.4+253.9 293.8 £198.2
Total IgE (IU/ml) 107.7 +82.9 240.9 +339 126.7 +89.7 277.4+374.1
Serum IL-18 (pg/ml) 233.8 £139.7 183.2+162.9 279.2+161.1° 1453+ 101

" p=0.012 (SAR patients with BHR had higher serum IL-18 level than those without BHR during pollen season).

IL-18 might regulate inflammation in the airways by modulating
cytokine responses. Kodama et al. [24] have shown that adminis-
tration of IL-18 causes increased levels of IL-5 in the bronchoalve-
olar lavage fluid in OVA-sensitized mice. IL-4 and IL-13 have
important role in allergic inflammation. Yamagata et al. [13] found
diminished levels of OVA-specific IgE in IL-18 deficient mice to-
gether with low levels of IL-4 and IL-13 in bronchoalveolar lavage
than those in wild-type mice, suggesting that IL-18 might affect
airway inflammation through the release of these cytokines. An-
other study has shown that IL-18 increases airway inflammation
in sensitized mice by increasing antigen-induced TNF-o produc-
tion [12].

It can be thought that IL-18 may be elevated as a cause of active
disease state in pollen season. However, IL-18 level did not change
significantly after pollen season when there is no rhinitis symtoms
in SAR patients. In addition, rhinitis severity was not correlated
with serum IL-18 levels in SAR patients and NAR patients. We in-
cluded those SAR patients in whom BHR did not change during
both seasons to minimize the effects of airway inflammation on
the release of IL-18 that may be involved not only as a pathoge-
netic mechanism but also as a result of underlying condition.
One limitation of the study is the power of the study, which was
78% for those SAR patients with BHR had higher IL-18 levels than
those without BHR during pollen season. This result suggested us
that the 78% of studies would be expected to yield a significant ef-
fect, reflecting the null hypothesis that the two population (the pa-
tients with and without BHR) means are equal. This result is a little
bit lower than the expected (80%).

The pathogenesis of allergic airway hyperresponsiveness is
complex, involving variety of cytokines and chemokines interact-
ing various cell types. The present study showed that IL-18 has a
role on BHR during pollen season when SAR patients are exposed
to allergen naturally. Although the patients had BHR during off-
season, IL-18 does not seem to be related with BHR when they
are not exposed to allergen. The results suggested that BHR in
SAR patients during pollen season and off-season has different
mechanisms probably as a result of allergen exposure.
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