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as lipopolysaccharide (LPS). Asthma exacerbations are associated with the level
of exposure to allergens and LPS. LPS can potentiate allergen effects in steroid-
naive patients. Long-acting PB2-agonists (LABA) were shown to inhibit LPS-
induced bronchial inflammation in healthy volunteers. The aim of this study was
Centre, University of Amsterdam, Meiberg- to assess the effect of LPS on the allergen-induced eosinophilic inflammation [pri-
dreef 9, 1105 AZ, Amsterdam, The Nether-  mary endpoints: eosinophil counts and eosinophil cationic protein (ECP)] induced
lands. by bronchial instillation of house dust mite (HDM) in patients with asthma on
Tel.: +31-20-5667924 maintenance treatment with inhaled corticosteroids (ICS).
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E-mail: m.berger@am. uva.nl run-in medication (fluticasone propionate 100 pg bid) during 2 weeks before the
study day. All patients underwent bronchial challenge with HDM, and half of them
were randomized to receive additional LPS. Both groups were randomized to
receive pretreatment with a single inhalation of 100 pg salmeterol 30 min before
bronchial segmental challenge. Six hours later, bronchoalveolar lavage (BAL) was
collected for leukocyte cell count, differentials, and cellular activation markers.
Results: Challenge with HDM/LPS induced a significant increase in eosinophil
cationic protein (P = 0.036) and a trend toward an increase in BALF eosinophils
as compared to HDM challenge.

Conclusion: Lipopolysaccharide promotes eosinophilic airway inflammation in
patients with asthma despite being on maintenance treatment with ICS.

Correspondence
Marieke Berger, Department of Respiratory
Medicine, Room F-5-260, Academic Medical

Accepted for publication 5 November 2014
DOI:10.1111/all.12544

Edited by: Hans-Uwe Simon

Abbreviations

ANOVA, analysis of variance; ATS, American Thoracic Society; BALF,
bronchoalveolar lavage fluid; ECP, eosinophil cationic protein; ERS,
European Respiratory Society; FEV,, forced expiratory volume in 1
second; GINA, Global Initiative for Asthma; HDM, house dust mite;
ICS, inhaled corticosteroids; IL, interleukin; LABA, long-acting B2-
agonists; LPS, lipopolysaccharide; MCP-1, monocyte
chemoattractant protein-1; MIP-1a, macrophage inflammatory
protein-1 alpha; MIP-1B, macrophage inflammatory protein-1 beta;
MPO, myeloperoxidase; PC-20, provocative concentration (mg/ml)
of methacholine inducing a decline in FEV, of 20% from baseline;
RANTES, regulated and normal T cell expressed and secreted;
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Asthma is characterized by variable airflow limitation, airway
hyper-responsiveness, and airway inflammation, accompanied
with symptoms of shortness of breath, cough, wheezing, and
chest tightness (1). It is thought to be caused and driven by a
combination of genetic factors and environmental factors
such as allergens, viruses, bacterial products, molds, and air
pollution (1-3).

Exposure to house dust mites (HDMs) is associated with
asthma exacerbations and eosinophilic inflammation in mite-
sensitive patients (1). House dust is a complex mixture,
containing mite allergens and microbial products such as
lipopolysaccharide (LPS, endotoxin). LPS is known to induce
a neutrophilic inflammation in healthy subjects (4-6).
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Patients with asthma have an increased sensitivity toward
inhaled LPS with respect to lung function with a more pro-
nounced fall in FEV; (7). Also, exposure to LPS might be
associated with occurrence of asthma symptoms (8).

While some investigators showed positive (4, 9) and oth-
ers negative (8, 10) effects of LPS exposure on asthma
occurrence, severity, and airway remodeling, little is known
about the interaction and underlying mechanisms between
allergen-driven activation via the adaptive immune system
and LPS-induced activation of the innate immune system.
Interestingly, de Boer et al. (11). showed that LPS inhibits
the Th2 lung inflammation induced by HDM allergens in
mice.

Asthma treatment is built on inhalation corticosteroids
(ICS) and bronchodilators (1). Corticosteroids strongly
inhibit allergen-induced eosinophilic inflammation (12), but
are less effective in suppressing LPS-induced neutrophilic
inflammation (13). Previous work from our group showed
that the long-acting PB2-agonist (LABA) salmeterol is capa-
ble of inhibiting LPS-induced inflammation in healthy vol-
unteers (14). Moreover, in patients with asthma,
salmeterol suppresses allergen-induced early release of
interleukin (IL)-5, which is pivotal for eosinophilic inflam-
mation and suggests an inhibitory effect on mast cell acti-
vation (15, 16). Therefore, LABAs may be effective in
suppressing both allergen-induced and LPS-induced pulmo-
nary inflammation in asthma and thereby reduce airway
remodeling.

Using the clinically relevant model of bronchial segmental
HDM provocation (5, 6, 17), we tested the hypothesis that
addition of LPS to allergen, in a ratio similar to natural
house dust, induces an increase in the eosinophilic inflamma-
tory response in stable asthmatics on maintenance treatment
with inhaled corticosteroids.

Furthermore, we tested whether pretreatment with a single
dose of salmeterol has an inhibitory effect on allergen and
allergen/LPS-induced inflammation in asthmatics while on
maintenance treatment with ICS.

Allergic asthma
N=39

2 weeks run-in
(fluticasone propionate
100 ug bid)

Berger et al.

Methods
Subjects

Thirty-nine adult, nonsmoking and stable patients with inter-
mittent-to-mild asthma (according to GINA) (1), with allergy
to HDM, were recruited by advertising. Patients were
included after screening, consisting of a questionnaire, physi-
cal examination, blood investigation, lung function (ATS)
(18, 19), and allergy test (RAST). The institutional ethics
committee approved the study, and subjects gave informed
consent (Dutch Trial Register no. 1807). Additional informa-
tion is provided in the online data supplement.

Study design

In this investigator-initiated, randomized, controlled, single-
blinded study (Fig. 1), all patients used run-in medication [flu-
ticasone propionate (GlaxoSmithKline, Zeist, the Nether-
lands)] 100 pg bid during 2 weeks before the study day (20).
Patients who used ICS before screening were asked to stop
their regular medication and switch to the study run-in medi-
cation. After run-in, patients were randomized to receive
bronchial segmental challenge with HDM or HDM/LPS in a
lung subsegment. Sham challenge (saline) was performed in
the contralateral lung. In addition, patients were randomized
to pretreatment by inhalation of 100 pg of salmeterol (Glaxo-
SmithKline) 30 min before the challenge or no pretreatment.
After 6 h, bronchoalveolar lavage (BAL) was performed
(ATS guidelines)(21, 22). Primary endpoints were markers of
eosinophilic inflammation (eosinophil cell count and eosino-
phil cationic protein) in BAL fluid (BALF).

Materials

U.S. Standard Reference endotoxin (lipopolysaccharide
E. coli, 10 000 EU/vial) was kindly supplied by Dr Suffredini
from the National Institutes of Health, Bethesda, Maryland,
USA.

Drop out:
+ -1 Withdrew consent

- 1 Withdrew medication

HDM/LPS
N=21

1 - Drop out:

No pretreatment Salmeterol 100 pg
N=8 N=8 N=8

No pretreatment

- -2 Refused the second bronchoscopy
- 3 Technical difficulties

Salmeterol 100 pg
N=8

Figure 1 Study design flow diagram. HDM, house dust mite; LPS, lipopolysaccharide.
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Standardized D. Pteronyssinus extract (10 000 BU/ml) was
derived from ALK Abello, Nieuwegein, the Netherlands. All
patients received 50 biological units in 5 ml saline, which
contained 0.097 ng endotoxin.

Measurements

Cell differentials from BALF were performed on cytospins
(Diff-Quick; Dade Behring AG, Diidingen, Switzerland). Cell
concentrations were calculated as (% cells x total cell
count)/volume of BALF. When the percentage of a cell dif-
ferential was zero, we assigned a quarter of the detection
limit (0.1%) for statistical reasons (23). Inflammatory media-
tors in BALF and serum were determined by multiplex bead
flow assays (Bio-Rad, Hercules, CA, USA) and read on a
Bioplex 200 reader (Bio-Rad Laboratories, Inc.) or enzyme-
linked immunosorbent assay (ELISA).

Statistical analysis

A sample size of 16 patients was estimated to have a power
of 80% to detect a 50% change in BAL leukocytes (14). Dif-
ferences were considered significant at P-values equal or
<0.05. Block randomization was performed by envelopes
using fixed block sizes of four treatment options. The pulmo-
nologist administering the intervention and the laboratory
analysts performing the measurements on the material were
completely blinded to the treatment. Baseline differences were
analyzed by one-way ANovA. To determine the effect of LPS
on HDM-induced pulmonary inflammation, we performed a
univariate analysis with LPS and salmeterol as fixed factors
and baseline values (blood) or control segment values
(BALF) as covariates. All analyses were performed with spss
20 for Windows (IBM, Armonk, NY, USA).

Results

Participants were investigated between August 2010 and
August 2011. Subject characteristics were not significantly
different between groups (P > 0.05, Table 1). Two of 39
screened patients withdrew during the run-in period. After

Table 1 Baseline characteristics

House dust mite and LPS in asthmatics

the run-in period, we randomized 37 patients on the study
day. During the study day, two patients refused to undergo
the second bronchoscopy, and in three cases, the procedures
were not completed due to medical reasons (Fig. 1). We were
able to collect blood samples before and 6 h after provoca-
tion from 36 patients. Per-protocol analysis of BALF was
performed in 32 patients. Nine of these 32 patients used
ICS maintenance treatment with a mean fluticasone equiva-
lent of 300 pg/day before the start of run-in. We observed no
significant differences in FEV, during the study day between
different groups.

We started with an LPS dose of 4 ng/kg, which was
based on studies in healthy volunteers. We lowered the
LPS dosage to 1 ng/kg because of adverse respiratory
effects in the first two patients who received HDM plus
4 ng/kg LPS (no pretreatment with salmeterol). For the
standard provocation dose of 4 ng/kg, it is reported in the
literature (6) that it does not induce any eosinophilic
inflammation. We composed an additional control group of
six asthmatics to verify that the lower dose of 1 ng/kg LPS
also did not cause an increase in baseline eosinophilic
inflammation but did induce a neutrophilic inflammation.
In this group, we did not find an effect on any of the
parameters for eosinophilic inflammation. Increase in BALF
IL-6 (P =0.029) and CXCL10 (P =0.013) and increase in
peripheral  blood leukocytes (P = 0.023), neutrophils
(P =0.029), and monocytes (P = 0.021) 6 h after low-dose
LPS challenge did confirm proinflammatory effects of the
low-dose LPS.

To study the effect of LPS on HDM-induced eosinophilic
inflammation, the results of the two patients with 4 ng/kg LPS
were included in the analysis. To study the effect of salmeterol
pretreatment, results of these two patients were omitted as
both patients did not receive salmeterol pretreatment.

Effect of LPS on HDM-induced eosinophilic inflammation
(n=32)
Primary endpoints

Table 2 shows the primary and secondary endpoints in
BALF of subjects challenged with HDM and HDM/LPS.

HDM HDM/LPS HDM (S) HDM/LPS (S)

N=38 N=38 N=8 N=28 P-value
Age* 26.5 (20-30) 28.0 (19-42) 21.0 (19-26) 22.3 (19-25) >0.05
Male gender (%) 375 25.0 25.0 50.0 >0.05
ICS use before run-in (%) 25.0 62.5 12.5 12 5 >0.05
Prebronchodilator FEV; in literf 4.2 (0.8) 3.8 (0.7) 3.6 (0.6) 0 (0.5) >0.05
Prebronchodilator FEV% of predictedt 106 0(11.3) 101.4 (14.0) 97.5 (14.0) 103 4 (15.0) >0.05
PC-20% in mg/ml 9 (3.6) 6.7 (4.7) 7.5 (5.3) 8 (4.6) >0.05
Total IgE% in kU/I 305 1(2.6) 383.5 (3.2) 168.7 (4.0) 306 8 (2.9) >0.05
IgE HDM in kU/I 25.4 (3.5) 24.2 (5.2) 7.6 (5.4) 32.2 (2.9 >0.05

HDM, house dust mite; LPS, lipopolysaccharide; (S), salmeterol; ICS, inhalation corticosteroids; FEV, forced expiratory volume in 1 second;
PC-20, provocative concentration (mg/ml) of methacholine inducing a decline in FEV; of 20% from baseline.
Values are expressed as *median (range), Tmean (standard deviation), fgeometric mean (geometric standard deviation) and analyzed by one-

way ANOVA.
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Addition of LPS to HDM induced a significant increase in
BALF eosinophil cationic protein (ECP) (P =0.04) and a
nonsignificant increase in eosinophils (P = 0.09) (Fig. 2 and
Table 2). The interaction term of LPS and salmeterol was
not significant in the univariate analysis, indicating that the
effect of LPS was independent of the presence or absence of
pretreatment with salmeterol.

Secondary endpoints
Addition of LPS to HDM induced a significant increase in
leukocytes, neutrophils (Fig. 3), lymphocytes, monocytes,
basophils, plasma cells, IL-1p, 1L-6, IL-8, myeloperoxidase
(MPO) (Fig. 3), MCP-1, MIP-1a, MIP-1B, chymase, tryp-
tase, CXCL-10, and TGF- (Fig. 3) in BALF. Measurements
of IL-4, IL-5, IL-10, IL-13, IL-17, and stem cell factor in
BALF were below the detection limit.

In peripheral blood, addition of LPS to HDM caused

Berger et al.

depend on the presence or absence of salmeterol pretreat-
ment.

Effect of salmeterol in HDM and HDM/LPS-challenged
patients (n = 30)

Primary endpoints

The slight inhibition of the HDM-induced increase in eosin-
ophils and ECP in BALF by pretreatment with salmeterol did
not reach statistical significance (Table 3). This result was not
affected by the presence or absence of LPS challenge.

Secondary endpoints

After pretreatment with salmeterol, we measured a signifi-
cant inhibition of the increase in lymphocytes (P = 0.02),
monocytes (P =0.03), IL-18 (P =10.03), and CXCLI0
(P =0.003) in BALF after challenge.

an increase in leukocytes (P = 0.001), neutrophils In peripheral blood, salmeterol significantly augmented the

(P <0.001), and IL-10 (P = 0.02) and a decrease in blood decrease in lymphocytes (P =0.002) and eosinophils

eosinophils (P = 0.04) (Table Sl1). These results did not (P =0.001) and an increase in IL-8 (P = 0.021).

Table 2 Effect of provocation with HDM, HDM/LPS, or saline (control) in BALF

Control HDM HDM/LPS
n=32 n=16 n=16 P-value

Primary outcomes
Eosinophils, cells x 10%/ml 0.07 0.47% 1.70% 0.09
Eosinophil cationic protein, ng/mi 0.84 2.74% 8.26+ 0.04

Secondary outcomes
Leukocytes, cells x 10%ml 11.89 12.79 29.58* 0.02
Neutrophils, cells x 10%/ml 1.10 1.23 10.19* 0.001
Lymphocytes, cells x 10%/ml 0.87 0.79 1.31 0.03
Monocytes, cells x 104ml 0.01 0.01 0.02* 0.04
Basophils, cells x 10%/ml 0.01 0.01 0.02* 0.006
Macrophages, cells x 10%/ml 7.68 7.94 10.72 0.30
Mast cells, cells x 10%ml 0.01 0.01 0.03* 0.05
Plasma cells, cells x 10%/ml 0.01 0.01 0.02* 0.02
IL-1B, pg/ml 0.02 0.01 0.13% 0.002
IL-6, pg/ml 1.33 1.06 1188.57 <0.001
IL-8, pg/ml 25.86 19.54 785.2+ <0.001
IL-9, pg/ml 0.57 0.38 0.39 0.97
IL-18, pg/ml 0.04 0.04 0.05 0.44
GRO-a, ng/ml 0.41 0.64 0.95*% 0.21
Myeloperoxidase, ng/mi 12.08 12.33 37.677 0.002
MCP-1, pg/ml 5.95 4.70 42.56* 0.01
MIP-1a, pg/ml 0.03 0.04 9.10% <0.001
MIP-18, ng/ml 0.09 0.03 2.30F <0.001
CXCL-10, ng/ml 1.04 0.74 13.807 <0.001
RANTES, pg/ml 0.08 0.16 0.48* 0.17
TGF-B, pg/ml 7.12 7.23 15.38% <0.004
Chymase, pg/ml 5.10 5.32 21.33F <0.001
Tryptase, kU/I 0.72 0.87 1.88% <0.009
Eotaxin, pg/ml 1.80 1.54 1.92 0.69

HDM, house dust mite; LPS, lipopolysaccharide.

Geometric means for saline challenge and estimated marginal means for HDM and HDM/LPS challenge site (means adjusted for saline chal-
lenge values). P-values for the difference between HDM and HDM/LPS as found in the univariate analysis with LPS and salmeterol as fixed

factors and saline values as covariate.
*P < 0.05 vs saline, 1P < 0.001 vs saline.
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Figure 2 Additional effect of LPS to HDM on primary outcomes in BALF. Paired differences in eosinophil cell count and concentration of
eosinophil cationic protein in bronchoalveolar lavage fluid (BALF), 6 h after challenge with saline and HDM, or saline and HDM/LPS.
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Figure 3 Additional effect of LPS to HDM on secondary outcomes
in BALF. Paired differences in neutrophil cell count and concentra-
tions of myeloperoxidase, chymase, tryptase, CXCL-10, and TGF-B

Discussion

This study shows a potentiating effect of LPS on allergen-
induced eosinophilic inflammation in patients with mild asthma
on maintenance treatment with ICS. We observed a significant
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increase in BALF eosinophil cationic protein and a trend
toward an increase in BALF eosinophils after HDM/LPS chal-
lenge as compared to HDM challenge only. As expected, addi-
tion of LPS to HDM challenge induced significant increases in
BALF neutrophils and myeloperoxidase. Moreover, there was
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Table 3 Effect of salmeterol on outcomes in BALF after provocation with HDM + LPS
Salmeterol — Salmeterol +

Primary outcomes (N=14) (N=16) P-value

Primary outcomes
Eosinophils, cells x 10%ml 1.50 0.41 0.11
Eosinophil cationic protein, ng/mi 5.22 3.63 0.56

Secondary outcomes
Leukocytes, cells x 10%ml 20.98 16.25 0.25
Neutrophils, cells x 10%/ml 3.84 2.70 0.34
Lymphocytes, cells x 10%/ml 1.33 0.87 0.02
Monocytes, cells x 104ml 0.02 0.01 0.03
Basophils, cells x 10%ml 0.01 0.01 0.51
Macrophages, cells x 10%/ml 10.65 7.78 0.14
Mast cells, cells x 10%ml 0.02 0.01 0.08
Plasma cells, cells x 10%/ml 0.01 0.01 0.14
IL-1B, pg/ml 0.07 0.02 0.03
IL-6, pg/ml 29.51 22.49 0.43
IL-8, pg/ml 142.82 83.87 0.86
IL-9, pg/ml 0.40 0.41 0.70
IL-18, pg/ml 0.04 0.04 0.66
Myeloperoxidase, ng/ml 17.84 21.10 0.67
GRO-a, ng/ml 0.77 0.94 0.75
MCP-1, pg/ml 15.97 13.38 0.79
MIP-1a, pg/ml 1.45 0.15 0.08
MIP-1B, ng/ml 0.26 0.21 0.87
CXCL-10, ng/ml 3.90 2.05 0.003
RANTES, pg/ml 0.38 0.16 0.28
TGF-B, pg/ml 8.40 11.40 0.44
Chymase, pg/ml 9.70 10.24 0.95
Tryptase, kU/I 1.09 1.24 0.96
Eotaxin, pg/ml 211 1.19 0.32

Estimated marginal means (means adjusted for saline challenge) and P-values for the difference between salmeterol/HDM + LPS and HDM
+ LPS as found in the univariate analysis with LPS and salmeterol as fixed factors and saline challenge values as covariate.

also an increase in chymase, tryptase, TGF-p, and CXCL-10
among others. Additional treatment with single-dose salmeter-
ol did not significantly inhibit any of the primary endpoints.
However, there was significant inhibition of the increase in
BALF lymphocytes, monocytes, IL-1B, and CXCL10.

To our knowledge, this is the first study investigating the
additional effect of LPS on HDM-induced bronchoalveolar
inflammation in allergic asthmatics on maintenance treatment
with ICS, using the safe, clinical relevant, and well-tolerated
research model of bronchial segmental provocation.

The ratio LPS: HDM in the current study was 1 : 1.41
(based on weight), which resembles the composition of floor
dust in regular, temperate climate homes (24).

This study has a few limitations.

It is known that there is a large interindividual variability
in sensitivity to endotoxin (25), and its effects are time and
dose dependent, complicating every study investigating the
effect of LPS exposure. Because we intended to limit the
burden to the patients, we did not perform a cross-over study
to correct for this effect.

We observed a relatively high neutrophil count in the con-
trol segments of some patients, which may be explained by
more pronounced collateral inflammation of asthmatics as

described by Braunstahl et al. (26). Alternatively, as the con-
trol segment was always challenged first, contamination with
endotoxins from the upper airways during insertion of the
bronchoscope could cause this high neutrophil count. How-
ever, regardless of the origin of the phenomenon, it may have
masked differences rather than being responsible for the dif-
ferences, as we corrected the effect of LPS and salmeterol for
the values in the control segments.

Some investigators report maximal eosinophil influx in
BALF of asthmatics at 42 h after allergen provocation (27),
while others report eosinophil influx in BAL as early as 4 h
after allergen challenge (28). The design of our study, with a
time frame of 6 h, covers the early phase of the inflammatory
response after allergen challenge. We may have missed possi-
ble effects of LPS and salmeterol on inflammation later on.

In our small groups, there seems to be some heterogeneity
in baseline characteristics (Table 1) concerning PC20 and
allergic parameters. This might be a result of differences in
ICS usage prior to recruitment. However, based on addi-
tional information available, we believe that these differences
did not influence the final results.

First, all patients had mild persistent or intermittent
asthma. The groups were homogeneous in this respect. Sec-
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ond, all patients, including the ones on ICS treatment before
recruitment, used the same run-in medication of flixotide
200 pg/day for 2 weeks prior to the study day.

Baseline values of the primary endpoints did not differ sig-
nificantly for patients who used and did not use ICS before
run-in and were not dependent on baseline PC20 methacho-
line or levels of HDM-specific IgE. Moreover, we performed
an analysis with the baseline variables (blood) and saline val-
ues (BALF) as covariates minimizing the effect of differences.
Introducing the use of ICS before run-in as a fixed factor in
the analysis did not show any indication for an independent
contribution of this factor.

In line with the results of Schaumann et al. (17) in steroid-
naive patients with asthma, we demonstrate a potentiating
effect of LPS on allergen-induced local pulmonary inflamma-
tion as shown by a definitive increase in ECP and a possible
increase in eosinophil numbers.

Maris et al. (14). previously observed a significant inhibition
of neutrophil recruitment and reduced production of MPO and
TNF-o after a single dose of 100 pg salmeterol previous to inha-
lation challenge with LPS in healthy males. In the current study,
we did not investigate the effect of salmeterol on challenge with
LPS only, but salmeterol did not appear to inhibit neutrophil
influx by LPS in combination with HDM. The simultaneous
challenge with house dust mite may have modified the effect of
salmeterol on neutrophil recruitment, and it cannot be ruled out
that the effect of salmeterol on LPS-induced neutrophil recruit-
ment is modified by the maintenance treatment with inhaled
corticosteroids. Furthermore, there were additional differences
between the study by Maris et al. and our current study in the
type of challenge (inhalation vs bronchial segmental challenge)
and the total dose of LPS dosage (100 pg by inhalation vs
1 ng/kg with a mean dose of 0.07 ug by local endobronchial
deposition). It should be tested whether the effect of salmeterol
on LPS-induced neutrophil recruitment in asthmatics differs
from the effect as found in healthy volunteers.

We were not able to demonstrate alterations in Th2 pro-
teins, such as IL-4, IL-5, and IL-13, in BALF. In general,
protein levels of these cytokines are very low in BAL due to
dilution by the lavage procedure. Unfortunately, we were not
able to perform PCR for these parameters. Previous studies
showed efficacy of combination therapy with ICS and LABA
on mast cells (16, 29) and smooth muscle cells (30). Interest-
ingly, a single dose of salmeterol, next to ICS maintenance
treatment, significantly inhibited the increase in lymphocytes,
monocytes, IL-1p, and CXCL10 and had a borderline effect
on mast cells after HDM or HDM/LPS exposure. This is
consistent with the results of Wallin et al. (29) who demon-
strated a significant decrease in mast cells in BALF, after
12 weeks of treatment with fluticasone propionate and
salmeterol. Interestingly, we also observed an increase in
chymase, tryptase, and CXCL10 after addition of LPS to
HDM, which suggests an effect on mast cell recruitment
and/or activation (31, 32). These mediators affect the airway
smooth muscle layer, which is thought to play an important
role in airway remodeling in asthma (32). Likewise, TGF-j,

House dust mite and LPS in asthmatics

which is also potentiated by LPS, is associated with airway
remodeling (33) and asthma severity (34).

Based on our findings and others, we could speculate that
exposure to LPS in combination with mite allergen potenti-
ates mechanisms associated with airway remodeling. Possibly,
salmeterol due to its effect on CXCL10 might interfere with
these mechanisms, at least during acute administration.

In conclusion, we showed that low-dose LPS significantly
promotes eosinophilic airway inflammation, in particular as
indicated by ECP levels, after allergen exposure in patients
with asthma. Most interestingly, while they were using main-
tenance treatment with ICS. In addition to its effect on ECP,
LPS appears to promote parameters associated with mast cell
recruitment and activation, and potentiates TGF-B. These
pathways are connected with airway remodeling. Secondly,
salmeterol may inhibit some aspects of HDM/LPS-induced
bronchial inflammation, but did not inhibit the main parame-
ters for eosinophilic and neutrophilic inflammation.
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Supplement Table I: Effect of provocation with HDM or HDM/LPS in peripheral
blood

Parameters Baseline HDM HDM/LPS P-value
n =36 n=16 n=20
Leukocytes, cells x 10%/L 5.50 7.26 9.53 0.001
Neutrophils, cells x 10°/L 2.81 4.48 6.87 <0.001
Eosinophils, cells x 10°/L 0.17 0.10 0.08 0.04
Lymphocytes, cells x 10%/L 1.81 1.90 1.80 0.28
Monocytes, cells x 10”/L 0.44 0.53 0.61 0.08
Basophils, cells x 10°/L 0.03 0.03 0.03 0.67
IL-5, pg/ml 1.90 2.22 2.40 0.53
IL-6, pg/ml 0.43 0.60 1.24 0.12
IL-8, pg/ml 0.96 1.25 1.36 0.85
IL-10, pg/ml 1.08 0.58 1.40 0.02
GRO-q, ng/ml 18.43 14.03 11.91 0.70
MCP-1, pg/ml 0.92 0.67 0.70 0.37
MIP-1a, pg/ml 0.90 0.89 0.69 0.25
MIP-13, ng/ml 28.76 24.49 29.72 0.12
TGF-a, pg/ml 0.31 0.29 0.25 0.71

Footnote: Geometric mean data for baseline values and estimated marginal means
(adjusted for baseline values) for HDM and HDM/LPS.P-values for the difference
between HDM and HDM/LPS as found in the univariate analysis with LPS and
salmeterol as fixed factors and baseline values as covariate.

Definition of abbreviations: HDM; House Dust Mite, LPS; Lipopolysaccharide. Cell
differentials, cytokines and chemokines were measured in peripheral blood before
and 6 hours after bronchial segmental challenge with HDM or HDM/LPS.



Supplement Table IlI: Effect of provocation with LPS or HDM/LPS in BALF

Primary outcomes LPS HDM/LPS P-value
n==6 n=14

Eosinophils, cells x 10*/m 0.29 1.82 0.07

Eosinophil cationic protein, ng/ml 0.78 5.81 0.06

Secondary outcomes

Leukocytes, cells x 10%/ml 33.04 29.44 0.76
Neutrophils, cells x 10%/ml 14.29 9.95 0.97
Lymphocytes, cells x 10*/ml 1.53 1.46 0.49
Monocytes, cells x 10%/ml 0.02 0.02 0.53
Basophils, cells x 10*/ml 0.02 0.02 0.59
Macrophages, cells x 10%/ml 15.28 11.38 0.95
Mast cells, cells x 10*/ml 0.02 0.03 0.19
Plasma cells, cells x 10%/ml 0.02 0.02 0.89
IL-13, pg/ml 0.09 0.14 0.27
IL-6, ng/ml 0.59 0.99 0.21
IL-8, pg/ml 660.69 659.17 0.64
IL-9, pg/ml 0.34 0.40 0.95
IL-18, pg/ml 0.04 0.04 0.87
Myeloperoxidase, ng/ml 22.96 31.48 0.52
GRO-q, ng/ml 0.93 1.13 1.00
MCP-1, pg/m| 82.41 49.89 0.68
MIP-1a, pg/ml 1.19 8.39 0.33
MIP-18, ng/ml 1.66 1.73 0.51
CXCL-10, ng/ml 15.92 10.62 0.99
RANTES, pg/ml 0.04 0.49 0.008
TGF-B, pg/mL 8.87 12.91 0.74
Chymase, ng/ml 14.96 19.59 0.52

Tryptase, kU/L 0.71 1.54 0.16



Eotaxin, pg/ml 1.69 1.49 0.89

Footnote: Estimated marginal means (means adjusted for saline challenge) and p-
values for the difference between LPS and HDM/LPS as found in the univariate
analysis with HDM and salmeterol as fixed factors and saline challenge values as
covariate.

Definition of abbreviations: HDM; House Dust Mite, LPS; Lipopolysaccharide. Cell
differentials, cytokines and chemokines were measured in bronchoalveolar lavage
fluid, 6 hours after instillation of LPS or HDM/LPS in a lung subsegment of allergic
asthmatics.
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