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Abstract

The glucocorticoid receptor (GR) and peroxisome proliferators-activated receptors (PPARS) play
important roles in both physiological and pathological conditions such as cell differentiation,
lipolisis, control of glucose metabolism, immunity and inflammation. In fact, recent studies suggest
that the thiazolidindiones (TZDs) class of PPAR-y ligands, like glucocorticoids, may also be
clinically beneficial in severa inflammatory diseases, even if the molecular mechanisms
responsible for these activities have not yet been clarified. In this study, by using a murine model of
inflammation, the carrageenin-induced paw edema in mouse, we show that the anti-inflammatory
activity exhibited by the PPAR-y agonists rosiglitazone and ciglitazone is reverted by the GR
antagonist RU486. Moreover, by using a conditional GR null cell line, we demonstrate, for the first
time to our knowledge, that one of the possible mechanisms explaining TZDs anti-inflammatory
activity could be their ability to activate GR nuclear translocation. In addition, by using J774 cell
line lacking PPAR-y, we demonstrate that PPAR-y expression could not be essential for TZDs
mediated GR nuclear translocation, thus explaining, at least in part, the molecular mechanism

underlying their anti-inflammatory activity.
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I ntroduction

Peroxisome proliferators-activated receptor-y (PPAR-y) is a member of the nuclear hormone
receptor super family of ligand-activated transcription factors that are related to retinoid, steroid and
thyroid hormone receptors (Evans, 1988). All members of this super family have a similar structural
organization. A N-terminal region that allows ligand-independent activation (Werman et a., 1997)
followed by a DNA-binding domain and the C-termina ligand-binding domain (Moras and
Gronemeyer, 1998). The PPAR family consists of three subtypes, PPAR-o, PPAR-$ (also known as
NUC1) and PPAR-y (Lemberger et a., 1996). PPAR-y has been suggested to be involved in a broad
range of cellular functions, including adipocyte differentiation (Spiegelman and Hier, 1996),
glucose homeostasis (Deeb et al., 1998), inflammatory response (Jiang et al., 1998; Ricote et al.,
1998) and apoptosis (Chinetti et al., 1998). This receptor is the molecular target of fatty acid
derivatives, the thiazolidindiones (TZDs) class of anti-diabetic drugs, which include rosiglitazone
and ciglitazone and certain nonsteroidal anti-inflammatory drugs (Schoonjians et al., 1997; Willson
et a., 2000). Recent studies suggest that the TZDs class of PPAR-y ligands may aso be clinically
beneficial in inflammatory bowel disease (Ma et a., 1998). In fact, there has recently been
considerable interest in the role of PPAR-y in regulating the inflammatory response, as 15d-PGJ,
and other PPAR-y agonists inhibit the expression of a variety of proteins with pro-inflammatory
properties, including cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS) and
several cytokines (Daynes and Jones, 2002). However, the molecular mechanisms responsible for
these activities have not yet been clarified. In fact, it is important to point out that the anti-
inflammatory activity seen with rosiglitazone occurred at concentrations considerably higher than
the Kd value for binding PPAR-y or the concentration needed to elicit adipogenesis and insulin
sensitization. Thus, a role for the receptor in mediating the anti-inflammatory activity of PPAR-y

ligands is not assured. Moreover, it has been recently shown that TZDs exert anti-inflammatory
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effects in macrophages PPAR-y (-/-) indicating that their anti-inflammatory activity is not only
related to PPAR-y (Chawlaet al., 2001).

Glucocorticoids (GCs) play a key role in regulating diverse physiological processes, such as
metabolism, salt and water balance, cell proliferation, differentiation, inflammation and immune
response (Newton, 2000). Their effects are exerted by binding to the intracellular glucocorticoid
receptor (GR), which belongs, as PPAR-y, to the nuclear receptor gene family (Willson et al.,
2000). Steroid hormones regulate the transcription of numerous genes via high affinity receptors
that act in concert with chromatin remodeling complexes, coactivators and corepressors, among
which steroid receptor coactivator 1 (SRC1) plays an important role (Feng et al., 1998). In fact, GCs
can down-regulate the expression of interleukin (IL)-6 and iNOS both induced by various
inflammatory stimuli such as lipopolysaccharide (LPS) (Caldenhoven et al., 1995).

In this study we investigated the possibility of an interaction between TZDs and GR signaling
pathway. We show that the anti-inflammatory activity exhibited by the PPAR-y agonists
rosiglitazone and ciglitazone is reversed by the GR antagonist RU486, by using a murine model of
inflammation, the carrageenin-induced paw edema in mouse. Moreover, our in vitro results
demonstrate, for the first time to our knowledge, that the anti-inflammatory activity of TZDs is due,
at least in part, to their ability to activate GR nuclear translocation independently from PPAR-y.
Materials and Methods

Cell Culture

E8.2 cells, derived from mouse L929 fibroblasts (Housley and Forshoefel, 1989) are spontaneous
glucocorticoid-resistant cells and contain neither detectable GR protein nor mRNA transcripts,
whereas in E8.2/GR3 cells the GR protein levels are reconstituted and are regulated by tetracycline
both temporally and in a dose-dependent manner as previously shown (Weli et al., 1998).

GR null mouse fibroblast cell E8.2 were maintained in 175 cm? flasks in Dulbecco’s modified
Eagle’'s medium (DMEM) (BioWhittaker, Heidelberg, Germany) supplemented with 10% fetal calf

serum (FCS), 100 units/ml penicillin, and 0.1 mg/ml streptomycin.
5
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E8.2/GR3 cells were grown in DMEM supplemented with 10% fetal calf serum (FCS), 100 units/ml
penicillin, 0.1 mg/ml streptomycin, 200 ug/ml of G418 (Geneticin, Gibco, Milan, Italy), 200 ug/mi
of Hygromycin B (Gibco) and 1 ug/ml tetracycline (Sigma, Milan, Italy).

The murine monocyte/macrophage cell line J774 was from the European Collection of Animal Cell
Cultures (Salisbury, United Kingdom). J774 cells were grown in Dulbecco's modified Eagle's
medium supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 25 mM HEPES, 100 U
mil™ penicillin, 100 ug mi™ streptomycin, and 5 mM sodium pyruvate. All the cells were grown at
37°Cin ahumidified incubator under 5% CO,.

RT-PCR of IL-6, INOSand PPAR-y

Total RNA wasisolated from the cell using TRIzol (Invitrogen, Milan, Italy). Briefly, the cells were
washed twice with ice-cold PBS, then 1 ml of TRIzol reagent was added to each 10 cm dish. The
cells were collect after scraping, transferred to a microcentrifuge tube and homogenated by passing
5-10 timesin 20 gage needle fitted onto 3 ml syringe.

200 ul of chloroform were added and the tube was shaken for 15 sec, followed by centrifugation at
12,000 x g for 15 min. The agueous phase was transferred to a new microcentrifuge tube, and the
total RNA was precipitated using 0.5 ml of isopropyl alcohol. RNA was allowed to precipitate at
room temperature for 10 min and centrifuged at 12,000 x g for 10 min. The supernatant was
removed, and the RNA pellet was washed with 1 ml of 70% ethanol followed by centrifugation at
7,500 x g for 5 min. The RNA pellet was air-dried for 5 min, resuspended in diethyl pyrocarbonate-
treated water and then heated at 55°C for 15 min. The final amount of RNA was determined by
absorbance at 260 nm. 7 ug of total RNA was reverse-transcribed into cONA by using oligo (dT)12-
18 primer (Invitrogen) and Superscript |1 Reverse Transcriptase (Invitrogen). One ug of cDNA was
amplified by PCR using Tag Polymerase (Invitrogen) according to the manufacturer’s instructions.
The primers were: INOS: sense: 5 TGGGAATGGAGACTGTCCCAG3, antisense:

5’ GGGATCTGAATGTGATGTTTGT'; IL-6: sense 5’GGTCTTCTGGAGTACCATAGCTACT,
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antisense; 5 GGAATGTCCACAAACTGATATGCT, PPAR-y: sense
5 AAAGATGGAGTCCTCATCTC3, antisense: 5 AGCAGGGGGTGAAGGCTCATZ

(Nakamichi et al., 2003); B-ACTIN: sense 5 ATGAAGATCCTGACCGCGCGT3', antisense:
5’ AACGCAGCTCAGTAACAGTCCG3'. The amplified fragments were 305bp, 327bp, 400bp and
584bp, respectively.

The PCR reaction was performed under the following conditions: a first cycle of denaturation at
94°C for 1 min 40 sec, then 25 or 30 cycles of denaturation at 94°C for 40 sec, annealing a 54°C
(PPAR-y) or 56°C (all others) for 40 sec, extension at 72°C for 1 min and 1 additiona cycle of
extension at 72°C for 8 min. The PCR products were run on a 1% agarose gel and visualized by
ethidium bromide staining.

Assay for cytokines

IL-6 levels in the cell culture medium were assayed by using a commercialy available mouse
cytokine enzyme-linked immunaosorbent assay test kits according to the manufacturer’s instructions
and the results expressed as ng/ml and represent the mean + S.E.M. of n experiments runned in
triplicate.

NO, assay

The amount of NO,, stable metabolites of nitric oxide, present in culture media from cells were
measured 24 h after LPS from E. Coli (Fluka, Milan, Italy) plus or not IFN-y stimulation with the
Griess reaction as previously described (lanaro et al., 2000). Results are expressed as nmol/ml and
represent the mean £ S.E.M. of n experiments runned in triplicate.

Preparation of nuclear extracts

All the extraction procedures were performed on ice with ice-cold reagents. Stimulated or not
E8.2/GR3 and J774 cells were washed twice with ice-cold PBS and centrifuged at 1500 x g for 10
min a 4°C. The cell pellet was resuspended in one packed cell volume of lysis buffer, and
incubated on ice for 5 min with occasional vortexing. After centrifugation at 1500 x g at 4°C for 5

min, 1 cell pellet volume of extraction buffer was added to the nuclear pellet and incubated on ice
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for 15 min with occasional vortexing. Nuclear proteins were isolated by centrifugation at 13000 x g
for 15 min, the supernatant was aliquoted and stored at —80°C. Protein concentration was
determined by the Bio-Rad protein assay kit (Bio-Rad, Milan, Italy).

Western blot analysis

Immunoblotting analysis of GR and actin proteins was performed on nuclear cell extracts.
Equivalent amounts of protein (65 ug) from each sample were electrophoresed in an 8%
discontinuous polyacrylamide minigel. The proteins were transferred onto nitrocellulose
membranes, according to the manufacturer’s instructions (Bio-Rad). The membranes were saturated
by incubation with 10% non-fat dry milk in PBS-0.1% Triton X-100 for three hours at room
temperature and then incubated with anti-GR mouse antibody (1:200) (Affinity Bioreagents,
Golden, CO) or anti-actin (1:300) (Santa Cruz Biotechnology, Santa Cruz, CA) goat antibody over
night at 4°C. The membranes were washed three times with 0.1% Tween 20 in PBS and then
incubated with anti-mouse or anti-goat (1:1000) immunoglobulins coupled to peroxidase (Dako,
Milan, Italy) for 1 hour a room temperature. The immune complexes were visualized by the
enhanced chemiluminescence method (Amersham, Cologno Monzese, Italy). Subsequently, the
relative presence of GR and actin was quantified by densitometric scanning of the X-ray films with
GS-700 Imaging Densitometer (Bio-Rad) and a computer program (Molecular Analyst, IBM).

GR binding assay

The binding assay described by (Cheron et al., 2004) was used, with minor modifications. Briefly, J
774 cells (1x10%ml) were incubated in culture medium supplemented with 2.5% FCS and
containing [*H]dexamethasone (specific activity 88 Ci/mmol; Amersham, Milan, Italy) for 2 h at
37°C. TZDs treatment were performed 1 h prior dexamethasone. After incubation, monolayers were
washed six times with cold PBS, and cells were lysed in 1 N NaOH. Lysates were harvested and
counted in a beta spectrometer. Bound [*H] dexamethasone was quantified by liquid scintillation and
the specific concentration was calculated by subtracting the nonspecific binding (determined with a

1000-fold excess cold dexamethasone). Scatchard plot analysis was performed to determine the
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dissociation constant Ky and the maxima number of binding sites (Bmax) Vvaues using a
concentration range of 1-32 nM [*H]dexamethasone. For one point binding assays, 10 nM
[3H]dexamethasone was used.

Animals

Male ICR mice (Harlan, Milan, Italy), weighing 25-30 g, were used in all experiments. Animals
were provided with food and water ad libitum. The light cycle was automatically controlled (on 07 h
00min; off 19 h 00 min) and the room temperature thermostatically regulated to 22 + 1°C. Prior to
the experiments, animals were housed in these conditions for 3-4 days to become acclimatized.
Animal care was in accordance with Italian and European regulations on protection of animals used
for experimental and other scientific purposes.

Paw edema

Paw edema was induced by subplantar injection into the rat right hind paw of 50 ul sterile saline
containing 1% \-carrageenin. Paw volumes were measured by a plethysmometer (Basile, Milan, Itay)
at varying time intervals. The increase in paw volume was evaluated as difference between the paw
volume measured a each time point and the basal paw volume measured immediately before
carrageenin injection.

Treatments

The test agents used in this study were: rosiglitazone (0.1-3 mg/kg/i.p.), ciglitazone (3 mg/kg/i.p.)
bisphenol A diglycidyl ether (BADGE, 10 mg/kg/s.c.), RU486 (10 mg/kg/i.p.), dexamethasone (0.06-
0.125 mg/kg/i.p.) and actinomycin D (0.5 mg/kg/i.p.). Rosiglitazone, ciglitazone, BADGE and RU486
were given 1 h before carrageenin injection and every 24 h thereafter. Dexamethasone was given 2 h
before carrageenin injection and every 24 h thereafter. Actinomycin D was administered only 1 h before
subplantar injection of carrageenin.

Satistical Analysis

Values are expressed as the mean = S.EE.M. of n animals for in vivo experiments and of n

experiments runned in triplicate for in vitro experiments. Comparisons were calculated by one-way

9
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analysis of variance (ANOVA) and Bonferroni-corrected p value for multiple comparisons. The
level of statistically significant difference was defined as p<0.05.

Resultsin vitro

Effect of rosiglitazone, ciglitazone, dexamethasone and of RU486 on IL-6 production and IL-6
MRNA expression levels by E8.2 and E8.2/GR3 cdlls

In preliminary experiments we established that cell viability (>95%) was not affected by any of the
treatments (data not shown).

The production of IL-6 by unstimulated E8.2 or by E8.2/GR3 cells was undetectable (<15 pg/ml;
n=6). Incubation of E8.2 cells with a combination of LPS 5 ug/ml and IFN-y 100 U/ml for 24 h
caused arelease of IL-6 (367.6 = 17 pg/ml). Neither rosiglitazone (10 uM), ciglitazone (10 uM) nor
dexamethasone (1 uM) modified LPS/IFN-induced IL-6 release (Fig. 1). Stimulation of E8.2/GR3
cells with the same combination of LPS/IFN for 24 h induced a substantial increasse of IL-6
production as compared to E8.2 cells (940 + 8.8 pg/ml). Surprisingly, rosiglitazone (10 uM),
ciglitazone (10uM) and dexamethasone (1 uM) all significantly (p<0.001) inhibited LPS/IFN-
induced IL-6 release by 60%, 52% and 73% respectively and, more interestingly, thisinhibition was
significantly (p<0.001), albeit only partialy, reverted by RU486 (400 nM) (Fig 1). In dose-response
experiments rosiglitazone (1 - 0.1 uM) inhibited IL-6 production by 25% (p<0.05) and 5%,
respectively (data not shown). Similar results were obtained in experiments carried out in serum-
free medium, in order to verify that potential serum glucocorticoids do not cooperate for TZDs anti-
inflammatory effect (data not shown).

Stimulation of E8.2 or E8.2/GR3 cells with a combination of LPS 5 pug/ml and IFN-y 100 U/ml for
6 h caused a significant increase of IL-6 MRNA expression levels compared to unstimulated cells
(Fig. 2A). Neither rosiglitazone (10 uM), nor ciglitazone (10 uM), nor dexamethasone (1 uM) al
pre-incubated 2 hours before LPS/IFN stimulation, modified LPS/IFN-induced IL-6 mRNA

expression in E8.2 cells (Fig. 2A). In contrast, rosiglitazone (10 uM), ciglitazone (10 uM) and
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dexamethasone (1 uM) almost completely inhibited LPS/IFN-induced IL-6 mMRNA expression
levels in E8.2/GR3 and, more interestingly, this inhibition was, albeit only partialy, reverted when
the E8.2/GR3 were pre-challenged with RU486 (400 nM) 2 hours before rosiglitazone, ciglitazone
or dexamethasone treatment (Fig. 2A).

Densitometric analysis of 1L-6 mMRNA levels in E8.2/GR3, normalized to expression levels of
housekeeping gene B-actin, shown in Figure 2B, revealed a significant (p<0.001) inhibition of
LPSIFN-induced 1L-6 mRNA expression in rosiglitazone (10 uM), ciglitazone (10 uM) and
dexamethasone (1 uM) treated-cells by 68%, 60% and 88%, respectively (Fig. 2B). Pre-challenge
with RU486 (400 nM) caused a partia but significant (p<0.001) reversion of thisinhibition.

Effect of rosiglitazone, ciglitazone, dexamethasone and of RU486 on NO, production and iNOS
MRNA expression levels by E8.2 and E8.2/GR3 cells

The production of NO,™ by unstimulated E8.2 and E8.2/GR3 cells was undetectable (<50 nmol/ml;
n=4). Incubation of the cells with LPS/IFN for 24 h caused a substantial release of NO, (23 + 1.1
nmol/ml; n=9). Stimulation of E8.2 cells with LPS/IFN in presence of either rosiglitazone (10 uM)
or ciglitazone (10 uM) or dexamethasone (1 uM) did not modify NO, release (Fig. 1). Stimulation
of E8.2/GRS3 cells with LPS/IFN caused a substantial release of NO, (29.5 + 0.77 nmol/ml) as
compared to unstimulated cells. As aready shown for IL-6 release rosiglitazone (10 uM),
ciglitazone (10 uM) and dexamethasone (1 uM), significantly (p<0.001) inhibited LPS/IFN induced
NO; release by 31%, 26% and 37% respectively (Fig. 1). When cells were stimulated with
LPS/IFN in the presence of RU486 (400 nM), rosiglitazone (10 uM), ciglitazone (10 uM) and
dexamethasone (1 uM) a reversion of the inhibitory effects exhibited by all drugs was observed
(Fig. 1). In dose-response experiments rosiglitazone (1 uM) inhibited NO, production by 17%
(p<0.05), while rosiglitazone (0.1 uM) did not modified NO," production compared to that observed

in control cells (data not shown).
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Stimulation of E8.2 or by E8.2/GR3 cells with a combination of LPS 5 ug/ml and IFN-y 100 U/ml
for 6 h caused a significant increase of INOS mMRNA expression levels compared to unstimulated
cells (Fig. 2A). Neither rosiglitazone (10 uM), nor ciglitazone (10 uM) nor dexamethasone (1 uM)
al pre-incubated 2 hours before LPS/IFN stimulation, modified LPS/IFN-induced iNOS mRNA
expression in E8.2 cells. In contrast, rosiglitazone (10 uM), ciglitazone (10 uM) and
dexamethasone (1 uM) significantly (p<0.001) inhibited LPS/IFN-induced iNOS mRNA expression
levels in E8.2/GR3 and, more interestingly, this inhibition was reverted when the E8.2/GR3 were
pre-challenged with RU486 (400 nM) 2 hours before rosiglitazone, ciglitazone or dexamethasone
treatment (Fig. 2A).

Densitometric analysis of iINOS mRNA levels in E8.2/GR3, normalized to expression levels of
housekeeping gene B-actin, shown in Figure 2B, revedled a significant (p<0.001) inhibition of
LPS1FN-induced iNOS mRNA expression in rosiglitazone (10 uM), ciglitazone (10 uM) and
dexamethasone (1 uM), treated-cells by 28%, 22%, and 29%, respectively (Fig. 2B), whereas the
pre-challenge with RU486 (400 nM) reverted the inhibitory effect.

Effect of rosiglitazone, ciglitazone and dexamethasone on GR nuclear translocation in E8.2/GR3
cells

Intriguingly, TZDs as well as dexamethasone induced nuclear translocation of GR in E8.2/GR3
cells, as clearly shown by western blot analysis and relative densitometric analysis (Fig. 3).

RT-PCR of PPAR-y

In order to verify if E8.2 cells and E8.2/GRS3 cells expressed PPAR-y a RT-PCR was carried out. As
shown in Figure 4A both cell lines expressed PPAR-y mRNA that was not modified by LPS/IFN or
rosiglitazone challenge. In contrast, murine macrophages J774 does not express PPAR-y mRNA
(Chawla et al., 2001) also after LPS or rosiglitazone stimulation as shown by RT-PCR (Fig. 4B).
Therefore we used this cell line in order to test the role (if any) of PPAR-y on TZDs anti-

inflammatory effect (see below).
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Effect of rosiglitazone, ciglitazone, dexamethasone and of RU486 on IL-6 production and IL-6
MRNA expression levels by J774 cells

In preliminary experiments we established that cell viability (>95%) was not affected by any of the
treatments (data not shown).

The production of IL-6 by unstimulated J774 cells was undetectable (<15 pg/ml; n=6). Incubation
of J774 cells with LPS 0.1 ug/ml for 24 h caused a significant release of 1L-6 (5900 + 320 pg/ml).
In dose-response experiments rosiglitazone (0.1-10 uM) inhibited IL-6 production by 2%, 15%
(p<0.01) and 37% (p<0.001), respectively (Fig. 5A). Ciglitazone (10 uM) and dexamethasone (1
uM) significantly (p<0.001) inhibited LPS-induced IL-6 release by 30% and 50% respectively (data
not shown). Similar results were obtained in experiments carried out in serum-free medium, in order
to verify that potential serum glucocorticoids do not cooperate for TZDs anti-inflammatory effect
(data not shown).

Stimulation of J774 cells with LPS 0.1ug/ml for 6 h caused a significant increase of 1L-6 mMRNA
expression levels compared to unstimulated cells (Fig. 5B). Rosiglitazone (10 uM), ciglitazone (10
uM) and dexamethasone (1 uM) al pre-incubated 2 hours before LPS stimulation inhibited
significantly LPS-induced IL-6 mMRNA expression levels by 18% (p<0.001), 15% (p<0.01) and 33%
(p<0.001), respectively. Interestingly, this inhibition was significantly (p<0.001) reverted when
J774 were pre-challenged with RU486 (400 nM) 30 minutes before rosiglitazone, ciglitazone or
dexamethasone treatment (Fig. 5B).

Effect of rosiglitazone, ciglitazone and dexamethasone on GR nuclear translocation in J774 cells
Interestingly, also in J774 cells TZDs and dexamethasone induced nuclear translocation of GR, as
shown by western blot analysis (Fig. 5C), suggesting that PPAR-y could be not essential for TZDs

to exert anti-inflammatory effects.
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Effect of rosiglitazone and ciglitazone on dexamethasone-GR binding in J774 cells

J774 cells displayed an avid binding to [*H]dexamethasone (Kq = 17.08 + 1.16 NM; By = 23.73
0.26 pM from three experiments). Exposure of J774 cells to rosiglitazone (0.1-10 uM) did not
significantly affect [*H]dexamethasone-specific hinding to GR (Fig. 6). Similar results were
obtained with ciglitazone (data not shown).

Resultsin vivo

Effect of rosiglitazone and ciglitazone on mouse paw edema

Carrageenin injection into the subplantar area caused a time-dependent increase of paw volume in mice.
This edema devel oped along two distinct phases: an acute first phase peaking at 5 h, and a second phase
peaking a 72 h (Fig. 7). Treatment of animals with rosiglitazone (0.1-1-3 mg/kg/i.p.), before and after
carrageenin injection, reduced paw edema in a dose-dependent manner throughout the time course of
the oedema. Thus, a the time of maximal foot increase during the first phase (5 h) 1 and 3 mg/kg
rosiglitazone inhibited the inflammatory reaction by 22% (p<0.01) and 42% (p<0.01) respectively,
while 0.1 mg/kg did not modify edema formation. A similar profile of activity was also observed a 72 h
(Fig. 7). As shown in Figure 7 insert, ciglitazone given at 3 mg/kg/i.p. significantly (p<0.001) inhibited
edema formation throughout the time course of the inflammatory reaction.

In vivo interaction between rosiglitazone, RU 486 and BADGE

A reversion of the inhibitory effect of 3 mg/kg rosiglitazone was observed in animals pretreated with
RU486 (10 mg/kg/i.p.) (Fig. 8), suggesting that the effect of rosiglitazone in vivo is due to the
interaction with glucocorticoid receptor. In fact, 10 mg/kg RU486 is able to revert the inhibitory effect
of dexamethasone (0.125 mg/kg/i.p.) confirming the ability of RU486 to antagonize in vivo the
interaction of dexamethasone with glucocorticoid receptor (Fig. 8 insert).

However, the inhibitory effect of rosiglitazone (3 mg/kg) was partidly reversed dso by the
concomitantly administration of 10 mg/kg/s.c. BADGE (Fig. 8), suggesting in vivo PPAR-y role in the
anti-inflammatory effects of TZDs. Interestingly, when animals were pretrested with RU486 (10

mg/kg) in combination with BADGE (10 mg/kg) the anti-inflammatory effect of rosiglitazone was
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completely reverted, suggesting that PPAR-y and steroid receptor signaling pathway could be
interrelated in vivo (Fig. 8). Similar results were also observed during the late phase of the edema and
with ciglitazone (data not shown). Treatment of rats with RU 486 and BADGE aone did not modify
edema formation (data not shown).

In vivo interaction between actinomycin D and rosiglitazone

The inhibitory effect on edema formation by rosiglitazone is prevented in animals pretreated with
actinomycin D (0.5 mg/kg/i.p.), an inhibitor of RNA synthesis, suggesting that the mode of action of
rosiglitazone involves the induction of the synthesis of “regulatory” proteins (Fig. 9).

In vivo interaction between dexamethasone and rosiglitazone

Interestingly, in animals treated with ineffective doses of both dexamethasone (0.06 mg/kg) and
rosiglitazone (0.1 mg/kg) a synergic effect between these two drugs was observed throughout the time
course of the carrageenin edema (Fig. 10).

Discussion

Nuclear receptors are of maor importance for intercellular signaling in animals because they

converge different intra and extracellular signals on the regulation of genetic programs. Such

nuclear receptors are transcription factors that (a) respond directly through physical association with

alarge variety of hormonal and metabolic signals; (b) integrate diverse signaling pathways because

they correspond themselves to targets of post-translational modifications; and (c) regulate the

activities of other maor signaling cascades (Bourguet et al., 2000).

Both PPARs and GR are members of the nuclear hormone receptor super family (Willson et al.,

2000) and they both play important role in regulating several physiological and pathological

processes such as metabolism, cell proliferation, inflammation and immune responses (Newton,

2000). However, the results presented to date portray a somewhat conflicting story on the

consequences of PPAR-y activation in inflammation and atherogenesis (Spiegelman, 1998). One

difficult in the explanation of the results presented to date is that many investigators have employed

the naturally occurring activator 15dPGJ,, which also has cellular activity independent of PPAR-y
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(Rossi et a., 2000; lanaro et a., 2003). Moreover, severa studies, mainly conducted in vitro, have
suggested a potential role of TZDs as anti-inflammatory agents (Daynes and Jones, 2002).
Nevertheless, it has been demonstrated that TZDs exert anti-inflammatory effect only at a
concentration higher than the Kd value for PPAR-y (Chawla et a., 2001; Oates et al., 2002).
Furthermore, PPAR-y ligands were found to suppress the induction of COX-2 in PPAR-y (-/-)
macrophages (Chawla et al., 2001) suggesting that this class of compounds could act via a PPAR-y-
independent mechanism. Anyway, so far the possibility that certain PPAR-y ligands may have
biological activities that are independent of PPAR-y have not been tested.

To clarify the role of PPAR-y ligands on inflammation we decided to study their effect by using
different cells lines such as E8.2 and E8.2/GR3 lacking or not GR, respectively, and both
expressing PPAR-y, as well as murine macrophages J774 lacking PPAR-y and expressing GR.
TZDs showed no anti-inflammatory activity in cell line lacking GR. In contrast, in E8.2/GR3
expressing GR, TZDs exert anti-inflammatory activity inhibiting both iINOS and IL-6 mMRNA
expression and consequently NO, and IL-6 production by allowing GR nuclear translocation.
Interestingly, TZDs induced GR nuclear translocation exerting anti-inflammatory activity also in
cells lacking PPAR-y. Furthermore, both in E8.2/GR3 and J774 cell lines the anti-inflammatory
effect of TZDs was reversed by the GR antagonist RU486.

Moreover, our results obtained in vitro suggested that one of the possible mechanisms explaining
TZDs anti-inflammatory activity could be their ability to activate GR nuclear translocation. Further
experiments (e.g. knocking down GR in macrophages cell lines) will conclusively clarify this point.
In addition, this study suggested that PPAR-y expression seems to be not required to TZDs-
mediated GR nuclear translocation. PPAR-y-indipendent effects could be at least partially explained
by the interaction of TZDs with others PPARs (e.g. PPAR-J), as suggested by Welch et a. (2003).
Moreover, by using a murine model of both acute and sub-chronic inflammation, the carrageenin-

induced paw edemain mouse, we show that the anti-inflammatory activity exhibited by the PPAR-y
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agonists rosiglitazone and ciglitazone is reversed by the GR antagonist RU486 and only partially by
PPAR-y antagonist BADGE, but it is necessary to administer both compounds in order to obtain a
complete reversion of the anti-inflammatory effects of TZDs. In addition the inhibition by TZDs is
prevented by actinomycin D suggesting that their anti-inflammatory activity, as well as
glucocorticoids, may involve the induction of the synthesis of “regulatory” proteins.

Steroid receptor antagonists have been invaluable tools in the dissection of the molecular
mechanisms underlying steroid receptor activation of transcription (Fryer et al., 2000). It is possible
to hypothesize that antagonistic action of RU486 is exerted at different steps of TZDs and
glucocorticoids action. In fact, although our results in vitro clearly demonstrated that GR is required
for the dexamethasone and TZDs response, it might not be sufficient to explain TZDs in vivo anti-
inflammatory effects, as demonstrated by the activity of BADGE. BADGE is a synthetic ligand that
binds to the receptor but is unable to transactivate genes through PPAR-y. However, BADGE can
antagonize the ability of agonist ligands such as rosiglitazone to activate the transcriptional and
adipogenic action of this receptor (Wright et al., 2000). Finally our results could suggest in vivo the
possibility of an interaction between GR and PPAR-y signaling pathways.

An interesting data we obtained is the anti-inflammatory activity exhibited by the combination of
inactive doses of both dexamethasone and rosiglitazone, suggesting potential synergistic effects of
these compounds on GR. We have demonstrated, in vitro, that TZDs did not significantly influence
the binding of Dex to GR. These data are in agreement with the paper by Cheron et a. (2004)
showing that ciglitazone did not influence the binding of Dex to GR in RAW 264.7 macrophages. It
would be straightforward to address how TZDs influence GR activity. One possible hypothesis is
that TZDs act to up-regulate or activate factors that modulate GR activity. In fact, an alternative
mechanism to explain TZDs activity is the potentiation of GR transcription. This process is
facilitated by molecules that interact with the DNA-bound GR and the transcription initiation
complex among which an important role is steroid receptor coactivator 1 (SRC1) plays an important

role (Feng et al., 1998). PPAR-y has also been reported to interfere with AP-1 and NF-xB activity
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in transient transfection assays, although it is not clear if this transrepression mechanism is relevant
in vivo. Ligands of PPAR-y stimulate the interaction between PPAR-y and the CREB-binding
protein (CBP/p300) which is important co-activator for optimal AP-1 dependent transcription
(Janknecht and Hunter, 1996). Hence, competition for limiting amounts of these proteins represents
a mechanism for transrepression by nuclear receptors including PPAR-y. In fact, CBP has recently
been implicated in PPAR-y-dependent repression of both the iNOS and COX-2 genes (Li et al.,
2000; Subbaramaiah et al., 2001). Moreover, TZDs interaction with other PPARs can not be
excluded. Further studies will address how TZDs can activate GR nuclear translocation and what
consequences (if any) this activation may have at atranscriptional level.

Anyway, our results open new and exciting perspectives on the use of TZDs as anti-inflammatory
agents, even if this study do not exclude PPAR-y dependent action of TZDs on inflammatory
processes linked to diseases in which they exert therapeutic effects, eg. type 2 diabetes and
atherosclerosis. How TZDs may affect the atherosclerotic process is an important issue because
more than one million type Il diabetics, who are aready highly susceptible to atherosclerotic

disease, are currently being treated with these compounds (Reginato and Lazar, 1999).

18

0202 ‘0E Ydfe |\l uo Sjeulnor 134SY e B1o's leuano fisdse wiseyd jow WoJj papeo jlumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 31, 2005 as DOI: 10.1124/mol.104.004895
This article has not been copyedited and formatted. The final version may differ from this version.

MOL 2004/004895

Acknowledgements

Authors wish to thanks Dr Vedeckis for the kind provision of E8.2 and E8.2/GR3 cell lines.

19

0202 ‘0E Ydfe |\l uo Sjeulnor 134SY e B1o's leuano fisdse wiseyd jow WoJj papeo jlumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 31, 2005 as DOI: 10.1124/mol.104.004895
This article has not been copyedited and formatted. The final version may differ from this version.

MOL 2004/004895

References

Bourguet W, Germani P and Gronemeyer H (2000) Nuclear receptor ligand-binding domains: three-
dimensional structures, molecular interactions and pharmacologica implications. Trends
Pharmacol Sci 21:381-388.

Caldenhoven E, Liden J, Wissinh S, van de Stolpe A, Ragjimakers J, Koenderman L, Okret S,
Gustafsson JA and van der Saag PT (1995) Negative crosstalk between RelA and the
glucocorticoid receptor: a possible mechanism for the antiinflammatory action of glucocorticoids.
Mol Endocrinol 9:401-412.

Chawla A, Barak Y, Nagy L, Liao D, Tontonoz P and Evans RM (2001) PPAR-gamma dependent
and independent effects on macrophage-gene expression in lipid metabolism and inflammation. Nat
Med 7:48-52.

Cheron A, Peltier J, Perez J, Bellocq A, Fouqueray B and Baud L (2004) 15-Deoxy-A*2%-
Prostaglandin J, Inhibits Glucocorticoid Binding and Signaling in Macrophages through a
Peroxisome Proliferator-Activated Receptor y-Independent Process. J Immunol 172:7677—7683.
Chinetti G, Griglio S, Antonucci M, Torra IP, Delerive P, Mgd Z, Fruchart JC, Chapman J, Ngjib J
and Staels B (1998) Activation of proliferator-activated receptors oo and y induces apoptosis of
human monocytes- derived macrophages. J Biol Chem 273:25573-25580.

Daynes RA and Jones DC (2002) Emerging roles of PPARs in inflammation and immunity. Nat
Rev Immunol 2:748-759.

Deeb SS, Fgjas L, Nemoto M, Pihlgjamaki J, Mykkanen L, Kuusisto J, Laakso M, Fujimoto W and
Auwerx J (1998) A prol2Ala substitution in PPARY2 associated with decreased receptor activity,
lower body mass index and improved insulin sensitivity. Nat Genet 20:284-287.

Evans RM (1988) The steroid and thyroid hormone receptor superfamily. Science 240:889-895.
Feng W, Ribeiro RC, Wagner RL, Nguyen H, Apriletti JW, Fletterick RJ, Baxter JD, Kushi PJ and
West BL (1998) Hormone-dependent coactivator binding to a hydrophobic cleft on nuclear
receptor. Science 280:1747-1749.

20

0202 ‘0E Ydfe |\l uo Sjeulnor 134SY e B1o's leuano fisdse wiseyd jow WoJj papeo jlumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 31, 2005 as DOI: 10.1124/mol.104.004895
This article has not been copyedited and formatted. The final version may differ from this version.

MOL 2004/004895

Fryer CJ, Kinyamu HK, Rogatsky I, Garabedian MJ and Archer TK (2000) Selective activation of
the glucocorticoid receptor by steroid antagonists in human breast cancer and osteosarcoma cells. J
Biol Chem 275:17771-17777.

Housley PR and Forshoefel AM (1989) Isolation and characterization of a mouse L cell variant
deficient in glucocorticoid receptors. Biochem Biophys Res Commun 164:480-487.

lanaro A, lalenti A, Maffia P, Di Meglio P, Di Rosa M and Santoro MG (2003) Mol Pharmacol
64:85-93.

lanaro A, lalenti A, Maffia P, Sautebin L, Rombola L, Carnuccio R, luvone T, D'Acquisto F and Di
Rosa M (2000) Anti-inflammatory activity of macrolide antibiotics. J Pharmacol Exp Ther
292:156-163.

Janknecht R and Hunter T (1996) Transcription. A growing coactivator network. Nature 383:22-23.
Jiang C, Ting AT and Seed B (1998) PPAR-gamma agonists inhibit production of monocyte
inflammatory cytokines. Nature 391:82-86.

Lemberger T, Saladin R, Vazquez M, Assimacopoulos F, Staels B, Desvergne B, Whali W and
Auwerx J (1996) Expression of the peroxisome proliferator-activated receptor o gene is stimulated
by stress and follows a diurnal rhythm. J Biol Chem 271:1764-1769.

Li M, Pascua G and Glass CK (2000) Peroxisome proliferator-activated receptor gamma-dependent
repression of the inducible nitric oxide synthase gene. Mol Cell Biol 20:4699-4707.

MaW, Huang C and Dong Z (1998) Inhibition of ultraviolet C irradiation-induced AP-1 activity by
aspirin is through inhibition of INKs but not erks or P38 MAP kinase. Int J Oncol 12:565-568.
Moras D and Gronemeyer H (1998) The nuclear receptor ligand binding domain — structure and
function. Curr Opin Cell Biol 10:384-391.

Nakamichi Y, Kikuta T, Ito E, Ohara-lmaizumi M, Nishiwaki C, Ishida H and Nagamatsu S (2003)
PPAR-gamma overexpression suppresses glucose-induced proinsulin biosynthesis and insulin
release synergistically with pioglitazone in MING6 cells. Biochem Biophys Res Commun 306:832-

836.

21

0202 ‘0E Ydfe |\l uo Sjeulnor 134SY e B1o's leuano fisdse wiseyd jow WoJj papeo jlumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 31, 2005 as DOI: 10.1124/mol.104.004895
This article has not been copyedited and formatted. The final version may differ from this version.

MOL 2004/004895

Newton R (2000) Molecular mechanisms of glucocorticoid action: what is important? Thorax
55:603-613.

Oates JC, Reilly CM, Crosby MB and Gilkeson GS (2002) Peroxisome proliferator-activated
receptor gamma agonists: potential use for treating chronic inflammatory diseases. Arthritis Rheum
46:598-605.

Reginato MJ and Lazar MA (1999) Mechanisms by which Thiazolidinediones Enhance Insulin
Action. Trends Endocrinol Metab 10: 9-13.

Ricote M, Li AC, Willson TM, Kely CJ and Glass CK (1998) The peroxisome proliferator-
activated receptor-y is a negative regulator of macrophage activation. Nature 391:79-82.

Ross A, Kapahi P, Natoli G, Takahashi T, Chen Y, Karin M and Santoro MG (2000) Anti-
inflammatory cyclopentenone prostaglandins are direct inhibitors of IkappaB kinase. Nature
403:103-108.

Schoonjans K, Martin G, Staels B and Auwerx J (1997) Peroxisome proliferator-activated
receptors, orphans with ligands and functions. Curr Opini Lipidol 8:159-166.

Spiegelman BM (1998) PPAR-y in monocytes: less pain any gain? Cell 93:153-155.

Spiegelman BM and Flier JS (1996) Adipogenesis and obesity: rounding out the big picture. Cell
87:377-389.

Subbaramaiah K, Lin DT, Hart JC and Dannenberg AJ (2001) Peroxisome proliferator-activated
receptor gamma ligands suppress the transcriptional activation of cyclooxygenase-2. Evidence for
involvement of activator protein-1 and CREB-binding protein/p300. J Biol Chem 276:12440-12448.
We P, Young IA, Housley PR, Alam J and Vedeckis WV (1998) Modulation of hormone-
dependent glucocorticoid receptor function using a tetracycline-regulated expression system. J
Seroid Biochem Molec Biol 64:1-12.

Welch JS, Ricote M, Akiyama TE, Gonzalez FJ and Glass CK (2003) PPAR-y and PPAR-0
negatively regulate specific subsets of lipopolysaccharide and IFN-y target genes in macrophages.

Proc Natl Acad Sci U SA 100:116712—-6717.
22

0202 ‘0E Ydfe |\l uo Sjeulnor 134SY e B1o's leuano fisdse wiseyd jow WoJj papeo jlumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 31, 2005 as DOI: 10.1124/mol.104.004895
This article has not been copyedited and formatted. The final version may differ from this version.

MOL 2004/004895

Werman A, Hollenberg A, Solanes G, Bjorbaek C, Vida-Puig AJ and Flier JS (1997) Ligand-
independent activation domain in the N terminus of peroxisome-proliferator-activated receptor y
(PPAR-y) differential activity of PPAR-y-1 and -2 isoforms and influence of insulin. J Biol Chem
272:20230-20235.

Willson TM, Brown PJ, Sternbach DD and Henke BR (2000) The PPAR’s from orphan receptors to
drug discovery. J Med Chem 43:527-550.

Wright HM, Clish CB, Mikami T, Hauser S, Yanagi K, Hiramatsu R, Serhan CN and Spiegelman
BM (2000) A synthetic antagonist for the peroxisome proliferator-activated receptor gamma

inhibits adipocyte differentiation. J Biol Chem 275:1873-1877.

23

0202 ‘0E Ydfe |\l uo Sjeulnor 134SY e B1o's leuano fisdse wiseyd jow WoJj papeo jlumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 31, 2005 as DOI: 10.1124/mol.104.004895
This article has not been copyedited and formatted. The final version may differ from this version.

MOL 2004/004895

Footnotes
b) Angela lanaro, Department of Experimental Pharmacology, University of Naples Federico |1, Via

Domenico Montesano 49, 80131 Naples, Italy.

24

0202 ‘0E Ydfe |\l uo Sjeulnor 134SY e B1o's leuano fisdse wiseyd jow WoJj papeo jlumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 31, 2005 as DOI: 10.1124/mol.104.004895
This article has not been copyedited and formatted. The final version may differ from this version.

MOL 2004/004895

Legendsto figures

Figure 1. Effect of rosiglitazone, ciglitazone and dexamethasone on IL-6 and nitrite production in
E8.2 and E8.2/GR3 cdlls

GR null mouse fibroblast E8.2 and GR reconstituted mouse fibroblast E8.2/GR3 cells were
suspended in DMEM (10% FCS) at 2.5 x 10° cells/ml. Cells were stimulated with a combination of
LPS 5 pug/ml and IFN-y 100 U/ml for 24 h. Rosiglitazone (Rosi 10 uM), ciglitazone (Cigli 10 uM),
dexamethasone (Dex 1 uM) were all pre-incubated 2 hours before LPS/IFN stimulation. RU486
(RU 400 nM) was added 2 hours before rosiglitazone or ciglitazone or dexamethasone treatment.
(A) Effect of TZDs and dexamethasone on 1L-6 production in E8.2 (black columns) and E8.2/GR3
(empty columns) cells. (B) Effect of TZDs and dexamethasone on nitrite production in E8.2 (black
columns) and E8.2/GR3 (empty columns) cells. Data shown are from three independent
experiments and are expressed as mean + S.EM. C= LPS/IFN stimulated cells. ***p<0.001 vs C; .
°°°p<0.001 vs Rosi, Cigli or Dex without RU.

Figure 2. Effect of rosiglitazone, ciglitazone and dexamethasone on IL-6 and iINOS mRNA
expression in E82 and E8.2/GR3 cdlls

GR null mouse fibroblast E8.2 and GR reconstituted fibroblast E8.2/GR3 cells were suspended in
DMEM (10% FCS) at 1.0 x 10° cells/ml. Cells were stimulated with a combination of LPS 5 pg/ml
and IFN-y 100 U/ml for 6 h. Rosiglitazone (Rosi 10 uM), ciglitazone (Cigli 10 uM),
dexamethasone (Dex 1 uM) were all pre-incubated 2 hours before LPS/IFN stimulation. RU486
(RU 400 nM) was added 2 hours before rosiglitazone or ciglitazone or dexamethasone treatment.
(A) 30 cycles of PCR reaction of reverse-transcribed mRNA into cDNA were performed by using
specific primers for IL-6, INOS and B-actin as described under “Experimental Procedures’. (B)
densitometric analysis of MRNA expression of IL-6 (upper panel) and iNOS (lower panel) in both
E8.2 (black columns) and E8.2/GR3 cells (empty columns) normalized to expression levels of

housekeeping gene B-actin. Data shown are from three independent experiments and are expressed
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as mean + SE.M. N=unstimulated cells; C= LPSIFN stimulated cells. °°°p<0.001 vs N;
***p<0.001 vs C; +++p<0.001 vs Rosi, Cigli or Dex without RU.

Figure 3. Effect of rosiglitazone, ciglitazone and dexamethasone on GR nuclear translocation in
E8.2/GR3 cells

GR reconstituted mouse fibroblast E8.2/GR3 cells were suspended in DMEM (10% FCS) at 1 x 10°
cells/ml. Cells were stimulated with rosiglitazone (Rosi 10 uM), ciglitazone (Cigli 10 uM), and
dexamethasone (Dex 1 uM) for 2 hours. Thereafter nuclear extracts were prepared as described
under “Experimental Procedures’.

Western blot analysis for GR protein was performed as described under “ Experimental Procedures’
(upper panel), equal loading was confirmed by actin staining. Densitometric analysis of GR nuclear
levels (lower panel). Data shown are from three independent experiments and are expressed as
mean + S.E.M. N=unstimulated cells. ***p<0.001 vs N.

Figure 4. RT-PCR of PPAR-y

(A) GR null mouse fibroblast E8.2 and GR reconstituted mouse fibroblast E8.2/GR3 cells were
suspended in DMEM (10% FCS) at 1 x 10° cells/ml. Cells were stimulated with a combination of
LPS 5 pg/ml and IFN-y 100 U/ml (LPS/IFN) or rosiglitazonel0 uM (Rosi) for 6 h. 25 cycles of
PCR reaction of reverse-transcribed mRNA into cDNA were performed by using specific primers
for PPAR-y and B-actin as described under “Experimental Procedures”. N=unstimulated cells. (B)
Murine macrophages J774 were plated in DMEM (10% FCS) at 1 x 10° cells/ml. Cells were
stimulated with LPS 100 ng/ml (LPS) or rosiglitazone 10 uM (Rosi) for 6 h. 30 cycles of PCR
reaction of reverse-transcribed mRNA into cDNA were performed by using specific primers for
PPAR-y and B-actin as described under “ Experimental Procedures’. N=unstimulated cells.

Figure 5. Effect of rosiglitazone, ciglitazone, dexamethasone and RU486 on IL-6 production, IL-6

MRNA expression levels and GR nuclear translocation in J774 cells
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(A) Effect of rosiglitazone (0.1-10 uM) on IL-6 production in J774 macrophages. J774 cells were
plated in DMEM (10 % FCS) at 2.5 x 10° cells/ml. Cells were stimulated with LPS 100 ng/ml for
24 h. Rosiglitazone was pre-incubated 2 hours before LPS stimulation. Data shown are from three
independent experiments and are expressed as mean £ SE.M. C= LPS stimulated cells. **p<0.01,
***n<0,001 vs C. (B) J774 cells were plated in DMEM (10% FCS) at 1.0 x 10° cells/ml. Cells were
stimulated with LPS 100 ng/ml for 6 h. Rosiglitazone (Ros 10 uM), ciglitazone (Cigli 10 uM),
dexamethasone (Dex 1 uM) were all pre-incubated 2 hours before LPS stimulation. RU486 (RU
400 nM) was added 2 hours before rosiglitazone or ciglitazone or dexamethasone treatment. 25
cycles of PCR reaction of reverse-transcribed mRNA into cDNA were performed by using specific
primers for IL-6 and B-actin as described under “Experimental Procedures’ (upper panel).
Densitometric analysis of mRNA expression of IL-6 normalized to expression levels of
housekeeping gene B-actin. (lower panel) Data shown are from three independent experiments and
are expressed as mean + SEE.M. N=unstimulated cells; C= LPS stimulated cells. °°°p<0.001 vs N;
**p<0.01, ***p<0.001 vs C; +++p<0.001 vs Rosi or Dex without RU, ++p<0.01 vs Cigli without
RU. (C) J774 cells were plated in DMEM (10% FCS) at 1 x 10° cells/ml. Cells were stimulated
with rosiglitazone (Rosi 10 uM), ciglitazone (Cigli 10 uM), and dexamethasone (Dex 1 uM) for 2
hours. Thereafter nuclear extracts were prepared as described under “Experimental Procedures’.
Western blot analysis for GR protein was performed as described under “ Experimental Procedures’
(upper panel); equal loading was confirmed by actin staining. Densitometric analysis of GR nuclear
levels (lower panel). Data shown are from three independent experiments and are expressed as
mean + S.E.M. N=unstimulated cells. ***p<0.001 vs N.

Figur e 6. Effect of TZDs on dexamethasone-specific binding

J774 cells were exposed to the indicated concentrations of rosiglitazone for 1 h. Thereafter, the
whole cell binding assay was performed with 10 nM [*H]dexamethasone for 2 h. Values are the

mean + S.E.M. from three independent experiments.
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Figure 7. Effect of rosiglitazone and ciglitazone on mouse carrageenin paw edema

Dose-effect of rosiglitazone (0.1 mg/kg, O; 1 mg/kg O and 3 mg/kg, &) on paw edema induced by
carrageenin. The edemainduced by carrageenin alone (control group) is shown by solid circles (®).
The results are expressed as mean + S.E.M. where n = 5-8 animals. *p< 0.05; **p< 0.01, vs control
group. Insert, effect of ciglitazone (3 mg/kg, A) on paw edemainduced by carrageenin. The edema
induced by carrageenin alone (control group) is shown by solid circles (®). The results are
expressed as mean + S.E.M. where n = 5-8 animals. **p< 0.01 vs control group.

Figure 8. In vivo interaction between rosiglitazone, RU486 and BADGE

Effect of rosiglitazone alone (3 mg/Kg, &) or in combination with either, RU486 (10 mg/kg, 4)
BADGE (10 mg/kg, ®) or both (O) on paw edema induced by carrageenin. The edema induced by
carrageenin alone (control group) is shown by solid circles (®). The results are expressed as mean +

S.E.M. where n = 5-8 animals. **p< 0.01, vs control group. Insert, effect of dexamethasone alone
(0.125 mg/kg, ©), or in combination with RU486 (10 mg/kg, O) on paw edema induced by

carrageenin. The edema induced by carrageenin alone (control group) is shown by solid circles (®).
The results are expressed as mean + SE.M. where n = 5-8 animals. **p< 0.01 vs control group.
Figure 9. Effect of actinomycin D and rosiglitazone on mouse carrageenin paw edema

Effect of rosiglitazone aone (3 mg/kg,&), actinomycin D alone (0.5 mg/kg, O) or in combination
(O), on paw edema induced by carrageenin The edema induced by carrageenin alone (control
group) is shown by solid circles (®). The results are expressed as mean + S.E.M. where n = 5-8
animals. **p<0.01 vs control group.

Figure 10. In vivo interaction between dexamethasone and rosiglitazone

Effect of low doses of rosiglitazone alone (0.1 mg/kg, &), dexamethasone alone (0.06 mg/kg, O) or
in combination (4) on paw edema induced by carrageenin. The edema induced by carrageenin
alone (control group) is shown by solid circles (®). The results are expressed as mean + SE.M.

where n = 5-8 animals. **p< 0.01 vs control group.
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