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Peroxisome Proliferator-Activated Receptor P/o belongs to a family of ligand-activated transcription
factors. Recent data have clarified its metabolic roles and enhanced the potential role of this receptor
as a pharmacological target. Moreover, although its role in acute inflammation remains unclear, being
the nuclear receptor PPAR pto widely expressed in many tissues, including the vascular endothelium,
we assume that the infiltration of PMNs into tissues, a prominent feature in inflammation, may also
be related to PPAR P/o. Mice subjected to intratracheal instillation of bleomycin (BLEO, 1 mg/kg), a
glycopeptide produced by the bacterium Streptomyces verticillus, develop lung inflammation and injury
characterized by a significant neutrophil infiltration and tissue oedema. Therefore, the aim of this study
is to investigate the effects of GW0742, a synthetic high affinity PPAR P/o agonist, and its possible role in
preventing the advance of inflammatory and apoptotic processes induced by bleomycin, that long-term
leads to the appearance of pulmonary fibrosis. Our data showed that GW0742-treatment (0.3 mg/Kg,
10% DMSO, l.p.) has therapeutic effects on pulmonary damage, decreasing many inflammatory and
apoptotic parameters detected by measurement of: 1) cytokine production; 2) leukocyte accumulation,
indirectly measured as decrease of myeloperoxidase (MPO) activity; 3) IKBa degradation and NF-KB
nuclear translocation; 4) ERK phosphorylation; 5) stress oxidative by NO formation due to iNOS
expression; 6) nitrotyrosine and PAR localization; 7) the degree of apoptosis, evaluated by Bax and BcI
2 balance, FAS ligand expression and TUNEL staining. Taken together, our results clearly show that
GW0742 reduces the lung injury and inflammation due to the intratracheal BLEQ-instillation in mice.

Pulmonary fibrosis is a common response to various
insults to the lung and it is the end-point ofa numerous
and heterogeneous group of disorders known as
interstitial lung diseases (ILD), that are characterized

by chronic inflammation and progressive fibrosis ofthe
pulmonary interstitium; as a consequence, pathological
changes occur in the alveolar walls (including epithelial..
cells, and capillaries), septae, and the perivascular,
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perilymphatic, and peribronchiolar connective
tissues (I ). Pathological findings in this disease
include temporally and spatially non-homogeneous
areas of inflammation and fibrosis. Microscopically,
the hyperplasia of type II pneumocytes and active
fibroblast proliferation leads to excessive matrix
deposition resulting in the irreversible distortion of
the lung architecture (2), which in turn is responsible
for impaired gas exchanges and respiratory failure. A
number ofexogenously administered agents are known
to induce an iatrogenic form ofpulmonary fibrosis (3).

The Bleomycin (BLEO) instillation is the
best characterized murine model in use today to
induce lung injury and fibrosis in a wide variety
of experimental animals (4). The studies looking at
inflammation, cytokines, chemokines and growth
factors as precursors of the bleomycin-induced
fibrosis are numerous.

In this work, we consider that it is important
to assess the advance of the inflammatory process
and the following activation of apoptotic pathways
in absence or presence of PPARW8 activation by
GW0742-treatment, believing that the regulatory
effects of this receptor might play an important role
in controlling the phases leading to the appearance of
pulmonary fibrosis.

We showed that PPARW8 has unexpected anti
inflammatory properties, comparable with evidence
in the literature regarding the other members of the
family ofPPARs (5).

PPARs regulate gene expression by binding, as
heterodimers, with retinoid X receptors (the 9-cis
retinoic acid receptors or RXRs) to specific PPAR
response elements (PPRE) in the promoter regions
of specific target genes. They play important roles
in the regulation of metabolic pathways, as well as
in a variety of cell differentiation, proliferation and
apoptosis pathways (6-8). Recently studies have also
shown a possible role of the PPARs in the regulation
of inflammation and immune responses (9).

As opposed to PPARa and -y, little is still known
about the vascular role of PPAR W8 (l0). In this
study, we found that, after bleomycin instillation,
the treatment with GW0742, a synthetic high
affinity PPAR~/8 ligand, significantly decreases
the inflammatory processes in the lung and, in
particular, I) lung injury; 2) TNF-a and IL-I~ levels;
3) oxidative stress; 4) the alteration ofIKB-a/NF-KB

balance; 5) MAP kinase signalling pathway and (6)
apoptosis.

MATERIALS AND METHODS

Animals
Male CD mice (25-35 g; Harlan Nossan, Italy) were

housed in a controlled environment and provided with
standard rodent chow and water. Animal care was in
compliance with Italian regulations on the protection
of animals used for experimental and other scientific
purposes (D.M. 116192) as well as with the EEC
regulations (0.1. ofE.C. L 358/1 12/18/1986).

Experimental groups
Mice were randomized into four experimental

groups:
1. Bleomycin-treated group: mice were subjected to

lung injury induced by intratracheal instillation
of bleomycin and treated daily via intraperitoneal
injection with vehicle of GW0742 (10%
dimethylsulfoxide (OMSO, 1 ml/kg), 1 h after BLEO
instillation (n=15).

2. GW0742 group: identical to Bleomycin-treated
group but mice were treated daily with GW0742 (0.3
mg/kg, 1h after BLEO instillation) via intraperitoneal
injection (n=15).

3. Sham-operated mice + vehicle group: animals
were subjected to the identical surgical procedure
but received intra-tracheal instillation of saline
(0.9%) instead of BLEO and were treated daily with
the vehicle of GW0742 (10% dimethylsulfoxide
(DMSO), 1 ml/kg, i.p.), 1 h after saline instillation
(n=15).

4. Sham-operated mice + GW0742 group: identical to
sham + vehicle group but mice were treated daily
with GW0742 (0.3 mg/kg, 1 h after saline instillation)
via intraperitoneal injection (n=15).

The mice were sacrificed after 7 days for analyses of
injury, inflammation and apoptosis.

Induction oflung injury by bleomycin
Mice received a single intratracheal instillation of

saline (0.9%) or saline containing bleomycin sulphate
(1 mgikg body weight) at end-expiration in a volume of
100 Ill, and the liquid was followed immediately by 300
III of air to ensure delivery to the distal airways and were
sacrificed after 7 days by pentobarbitone overdose.

Measurement offluid content in lung
Seven days after instillation of bleomycin, all mice
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were sacrificed and a subset of these was used to measure
the fluid content in the lung. Only one of the two lungs of
animals belonging to each experimental group was used
for this test, while the other was taken for biochemical
assays. Briefly, by careful excision of the lung from other
adjacent extraneous tissues, the tissue was weighed (wet
weight), exposed for 48 h at 180°C and the dry weight was
measured. Water content was calculated by subtracting
dry weight from wet weight.

Histological examination
Lung biopsies were taken 7 days after injection

of bleomycin. Lung biopsies were fixed for I week
in 10% (w/v) PBS-buffered formaldehyde solution at
room temperature, dehydrated using graded ethanol and
embedded in Paraplast (Sherwood Medical, Mahwah,
NJ, USA). After embedding in paraffin, the sections
were prepared and stained by Masson's trichrome stain
or hematoxylin and eosin, to identify inflammatory cells,
connective tissue and fibrotic lesions. All sections were
studied using light microscopy (Oialux 22 Leitz, Zeiss,
Milan, Italy).

Terminal deoxynucleotidyl transferase-mediated dUTP
biotin end labelling assay

Terminal deoxynucleotidyl transferase-mediated
dUTP-biotin end labelling assay (TUNEL) was
conducted by using a TUNEL detection kit according
to the manufacturer's instruction (Apotag horseradish
peroxidase kit; DBA, Milan, Italy). Briefly, sections
were incubated with 15.2 ug/ml, proteinase K for 15
min at room temperature and then washed with PBS.
Endogenous peroxidase was inactivated by 3% H

202
for

5 min at room temperature and then washed with PBS.
Sections were immersed in terminal deoxynucleotidyl
transferase (TdT) buffer containing deoxynucleotidyl
transferase and biotinylated deoxyuridine 5-triphosphate
in TdT buffer, incubated in a humid atmosphere at 37°C
for 90 min, and then washed with PBS. The sections
were incubated at room temperature for 30 min with
anti-fluorescein isothiocyanate horseradish peroxidase
conjugated antibody, and the signals were visualized with
diaminobenzidine.

Immunohistochemical localization ofTNF-a, 1L-IP, iNOS,
nitrotyrosine, PAR?, Bax, Bcl-2 and FAS ligand

At the end of the experiment, the tissues were fixed in
10% (w/v) PBS-buffered formaldehyde and 811msections
were prepared from paraffin embedded tissues. After
deparaffinization, endogenous peroxidase was quenched
with 0.3% (v/v) hydrogen peroxide in 60% (v/v) methanol
for 30 min. The sections were permeablized with 0.1%
(w/v) Triton X-100 in PBS for 20 min. Non-specific

adsorption was minimized by incubating the section in 2%
(v/v) normal goat serum in PBS for 20 min. Endogenous
biotin or avidin binding sites were blocked by sequential
incubation for 15min with biotin and avidin (DBA, Milan,
Italy), respectively. Sections were incubated overnight
with anti-TNF-a antibody (Santa Cruz Biotechnology,
I:500 in PBS, v/v), or with anti-IL-I ~ antibody (Santa
Cruz Biotechnology, I:500 in PBS, v/v), or with anti
iNOS antibody (Santa Cruz Biotechnology, I:500 in PBS,
v/v); or with anti-nitrotyrosine antibody (Upstate Biotech,
I :500 in PBS, v/v), or with anti-poly (AOP-ribose)
antibody (Santa Cruz Biotechnology, 1:500 in PBS, v/v)
or with anti-Bax antibody (Santa Cruz Biotechnology,
I:500 in PBS, v/v), or with anti-Bcl2 antibody (Santa
Cruz Biotechnology, I :500 in PBS, v/v) or with anti-FAS
ligand antibody (Santa Cruz Biotechnology, 1:500 in PBS,
v/v). Sections were washed with PBS, and incubated with
secondary antibody. Specific labelling was detected with a
biotin-conjugated goat anti-rabbit or anti-mouse IgG and
avidin-biotin peroxidase complex (DBA, Milan, Italy).

Subcellular fractionation, nuclear protein extraction and
Western blot analysis for iNOS, IkB-a, NF-KB p65, p
ERK, ERK2, Bax and Bcl-2

Tissues were homogenized in cold lysis buffer A
(HEPES IOmM pH=7.9; KCI IOmM;EOTA O.lmM;
EGTA O.lmM; OTT ImM; PMSF 0.5mM; Trypsin
inhibitor lSug/ml; PepstatinA 3 ug/rnl; Leupeptin 2 Ilg!
ml; Benzamidine 40 11M). Homogenates were centrifuged
at 12,000 g for 3 min at 4°C, and the supernatant (cytosol
+ membrane extract) was collected to evaluate contents of
IkB-a, p-ERK, ERK2, Bax, Bcl-2 and ~-actin. The pellet
was resuspended in buffer C (HEPES 20mM; MgCI2 1.5
mM; NaCI OAmM;EOTA ImM; EGTA ImM; OTT ImM;
PMSF 0.5 ug/ml; Leupeptin 2 ug/ml; Benzamidine 40
11M; NONIDET P40 1%; Glycerol 20%) and centrifuged
at 12,000 g for 12 min at 4°C, and the supernatant
(nuclear extract) was collected to evaluate the content
of NF-kB p65 and Lamin BI. Protein concentration in
the homogenate was determined by Bio-Rad Protein
Assay (BioRad, Richmond CA) and 50 ug of cytosol
and nuclear extract from each sample was analysed.
Proteins were separated by 12% SOS-polyacrylamide gel
electrophoresis and transferred on to a PVOF membrane
(Hybond-P Nitrocellulose, Amsherman Biosciences,UK).
The membrane was blocked with 0.1% TBS-Tween
containing 5% non-fat milk for 1 h at room temperature.
After the blocking, the membranes were incubated with
the relative primary antibody overnight at 4°C with anti
iNOS TYPE II (BO transduction laboratories, I: 1000)
or anti-IkB-a (Santa Cruz Biotechnology, I: 1000) or
anti-p-ERK (Santa Cruz Biotechnology, I:500) or anti
ERK2 (Santa Cruz Biotechnology, 1:500) or anti-Bax
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(Santa Cruz Biotechnology, I :500) or anti-Bc12 (Santa
Cruz Biotechnology, I: I000) or anti-B-actin (Sigma
Aldrich Corp I :5000). The membranes with nuclear
fractions were incubated with anti-NFkB p65 (Santa Cruz
Biotechnology, I :250) or anti-Lamin B I (Sigma-Aldrich
Corp., 1:10000).

After the incubation, the membranes were washed
three times for ten minutes with 0.1% TBS Tween and
were then incubated for one hour with peroxidase
conjugated anti-mouse or anti-rabbit secondary antibodies
(Jackson ImmunoResearch Laboratories, USA, I:
2000). The membranes were then washed three times
for ten minutes and protein bands were detected with
SuperSignal West Pico Chemioluminescent (PIERCE).
Densitometry analysis was performed with a quantitative
imaging system (ImageJ).

Myeloperoxidase activity
Myeloperoxidase (MPO) actrvity was determined

as marker indirect of leukocyte accumulation. At
the specified time following injection of bleomycin,
lung tissues were obtained and weighed, each piece
homogenised in a solution containing 0.5% (w/v)
hexadecyltrimethyl-ammonium bromide dissolved in 10
mM potassium phosphate buffer (pH 7) and centrifuged
for 30 min at 20,000 x g at 4°C. An aliquot of the
supernatant was then allowed to react with a solution of
tetramethylbenzidine (1.6 mM) and 0.1 mM hydrogen
peroxide. The rate of change in absorbance was measured
spectrophotometrically at 650 nm. MPO activity was
defined as the quantity of enzyme degrading I umol of
peroxide/min at 37°C and was expressed in milliunits per
g of wet tissue.

Measurement ofcytokines
Portions of lung, collected at 7 days after bleomycin

administration, were homogenized in PBS containing
2 mmol/L of phenyl-methyl sulfonyl fluoride (Sigma
Chemical Co., Milan, Italy) and tissue levels of TNFa
and IL-I ~ were evaluated. The assay was carried out
by using a colorimetric, commercial kit (Calbiochem
Novabiochem Corporation, USA) according to the
manufacturer's instructions. All cytokine determinations
were performed in duplicate serial dilutions.

Materials
Unless otherwise stated, all compounds were obtained

from Sigma-Aldrich Company Ltd. (Poole, Dorset, U.K.).
All other chemicals were of the highest commercial grade
available. All stock solutions were prepared in non
pyrogenic saline (0.9% NaCI; Baxter, Italy, UK).
Analysis

All values in the figures and text are expressed

as mean ± standard error of the mean (SEM) of N
observations. For the in vivo studies N represents the
number of animals studied. In the experiments involving
histology or immunohistochemistry, the figures shown are
representative of at least three experiments (histological
or immunohistochemistry coloration) performed on
different experimental days on the tissues section
collected from all the animals in each group. Data sets
were examined by one- or two-way analysis of variance,
and individual group means were then compared with
Student's unpaired t-test, A P-value of less than 0.05 was
considered significant.

RESULTS

Effects ofGW0742 on BLEO-induced lung injury
Masson's trichrome stain of lung sections

revealed significant tissue damage (Fig. 1C), when
compared with sham-operated animals (Fig. IA).

Seven days after bleomycin instillation, the
pulmonary lesions observed in mice consisted of
multifocal areas of severe inflammation (Fig. IC).
In these areas, an intense thickening of alveolar
septa with evident infiltration of macrophages,
lymphocytes, polymorphonuclear neutrophils and
some eosinophils was observed. In contrast, 7 days
after bleomycin instillation, a reduced intensity
Masson-trichrome staining in GW0742-treated mice
revealed that the PPARW8 agonist caused a less
severe pattern of pulmonary lesion (Fig. 1E).

Moreover, histological examination, by
Haematoxylin/Eosin staining, of lung sections
taken from BLEO-instillated mice revealed
significant tissue damage characterized by extensive
inflammatory infiltration ofneutrophils, lymphocytes
and plasma cells (Fig. 10), when compared to lung
sections taken from sham-operated animals (Fig.
IB). Furthermore, BLEO-instillation elicited an
acute inflammatory response characterized by the
accumulation of fluid (oedema) in lung tissues
(Fig. 10). Administration of GW0742 significantly
attenuated the histological signs of BLEO-induced
lung injury, as well as oedema formation (Fig. 1F).

Effects ofGW0742 on changes in body weight.fluid
content and leukocyte accumulation in lung

The severe lung injury caused by BLEO
instillation was associated with a significant loss in
body weight (Fig. 2A), while GW0742-treated mice
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Fig. 1. Masson strichrome staining oflung sections revealed significant tissue damage (/C), when compared with sham
operated animals (/A). GW0742-treatment causes a decrease ofpulmonary lesion (/E). Hematossilin/Eosin staining
showed lung sections from sham-operated mice (J B) demonstrating the normal architecture ofthe lung. On the contrary,
lung biopsies of bleomycin-instilled mice showed marked inflammatory changes (/D). GW0742-treatment significantly
reduced the pathological changes in the tissues (J F). Figures are representative ofat least 3 experiments performed on
different experimental days.

showed a reduction of the BLEO-induced loss body
weight (Fig. 2A).

BLEO-instillation also caused an increase of
wet/dry lung weight ratio, due to infiltration of
inflammatory cells and oedema, when compared
with sham-operated mice (Fig. 2B). On the contrary,
GW0742-treated mice showed a significant decrease
of wet/dry lung weight ratio (Fig. 2B). Moreover,
this histological pattern of lung injury appeared to
be correlated with an influx of leukocytes into the
lung tissue. Therefore, we investigated the role of
GW0742 on leukocyte infiltration by measurement
of the activity of MPO. Myeloperoxidase levels were
increased by BLEO-instillation, when compared with
lung tissues obtained from sham-operated animals
(Fig. 2C). In contrast, a decrease of MPO activity
was observed in tissue sections taken from GW0742-

treated mice after BLEO-instillation (Fig. 2C).

GW0742 modulates production and expression of
TNF-a and IL-I~ after BLEO-instillation

To test whether GW0742 may modulate the
inflammatory process through regulation of the
secretion of cytokines, we analyzed the lung levels of
the pro-inflammatory cytokines TNF-a and IL-I~. A
substantial increase in TNF-a and IL-I ~ formation was
observed in lung samples taken 7 days after BLEO
instillation, when compared with sham-operated
animals (Figs. 3Aa and Ab, respectively). In contrast,
there was a significant inhibition ofTNF-a and IL-I ~
in instilled-mice treated with GW0742 (Figs. 3Aa and
Ab, respectively). In addition, tissue sections obtained
from instilled mice demonstrate positive staining for
TNF-a (Fig. 3Ba, see densitometry analysis Bh)



1038 M. GALUPPO ET AL.

a

•

10

•
D 1e
- i

.-..."..

.~ . (,"" U

. 0+-----
":-1
~ ....
~...
D of;
m

•
-1 0

Dor

.-

Fig. 2. Bleomycin administration was associated with a significant loss in body weight, but GW0742-treatment
significantly attenuated the loss (2A). BLEO also caused an increase of wet/dry lung weight ratio, due to infiltration
of inflammatory cells and oedema, when compared with sham-operated animals. On the contrary, GW0742 showed
a significant decrease of wet/dry lung weight ratio (2B). Moreover. myeloperoxidase levels were increased by BLEO
instillation, when compared to lung tissues obtained/rom sham-operated animals. In contrast, a decrease ofMPO activity
was observed in tissue sections taken from BLEO-instilled mice treated with GW0742 (2C). Data are mean ± standard
deviationfrom n=IO micefor each group. *P<O.OI vs sham-operated mice, °P<O.OI vs bleomycin + vehicle.

and IL-I ~ (Fig. 3Bb, see densitometry analysis Bh),
mainly localized in the infiltrated inflammatory
cells in damaged tissues. In GW0742-treated mice,
the staining for TNF-a (Fig. 3Bc, see densitometry
analysis Bh) and IL-I~ (Fig. 3Bd, see densitometry
analysis Bh) was visibly and significantly reduced
when compared with BLEO-instilled mice treated
with vehicle. In the lungs of sham-operated animals
no positive staining was observed for TNF-a (data not
shown) or IL-I ~ (data not shown).

Effect ojGW0742 on IKB-a degradation and NF-KB
p65 activation

Toinvestigate the inflammatory cellular mechanisms
by which treatment with GW0742 may attenuate
the development of bleomycin-induced injury, we
evaluated IKB-a degradation and nuclear NF-KB p65
translocation by Western blot analysis. A basal level
of IKB-a was detected in the lung tissues of sham
operated animals (Fig. 4a, see densitometry analysis

a1), whereas in BLEO-instilled mice, IKB-a levels
were substantially reduced (Fig. 4a, see densitometry
analysis a I). GW0742 prevented bleomycin-induced
hcB-a degradation, with IKB-a levels observed in
these animals similar to those of the sham-operated
mice group (Fig. 4a, see densitometry analysis al).
In addition, BLEO-instillation caused a significant
increase in NFkB p65 levels in the nuclear fractions
from lung tissues, compared to the sham-operated
mice (Fig. 4b, see densitometry analysis bI). GW0742
treatment significantly reduced the levels of NF-kB
p65 in the lung (Fig. 4b, see densitometry analysis b I).

Effects ojGW0742 on BLEO-inducediNOSexpression
nitrotyrosinejormation and PARS activation

iNOS expression was assessed in samples of
pulmonary tissue by Western blot analysis (Fig. 5Aa,
see densitometry analysis Aa I).A significant increase
in iNOS expression was demonstrated in samples of
lung obtained from BLEO-instillated mice, when
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Fig. 3. The evaluation ofthe pro-inflammatory cytokine lung production showed that in lung samples taken from mice 7
days after BLEO-instillation there was a substantial increase in TNF-a (Aa) and IL-I~ (Ab) formation when compared
with sham-operated animals (Aa and Ab, respectively). In contrast, in BLEO-instilled animals which were treated
with GW0742 there was a significant inhibition ofTNF-a (Aa) and IL-I~ and (Ab). Moreover, immunohistochemical
localization ofproinflammatory cytokines in lung sections obtainedfrom instilled mice showed positive staining for TNF
a (Ba) and IL-I ~ (Bb ), mainly localized in the infiltrated inflammatory cells in damaged tissues. In GW0742-treated
mice, the staining for TNF-a (Be) and IL-I ~ (Bd) was visibly and significantly reduced when compared with instilled
mice treated with vehicle. Densitometry analysis (e) ofimmunohistochemistry photographs (n=5 photosfrom each sample
collected from all mice in each experimental group) forTNF-a (Aa) and IL-I ~ was assessed. The assay was carried out by
using Axio Visionon a personal computer. Thefigure is representative ofat least three experiments performed on different
experimental days. Data are expressed as % oftotal tissue area and are mean ± standard deviationfrom n=1O micefor
each group. *P<O.OI vs sham-operated mice, °P<O.OI vs bleomycin + vehicle.
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Fig. 4. Western blot analysis detected a basal level of IkB-a (a. densitometry analysis a I) in the lung tissues ofsham
operated animals. whereas in instilled mice. IkB-a levels were substantially reduced (a. densitometry analysis a l).
GW0742 prevented bleomycin-induced IkB-a degradation . with IkB-a levels observed in these animals similar to those
of the sham-operated mice (a. densitometry analysis al). In addition, bleomycin caused a significant increase 0/NF-kB
p65 levels in the nuclearfractions fro m lung tissues. compared to the sham-operated mice (b. densitometry analysis bI).
GW0742 treatment significantly reduced the levels ofNF-kB p65 in the lung (b. densitometry analysis bl). The results
in al and bl are expressed as mean ± s.e.mean from three blots. Data are expressed as arbitrary densitometry' units and
are mean ± standard deviation /rom n=I Omice/ or each group. *P<O.OI vs sham-operated mice. °P<O.OI vs bleomycin
+ vehicle.

compared with sham-operated mice (Fig.5Aa, see
densitometry analysis Aa I). In contrast, a significant
decrease in iNOS expression was clearly observed
in the BLEO-instillated mice treated with GW0742
(Fig. 5Aa, see densitometry analysis Aal).

Moreover, immunohistochemical localization for
iNOS showed no positive sta ining in the lung tissues
obtained from sham animals (data not shown) . On
the contrary, lung sections obtained from BLEO
instilled mice revealed pos itive staining for iNOS
(Fig. 5Ab, see den sitometry anal ysis Ad), while no
staining for iNOS was found in the lungs of BLEO
instilled mice that had been treated with GW0742
(Fig. 5Ac , see densitometry analysis Ad) .

Immunohistochemical analysis of lung section s
obtained from BLEO-instilled mice also revealed
positive staining for nitrotyrosine (Fig. 5Ba, see
densitometry analysis Be). In mice treated with
GW0742, positive staining for nitrotyrosine was
significantly reduced (Fig . 5Bc, see densitometry

analysis Be). Moreo ver, immunohistochemical
analysis of lung sections obtained from BLEO
instilled mice also revealed a positive staining for PAR
(Fig . 5Bb, see densitometry analysis Be). In contrast,
no staining for PAR was found in the lungs of BLEO
instilled mice treated with GW0742 (Fig. 5Bd, see
dens itometry analysis Be). There was no stain ing for
either nitrotyrosine or PAR in lungs obtained from the
sham group of rats (data not shown).

Effect of GW0742 on MAPK signal-transduction
pathway

To investigate the cellular mechanisms by
which GW0742 may attenuate the development
of BLEO-induced inflammation, we evaluated the
phosphorylation of ERK, causing activation of
the MAPK pathways. In sample of lung , Western
blot showed that BLEO caused a signifi cant
increase of phosphorylated ERK (p-ERK, Fig.
6a, see densitometry analysis a I), while GW0742
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Fig. 5. iNDS expression was assessed in samples ofpulmonary tissue by Western blot analysis (Aa, densitometry analysis
Aa I). A significant increase in iNDS expression was demonstrated in samples oflung obtainedfrom BLED-instilled mice.
when compared with sham-operated mice (Aa, densitometry analysis Aal). In contrast. a significant decrease in iNDS
expression was clearly observed in BLED-instilled mice treated with GW0742 (Aa, see densitometry analysis Aa l}. The
results in al are expressed as mean ± s.e.meanfrom three blots. Data are expressed as arbitrary densitometry units and
are mean ± standard deviation/rom n=IO mice/or each group. *P<O.OI vs sham. °P<O.OI vs bleomycin + vehicle.
Moreover. immunohistochemical localization for iNDS showed that lung sections obtained from BLED-instilled mice
revealed positive staining/or iNDS (Ab), while no staining/or iNDS was found in the lungs 0/BLED-instilled mice that
had been treated with GW0742 (Ac). Immunohistochemical analysis of lung sections obtained/rom mice treated with
BLED also revealed positive staining for nitrotyrosine (Ba), while GW0742-treatment significantly reduced positive
stainingfor nitrotyrosine (Be). Moreover. immunohistochemical analysis oflung sections obtainedfrom BLED-instilled
mice also revealed a positive staining/or PAR (Bb). In contrast. no stainingfor PAR wasfound in the lungs ofGW0742
treated mice (Bdt.Densitometry analysis (Ad and Be) of immunohistochemistry photographs (n=5 photos from each
sample collectedfrom all mice in each experimental group) for iNDS (Ad), nitrotyrosine and PAR (Be) was assessed.
The assay was carried out by using Axio Vision on a personal computer. The .figure is representative of at least three
experiments performed on different experimental days. Data are expressed as % of total tissue area and are mean ±
standard deviation/rom n=IO mice/or each group. *P<O.OI vs sham, °P<O.OI vs bleomycin + vehicle.

treatment resulted in a significant decrease ofp-ERK
expression (Fig. 6a, see densitometry analysis a I).
No significant changes were observed in the ERK-2
expression (Fig. 6a).

Effects ofGW0742 on apoptosis in lung tissues after
BLEO-induced lung injury

To investigate whether acute lung inflammation

was associated with cell death by apoptosis we
measured TUNEL-like staining in lung tissues.
Seven days after BLEO instillation, lung tissues
demonstrated a marked appearance of dark brown
apoptotic cells and intercellular apoptotic fragments
(Fig. 7Aa, see cell count Ac). In contrast, no
apoptotic cells or fragments were observed in tissues
obtained from GW0742-treated mice (Fig. 7Ab, see
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DISCUSSION

Western blot analysis and Immunohistochemistryfor
Bax and BcI-2 after BLED instillation

The presence of Bax and BcI-2 in lung
homogenates was investigated by Western blot 7
days after BLEO instillation. A basal level of Bax
was detected in lung tissues obtained from sham
treated animals (Fig. 8a, see densitometry analysis
a I). Bax levels were substantially increased in
the lung tissues from instilled mice (Fig. 8a, see
densitometry analysis a I). In contrast, GW0742
treatment prevented the bleomycin-induced Bax
expression (Fig. 8a, see densitometry analysis a I).

A basal level of Bcl-2 was detected in lung
tissues obtained from sham-treated animals (Fig.
8b, see densitometry analysis b I). BcI-2 levels
were substantially reduced in the lung tissues from
instilled mice (Fig. 8b, see densitometry analysis
b I). In contrast, GW0742 treatment significantly
attenuated the bleomycin-induced reduction ofBcI-2
expression (Fig. 8b, see densitometry analysis b I).

Moreover, lung samples were also collected 7
days after BLEO-instillation for immunohistological
staining for Bax and BcI-2. Lung sections taken from
sham-operated mice did not stain for Bax (data not
shown), whereas the tissue obtained from instilled
mice exhibited positive staining for Bax (Fig. 8d).
GW0742 treatment reduced the degree of positive
staining for Bax in mice subjected to BLEO-induced
lung injury (Fig. 8f, see densitometry analysis h).

Lung tissue extracted from sham-operated mice
demonstrated positive staining for BcI-2 (Fig. 8c,
see densitometry analysis h), while in instilled
mice staining for BcI-2 was absent (Fig. 8e, see
densitometry analysis h). GW0742-treatment
significantly attenuated the loss of positive staining
for BcI-2 in the lung of mice subjected to BLEO
induced injury (Fig. 8g, see densitometry analysis h).

It is well known that intratracheal administration
of bleomycin results in direct damage initially to
alveolar epithelial cells and following development
of neutrophilic and lymphocytic pan-alveolitis
(11). We showed that the treatment of mice with
the PPARp/o agonist attenuates the migration of
polymorphonuclear cells. Moreover, a consequence
of the immediate response to the bleomycin-injury is

I 131('0 + G ,'p7.12 1
1('0
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cell count Ac). Similarly, no apoptotic cells were
observed in the lungs of sham-operated mice (data
not shown).

Effects of GW0742 on Fas-Iigand expression after
BLED-instillation

Immunohistological staining for Fas ligand in the
lung tissue was also determined 7 days after BLEO
instillation. Lung sections from sham-operated mice
did not stain for Fas ligand (data not shown), whereas
pulmonary sections obtained from instilled mice
exhibited positive staining for Fas ligand (Fig. 7Ba,
see densitometry analysis Be). GW0742 reduced the
degree of positive staining for Fas ligand in the lung
tissues (Fig. 7Bb, see densitometry analysis Be).

hIlI lll

~' fo:l ' : iIIliiiiiii 1i
0-1 1 111

Fig. 6. In sample oflung. Western blot showed that
BLED-administration caused a significant increase 0/
phosphorylated ERK, p-ERK (6a, densitometry analysis
a1), while GW0742 treatment resulted in a significant
decrease ofp-ERK expression (6a, densitometry anaiysis
a I). No significant changes lvere observed in the ERK-2
expression (6a). The results in al are expressed as mean ±
s.e.meanfrom three blots. Data are expressed as arbitrary
densitometry units and are mean ± standard deviation
from n=l() mice for each group. *P<().()I vs sham
operated mice, °P<().()} vs bleomycin + vehicle.
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Fig. 7. TUNEL-like staining in lung tissues showed that 7 days after BLED administration. lung tissues demonstrated a
marked appearance ofdark brown apoptotic cells and intercellular apoptotic fragments (Aa. cell count Ac). In contrast.
no apoptotic cells orfragments were observed in tissues obtainedfrom BLED-mice treated with GW0742 (Ab, cell count
Ac). Moreover, immunohistological staining for Fas ligand in the lung tissue was also determined 7 days after BLED
adminis tration. Pulmonary sections obtained from bleomycin-instilled mice exhibited positive staining for Fas ligand
(Ba, densitometry analysis Be). GW0742 reduced the degree ofpositive staining for Fas ligand in the lung tissues (Fig.
7Bb, densito metry analysis Be). The number of TUNEL positive (Ac) cells/high-powerfield was counted in 5 to ltlfields
for each coded slide. Densitometry analysis (Be) of immunohistochemistry photographs (n=5 photos from each sample
collectedfrom all mice in each experimental group) for Fas Ligand was assessed. The assay was carried out by using
Axio Vision on a personal computer. The figure is representative of at least three experiments performed on different
experimental days. Data are expressed as % oftotal tissue area and are mean ± standard deviationfrom n= I()micefor
each group . *P<O.OI \IS sham-operated mice. °P<O.OI \IS bleomycin + vehicle.

the production of cytokines, among which not only
the TNF-a but also the IL- Iphave a pivotal role, both
produced by activated macrophages. TNF-a and IL
IParc involved in the pathogenesis of experimental
lung injury.

This study clearly shows that PPAR p/(5 activation
plays an important role in decreasing the cytokine
release due to bleomycin-instillation. Moreover,
IL- Ip mediates destruction of matrix collagens in
diverse inflammatory diseases ( including arthritis,

periodontitis and pulmonary fibrosis, activating
fibroblasts, cells that interact with matrix proteins
through integrin-based adhesions), and induces
activation of ERK and recruitment of phospho
ERK to focal complexes/adhesions ( 12). We proved
that GW0742-treatment reduces the MA P kinase
signalling pathway activation and the following
damage to the lung triggered by ERK cascade,
that have a central role in the activation of cellular
processes such as proliferat ion, diffe rentiation and
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Fig. 8. Western blot analysis. Zdays after bleomycin administration showed a basal level ofBax in lung tissues obtained
from sham-operated animals (a. densitometry analysis al). Bax levels were substantially increased in the lung tissues
from bleomycin-administered mice (a. densitometry analysis al). In contrast. GW0742 treatment prevented the
bleomycin-induced Bax expression (a. densitometry analysis ai). A basal level of BcI-2 was detected in lung tissues
obtainedfrom sham-operated animals (b. densitometry analysis bi). BcI-2 levels were substantially reduced in the lung
tissues from bleomycin-administered mice (b. densitometry analysis bi). In contrast. GW0742 treatment significantly
attenuated the bleomycin-induced reduction 01'BcI-2 expression (b. densitometry analysis b l). The results in al and bl
are expressed as mean ± s.e.meanfrom three blots. Data are expressed as arbitrary densitometry units and are mean ±
standard deviation from n=IO mice/or each group. *P<O.OI vs sham-operated mice. °P<O.OI vs bleomycin + vehicle.
Moreover, lung samples were also collected 7 days after BLED administration for immunohistological staining for Bax
and BcI-2. Lung sections obtainedfrom BLED-treated mice exhibited positive staining/or Bax (d. densitometry analysis
h). GW0742 treatment reduced the degree ofpositive staining/or Bax in mice subjected to BLED-induced lung injury (I:
densitometry analysis h). Moreover, lung tissue extractedfrom sham-operated mice demonstrated positive staining/or
BcI-2 (c. densitometry analysis h). while in BLED-treated mice staining/or BcI-2 was absent (e. densitometry analysis
h). GW0742-treatment significantly attenuated the loss ofpositive staining for BcI-2 in the lung of mice subjected to
BLED-induced injury (g. densitometry analysis h). Densitometry analysis (h) ofimmunohistochemistry photographs (n=5
photos from each sample collectedfrom all mice in each experimental group) for Bax and BcI-2 was assessed. The assay
was carried out by using AxioVision on a personal computer. The figure is representative ofat least three experiments
performed on different experimental days. Data are expressed as % oftotal tissue area and are mean ± standard deviation
from n=10 micefor each group. *P<O.OI vs sham-operated mice. °P<O.OI vs bleomycin + vehicle.

oncogenic transformation (13).
A number of studies in mice and in humans have

shown that PPAR agonists exhibit anti-inflammatory
effects mainly through the inhibition of transcription

factors that positively regulate pro-inflammatory
genes, including, among others, the Nuclear Factor
KB (14). PPAR WcS activation prevents the activation
of NF-KB so that GW0742-treatment blocks the
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bleomycin-induced alteration between IkBaINFkB,
reporting their association to physiological levels.

Moreover, bleomycin is thought to induce lung
injury through the production of oxidant species and
for its ability to-cause DNA strand breakage (15).

Indeed, exposure of tissues and cells to these pro
inflammatory cytokines also results in the expression
of the inducible isoform ofNOS (iNOS), which leads
to the formation of nitric oxide and to the following
oxidative stress.

In this study, we have the evidence that GW0742
treated mice develop a lower degree of cytotoxic
effects due to NO formation, and, as consequence,
also a reduction of the nitrosative stress, measured by
tissue localization ofnitrotyrosine, a reactive oxidant
formed by the rapid reaction of NO with superoxide
anions and marker of peroxynitrite formation (16).

Moreover, we showed that the role of PPARp/8 is
also associated to a decrease in the activation of the
nuclear enzyme poly (ADP-ribose) synthetase (PARS)
which causes depletion of intracellular NAD and
ATP pools and ultimately cell death ("PARS suicide
hypothesis") (17), as consequence of the DNA single
strand breaks due to peroxynitrite formation (18).

Other consequences of these events are the
activation of FAS receptor and of the apoptosis
pathway, mediated by a decrease of anti-apoptotic
members (Bcl-2, Bcl-xL), allowing Bax to
translocate to the outer mitochondrial membrane,
thus permeabilizing it and facilitating release of
pro-apoptotic proteins (19). Our data show that the
bleomycin-induced FAS ligand expression with
the consequent alteration of Bax/Bcl-2 balance, is
reduced by the treatment with GW0742, confirming
that GW0742-treatment can modulate the apoptosis
pathways that otherwise lead to presence of large
areas ofpulmonary disruption.

In conclusion, this study provides the evidence that
GW0742, a selective ligandofPeroxisome Proliferator
Activated Receptors p/8, has a potential therapeutic
role in the treatment of lung inflammation.
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