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ABSTRACT: Chronic bronchitis is a frequent underlying disease in community-
acquired pneumonia (CAP). It is unclear to what extent an impaired or exaggerated
innate immune response contributes to disease manifestations and severity.

To assess the role of neutrophil activation and recruitment during acute pneumonic
episodes, peripheral polymorphonulcear neutrophil (PMN) activation, chemotactic
activity, interleukin-8 (CXCL-8) and CXCL-8 receptor (CXCR) expression and
apoptosis rate were evaluated in CAP patients with and without chronic bronchitis. In
addition, the expression of CXCRs and CXCL-8 was assessed on pulmonary neutrophils
in chronic bronchitis patients to compare the activation of the chemokine system in
different compartments. CAP severity was assessed by the simplified acute physiology
score II and the prognosis of disease was assessed by the pneumonia severity index (PSI).

An increased chemotactic activity of PMN from chronic bronchitis patients with
CAP was found, which was not related to the expression of CXCRs. In addition, a
decreased apoptosis rate of PMN was observed. Chemotactic activity was related to the
PSI. Comparison of peripheral and pulmonary PMN revealed enhanced CXCL-8 levels
and a decreased CXCR expression in the lung.

In conclusion, neutrophil function in patients with chronic bronchitis and community-
acquired pneumonia is characterised by an increased chemotactic activity combined
with a decreased apoptosis rate. The downregulation of interleukin-8 receptors in the
pulmonary compartment deserves further investigation.
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Community-acquired pneumonia (CAP) remains a com-
mon cause of morbidity and mortality. An important risk
factor for the development of CAP is the presence of serious
comorbidities, including chronic bronchitis.

The natural history of chronic bronchitis is characterised
by acute exacerbations that carry an increased mortality risk
[1]. Moreover, chronic obstructive pulmonary disease
(COPD) is the most common underlying disease in patients
with CAP requiring hospitalisation. Little is known regarding
the influence of chronic bronchitis on pulmonary host
defences and the reasons for the enhanced susceptibility to
bacterial infection in this population.

The central component of the innate immune response to
bacterial challenge is activation and recruitment of neutro-
phils. The phagocytic capacity of neutrophils and natural
killer cell function has been shown to be decreased in patients
with chronic bronchitis [2]. Moreover, in mice with emphy-
sema and streptococcal pneumonia, an impaired inflamma-
tory response was observed [3]. In contrast, enhanced effector
functions have been described in stable patients with chronic
bronchitis, including increased chemotaxis of polymorpho-
nuclear neutrophils (PMN) [4] and an enhanced chemotactic
activity of sputum supernatants [5]. Finally, a recent study
demonstrated enhanced expression of the neutrophil chemo-
kines interleukin-5, CXCL-8 and CXC receptors in the
bronchial mucosa of COPD patients with acute exacerbations
[6].

A network of pathways co-ordinates the recruitment of
neutrophils to the sites of inflammation. Among the CXC
chemokines, interleukin-8 (CXCL-8) is the most potent
mediator affecting neutrophil mobility and function. CXCL-
8 has been shown to be an important trigger of chemotactic
activity in the lungs of patients with chronic bronchitis [7, 8].
CXCL-8 is produced not only by alveolar macrophages but
also by epithelial cells, stromal cells and the immigrating
neutrophils themselves [9]. There are two CXCL-8 receptors
(CXCR-1 and CXCR-2) that are expressed in high density on
PMN [10]. CXCR-1 binds CXCL-8 and granulocyte chemo-
tactic protein-2 with moderate affinity, whereas CXCR-2
binds a range of CXC chemokines, including CXCL-1,
CXCL-5, CXCL-7 and CXCL-8 with high affinity [11].
After binding CXCL-8, the receptors are internalised. The
impact of ligand-induced endocytosis and subsequent
re-expression of CXCRs for migration of neutrophils is
under debate [12].

Upon chemokine exposure, neutrophils are activated,
including a change of cell shape, integrin upregulation,
respiratory burst, and degranulation. After transmigration
and phagocytosis of pathogens, this process is terminated by
apoptosis or cell necrosis, which also is modulated among
other mediators by CXCL-8 [13]. Recent studies suggest that
in pneumonia without underlying lung disease neutrophil
apoptosis is delayed, leading to an increased burden of
inflammatory cells in the airways [14].
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The current authors investigated whether patients with
chronic bronchitis during pneumonic episodes show an
impaired or increased neutrophil chemotaxis and inflamma-
tory response as compared to patients without underlying
diseases. To this end, activation parameters, chemotaxis,
chemokine and chemokine receptor expression and apoptosis
rates were evaluated on circulating neutrophils in CAP
patients with and without chronic bronchitis. Additionally,
in a subgroup of patients, the changes systemic PMN undergo
during transmigration into the pulmonary compartment were
analysed by simultaneous assessment of surface markers,
including CXCR1 and CXCR2, on cells obtained by
bronchial minilavage (ML).

Methods

Study design

Within 24 h after admission, venous blood was drawn from
24 CAP patients. The study population consisted of two
groups. Group 1 was composed of 16 patients with CAP and
chronic bronchitis. Prior to admission, three patients had
been treated with systemic glucocorticoids (v20 mg predni-
sone?day-1) for w1 week, and five patients were pre-treated
with antimicrobial agents for a maximum of 5 days. For the
diagnosis of chronic bronchitis, a history of increased mucus
production with productive cough over o3 months per year
for o2 succeeding yrs was required. For the diagnosis of
pneumonia, a new or progressive infiltrate on the chest
radiograph was required, together with two or more of the
following criteria: pulmonary symptoms, such as cough, chest
pain or auscultatory findings; fever or hypothermia; positive
blood or ML culture; orw5% intracellular bacteria in Gram9s
stains of ML samples. Nine patients (six males and three
females; five smokers and four nonsmokers; median age
65.7 yrs) were bronchoscopically evaluated within the first
24 h after admission because of treatment failure or for
exclusion of other conditions.

Group 2 was composed of eight CAP patients without
comorbidities. Three patients had been treated with anti-
microbial agents prior to admission for a maximum of 5 days.

Demographic data of the study population are summarised in
table 1.

This study was approved by the ethical committee of the
Medical University of Luebeck, Luebeck, Germany, and all
patients were included after informed consent.

Cell purification from peripheral blood

PMN were isolated by Percoll density gradient centrifu-
gation, which has been proved to cause minimal pre-
activation of the cells [18]. Briefly, the blood was layered on
Histopaque1 1119 (Sigma, Taufkirchen, Germany) and
centrifugated for 20 min at 9006g. The PMN-rich interface
was collected and washed once in RPMI 1640 (Seromed-
Biochrom, Berlin, Germany), and cells were further fractio-
nated on a discontinous Percoll (Amersham Pharma,
Freiburg, Germany) gradient consisting of layers with den-
sities of 1.105 g?mL-1 (85%), 1.1 g?mL-1 (80%), 1.093 g?mL-1

(75%), 1.087 g?mL-1 (70%) and 1.081 g?mL-1 (65%). After
centrifugation for 20 min at 2,0006g, the interface between
the 80% and 85% Percoll layers was collected and washed
twice. All procedures were carried out at room temperature.
The purity of PMN was always w99%. The viability of cells
was w98% as assessed by trypan blue (Sigma) exclusion.
Supernatants were harvested and stored at -80uC for cytokine
measurements.

Bronchoscopy

Bronchoscopy was performed within 24 h after enrolment
in nine patients of group 1 according to standard conditions.
ML was performed in the most severely affected area with
instillation of 5–10 mL of 0.9% NaCl. The ML fluid was
immediately re-aspirated; recovery was 60–120%. The lavage
fluid was diluted to a final volume of 50 mL (1:10) and
vortexed until homogenous in appearance. To eliminate
remaining mucus, the sample was filtrated through four
layers of gauze. After centrifugation at 4006g for 10 min, the
pellet was re-suspended in PBS. Total cell count was
enumerated and cells were differentiated, counting a minimum

Table 1. – Demographic data of the study population

CAP with chronic bronchitis CAP without chronic bronchitis p-value

Sex M/F 10/6 6/2 0.45
Age yrs 69.13¡12.44 54.12¡17.88 0.027
Smokers/nonsmokers 11/5 2/6 0.055
Pack yrs 45.91¡16.4 11¡5.66
CPIS [15] 3.69¡2.02 4.71¡1.8 0.26
PSI [16] 96.9¡20.43 68¡30.16 0.018
SAPS II [17] 21.43¡4.75 20.75¡7.3 0.73
PMN?nL-1 12.29¡4.07 10.58¡4.29 0.51
CRP mg?L-1 128.3¡90.79 187.29¡102.15 0.20
Antibiotic treatment

before admission yes/no
5/11 3/5 0.55

Microbiology Streptococcus pneumoniae 2 Streptococcus pneumoniae 2
Moraxella catarrhalis 1 Moraxella catarrhalis 1

Haemophilus influenzae 3
Chlamydia pneumoniae 1

Comorbidities Congestive heart failure 1
Arterial hypertension 5

Coronary heart disease 4
Anaemia 1

Malnutrition 1

Data are presented as mean¡SD or n. CAP: community-acquired pneumonia; CIPS: clinical pulmonary infection score; PSI: pneumonia severity
index (FINE-Score); SAPS II: new simplified acute physiology score; PMN: polymorphonuclear neutrophils; CRP: C-reactive protein.
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of 600 cells of a cytocentrifuge smear (Cytospin II; Shandon,
Frankfurt, Germany) stained with Wright-Giemsa solution.
Viability was determined by trypan blue exclusion, and the
sample was diluted to a concentration of 16106 viable
cells?mL-1.

Flow cytometry

Surface markers and apoptosis were determined by using
three-colour flow cytometry as described previously [14].
Briefly, flow cytometric analysis was performed on a
fluorescence-activated cell sorter scan analyser (Becton
Dickinson Bioscience, Mountain View, CA, USA), and data
acquisition and analysis were performed with CellQuest
software (Becton Dickinson). Each measurement contained
o10,000 cells in the granulocyte population, as determined
by forward/orthogonal light scattering, CD45 expression, and
missing CD14 and human leukocyte antigen-DR expression.
Detection kits and antibodies against the following epitopes
were used: fluorescein isothiocyanate (FITC)-labelled: deoxynu-
cleotidyl transferase-mediated dUTP-biotin nick-end labelling
(APO-DirectTM-Kit; PharMingen, Heidelberg, Germany),
CD66b, phycoerythrin-labelled: isotype control, CD11b
(complement receptor 3), CD16 (FccIII receptor), CXCR-1
and CXCR-2, all purchased from PharMingen (Heidelberg,
Germany). Two distinct populations were detected after
deoxynucleotidyl transferase-mediated dUTP nick-end labell-
ing (TUNEL) staining, the one with the higher fluorescence
intensity representing apoptotic cells. Because no bimodal
distribution was found in the expression of surface markers,
this was calculated as relative mean fluorescence intensity
(rMFI; monoclonal antibody/corresponding isotype control).

Intracellular flow cytometry

For intracellular staining, purified peripheral neutrophils or
neutrophils from ML samples were fixed with 4% parafor-
maldehyde for 10 min at room temperature. After washing in
PBS, the cell pellet was resuspended in 100 mL PBS, contain-
ing 0.1% Saponin and 1% HEPES (permeabilisation buffer).
The cells were incubated with FITC-labelled anti-CXCL-8
monoclonal antibody (0.1 mg?mL-1) or FITC-conjugated
control isotype (0.1mg?mL-1) for 20 min at 4uC in the dark.
The cells were washed with 1 mL permeabilisation buffer and
then resuspended in PBS 0.5% BSA before analysis. To
exclude nonspecific binding, anti-CXCL-8 monoclonal anti-
bodies were pre-incubated for 15 min with recombinant
human CXCL-8 (10 mg?mL-1) or with an excess of an
irrelevant cytokine (50 mg?mL-1) before cell staining (data
not shown). Samples were then analysed by flow cytometry as
described above. A total of 15,000 events were acquired per
sample. Thresholds were set on control stains. Expression of
intracellullar CXCL-8 was calculated as rMFI (monoclonal
antibody/corresponding isotype control).

Chemotaxis assay

Chemotaxis assays were performed with purified peripheral
PMN. RPMI 1640 medium with or without CXCL-8 was
placed in the lower wells of a 24-well transwell plate (Costar,
Bodenheim, Germany) in a volume of 600 mL. CXCL-8
(1 nM) proved to be an optimal concentration in preliminary
experiments (data not shown) and is comparable to IL-8
concentrations found in the sputum of patients with chronic
inflammatory airway diseases [8]. PMN were suspended at

56106 cells?mL-1 in medium and added to the upper chamber
in a volume of 100 mL. A polycarbonate filter with 3-mM pore
size separated the two chambers. The chambers were
incubated for 60 min at 37uC in a humified atmosphere
containing 5% CO2. The number of cells migrated into the
lower chamber was determined by a glucuronidase assay [19].
Briefly, cells in the lower compartment were lysed in 1%
Triton X-100, and glucuronidase enzymatic activity was
measured by using p-nitrophenyl-glucuronide (Sigma) as a
substrate. The number of migrated cells was calculated from
a standard curve obtained with lysates of known numbers
of PMN. All assays were performed in duplicate. In all
chemotaxis experiments a chemotactic index (CI) was calcul-
ated by dividing the number of migrated cells towards CXCL-
8 through the number of cells migrated in medium alone.

Statistics

Nonparametric statistics were used throughout the study.
Data are given as mean¡SD unless otherwise stated. The
Mann-Whitney U-test was used for comparison of data from
CAP patients with and without chronic bronchitis, and the
Wilcoxon signed-rank test was used for comparison of paired
samples. For analysis of correlations, Spearman9s rank
correlation test was performed. For analysis of categorical
variables, Fisher9s exact test was used.

To test whether the association between the CI and a
history of chronic bronchitis remains stable after adjustment
for relevant confounders, a linear regression analysis was per-
formed taking the CI as dependent variable. Age, sex, smoking
status, CAP severity and the history of chronic bronchitis
were chosen as independent variables. This study reports b-
coefficients as measures of association and p-values as measures
of stability. A p-valuev0.05 was considered to be significant.

Results

Chemotactic activity of peripheral neutrophils

The CI of PMN was significantly increased in CAP patients
with chronic bronchitis (group 1) compared to patients
without underlying diseases (group 2): 11.34¡5.39 versus
6.36¡0.77, respectively; pv0.002 (fig. 1). This finding was not
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Fig. 1. – Chemotactic index (CI) of purified blood polymorphonuclear
neutrophils towards 1 nM CXCL-8. Data are presented as mean¡SD.
CI is shown from community-acquired pneumonia (CAP) patients
with chronic bronchitis (CB) (n=16) and without CB (n=8). #:
pv0.002.
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significantly influenced by pre-treatment with glucocorticoids
or with antimicrobial agents (data not shown).

To test whether the expression of CXCL-8 receptors on
neutrophils accounts for this difference, CXCR-1 and CXCR-
2 surface levels were evaluated by flow cytometry. There was
no difference in the expression of CXCR-1 and CXCR-2 on
systemic cells from both patient groups (table 2). In addition,
no differences in the intracellular expression or serum
concentrations of CXCL-8 were observed, although the
latter were tendentially elevated in patients with chronic
bronchitis (8.42¡7.0 pg?mL-1 versus 5.23¡1.5 pg?mL-1; p=NS,
fig. 2). To assess the role of conditions that may influence the
CI, a multivariate analysis, including age, sex, smoking habits
and disease severity measured by the new simplified acute
physiology score (SAPS II), was performed. Table 3 shows
that only chronic bronchitis was significantly associated with
the CI. Combining all CAP patients, the pneumonia severity
index correlated with the CI (r=0.62, pv0.002).

Activation markers and polymorphonuclear neutrophil
apoptosis

Regarding activation markers, PMN of CAP patients
with chronic bronchitis showed modest increases of the

surface expression of CD11b and CD66b and a decreased
expression of CD62L indicating enhanced cell activation
(table 2). However, these differences were not statistically
significant.

As compared to CAP patients without underlying diseases,
the patients with chronic bronchitis showed a significant
decrease of systemic PMN apoptosis (0.98¡0.76% versus
3.15¡1.97%, respectively; pv0.02, fig. 3). This finding was
independent of pre-treatment with glucocorticoids or with
antimicrobial agents (data not shown).

Table 3. – Multivariate analysis for factors influencing the
chemotactic index of peripheral polymorphonuclear
leukocytes

Condition b-coefficient p-value

Chronic bronchitis 0.662 0.026
Age 0.130 0.725
Sex 0.149 0.442
Smoking history -0.432 0.070
SAPS II [17] 0.053 0.864

SAPS II: simplified acute physiology score II.
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Fig. 2. – Flow cytometric expression (relative mean fluorescence inten-
sity: rMFI) of intracellular (IC) CXCL-8 in peripheral polymorpho-
nuclear neutrophils (PMN) and serum levels of extracellular (EX)
CXCL-8 (pg?mL-1) from community-acquired pneumonia (CAP)
patients with chronic bronchitis (CB) (n=16) and without CB (n=8).

Table 2. – Flow cytometric expression (relative mean fluore-
scence intensity: rMFI) of surface molecules, CXCL-8 receptors
and activation markers on peripheral polymorphonuclear
leukocytes

Variable CAP patients with
chronic bronchitis

CAP patients without
chronic bronchitis

p-value

rMFI
CXCR-1 37.88¡10.16 30.81¡7.34 NS

CXCR-2 68.03¡32.17 61.11¡29.53 NS

CD66b 19.57¡3.68 17.78¡6.37 NS

CD62L 18.25¡7.24 23.59¡14.74 NS

CD11b 22.57¡12.38 19.97¡13.88 NS

Data are presented as mean¡SD. CAP: community-acquired pneumo-
nia; CXCR: CXC chemokine receptors. NS: nonsignificant.
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Fig. 3. – a) Flow cytometric expression of deoxynucleotidyl transfer-
ase-mediated dUTP nick-end labelling indicating apoptosis rate
(%) of peripheral polymorphonuclear leukocytes (PMN) from
community-acquired pneumonia (CAP) patients with chronic
bronchitis (CB) (n=16) and without CB (n=8). b) Representative
histogram. The darker line represents the signal from peripheral
PMN of CAP patients without CB. The lighter line represents
the signal from peripheral PMN of CAP patients with CB.
#: pv0.02.
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Differences between neutrophilic inflammation in the
pulmonary and systemic compartment

In the subgroup of CAP patients with chronic bronchitis
who underwent ML, a highly significant downregulation of
CXCR expression in pulmonary PMN compared to systemic
cells was observed (CXCR-1: 8.32¡4.24 rMFI versus 31.58¡
9.39 rMFI; CXCR-2: 5.99¡4.53 rMFI versus 83.01¡8.84 rMFI,
respectively; pv0.02, fig. 4). This finding was accompanied by
inverse differences of CXCL-8 levels (intracellular expression
in pulmonary and systemic PMN: 5.53¡3.53 rMFI versus
2.77¡2.02 rMFI, pv0.05; ML fluid versus serum concentra-
tions: 2,965¡1,302.75 pg?mL-1 versus 11.15¡9.177 pg?mL-1;
pv0.05). In addition, the surface expression of CD11b and
CD66b was increased on pulmonary PMN compared to
systemic PMN (pv0.05, table 4). There was an inverse
relationship between the expression of CD11b and intra-
cellular CXCL-8 on pulmonary PMN (r=-0.75, pv0.05).

Discussion

There are few data available concerning the innate immune
response of patients with chronic bronchitis during well-
defined episodes of acute respiratory infection. In the present

study, an enhanced chemotactic activity and prolonged
survival of peripheral neutrophils was observed compared
to CAP controls without underlying diseases, suggesting that
an exaggerated inflammatory response is characteristic for
chronic bronchitis during pneumonic episodes. The enhanced
chemotactic activity may even be underestimated, since
patients of the chronic bronchitis group were significantly
older and former studies on the chemotactic response of PMN
towards complement and other chemotactic agents suggest
that, with ageing, recruitment of granulocytes into infected
tissue is impaired [20–22]. However, multivariate analysis
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Fig. 4. – a) Flow cytometric expression (relative mean fluorescence intensity: rMFI) of CXCR-1 and CXCR-2 on peripheral and alveolar
polymorphonuclear neutrophils (PMN) from community-acquired pneumonia (CAP) patients with chronic bronchitis (n=9). b) Flow cytometric
expression of intracellular (IC) CXCL-8 in peripheral and alveolar PMN and extracellular (EX) serum and bronchoalveolar lavage fluid levels of
CXCL-8 from CAP patients with chronic bronchitis (n=9). c) A representative histogram of the surface expression of CXCR-1 on alveolar
and peripheral PMN from a patient. The lighter line represents the signal from peripheral PMN, the darker line the signal from alveolar PMN.
d) A representative histogram of the intracellular expression signal of CXCL-8 in peripheral and alveolar PMN from a patient. The lighter line
represents the signal from peripheral PMN, the darker line the signal from alveolar PMN. #: pv0.02; }: pv0.05.

Table 4. – Flow cytometric expression (relative mean fluore-
scence intensity: rMFI) of surface molecules and activation
markers on peripheral and alveolar polymorphonuclear
neutrophils (PMN)

Variable Peripheral PMN Alveolar PMN p-value

rMFI
CD66b 22.35¡10.71 58.26¡25.84 v0.05
CD62L 25.06¡10.12 1.51¡1.1 v0.02
CD11b 27.02¡14 56.5¡30.45 v0.05

Data are presented as mean¡SD.

776 A. STRASSBURG ET AL.



showed no influence of age on the chemotactic activity in the
present study.

These data are in line with a previous study showing
enhanced migration of PMN to formyl-methionyl-leucyl
phenylalanine (fMLP) in patients with stable COPD [4].
Whereas that observation could be explained by increased
expression of fMLP-receptors on PMN from smokers with
and without COPD [23], in this study, with CXCL-8 being
used as chemotactic stimulus, no correlation between the
expression of CXC receptors and the chemotactic index was
demonstrable in vitro. Previous authors studying patients with
sepsis found significant decreases in the surface expression of
CXCR-2 [24] in association with a marked deficit in the
chemotactic response to CXC chemokines. This difference
may be due to the more pronounced intravascular inflamma-
tion in sepsis compared to CAP. The observation in the
current study that the chemotactic activity correlates signi-
ficantly with the pneumonia severity index in CAP patients
indicates that enhanced neutrophil chemotaxis is not only a
potential pathogenic mechanism in COPD [7], but might also
be a marker for an unfavourable prognosis.

Cigarette smoke exposure leads to enhanced chemotaxis
[25], adhesion molecule expression [26] and cytokine release
[27] in experimental models. Since cigarette smoking was
more prevalent in the chronic bronchitis group, this could
have influenced the relationship between chronic bronchitis
and neutrophil functions in the context of pneumonia. By
multivariate analysis, including disease severity and smoking
history, the present authors could eliminate these factors as
important contributors to the increased chemotactic activity
of systemic PMN in CAP patients with chronic bronchitis.

The current finding of a decreased PMN apoptosis rate of
CAP patients with chronic bronchitis may be related to the
enhanced chemotactic activity, since apoptosis is associated
with impaired effector functions, including chemotaxis, which
may be explained by changes in cytoskeleton proteins [28].
Although CXCL-8 is known to delay spontaneous and
tumour necrosis factor (TNF)-a-mediated apoptosis of
PMN [29], no association between CXCL-8 levels and
neutrophil apoptosis was found in the present study, which
may be due to the fact that numerous other mediators
contribute to the balance of pro-apoptotic and anti-apoptotic
factors in vivo [30, 31]. In this context, AOSHIBA et al. [32]
found that nicotine prolonged neutrophil survival in a dose-
dependent fashion. This effect was associated with the
preservation of neutrophil functions, such as chemotaxis
and oxygen free-radical generation and may be mediated by
noncholinergic receptors on neutrophils.

In the subgroup of patients that were bronchoscopied,
elevated local CXCL-8 levels were found corresponding to
increased sputum and bronchoalveolar lavage fluid (BALF)
concentrations described in COPD patients [8]. The increased
intracellular CXCL-8 expression of PMN is in line with
in vitro data showing that PMN are able to enhance CXCL-8
generation in an autocrine/paracrine manner [9]. DUNICAN

et al. [13] described higher amounts of CXC chemokines,
produced by PMN after stimulation with the same mediators
in vitro, compared to concentrations measured in the BALF
of patients with acute respiratory distress syndrome or
pneumonia. Interestingly, the current authors found an
inverse relationship between the activation status of pulmo-
nary PMN, as determined by the surface expression of
CD11b, and intracellular CXCL-8 expression, suggesting that
in activated cells a higher proportion of intracellularly stored
chemokine had already been released.

In contrast to increased local CXCL-8 concentrations, the
expression of both CXCL-8 receptors on pulmonary neu-
trophils was maximally decreased. This finding corresponds
to observations in patients with chronic airway inflammation

[33]. The receptor downregulation observed in the present
study was most pronounced with regard to CXCR-2, which is
well known as a transient desensitisation phenomenon after
short-term stimulation with CXCL-8 or lipopolysaccharide
(LPS) in vitro [34]. It has been proposed that CXCR-2 is the
first receptor receiving the CXCL-8 signal at picomolar range
and initiating the migration of neutrophils towards the
inflammatory area, whereas CXCR-1 is the major signalling
receptor in inflamed tissues with higher ligand concentrations,
since CXCR-2 is rapidly and continually internalised. How-
ever, this scenario is in contrast to recent findings of high
CXCR-2 (and to a lesser extent CXCR-1) expression in the
bronchial mucosa during COPD exacerbations [35]. Con-
versely, the presented data demonstrating a marked down-
regulation of both CXC receptors in acute pneumonia suggest
that, under prolonged stimulation in vivo, a desensitisation of
both receptors may occur at least in the airway lumen. This
could be facilitated by the influence of co-stimuli, such as
LPS, TNF-a, fMLP and complement C5a, which may
contribute to the downmodulation of CXCRs by various
mechanisms as internalisation, shedding or reduced transcrip-
tion [34]. The consequences of ligand-induced downmodula-
tion and subsequent re-expression of CXCR-1 and CXCR-2
are unclear. Some observations suggest that receptor endo-
cytosis may be associated with CXCL-8-directed migration of
neutrophils [36], whereas a recent study found no relation
between internalisation and chemotactic activity [12]. This
corresponds to the current authors9 inability to find an
association between CXCR expression and chemotactic
activity.

Unfortunately, due to the limited cell number available, the
authors were not able to assess the neutrophil apoptosis rate
in the lung, which may be different from circulating cells in
inflammatory lung diseases based on previous findings from
our group and other authors [14].

In conclusion, the enhanced chemotactic activity of
neutrophils in patients with chronic bronchitis and commu-
nity-acquired pneumonia, combined with prolonged neutro-
phil survival, indicates that an increased inflammatory
response is ongoing in these patients during acute pneumonic
episodes. This finding may be prognostically relevant,
regarding the association between chemotactic activity and
the pneumonia severity index. In addition, an increased
activation state of pulmonary neutrophils was found together
with elevated local levels of interleukin-8 and downregulated
CXC receptors. The functional consequences of the exagger-
ated neutrophil response and the altered chemokine receptor
expression in the lung remain to be elucidated.
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