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Objective: To test the hypothesis that activation of peroxisome proliferator activated receptor c (PPAR-c)
reduces experimental autoimmune myocarditis (EAM) associated with inhibitor kB (IkB) a induction,
blockade of nuclear factor kB (NF-kB), and inhibition of inflammatory cytokine expression.
Methods: EAM was induced in Lewis rats by immunisation with porcine cardiac myosin. PPAR-c activators
15-deoxy-D12,14-prostaglandin J2 (15d-PGJ2) and pioglitazone (PIO) were administered to rats with EAM.
Results: Enhanced PPAR-c expression was prominently stained in the nuclear and perinuclear regions of
infiltrating inflammatory cells. Administration of 15d-PGJ2 and PIO greatly reduced the severity of
myocarditis and suppressed myocardial mRNA and protein expression of inflammatory cytokines in rats
with EAM. In addition, treatment with PPAR-c activators enhanced IkB concentrations in the cytoplasmic
fractions and nuclear fractions from inflammatory myocardium. Concurrently, NF-kB was greatly activated
in myocarditis; this activation was blocked in the 15d-PGJ2 treated and PIO treated groups.
Conclusions: PPAR-c may have a role in the pathophysiology of EAM. Because an increase in IkB
expression and inhibition of translocation of the NF-kB subunit p65 to the nucleus in inflammatory cells
correlated with the protective effects of PPAR-c activators, these results suggest that PPAR-c activators act
sequentially through PPAR-c activation, IkB induction, blockade of NF-kB activation, and inhibition of
inflammatory cytokine expression. These results suggest that PPAR-c activators such as 15d-PGJ2 and PIO
may have the potential to modulate human inflammatory heart diseases such as myocarditis.

P
roinflammatory cytokines have been implicated in the
pathogenesis of cardiovascular diseases, including acute
myocarditis, acute myocardial infarction, dilated cardi-

omyopathy, and congestive heart failure.1 2 Suppression of
the inflammatory cytokines has beneficial effects on these
clinical conditions.3 4 Despite the large body of data on the
contribution of inflammatory cytokines to myocardial injury,
pathways that may limit inflammatory cytokine production
in myocardium remain largely unexplored in the context of
inflammatory heart diseases.
Peroxisome proliferator activated receptor c (PPAR-c) is

expressed in macrophages, T cells, endothelial cells, vascular
smooth muscle cells, and cardiac myocytes.5–8 Recent data
have shown that 15-deoxy-D12,14-prostaglandin J2 (15d-
PGJ2) and synthetic antidiabetic thiazolidinedione, which
are PPAR-c activators, suppress the T cell proliferative
response in vitro7 and inhibit inflammatory cytokine produc-
tion by cells of the monocyte–macrophage lineage.5 9 10 These
activators inhibit gene expression in part by antagonising the
activities of transcription factors such as activator protein 1
and nuclear factor kB (NF-kB).7 11 Importantly, PPAR-c
activators have been shown to ameliorate a variety of
inflammatory conditions, including atherosclerosis,11 arthri-
tis,12 inflammatory bowel disease,13 and experimental auto-
immune encephalomyelitis.14 15

To explore the role of PPARc activators during the
pathogenesis of experimental autoimmune myocarditis
(EAM), we examined myocardial PPAR-c expression in rats
with EAM. We also examined the effect of the PPAR-c
activators 15d-PGJ2 and pioglitazone (PIO) on expression of
inflammatory cytokines, as well as on the activation of NF-kB
from rats with EAM. Our results showed that administration

of PPAR-c activators reduced myocardial inflammation,
inhibited the activation of NF-kB, and suppressed the
myocardial proinflammatory cytokine expression in rats with
EAM. These findings suggest that the anti-inflammatory
properties of PPAR-c activators may provide benefit in the
treatment of myocarditis.

MATERIALS AND METHODS
Induction of EAM in rats and PPAR-c activator
treatment protocol
Acute EAM was induced by immunisation with porcine
cardiac myosin in 6 week old Lewis rats as previously
described.16 Rats with EAM were divided into three groups:
15d-PGJ2, PIO, and vehicles. 15d-PGJ2 (Cayman Chemical,
Ann Arbor, Michigan, USA) was administered intraperitone-
ally at 200 mg/kg/day in 0.4 ml of sterile phosphate buffered
saline (PBS).14 15 Vehicles were injected with PBS. PIO tablets
were added to chow at 0.01% (wt/wt). Rats were provided
with free access to diets and each rat ingested about 20 g of
chow daily providing about 10 mg/kg/day of PIO.15 Normal
controls were also prepared. Since myocardial inflammation
usually begins around day 14 in this model,17 we conducted
two sets of experiments: in experiment I, rats were treated
from day 1 to day 21; in experiment II, they were treated
from day 14 to day 21 after immunisation. To determine
whether PPAR-c activators also affect PPAR-c expression in

Abbreviations: 15d-PGJ2, 15-deoxy-D
12,14-prostaglandin J2; EAM,

experimental autoimmune myocarditis; IL, interleukin; NF-kB, nuclear
factor kB; PBS, phosphate buffered saline; PIO, pioglitazone; PPAR-c,
peroxisome proliferator activated receptor c; TNF-a, tumour necrosis
factor a
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the healthy myocardium, a set of experiments was performed
in normal rats: 6 week old Lewis rats were randomly divided
into 15d-PGJ2 (Con-15d-PGJ2), PIO (Con-PIO), or vehicle
(Con-Vehicle) groups. Drug administration was the same as
for the rats in experiments I and II. All rats were killed on day
22. The protocol was approved by the Institutional Animal
Research Committee of Xi’an Jiaotong University.

Histopathology
At death, macroscopic findings were graded as described
previously16: 0 (normal appearance), 1 (focal discoloured
area), 2 (multiple or diffuse discoloured areas and not
exceeding one third of the heart), 3 (diffuse discoloured areas
not exceeding two thirds of the heart), and 4 (diffuse
discoloured areas exceeding two thirds of the heart).
Pericardial effusion was graded as 0 (none), 1 (mild), and
2 (massive). After macroscopic examination, the hearts were
transversely sliced; a part of the ventricles was fixed in 10%
formalin, embedded in paraffin, and stained with haematox-
ylin and eosin to examine the degree of myocardial damage
and infiltration of inflammatory cells. Microscopic findings
were graded as 0 (normal), 1 (lesion extent not exceeding 1%
of a transverse section), 2 (not exceeding 10%), 3 (not
exceeding 50%), and 4 (exceeding 50%). Three sections were
obtained from each heart; the mean score of the three
sections was recorded as the microscopic score. We measured
the lesion area with a square lattice scale in an eye lens of a
microscope. Two observers scored the histopathological
scores blindly. After pathological examination, a part of the
ventricles was embedded in cryoembedding compound (OCT)
for immunohistochemistry and remnant ventricular tissues
were kept at 280 C̊ for western blotting and RNA extraction.

Ribonuclease protection assay
The total mRNA was extracted from the myocardium with
TRIzol (GIBCO-BRL). Cytokine mRNA concentrations were
measured by a ribonuclease protection assay as described
previously18: the cytokine mRNA concentrations were mea-
sured with RiboQuant Multi-Probe template sets (BD
Biosciences), in vitro transcription kits, and ribonuclease

protection assay kits (Pharmingen, BD Biosciences) accord-
ing to the Pharmingen/RiboQuant protocol. The NIH Image
system (National Institutes of Health, Bethesda, Maryland,
USA) was used to quantify the pixel intensity of cytokine
bands, which were divided by the intensities in their L32
bands in the same lanes for normalisation.

Western blotting
Myocardial PPAR-c, interleukin (IL) 1b, tumour necrosis
factor a (TNF-a), and inhibitor IkB (IkB) a protein
expressions were detected by western blotting as described
previously.16 Equal amounts of protein (20–40 mg protein/
lane) were electrophoresed by 10–12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis and sequentially
electrophoretically transferred to a polyvinylidene difluoride
microporous membrane (Millipore, Billerica, Massachusetts,
USA). The membrane was incubated with antibodies to
PPAR-c (sc-7196; Santa Cruz Biotechnology Inc, Santa Cruz,
California, USA), IL-1b (Secrotec), TNF-a (Secrotec), or IkBa
(sc-37D, Santa Cruz Biotechnology Inc) and then with a
peroxidase linked secondary antibody (Amersham,
Wikstroms, Sweden). Chemiluminescence was detected with
an ECL western blotting detection kit (Amersham) and
analysed semiquantitatively with an NIH Image system.

Immunohistochemistry
We used an immunoperoxidase technique for immunohisto-
chemical analysis of PPAR-c.16 18 A primary antibody, anti-
PPAR-c (1:400, sc-7196; Santa Cruz Biotechnology Inc), was
added and incubated overnight. Biotinylated and affinity
purified IgG (Dako) was used as a secondary antibody and
incubated for 30 minutes. An avidin-biotin complex was
sequentially added for five minutes’ incubation with the
substrate 0.1% 39,39-diaminobenzidine, followed by haema-
toxylin nuclear counterstaining.

Electrophoretic mobili ty shift assay for NF-kB
An electrophoretic mobility shift assay was run according to a
previously described method.8 19 In brief, nuclear
extracts from myocardium were prepared and gel shift

Figure 1 Immunohistochemical
staining for peroxisome proliferator
activated receptor c (PPAR-c). (A) In
normal control, marginal or trivial
immunoreactivity for PPAR-c was
detected in myocardium. (B) In rats with
experimental autoimmune myocarditis,
PPAR-c was strongly stained in
infiltrating inflammatory cells. The
expression of PPAR-c was prominently
located in the nuclear and perinuclear
regions of inflammatory cells (arrows).
(C, D) Administration of PPAR-c
activators 15-deoxy-D12,14-
prostaglandin J2 (15d-PGJ2) and
pioglitazone greatly suppressed PPAR-c
expression (arrows). Original
magnification 6400.
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assays with a double stranded oligonucleotide represent-
ing the consensus sequence for NF-kB(p65) binding
(59-AGTTGAGGGGACTTTCCCAGGC-39, 32P labelled, Promega)
were run. Protein-DNA complexes were separated by 5%
polyacrylamide gel electrophoresis. Autoradiography was
performed and densitometry in the region of NF-kB was
semiquantitatively analysed with an NIH Image system. To
test the specificity of NF-kB-DNA binding, antibodies
(Santa Cruz Biotechnology Inc) to the p65 subunits of
NF-kB were added to the proteins, resulting in further
retardation of electrophoretic mobility, or a 160-fold molar
excess of unlabelled oligonucleotide (cold probe) was added
to the binding reaction, leading to a decrease in NF-kB
bound radioactivity.

Statistical analysis
All values were expressed as mean (SD). Student’s t test or
one way analysis of variance, followed by Fisher’s protected
least significant difference test, were performed. A probability
value of p , 0.05 was considered significant.

RESULTS
Myocardial PPAR-c expression in rats with EAM
To examine the expression pattern of PPAR-c in myocardium
during the course of the acute stage of EAM, we ran an
immunohistochemistry assay for PPAR-c expression.
Marginal or trivial immunoreactivity for PPAR-c was
detected in myocardium of control rats (fig 1A). In rats with
EAM, PPAR-c was strongly stained in infiltrating inflamma-
tory cells, and the expression of PPAR-c was prominently
located in the nuclear and perinuclear regions of inflamma-
tory cells (fig 1B). Immunostaining with normal rabbit serum
was completely negative in all animals (data not shown).
Administration of the PPAR-c activators 15d-PGJ2 and PIO
greatly suppressed PPAR-c expression in experiment I (fig 1C,
D) and in experiment II (data not shown).
Western blotting showed that control hearts had

some PPAR-c expression. PPAR-c expression was upregu-
lated 3.7-fold in rats with EAM and treated with PBS
compared with that in controls. Treatment with 15d-PGJ2
and PIO reduced the upregulated PPAR-c expression in
experiment I (fig 2A, B). To determine whether PPAR-c
activators also affect PPAR-c expression in the healthy
myocardium, a set of experiments was performed in normal
rats. Western blotting data showed that 15d-PGJ2 and PIO
treatment did not significantly change PPAR-c expression in
the healthy myocardium (fig 2C, D). These results suggested
that PPAR-c may have a role in the pathophysiology of
EAM.

PPAR-c activator attenuation of myocardial
inflammation in rats with EAM
Because PPAR-c activators had been shown to inhibit some
inflammatory conditions, we determined whether adminis-
tration of PPAR-c activators would affect the pathogenesis of
EAM. In experiment I, the hearts from immunised rats had
severe and diffuse discoloured myocarditis with massive
pericardial effusion. We observed extensive injuries to
myocytes with inflammatory changes, such as fragmentation
of necrotic myocardial fibres, mononuclear cells, polymor-
phonuclear neutrophils, eosinophils, and multinucleated
giant cells (data not shown). Treatment with 15d-PGJ2 and
PIO greatly reduced the severity of the disease, as assessed by
measuring the ratio of heart weight to body weight,
pericardial effusion, and macroscopic and microscopic scores
(table 1). Having ascertained that PPAR-c activators sup-
pressed EAM, we then tested the effect of drug treatment on
the later course of EAM. In experiment II, the severity of
myocarditis was also significantly reduced (table 1). Thus,
administration of 15d-PGJ2 and PIO before disease onset or
at the time of onset of clinical disease had beneficial clinical
effects in this EAM model.

PPAR-c activator suppression of myocardial mRNA
expression of inflammatory cytokines
In controls, myocardial mRNA expression of cytokines was
detected only for macrophage inhibitory factor and interferon
c. In rats with EAM treated with PBS, mRNAs of type 1 T
helper cell cytokines (such as IL-18), type 2 T helper cell
cytokines (such as IL-6), and proinflammatory cytokines
(such as macrophage inhibitory factor, interferon c, IL-1b,
and IL-1Ra) were greatly upregulated, and mRNA expression
of IL-1a, IL-12p35, IL-12p40, and IL-10 were slightly
upregulated. Administration of 15d-PGJ2 and PIO greatly
reduced the expression of cytokine mRNAs in experiment I
(fig 3). Results were similar in experiment II (data not
shown), suggesting that PPAR-c activator ameliorated EAM
may be associated with inhibition of the expression of
inflammatory cytokines.
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Figure 2 Myocardial PPAR-c protein expression by western blotting.
(A, C) Western blot analysis. (B, D) Densitometric analysis of relative
protein concentrations. 15d-PGJ2, rats with myocarditis treated with
15d-PGJ2; Con-15d-PGJ2, normal rats treated with 15d-PGJ2; Control:
normal rats; Con-PIO, normal rats treated with PIO; Con-Vehicle,
normal rats treated with vehicle; Myocarditis: rats with myocarditis
treated with phosphate buffered saline (PBS); PIO, rats with myocarditis
treated with PIO. Values were derived from five animals and determined
as a percentage of controls. *p , 0.01 v Control; �p , 0.01 v
Myocarditis; NS, no significant difference v Con-Vehicle.
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PPAR-c activator suppression of myocardial IL-1b and
TNF-a protein expression in rats with EAM
Western blotting showed that myocardial IL-1b and TNF-a
expression was upregulated 3.3-fold and 4.3-fold, respec-
tively, in rats with EAM and treated with PBS compared with
controls. Treatment with 15d-PGJ2 and PIO decreased the
upregulated IL-1b and TNF-a expression in experiment I
(fig 4A, B) and in experiment II (data not shown). These
results suggesting that PPAR-c activator treatment sup-
pressed myocardial IL-1b and TNF-a protein expression in
myocarditis.

Table 1 Haemodynamic data, histopathology, and weight ratios according to peroxisome proliferator activated receptor c
treatment in rats with and without experimental autoimmune myocarditis (EAM)

Group No HW:BW (mg/g) HR (beats/min)
SBP
(mm Hg)

DBP
(mm Hg)

Pericardial effusion
score Microscopic score Macroscopic score

Healthy control rats
Con-Vehicle 7 2.98 (0.22) 391 (13) 130.3 (9.8) 91.9 (8.7) 0 0 0
Con-15d-PGJ2 7 3.05 (0.14) 411 (24) 131.1 (11.1) 92.7 (10.2) 0 0 0
Con-PIO 7 3.09 (0.09) 403 (21) 132.5 (10.2) 90.8 (9.8) 0 0 0
Experiment I
Controls 7 2.99 (0.11)** 401 (20) 132.5 (11.7) 92.8 (9.1) 0 0 0
Myocarditis 8 5.45 (0.57) 432 (49) 131.3 (10.7) 91.5 (12.80 1.8 (0.4) 3.4 (0.9) 3.5 (1.1)
15d-PGJ2 8 4.07 (0.69)** 417 (31) 131.8 (18.7) 91.9 (16.9) 0.9 (0.4)** 1.5 (0.8)** 1.8 (0.7)**
PIO 8 4.19 (1.03)** 412 (39) 133.2 (13.8) 92.8 (15.2) 1.2 (0.8)* 1.9 (0.8)** 2.0 (0.3)**
Experiment II
Controls 7 3.07 (0.13)** 396 (31) 133.5 (10.7) 93.1 (10.2) 0 0 0
Myocarditis 8 5.56 (0.59) 441 (59) 129.3 (11.1) 91.1 (13.2) 1.9 (0.5) 3.5 (1.0) 3.6 (0.8)
15d-PGJ2 8 4.41 (0.38)** 427 (61) 130.1 (12.7) 92.0 (14.7) 1.2 (0.7)* 2.4 (0.7)* 2.3 (0.6)**
PIO 8 4.57 (0.63)* 422 (49) 131.2 (15.8) 91.9 (16.1) 1.3 (0.5)* 2.7 (0.8) 2.6 (0.4)**

Data are mean (SD).
*p,0.05, **p,0.01 v Myocarditis rats.
15d-PGJ2, rats with EAM treated with 15-deoxy-D12,14-prostaglandin J2 (15d-PGJ2); Con-15d-PGJ2, normal rats treated with 15d-PGJ2; Con-PIO, normal rats
treated with pioglitazone (PIO); Controls, normal rats treated with phosphate buffered saline (PBS); Con-Vehicle, normal rats treated with vehicle; DBP, diastolic
blood pressure; HR, heart rate; HW:BW, ratio of heart weight to body weight; Myocarditis, rats with EAM treated with PBS; PIO, rats with EAM treated with PIO;
SBP; systolic blood pressure.
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Figure 4 Myocardial IL-1b and tumour necrosis factor a (TNF-a)
protein expression by western blotting. (A) Western blot analysis.
(B) Densitometric analysis of relative protein concentrations. In rats with
myocarditis treated with PBS, IL-1b and TNF-a protein expression was
greatly increased; 15d-PGJ2 and PIO treatment decreased IL-1b and
TNF-a protein expression. Values are derived from five animals and
determined as the percentage of control values. *p , 0.01 v control;
�p , 0.01 v vehicle.
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Figure 3 Ribonuclease protection assay for mRNAs of type 1 (Th1) and
type 2 (Th2) T helper cells and of proinflammatory cytokines. In control,
the myocardial mRNA expression of cytokines was detected only for
macrophage inhibitory factor (MIF) and interferon c (IFN-c). In
myocarditis rats treated with vehicle, mRNAs of Th1 cytokines (such as
interleukin (IL) -18), Th2 cytokines (such as IL-6), and proinflammatory
cytokines (such as MIF, IFN-c, IL-1b, and IL-1Ra) were greatly
upregulated, and mRNA expression of IL-1a, IL-12p35, IL-12p40, and
IL-10 was slightly upregulated compared with controls. Treatment with
15d-PGJ2 and PIO greatly reduced the expression of cytokine mRNAs.
L32 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) are
housekeeping genes. A representative finding of three distinct
experiments is shown.
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PPAR-c activator inhibition of the activation of NF-kB
in myocardium of rats with EAM
In acute myocarditis, NF-kB was greatly activated (enhanced
DNA binding activity by 5.6-fold versus normal controls) in
myocardium, and this activation was inhibited in the 15d-
PGJ2 treated and PIO treated groups in experiment I (fig 5A,
B) and in experiment II (data not shown). IkBa decreased

remarkably in the cytoplasmic fractions from inflammatory
myocardium, and treatment with 15d-PGJ2 and PIO
enhanced the concentrations of IkBa by 2.2-fold and 2.1-
fold, respectively, versus vehicle (fig 5C, D). Moreover, the
concentration of IkBa in the nuclear fraction was enhanced
by 1.7-fold and 1.5-fold (both p , 0.01) in the 15d-PGJ2
treated and PIO treated groups versus the vehicle group
(fig 5C, D). These results suggesting that PPAR-c activator
treatment inhibited the activation of NF-kB.

DISCUSSION
The present findings clearly show that PPAR-c activators
greatly ameliorated the severity of EAM in rats and were
associated with suppression of myocardial proinflammatory
cytokine expression.
In the present study, immunohistochemical results showed

that PPAR-c expression was strongly stained in infiltrating
inflammatory cells and that the expression of PPAR-c was
prominently located in the nuclear and perinuclear regions of
inflammatory cells. Although Takano et al8 reported that
PPAR-c was expressed in neonatal normal cardiac myocytes,
in the present study we detected only marginal or trivial
immunoreactivity for PPAR-c in myocardium of normal rats.
Administration of PPAR-c activators ameliorated EAM in
rats; concurrently, PPAR-c expression of inflammatory cells
in myocardial tissue was reduced. These results suggest that
PPAR-c may have a role in the pathophysiology of EAM and
that PPAR-c activators have the potential to suppress
myocardial inflammation in autoimmune myocarditis.
It has been shown that inflammatory cytokines have an

important role in the development of inflammatory myocar-
dial diseases.18 20 IL-1b and TNF-a may promote coxsack-
ievirus B3 induced myocarditis in resistant B10.A mice.21

Transgenic mice with cardiac overexpression of TNF-a
develop cardiac hypertrophy, fibrosis, and dilated cardiomyo-
pathy.22 The proinflammatory cytokine TNF-a is known to
depress myocardial contractility by uncoupling b adrenergic
receptor signalling,23 increasing cardiac nitric oxide and
peroxynitrite.24 Suppression of inflammatory cytokines has
beneficial effects on ameliorating acute myocarditis.3 20 In the
present study, administration of 15d-PGJ2 and PIO sup-
pressed the myocardial mRNA expression of inflammatory
cytokines and the expression of IL-1b and TNF-a protein in
myocarditis. These results are consistent with reports that
PPAR-c activators inhibited the expression of proinflamma-
tory cytokines interferon c, IL-1b, and TNF-a in isolated
human CD4+ T cells.5 25 Accordingly, in the present study the
finding that 15d-PGJ2 and PIO attenuated myocardial
inflammation in EAM may be, at least partly, due to the
suppression of inflammatory cytokines.
The mRNAs of types 1 and 2 T helper cell cytokines and of

proinflammatory cytokines were all significantly attenuated
by 15d-PGJ2 and PIO treatment in our present study. The
results suggest that activation of PPAR-c may inhibit a
common regulatory factor in the control of transcription of
these proinflammatory mediators. Among the inducible
transcription factors involved in myocardial inflammation,
NF-kB has a central role.26 NF-kB binding sites in the
promoter region have been found for a variety of proin-
flammatory cytokines. The data shown in fig 5A and B
indicate that treatment with 15d-PGJ2 and PIO inhibited the
activation of NF-kB induced by myocardial inflammation. In
the present study, we have also found that 15d-PGJ2 and PIO
enhanced cytoplasmic and nuclear concentrations of IkBa, an
NF-kB inhibitor. The increase in IkBa protein would halt p65
mediated gene activation and result in acceleration of NF-kB
nuclear deactivation. Moreover, treatment with 15d-PGJ2
and PIO enhanced the accumulation of IkBa in the nucleus,
consistent with data from an in vitro study that observed
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Figure 5 Electrophoretic mobility shift assay for nuclear factor kB (NF-
kB) and western blot analysis of inhibitor IkB (IkB) a in cytoplasmic
fraction of myocardium. (A) Representative electrophoretic mobility shift
assay of NF-kB activity in myocardium. Specificity was determined by
addition of p65 antibody (supershift) or unlabelled (cold) NF-kB
oligonucleotide to the myocardium. Four separate experiments yielded
similar results. (B) Densitometric analysis of DNA binding activity in the
region of NF-kB (p65) was quantified. In acute myocarditis, NF-kB was
greatly activated (enhanced DNA binding activity by 5.6-fold versus
normal controls). This activation was inhibited in the 15d-PGJ2 and PIO
treated groups. (C) Representative western blots. (D) Densitometric
analysis (n = 5). IkBa concentration decreased greatly in the
cytoplasmic and nuclear fractions in rats with EAM treated with PBS.
Treatment with 15d-PGJ2 and PIO enhanced the cytoplasmic
concentrations of IkBa by 2.2-fold and 2.1-fold, and increased the
nuclear concentrations of IkBa by 1.7-fold and 1.5-fold, respectively,
versus myocarditis. * p , 0.01 v control; �p , 0.01 v myocarditis.
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enhanced nuclear IkBa, accompanied by a decrease in NF-kB
DNA binding activity.27 Studies have suggested that IkBa,
accumulated in the nucleus, is resistant to signal induced
degradation. The presence of IkB in the nucleus contributed
to the inhibition of binding of active NF-kB complexes to the
kB sites located in the regulatory sequences of various
genes.28 Therefore, the enhanced accumulation of IkBa in the
cytoplasm and the nucleus by the PPAR-c agonists would
exert an inhibitory effect on NF-kB activity.
PPAR-c activators have previously been shown to effec-

tively inhibit inflammatory disorders.11–15 More recent studies
have shown that PPAR-c activators may reduce experimental
myocardial infarction size29 and attenuate left ventricular
remodelling and failure after myocardial infarction.30 Various
mechanisms have been proposed to explain these treatment
efficacies. Mechanistically, PPAR-c activators act at least in
part by inhibiting the activity of transcription factor activator
protein 1, signal transducers and activators of transcription 1,
and NF-kB.9 31 32 In the case of NF-kB, PPAR-c activators
inhibit the activity of IkB kinase, which normally phosphor-
ylates the NF-kB inhibitor IkB, resulting in trans-activation of
NF-kB target genes.31 32 Inhibition of the activation of NF-kB
may attenuate EAM in rats.33

Overall, our results have shown that PPAR-c activators
suppress EAM. Because an increase in IkB expression and
inhibition of translocation of the NF-kB subunit p65 to the
nucleus in inflammatory cells correlated with the protective
effects of PPAR-c activators, our results suggest that PPAR-c
activators act sequentially through PPAR-c activation, IkB
induction, blockade of NF-kB activation, and inhibition of
inflammatory cytokine expression. These results suggest that
PPAR-c activators such as 15d-PGJ2 and PIO may have the
potential to modulate human inflammatory heart diseases
such as myocarditis.
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