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Abstract

Objectives: The authors discuss the outcomes of a study on IL-18 concentration in nasal washings after the inhalatory
challenge test with flour allergens (ICHT-F) in bakers with flour-induced occupational airway allergy (OAA) Methods: We
measured IL-18 concentration using ELISA kit and assessed morphological changes in nasal lavage fluid (NLF) before,
and 4 h and 24 h after ICHT-F in three groups of subjects: Group A — 9 patients with diagnosed OAA (occupational
asthma and rhinitis), Group B — 10 patients with atopic asthma and rhinitis, and Group C — 9 healthy volunteers. Results:
In Group A, significant differences in the basophil proportion in NLF were noted only 24 h after ICHT-F. Both the basophil
proportion and total eosinophil count were higher in Group A than in Group C at this time-point. Group A also showed
a statistically significant increase in IL-18 levels 4 h after the challenge. A significant relationship was noted between the
proportion of basophils 4 h after ICHT-F and IL-18 level at 24 h after the test. Conclusions: This is the first study demon-
strating an increased expression of IL-18 in nasal washings of subjects diagnosed with OAA to flour allergens. The observed
higher concentrations of IL-18 in nasal washings after ICHT as well as the increase in the proportion of basophils provide
evidence for the important role of IL-18 in persistent allergic inflammation.
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INTRODUCTION

Interleukin (IL)-18 has been identified as a cytokine
stimulating the production of both Th1 and Th2 cytokines
[1,2]. IL-18 markedly induces generation of IFN-y from
Th1 cells in the presence of anti-D3 and IL-12 [2,3]. Act-
ing together with IL-12, interleukin-18 inhibits in vitro
the production of IgE by inducing IFN-y from activated
B cells [4]. Recent reports indicate that this cytokine may
also enhance antigen-induced eosinophil recruitment into

airways in mice, which implies that it may contribute to
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the development of airway inflammation in asthma [5]. Al-
lergic inflammation involves a great number of cells play-
ing major roles, these including eosinophils, mast cells,
T-lymphocytes, neutrophils, macrophages, epithelial cells,
and endothelial cells [6]. All of these cell types have been
associated with asthma and allergic rhinitis [6]. Verhaeghe
et al. [7] noted an increased expression of IL-18 in nasal
secretions of patients with allergic rhinitis during the pol-

len season compared to baseline values, which addition-
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ally supports its important role in regulating eosinophil
activation.

Our earlier study [8] indicates that eosinophils and baso-
phils are the predominant cells in the nasal lavage fluid
(NLF) of patients with occupational airway allergy (OAA)
due to flour allergens. These allergens are a common
cause of occupational asthma (OA) [8-10].

To this date, the function of IL-18 in the pathogenesis
of OAA has not been elucidated. Therefore, to better
understand the role of this cytokine in the development
of OAA, we analyzed IL-18 levels and morphological
changes in NLF of subjects with flour-induced OAA,
before and after the inhalatory challenge test with flour
(ICHT-F).

MATERIALS AND METHODS

Subjects

Three groups of non-smoking subjects were enrolled in
the study. The selection criteria are presented in Table 1.
Group A comprised 9 bakers (mean age 40.9%9.2 years)
with respiratory symptoms — rhinitis and bronchial asth-
ma related to occupational exposure, who were sensitized
to occupational allergens (positive skin prick test (SPT)
and/or serum IgE). Six bakers showed atopy expressed as
a positive result of SPT with common aeroallergens.
Group B consisted of 10 atopic patients (mean age
37.9+6.4 years) with perennial respiratory symptoms
(rhinitis and bronchial asthma), not occupationally ex-
posed to flour, who showed positive results of SPT with
common aeroallergens.

Table 1. Selection criteria for the study groups

Group Cwere 9 healthy individuals (mean age 45+7.8 years).
The controls (Groups B and C) were not sensitized to
flour allergens.

The local Biomedical Ethics Committee approved the
study protocol, and all the participants submitted their in-
formed consent prior to the study.

Skin prick tests

Skin prick tests (SPTs) were performed on the volar part
of the forearm, with a standard battery of common and
occupational allergens, including tree and grass pollens,
Dermatophagoides  pteronyssinus, D. farinae, moulds,
feathers, and occupational allergens (threshing, oatmeal,
wheat, corn, barley, rye flour and a-amylase (Allergop-
harma, Reinbek, Germany). Negative control was a com-
mercially available allergen diluent (containing 9 mg
NaCl, 4 mg phenol and 63 mg glycerol/ml), while 1 mg/ml
solution of histamine dihydrochloride was used as a posi-
tive control. SPTs were performed according to a stand-
ardized technique [11]. Wheal diameter was assessed
after 15 min. Positive reaction was defined as a wheal
diameter of at least 3 mm in the absence of reaction to
the diluent and in the presence of a positive reaction to
histamine.

Total and specific IgE

Total serum immunoglobulin (IgE) was evaluated using
UniCAP system (Pharmacia Diagnostics, Uppsala, Swe-
den). The presence of specific serum IgE (sIgE) against
occupational allergens: wheat flour, soya flour, a-amylase,
Sitophilus granarius (pax 4); wheat flour, rye flour, rice

Positive SPT to common

Positive SPT

and/or serum IgE Allergic symptoms in

Group Number of subjects . workplace closely related
allergens to occupational
to flour exposure
allergens (flour)
A 9 9 9
B 10 0
C 9 0 0

A — bakers with respiratory symptoms — rhinitis and bronchial asthma related to occupational exposure. B — atopic patients with perennial
respiratory symptoms — rhinitis and bronchial asthma, not occupationally exposed to flour. C — healthy individuals.

SPT — skin prick test.
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flour, barley flour (fx 20) and for: wheat flour, oat flour,
maize flour, sesame flour (fx3) was also analyzed (Uni-
CAP, Pharmacia Diagnostics, Uppsala, Sweden).

The detection limit was 0.35 kU/1. Values < 0.35 kU/1 rep-
resent a negative result, while values > 0.35 kU/I a posi-
tive result.

Diagnostic criteria

Hypersensitivity to any allergen has been defined as at
least one positive result of SPT or positivity of the specific
serum IgE assay [12]. The symptoms were considered to
be work-related if they had developed after a contact with
an occupational agent and improved during weekends or
holidays [12,13]. In our study, OA was diagnosed in the
sensitized subjects reporting work-related chest symptoms
who developed early or dual asthmatic reaction after ex-
posure to occupational allergens.

Diagnosis of occupational allergic rhinitis was based on
questionnaire data and positive nasal response to the
provocation test [14,15].

Study protocol and challenge procedure

The bronchial challenge test was performed in an inhala-
tion chamber — the subjects were instructed to sift ap-
proximately 100 g of wheat, rye, corn, barley, and oatmeal
flour. The whole challenge lasted 30 min. Each subject had
nasal lavage performed three times: immediately before
ICHT-E and at 4 h and 24 h after the provocation.

Nasal challenge technique

Before the provocation, each nostril was washed 10 times
with 5 ml of saline solution using the ‘nasal pool’ device —
a 5 ml syringe closely fitting the nostril. Nasal washings
were collected immediately before the provocation and
at 4 h and 24 h afterwards. 5 ml saline was injected into
the nasal cavity for 5 min and then recovered. The wash-
ings were always collected from the same side of the nasal
cavity. Nasal symptom score was assessed before, during,
and after [CHT-F. The number of sneezes and the degree
of mucosal edema, rhinorrhea and itching were evaluated.
The total symptom score ranged from 0 to 8 and represent-
ed the sum of the scores for sneezing (0 sneezes — 0 points,

1-4 sneezes — 1 point, > 4 sneezes — 2 points), rhinor-
rhea (none — 0 points, mild — 1 point, abundant — 2
points), mucosal edema (none — 0 points, mild — 1 point,
nasal block — 2 points) and itching (none — 0 points, itch-
ing of the nose or throat — 1 point, itching of the nose and
throat — 2 points) [14]. The scores for the nasal and eye
symptoms were considered positive at values > 3.

Cellular composition of nasal washings was analyzed.
All the procedures were performed as in the ‘nasal pool’
method [16]. The processing of nasal washings has been
described elsewhere [17].

IL-18 in nasal lavage fluid

IL-18 concentrations were measured before, and 4 h
and 24 h after ICHT-F by enzyme-linked immunosorbent
assay (ELISA) using commercially available kits (sensi-
tivity 12.5 pg/ml) (Quantikine, R&D Systems, Inc, MN,
USA). For statistical analysis, the concentrations below
the detection limit were assumed to be null.

Statistical analysis

The data were analyzed using parametric two-way
ANOVA and Tukey’s test for multiple comparisons. The
differences were considered significant at P < (.05. Corre-
lations between two variables were examined using Spear-
man’s correlation coefficient.

RESULTS

Morphological changes in NLF after ICHT-F

The provocation produced no statistically significant
changes in the total basophil and eosinophil counts in NLF
from any group at any time-point (Figs. 1, 2). The above
referred also to the total leukocyte count in NLE.

In Group A, significant differences were noted in the pro-
portion of epithelial cells. The percentage of these cells was
significantly higher before the challenge than 4 h and 24 h
afterwards (F,,, = 6.53, p < 0.05). Basophil proportion
was also significantly higher (F,,, = 4.64, p < 0.05) 24 h
after the challenge than before the test (Fig. 3). No sig-
nificant differences could be found either in the eosinophil
or neutrophil proportion (Figs. 4, 5).
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Fig. 1. Changes in total basophil count induced by inhalatory
challenge test with flour allergens (ICHT-F).
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Fig. 2. Changes in total eosinophil count induced by ICHT-F.

As regards the patients from Group B, the percentage of
epithelial cells at both the time-points after provocation
(4 h and 24 h) was significantly lower than before the test
(F,,,=8.76, p < 0.05). Neutrophil proportion was found
to be significantly increased 24 h after ICHT (F,,, = 3.59;
p < 0.05) (Fig. 5). No significant differences were noted in
the eosinophil and basophil proportion in nasal washings
at any time point (Figs. 3, 4).

In Group C, the percentage of epithelial cells was higher
before the provocation than 24 h after the test (F, ,, = 5.22,
p < 0.05). An analysis of the proportion of neutrophils
revealed a significant increase 24 h after the challenge
(F,,,=3.07; p < 0.05) (Fig. 5). ICHT-F did not induce
statistically significant changes in the proportion of baso-
phils or eosinophils in nasal washings from that group at
any time-point (Figs. 3, 4).

An assessment of the total eosinophil count revealed
significant differences between the groups at the 4 h
(F,,.=5.03,p <005 and 24 h (F, .= 14.9, p < 0.05)

225 225
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Fig. 4. Changes in eosinophil proportion after ICHT-E.

time-points (Fig. 2). The total eosinophil count was statis-
tically higher in Group A than in Group B or C. Eosino-
phil proportion was higher in Group A than in Group C at
the 4 h and 24 h time-points (F,,;= 5.10 and F, . = 3.97,
respectively; p < 0.05) (Fig. 4).

The authors also found a significant between-group dif-
ference in the basophil proportion; 24 h after ICHT-F, the
proportion of these cells was higher in Group A than in
Group C (F,,, = 4.08, p < 0.05) (Fig. 3).

IL-18 levels in NLF after ICHT-F

ICHT-Finduced statistically significant changes in IL-18 level
in the subjects diagnosed with OAA (Group A) (F,,, = 9.22;
p < 0.05); 4 h after the challenge, the level of IL-18 was
higher than before the test and 24 h afterwards (Fig. 6).

No significant difference in IL-18 level could be found be-
tween Group B and C (Fig. 6). Significant between-group
differences were also observed with respect to IL-18 level
before the provocation (F . = 5.26; p < 0.05); in Group B,
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Fig. 5. Changes in neutrophil proportion after ICHT-E
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Fig. 6. IL-18 levels after the provocation with flours.

the level of this cytokine was higher than in Group A (Fig. 6).
There wasasignificant difference in IL-18level at the 4 h time-
point; the level of this cytokine was higher in Group A than
in Groups B and C (F, . = 6.18; p < 0.05).

A significant relationship was noted in Group A between
the proportion of basophils 4 h after ICHT-F and IL-18
level measured 24 h after the test. However, no significant

225

relationship was found in this group between the total eo-
sinophil count, the proportion of eosinophils, and IL-18
level at any time-point (p > 0.05).

In Group B, a significant correlation was observed be-
tween the proportion of neutrophils before ICHT-F and
IL-18 level 24 h after the challenge (r = 0.71; p < 0.05).

DISCUSSION

The present study demonstrated that in patients diagnosed
with OAA, the ICHT-F induced a significant increase
in the proportion of basophils during the late phase of

allergic inflammation. Twenty-four hours after the provo-
cation with flour allergens, basophil proportion was also
significantly higher in Group A than in Group C. Baso-
phils play a significant role in allergic response [17]. They
have been reported in the respiratory tract of patients dy-
ing of asthma, during the exacerbations of this disease and
during the late asthmatic response to the allergen [18-20].
It is estimated that in the late asthmatic reaction, more
than 95% of all metachromatic cells in the bronchoalveo-
lar lavage fluid are basophils [20,21].

In the present study, we found an increase both in the
total eosinophil count and in the eosinophil proportion
after ICHT-F in the group of subjects with OAA; but the
findings were not statistically significant. However, the
total eosinophil count was statistically higher in Group
A than in Groups B and C at both the time-points after
the provocation, and eosinophil proportion was also high-
er in Group A than in Group C both at the 4 h and 24 h
time-points. The role of eosinophils in allergic diseases is
well-documented [22]. The toxic granule-derived proteins
are responsible for tissue damage [22]. Eosinophil influx
into nasal and bronchial mucosa has been observed after
ICHT in subjects sensitized to low- and high-molecular
weight allergens [23-25]. In the study reported, the provo-
cation with flour allergens induced a significant increase
in the proportion of neutrophils in NLF 24 h after the test
both in the subjects from Group B and C. The presence
of these cells supports the non-specific character of the
inflammatory process developing in the nasal mucosa of
these subjects. Our earlier observations [8] indicate that
neutrophils are not involved in the chronic airway inflam-
mation induced by flour allergens.

This study has for the first time analyzed the levels of IL-18
in nasal washings before and after ICHT-F performed on
subjects with flour-induced OAA. The findings revealed
that ICHT-F had produced statistically significant changes
in IL-18 concentration among the subjects diagnosed with
OAA,; the level of this cytokine was higher 4 h after [CHT-F
than before and 24 h after the challenge. In Group A, the
concentration of this cytokine was also significantly higher
than in Groups B and C at the 4 h time-point.

[JOMEH 2008;21(2)
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The effects of IL-18 on airway inflammation are not eas-
ily predicted since this cytokine may promote both Thl
and Th2 response. This proinflammatory cytokine related
to the IL-1 family [26] is responsible for up-regulation of
Thi-cytokines, such as IL-2, IFN and granulocyte-mac-
rophage colony stimulating factor (GMCSF) [27], but can
also increase allergic sensitization, airway eosinophilia
and serum IgE Th2 cytokines [5,7,28].

A significantly decreased level of IL-18 was found in the
bronchoalveolar lavage fluid derived from asthmatics, com-
pared to healthy controls [29], but Tanaka et al. [30] reported
high serum IL-18 levels in patients with acute exacerbations
of asthma. Also Verhaeghe et al. [7] found not only a per-
sistent increase of this cytokine in the course of the pollen
season compared to baseline values, but also in persistent al-
lergic rhinitis compared to seasonal allergic rhinitis.

Our findings suggest that IL-18 may have induced Th2
response in subjects with positive specific inhalatory chal-
lenge test (Group A). Twenty-four hours after ICHT-F in
Group A, the level of IL-18 correlated with the propor-
tion of basophils at the 4 h time-point. These cells are ma-
jor inducers of allergic inflammation [18-20]. Yoshimoto
et al. [31] has demonstrated that IL-18 has a potential to
stimulate basophils to release large amounts of IL-4 and
IL-13in vitro in the presence of IL-3. While IL-4 plays an
important role in the primary allergen sensitization pro-
cess, IL-13 is important in the secondary exposure to al-
lergen [32].

Our data did not reveal a significant relationship between
the level of IL-18 and the total eosinophil count or the pro-
portion of these cells in the subjects with OAA (Group A).
However, eaosinophil proportion and total count were
higher in Group A than in Group C during the late phase
of allergic inflammation. A significant correlation was also
observed between the proportion of neutrophils before
ICHT-F in the subjects with atopic asthma and rhinitis
(Group B) and IL-18 level 24 h after the test. We presume
that in the subjects with negative ICHT, not sensitized to
an occupational allergen, the increased neutrophil recruit-
ment into the airways might have been caused by an in-
creased expression of mRNAs for IL-17 [33]. IL-17 has
a potential to increase neutrophil recruitment by realizing

[JOMEH 2008;21(2)

several different CXC chemokines including GCP-2,
Gro-a [34].

We also found a significantly higher level of IL-18 before
ICHT in nasal washings from subjects with atopic asthma
than with OAA. Most of the subjects in Group B were
sensitized to Dermatophagoides pteronyssinus and report-
ed the presence of persistent allergic symptoms. Thus, we
presume that the observed enhanced expression of IL-18
before the challenge in this group might be explained by
different regulation of pro-inflammatory cytokines in per-
sistent allergic inflammation and in inflammation induced
by a single antigenic challenge. Further studies are nec-
essary to elucidate the role of IL-18 in the induction of
allergic inflammation.

To conclude, this is the first study demonstrating a de-
creased expression of IL-18 in NLF from subjects with
flour-induced OAA. The findings imply that in persistent
allergic diseases the relationship between Th1/Th2 cells is
more complicated.
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