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ABSTRACT

Background Peroxisome proliferatoractivated receptors (PPAR) mediate inflammatory processes and alter
cardiac function. However, it is not clear whether inflammatory cytokines or PPAR ligands regulate PPARs in the
cardiomyocytes to modulate cardiac functions. We investigated the effects of tumour necrosis factoralpha
(TNF-a) and PPAR ligands on the expression of PPARs in HL-1 cardiomyocytes.

Materials and methods HL-1 cardiomyocytes were incubated with and without TNFa (1, 10, 25 and

50 ng mL™") or PPAR ligands (rosiglitazone, pioglitazone and fenofibrate) at concentrations of 0-1, 1 and 10 um
for 24 h. The cells also received SN-50 (NF«B inhibitor, 50 ug mL™"), ascorbic acid (100 um) and coenzyme Q,
(10 um) alone or combined with TNF-a..

Results Using reverse transcriptase—polymerase chain reaction and Western blot, we found that incubation of
TNF-a (50 ng mL™") for 24 h decreased PPAR-a, but increased PPAR-y without altering PPAR-8. These effects
were not changed by co-administration of SN-50. However, co-administration of ascorbic acid prevented the effect
of TNFa both on PPAR-a and PPAR-y. Coenzyme Q, partially attenuated the effect of TNFa on PPAR-y but did
not alter its effect on PPAR-a. The administration of rosiglitazone (10 um) and pioglitazone (10 uwm) for 24 h
increased PPAR-y mRNA, but did not alter PPAR-a or PPAR-8. Moreover, fenofibrate (0-1, 1 and 10 um) increased
PPAR-y without any effects on PPAR-a or PPAR-3.

Conclusions Oxidative stress causes the regulations of PPAR-o. and PPAR-y in the TNF-a-treated cardiomyocytes.

factor-alpha.

Eur J Clin Invest 2009; 39 (1): 23-30

The up-regulation of PPAR-y by PPAR ligands may contribute to their anti-inflammation effects.
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Introduction

Peroxisome proliferator-activated receptors (PPAR) are nuclear
transcription factors with three isoforms (a, y and 8) that are
expressed in the heart with anti-inflammation activity [1-3].
Previous studies have shown that both natural and synthetic
ligands of PPAR-y have anti-inflammation potentials [4,5].
Moreover, PPAR-a and PPAR-y ligands, used for treating
hyperlipidaemia and hyperglycaemia, also have anti-
inflammatory effects [2,4]. These ligands inhibit inflammation by
regulating the activities of transcription factor activator protein-1,
or nuclear factor-kB, (NF-xB) [6,7]. In contrast, the role of
inflammation on PPARs remains unclear. Experimental
autoimmune myocarditis up-regulates PPAR-y protein
expression accompanied by concomitant increase in myocardial
interleukin-1p and tumour necrosis factor-alpha (TNF-a)
expression [8]. These findings lead us to investigate whether

TNF-a could directly regulate the expression of PPARs in the
cardiomyocytes.

TNF-a is a proinflammatory cytokine that mediates
inflammation and plays a vital role in the pathophysiology of
cardiovascular diseases [8-10]. TNF-o has been shown to regulate
PPAR-y mRNA level in the hepatic stellate cells during sepsis
[11,12]. It is therefore possible that TNF-a can directly regulate
PPARs as a consequence of modulating inflammation. TNF-o can
activate intracellular NF-kB to regulate the transcription, but it is
not clear whether TNF-a alters PPAR isoform expression via this
pathway [13].

It is known that PPAR ligands as therapeutic targets have
contradictory effects in cardiovascular disease [4]. PPARs have
cardioprotective effects from ischaemia/reperfusion [4,14].
However, PPAR ligands as therapeutic targets in cardiovascular
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disease received a widespread attention due to their potential
adverse effects; for example, dual PPAR-a./y agonist muraglitazar
and PPAR-y agonist rosiglitazone have been reported to increase
the risk of death, cardiovascular events and myocardial infarction
[15,16]. Nevertheless, information regarding the potential of PPAR
ligands on cardiac PPAR isoform expression is unavailable. The
objectives of our study were to evaluate the effect of TNF-a on
PPAR isoforms and to investigate the role of PPAR agonists on
PPAR isoforms in HL-1 cardiomyocytes.

Methods

Cell preparations

HL-1 cells (kindly provided by Dr Claycomb) were derived from
mouse atrium with differentiated biochemical and morphological
properties of adult atrial cardiomyocytes [17]. HL-1 cells were
cultured in a humidified atmosphere of 5% CO, at 37 °C in
Claycomb medium (SAFC Biosciences, Lenexa, KS, USA)
supplemented with penicillin-streptomycin, norepinephrine
(Gibco, Grand Island, NY, USA) and 10% fetal bovine serum (JRH
Biosciences, Lenexa, KS, USA). The experimental and control cells
were incubated with and without TNF-a (1, 10, 25 and

50 ng mL™) for 24 h. In order to evaluate on the role of NF-kB and
antioxidants in TNF-o, cells were pretreated with SN-50 (NF-xB
inhibitor, 50 pg mL™, Calbiochem, La Jolla, CA, USA),
coenzyme Q,, (10 pMm, Sigma-Aldrich, St Louis, MO, USA), or
L-ascorbic acid (100 um, Sigma-Aldrich) for 1 h before incubating
with TNF-a for 24 h. The dose of coenzyme Q,, and L-ascorbic acid
used in this experiment has been shown to contain effective
antioxidant potentials [18,19]. To examine the effects of PPAR
agonists on the expressions of PPAR isoform mRNA, cells were
incubated with PPAR-a ligand (fenofibrate, Synkem, Chenove,
France) and PPAR-y ligands (rosiglitazone, GlaxoSmithKline,
Brentford, UK; pioglitazone, Takeda Pharmaceutical, Osaka,
Japan) at different concentrations (0-1, 1 and 10 pm) for 24 h.

Reverse transcriptase-polymerase chain reaction
Total mRNA was isolated from HL-1 cells and reverse transcribed
by using superscript IIl cDNA synthesis kit (Invitrogen, Carlsbad,
CA, USA) into cDNA according to the manufacturer’s instructions.
The resulting cDNAs were amplified by polymerase chain reaction
(PCR) using primer for mouse PPAR isoforms. The primer
sequence for PCR products are as follows: PPAR-a (GenBank:
NM_011144), forward: 5'-AACATCGAGTGTCGAATATGTGG-3’,
reverse: 5-R-AGCCGAATAGTTCGCCGAAAG-3’; PPAR-y
(GenBank: NM_001127330), forward: 5’-
TGTGGGGATAAAGCATCAGGC-3’, reverse: 5'-
CCGGCAGTTAAGATCACACCTAT-3"; PPAR-8 (GenBank:
NM_0111453), forward: 5~ ACAAGGCCTCGGGCTTCCACTA-3,
reverse: 5-CAGATCCGATCGCACTTCTCATAC-3".
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH, GenBank:

NMO008084), forward: 5-GCTACACTGAGGACCAGGTTGTC-3,
reverse: 5-GAAGGTGGAAGAGTGGGAGTTG-3' served as a
housekeeping gene. After reverse transcriptase-PCR (RT-PCR),
reaction products were separated in 1-6% Tris-borate-EDTA-
agarose gel containing 0-5 ug mL™ ethidium bromide by
electrophoresis. The gel was photographed (Photo Analyst,
Visionary, Fotodyne Inc., Hartland, WI, USA), and band density
was determined by Image-Pro Plus software (Media Cybernetics
Inc., Bethesda, MD, USA). The expressions of PPAR isoforms were
normalized with GAPDH as internal control.

Quantitative real-time PCR

PPAR isoform expression analysis were performed by
quantitative PCR with ABI PRISM 7300 system (Applied
Biosystems, Foster City, CA, USA) using SYBER Green (Applied
Biosystems). Primer sequences for PPAR isoforms were as follows:
PPAR-a: forward: 5-AACATCGAGTGTCGAATATGTGG-3,
reverse: 5'-AGCCGAATAGTTCGCCGAAAG-3’; PPAR-y:
forward: 5'-CCACCAACTTCGGAATCAGC-3’, reverse:
5-AGTGGTCTTCCATCACGGAGGA-3’; PPAR-3:

forward: 5'-CCCACGAGTTCTTGCGAAGT-3’, reverse:
5-TTGGGCTCAATGATGTCACTG-3’; GAPDH: forward:
5-GAAGGTGGAAGAGTCGGAGTTC-3’, reverse:
5-GCTACACTGAGGACCAGGTTGTC-3'. The threshold

cycle (Ct) values for PPAR-a, PPAR-y and PPAR-3 were first
normalized with their respective Ct value for GAPDH and
subsequently to a control sample.

Nuclear and total protein Isolation

Nuclear protein isolation was performed by scraped off cells with
phosphate-buffered saline resuspended in 200 pL of ice-cold
buffer A (10 mm HEPES, pH 7-9, 10 mm KCl, 0-1 mm EDTA,

0-1 mMm EGTA, 1 mMm DTT, protease inhibitor cocktail) after
centrifugation. The cells were lysed by adding Nonidet P-40
(125 pL of 10%) followed by centrifugation (12 000 g) for 30 s.
Pellets were resuspended in ice-cold buffer B (50 pL), containing
HEPES (20 mm), NaCl (400 mm), EDTA (1 mmMm), EGTA (1 mm),
DTT (1 mm), and protease inhibitor cocktail. After centrifugation
at 14 000 g for 5 min, the supernatants were saved as nuclear
fraction and stored at —80 °C. Total protein extraction was derived
from cells lysed in 200 pL of ice-cold Triton-based lysis buffer
(1% Triton X-100, 200 mm Tris pH 7-4, 150 mM NaCl, 1 mm EDTA,
1 mm EGTA, 2-5 mm sodium pyrophosphate, 1 mm B-
glycerophosphate). After centrifugation at 14 000 g for 30 min,
soluble supernatants were stored at -80 °C for further study.

Western blot analysis

Equal amounts of nuclear or total proteins from HL-1 cell were
resolved by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis followed by electrophoretic transfer of proteins
onto nitrocellulose membranes. Blots were probed with antibodies
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against PPAR-a (Santa Cruz Biotechnology, Santa Cruz, CA, USA),
PPAR-y (Santa Cruz Biotechnology), PPAR-5 (Affinity Bio Reagent,
Golden, CO, USA), NF-«B p65 (Santa Cruz Biotechnology) and a
secondary antibody conjugated with horseradish peroxidase-
linked immunoglobulin G (Leinco Technology, St. Louis, MO,
USA). Bound antibodies were detected with ECL detection system
(Millipore, St. Louis, MO, USA) and analysed with Image-Pro
Plus software (Media Cybernetics Inc.). Targeted bands were
normalized to cardiac a-sarcomeric actin (Sigma-Aldrich) to
confirm equal protein loading.

Statistical analysis

All quantitative data are expressed as mean + standard error of the
mean. Statistical analysis were performed using one-way analysis
of variance with a post hoc of LSD or paired ¢-test was used to
compare the differences before and after the drug administration
of HL-1 cells. A P-value of less than 0-05 was considered to be
statistically significant.

Results

Expression of PPAR isoforms in HL-1 cell

Figure 1 shows expressions of different PPAR isoforms in HL-1
cardiomyocytes. Through RT-PCR, PPAR-y has less expression
than PPAR-o and PPAR-3. The percentages of PPAR-a, PPAR-y and
PPAR-8 were 36 + 8%, 23 + 2% and 41 + 1%, respectively (Fig. 1).

TNF-a regulates PPAR isoforms in HL-1 cell

To assess on the regulation of PPAR isoform expression in HL-1
cells, we performed both mRNA and protein analyses. Treatment
of HL-1 cells with TNF-a (50 ng mL™) decreased mRNA
expression of PPAR-a (Fig. 2a) but enhanced the expression of
PPAR-y mRNA level (Fig. 2b). However, TNF-a (1, 10, 25 and

50 ng mL™) did not result in significant change in PPAR-6 mRNA
expression (Fig. 2c). To ascertain whether expression of PPAR
isoform mRNA level is accompanied by increased or decreased in
protein expression of PPAR isoforms, we examined PPAR protein
levels by Western blot. TNF-a (50 ng mL™) decreased PPAR-a
protein (Fig. 3a) but increased PPAR-y protein level (Fig. 3b). In
contrast, treatment with TNF-a. (1, 10, 25 and 50 ng mL’l) did not
result in significant changes in PPAR-3 protein level (Fig. 3c).

Oxidative stress mediates the effects of TNF-a. on
PPARs

We further investigated whether TNF-a could regulate the
expression of PPARs through NF-«kB or oxidative stress. In the
presence of SN-50, TNF-a still has a significant effect on the mRNA
level of PPAR-a and PPAR-y in HL-1 cell. Therefore, the regulation
of TNF-o. on PPARs was not modulated by the NF-xB pathway
(Fig. 4a,c). Figure 4b shows that TNF-a-induced NF-xB p65
nuclear translocation was inhibited by SN-50 and this confirmed

PPAR-o PPAR-y PPAR-3

@éé_ % \

Figure 1 Differential expressions of peroxisome proliferator-
activated receptor (PPAR) isoforms in HL-1 cardiomyocytes.
The mRNA expressions of PPAR-a, PPAR-y and PPAR-3 were
performed by RT-PCR. The expressions of total PPAR isoforms
were calculated as 100% and normalized with GAPDH as internal
control. Results were from three independent experiments.

that SN-50 at 50 pug mL™ can efficiently inhibit the effects of
NF-xB. However, TNF-o-mediated PPAR-o. down-regulation was
prevented by the administration of ascorbic acid (100 um). The
PPAR-y up-regulation was attenuated by 51% in the presence of
ascorbic acid (100 pum). In addition, TNF-a-mediated PPAR-y
up-regulation was also attenuated by 46% in the presence of
coenzyme Q,, (10 pm). Nevertheless, coenzyme Q,, (10 um) did
not alter the effects of TNF-a. on PPAR-a (Fig. 4a,c).

Effects of PPAR ligands on PPAR isoforms in HL-1 cell
Through quantitative real-time PCR, we found that rosiglitazone
(10 um) could increase the expression of PPAR-ymRNA by 41 + 13%
(Fig. 5a), but did not change PPAR-a (Fig. 6a) and PPAR-§ mRNA
expression (Fig. 7a). Similarly, pioglitazone (10 um) could increase
the expression of PPAR-y by 106 + 33% (Fig. 5b), but did not change
PPAR-a (Fig. 6b) and PPAR-6 mRNA expression (Fig. 7b). Moreover,
fenofibrate (0-1 um, 1 pum and 10 uM) can increase expression of

PPAR-y mRNA by 68 + 20%, 137 + 34% and 83 + 20% in a biphasic
concentration-dependent manner (Fig. 5c). Fenofibrate has little

effect on PPAR-a (Fig. 6¢) and PPAR-8 mRNA expression (Fig. 7c).

Discussion

Previous studies have shown that PPARs are expressed in various
types of cells [12,20]. However, the expressions of PPAR isoforms in
atrial myocytes have not been elucidated. In this study, for the first

European Journal of Clinical Investigation Vol 39 25



T |. LEE ETAL. www.ejci-online.com
3 -1

(a) TNF-a (ng mL™)

Control 1 10 25 50
% o (a) TNF-e (ng mL™)
x Control 1 10 25 50
= —~ PPAR-u
T
D= : .
oS go- = * u-actin
@'g g g 1201
%% 40 % § 1004
BQ o
g‘_’ é ;‘,’ 80 *
% 0 = £ 60-
& g 40

T 404
3

(b) TNF-a (ng mL™") % 20

Control 1 10 25 50 w0

PPAR-
o [ ———— (b) —

—  C— -—— —— e PPAR-y
< a-actin
Z 140 * 5 2507
E 120+ £
x S 2001 3
2 =100+ / o

= (=]
§E 80+ % £ 150
55 - £l
Z3 40 % § 100
Ev 20+ é & S0
= <
E ¢ = & o
(C) TNF-a (ng mL™")
Control 1 10 25 50 (c) Whangm)
Control 1 10 25 50
a-actin
& 120+
[&]
< 120+ 5 100
c
L. S 60- §
a's 80+ / 5 \
32 ~ e v S
-0 / 0‘1 | \
=0 Z % 20 N
g5 40- Z g o N
ET /
4 é Figure 3 Effects of tumour necrosis factor-alpha (TNF-a) on
& Z - - . X
e 0 peroxisome proliferator-activated receptor (PPAR) isoform

Figure 2 Effects of tumour necrosis factor-alpha (TNF-a) on
peroxisome proliferator-activated receptor (PPAR) isoform mRNA
expressions in HL-1 cardiomyocytes by RT-PCR. (a) Expressions
of PPAR-o. mRNA was decreased by TNF-o. (50 ng mL™).

(b) TNF-a (50 ng mL™") increased PPAR-y mRNA expressions.
(c) TNF-a (1, 10, 25 and 50 ng mL™") did not alter PPAR-8
expressions. Results were from five independent experiments.
The mRNA expressions of PPAR isoforms were normalized with
GAPDH as internal control. *P < 0-05 vs. the control group.

protein expressions in HL-1 cardiomyocytes by Western blot
analysis. (a) PPAR-a protein expression is decreased by TNF-a
(50 ng mL™"). Results were from five independent experiments.
(b) TNF-o. (50 ng mL™") increased PPAR-y protein expressions.
Results are from four independent experiments. (c) TNF-a

(1, 10, 25 and 50 ng mL™") did not change PPAR-§ protein
expression. Results were from four independent experiments.
The protein level of PPAR isoforms were normalized with
a-sarcomeric actin as internal control. *P < 0-05 vs. the control

group.

26 © 2008 The Authors. Journal Compilation © 2008 Blackwell Publishing Ltd


http://www.ejci-online.T

TNFa AND LIGANDS ON PPARS IN CARDIOMYOCYTES

-

-y

o
N

1204

1004

[ I [=2] =]
[=] (=] o o
I L i n

PPAR-w/GAPDH mRNA, (% of Control)

0

TNF-a(ngmL™) 50 — — — 50 50 50
SN5SO(ugmL™) — 50 — =— 50 =— —
Coenzyme Q10 (um) — — 10 — — 10 —
Ascorbic acid (LIM) —_ f— —_ 100 o - 100

(b) NF-xB p65
TNF-u (ngmL™") — 50 50
SN50 (ugmL™")y — - 50

250+
200+ _T_

150+

()

100+

53]
2

PPAR-y [GAPDH mRNA (% of Control)

0
TNF-a (ngmL') 50 — — — 50 50 50
SN50 (ug mL™") — 50 — = 50 = e

Coenzyme Q10 (um) — — 10 — = 10 =

Ascorbic acid (um) — — — 100 —

Figure 4 Effects of SN-50, ascorbic acid and coenzyme Q;, on
tumour necrosis factor-alpha (TNF-a)-mediated peroxisome
proliferator-activated receptor (PPAR) expressions in
cardiomyocytes. (a) TNF-a-mediated PPAR-oo mRNA down-
regulation in HL-1 cell was not changed with SN50 pretreatment
but was prevented by ascorbic acid. (b) TNF-a-induced nuclear
p65 translocation was prevented by SN50 pretreatment, which
suggests that SN50 efficiently inhibits NF-kB. The protein
expression of NF-xB p65 was analysed by immunoblotting with
anti-NF-xB p65 antibody from nuclear extracts. (c) Both ascorbic
acid and coenzyme Q,, pretreatment of cardiomyocytes

significantly prevented TNF-a-mediated up-regulation of PPAR-

y mRNA. Results are from four independent experiments.
*P < 0:05 vs. the TNF-a-treated group.
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Figure 5 Effects of peroxisome proliferator-activated receptor
(PPAR) ligands on the expression of PPAR-y by real-time PCR in
cardiomyocytes. (a) PPAR-y mRNA expression was increased at
10 um of rosiglitazone. (b) Pioglitazone (10 um) increased PPAR-
y mRNA expression. (c) Fenofibrate (0-1, 1 and 10 um)
significantly increased PPAR-y mRNA expression. Results are
from four independent experiments. The mRNA levels were
normalized with GAPDH as internal control. ¥*P < 0-05 vs. the
control group.
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Figure 6 Effects of peroxisome proliferator-activated receptor
(PPAR) ligands on the expression of PPAR-a by real-time PCR in
cardiomyocytes. Rosiglitazone (0-1, 1 and 10 um, panel a),
pioglitazone (0-1, 1 and 10 pm, panel b), and fenofibrate (0-1, 1
and 10 pm, panel ¢) did not have significant effects on PPAR-a.
mRNA levels were normalized with GAPDH. Results were from
four independent experiments.

time, we demonstrated that three isoforms of PPAR are expressed
in HL-1 cells. Similar to those in the ventricular myocytes [20,21],

PPAR-a and PPAR-6 were expressed abundantly, but PPAR-y was
detected to be low in HL-1 atrial myocytes. Since PPAR-a plays a
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Figure 7 Effects of peroxisome proliferator-activated receptor
(PPAR) ligands on PPAR-§ by real-time PCR in cardiomyocytes.
Rosiglitazone (1 and 10 um, panel a), pioglitazone (1 and 10 pum,
panel b), and fenofibrate (1 and 10 um, panel ¢) did not alter the
expression of PPAR-8 mRNA. The mRNA levels were normalized
with GAPDH as internal control. Results were from three
independent experiments.

role in fatty acid oxidation and triglyceride synthesis, the highly
expressed PPAR-a in the cardiomyocytes may contribute to the
known finding about fatty acid oxidation as the principal source
of heart energy [21,22].
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There is a wealth of studies about inflammation responses
modulated by PPARs. However, the effects of inflammatory
cytokine on PPARs have not been fully elucidated. In this study,
TNF-a was demonstrated to have different effects on the PPAR
isoforms. TNF-a (50 ng mL™) increased PPAR-y mRNA and
protein expressions, but decreased PPAR-ao mRNA and protein
levels in the HL-1 cardiomyocytes. In addition, TNF-a. has little
effects on the PPAR-6 mRNA and protein expression. Similar to
the previous observations, TNF-o has been demonstrated to
down-regulate PPAR-o in rat liver cells, which was hypothesized
to be attributed to diminution in peroxisomal B-oxidation [23].
Previous studies have also shown that cardiac hypertrophy due
to ventricular pressure overload can down-regulate PPAR-o
[22,24,25]. This effect is hypothesized to be a compensatory
phenomenon because reversing the down-regulation of PPAR-o
target genes exerts detrimental effects on cardiac performance.
Therefore, PPAR-a down-regulation by TNF-o. may play a role in
maintaining contractile function during inflammation.

Different from the results of PPAR-o, we have found that
TNF-o increased PPAR-y mRNA and protein expression in the
cardiomyocytes. This finding is similar to the previous
observations in polymononuclear cells [26]. On the contrary,
TNF-o-decreased PPAR-y expression was demonstrated in other
cell types such as adipocytes and hepatic cells [9,11,12,27,28]. These
findings suggest that different cells may have variant responses
during inflammation. A previous study has also shown that
PPAR-y was up-regulated during heart failure induced by
myocardial infarction, which may be caused by the TNF-a effect
[29]. The results observed in our study suggest that the increase
expression of PPAR-y might have been a cellular compensatory
response to attenuate sepsis-induced cytokines.

The proinflammatory cytokine, TNF-a, plays a key role in
various forms of biological processes (including induction of
inflammation, proliferation and apoptosis and production of other
cytokines) and immune responses. NF-«B is a transcription factor
that has a vital role in the downstream signalling targets activated
by TNF-a [30,31]. However, our investigation suggested that the
NF-xB pathway may not play a major role in the effects of
TNF-a on PPARs, since NF-kB inhibitor did not modulate this
effect. On the contrary, we found that ascorbic acid may attenuate
TNEF-a effects on PPAR-a and PPAR-y. It is known that TNF-a
signalling is associated with enhanced generation of reactive
oxygen species, which can modulate gene transcription in
response to inflammatory stimulation [31]. Since ascorbic acid acts
as a potent free radical scavenger protecting cells against oxidative
damage, our results suggest that oxidative stress may contribute
to the effects of TNF-a on PPARs [32]. Moreover, we also
demonstrated that coenzyme Q,, can attenuate the effects of
TNF-o on PPAR-y. Coenzyme Q,, is an essential carrier for
mitochondrial electron transport system and plays a significant
role in the energy metabolism [33]. This finding further confirmed

the role of oxidative stress on the regulation of PPAR-y by TNF-a..
However, coenzyme Q) has insignificant effects on PPAR-a,
which was different from the results in ascorbic acid. Ascorbic acid,
a water-soluble antioxidant, probably has a different effect from
coenzyme Q,,, which is a hydrophobic antioxidant.

Although rosiglitazone, pioglitazone and fenofibrate have
several cardiovascular effects, it is not clear whether PPAR-o and
PPAR-y ligands can regulate the expressions of PPAR isoforms in
the cardiomyocytes. In this study, we have found that both
rosiglitazone and pioglitazone can increase PPAR-y expression
without effects on PPAR-a.. These effects may contribute to the
known anti-inflammatory effects of rosiglitazone and
pioglitazone. Interestingly, we also demonstrated that fenofibrate
can increase PPAR-y in a biphasic dose-dependent manner.
Although the mechanism remains uncertain, it might be caused
by the resemblance in some of the transcription factor response
elements in the promoter region of PPAR-a and PPAR-y.

In conclusion, TNF-a may differentially regulate PPAR isoforms
in cardiomyocytes through oxidative stress. Rosiglitazone,
pioglitazone and fenofibrate can increase the expression of
PPAR-y, which may account for the anti-inflammation potentials
of PPAR ligands.
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