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LPS Induces Pulmonary Intravascular Macrophages
Producing Inflammatory Mediators via
Activating NF-kB

Zheng-Tang Chen, Sheng-Liang Li, En-Qi Cai, Wei-Ling Wu, Jing-Sheng Jin, and Bo Zhu*

Cancer Center of People’s Liberation Army, Xinqiao Hospital, Third Military Medical University,
Chongqing 400037, People’s Republic of China

Abstract Pulmonary intravascular macrophages (PIMs) are often responsible for the clearance of blood-borne
pathogens, including endotoxin, lipopolysaccharide of Gram-negative bacteria. It is well accepted that PIMs play a pivotal
role in the pathogenesis of endotoxin-induced acute lung injury. However, the mechanisms by which PIMs are involved in
the lipopolysaccharide-induced inflammatory responses remain unclear. Through the present study the following results
were found: (1) When challenged with lipopolysaccharide (10 mg/ml), PIMs underwent marked cellular enlarge-
ment, intercellular adhesion plaques became longer, and some particulates were enwrapped in the pseudopods.
(2) Lipopolysaccharide could up-regulate the expression of some inflammatory mediators in PIMs, including TNF-a, IL-1b,
IL-6, IL-8, and COX-2, and these up-regulated expression of inflammatory mediators correlated with NF-kB activation.
(3) Dexamethasone as well as acetylsalicylic acid reduced the expression of TNF-a in lipopolysaccharide-challenged
PIMs, and the decreased expression of TNF-awas also consistent with decreased NF-kB activation. Our results suggest that
NF-kB activation in PIMs followed by phagocytizing lipopolysaccharide resulted in the up-regulation of TNF-a, IL-1b,
IL-6, IL-8, and COX-2, which could be alleviated by dexamethasone. J. Cell. Biochem. 89: 1206–1214, 2003.
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Sepsis with multi-organ failure is the leading
cause of death in modern care medicine, with
Gram-negative bacteria being involved in the
majority of cases. Endotoxin, lipopolysacchar-
ide (LPS) of Gram-negative bacteria, is regard-
ed to mainly contribute to the microcirculatory
abnormalities resulting in septic organ failure,
among which acute respiratory distress syn-
drome represents the prototype [Brigham and
Meyrick, 1986; Ermert et al., 2000]. Pulmonary
intravascular macrophages (PIMs) are lung
macrophages that are found apposed to the

endothelium of pulmonary capillaries, and are
responsible for the clearance of blood-borne
particulates and pathogens in many species,
including pigs. Their potential role in host
defense and acute lung injury has attracted
interest, since a number of studies have demon-
strated pulmonary localization of circulating
particles, microbes, and endotoxin by PIMs
[Warner and Brain, 1990].

During endotoxemia, pro-inflammatory cyto-
kines, such as TNF-a, IL-1b, IL-6, and IL-8, are
markedly up-regulated. These mediators are
known to contribute to the vascular abnormal-
ities and changes in bronchomotor tone occur-
ring inLPS-induced lung injury [Johnstonetal.,
1998; Hirani et al., 2001]. Moreover, eicosanoid
generation is also regarded as the mech-
anism by which LPS leads to acute lung injury.
It is well established that the initial step in
the generation of prostaglandins and thromb-
oxane is the conversion of arachidonic acid to
prostaglandin H2 via cyclooxygenase [Chang
et al., 1989; Uhlig et al., 1996; Steudel et al.,
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1997]. Until now, two isoforms of this key
enzyme have been described, cyclooxygenase-1
(COX-1), which was known to be expressed
constitutively in various cell types; and cycloox-
ygenase-2 (COX-2), which was commonly ex-
pressed under inflammatory conditions [Seeger
et al., 1987; Hempel et al., 1994; Goppelt-
Struebe, 1995]. In the present study, we have
explored whether TNF-a, IL-1b, IL-6, IL-8, and
COX-2 were up-regulated in PIMs stimulated
with LPS.
Previous results using other types of macro-

phage have demonstrated that LPS up-
regulated the expression of pro-inflammatory
cytokines and COX-2 via activating NF-kB
[Ermert et al., 2000; Giroux and Descoteaux,
2000]. On the other hand, dexamethasone
(DEX) and acetylsalicylic acid (ASA), as the
steroidal and non-steroidal anti-inflammatory
drugs in clinic, respectively, could inhibit the
activation of NF-kB [Matsumura et al., 2001;
Amann and Peskar, 2002]. Therefore, we specu-
lated that DEX and ASA might contribute to
the alleviation of acute lung injury via inhibi-
tion of NF-kB activation, which down-regulates
the expression of inflammatory mediators. In
this study we have implicated NF-kB as the
mechanism underlying the up-regulation of
TNF-a, IL-1b, IL-6, IL-8, and COX-2 induced
by LPS in PIMs.

MATERIALS AND METHODS

Animals

Healthy piglets were obtained from The
Institute of Animals for Medical Scientific
Research located inThirdMilitaryMedicalUni-
versity. All experimental procedures were per-
formed in accordance with the guidelines of the
National Institute of Health set forth in ‘‘Guide
for the care and use of laboratory animal.’’

Observation of PIMs With Transmission
Electron Microscopy (TEM)

For observation of normal PIMs, lungs from
piglets were removed from the chest cavity
and cut to 1 mm3 pieces, rinsed in cacodylate
buffer, postfixed in 1% osmium tetroxide,
dehydrated in graded ethanols, and transfer-
red through propylene oxide to Embed 812
resin. Thin sections were then examined with
a JME-2000EX transmission electron micro-
scope. LPS-treatedPIMswere collectedandalso
examined with TEM.

Isolation of PIMs

PIMs were isolated from piglets according to
the published methods [Morton and Bertram,
1988] with some modifications. The piglets
(male, body weight 20–25 kg) were deeply
anesthetized with pentobarbital-Na given i.p.
(30 mg/kg body weight), and then the piglets
were anti-coagulated with 5,000 U of heparin
through i.v. After midsternal thoracotomy, the
right and left ventricles were incised, and a
cannulawas fixed in the right and left ventricle,
respectively. The aorta, cava inferior, and cava
superior, were then ligated, respectively. Pul-
satile perfusions with buffer solution were
carried out as following procedures. (I) 250 ml
of 0.75% NaNO3 diluted in the 0.15 mol/l PBS;
(II) 1,000 ml of 0.04% Na2 EDTA diluted in the
Hank’s without Ca2þ or Mg2þ; (III) 500 ml of
Hank’s with 0.055% CaCl2; (IV) 250 ml of 0.1%
collagenase diluted in Hank’s with 0.055%
CaCl2; (V) 1,750 ml of Hank’s without Ca2þ or
Mg.2þ Finally, the perfusions from the left
ventricle were collected.

The above perfusions were centrifuged at
1,000 rpm for 10 min at 48C and the pelleted
cells were collected. Each pellet was sus-
pended in 9 ml of sterile distilled water for
20 s to lyse the red blood cells and then
isotonicity was restored by addition of 1 ml of
1.5 mol/l PBS. PIMs were isolated from the
remaining cells by adherence to plates (2 h at
378C, 5% CO2).

PIMs Stimulation

Freshly isolated PIMs were incubated with
RPMI 1640 medium (containing 10 mmol/l
HEPES, 2 mmol/l L-glutamine, 100 U/ml peni-
cillin, and 100 mg/ml gentamicin), supplemen-
ted with 10% heat-inactivated FCS. For
stimulation with LPS, cells were incubated in
the appropriate medium with 10 mg/ml LPS.
DEX (1 mmol/l) and aspirin (3 mmol/l) were
added 2 h prior to stimulation, according to the
specified experiment. Following the appropri-
ate treatment, cell supernatants were collected
and stored at �208C until analysis.

ELISA and RIA for the Measurement
of Cytokine Concentration

PIMs were stimulated with LPS (Sigma,
Missouri, USA, 10 mg/ml) in 24-well flat-bottom
plates (2� 105 cells perwell) for various times at
378C. The production of TNF-a, IL-6, and IL-8

Pulmonary Intravascular Macrophages 1207



was assessed by ELISA according to manufac-
turer’s protocol. IL-1b was measured by RIA
using commercially available reagents.

RNA Extraction and Reverse
Transcription-Polymerase Chain

Reaction (RT-PCR)

RT-PCR were performed to analyze the ex-
pressionofCOX-2mRNAinPIMs.Total cellular
RNA was extracted from PIMs with Tripure
Isolation Regent kit (Promega, Wisconsin,
USA). Total cellular RNA from each sample
(1 mg) was reverse transcribed at 428C for 1 h.
The same amount of the resulting cDNA was
used for amplification by a specific primer for
rabbit COX-2. The following oligonucleotides
were used as primers for COX-2: sense 50-ACT
CAC TCA GTT TGT TGA GTC ATT C-30;
antisense 50-TTT GAT TAG TAC TGT AGG
GTTAATG-30. Primerswerealso synthesized to
amplify the cDNA encoding HPRT, a constitu-
tively expressed gene, as a control. HPRT
primers were 50-GCT GGT GAA AAG GAC
CTC TCG -30 and 50-GCA GAT GGC CAC AGG
ACT AGA-30. Both primers were synthesized
commercially in Sangon company (Shanghai,
China). Thirty amplification cycles were carried
out with the following parameters: 1 min at
948C, 1 min at 558C, and 1 min at 728C. Cycling
was ceased with a final extension of 10 min
at 728C. RT-PCR products were visualized
with ethidium bromide and semi-quantitatively
analyzed by densitometric scanning of the gel
images.

Immunohistochemistry

Immunohistochemical staining was used to
detect the expression of COX-2 in PIMswith the
SP method. The sections were placed into 1%
H2O2 methanol at room temperature for 20 min
and then incubated with goat anti-COX-2 anti-
body (1:100) (Santa Cruz Laboratories, Santa
Cruz, California, USA) at 378C for 1 h. The
slides were then incubated at 48C overnight.
Subsequently, the slides were incubated with
biotin-anti-goat-IgG (1:200) (Zhongshan Com-
pany, Beijing, China) and SP complex at 378C
for 30 min, respectively. After each procedure,
the sections were washed thoroughly with PBS
for 5 min, total three times. The images were
analyzed by previous published methods [El
Samalouti et al., 1999].However, a 12-bit cooled
CCDcamera instead of the previously used 8-bit
system was used, which significantly enhance

the sensitivity for the detection of changes in
staining intensity.

Nuclear Extracts and Electrophoretic
Mobility Shift Assay

Nuclear extracts were prepared from PIMs
according to published methods [Schreiber
et al., 1989]. In brief, the cells were washed in
a 0.5 ml of cold PBS and then in 400 ml of cold
buffer A (10 mmol/l HEPES, pH7.9, 15 mmol/l
MgCl2 and 0.5mmol/l dithiothreitol). Thewash-
ed cell pellets were then suspended in 50 ml of
buffer A plus 0.1% Nonidet P-40 supplemented
with 0.1 mg/ml leupeptin and aprotinin, and
incubated on ice for 30 min. After incubation,
the pellets were mixed briefly by vortex and
centrifuged at 10,000 rpm at 48C for 5 min in a
microcentrifuge. The supernatantwas carefully
removed, and the nuclear pellet was suspended
in 20 ml of cold buffer C (20 mmol/l HEPES, 25%
glycerol, 0.42 mol/l NaCl, 1.5 mmol/l MgCl2,
0.2 mmol/l EDTA, 0.5 mmol/l dithiothreitol and
0.5 mmol/l phenylnethlsulfory fluoride) con-
taining 1 mg/ml leupeptin and aprotinin, and
incubated on ice for 15 min with intermittent
vortexing. The extracts were then centrifuged
at 10,000 rpm at 48C for 10 min, and the
supernatant was divided into aliquots and
frozen at �708C. Protein concentration was
determined with the method of Bradford.

A double-stranded oligonucleotide containing
the sequence corresponding to classical NF-kB
consensus site (50-TGC TAA CAA TCA GAT
AGA GG-30) (Gibco, California, USA) was end-
labeled with [g-32P] ATP (Yahui Company,
Beijing, China) with the aid of T4 ligase (Biolab,
North Carolina, USA). Binding reactions were
carried out at room temperature for 20 min in
a final volume of 25 ml (10 mmol/l HEPES, pH
7.9, 4 mmol/l Tris-HCl, 60 mmol/l KCl, 1 mmol/l
EDTA, 1 mmol/l dithiothreitol, 10% glycerol,
1.5 mg/ml bovine serum albumin, 2 mg of poly
(dI-dc), 4mg of nuclear extracts and 0.5 ng of 32P-
labeled oligonucleotide probe). In the experi-
ments of specific competitive inhibition and
non-specific competitive inhibition, 0.5 ng unla-
beled NF-kB probe or unlabeled GATA3 probe
(50-TGC TAA CAA TCA GAT AGA GG-30)
was added before incubation with 32P-labeled
oligonucleotide probe. Binding reactions were
subjected to non-denaturing polyacylamide
electrophoresis through 60 g/l gels in a 1� Tris
borate-EDTA buffer system. Gels were dried
and subjected to autoradiography.
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Statistical Analysis

Analysis of variance was used to evaluate
differences among different groups. Correlation
analysis was made between the related para-
meters. A value of P< 0.05 was considered
significant. Data are given as mean�SEM.

RESULTS

Morphological Characteristics of PIMs
After Challenged With LPS

Our results showed that PIMs in the lungs of
piglets have morphological features of differ-
entiated macrophages, such as irregular shape,
an indented nucleus, lysosomal granules, pseu-
dopods, phagosomes and phagolysosomes, tub-
ular micropinocytosis vermiformis structures
(TMVS), and a fuzzy glycocalyx, which are in
accordance with other reports [Morton and
Bertram, 1988]. PIMs were also adhered to
pulmonary capillary endothelial cells through
intercellular adhesion plaques (ICAP) (Fig. 1B).
Enlarged and increased pseudopods, and
increased amount of lysosomes andphagosomes
were found in the in vitro isolated PIMs after
stimulated with LPS. Moreover, some particu-
lates were enwrapped in the pseudopods ex-
ruded fromPIMs,which seems like in the period
of phagocytosis (Fig. 1C).

Increased Pro-Inflammatory Cytokine
Production in PIMs Stimulated With LPS

Freshly prepared PIMs from piglets were
stimulated in vitro with LPS (10 mg/ml), and
the production of pro-inflammatory cytokines
(TNF-a, IL-1b, IL-6 or IL-8) in the culture
supernatant was determined by ELISA or
RIA. The LPS-induced TNF-a and IL-1b pro-
duction was significantly increased at 1 h after
stimulation, and the production of IL-1b kept to
increase and reached to peak level at 2 h after
stimulation. In detecting of IL-6 level, signifi-
cant increase was only found at 4 h, whereas,
sustained increases of IL-8 level were detected
from 4 to 8 h after stimulation with LPS.
Interestingly, the time for reaching the peak
level for TNF-a production was earlier (at 1 h),
whereas they were later for IL-6 and IL-8 (at 4
and 6 h after LPS-stimulation, respectively).
More importantly, NF-kB activation was prior
to the production of inflammatory mediators
mentioned above in PIMs stimulated with LPS
(10 mg/ml), and a positive correlation was found

between the activated NF-kB and the concen-
tration of TNF-a at 1 h after LPS stimulation
(r¼ 0.991, P< 0.01). These results suggest that
the production of pro-inflammatory cytokines is
increased in LPS- stimulated PIMs in compar-
ison with wild-type PIMs (Fig. 2), and NF-kB
activation is an early event in LPS-stimulated
PIMs, which results in an up-regulation of
inflammatory mediators.

Fig. 1. Morphological characteristics of naı̈ve PIMs and that of
LPS-induced PIMs. Experimental details are described in
Materials and Methods. A: Morphological characteristic of naı̈ve
PIMs with phase-difference microscope (�100). B: Naı̈ve PIMs
have irregular shape, an indented nucleus, lysosomal granules,
pseudopods, phagosomes, and phagolysosomes, TMVS, and a
fuzzy glycocalyx. Naı̈ve PIMs adhered to pulmonary capillary
endothelial cells through ICAP (!) (�15,000). C: Enlarged and
increased pseudopods, and increased amount of lysosomes and
phagosomes were found in the PIMs after stimulated with
lipopolysaccharide (10 mg/ml). Some particulates were enwrap-
ped in the pseudopods extruded from PIMs, which seems like in
the period of phagocytosis (!) (�15,000).
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Expression of COX-2 in PIMs Stimulated
With LPS

COX-2, one of the most important cycloox-
ygenases converting arachidonic acid to pros-
taglandin H2, plays a key role in the initiation
and enlargement of inflammatory response.
Thus, we next explored whether up-regulation
of COX-2 occurred in LPS-stimulated PIMs.
Our results with RT-PCR and immunohisto-
chemistry showed that COX-2 was not detect-
able in unstimulated PIMs (data not shown).
Treatment of PIMs with LPS (10 mg/ml) for
increasing times resulted in expression of COX-
2, which was maximal by 4 h on the level of
mRNA and by 8 h on the level of protein (Figs. 3
and 4B).

DEX Inhibited the Expression of TNF-a
and COX-2 in LPS-Stimulated PIMs, But
Aspirin Only Inhibited TNF-a Expression

Due to the importance of DEX and aspirin in
the treatment of acute lung injury and acute

respiratory distress syndrome, we next ex-
plored the effects of these two drugs on the
production of pro-inflammatory cytokine (TNF-
a) in the LPS-induced PIMs. Our results show-
ed that DEX and aspirin could inhibit the
increased production of TNF-a in PIMs chal-
lenged with LPS (Fig. 4A). These results
implicated the mechanism by which DEX and
aspirin might be used to treat acute lung injury
and ARDS.

DEX (2 mmol/l) incubated for 2 h prior to LPS
challenge diminished the amount of COX-2
significantly. Reduction of COX-2 mRNA re-
sulted in attenuation ofCOX-2 protein levels, as
assessed by immunohistochemistry. However,
no inhibition was observed in the PIMs pre-
treated with aspirin before LPS stimulation.
(Fig. 4B).

DEX and Aspirin Inhibited LPS-Induced
NF-kB Activation in PIMs

It iswellknownthatNF-kBplaysapivotal role
in the expression of several pro-inflammatory

Fig. 2. Expression of TNF-a, IL-1b, IL-6, and IL-8 in LPS-induced PIMs. TNF-a, IL-6, and IL-8 were
determined with ELISA, IL-1b were determined with RIA, described in Materials and Methods. A: TNF-a.
B: IL-6. C: IL-8. D: IL-1b. *: P<0.01, ~: P<0.05 versus control group.
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Fig. 3. COX-2 expression at the level of mRNA and protein in
LPS-induced PIMs. A: PCR amplification was performed with
specific primers, and PCR products were demonstrated through
electrophoresis on a 1.2% agarose gel with ethidium bromide
staining and densitometric scanning of the gel images were used
to analyze semi-quantitatively. 1: HPRT product, lanes 1–6:
0.5 h, 1 h, 2 h, 4 h, 6 h, and 8 h after stimulation with LPS,

respectively. 2: COX-2 product, lanes 1–6: 0.5 h, 1 h, 2 h, 4 h, 6 h
and 8 h after stimulation with LPS, respectively. B: Representative
for immunohistochemistry analysis of COX-2 expression in LPS-
induced PIMs, which is on 8 h after stimulation with LPS. The first
antibody to COX-2 is a polyclonal, a goat antibody against mosue
COX-2 protein (�200). Image analysis was used to determine
staining intensity of COX-2 protein semi-quantitatively.

Fig. 4. The effects of DEX and aspirin on the expression of TNF-a, IL-1b, IL-6 IL-8, and COX-2 in
LPS-induced PIMs. A: DEX and aspirin inhibited the expression of TNF-a, IL-1b, IL-6, and IL-8 in LPS-
induced PIMs. B: DEX inhibited the expression of COX-2 mRNA and protein in LPS-induced PIMs, but aspirin
did not. *: P< 0.05, **: P<0.01 versus control group; ~: P<0.05, ~~: P< 0.01 versus LPS-stimulated
group.
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cytokines and COX-2. Therefore, we next
explored the effect of LPS on the activation of
NF-kB in PIMs, on the basis of finding that LPS
up-regulate the expressions of TNF-a, IL-1b, IL-
6, IL-8, and COX-2. Nuclear extracts of PIMs
challenged with LPS (10 mg/ml) for 30 min
formed aDNA-protein complexwith the specific
NF-kB-binding sequence (Fig. 5A) which was
prevented if a 100-fold excess of unlabeled NF-
kB probe has been added (data not shown). This
is in agreement with results published in the
same cell type.

To further explore the mechanisms involved
in the effect of DEX and aspirin on the ex-
pression of TNF-a, IL-1b, IL-6, IL-8, andCOX-2,
the pattern of NF-kB activation in LPS-stimu-
lated PIMs pretreated with DEX or aspirin was
evaluated. Our results showed that DEX or
aspirin could partly inhibit the NF-kB activa-
tion inLPS-stimulatedPIMs, and the inhibitory

effects by aspirin were stronger than that by
DEX. (Fig. 5B).

DISCUSSION

PIMs are a resident cell population, junction-
ally adherent to the capillary endothelium of
lungs and morphologically similar to hepatic
Kupffer cells, which are a pulmonary constitu-
ent of the mononuclear phagocyte system with
respect to secretory, endocytic, and functional
properties [Winkler, 1988]. Removal of blood-
borne particulates in calves, sheep, goats, cats,
and pigs occurs predominantly in these macro-
phages [Winkler, 1988]. In this study we iso-
lated PIMs from piglets and found that PIMs
have morphological features of differentiated
macrophages, such as irregular shape, an
indented nucleus, lysosomal granules, pseudo-
pods, phagosomes and phagolysosomes, TMVS,
and a fuzzy glycocalyx, which are in accordance
with other reports. When challenged with LPS,
PIMs underwent marked cellular enlargement,
the ICAP became longer and some particles
were enwrapped in the pseudopods, which
suggested that PIMs are highly activated after
phagocytizing LPS.

Previous reports have shown that inflamma-
tory cytokines, such as TNF-a, IL-1b, IL-6, and
IL-8 play pivotal roles in the pathogenesis of
acute lung injury [Walley et al., 1999;Kolb et al.,
2001; Kabir et al., 2002; Liaudet et al., 2002].
The substances mediating acute lung injury
followed by PIM activation, however, remain
unknown. In the present study we found up-
expression of these cytokines inLPS-challenged
PIMs. Interestingly, after stimulation with
LPS, the production of IL-6 and IL-8waspeaked
at 4 h or 6 h, while TNF-a was peaked at 1 h.
These results suggest that TNF-a itself could
up-regulate the expression of cytokines, includ-
ing IL-6 and IL-8. Therefore, our results may
implicated that TNF-a played a key role in
initiation and enlargement of inflammatory
responses through inducing and up-regulating
other pro-inflammatory cytokines. TNF-a, IL-
1b, IL-6, and IL-8 could do damage to lung
tissues through chemotaxis, recruitment of
polymorphonuclear neutrophils, and accelerate
them adherent to vascular endothelia. The
results from our and other groups suggested
that the up-regulation of TNF-a, IL-1b, IL-6,
and IL-8 might be one of the mechanisms by
which PIMs are involved in the pathogenesis of

Fig. 5. LPS induced NF-kB activation in PIMs, whereas DEX
and aspirin partially inhibited this activation. A: EMSAs for the
distal NF-kB probe were performed on nuclear extracts of PIMs
treated with LPS (10 mg/ml). Lanes 1–5: 0, 0.5 h, 1 h, 2 h, 4 h after
stimulation with LPS, respectively; lanes 6–10: 0, 0.5 h, 1 h, 2 h,
4 h after stimulation with PBS, respectively. B: PIMs treated with
LPS (10 mg/ml) and DEX (1 mmol/l) or aspirin (3 mmol/l),
simultaneously. Lanes 1–5: 0, 0.5 h, 1 h, 2 h, 4 h after stimulation
with LPS and DEX, respectively; lanes 6–10: 0, 0.5 h, 1 h, 2 h, 4 h
after stimulation with LPS and aspirin, respectively.
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acute lung injury, even acute respiratory dis-
tress syndrome.
On the other hand, prostanoids with various

physiological effects in the lung have been
shown to be one of the important factors in
acute lung injury [Goggel et al., 2002]. COX-2,
one of the most important cyclooxygenases
converting arachidonic acid to prostaglandin
H2 [McAdam et al., 1999], has been proven to
play akey role in the initiation and enlargement
of the inflammatory response [Gust et al., 1999].
Accordingly, we explored whether up-regula-
tion of COX-2 occurred in LPS-stimulated
PIMs. Results from RT-PCR and immunohisto-
chemistry showed that LPS could up-regulate
the expression of COX-2 in the PIMs. These
results clearly confirmed that COX-2 in PIMs
plays a critical role in the development of the
inflammatory response by altering key compo-
nents of the inflammatory cascade.
NF-kB is required for the transcription of

many inflammatory cytokines, including TNF-
a, IL-1b, IL-6, and IL-8 [Blackwell and Christ-
man, 1997; Christman et al., 1998; Sharma
et al., 1998; Fan et al., 2001], which are thought
to be important in the pathogenesis of acute
lung injury. Furthermore, mitogen-activated
protein kinase and protein kinase C are in-
volved in COX-2 expression by LPS. These
pathways act, in a coordinate way, with several
transcription factors, among which NF-kB is
the most important [Hwang et al., 1997; Inoue
and Tanabe, 1998; Giroux and Descoteaux,
2000]. Therefore, we hypothesized that LPS-
induced NF-kB activation in PIMs might also
contribute to the up-regulation of inflammatory
mediators, including TNF-a, IL-1b, IL-6, IL-8,
and COX-2. Our present data indicated that
NF-kB activation was prior to the production of
inflammatory mediators mentioned above in
PIMs stimulated with LPS (10 mg/ml), and a
positive correlation was found between the
activated NF-kB and the concentration of
TNF-a at 1 h after LPS stimulation (r¼ 0.991,
P< 0.01). These apparently correlated results
allowed the conclusion that NF-kB activation is
an early event in LPS-stimulated PIMs, which
results in the up-regulation of inflammatory
mediators.
It is generally accepted thatDEXand aspirin,

as the most important anti-inflammatory
agents, have potent effectiveness in the treat-
ment of pulmonary inflammatory disorders,
including acute lung injury and acute respira-

tory distress syndrome [Chelucci et al., 1993;
Corbanese, 2001]. On the other hand, via sec-
reting inflammatory mediators, PIMs play a
pivotal role in the pathogenesis of acute
lung injury. The mechanisms by which these
two anti-inflammatory agents alleviate PIMs-
mediated damage to lung tissues, however,
remain to be established. Our present results
showed that DEX might reduce the expres-
sion of TNF-a, IL-1b, IL-6, IL-8, and COX-2 in
LPS-treated PIMs by inhibiting NF-kB activa-
tion. Interestingly, aspirin could not reduce the
COX-2 expression although it could partially
inhibit NF-kB activation. Our results (data not
shown), however, showed that COX-2 activity
was significantly reduced by aspirin in LPS-
stimulated PIMs, which implicated other
mechanisms might be involved in clinical use
of aspirin for treatment of acute inflammatory
diseases including acute lung injury.

In conclusion, our present data indicates that
NF-kB activation in PIMs followed by phagocy-
tizing endotoxin results in the up-regulation of
TNF-a, IL-1b, IL-6, IL-8, and COX-2, which
might be involved in the pathogenesis of
endotoxin-induced acute lung injury.Moreover,
the alleviative effects of DEX on acute lung
injurymight involve the inhibition of expression
of TNF-a, IL-1b, IL-6, IL-8, and COX-2 via
decreasing NF-kB activation. Aspirin was only
found to inhibit the expression of TNF-a, IL-1b,
IL-6, and IL-8 in LPS-stimulated PIMs.
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