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Introduction

Endotoxins have been implicated in the pathogenesis of
asthma. Following the ‘hygiene hypothesis’, endotoxins
might even have a protective role in the development of
allergic asthma [1] and endotoxin exposure at home has
been associated with a reduced prevalence of atopy [2].
The severity of asthma has also been shown to depend on
endotoxin concentrations in the microenvironment [3],
and recently, it has been suggested that this might
depend on an individual¢s genetic background [4]. Some
of the mechanisms by that endotoxin can mediate its
effects include neutrophil and eosinophil recruitment as
well as the activation of macrophages [3, 5, 6]. Chemi-
cally, endotoxins consist of lipopolysaccharides (LPS) that
exert their effects via the CD14 receptor, a 53-kDa sur-

face glycoprotein [7] expressed on monocytes, macrophag-
es, granulocytes and B lymphocytes [5, 6]. The molecular
interactions underlying the binding of LPS have been
extensively studied in recent years. Accordingly, LPS-
binding protein (LBP) facilitates the binding of LPS in
combination with CD14 to a receptor complex, which
consists of Toll-like receptor-4 (TLR-4) and MD-2
[8–10]. The activation of the TLR induces an intracellu-
lar signalling cascade, which results in the release of
cytokines such as interleukin (IL)-6, IL-8 and tumour
necrosis factor (TNF)-a [6, 11] which have also been
shown in elevated concentrations in asthma [12–14].
In vitro, CD14 is constitutively released from mononu-
clear cell cultures as soluble CD14 (sCD14) [15, 16].
sCD14 can be found in two isoforms, a 49- and a
55-kDa protein. The 55-kDa isoform is produced by a
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Abstract

Lipopolysaccharides (LPS) have been associated with a protective role in the
development of asthma while higher levels of endotoxin have been linked with
more severe asthma. LPS recruit neutrophils and eosinophils and activate mac-
rophages via the CD14 receptor. The soluble CD 14 receptor (sCD14) has
been found in bronchoalveolar lavage fluid in different diseases including aller-
gic asthma. To elucidate the kinetics and the regulation of sCD14 concentra-
tions in BAL in asthma, 18 patients with allergic asthma underwent
segmental allergen challenge at different time points (10 min, 18, 42 and
162 h). In addition, CD14+ peripheral blood mononuclear cell (PBMC-
CD14+) cultures from seven allergic and seven non-allergic subjects were stim-
ulated with LPS, leukotrien D4 (LTD4), a combination of LPS and LTD4,
IL-17 and LTD4 in presence of the leukotriene-receptor antagonist (LTRA)
Montelukast for 6, 12 and 24 h. sCD14 concentrations in BAL and the super-
natants were measured by ELISA. sCD14 concentrations in BAL were signifi-
cantly increased 18 h after allergen challenge and peaked at 42 h. At 162 h,
concentrations had returned to baseline levels. In PBMC-CD14+ cultures,
sCD14 levels increased significantly 24 h after stimulation with LTD4 and
Montelukast was able to block LTD4-induced stimulation. Allergen challenge
leads to a significant increase in sCD14 concentrations in BAL and might
modulate the allergen-induced inflammation. In addition, LTD4 might play a
role in the release of sCD14, and it could be speculated that sCD14 reduction
by LTRA might contribute to the mechanisms of LTRA in the treatment of
allergic asthma.
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shedding mechanism while the 49-kDa form is thought
to derive from the interstitial space [16, 17]. The 49-kDa
isoform is found in healthy subjects and is significantly
elevated in patients with sepsis [18], polytrauma [19] and
atopic dermatitis [20]. Shedding is increased by LPS and
TNF-a in vitro [21] and also in vivo [22]. The function of
sCD14 has been associated with the activation of cells
which do not possess membrane-bound CD14 [8].

Elevated levels of sCD14 have been found in bronc-
hoalveolar lavage in several diseases such as tuberculo-
sis, sarcoidosis, allergic alveolitis and idiopathic
pulmonary fibrosis [6, 23–27]. sCD14 also seems to
play a role in allergic asthma. Dubin et al. [28] showed
an increase in sCD14 in bronchoalveolar lavage fluid
(BALF) 24 h after allergen provocation which was con-
firmed by others [29]. Increased concentrations were
also found in children with status asthmaticus [30]. In
addition, CD14 expression has been correlated to the
influx of neutrophils into the airways [22]. It has been
suggested that this might be related to a remodelling
processes in the airways as has been shown in an ani-
mal model with endotoxin-sensitive mice [31]. More-
over, distinct gene-polymorphisms of the C14 gene
have been associated with an increased risk to develop
an atopic phenotype [32]. It can therefore be hypothe-
sized that an elevated expression of the LPS receptor
might be involved in the activation of the inflamma-
tory cascade in asthma which could lead to chronic
inflammation, remodelling of the airways and subse-
quently an accelerated loss in FEV1. Alternatively, it
has been argued that sCD14 could bind to and inacti-
vate LPS in a protective manner [33].

Our study was undertaken to establish the kinetics
of sCD14 concentrations in BALF in patients with aller-
gic asthma following segmental allergen challenge at
different time points (10 min, 18, 42 and 162 h).
Moreover, the study attempted to establish stimuli
involved in sC14 production and ⁄ or shedding, respec-
tively, such as LPS, which has been shown to increase
sCD14 levels in vitro [21] and in vivo [22] and leukotri-
ene D4 (LTD4), which has been implicated in allergic
inflammation and the pathogenesis of airway hyperre-
sponsiveness [34]. Furthermore, LTD4 has been shown
to induce TNF-a release from macrophages [35] that
was inhibited by the leukotriene-receptor antagonist
(LTRA) Verlukast [35].

IL-17 has been associated with an increase in IL-8 and
GM-CSF production from bronchial epithelial cells [36],
the regulation of ICAM-1 expression [37] and the selec-
tive recruitment of neutrophils [38]. Moreover, it plays a
role in the LPS-induced chemotaxis of neutrophils into
the airways after LPS inhalation [39] and increases after
organic dust inhalation in healthy subjects [40]. We
therefore investigated whether IL-17 might influence
sCD14 production in cell cultures.

Materials and methods

Patients

Eighteen patients with allergic asthma (nine men and
nine women), mean age 26.3 ± 5.4 years with a duration
of asthma for more than 2 years (mean duration
11.7 ± 5.2 years), were studied. Bronchial asthma had
previously been diagnosed by an independent physician.
Each patient had a positive skin prick test to either birch
pollen (n = 8), rye pollen (n = 3), or house dust mite
allergen (n = 7) extracts (Allergopharma, Reinbek, Ger-
many), and all had either elevated total IgE levels
(293.6 ± 233.1 kU ⁄ l) and ⁄ or elevated specific IgE lev-
els (32.2 ± 49.1 kU ⁄ l) (Kabi Pharmacia CAP System,
Uppsala, Sweden) to their respective allergen as well as a
history of reversible bronchoconstriction after inhalation
of these particular allergens. There was no history or clin-
ical evidence in any of the patients, suggesting a respira-
tory tract infection prior to or at the time of segmental
allergen challenge. All patients were non-smokers. Base-
line FEV1 (forced expiratory volume in 1 s) was
3.8 ± 0.96 l (94.9 ± 13.1% of predicted, normal values
[41]). All patients received inhaled ß2-agonist therapy on
an as needed basis except for three patients who did not
require any medication. In addition, five patients had
inhaled corticosteroids and three had inhaled cromogly-
cate. Both were withheld at least 10 days prior to entry
into the study. All patients gave their written informed
consent. The study protocol was approved by the local
Ethics Committee.

Inhaled allergen provocation

Prior to the segmental allergen provocation, patients
underwent an inhaled allergen challenge as previously
described [29, 42] to establish dual bronchial reactions to
the inhaled allergen and to determine the individual
PD20FEV1 for the respective allergen. All allergen prepara-
tions tested negative for LPS in the Limulus amoebocyte
lysate assay [43]. The individual PD20FEV1 · 10 was then
used for the subsequent Segmental Allergen Provocation
(SAP). Inhaled and segmental allergen challenges were
separated by at least 4 weeks.

Segmental allergen challenge

Bronchoscopy was performed as previously described [29,
42]. A volume of 2.5 ml of 0.9% saline was instilled into
the anterior basal segment of the left lower lobe (B8 left)
and one of the segments of the lingula (B4 or B5 left).
Allergen diluted in 2.5 ml of saline was instilled into
the anterior basal segment of the right lower lobe (B8
right) and the medial or lateral segment of the right
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middle lobe (B4 or B5 right). After 10 min, bronchoal-
veolar lavage was performed in the anterior basal
segments of the right and left lower lobes. Patients were
re-bronchoscoped at different time points: In the first
group, the second lavage was performed after 18 h in
segments B4 or B5 right and left. Some of these patients
also participated in the second part of the trial. This sec-
ond group was lavaged 10 min and 42 h after segmental
allergen challenge (Table 1). In the third arm of the trial,
four patients were lavaged 10 min and 162 h after aller-
gen challenge. In patients who participated repeatedly
the segmental allergen challenges were separated by at
least six months. In all patients, peripheral blood was
taken before bronchoscopy.

PBMC-CD14± cultures

From seven healthy subjects and seven patients with
allergic asthma, 250-ml whole blood was drawn and
mixed well with heparin. Cell subtypes were separated by

Ficoll centrifugation. PBMC-CD14+ were harvested, and
after washing and counting monocytes were separated via
immunomagnetic separation by AutoMACS system
(Miltenyi Biotec GmbH, Germany) after labelling with
CD14 antibody (Miltenyi Biotec GmbH). CD14+ mono-
cytes were washed; purification was controlled by flow-
cytometry (94–98% purified monocytes, contamination
with lymphocytes was <2%), and 5 · 105 cells per well
were cultured in 1 ml RPMI 1640 medium (GIBCO,
Paisley, Scotland, UK) + 10% FCS (Seromed, Berlin,
Germany) + 1% penicillin ⁄ streptomycin (Biochrom AG,
Berlin, Germany) at 37 �C and 5% CO2. Cells differenti-
ated to macrophages in about 5 days. Medium was
exchanged every 2 days.

Cellular stimulation

The above-mentioned PBMC-CD14+ cells (5 · 105 cells
in 1 ml) were stimulated with either human IL-17
(50 ng ⁄ ml), LPS (10 ng ⁄ ml), leukotriene D4 (LTD4)

Table 1 Patient characteristics.

No Age Gender

Asthma

duration FEV1 (l) FEV1% pred. Allergen

Total IgE

(kU ⁄ l) Spec. IgE

Allergen

dose (AU) Medication

2nd BAL

(h after SAP)

1 33 F 18 3.08 87 Birch 71.8 6.19 160 ß2 18

2 27 F 17 2.92 84 Birch 199 7.8 2.5 ICS, ß2 18

4 29 M 21 5.1 107 Birch 229 5.7 10 ICS, ß2 18

5 26 M 19 3.68 87 Birch 314 4.8 526 ß2 18

6 27 M 11 5.72 116 Rye 986 >100 100 ß2 18

7 23 M 10 6.24 115 D. pter. 234 26 4700 CR, ß2 18

8 25 F 10 3.08 86.9 D. pter. 483 >100 1 ICS, ß2 18

1 33 F 18 3.08 87 Birch 95.9 71.8 160 ß2 18

9 26 M 8 3.54 75 Birch 204 21.1 2220 CR 18

10 18 F 6 3.2 110 D. pter. 247 >100 650 ICS, ß2 18

11 24 F 14 3.3 106 D. pter. 551 >100 2650 ICS, ß2 18

8 26 F 11 2.8 79.1 D. pter. 483 >100 35 ICS, ß2 18

12 25 M 11 3.72 86.3 Rye 282 171 1.8 CR, ß2 18

13 43 F 10 2.96 102.8 Birch 65.1 64.4 775 ß2 18

1 34 F 19 3.08 87 Birch 95.9 32.3 160 ß2 42

4 30 M 22 5.1 107 Birch 229 5.7 10 ICS, ß2 42

6 28 M 12 5.72 116 Rye 986 >100 100 ß2 42

11 24 F 14 3.3 106 D. pter. 715 >100 265 ICS, ß2 42

9 27 M 9 3.54 75 Birch 204 21.1 2250 CR 42

10 18 F 6 3.2 110 D. pter. 247 >100 6500 ICS, ß2 42

14 20 M 8 3.97 92 Birch - - 6950 ß2 42

11 25 F 15 3.2 103 D. pter. 746 >100 2650 ICS, ß2 42

15 25 F 5 3.4 107 Birch 221 18.4 12.9 No 42

13 44 F 11 2.96 102 Birch 139 64.4 775 ß2 42

4 30 M 22 4.48 96.5 Birch 242 24.1 112.5 ICS, ß2 42

16 23 F 2 3.09 100 D. pter. 264 >100 190 No 42

10 19 F 7 3.16 110 D. pter. 114 >100 65 ICS, ß2 42

17 29 M 14 3.43 78 D. pter. 64.6 19.7 1000 No 42

1 34 F 19 3.12 90 Birch 90.8 16.8 160 ß2 42

18 25 F 16 4.14 84 Rye 512 >100 127 ß2 162

4 32 M 24 4.48 96.5 Birch 264 24.1 112.5 ICS, ß2 162

16 24 F 3 3.09 100 D. pter. 264 >100 190 No 162

20 25 M 10 3.6 83.5 D.pter. 64.2 9.85 1000 ß2 162

F = Female, M = Male, specific IgE (kU ⁄ l), Allergen dose in Allergen Units (AU), BAL after 10 min each and 18, 42 and 162 h, respectively; ICS =

inhaled corticosteroids, ß2 = inhaled beta-2-agonist, CR = chromoglycate, No = no medication.
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(10)11 M) or a combination of LPS and LTD4 for a dura-
tion of 6, 12 and 24 h.

Cells were also stimulated with LTD4 in the presence
of the leukotriene antagonist Montelukast. LTD4 was
added to cell cultures 30 min after stimulation with
Montelukast (10)11 M), and cultures were incubated for
6, 12 and 24 h.

Cell culture supernatants were stored at )20 �C until
sCD14 measurement with an ELISA kit (IBL Hamburg,
Germany) according to the manufacturer’s instructions.

Statistical analysis

Data were analysed by SPSS software package. Results are
reported as median (range) or as single values and median
(Figs. 2–5). Differences between groups were analysed
using the Mann–Whitney U-test or the Wilcoxon signed
ranks test. P-values £0.05 were considered statistically
significant. Potential correlations were analysed by Spear-
man’s rank correlation coefficient.

Results

sCD14 in BALF 10 min, 18, 42 and 162 h after SAP

sCD14-concentrations in BAL fluid were significantly ele-
vated 18 and 42 h after allergen challenge, compared to
the control segment at 10 min, 18 and 42 h, respec-
tively, as well as to the segment 10 min after allergen
provocation (Fig. 1). sCD14 levels reached baseline lev-
els.162 h after allergen provocation.

sCD14 in peripheral blood before and 18, 42 and 162 h

after SAP

Peripheral blood samples were drawn as in Fig. 1. Med-
ian sCD14 concentrations in peripheral blood were
6709 ng ⁄ ml (range 9528) before SAP (n = 33) and
6985 ng ⁄ ml (range 15862) after SAP (n = 32). There
was no statistically significant difference between sC14
values in peripheral blood before and 18, 42 or 162 h
after allergen challenge (data not shown).

sCD14 levels in PBMC-CD14± cell cultures 6, 12 and 24 h

after stimulation with LTD4, LPS, the combination of

LPS ± LTD4 and IL-17

PBMC-CD14+ of healthy subjects (n = 7) and patients
with allergic asthma (n = 7) were stimulated with LPS
(10 ng ⁄ ml), LTD4 (10)11 M) or a combination of LPS +
LTD4 (10 ng ⁄ ml + 10)11 M), for 6, 12 and 24 h, and
sCD14 levels in the supernatant were measured at the
different time points.

sCD14 levels increased significantly 24 h after stimu-
lation with LTD4 in comparison to control, 6 and 12 h
after stimulation (P < 0.02, Wilcoxon signed ranks test
– Fig. 2). PBMC-CD14+ cells from healthy volunteers
and patients with allergic asthma reacted similarly.

Stimulation of PBMC-CD14+ cells with LPS leads to
increased sCD14 levels but failed to reach statistical sig-
nificance in comparison to control (Fig. 3). Similar results
were seen when cells were stimulated with the combina-
tion of LPS and LTD4.

Similarly, PBMC-CD14+ cells were stimulated with
IL-17 (50 ng ⁄ ml), and supernatants were measured
for sCD14 6, 12 and 24 h after stimulation (Fig. 4). How-
ever, sCD14 levels were not different to control.

Co-stimulation of LTD4 with Montelukast

PBMC-CD14+ cells of two healthy volunteers and four
patients with allergic asthma were stimulated with LTD4

(Fig. 5) which lead to a significant increase in sCD14
levels (median 57.1 ng ⁄ ml, range 92.4) compared to con-
trol (median 43.2 ng ⁄ ml, range 73.0; P = 0.028, Wilco-
xon signed ranks test). Addition of Montelukast to LTD4

stimulation resulted in reduced sCD14 levels after 24 h
compared to LTD4 stimulation (median 38.1 ng ⁄ ml,
range 93.5; P = 0.028, Wilcoxon signed ranks test).

Discussion

The soluble LPS ligand sCD14 has been shown in
increased concentrations at 18 and 24 h after segmental
allergen challenge in patients with allergic asthma [28,
29]. In this study, we were able to expand this with
kinetic data showing a further, approximately, 10-fold
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Figure 1 sCD14 levels in BAL 10 min, 18, 42 and 162 h after allergen

provocation. sCD14 was measured in BAL by ELISA 10 min (n = 14),

18 h (n = 14), 42 h (n = 15) and 162 h (n = 4) after allergen provoca-

tion. Data are represented non-parametric in box plots showing the

median (line within the box), interquartile range (edges of the box) and

the range of values less distant than 1.5 interquartile ranges from the

upper or lower quartile (vertical lines). C = control segment stimulated

with NaCl; P = allergen provocation; different P-values are given in the

figure (Mann–Whitney U-test).
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Figure 2 sCD14 levels in PBMC-CD14+ cultures 0, 6, 12 and 24 h after stimulation with LTD4. sCD14 levels were measured in PBMC-CD14+ cul-

tures before (0 h), 6, 12 and 24 h after stimulation with LTD4 in seven allergic and seven non-allergic subjects. 0 h: before stimulation. 24 h after

stimulation with LTD4, sCD14 concentrations were significantly elevated in allergic and non-allergic subjects compared to 6 and 12 h. *P < 0.03 for

LTD4 24 h compared to C 6 h, C 12 h, C 24 h as well as LTD4 6 h and LTD4 12 h in allergic and non-allergic subjects (Wilcoxon signed ranks

test). Open dots represent unstimulated cells (control), filled dots represent LTD4-stimulated cells. Lines represent the median.
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Figure 3 sCD14 levels in PBMC-CD14+

cultures 6, 12 and 24 h after stimulation

with LPS and LPS + LTD4. sCD14 levels

were measured in PBMC-CD14+ cultures 6,

12 and 24 h after stimulation with LPS and

the combination of LPS and LTD4 in seven

allergic and seven non-allergic subjects.

P > 0.05. Open dots represent unstimulated

cells (control); filled dots represent LPS- or

LPS + LTD4-stimulated cells. Lines represent

the median.
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with IL-17. sCD14 levels were measured in
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stimulation with IL-17 in seven allergic and
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dots represent unstimulated cells (control);

filled dots represent IL-17-stimulated cells.

Lines represent the median.
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increase in sCD14 concentrations 42 h after allergen chal-
lenge compared to control segments. Interestingly,
sCD14 levels returned to baseline within 7 days after
allergen challenge. Nevertheless, the exact time point at
which sCD14 concentration in BALF reach their maxi-
mum remains unknown as the maximal concentration
might be before or after the 42 h at which BAL was per-
formed following allergen challenge. In vitro experiments
support the hypothesis that the maximum influx of
sCD14 might be around that time, because Landmann
et al. have also shown a significant increase in sCD14
production in cell cultures 44 h after stimulation with
LPS [44].

As expected, sCD14 concentrations differed markedly
interindividually. While some subjects reacted with a
large increase in sCD14 into the bronchoalveolar space at
18 and 42 h after allergen challenge, others had only
minor increases. Whether this is owing to interindividual
CD14 polymorphisms that have been shown to influence
serum levels [45] or whether this merely reflects interin-
dividual variability remains unclear. There was no corre-
lation between sCD14 concentrations and lung function
or the type or dose of allergen used for challenge. Simi-
larly, no correlation was found regarding sCD14 levels in
BAL and IgE levels in blood (data not shown) as has
been demonstrated by others [46]. sCD14 levels in BAL
and in PBMC-CD14+ cultures were lower than sCD14
measured in peripheral blood. This could be because of a
methodical influence of the BAL procedure where 100 ml
of normal saline are used which dilute bronchoalveolar
lining fluids, and the measured concentrations of sCD14
might therefore also be diluted. SCD14 levels in periph-
eral blood were in the range of sCD14 measured in other

studies [47] but tended to be higher than those measured
in cord and peripheral blood from allergic and non-aller-
gic asthmatic children [30, 48]. Lundell et al. also found
a trend for lower sCD14 levels in peripheral blood of
children developing allergies compared to healthy con-
trols [48]. In our study, we also observed a slight trend
towards lower sCD14 levels in allergic subjects compared
to non-allergic controls (Figs. 2–4) but this did not reach
statistical significance.

The predominant isoform of sCD14 in BALF is the
49-kDa isoform, which is produced intracellularly in
mononuclear cells and secreted [28]. Therefore, sCD14 is
produced locally in the bronchi.

Recently, sCD14 has been discussed as an acute-phase
protein, and sCD14 levels were correlated to CRP levels
in patients with bacterial and non-bacterial inflammation
[49]. Also, it is known that CRP and lipopolysaccharide-
binding protein are elevated in peripheral blood serum
after allergen challenge [28]. Therefore, it could be specu-
lated that endobronchial sCD14 is also a parameter for
asthmatic inflammation.

To elucidate potential mechanisms that might con-
tribute to sCD14 increase in allergic asthma, PBMC-
CD14+ cultures were stimulated with LPS, LPS + LTD4,
LTD4 and IL-17. IL-17 is a cytokine that mediates the
LPS-induced accumulation of neutrophils in the respira-
tory tract [39], and incubation of PBMC-CD14+ cultures
with IL-17 results in an increase in IL-6, IL-10, IL-12
and TNF-a production [50]. In our study, stimulation
with IL-17 in vitro, however, had no effect on sCD14 lev-
els in PBMC-CD14+ cultures.

On the other hand, incubation with LTD4, a proin-
flammatory mediator which has been implicated in the
pathophysiology of the asthmatic response, leads to a sig-
nificant increase in sCD14 production from PBMC-
CD14+ cultures after 24 h. LTD4 is known to prime
alveolar macrophages to produce mediators such as MIP-
1a, TNF and NO when stimulated with LPS [35]. In our
study, sCD14 production in PBMC-CD14+ cultures was
blocked by the co-incubation of LTD4 with the LTRA
Montelukast. This observation supports the hypothesis
that LTRAs could exert some of their anti-inflammatory
effects by inhibiting LPS-induced augmentation of the
asthmatic inflammation. This is further supported by pre-
vious reports where the LTRA pranlukast was able to
suppress NF-j activation, an intracellular signalling
pathway which is also activated by LPS in human mono-
cytes ⁄ macrophages as well as by Tcells [51].

In our study, there was a trend towards an increase in
sCD14 production in PBMC-CD14+ cultures following
stimulation with LPS and the combination of LPS and
LTD4 that, however, failed to reach statistical
significance, possibly as a result of a relatively short
stimulation interval, as in vivo the maximal sCD14
concentrations were measured 42–44 h after allergen and
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Figure 5 sCD14 levels in PBMC-CD14+ cultures 24 h after stimula-

tion with LTD4 and LTD4 in the presence of Montelukast. sCD14 levels

were measured in PBMC-CD14+ cultures 24 h after stimulation with

LTD4 and LTD4 in the presence of Montelukast in four allergic (closed

dots) and two non-allergic subjects (open dots). P = 0.028 for LTD4

compared to control and to LTD4 + Montelukast (Wilcoxon signed

ranks test). Lines represent the median.
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LPS stimulation [44], respectively. Therefore, we cannot
rule out that a more prolonged stimulation of PBMC-
CD14+ cultures might have resulted in a significant
increase in sCD14 production.

In conclusion, kinetic analysis of the local endobron-
chial sCD14 production suggests that sCD14 concentra-
tions reach their maximum around 42 h after segmental
allergen challenge. We provide evidence that LTD4 stim-
ulates sCD14 production in PBMC-CD14+ cultures
which could contribute to the proinflammatory potential
of this mediator. The leukotriene-receptor antagonist
Montelukast is able to block this effect, suggesting that
this is indeed a CysLTR-1 mediated effect.

As LPS seem to have a protective role in the develop-
ment of asthma on the one hand [1], possibly related to
LPS dose and genetic constellation [2, 4], it can aggravate
existing asthma on the other hand [3]. Based on our
in vitro findings, it could be speculated that leukotriene-
receptor antagonists might be able to block the effects of
LPS-induced aggravation of allergic asthma in vivo.
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34 Bossé Y, Thompson C, McMahon S, Dubois CM, Stankova J, Rola-

Pleszczynski M. Leukotriene D4-induced, epithelial cell-derived

transforming growth factor beta1 in human bronchial smooth mus-

cle cell proliferation. Clin Exp Allergy 2008;38:113–21.

35 Menard G, Bissonnette EY. Priming of alveolar macrophages by

Leukotriene D4. Am J Respir Cell Mol Biol 2000;23:572–7.

36 Jones CE, Chan K. Interleukin-17 stimulates the expression of

interleukin-8, growth-related oncogene-alpha and granulocyte-col-

ony-stimulating factor by human airway epithelial cells. Am J Respir

Cell Mol Biol 2002;26:748–53.

37 Albanesi C, Cavani A, Girolomoni G. IL-17 is produced by nickel-

specific T lymphocytes and regulates ICAM-1 expression and

chemokine production in human keratinocytes: synergistic or antag-

onist effects with IFN-gamma and TNF-alpha. J Immunol

1999;162:494–502.

38 Laan M, Cui ZH, Hoshino H et al. Neutrophil recruitment by

human IL-17 via C-X-C chemokine release in the airways. J Immu-

nol 1999;162:2347–52.

39 Ferretti S, Bonneau O, Dubois GR, Jones CE, Trifilieff A. IL-17,

produced by lymphocytes and neutrophils, is necessary for lipopoly-

saccharide- induced airway neutrophilia: IL-15 as a possible trigger.

J Immunol 2003;170:2106–12.

40 Laan M, Palmberg L, Larrson K, Linden A. Free, soluble interleu-

kin-17 protein during severe inflammation in human airways. Eur

Respir J 2002;19:534–7.

41 Matthys H, Zeiss AW, Theissen JL, Virchow JC Jr, Werner P. Def-

inition, normal reference and measurement values to diagnose

obstructive, restrictive and mixed ventilatory defects for clinical

lung function evaluation. Atemw–Lungenkrankh 1995;21:130–8.

42 Julius P, Lommatzsch M, Kuepper M et al. Safety of segmental

allergen challenge in human allergic asthma. J Allergy Clin Immunol

2008;121:712–7.

43 Warren HS, Glennon ML, Wainwright N et al. Binding and neu-

tralization of endotoxin by Limulus antilipopolysaccaride factor.

Infect Immun 1992;60:2506–13.

44 Landmann R, Knopf HP, Link S, Sansano S, Schumann R, Zimmer-

li W. Human monocyte CD14 is upregulated by lipopolysaccharide.

Infect Immun 1996;64:1762–9.

45 LeVan TD, Michel O, Dentener M et al. Association between CD14

polymorphisms and serum soluble CD14 levels: effect of atopy and

endotoxin inhalation. J Allergy Clin Immunol 2008;121:434–40.

46 Kabesch M, Hasemann K, Schickinger V et al. A promoter poly-

morphism in the CD14 gene is associated with elevated levels of

soluble CD14 but not with IgE or atopic diseases. Allergy

2004;59:520–5.

47 Zambelli-Weiner A, Ehrlich E, Stockton ML et al. Evaluation of the

CD14 ⁄ -260 polymorphism and house dust endotoxin exposure in

the Barbados Asthma Genetics Study. J Allergy Clin Immunol

2005;115:1203–9.

48 Lundell AC, Adlerberth I, Lindberg E et al. Increased levels of cir-

culating soluble CD14 but not CD83 in infants are associated with

early intestinal colonization with Staphylococcus aureus. Clin Exp

Allergy 2007;37:62–71.

49 Bas S, Gauthier BR, Spenato U, Stingelin S, Gabay C. CD14 is an

acute-phase protein. J Immunol 2004;172:4470–9.

50 Jovanovic DV, Di Battista JA, Martel-Pelletier J et al. IL-17 stimu-

lates the production and expression of proinflammatory cytokines,

IL-ß and TNF-a, by human macrophages. J Immunol

1998;160:3513–21.

51 Ichiyama T, Hasegawa S, Umeda M, Terai K, Matsubara T,

Furukawa S. Pranlukast inhibits NF-kappa B activation in human

monocytes ⁄ macrophages and T cells. Clin Exp Allergy

2003;33:802–7.

P. Julius et al. sCD14 in BAL 18, 42 and 162 Hours After SAP 311
..................................................................................................................................................................

� 2010 The Authors

Journal compilation � 2010 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 71, 304–311


