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Increased expression of p38 MAPK in

human bronchial epithelium after

lipopolysaccharide exposure
E. Roos-Engstrand*, A. Wallin*, A. Bucht*,#, J. Pourazar*,
T. Sandström* and A. Blomberg*

ABSTRACT: Bacterial endotoxin (lipopolysaccharides (LPS)) is normally present in the wall of

Gram-negative bacteria and has potent pro-inflammatory properties. Exposure to LPS has been

shown to induce neutrophilic airway inflammation in humans. The aim of this investigation was to

study the early inflammatory responses to LPS exposure in human airway mucosa in vivo.

In total, 15 healthy nonsmoking volunteers participated. Bronchoscopy was performed on two

separate occasions, 3 h after saline inhalation and after inhalation of 50 mg LPS in saline.

Endobronchial mucosal biopsy specimens were taken and stained immunohistochemically using

a panel of monoclonal antibodies directed against mitogen-activated protein kinases (MAPKs),

transcription factors, cytokines, adhesion molecules and inflammatory cells.

Expression of p38 MAPK increased as a consequence of LPS exposure, as determined by both

total epithelial staining and nuclear location. These two responses were strongly associated.

Epithelial expression of interleukin-8 showed a tendency towards a significant increase after LPS

compared to saline. Epithelial mast cell numbers were increased after LPS, whereas neutrophil

numbers were unchanged.

Inhalation of lipopolysaccharide induced activation of the bronchial epithelium, as demon-

strated 3 h after exposure by increased expression of p38 mitogen-activated protein kinase and

interleukin-8, and may represent early regulatory steps in the subsequent development of a

neutrophilic bronchial inflammation.

KEYWORDS: Airway inflammation, interleukin-8, lipopolysaccharide, p38 mitogen-activated

protein kinase

E
ndotoxin and its purified derivative
lipopolysaccharides (LPS) are glycolipids
normally present in the cell wall of Gram-

negative bacteria and are potent pro-inflamma-
tory substances. LPS are continuously shed into
the surrounding environment and are present in
organic dust and found in places such as poultry
houses, cotton mills, swine confinement build-
ings, sawmills and many other locations.
Inhalation of organic dust has been shown to
induce systemic and airway inflammation, and
several studies have been carried out in healthy
subjects to address the systemic and local
response to LPS [1, 2]. These studies have
reported headache, fever, cough, chest tightness

and increased bronchial reactivity, as well as
reduced forced expiratory volume in one second
(FEV1), as a consequence of LPS exposure [3, 4].

It has previously been reported that LPS expos-
ure is capable of inducing pronounced airway
inflammation in terms of increased numbers of
polymorphonuclear neutrophils and lympho-
cytes, as well as increased fibronectin concentra-
tion in bronchoalveolar lavage (BAL) fluid from
healthy subjects, as early as 3 h after LPS
challenge [5]. MICHEL et al. [6] have reported
increased numbers of total white blood cells and
polymorphonuclear neutrophils in peripheral
blood after LPS exposure of normal subjects. In
induced sputum, neutrophils, monocytes, lym-
phocytes, myeloperoxidase, eosinophilic cationic
protein, tumour necrosis factor-a (TNF-a) and
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interleukin (IL)-8 levels have been found to increase after
inhalation of LPS [7].

LPS bind to LPS-binding protein and are delivered to the cell
surface receptor CD14. LPS are then transferred to the
transmembrane signalling receptor Toll-like receptor (TLR)-4.
Several in vitro and animal studies have addressed the early
inflammatory responses to LPS. In LPS-stimulated alveolar
macrophages, CARTER et al. [8] found that both extracellular
signal-regulated protein kinase (ERK) and p38 mitogen-
activated protein kinase (MAPK) pathways play a critical role
in the inflammatory response in sepsis-induced acute lung
injury. Stimulation with LPS of human monocytes in vitro has
been shown to activate several intracellular signalling path-
ways, such as nuclear factor-kB (NF-kB) and MAPK pathways,
such as ERK 1 and 2, c-jun N-terminal kinase (JNK) and p38
[9]. Furthermore, LPS have been shown to stimulate p38
MAPK and IL-8 production in human mononuclear cells [10].

To date, there are no studies addressing the early inflamma-
tory responses to LPS in human airway tissue in vivo in healthy
volunteers. The aim of the present investigation was, therefore,
to study the early LPS-induced airway inflammatory responses
in vivo with specific reference to epithelial cell expression of
MAPKs, transcription factors, cytokines and inflammatory
cells. It was hypothesised that LPS exposure would induce
upregulation of MAPKs, transcription factors and cytokines in
the bronchial epithelium, as an early inflammatory response
leading to the subsequent neutrophil recruitment.

MATERIAL AND METHODS
Subjects
In total, 15 healthy nonsmoking volunteers (eight males and
seven females; mean age 25 yrs (range 21–38 yrs)) without any
history of allergy, asthma or other pulmonary diseases
participated. No respiratory infection was permitted within
o4 weeks before or during the study. The study was approved
by the local ethics committee of the University of Umeå
(Umeå, Sweden), and written informed consent was given by
each volunteer.

Study design: lipopolysaccharide exposure
LPS inhalation was performed using LPS from Escherichia coli
(serotype 026:B6) prepared using a phenol extraction proce-
dure (Sigma Chemical Co., St Louis, MO, USA). The subjects
inhaled 50 mg LPS suspended in 2 mL saline over a period of
10–15 min using a Pari-Boy inhaler (Pari, Starnberg, Germany).
The Pari-Boy nebuliser has been shown to produce a particle
size with a mass median diameter of 3.5 mm (range 0.5–
5.5 mm). As the dose of LPS reaching the lung is ,50% of the
total dose [3], the pulmonary dose in this case would be 25 mg,
clearly sufficient to induce pronounced neutrophilic airway
inflammation, as shown in BAL fluid [11]. Inhalation of saline
was performed o3 weeks apart from the LPS inhalation and
used as a reference. Thus, each volunteer acted as their own
control.

Methods
Bronchoscopy
Pre-medication with atropine (0.5–1.0 mg) was given subcuta-
neously, and lidocaine was used for topical anaesthesia of the
airways as previously reported [12]. Three hours after each

inhalation, the subjects were examined in the supine position
using an Olympus BF T10 or BF T20 fibreoptic bronchoscope
(Olympus, Tokyo, Japan). During each bronchoscopy proced-
ure, three endobronchial mucosal biopsy specimens were
obtained according to a standard protocol [12]. The timing of
the bronchoscopy was based on a previous investigation in
which pronounced neutrophilic inflammation was reported in
BAL fluid 3 h after LPS inhalation [5]. Endobronchial mucosal
biopsy sampling was randomised to either the subcarinae of
the third- and fourth-generation bronchi of the right or left side
during the first bronchoscopy procedure. In order to avoid
artefacts from the former biopsy sites, the contralateral lung
was used for biopsy sampling during the second bronchoscopy
procedure. As previously reported, a bronchial wash (BW)
with 2x20 mL and BAL with 3x60 mL sterile phosphate-
buffered saline at 37 C̊ were also performed [11]. Lavages
were carried out on the opposite lung, i.e. a lingular lobe
bronchus when biopsy specimens were taken from the right
side and a middle-lobe bronchus when biopsy specimens were
taken from the left side.

Processing and immunostaining of glycol methacrylate-
embedded tissue sections
The tissue biopsy specimens were placed in ice-cooled acetone
containing the protease inhibitors phenylmethylsulphonyl
fluoride (2 mM) and iodoacetamide (20 mM). The biopsy
specimens were further processed into glycol methacrylate
resin as previously described [13]. The glycol methacrylate
blocks were then stored in airtight containers at -20 C̊ until
they were used for immunostaining. First, sections from each
block were stained with toluidine blue, in order to estimate the
quality of the submucosa and epithelium of the biopsy
specimens. Sections from the glycol methacrylate block with
the best morphology were cut and stained with monoclonal
antibodies (mAbs) as previously outlined [12]. In short, 2-mm
thick sections were cut and treated to block endogenous
peroxidase activity. Nonspecific antibody binding was blocked
using a solution containing 0.1% sodium azide and 0.3%
hydrogen peroxide, and the sections washed three times in
tris(hydroxymethyl)aminomethane (Tris)-buffered saline (TBS)
adjusted to pH 7.6. Undiluted blocking medium, consisting of
Dulbecco’s minimal essential medium (DMEM) containing
10% foetal calf serum and 1% bovine serum albumin (BSA),
was applied for 30 min and then drained off. Mouse mAbs
(table 1) were added to the sections and incubated overnight
(16–20 h) at room temperature. After three washes with TBS,
biotinylated rabbit anti-mouse immunoglobulin G F(ab’)2

(Dako, Glostrup, Denmark) was applied to the sections for
2 h. This was followed by three washes in TBS and then
streptavidin–biotin–horseradish peroxidase complex (Dako)
was added for a further 2 h. Finally, after three washes in
TBS, positive immunoreactions for cell markers and adhesion
molecules were developed using aminoethyl carbazole in
acetate buffer (pH 5.2) and hydrogen peroxide to yield a red
colour. Sections analysed for cytokine expression in the
bronchial epithelium were developed using 3,39-diaminoben-
zidine tetrahydrochloride (DAB) as a substrate to yield a
brown colour, as described previously [14]. All sections were
counterstained with Mayer’s haematoxylin. Sections where the
primary antibody was omitted served as negative controls.

INCREASED EXPRESSION OF P38 MAPK BY LPS E. ROOS-ENGSTRAND ET AL.

798 VOLUME 25 NUMBER 5 EUROPEAN RESPIRATORY JOURNAL



The staining procedure was partially modified for transcription
factors and MAPKs. Triton X (VWR International, Darmstadt,
Germany) 0.3% in TBS was applied to the sections for 30 min in
order to increase the permeability of the cells. After the first
blocking step with DMEM, an additional blocking step was
performed using rabbit normal serum for 30 min. mAbs were
diluted in 0.05% Triton X in TBS containing 1% BSA. The
overnight incubation was followed by further washes with 0.1%
Triton X in TBS. Streptavidin–biotin–horseradish peroxidase
complex was added for a further 2 h. After washing in 0.1%
Triton X in TBS, a positive immunoreaction was visualised as a
brown colour with DAB and the sections were counterstained
with Mayer’s haematoxylin. The better of two stained sections
from each bronchoscopic procedure was analysed.

Quantification of immunostaining in mucosal biopsy
specimens
Cells
Quantification was performed using a light microscope. For each
mAb, the number of inflammatory cells staining positively was
determined separately in the epithelium and in the submucosa,
excluding mucosal glands, large blood vessels and smooth
muscle. The epithelium was considered to be the area of
epithelial cells above the basement membrane. The total number
of positive cells was expressed as cells per millimetre and cells
per millilitre squared in the epithelium and submucosa,
respectively. The length of the epithelium and the area of the
submucosa were calculated using computer-assisted image

analysis (Qwin, Leica Q500IW; Leica, Cambridge, UK). The cells
showed two different staining patterns, i.e. cytoplasmic staining
(neutrophil elastase and mast cell tryptase) and ring staining
(CD3, CD4, CD8, CD14 and CD25).

Adhesion molecules
Quantification of endothelial adhesion molecules in the
submucosal blood vessels was carried out by expressing the
number of vessels staining with specific anti-adhesion mol-
ecule mAbs as a percentage of the total vessel complement,
revealed by staining with the panendothelial mAb EN4 [15].

Cytokines
Quantification of cytokine immunoreactivity in the bronchial
epithelium was performed on sections developed with DAB [16].
The epithelial expression of each cytokine was quantified with
the assistance of computer-assisted image analysis and
expressed as the percentage of the total epithelial area showing
positive immunostaining. Only areas of intact epithelium, with
cilia and basal membrane present, were included in the analysis.

Mitogen-activated protein kinases and transcription factors
Quantification of phosphorylated MAPK and transcription
factor immunoreactivity in the bronchial epithelium was
performed on sections developed with DAB [16]. Total staining
(cytoplasmic and nuclear) was expressed as the percentage of
the total epithelial area showing positive immunostaining,
using image analysis.

TABLE 1 Monoclonal antibodies# used in the immunohistochemical analysis

Antibody Marker Dilution Clone Source

CD3 CD3, T-lymphocytes 1:2000 UCHT 1 Dako, Glostrup, Denmark

CD4 CD4, T-helper cells 1:20 MT310 Dako, Glostrup, Denmark

CD8 CD8, cytotoxic T-cells 1:40 C8/144B Dako, Glostrup, Denmark

CD25 IL-2 receptor 1:50 ACT-1 Dako, Glostrup, Denmark

CD14 CD14, macrophages 1:8 TUK4 Dako, Glostrup, Denmark

AA1 Tryptase, mast cells 1:200 AA1 Dako, Glostrup, Denmark

NE Elastase, neutrophils 1:300 NP57 Dako, Glostrup, Denmark

IL-8 IL-8 1:100 NAP II Boehringer Ingelheim, Heidelberg, Germany

Gro-a Gro-a 1:350 20326.1 R&D, Abingdon, UK

TNF-a TNF-a 1:85 28401.111 R&D, Abingdon, UK

IL-18 IL-18 1:60 125-2H R&D, Abingdon, UK

CD62E E-selectin, microvasculature 1:10 1.2B6 Dako, Glostrup, Denmark

CD62P P-selectin, microvasculature 1:20 AK-6 Serotec, Oxford, UK

CD54 ICAM-1, microvasculature 1:800 6.5B5 Dako, Glostrup, Denmark

VCAM-1 VCAM-1, microvasculature 1:10 1.4C3 Dako, Glostrup, Denmark

EN4 Endothelium, microvasculature 1:40 EN4 Monosan, Uden, The Netherlands

p-p38 p38 1:20 D-8 Santa Cruz Biotechnology, Santa Cruz, CA, USA

p-JNK c-jun N-terminal kinase 1:20 G-7 Santa Cruz Biotechnology, Santa Cruz, CA, USA

p-ERK Extracellular signal-regulated protein

kinase

1:30 E-4 Santa Cruz Biotechnology, Santa Cruz, CA, USA

p65 Nuclear factor-kB 1:25 G96-347 Becton Dickinson–Pharmingen, San Diego, CA, USA

p-C-Jun Activator protein-1 1:35 KM-1 Santa Cruz Biotechnology, Santa Cruz, CA, USA

C-Fos Activator protein-1 1:10 D-1 Santa Cruz Biotechnology, Santa Cruz, CA, USA

IL: interleukin; Gro: growth-related oncogene; TNF: tumour necrosis factor; ICAM: intercellular adhesion molecule; VCAM: vascular cell adhesion molecule. #: against

inflammatory cells, cytokines, adhesion molecules, mitogen-activated protein kinases and transcription factors.
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As it was clearly possible to distinguish between nuclear
and cytoplasmic staining, quantification of nuclear staining
was performed using a light microscope. Positive staining
of the nucleus or nuclear membrane was expressed in terms
of the number of positive nuclei per millimetre squared of
epithelium.

The median epithelial area analysed for cytokines, transcrip-
tion factors and MAPKs was 102,000 mm2 (interquartile range
67,865–120,222 mm2). For cells, the submucosal area analysed
was 0.506 (0.332–0.724) mm2 and the epithelial length 1,786
(1,492–2,470) mm.

Analyses of bronchial wash and bronchoalveolar lavage fluids
IL-6, IL-8 and TNF-a were measured using commercially
available ELISA kits (R&D Systems, Abingdon, UK).

Statistical analysis
The subjects acted as their own controls. The Wilcoxon
nonparametric signed-rank test for paired observations was
employed. A p-value of ,0.05 was considered significant.
Correlation analysis was carried out using Spearman’s rank-
order correlation and a p-value of ,0.01 was considered
significant.

RESULTS
As reported in a previous publication, the present LPS dose
induced no symptoms and no effects on FEV1, but a significant
increase in airway neutrophil numbers, as reflected in both BW
and BAL fluid [11].

Expression of phosphorylated p38 MAPK increased as a
consequence of LPS exposure, both when determined as total
epithelial staining (median (interquartile range) 0.63 (0.35–1.57)
versus 0.23 (0.11–0.33)%; p50.006) and as nuclear staining (446
(246–780) versus 158 (100–271) cells?mm-2; p50.009) after LPS
versus saline exposure (table 2, fig. 1). These two responses
were strongly associated (rs50.864; p,0.01; fig. 2). No sig-
nificant change in epithelial expression was noticed for JNK or
ERK. In contrast, LPS exposure induced a significant decrease
in nuclear c-Fos expression compared to control exposure (66
(12–99) versus 92 (32–212) cells?mm-2; p50.03). Expression of
NF-kB and c-Jun was not significantly altered.

Epithelial expression of IL-8 showed a tendency towards a
significant increase after LPS exposure compared to control
(0.07 (0.00–0.56) versus 0.01 (0.00–0.03)%; p50.05). Expression
of no other cytokines, including TNF-a, was significantly

changed. Nor were any significant changes found in the
expression of vascular endothelial adhesion molecules.
Epithelial mast cell numbers were significantly increased after
exposure to LPS compared to saline (0.55 (0.00–1.43) versus 0.0
(0.00–0.052) cells?mm-1; p50.03). The numbers of neutrophils
and other inflammatory cells remained unchanged in both the
epithelium and the submucosa (data not shown).

LPS challenge induced pronounced increases in BW fluid
concentrations of TNF-a (2.4 (1.3–5.1) versus 0.0
(0.0–0.0) pg?mL-1; p50.001) and IL-6 (13.9 (13.1–14.0) versus
5.2 (2.8–9.8) pg?mL-1; p50.001). Similar responses were
detected in BAL fluid TNF-a (2.8 (1.5–3.5) versus 0.0 (0.0–
0.0) pg?mL-1; p50.001) and IL-6 (14.0 (10.2–14.9) versus 1.7 (1.2–
2.1) pg?mL-1; p50.001). No significant changes were found in
IL-8 in either BW or BAL fluid (data not shown).

No sex-based differences were found in either of the above
mentioned markers (data not shown).

DISCUSSION
The present study is the first investigation addressing the early
inflammatory responses in human bronchial mucosa after
inhalation of LPS in vivo. It was demonstrated that inhalation
of LPS significantly increased the total epithelial expression, as
well as nuclear location, of phosphorylated p38 MAPK; this
was accompanied by a small increase in the expression of the
neutrophil chemotactic chemokine IL-8 in airway epithelium
3 h after exposure. These responses are suggested to represent
early regulatory steps in the subsequent development of LPS-
induced neutrophilic inflammation.

The MAPK pathways form a group of three main pathways,
including ERK 1 and 2, and two stress-activated protein
kinases designated JNK and p38 MAPK. It is suggested that
p38 MAPK is involved in regulating cytokine expression by
phosphorylation and nuclear translocation, and plays a central
role in a wide range of inflammatory responses in many
different cells, such as neutrophils and other leukocytes [17].

To date, little is known about the role of p38 MAPK in LPS-
induced IL-8 expression in the human airway epithelium in
vivo. In human endothelial cells, LPS stimulation in vitro has
been reported to induce p38 MAPK phosphorylation and
activity, and certain inhibitors have been found to inhibit LPS-
induced IL-8 expression [18, 19]. Thus, taken together, these
data point indirectly to the importance of p38 MAPK in the
development of subsequent neutrophilic inflammation.

TABLE 2 Immunohistochemical staining of the epithelium for mitogen-activated protein kinases

p38 JNK ERK

Total % Nuclear cells?mm-2 Total % Nuclear cells?mm-2 Total % Nuclear cells?mm-2

Placebo 0.23 (0.11–0.33) 158 (100–271) 0.60 (0.45–0.71) 534 (477–693) 0.24 (0.08–0.35) 198 (90.3–386)

LPS 0.63 (0.35–1.57) 446 (246–780) 0.75 (0.27–0.82) 475 (270–678) 0.28 (0.03–0.60) 231 (75.8–374)

p-value 0.006 0.009 0.78 0.31 0.46 0.73

Data are presented as median (interquartile range), unless otherwise stated. JNK: c-jun N-terminal kinase; ERK: extracellular signal-regulated protein kinase; LPS:

lipopolysaccharides.
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a) b)

d)c)

e) f)

g) h)

FIGURE 1. Immunohistochemical staining of bronchial tissue for: a, b) p38 mitogen-activated protein kinase, c, d) nuclear factor-kB, e, f) interleukin-8, and g, h)

neutrophils; after: a, c, e, g) saline inhalation, and b, d, f, h) lipopolysaccharides (LPS) inhalation. a–f) Brown areas represent positive staining; the thick arrow indicates

nuclear staining and the thin arrow cytoplasmic staining. g, h) Red granular staining indicated by thick arrow represents positive staining. Scale bars550 mm.
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LPS inhalation increased phosphorylated p38 MAPK expres-
sion in both the nuclear and cytoplasmic compartments of the
cells, suggesting LPS-induced synthesis of p38 MAPK as well
as nuclear translocation of the protein. The positive association
between the total epithelial expression and nuclear location of
phosphorylated p38 MAPK indicates that the increased
expression of nuclear p38 MAPK is a consequence of
translocation of cytoplasmic p38 MAPK and, therefore, a sign
of activation (fig. 2). Taken together, these data may support
the view that p38 MAPK plays a role in orchestrating cytokine
responses and the subsequent cell migration into the bronchial
mucosa after LPS exposure in vivo.

In a mouse model of LPS exposure, NF-kB has been shown to
be upregulated in lung tissue homogenates 2 h after inhalation
[20]. In the present study, neither upregulation of total
epithelial expression nor nuclear location of NF-kB or activator
protein-1 was observed 3 h after LPS exposure. Instead,
downregulation of nuclear staining of c-Fos, a subunit of the
activator protein-1 heterodimer, was noted. p38 MAPK has
been described as being related to NF-kB activation [18]. The
association between MAPK and transcription factors in human
airway tissue after LPS exposure in vivo has not yet been
clarified.

Neutrophil recruitment from the circulation into tissue is
dependent on the cell surface expression of vascular endothe-
lial adhesion molecules, such as P-selectin and intercellular
adhesion molecule-1 [21]. At this early time point after LPS
exposure, adhesion molecules were not upregulated and
neutrophil recruitment into the bronchial tissue had not
occurred. However, in airway lavage, LPS exposure itself has
been shown to induce a two-fold increase in neutrophil
numbers [11], indicating that the dose of LPS used was
sufficient to induce a significant airway inflammatory response
in the distal airway lumen, but not in the proximal bronchial
mucosa at this time point. Thus, it is suggested that neutrophil
recruitment in the alveoli may follow a different time course
compared to the inflammatory response in more proximal

bronchial mucosa. The reasons behind the lack of response in
the bronchial epithelium may be that bronchial epithelial cells,
as shown for other epithelial cells, do not express endogenous
CD14 [22], together with TLR-4 one of the major receptors for
LPS, or may be due to the different morphological structure in
the alveoli compared to the major bronchi. Bronchial epithelial
cells may need to be secondarily activated through the release
of TNF-a and other cytokines from the LPS-activated alveolar
macrophages [23, 24]. In support of this scenario, it has been
suggested that LPS stimulates alveolar macrophages primarily
via CD14 and TLR-4 [23]. The secretion of TNF-a and other
alveolar-macrophage-derived cytokines may consequently be
of importance for the LPS-induced inflammatory response in
the epithelium, as previously indicated [25]. Furthermore, in the
present study, it was shown that LPS challenge induced a
pronounced increase in TNF-a levels in both BW and BAL fluid
compared to the concentrations below the limit of detection
found after placebo inhalation, but no signs of increased TNF-a
expression were detected in the proximal bronchial epithelium.
Taken together, these data suggest that the LPS-induced airway
inflammatory response occurs primarily in the distal airway
lumen, with a pronounced inflammatory response as early as
3 h after LPS inhalation, whereas only early inflammatory signs
in terms of increased expression of p38 MAPK were detected in
the bronchial epithelium. Further, it is implied that alveolar
macrophages may play an inductive role in neutrophil recruit-
ment after LPS exposure.

The present study revealed a small but significant increase in
the number of epithelial mast cells. Mast cells secrete multiple
cytokines and play an important role in allergic inflammation.
The importance of the increase in epithelial mast cell numbers
shown after LPS inhalation in the present study is still unclear,
but it is conceivable that the response of mast cells to the
bacterial component forms part of the innate immune defence
against bacterial infections leading to recruitment of inflam-
matory cells through their ability to secrete cytokines and other
inflammatory mediators.

In summary, the present investigation has addressed the early
airway mucosal inflammatory responses after exposure to
lipopolysaccharides in vivo. It is suggested that the upregula-
tion of phosphorylated p38 mitogen-activated protein kinase
and interleukin-8 in the airway epithelium may represent early
regulatory steps in the subsequent development of neutrophil-
ic inflammation in the airway mucosa. However, due to the
invasive bronchoscopic procedure used in the present study, it
was only possible to address the bronchial epithelial response
at one time point after lipopolysaccharide challenge.
Complementary research, including investigation at different
time points after lipopolysaccharide inhalation, is expected to
clarify the kinetics of the local airway mucosal inflammation in
response to lipopolysaccharide exposure in humans in vivo.
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