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Role of NF-xB and PPAR-y in lung
inflammation induced by monocyte-derived
microparticles

T. Neri*, C. Armani”, A. Pegoli*, C. Cordazzo*, Y. Carmazzi*, S. Brunelleschi’,
C. Bardelli’, M.C. Breschi*, P. Paggiaro* and A. Celi*

ABSTRACT: Microparticles (MP) are phospholipid vesicles shed by cells upon activation or
apoptosis. Monocyte-derived MP upregulate the synthesis of proinflammatory mediators by lung
epithelial cells; the molecular bases of such activity are unknown. Peroxisome proliferator-
activated receptors (PPAR) have been demonstrated to be involved in the modulation of nuclear
factor (NF)-kB transcriptional activity and inflammation.

We investigated whether the upregulation of the synthesis of proinflammatory cytokines by
human lung epithelial cells induced by monocyte/macrophage-derived MP involves NF-xB
activation and is modulated by PPAR-y.

MP were generated by stimulation of human monocytes/macrophages with the calcium
ionophore, A23187. MP were incubated with human lung epithelial cells. NF-kxB translocation was
assessed by electrophoretic mobility shift assay. Interleukin (IL)-8 and monocyte chemotactic
protein (MCP)-1 synthesis was assessed by ELISA and RT-PCR.

Stimulation of A549 alveolar cells with monocyte/macrophage-derived MP caused an increase
in NF-xB activation and IL-8 and MCP-1 synthesis that was inhibited by pre-incubation with the
PPAR-y agonists, rosiglitazone and 15-deoxy-A'%"%-prostaglandin-J,. Parallel experiments with
normal human bronchial epithelial cells largely confirmed the results. The effects of PPAR-y
agonists were reversed by the specific antagonist, GW9662.

Upregulation of the synthesis of proinflammatory mediators by human lung epithelial cells
induced by monocyte/macrophage-derived MP is mediated by NF-kB activation through a PPAR-y
dependent pathway.

KEYWORDS: Chemokines, 15-deoxy-A'2,'*-prostaglandin-J,, lung inflammation, microparticles,
peroxisome proliferator-activated receptors, rosiglitazone.

icroparticles (MP) are phospholipid
M vesicles shed by cells upon activation

or during apoptosis. MP range in size
from 50 nm to 1 pm [1]. Evidence gathered over
the past several years has demonstrated that MP
are involved in numerous physiological pro-
cesses, including blood coagulation and inflam-
mation. Because of the presence of negatively
charged phospholipids on the outer leaflet of MP,
these structures have been long attributed a role
in blood coagulation, a process that requires
the assembly of multimolecular complexes on
the surface of negatively charged phospholipid
membranes. More recently, however, it has
become evident that MP also carry other compo-
nents of the parental cell besides the phospholi-
pids, which greatly broaden the spectrum of their
potential effects as intercellular mediators [1].
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For example, the presence in monocyte-derived
MP of tissue factor, an essential cofactor for
the initiation of blood coagulation [2], adds to
their role in blood coagulation and thrombus
formation [3].

The role of leukocyte- and endothelial cell-
derived MP in inflammation has also been
extensively investigated. MP released by stimu-
lated polymorphonuclear leukocytes, for example,
upregulate interleukin (IL)-6 and IL-8 synthesis
by endothelial cells [4], while MP derived from
T-lymphocytes and monocytes induce the synth-
esis of matrix metalloproteinases and cytokines by
synovial fibroblasts [5].

We have previously demonstrated that stimula-
tion of human monocytes/macrophages with the
calcium ionophore, A23187, or with histamine,
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causes MP shedding, and that incubation of these MP with
lung epithelial cells results in upregulation of proinflammatory
mediator synthesis, including IL-8 and monocyte chemotactic
protein (MCP)-1 [6]. IL-8 is a potent chemoattractant for
neutrophils involved in the pathogenesis of the inflammatory
response typical of chronic obstructive pulmonary disease
(COPD). IL-8 concentration increases in bronchoalveolar
lavage fuid of COPD patients and correlates with neutrophil
count and myeloperoxidase concentration [7]; furthermore, in
a phase 2 trial, a monoclonal antibody to IL-8 has been shown
to reduce dyspnoea in COPD patients [8]. MCP-1, a chemoat-
tractant for monocytes, has also been implicated in the
pathogenesis of COPD and its concentration has been shown
to increase in sputum of COPD patients compared with
“healthy” smokers and nonsmokers [9]. Thus, the upregula-
tion of IL-8 and MCP-1 synthesis induced by MP might
contribute to the pathogenesis of COPD. However, the
molecular bases of this activity of MP are not known.

Peroxisome proliferator-activated receptors (PPAR) are ligand-
activated transcription factors belonging to the nuclear
hormone receptor superfamily. Three isoforms of PPAR have
been identified to date: o, B/8, and y. Originally identified for
their role in lipid and glucose regulation, PPAR have more
recently been implicated in the regulation of other phenomena,
including inflammation [10]. PPAR-y is expressed, among
other cell types, by alveolar and bronchial epithelial cells and
its activation results in downregulation of proinflammatory
mediator production, at least in part through suppression of
nuclear factor (NF)-kB transcriptional activity [11, 12]. Accord-
ingly, PPAR-y is currently being considered as a potential
novel therapeutic target in COPD [13].

Here, we demonstrate that the effect of monocytes/
macrophage-derived MP on lung epithelial cell inflammation
is mediated through NF-xB activation and is inhibited by
PPAR-y stimulation.

MATERIALS AND METHODS

Reagents and kits

RPMI 1640 medium, Ham’s F-12 medium, penicillin, strepto-
mycin, L-glutamine, trypsin/EDTA, trypsin inhibitor, trypan
blue, bovine serum albumin, PBS, dimethylthiazolyldiphenyl-
tetrazolium bromide (MTT), Ficoll-Hypaque, dextran, calcium
ionophore A23187, fetal bovine serum (FBS), ethidium bro-
mide, agarose, REDTaq genomic DNA Polymerase SuperPaK,
DNA ladder direct-load 100 bp and anti-cytokeratin peptide-
18 antibodies were obtained from Sigma (Milan, Italy). iScript
cDNA synthesis Kit and iQ SYBR green supermix were
obtained from Bio-Rad (Hercules, CA, USA). NucleoSpin
RNA II was obtained from Machery-Nagel (Duren, Ger-
many). BEGM Bullet Kit was obtained from Cambrex
(Caravaggio, BG, Italy). Rosiglitazone (Rz), 15—deoxy—A12'14-
prostaglandin-], (15dPgJ,) and GW9662 (GW) were obtained
from Cayman Chemical (Ann Arbor, MI, USA). The human
IL-8 cytoset, the human MCP-1 cytoset and the substrate
3,3',5,5'-tetramethylbenzidine were obtained from Biosource
International (Camarillo, CA, USA). Nuclear Extract Kit was
obtained from Active Motif (Rixensart, Belgium). All other
chemicals were obtained from the hospital pharmacy and were
of the best grade available.
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Real-time PCR primers

The sense and antisense primers for human IL-8, MCP-1 and
hypoxanthine-guanine phosphoribosyltransferase (HPRT) were
obtained from Invitrogen (Milan, Italy) and had the following
sequences:

IL-8 sense 5’ GAATGGGTTTGCTAGAATGTGATAS3' and anti-
sense 5’ CAGACTAGGGTTGCCAGATTTAAC3’; MCP-1 sense
5'CATTGTGGCCAAGGAGATCTG3' and antisense 5'CTTCG
GAGTTTGGGTTTGCTT3’; and HPRT sense 5’AGACTTTGC
TTTCCTTGGTCAGG3' and antisense 5’GTCTGGCTTATATC
CAACACTTCG3'.

Cell culture

Cells of the human alveolar epithelial line, A549, (CCL-195,
American Type Culture Collection, Manassas, VA, USA), were
kindly provided by R. Danesi, University of Pisa, Pisa, Italy.
A549 cells were maintained in RPMI supplemented with
10% (volume/volume) FBS, 100 UmL?! of penicillin, and
100 pg-mL’1 of streptomycin in a humidified 95% air and 5%
CO, atmosphere at 37°C. The immortalised bronchial epithelial
cells, BEAS-2B (American Type Culture Collection, CRL-9609),
were kindly provided by S. Carnevali, University of Modena,
Modena, Italy. BEAS-2B cells were maintained in 50% RPMI
1640 and 50% BEGM in a humidified 95% air and 5% CO,
atmosphere at 37°C.

Human bronchial epithelial cells (HBEC) were obtained from
subjects undergoing diagnostic bronchoscopy as previously
described. Briefly, after the patient’s informed consent to the
procedure was received, the fibreoptic bronchoscope was
positioned at the level of the carina and/or the level of
second- or third-order bronchial branchings. The use of local
anaesthetics was kept as low as possible to minimise their
effects on cell viability. Four to six brushings of grossly normal
bronchial mucosa were regularly obtained. The cells were then
removed from the brush by vortexing in Ham’s F-12 medium-
10% FBS. The cells were brought to the laboratory in ice
and incubated with DNase (50 mg-mL™) to eliminate clump-
ing. After a wash with ice-cold, serum-free Ham’s F-12
medium, the cells were resuspended in BEGM and plated on
Vitrogen 100-coated culture flasks (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). Indirect immunofluorescence with anti-
cytokeratin antibodies confirmed the epithelial origin of the cells
[14]. Cells used in the specific experiments reported here were
obtained from a patient with peripheral lung cancer undergoing
diagnostic bronchoscopy and were harvested from the contral-
ateral main bronchus. The cells were used at passages three
to four.

Monocyte isolation and MP generation

Monocytes were isolated either from fresh buffy coats obtained
from the local blood bank or from the peripheral blood of
normal volunteers as described. Briefly, a fresh buffy coat was
diluted 1:1 with PBS-EDTA (2 mM), mixed gently with 0.25
volume of 2% Dextran T500 and left for 30 min for erythrocyte
sedimentation. The leukocyte-rich supernatant was recovered
and centrifuged for 10 min at 200 x g. The pellet was resus-
pended in 30-mL of PBS-EDTA, layered over 15 mL of Ficoll-
Hypaque and centrifuged for 30 min at 350 x g at 4°C. The
mononuclear cell-rich ring was recovered and washed twice
in PBS-EDTA. Mononuclear cells were then resuspended in
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RPMI/10% FBS and allowed to adhere for 18 h at 37°C on 24-
well plates (10° cells-well ™). Adherent cells were washed three
times with pre-warmed serum-free RPMI. For MP generation,
A23187 (12 pM) was added; after 10 min at 37°C, the super-
natant was recovered, cleared by centrifugation at 14,000 x g
for 5 min at room temperature to remove dead cells and big
cell fragments that might have detached during the stimulation
and immediately used for further experiments. In selected
experiments, MP were further purified by ultracentrifugation
(100,000 x g for 2 h); the pellet was resuspended in RPMI using
the same volume as the original material. In parallel experi-
ments, cells treated as described were detached by trypsin/
EDTA, put onto a slide using a cytocentrifuge and stained with
Diff-Quick. Typically, ~75-80% cells were monocytes/macro-
phages, with the contaminants being mostly lymphocytes.

Viability test

The effect of different treatments on cell viability was deter-
mined by MTT assay. Cells were plated at 2.5 x 10° cells-well ™
in 150 pL of complete culture medium in 96-well microtitre
plates for 24 h. MTT (5 mg-mL™ in PBS) was then added to
each well and incubated for 3 h. The absorbance was recorded
on a microplate reader (Titertek Multiskan MCC ELISA reader;
Flow Laboratories, McLean, VA, USA) at the wavelength
of 540 nm. The effect of treatments on growth inhibition
was expressed as per cent cell viability compared with
untreated cells.

Epithelial cell activation by MP
Supernatants from A23187-stimulated or untreated mono-
cytes/macrophages were incubated with A549, BEAS-2B cells
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FIGURE 1. a) Nuclear factor (NF)-kB activation in A549 cells stimulated for 1 h
with the supernatant from untreated monocytes/macrophages (-), or from A23187-
stimulated monocytes/macrophages (MP) or with tumour necrosis factor (TNF)-o
(1,000 U-mL™). b) NF-kB activation in unstimulated A549 cells (-), in A549 cells
treated with the supernatant of A23187-stimulated monocytes/macrophages (MP),
with the supernatant of the same material after ultracentrifugation (100,000 x g for
2 h; supernatant) or with the pellet obtained after the ultracentrifugation
reconstituted in the same volume of buffer as the starting material (pellet).
Separate lanes of the same gel are shown.
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and HBEC, pretreated for 2 h with Rz or 15dPg], or medium,
grown to confluence in 96-well plates for 24 h at 37°C. In some
experiments, A549 cells were stimulated with tumour necrosis
factor (TNF)-a (1,000 U-mL™) instead of monocyte /macrophage-
derived supernatants. Following 18-h incubation, the conditioned
medium was harvested, cleared by centrifugation for 5 min at
12,000 x g and analysed for IL-8 and MCP-1 content.

ELISA for chemokine detection

IL-8 and MCP-1 in supernatants from A549, BEAS-2B and
HEBC epithelial cells were measured by sandwich ELISA kits
according to the manufacturers’ instructions.

RT-PCR

RNA was extracted from the cells using the NucleoSpin RNA
I (Machery-Nagel) according to the manufacturer’s instruc-
tions, 18 h after MP stimulation. RNA concentration and purity
were determined by spectrophotometric readings at 260/
280 nm. RNA was then either reverse transcribed to cDNA
or stored at -80°C for further uses. The RNA to cDNA reverse
transcription was performed using Iscript cDNA synthesis Kit
(Bio-Rad) according to the manufacturer’s instructions.

RT-PCR was performed using 1Q SYBR GREEN SUPERMIX
(Bio-Rad) on the MiniOpticon Two-Colour Real-time PCR
detection System (Bio-Rad). PCRs were performed in duplicate
and HPRT was coamplified to normalise the amount of RNA
added to the reaction. All data were analysed using the
OpticonMonitor3# software (Bio-Rad). To compare the expres-
sion of mRNA levels among different samples, the relative
expression of mRNA levels was calculated using the compara-
tive ACr (threshold cycle number) method [15]. Briefly, the
following formula was used: 27AACT - where AACt is the
difference in Ct between the gene of interest and HPRT, and
Cr for the sample = Cr for the actual sample - Cr of the lowest
expression sample. The amplification efficiencies of the
primers pairs were determined by running serial dilutions of
the cDNA. Both target and reference genes were amplified
with efficiencies near 100% with a R* value of 0.99.

Electrophoretic mobility shift assay

After challenge with the appropriate stimuli, A549 cells
(2x10°% were washed with ice-cold PBS, scraped and cen-
trifuged at 1,000 x g for 5 min at 4°C. Nuclear extracts were
obtained with a commercially available Kit (Nuclear Extract
Kit; Active Motif) according to the manufacturer’s instructions.
Nuclear extracts (5 pg) were incubated with 2 pg poly(dI-dC)
and the y [**P]ATP-labelled oligonucleotide probe (100,000—
150,000 cpm; Promega, Milan, Italy) in binding buffer (50%
glycerol,10 mM Tris-HCI, pH 7.6, 500 mM KCl, 10 mM EDTA,
1 mM dithiothreitol) in a final volume of 20 pL for 30 min
at room temperature. The NF-kB consensus oligonucleotide
(5'-AGTTGAGGGGACTTTCCCAGGC-3') was obtained from
Promega. The nucleotide-protein complex was separated
on a 5% polyacrylamide gel in 0.5x TBE buffer (100 mM
Tris—-HCI, 100 mM boric acid, 2 mM EDTA) at 150 V on ice.
The gel was dried and radioactive bands were detected by
autoradiography.

Data presentation and statistical analysis

Unless otherwise indicated, data are shown as mean+SEM
from n independent, consecutive experiments; comparisons
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FIGURE 2. a) Interleukin (IL)-8 expression and c) monocyte chemotactic protein (MCP)-1 expression by A549 cells in baseline conditions (-), upon overnight incubation
with monocyte/macrophage-derived microparticles (MP), and upon incubation with MP in the presence of 80 uM rosiglitazone (MP+Rz); n=8 and n=10, respectively.
*: p<0.05 compared with MP-stimulated cells by ANOVA. Dose-response curve of Rz-mediated inhibition of b) IL-8 expression and d) MCP-1 expression by A549 stimulated

with MP. Data from one experiment in duplicate representative of two others.

among groups were made by either ANOVA for repeated
measurements followed by Bonferroni’s analysis or paired
t-test, using Prism Software (GraphPad, San Diego, CA,
USA). Values of p<0.05 were considered statistically
significant.

RESULTS

MP-induced upregulation of chemokine synthesis by A549
cells is dependent on NF-xB activation

To investigate whether monocyte/macrophage-derived MP
induce translocation of NF-kB, A549 cells were incubated with
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FIGURE 3. RT-PCR analysis for a) interleukin (IL)-8 and b) monocyte chemotactic protein (MCP)-1 mRNA content. MP: monocyte/macrophage-derived microparticles;
Rz: rosiglitazone; 15dPgJ,: 15-deoxy-A'?"*-prostaglandin-Jo. *: p<0.05 by ANOVA; n=3.
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FIGURE 4. Interleukin (IL)-8 release by human bronchial epithelial cells in
baseline conditions (-), upon overnight incubation with monocyte/macrophage-
derived microparticles (MP) and upon incubation with MP in the presence of 80 uM
rosiglitazone (MP+Rz). *: p<0.05 compared with MP-stimulated cells by ANOVA;
n=38.
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MP; nuclear extracts were then examined for electrophoretic shift.
Figure 1a shows that MP-stimulated A549 cells undergo NF-kB
activation. To confirm that MP, rather than soluble molecules,
were responsible for such activation, MP-containing monocyte/
macrophage conditioned medium was submitted to ultracen-
trifugation (100,000 x g for 2 h). Figure 1b shows that NF-xB
activation is induced by the sedimented MP more intensely than
by the supernatant. Since NF-kB was not detectable in unstimu-
lated cells in most experiments, the effect of PPAR-y agonists on
NEF-kB in baseline conditions was not investigated.

PPAR-y activation inhibits MP-induced synthesis of IL-8 and
MCP-1 by lung epithelial cells

Baseline synthesis of IL-8 and MCP-1 by A549 cells was not
significantly affected by Rz treatment (938.5+303.3 pg-mL™
versus 609.8+161.7 pg-mL™; n=6 and 1286 +457.5 pg-mL " versus
464.9+124.4 pg-mL’l; n=6, respectively). Incubation of A549
cells with MP derived from A23187-stimulated human mono-
cytes/macrophages induced the expression of both IL-8 and
MCP-1, as expected [6]. When the synthetic PPAR-y agonist, Rz,
was added to A549 cells prior to incubation with MP, a
statistically significant, dose-dependent decrease in the expres-
sion of IL-8 was observed (fig. 2a and b). The inhibition reached
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FIGURE 5. a) Interleukin (IL)-8 release and c) monocyte chemotactic protein (MCP)-1 expression by A549 cells in baseline conditions (-), upon overnight incubation with
monocyte/macrophage-derived microparticles (MP), and upon incubation with MP in the presence of a) 8 uM and c) 20 uM 15-deoxy-A'?"*-prostaglandin-J, (MP+15dPgJ,).
*:p<0.05 compared with MP-stimulated cells by ANOVA; n=3 and n=7, respectively. Dose-response curve of 15dPgJ,-mediated inhibition of b) IL-8 expression (n=3) and
d) MCP-1 expression by A549 stimulated with MP. Data from one experiment representative of two.
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FIGURE 6. Interleukin (IL)-8 release by human bronchial epithelial cells in
baseline conditions (-), upon overnight incubation with monocyte/macrophage-
derived microparticles (MP), and upon incubation with MP in the presence of 8 uM
15-deoxy-A">"-prostaglandin-J, (MP+15dPgJs). *: p<0.05 compared with MP-
stimulated cells by ANOVA; n=3.

LUNG CELL BIOLOGY

near maximum at 20 M. In comparison, the inhibition of TNF-o-
induced stimulation was less potent and required comparatively
higher concentrations: a significant inhibition of IL-8 expression
was reached at 80 uM Rz (data not shown). Similar results were
obtained with the bronchial immortalised cell line, BEAS-2B (data
not shown). A dose-dependent, significant reduction in MCP-1
synthesis was also observed (fig. 2c and d). To evaluate whether
the inhibitory effect of Rz was exerted at the transcriptional level,
we performed quantitative RT-PCR. As shown in figure 3, pre-
incubation of A549 cells with Rz (80 uM) or 15dPg], (8 pM)
caused a decrease in IL-8 and MCP-1 mRNA. MTT tests
confirmed that Rz did not affect A549 viability at concentrations
up to 80 uM (data not shown).

Figure 4 shows the effect of pre-incubation of HBEC with Rz
prior to stimulation with MP. Rz significantly inhibits MP
induced IL-8 synthesis by these cells. Rz at the concentrations
used did not affect HBEC viability (data not shown).

To confirm that the observed inhibitory effects are not due to
activities specific to Rz, we used the naturally occurring,
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FIGURE 7. 3, b) Interleukin (IL)-8 and d,e) monocyte chemotactic protein (MCP)-1 release by microparticle (MP)-stimulated A549 cells in the absence or presence of a
and d) rosiglitazone (Rz; 80 uM) or b and e) 15-deoxy-A'?"*-prostaglandin-J, (15dPgJ,; 8 and 20 uM, respectively), with or without the antagonist, GW9662 (GW) at
equimolar concentrations. ¢ and f) IL-8 release by MP-stimulated human bronchial epithelial cells in the presence of either Rz (80 puM) or 15dPgJ, (8 uM), with or without the
antagonist, GW. *: p<0.05 compared with MP-stimulated cells, paired t-test. NS: not significant; n=3.
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structurally unrelated, PPAR-y activator, 15dPg]J,. As shown in
figure 5, 15dPgJ, causes a significant decrease in both IL-8
(fig. 5a and b) and MCP-1 (fig. 5c and d) synthesis by A549
cells, respectively. Dose-response analysis, however, showed a
dose-response relationship only for MCP-1 (fig. 5d) while
inhibition of IL-8 expression induced by 15dPg], appears
biphasic, with maximal inhibition at 6-8 pg-mL’1 and pro-
gressive loss of activity at higher concentrations (fig. 5b). MTT
tests confirmed that 15dPg]J, caused no significant loss of A549
cell viability at concentrations up to 20 pM.

Figure 6 shows the effect of pre-incubation of HBEC with
15dPg]J, prior to stimulation with MP. 15dPg], significantly
inhibits MP-induced IL-8 synthesis by these cells. 15dPg], at
the concentrations used did not affect HBEC viability (data not
shown).

Figure 7 shows that specific inhibition of PPAR-y activation
with GW reverts the effects of both compounds on MP-
stimulated A549 (fig. 7a,b,c and d) and HBEC (fig. 7e and f).

Because it is possible that a minor effect on cell stimulation is
due to soluble molecules present in the supernatant of
stimulated monocytes/macrophages rather than to MP, we
also repeated some of the experiments using MP purified by
ultracentrifugation. Figure 8 shows that specific inhibition of
PPAR-y activation reverts the effects of both compounds on
Ab549 cells stimulated with MP purified by ultracentrifugation.

Figure 9 shows that both PPAR-y agonists inhibit NF-kB
activation. Because both Rz and 15dPg], have the potential to
exert biological activities independent of PPAR-y activation
[16-18], we sought to confirm the role of PPAR-vy activation in
the modulation of MP-induced lung epithelial cell inflamma-
tion using the specific PPAR-y inhibitor, GW. Figure 9
confirms that GW reverts the inhibitory effects of both
PPAR-y agonists.

NS
" | |
100+ T i
i
3 75 |
© '
= H
£ :
7} H
o 901 1
= !
R * '
@ *
= 254 !
0 T T T T T
- Rz Rz+GW  15dPgJ, 15dPgJ,+
GW

FIGURE 8. Interleukin (IL)-8 release by A549 cells stimulated by microparticles
(MP) purified by ultracentrifugation in the absence or presence of either rosiglitazone
(Rz; 80 uM) or 15-deoxy-A'?"*-prostaglandin-J, (15dPgJ,; 8 uM), with or without the
antagonist, GW9662 (GW) at equimolar concentrations. *: p<<0.05 compared with
MP-stimulated cells, paired t-test. NS: not significant; n=3.
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FIGURE 9. Nuclear factor (NF)-kB activation in A549 cells in baseline
conditions (-), upon incubation with microparticles (MP), upon activation with MP
after a 30 min pre-treatment with the peroxisome proliferator-activated receptor
(PPAR)-y agonists 15-deoxy-A"?"*-prostaglandin-J, (15dPgJs; 20 pM) or rosiglita-
zone (Rz; 80 uM) and upon activation with MP after a 30 min pre-treatment with the
PPAR-y agonists 15dPgJd, (20 uM) or Rz (80 uM) in the presence of GW9662 (GW)
(20 pM and 80 pM, respectively). Data from one experiment representative of three.
Separate lanes of the same gel are shown.

DISCUSSION

Although originally thought to represent cell debris devoid of
physiological significance, MP are now known to participate in
different physiological phenomena. MP-mediated upregula-
tion of the synthesis of proinflammatory agonists by endothe-
lial cells and fibroblasts, for example, is becoming a well
recognised determinant of inflammation [19]. As part of an
attempt to further elucidate the mechanisms underlying MP-
induced inflammation, the aim of the present study was to
investigate the role of the PPAR-y pathway in the upregulation
of cytokine synthesis by lung epithelial cells stimulated by
monocyte/macrophage-derived MP.

Since it is known that PPAR-y activation suppresses NF-kB/
DNA binding, we first sought to determine whether MP-
induced stimulation of lung epithelial cells was mediated
through NF-xB activation. Indeed, our data indicate that MP
derived from monocytes/macrophages induces the transloca-
tion of NF-xB into the nucleus; soluble molecules obtained
after removal of the MP by ultracentrifugation had a much
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smaller effect. Using MP derived from polymorphonuclear
cells, MEsrI and ALTIERI [20] have shown that upregulation of
IL-6 synthesis by endothelial cells does not involve NF-xB
translocation into the nucleus. In contrast, in different in vivo
and in vitro models, others have demonstrated a role for NF-xB
activation in MP-mediated inflammation [5, 21]. These ap-
parently conflicting results probably reflect the fact that MP are
heterogeneous in composition, depending on the cell from
which they derive and on the stimulus used to induce their
formation [22], and therefore exert their biological effect in
different ways.

We then investigated the role of PPAR-y activation in our
model. Our data indicate that the upregulation of proinflam-
matory mediators by human lung epithelial cells stimulated
by monocyte/macrophage-derived MP is mediated through
a PPAR-y dependent pathway. Two structurally unrelated
PPAR-y agonists, the synthetic ligand Rz, and the naturally
occurring activator, 15dPgJ,, both inhibited NF-«B activation in
Ab549 cells stimulated by monocyte/macrophage-derived MP.
Both molecules also caused a significant inhibition in IL-8
expression by A549, BEAS-2B and HBEC cells stimulated by
MP. MCP-1 synthesis was also significantly inhibited in A549
cells, while its expression in BEAS-2B cells was not investigated
since we have confirmed our previous observation that this
chemokine is not upregulated under the experimental condi-
tions described. Of note, while the inhibitory effect of Rz was
clearly dose-dependent in all the experimental models used,
incubation of A549 cells with 15dPg]J, caused an inhibition in
IL-8 synthesis that was maximal at 6-8 pg-mL™" and became less
potent at higher concentrations. It has been shown that 15dPg]J,
upregulates IL-8 (but not MCP-1) synthesis by monocytes/
macrophages [23] and by human microglia [24]. Although we
have not directly addressed this issue, our results are consistent
with a dual activity of 15dPgJ, on MP-stimulated A549 cells,
with an inhibitory effect that is eventually counterbalanced by a
direct stimulatory activity at higher concentrations. Numerous
reports have shown that thiazolidinediones exert their biologi-
cal activities through both PPAR-y-dependent and -indepen-
dent pathways [16-18]. Our observation that the effect of both
agonists is reverted by specific PPAR-y inhibition confirms that
thiazolidinedione-mediated inhibition of the effects of MP on
bronchial epithelial cells is PPAR-y-dependent.

COPD is a pathological condition defined by the presence of
chronic, progressive and mostly irreversible airflow limitation
[25]. The disease is associated with an abnormal inflammatory
response of the lungs to noxious particles or gases, cigarette
smoke being the most important causative agent [25]. COPD is
projected to become the third leading cause of death world-
wide by the year 2020 [25]. While a combination of inhaled
long-acting bronchodilators and steroids currently represents
the mainstay therapy for COPD, the impact of this therapy on
mortality is modest [26] and the need for a better under-
standing of the mechanisms of the disease and for new
therapeutic approaches is clearly recognised [27]. PPARs have
recently gained interest as modulators of the airway inflam-
matory reactions and are considered potential targets for the
treatment of inflammatory lung disease [28]. Our data showing
that PPAR-y agonists inhibit MP-induced epithelial inflamma-
tion lend further support to this approach.
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