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Orientation and presence of epithelium are key to endotoxin-induced neutrophil migration.
F.M.G. Peralta, T.B. Casale. ©ERS Journals Ltd 1998.
ABSTRACT: The mechanisms by which endotoxins mediate neutrophil transepithelial migration and lung inflammation are unclear. It was hypothesized that both the
presence and orientation of epithelial cells are critical to endotoxin-induced neutrophil migration.
Neutrophil migration was compared through naked filters and filters with A549
lung epithelial monolayers grown on the upper and lower surface of permeable filters
to simulate the apical and basal directional movement of neutrophils, respectively.
The endotoxin, Pseudomonas aeruginosa lipopolysaccharide, was placed below the filter, acting as either a basal or an apical stimulus.
Endotoxin without serum failed to stimulate neutrophil migration. In the presence
of 1% human serum, endotoxin-induced neutrophil migration through naked filters
was dose dependent. Endotoxin-induced neutrophil migration across A549 monolayers was minimal when the monolayers were cultured on the upper surface of the filters (basal stimulus). In contrast, neutrophil transepithelial migration was much
greater and dependent on both dose and time when the monolayer was cultured on
the lower surface of the filter (basal to apical neutrophil directional movement). Furthermore, enhanced neutrophil transepithelial migration was greater with an apical
than with a basal stimulus. Endotoxin-induced neutrophil transepithelial migration
was markedly inhibited (>95%) by actinomycin D pretreatment of the monolayers,
suggesting the necessity for intact protein synthesis capacity of the A549 cells.
Thus, both the presence and orientation of airway epithelium are key in supporting endotoxin-mediated lung neutrophilic responses.
Eur Respir J 1998; 11: 1053–1059.

The airway epithelium forms a complex interface between the host and the environment. The epithelium
performs important homeostatic functions including gas
transport, microbial defence, secretion, mucociliary clearance, ion and fluid transport, cellular repair and proliferation, as well as barrier protection [1]. Over the last several
years important information has emerged suggesting that
the airway epithelium also contributes to the regulation
of local inflammation and immune responses. Relevant
epithelial functions to inflammatory processes include the
metabolism and catabolism of mediators and cytokines and
the expression of key adhesion molecules.
Airway inflammation in endotoxin-induced lung disorders such as bronchitis, bacterial pneumonias, cystic
fibrosis and organic dust-induced lung diseases are characterized by the infiltration of neutrophils into the lungs
and airways [1, 2]. It is believed that the initiation and
activation of the neutrophil response is mediated by cellto-cell communication networks among immune and nonimmune cells stimulated by endotoxin in the airways [3].
Little, if anything, is known about the exact role played by
pulmonary epithelial cells in modulating endotoxin-induced neutrophil migration.
Studies examining the mechanisms involved in stimulated neutrophil transepithelial migration have generally
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been conducted with the lung epithelial cells cultured
on top of permeable filters [4, 5]. However, neutrophil
transepithelial migration in the respiratory tract during endotoxin-associated airway diseases is likely to occur predominantly in a basal to apical, rather than apical to basal
direction. It was therefore questioned whether there might
be a difference in neutrophil transepithelial migration patterns if the neutrophils moved through the lung epithelium
in an apical versus basal direction in response to endotoxin.
To determine the role of cellular monolayer orientation
on endotoxin-induced neutrophil migration, an in vitro
model system was constructed wherein A549 type II-like
alveolar lung cells were cultured on the lower and upper
surfaces of permeable Transwell® filters. A549 cells
grown on the lower surface of the filters were apically
stimulated, while A549 cells grown on the upper surface
of the filters were basally stimulated when the endotoxin
was placed in the bottom of the wells. Because of its clinical importance in many gram-negative inflammatory lung
conditions, Pseudomonas aeruginosa lipopolysaccharide
(LPS) was utilized as the neutrophil chemoattractant. The
presence and orientation of the epithelium, and thereby
the directional movement of the neutrophils, significantly
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influen-ced neutrophil migration across pulmonary epithelial cells.
Materials and methods
Reagents
Bovine serum albumin (BSA), phosphate-buffered saline (PBS), P. aeruginosa serotype 10 LPS and collagen
(bovine placental type IV) were purchased from Sigma
Chemical Co. (St Louis, MO, USA). Hypaque M-90%
was a gift from Winthrop Pharmaceuticals (New York,
NY, USA). Ham's F12K was purchased from Irvine (CA,
USA). Foetal calf serum (FCS), trypsin, ethylene diamine
tetra-acetic acid (EDTA), antibiotics and Hank's balanced
salt solution (HBSS) were purchased from the University
of Iowa Cancer Center (Iowa City, IA, USA). Transwell®
tissue-culture plates were purchased from Costar (Cambridge, MA, USA). Chromium-51, Na2CrO4(51Cr) was purchased from New England Nuclear Co. (Boston, MA,
USA).
Cell culture
A549 human type II-like epithelial lung cells (A549)
[6] (passage 76) were purchased from the American Type
Culture Collection (Rockville, MD, USA). A549 cells
were grown as monolayers in tissue-culture flasks incubated in 100% humidity and 5% CO2 at 37°C in Ham's
F12K medium supplemented with 10% FCS, penicillin
(20 U·mL-1) and streptomycin (20 µg·mL-1). Culture flasks
and filters were treated with collagen type IV (50 µg·mL-1)
for at least 30 min at 37°C, and rinsed with HBSS. Cell
monolayers in tissue-culture flasks were harvested with
trypsin (0.25%) and EDTA (0.1%) in PBS, centrifuged at
low speed (250 g, 5 min) and resuspended in fresh medium before culture on permeable filters in Transwell® tissue-culture plates. Cells (1.5×106·mL-1) in 100 µL were
grown to confluence on the upper or lower surface of
these filters in Transwell® plates over 3–5 days as previously described [4, 5, 7, 8] using the same conditions outlined for the flasks (fig. 1). Cells grown on the lower
surface were first placed on inverted collagen-coated filters and incubated for 2 h at 37°C. The filters were then
overturned (righted) and placed in the lower well of the
Transwell®. Monolayer integrity was assessed by microscopy, alb-umin permeability, transmonolayer electrical
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Fig. 1. – Diagram of the chemotaxis chamber illustrating how the
experiments were conducted.

resistance and negative (buffer) controls as previously
described [7]. Monolayers were microscopically examined before use for confluency. Albumin permeability was
negligible and equivalent to monolayers cultured on the
upper versus the lower surface of the filters. Transmonolayer electrical re-sistance was the same for monolayers
grown on the upper versus the lower surface of the filters.
The 24 well Transwell® plates are separated into upper
and lower chambers by a 6.5 mm diameter polycarbonate
filter with a 3.0 µm pore size.
Isolation of neutrophils and chromium labelling
Neutrophils were isolated from 0.2% EDTA-anticoagulated whole blood collected by venipuncture. Neutrophils
were obtained using a modification of the density gradient
technique (1.095 Hypaque-Ficoll) described by FERRANTE
and THONG [9]. The isolated neutrophils were washed once
with HBSS without Ca2+ and Mg2+. Neutrophils were then
resuspended in 4 mL of HBSS without Ca2+ and Mg2+ and
residual red cells were lysed using 1% ammonium oxalate
(w/v in H2O). The neutrophils were then washed again in
HBSS without Ca2+ and Mg2+ before performing cell
counts. Viability was determined by trypan blue exclusion.
The isolated neutrophils were at least 98% pure and 99%
viable.
Isolated neutrophils were labelled with 51Cr before being
placed in the chemotactic chambers by using a modification of the procedure described by GALLIN et al. [10].
Neutrophils at concentrations of 15–45×106 cells·mL-1
were incubated in Ca2+/Mg2+-free HBSS with 0.5 mCi of
51Cr (5 mCi·mL-1) at 37°C for 1 h with vigorous mixing.
The labelling was terminated at the end of the incubation
period by diluting the cells to 50 mL with HBSS without
Ca2+ and Mg2+. The neutrophils were subsequently washed three times in Ca2+/Mg2+-free HBSS before resuspension in HBSS with 0.2% BSA, Ca2+ and Mg2+. The cells
were resuspended at 1.5×107·mL-1 before use. Aliquots of
the cell suspension were removed and assayed for total
counts and unbound 51Cr to determine the cell-associated
counts per minute (cpm) as described by GALLIN et al. [10].
Neutrophil migration
Neutrophil migration through cell monolayers cultured
on filters in either orientation was investigated using the
24-well tissue-culture-treated Transwell® plates as previously described [4, 5, 7, 8]. Then, 1–1.5×106 51Cr-labelled
neutrophils in 100 µL of buffer were placed in the upper
chamber, above the filter/monolayer or monolayer/filter
complex. LPS in 500 µL HBSS with 1% human serum,
was placed in the lower chambers. Buffer with 1% human
serum was placed in lower chambers as a negative control
in each experiment. The negative control samples used
barriers that corresponded directly to the experimental
samples (e.g. A549 monolayers on the upper surface of
filters with LPS and buffer as experimental and negative
control samples). Formyl-methionyl-leucyl-phenylalanine
(FMLP) was used as a positive control for each experiment. Each variable was tested in triplicate. The plates
were incubated at 37°C in 5% CO2 and 100% humidity for
3, 6, 18 and 24 h in both the dose-response and timecourse experiments. Both barriers (filter/monolayer and
monolayer/filter) were tested simultaneously with the same

1055

ENDOTOXIN AND NEUTROPHIL TRANSEPITHELIAL MIGRATION

% NSM = (cpm experiment sample) (cpm negative control sample) × 100
total cpm added to chamber
The cpm measured in the negative control (HBSS-human
serum) samples were generally less than 5% of the total
cpm added to the top chamber regardless of whether the
monolayers were cultured on the upper or the lower surface of the filters.
Figure 1 shows a diagram of the chemotaxis chamber
illustrating how the experiments were conducted.
Results
Endotoxin-induced neutrophil migration across naked filters
The NSM of neutrophils across naked filters was determined utilizing P. aeruginosa serotype 10 LPS (endotoxin) as the chemoattractant. Preliminary results showed
that endotoxin by itself was unable to stimulate neutrophil
chemotaxis. When 1% human serum was added, clinically
relevant amounts of LPS induced neutrophil migration
across naked filters [11–14]. The serum was added to provide soluble CD14 and LPS binding protein (LPS-BP) as
well as other putatively necessary cofactors [15]. Significant dose-responsive neutrophil migration was observed
with endotoxin doses between 1.0 and 0.01 µg·mL-1 at
both 3 and 6 h (pð0.05 by Bonferroni t-test; fig. 2). There
were no significant differences in NSM values when comparing 3 and 6 h incubation periods at similar endotoxin
concentrations.

Effect of pulmonary epithelial cell monolayer orientation
on endotoxin-induced neutrophil migration
To determine the role of cellular monolayer orientation
a comparison was made of endotoxin-induced neutrophil
migration through A549 cells cultured on the lower versus
the upper surface of the Transwell® filters. As with naked
filter barriers, no significant migration was observed in the
absence of 1% human serum (data not shown). Therefore,
the remainder of the experiments were performed in the
presence of 1% human serum. Very little neutrophil migration was observed through A549 monolayers cultured
on the upper surface of the Transwell® filters at either 3
or 6 h (fig. 3a and b, respectively). In contrast, significant
neutrophil migration was observed through the A549 monolayers cultured on the lower surface (apical stimulation)
(fig. 3). The neutrophil NSM was greater at 6 than at 3 h
and was dose-responsive, especially at 6 h.
To determine the effects of prolonged endotoxin stimulation on neutrophil transepithelial migration, a 24 h
time-course experiment was performed with 1.0 µg·mL-1
endotoxin. At 3, 6, 18 and 24 h, endotoxin induced significantly more neutrophil migration across epithelial cell

a) 40
Net stimulated migration %

donor for each of the experiments. The degree of neutrophil migration was determined by mixing the lower chamber contents (500 µL) with 300 µL of 2% (v/v) Triton
X-100 in H2O, collecting the fluid, and then counting in a
gamma counter to determine cpm. The data were expressed as the percentage net stimulated migration (NSM)
using the formula:
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Fig. 2. – Dose-response of endotoxin-induced neutrophil migration
across naked filters at 3 h (
) and 6 h (
). Results represent
means±SEM of net stimulated migration (NSM) from six experiments
with each variable performed in triplicate. There were no significant differences in NSM values between the 3 and 6 h incubation times.
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0.1
Endotoxin µg·mL-1
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Fig. 3. – Effect of monolayer orientation and endotoxin dose on neutrophil migration. Dose-response of endotoxin-induced neutrophil
migration across A549 monolayers grown on the lower surface (
)
) of Transwell® filters at: a) 3 h and b) 6
versus the upper surface (
h. Results represent means±SEM of net stimulated migration from: a)
five and b) six experiments with each variable performed in triplicate.
There was significantly more neutrophil migration across epithelial
monolayers grown on the lower versus the upper surface. **: pð0.01 by
Bonferroni t-test.
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Fig. 4. – Effect of monolayer orientation and incubation time on endotoxin-induced neutrophil migration. Comparison between neutrophil
migration across A549 monolayers grown on the lower surface (●) versus the upper surface (❏) utilizing 1.0 µg·mL-1 of endotoxin over 24 h.
There was significantly more neutrophil migration across epithelial
monolayers stimulated apically at all time-points over the 24 h period,
pð0.01 by Bonferroni t-test.
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Inhibitory effect of actinomycin D
The A549 monolayers were pretreated with the mRNA
synthesis metabolic inhibitor, actinomycin D, as an indirect method to determine the need for intact monolayer
cell protein synthesis in mediating neutrophil migration.
A549 monolayers grown either on the upper or the lower
surface of the filters were pretreated with 2 µg·mL-1 actinomycin D or buffer for 30 min and washed thoroughly
before a 6 h migration assay with 1.0 µg·mL-1 of endotoxin. There was almost total inhibition (>95%) of neutrophil migration across A549 monolayers pretreated with
actinomycin D, regardless of the orientation of the monolayer (fig. 6). As before, more neutrophil migration was
observed through A549 monolayers cultured on the lower
than on the upper surface of the filters.
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A549 on upper surface
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Fig. 5. – Effect of monolayer and endotoxin orientation on neutrophil
migration. Neutrophil migration was examined through A549 monolayers grown on the upper surface versus the lower surface of Transwell®
filters with 1.0 µg·mL-1 of endotoxin (in the presence of 1% serum)
located either below (
) or above (
) the filter/monolayer complex. Results represent means±SEM net stimulated migration from three
experiments with each variable performed in triplicate. **: pð0.01 by
Bonferroni t-test for endotoxin below versus above the filter/monolayer
complex.

monolayers in the basal to apical than in the apical to
basal direction (fig. 4). Indeed, throughout the 24 h
period, minimal neutrophil transepithelial migration was
obser-ved when monolayers were grown on the upper surface (basal stimulation).
Effect of monolayer and endotoxin orientation on neutrophil migration

Net stimulated migration %

Net stimulated migration %

●

A series of experiments was designed to examine whether the enhanced endotoxin-induced neutrophil NSM in a
basal to apical direction was dependent on the directionality of the neutrophil migration or the polarity of the stimulus. A549 monolayers were grown on either the upper
or lower surface of the Transwell® filters and neutrophil
migration with endotoxin (in the presence of 1% serum)
placed in the upper chamber was compared with that in
the lower chamber (fig. 5). There was minimal neutrophil
NSM across the monolayers when the endotoxin was
placed above (on top of) the filter/monolayer complex.
Neutrophil NSM was significantly greater across epithelial monolayers stimulated with endotoxin below the filters at 3 and 6 h regardless of monolayer orientation.
Neutrophil migration was greatest when the A549 monolayers were grown on the lower surface of the filters and
the endotoxin was placed in the lower chambers.
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Fig. 6. – Inhibitory effect of actinomycin D on endotoxin-induced neutrophil migration through A549 monolayers grown on the lower surface
(●) or the upper surface (❏) of the filters. Data are expressed as means
±SEM of net stimulated migration (NSM). *: pð0.05; **: pð0.01 by Bonferroni t-test.
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FMLP-induced neutrophil migration
FMLP was used as a positive control for these experiments. Neither the presence nor the orientation of the
A549 epithelial monolayer significantly affected neutrophil
NSM values. Furthermore, pretreatment of the A549 monolayers with actinomycin D did not affect FMLP-induced
transepithelial migration in either an apical to basal or a
basal to apical direction (table 1).
Discussion
Airway inflammation in endotoxin-associated lung disorders is characterized by the presence of neutrophils [1,
2]. The effect of the presence and orientation of pulmonary epithelial cells in modulating endotoxin-induced inflammatory processes and neutrophil cellular influx is
poorly understood. To the authors' knowledge, there have
been no published reports of studies examining endotoxin-induced neutrophil migration through respiratory
epithelial cells in a manner analogous to the influx of neutrophils into the airway lumen (i.e. in a basal to apical
direction). In an attempt to explain the complex interplay
between neutrophils, pulmonary epithelial cell orientation
and endotoxin in airway inflammation, an in vitro pulmonary epithelial monolayer model system was constructed
(fig. 1). It should be noted that since the pulmonary epithelial cells used were A549 cells, these findings may be
more representative of events occurring in the alveoli.
Using P. aeruginosa serotype 10 LPS as the chemoattractant, neutrophil migration across naked filters was
first analysed. Initial results showed that in the presence of
1% human serum, neutrophils migrated in a dose-response pattern (fig. 2). Significant neutrophil migration
was observed at doses of endotoxin measured in domestic
water and commercial house-dust extracts [13, 14]. LPSinduced migration of neutrophils across naked filters was
the same as or slightly greater than that across epithelium
cultured on the lower surface of the filters and markedly
greater than that across epithelium cultured on the upper
surface of the filters. Thus, the epithelium did not enhance
the ability of endotoxin to induce migration.
LPS was not able to induce neutrophil migration across
naked filters or epithelial monolayers in the absence of
serum. Although not definitively proven, the addition of
serum was probably necessary to provide soluble CD14,
LPS-BP and other serum components. The response of
neutrophils to LPS is enhanced by complex formation
Table 1. – Formyl-methionyl-leucyl-phenylalanine (FLMP)induced neutrophil migration
Barrier

Pretreatment with
NSM
actinomycin D
%
Naked filters
Without
50±2
A549 upper
Without
45±2
surface
With
46±1
A549 lower
Without
44±1
surface
With
45±2
Results represent means±SEM of net stimulated migration (NSM)
of neutrophils through the indicated barrier, which was pretreated with buffer or 2 mg·mL-1 actinomycin D for 30 min and
washed thoroughly before a 3 h migration assay with 10 nM
FMLP.
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with LPS-BP, septin or other serum factors which facilitate the recognition of LPS at the cell surface. Indeed, the
efficient interaction of endotoxin with its CD14 receptor
on both myeloid and epithelial cells is greatly enhanced
by LPS-BP [15–20]. The capacity of LPS in the presence
of serum to induce neutrophil migration may be due to the
activation of neutrophils by LPS in complex with critical
serum factors, such as CD14 and LPS-BP. Serum contains
approximately 5–10 µg·mL-1 of LPS-BP [20]. In the adult
respiratory distress syndrome the full spectrum of plasma
proteins has been demonstrated in bronchoalveolar lavage
fluid [21]. Bronchoalveolar lavage fluid normally contains
low levels of LPS-BP, but these levels may rise during episodes of endotoxin-associated lung inflammation [19, 20].
Thus, the combination of LPS and serum used in the
present in vitro model system is likely to occur in the in
vivo setting of endotoxin-induced lung neutrophilic responses.
All epithelial cells possess two distinct plasma membrane domains. The apical and basolateral domains differ in their protein and lipid composition, thus allowing a
variety of vectorial functions in transport and secretion.
Polarized secretion of inflammatory cytokines by epithelial cells may provide the directed stimulus necessary for
neutrophils to move towards the site of infection [22, 23].
Our understanding of how the orientation of pulmonary
epithelial cells affects endotoxin-induced neutrophil influx is somewhat deficient since only limited studies of
this nature have been performed using intestinal, kidney
and mesothelial cells [24–26].
In the studies reported herein, there was significantly
more neutrophil migration across A549 monolayers at
both 3 and 6 h incubation times when pulmonary epithelial cells were present on the lower surface of the filters
(fig. 3). These data suggest that endotoxin-induced neutrophil transepithelial migration occurs preferentially in a
basal to apical direction. By extending the observations
over 24 h, neutrophil migration across epithelial monolayers continued to show a preferential basal to apical directionality (fig. 4).
To further our understanding of the role of epithelial
cell orientation on endotoxin-induced neutrophil transepithelial migration, 1 µg·mL-1 of endotoxin was incubated
above and below the filter while varying the monolayer
orientation. There was significantly more neutrophil migration across the monolayers at both 3 and 6 h with endotoxin below the filters regardless of epithelial cell monolayer
orientation. In addition, preferential movement of the neutrophils in a basal to apical fashion continued when epithelial cells were stimulated apically (fig. 5). Our findings
agree with those of ZEILLEMAKER et al. [26] who showed preferential migration of neutrophils in the basal to apical
direction during apical stimulation of mesothelial cells in
an in vivo model of bacterial peritonitis. These experiments suggest that both the directionality of the neutrophil
movement and the polarity of the stimulus are important
in regulating endotoxin-induced neutrophil responses in
the lung.
The marked inhibitory effects of actinomycin D on
endotoxin-induced transepithelial migration confirm the
importance of the epithelium in regulating endotoxinassociated airway inflammation (fig. 6). Regardless of the
orientation of the monolayer, endotoxin-induced neutrophil migration is dependent on the intact protein synthesis
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capacity of the A549 cells. In contrast, neither epithelial
cell orientation nor actinomycin D pretreatment had an
effect on FMLP-induced neutrophil transepithelial migration. It is likely that the epithelium plays a more passive
role in neutrophil transepithelial migration induced by a
potent chemoattractant, such as FMLP.
It is becoming more evident that epithelial cells have
evolved in their ability to regulate an inflammatory response to pathogens or endotoxins. Airway epithelial cells
can initiate inflammatory cascades and participate in local
cytokine networking in endotoxin-induced lung inflammation [1, 27]. The mechanisms involved in endotoxinenhanced neutrophil transepithelial migration in a basal to
apical direction were not addressed by these studies. The
present data, however suggest several possible mechanisms including the polarized expression of key adhesion
molecules and/or production of secondary peptide chemoattractants. Both the expression of adhesion molecules
[28] and the production of peptide chemoattractants are
inhibitable by actinomycin D [4, 5].
It has been shown previously that endotoxin can cause
lung epithelial cells to express adhesion molecules, including intracellular adhesion molecule (ICAM)-1 [29].
Because of the interposed filter, this study could not determine whether these cytokines induced the expression of
adhesion molecule in a polarized fashion. Moreover, the
authors are unaware of any studies examining this possibility using analogous systems. None the less, protein
trafficking pathways leading to an apical or a basolateral
expression of proteins have been demonstrated [22]. Thus,
the polarized expression of key adhesion molecules remains a viable possibility to explain, in part, the present
results with endotoxin.
Pulmonary epithelial cells have been shown to secrete
interleukin (IL)-6, IL-8, tumour necrosis factor (TNF)-α
and monocyte chemotactic peptide (MCP)-1 when stimulated by endotoxin [15, 29–31]. The potential importance
of sCD14 in endotoxin-induced secretion of IL-8 by pulmonary epithelial cells was demonstrated by PUGIN et al.
[15]. Several recent studies have also examined the polarized production and secretion of chemoattractants. An
apical release of neutrophil chemotactic factors by pulmonary epithelial cells stimulated by endotoxin and Pseudomonas products, respectively, has been demonstrated
[32, 33]. It should be noted that different lung epithelial
cells may have unique responses to endotoxin and other
stimuli [7]. Preferential basal to apical migration of neutrophils was evident when alveolar epithelial cells were
stimulated apically. The polarized (apical) release of neutrophil chemoattractants by endotoxin-stimulated epithelial cells could either enhance or inhibit transepithelial
migration. The failure of neutrophils to migrate when endotoxin was applied above the filters may imply the secretion of neutrophil chemoattractants in a manner obviating
a physiologically directed chemotactic gradient [34]. Furthermore, the endotoxin and newly formed chemoattractants
could have activated the neutrophils in a nonchemotactic
fashion, thus preventing migration across the filters [35].
The present data suggest that the combination of an apical release of neutrophil chemoattractants and a preferential basal to apical directional movement of the neutrophil
leads to optimal endotoxin-induced neutrophil transepithelial migration. Thus, there appear to be certain advantages
of cellular polarity in mediating inflammatory reactions

and immune regulation which allow cells that are properly
orientated to respond to positional information inherent to
their environment [23].
In summary, these findings demonstrate the importance
of the presence and orientation of pulmonary epithelial
cells in mediating the extent and location of lung neutrophilic responses due to endotoxin stimulation. Preferential neutrophil migration in a basal to apical direction is
likely to be more physiological and may account for the
accumulation of neutrophils in the airway lumen subsequent to the inhalation of endotoxin-rich toxicants such as
grain dust [36]. A better understanding of such a complex
interplay between the endotoxin, pulmonary epithelial cells
and neutrophils may allow specific steps to be undertaken
to control the destructive inflammatory reactions accompanying endotoxin-induced lung injury.
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