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Severe persistent asthma and chronic obstructive pulmonary disease (COPD) are associated with
neutrophil influx into the airways. It is not clear whether neutrophil chemotaxis is influenced by
B2-agonists and glucocorticoids, drugs commonly used in treatment of asthma and COPD. The effect of
a long-acting By-agonist (formoterol), and a glucocorticosteroid (budesonide) on chemokine/cytokine
release (CXCL8, CXCL1, IL-6), regulation of chemokine receptors (CXCR1, CXCR2), and migration were
assessed in neutrophils from 10 non-allergic, healthy donors. Formoterol enhanced and budesonide

ﬁzl V:r%rg;;ls inhibited IL-6, CXCL8 and CXCL1 release from LPS-stimulated neutrophils. Formoterol up-regulated both
Chemotaxis CXCR1 and CXCR2 expression, whereas budesonide up-regulated the expression of CXCR2 only. Despite
CXCR1 the effects on chemokine release and drug-induced up-regulation of CXCR1 and CXCR2, no influence on
CXCR2 neutrophil chemotaxis could be demonstrated.

Formoterol We conclude that a ;-agonist and a glucocorticoid, commonly used in the treatment of obstructive
Budesonide lung diseases, influence chemokine release and receptor sensitivity but the functional consequences of

these findings remain unclear.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The recruitment of neutrophils to sites of inflammation is to
a large extent regulated by chemokines [1,2]. Cysteine-X-cysteine
(CXC) chemokines act via two related G protein-coupled receptors,
CXCR1 and CXCR2, which are expressed predominantly on
neutrophils [3]. Both CXCR1 and CXCR2 are of importance for
neutrophil chemotaxis, but only CXCR1 mediates cytotoxic and
cross-regulatory signals [4]. Of the CXC chemokines, CXCL8 (inter-
leukin-8, IL-8), CXCL1 (growth-related oncogene-a, GRO-a), and
CXCL5 (epithelial-derived neutrophil activator, ENA-78) are of
particular interest as chemoattractants and activators of neutro-
phils. These chemokines mediate their effects by stimulating
CXCR2, while CXCL8 also activates CXCR1 [5]. Like other G protein-
coupled receptors, CXCR1 and CXCR2 are rapidly desensitized
following a burst of agonist-mediated signalling [6,7].

Severe persistent asthma is associated with increased number of
neutrophils in the airways and in peripheral blood [8] and asthma
exacerbations are associated with increased number of neutrophils
in the airways [9,10]. The combination of sputum neutrophilia and
normal numbers of eosinophils is a characteristic feature of non-
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atopic asthmatic subjects who respond poorly to treatment with
inhaled corticosteroids [11]. The number of airway neutrophils is
also increased in chronic obstructive pulmonary disease (COPD),
and is higher in severe COPD than in mild disease [12].

B2-Agonists and glucocorticoids are commonly used in the
treatment of asthma and COPD. It has been convincingly shown that,
from a clinical perspective, the combination of these two types of
drugs is more favourable thanis either drug alone [ 13—18]. A synergy
between B,-agonists and steroids with regard to inhibition of CXCL8
release from human bronchial epithelial cells and human airway
smooth-muscle cells has been described [19,20]. Synergistic effects
at the molecular level have also been shown - glucocorticoids
enhance B,-adrenergic receptor function and B,-agonists in turn
facilitate glucocorticoid receptor (GR) nucleus localization and
enhance glucocorticoid receptor binding to DNA [10,21]. In vitro
studies have demonstrated that f,-agonists enhance the release of
pro-inflammatory cytokines (IL-6 and CXCL8) from bronchial
epithelial cells [19,22,23] and airway smooth-muscle cells [20], and
corticosteroids inhibit IL-6 and CXCL8 release from bronchial and
alveolar epithelial cells [23,24]. Although not being a direct che-
moattractant for neutrophils, IL-6 contributes to leukocytosis by
release of neutrophils from bone marrow and induces the produc-
tion of cytokines, including CXCL8, CCL5, GM-CSF and TNF [5].

It is not unlikely that the beneficial clinical effects of f,-agonists
and steroids in the treatment of asthma and COPD to some extent
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are mediated by influence on cell migration. The aims of this in vitro
study were to elucidate the effect of a long-acting B,-agonist (for-
moterol), and a glucocorticosteroid (budesonide) on mechanisms
involved in neutrophil migration. Therefore, drug effect on che-
mokine/cytokine release (CXCL8, CXCL1, IL-6), regulation of che-
mokine receptors (CXCR1, CXCR2), and migration towards CXCL8
and CXCL1 as a functional response was investigated in isolated
human blood neutrophils from healthy donors.

2. Material and methods
2.1. Study design

In vitro experiments were performed on isolated peripheral
blood neutrophils from 10 non-smoking, non-allergic healthy
donors (5 females, age 22—54 years). The blood sample was drawn
in the morning. Neutrophils were isolated and used for studies on
cytokine release, chemotaxis and receptor expression. For the
cytokine release drugs were added to the neutrophils which were
seeded into cell growth plates and incubated for 8 h. For chemo-
taxis neutrophils were incubated with calcein and then incubated
with the different drugs and added to the chemotaxis plates.
Neutrophils used for receptor expression studies were kept on ice
until incubated with the drugs and antibodies before flow-cytom-
etry analysis.

2.2. Stimuli and drugs

Formoterol was a generous gift from AstraZeneca AB, Lund,
Sweden. Budesonide and propranolol were purchased from Sig-
ma—Aldrich, Stockholm, Sweden. Formoterol was dissolved in
0.01 M HCl (10~* M), budesonide in 99.5% ethanol (1072 M) and
propranolol in water (0.1 M). The stock solutions were kept at
—70 °C until used. At the time of each experiment, stock solutions
were diluted in buffer or cell growth medium to achieve final
concentrations.

Lipopolysaccharide (LPS) extracted from Escherichia coli serotype
0111:B4 and purified by gel filtration (Sigma—Aldrich) was used for
stimulation of the neutrophils in the cell cultures. Recombinant
human CXCL8 (208-IL-010) and CXCL1 (275-GR) were purchased
from R&D Systems Europe Ltd., Abingdon, UK. For the blocking
experiments in the neutrophil migration assays, monoclonal anti-
human CXCR1 (MAB330) and monoclonal anti-human CXCR2
(MAB331) antibodies were used (R&D). For detection of CXCR1
and CXCR2 by flow cytometry, phycoerythrin (PE)-conjugated
anti-CXCR1 (FAB330P) and anti-CXCR2 (FAB331P) antibodies and
a PE-conjugated mouse IgGoa (ICO03P) were used (R&D).

2.3. Isolation of peripheral blood neutrophils

Peripheral blood was collected in heparin Venoject® tubes (Ter-
umo Sweden AB, Vdstra Frélunda, Sweden) and mixed with Dul-
becco’s PBS (D-PBS) without Ca>* and Mg?* (GIBCO, Paisly, Scotland,
UK) containing 2% dextran (Pharmacocosmos, Holbaek, Denmark)
and allowed to sediment for 40 min. The leukocyte containing
supernatant was then carefully layered onto Lymphoprep™ (Medi-
nor AB, Liding6, Sweden). After centrifugation at 600 g for 25 min the
granulocyte containing fraction was collected followed by hypotonic
lysis of the remaining erythrocytes. The cells were washed twice
with D-PBS before they were re-suspended in RPMI 1640 medium
(Sigma—Aldrich) supplemented with L-glutamin (GIBCO), 1% peni-
cillin/streptomycin (GIBCO) and 5% heat-inactivated foetal bovine
serum (RPMI-FBS) and kept on ice until used. Neutrophil pop-
ulations isolated with this technique were >98% viable as assessed
by Trypan blue (Sigma—Aldrich) staining.

2.4. Cell culturing

Neutrophils in RPMI 1640 medium (Sigma—Aldrich) supple-
mented with L-glutamin (GIBCO), 1% penicillin/streptomycin
(GIBCO) and 5% heat-inactivated foetal bovine serum (RPMI-FBS)
were seeded into 24-well plates (Nunc, Roskilde, Denmark) at
a seeding density of 10° cells per well. The cells were incubated for
8 h with or without LPS 1 pg/ml and the different drugs at 37 °Cin
humidified atmosphere containing 5% CO,. The supernatants were
then collected and centrifuged at 1000 g for 10 min to remove cell
debris, and stored at —70 °C until analysis.

2.5. Cytokine assays

The IL-6 and CXCL8 concentrations were determined with an in
house ELISA method [25]. Commercially available antibody pairs,
the monoclonal anti-human capture antibodies MAB206 (IL-6) and
MAB208 (CXCL8), and the detection biotinylated anti-human
polyclonal antibodies BAF206 (IL-6) and BAF208 (CXCL8) (R&D)
were used. The recombinant human standard for IL-6 was 206-IL-
010 and for CXCL8 it was 208-IL-010 (R&D). Absorbance was read at
450 and 650 nm with a Thermomax 250 reader (Molecular Devices,
Sunnyvale, CA, USA). The CXCL1 concentration was assessed by the
same method as for IL-6 and CXCLS8, using the DuoSet ELISA kit,
DY275, from R&D and absorbance was read at 450 and 540 nm.

For duplicates an intra-assay coefficient of variation (CV) of
<10% and an inter-assay CV of <20% was accepted. The detection
ranges were 3—375 pg/ml for IL-6, 50—3200 pg/ml for CXCL8, and
31-2000 pg/ml for CXCL1.

2.6. Chemokine receptors

The drugs were mixed with 25 pl cell suspension containing
100 000 neutrophils in minisorp tubes and incubated at 37 °C for
30 min. To study the influence of formoterol and budesonide on
CXCR1 and CXCR2 regulation, the neutrophils were pre-incubated
with the drugs for 30 min at 37 °C before CXCL8 or CXCL1 was
added and the incubation continued for another 30 min at 37 °C.
Twenty-five ul of each drug/cell suspension were then added to
flow-cytometry tubes containing 10 ul of the different PE-
conjugated, titrated antibodies and the incubation continued with
the tubes placed on ice in the dark for 30 min. The neutrophils were
then washed with PBS and centrifuged at 400 g for 5 min three
times after which the pellets were re-suspended in 100 pl fixative
(CellFIX™, BD Biosciences, Stockholm, Sweden) and placed on ice.
The samples were analysed on a FACSCalibur flow cytometer (BD
Biosciences) with CellQuest™ (BD Biosciences).

Results are expressed as relative mean fluorescence intensity
(rMFI) calculated as the ratio between mean fluorescence intensity
(MFI) for CXCR1 or CXCR2 and MFI for the isotype control.

2.7. Chemotaxis

Chemotaxis was performed as described by Frevert et al. [26]
with minor modifications. The neutrophils were incubated with
Calcein AM (Invitrogen, Stockholm, Sweden) for 30 min at room
temperature, and then washed with D-PBS and re-suspended in
RPMI-FBS to a final concentration of 5 x 10°® cells/ml. The neutrophils
were incubated for 20 min at 37 °C with formoterol (10~°,1078,10~6
M), budesonide (1071°, 10~8, 10~ M), the combination of budeso-
nide (10~ M) and formoterol (10~8 M), anti-CXCR1 (5 pg/ml), anti-
CXCR2 (5 pg/ml) or the combination of anti-CXCR1 (5 pg/ml) and
anti-CXCR2 (5 pg/ml). Following incubation the neutrophils were
directly added to the upper surface of a polycarbonate filter with
5 um pores (ChemoTx™, Neuro Probe, Gaithersburg, USA). The wells
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Fig. 1. Effect of formoterol and budesonide on IL-6, CXCL8 and CXCL1 release from LPS-stimulated (8 h) neutrophils from 10 healthy subjects. Propranolol was used for blocking of
the formoterol effects. Data are presented as median and 25th-75th percentiles. *P < 0.05, **P < 0.01 indicate comparison with LPS-stimulated neutrophils.

below the filter were filled with the applicable doses of chemo-
attractant (CXCL8 100 ng/ml or CXCL1 100 ng/ml) with or without
drugs (concentrations see above). Following incubation for 1 h at
37 °C the non-migrated cells and the filter were removed, and the
fluorescence of the migrated cells was read in a multi-well fluores-
cent plate reader (SpectraMAX Gemini, Molecular Devices, Down-
ingtown, PA, USA), (excitation, 485 nm; emission, 530 nm).

Cell migration is expressed as percentage of maximum migra-
tion (cells added directly to the bottom of the wells) and is

corrected for spontaneous migration. Each sample was run in
triplicate and a CV of <15% was accepted.

2.8. Statistics

The results are presented as median values (25th — 75th
percentiles) and statistical calculation were made by using non-
parametric tests (Friedman test followed by Wilcoxon signed rank
test when appropriate). A p value <0.05 was considered statistically
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Fig. 2. Effect of 30 min incubation with formoterol and budesonide on CXCR1 and CXCR2 expression on neutrophils from 10 healthy subjects. Propranolol was used for blocking of
the formoterol effects. Results are expressed as relative mean fluorescence intensity (rMFI) and presented as median and 25th-75th percentiles. *P < 0.05, **P < 0.01 indicate

comparison with control values.

significant. Statistical analysis was performed using the StatView®
program, version 4.02 (Abacus Concepts Inc., Berkeley, CA, USA).

3. Results
3.1. Cytokine/chemokine release

In the supernatant of non-stimulated neutrophils the IL-6 and
CXCL8 concentrations were below detection limit and the
concentration of CXCL1 was 48 4 13 pg/ml. Formoterol and bude-
sonide did not influence basal IL-6, CXCL8 or CXCL1 release (data
not shown).

In LPS-stimulated neutrophils, formoterol increased the release
of IL-6 (p < 0.0001, Fig. 1a) and CXCL8 (p < 0.0001, Fig. 1c) in
a concentration-response manner but did not affect CXCL1 release
(Fig. 1e). Budesonide inhibited IL-6 (p < 0.0001, Fig. 1b) and CXCL1
release (p = 0.026, Fig. 1f) in a concentration-response manner in
LPS-stimulated neutrophils. A similar pattern was observed for
budesonide on CXCL8 release (p = 0,0001, Fig. 1d). Formoterol
enhanced the effect of budesonide on the release of CXCL1
(p = 0.0069, Fig. 1f) but not IL-6 and CXCL8 (Fig. 1b, d). Formoterol-
induced effects were blocked with propranolol (Fig. 1).

3.2. Chemokine receptor expression
Formoterol induced increased expression of CXCR1 (p = 0.021)

and CXCR2 (p = 0.0001) at all concentrations (10-1°-10-% M). The
formoterol effect on both chemokine receptors was blocked by

propranolol (Fig. 2). Budesonide did not influence the expression of
CXCR1 (Fig. 2b), but increased CXCR2 expression (p = 0.0038)
(Fig. 2d) at all concentrations. Maximal drug effect was found
already at the lowest budesonide concentration, and no further
increase was observed at higher concentrations. Formoterol did not
add to the effect of budesonide.

CXCL8 induced decreased expression of CXCR1 by 52%
(p < 0.0003) and CXCR2 by 76% (p < 0.0003, Fig. 3a, c) while CXCL1
decreased CXCR2 expression by 60% (p < 0.0003, Fig. 3b, d). CXCL1
tended to increase the CXCR1 expression but only in the absence of
formoterol and/or budesonide (Fig. 3b). Agonist-induced down-
regulation of CXCR1 and CXCR2 was not counteracted by pre-
treatment with formoterol and/or budesonide (Fig. 3a, c, d).

3.3. Chemotaxis

CXCL8 was a more efficient chemoattractant for neutrophils
than was CXCL1, the migration rate being 43% and 17% of maximum
migration (i.e. cells added directly to the bottom of the wells),
respectively (Fig. 4). Neither formoterol nor budesonide, alone or in
combination, influenced chemotaxis (Fig. 4).

The migration towards CXCL8 was reduced by 26% when
blocking CXCR1 and by 36% in the presence of antibodies against
both CXCR1 and CXCR2 (p = 0.0018). Blocking CXCR2 only did not
significantly influence migration (Fig. 5a). No significant blocking
with CXCR1 and CXCR2 antibodies was observed when CXCL1 was
used as chemoattractant (Fig. 5b).
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healthy subjects. Results are expressed as relative mean fluorescence intensity (rMFI) and presented as median and 25th-75th percentiles. **P < 0.01 indicate comparison with

control values. #P<=0.05, indicate comparison with CXCL1 without drugs.

4. Discussion

In the present study we have demonstrated that IL-6, CXCL8 and
CXCL1 release from neutrophils from healthy subjects activated by
LPS in vitro was stimulated by formoterol and inhibited by bude-
sonide. The formoterol effects were blocked with propranolol
indicating p-adrenoceptor mediated effects. Formoterol up-
regulated both CXCR1 and CXCR2 expression, whereas budesonide
up-regulated the expression of CXCR2 only. It was further shown
that CXCR1 and CXCR2 were down-regulated by CXCL8 and CXCL1,
and that CXCL1 was the weaker agonist in this respect and active on
CXCR2 only. Despite these clear drug-induced effects on chemokine
release and sensitivity the B,-agonist and the glucocorticosteroid
did not influence chemotaxis in vitro.

Similar to previous studies in airway epithelial cells [19,22,23] it
was demonstrated that a fp-agonist increased IL-8 (CXCL8) and IL-6
release. In a study by de Coupade et al. isoprenaline induced release
of an undefined chemotactic factor from non-stimulated neutro-
phils obtained from females. The chemotaxis induced by this che-
moattractant was antagonized by CXCR2 receptor blockade [27]. In
the present study no detectable IL-6 or CXCL8 release from non-
stimulated cells was shown, neither with nor without the (-
agonist (formoterol) being present. A low basal release of CXCL1
was found which was not affected by formoterol. We further
showed that the B,-agonist up-regulated receptors for CXCL8 and
other chemokines (CXCR1 and CXCR2) on neutrophils, an effect
that, from a functional perspective, most likely should have

influenced the migration rate. We did not, however, find that for-
moterol altered neutrophil migration. Although the effect of
2-agonists on neutrophil chemotaxis has been previously studied
it is far from clear how this class of drugs influences cell migration.
Straub et al. found a stimulation of monocyte chemotaxis by
B-agonists [28], and Koyama et al. showed that eosinophil migra-
tion was inhibited by P-adrenoceptor stimulation of bronchial
epithelial cells [29]. Formoterol at high concentrations (10~6-10~4
M, n = 3) inhibited fMLP- and LL-37-induced neutrophil chemo-
taxis [30] and fenoterol, another B,-agonist, has been shown to
reduce neutrophil chemotaxis [31]. In a study by Sadowska et al.
salbutamol inhibited fMLP-induced neutrophil migration and,
somewhat unexpected, CXCL8 release from neutrophils [32]. Both
these effects appeared in an inverse bell-shaped, concentration
dependent, manner. The results of that study were, in part,
consistent with the findings of Coupade et al. who found isopren-
aline-induced down-regulation of chemotaxis in neutrophils
obtained from women but not from men [27]. In that study the
specificity of the effects were established by control experiments
showing a lack of f1-adrenoceptors on neutrophils and inhibition of
migration by B-adrenoceptor blockade [27].

In previous studies of -agonist effects on neutrophil migration,
chemoattractants such as fMLP, LL-37, C5a, and pro-inflammatory
cytokines (TNF, IL-1) have been used. In the study showing inhi-
bition of chemotaxis only in women, recombinant CXCL8 was used
as chemoattractant [27]. In the present study of 5 women and 5
men we found no significant By-agonist-induced influence on
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neutrophil migration. Based on previous findings of an inhibitory
effect only in neutrophils from females [27], it could not be
excluded that we, by not separating analyses of female and male
neutrophils, have missed a gender dependent effect. However,
separate analysis of women and men in our small study did not
reveal a gender difference, or even a trend towards a difference
(data not shown).

In the present study we used CXCL8 as chemoattractant and an
autologous down-regulation of the CXCR1 and CXCR2 receptors
was demonstrated. It is reasonable to believe that the lack of drug
effect on cell migration is a result of autologous, CXCL8-induced
down-regulation of CXCR2 receptors which is possibly counter-
acted by B-agonist- and steroid-induced CXCR2 up-regulation.

There was a tendency towards a (non-significant) inhibitory
effect on IL-6, CXCL8 and CXCL1 release of propranolol, beyond the
effect of LPS alone. It could be argued that this may indicate
a contamination of LPS or serum (FCS) with agents that may
stimulate production or mimic the effect of CAMP. According to the
manufacturer, FCS does not contain compounds that may stimulate
cAMP production. Furthermore, as FCS was used in all protocols
a possible effect of the medium of LPS in this respect would be
identical in the controls situation and when adding the drugs and
would thus not influence the interpretation of the main results.

In a study by Hauser et al. it was shown that CXCR2 is more
responsive to CXCL8 than is CXCR1 and the authors suggested that
CXCR2 acts as a “priming” receptor for CXCR1. This would likely be
of importance in vivo as circulating CXCL8 levels appear to be too
low to stimulate CXCR1 directly, but do appear to be sufficient to
stimulate CXCR2 [33]. In the present study, the up-regulation of
CXCR1 expression by CXCL1 was abolished by formoterol and/or
budesonide. Considering that CXCR1 (but not CXCR2) is thought to
be important in the respiratory burst and the activation of phos-
pholipase D at inflammatory sites [34], this finding might be of
clinical importance. It may be worth mentioning that we found
a tendency towards a small (non-significant) up-regulation of
CXCR1 by CXCL1. The implication of this is unclear but the
phenomenon has been demonstrated also by others [33].

It is not clear whether the agonists (CXCL8, CXCL1) bind to the
same epitopes on the chemokine receptors as do the anti-CXCR1
and anti-CXCR2 antibodies used in the present study. If receptor
binding competition is the case, this might explain the decreased
receptor antibody-labelling observed after incubation with CXCL8
or CXCL1. Previous binding experiments with a radiolabelled ligand
showed that the rate of down-regulation of the CXCL8 receptor is
very rapid (within minutes), and that the receptor internalization is
completely inhibited at 4 °C [35]. In the present study, incubation
with the receptor agonists was performed at 37 °C while incubation
with anti-CXCR1 and anti-CXCR2 antibodies was performed at low
temperature (samples kept on ice in the refrigerator), thereby
probably preventing the internalized receptors from recycling back
to the cell surface. Although it seems most likely that the attenu-
ation of chemokine receptors reflects an autologous down-regula-
tion caused by the agonists it can not definitely be excluded that
there is a competitive inhibition of CXCR1 and CXCR2 induced by
CXCL8 and CXCL1.

Apart from the effects on CXCL1 release from LPS-activated
neutrophils where formoterol added to the inhibitory effect of
budesonide, no additive or synergistic effects of the -agonist and
the steroid were found. This is in concordance with previous results
where no additive or synergistic effect of formoterol and budeso-
nide on IL-6 and CXCL8 release from primary bronchial epithelial
cells was found [23]. Although synergistic effects between [3,-
agonists and glucocorticosteroids have been shown [10,20,21],
there are other in vitro findings rather supporting antagonistic
actions of Py-agonists and glucocorticosteroids, both on molecular

and cellular levels [36,37]. An additive inhibitory effect with for-
moterol and budesonide was observed on GM-CSF, but not on
CXCL8 production in IL-1B-stimulated human lung fibroblasts [38].
Previous studies have thus come to different results and whether
an additive/synergistic or even an antagonistic effect between ;-
agonists and glucocorticosteroids is obtained may differ in different
cell types and is likely depending on which inflammatory markers
have been assessed.

In the present in vitro study, we have clearly demonstrated that
a Bp-agonist and a glucocorticosteroid influence cytokine release
and chemokine receptor regulation in neutrophils. The clinical
implication of these findings remains unclear since neutrophils
from healthy subjects were used, and the results of the present
study may not reflect the situation in disease. The concentrations of
formoterol and budesonide used in the present study are similar to
those found in the airways during treatment in a clinical setting
[39—41]. Formoterol has been shown to reduce sputum CXCL8 and
neutrophil numbers in mild asthmatic patients [42] but to what
extent this is due to a direct effect on the neutrophils, or whether it
is an indirect effect via other effector cells taking part in the
inflammatory reaction, needs further investigation. The expression
of CXCR1 and CXCR2 receptors can be regulated by immunomod-
ulators such as bacterial lipopolysaccharide (LPS) and pro-inflam-
matory cytokines such as tumour necrosis factor (TNF) [43]. LPS
causes down-regulation of CXCR1 and CXCR2 [7,43], but has been
shown both to inhibit and enhance chemokine-induced neutrophil
migration [44—46]. The interplay between receptor down-regula-
tion and neutrophil migration is thus complicated and controver-
sial results have also been reported with regard to CXCRs
expression in COPD. Thus, in COPD increased expression of CXCR1
[47], decreased expression of CXCR2 (but not CXCR1) [48], and
a lack of differerence between CXCR1 and CXCR2 expression on
peripheral blood neutrophils [2] have been demonstrated. Cigarette
smoke contains LPS and causes release of chemoattractants which
may cause receptor down regulation, as a basis for the reduced
maximal responses to CXCL8 and CXCL1 observed in patients with
COPD [2]. It could be speculated that one of the reasons of the
favourable clinical effect observed with the combination of ;-
agonists and glucocorticoids in treatment of COPD, is an up-regu-
lation of CXCR1 and CXCR2, thereby counteracting the detrimental
effect of cigarette smoke on neutrophil function.

In conclusion, we have shown that formoterol stimulated and
budesonide inhibited IL-6, CXCL8 and CXCL1 release from LPS-
stimulated neutrophils in vitro. Though an up-regulation of CXCR1
and CXCR2 receptors was induced by formoterol and budesonide,
no influence on neutrophil chemotaxis could be demonstrated,
possibly due to an autologous, chemokine-induced down-regula-
tion of CXCRs.
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