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Aim: Previous studies demonstrated that endothelin-1 (ET-1) can significantly increase the cell size 
and stimulate adiponectin expression in cultured human cardiomyocytes (HCM). The aim of the 
present study was to investigate the effects of fenofibrate, a peroxisome proliferator-activated 
receptor-α (PPARα) activator, on cell hypertrophy and adiponectin expression in vitro and in a rat 
model of daunorubicin-induced cardiomyopathy.
Methods: The cultured human cardiomyocytes (HCM) were stimulated with or without ET-1. The 
cell size and the protein expressions of PPARα and adiponectin were tested by confocal Immunofluo-
rescence study and Western blot, respectively. To study the effects of PPARα activation on ET-1-in-
duced cell hypertrophy and adiponectin protein synthesis, HCM were pretreated with fenofibrate or 
small interfering RNA (siRNA) of PPARα. Echocardiographic parameters were measured and immu-
nohistochemistry study of myocardial adiponectin expression was conducted in the in vivo study.
Results: ET-1 significantly increased the cell size, dose-dependently suppressed the expression of 
PPARα, and enhanced the expression of adiponectin; whereas, such an increase of cell size and 
enhancement of adiponectin expression were inhibited by the pre-treatment with fenofibrate. Addi-
tion of siRNA of PPARα abolished the effects of fenofibrate. Moreover, we found that fenofibrate 
treatment can significantly improve the left ventricular function and reverse the myocardial expres-
sion of adiponectin.
Conclusions: Our study shows that fenofibrate may protect against ET-1-induced cardiomyocyte 
hypertrophy and enhanced adiponectin expression through modulation of PPARα expression in vitro 
and limitation of daunorubicin cardiotoxicity in vivo, suggesting a novel mechanistic insight into the 
role of PPARα and adiponectin in cardiac hypertrophy and heart failure.
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function in response to physiological or pathological 
stresses. However, unremitted hypertrophy can lead to 
heart failure and sudden death1). Among the neurohu-
moral factors activated in those conditions, endothe-
lin-1 (ET-1) plays an important role in the genesis of 
myocyte hypertrophy2).

Peroxisome proliferator-activated receptor α 
(PPARα) deficiency can induce impaired functional 
capacity of the heart3-6). PPARα activator fenofibrate 
can reduce cardiac hypertrophy, decrease cardiac fibro-

Introduction

Cardiac hypertrophy is considered as a compen-
satory mechanism that temporarily maintains pump 
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sis, attenuate cardiac dysfunction, and improve survival 
through suppression of pro-inflammatory, pro-hyper-
trophic, and pro-fibrotic gene expression7-10). Fenofi-
brate was reported to suppress ET-1-induced cardiac 
hypertrophy by down-regulation of activator protein-1 
(AP-1) binding capability, inhibition of p38 signaling, 
and modification of the nuclear factor of activated 
T-cells (NFAT)-related signaling systems11-14). More-
over, atorvastatin inhibited cardiac hypertrophy through 
inhibition of negative cross-talk between PPARα and 
nuclear factor-kappa B (NF-κB)15). Furthermore, the 
previous study has demonstrated that fenofibrate 
might also ameliorate cardiac hypertrophy via down-
regulation of myocardial lipid and glucose metabo-
lism14). However, other possible molecular mechanisms 
of the inhibition of cardiomyocyte hypertrophy by 
activated PPARα remain to be elucidated.

Adiponectin, an adipokine, has also been reported 
to play an important role in the regulation of cardiac 
remodeling16-19). Adiponectin over-expression can 
reverse the cardiac dysfunction induced by various 
pathological factors, including ET-117-19). Moreover, 
adiponectin may significantly enhance PPARα activ-
ity, and the adiponectin-dependent PPARα activation 
may play a protective role against angiotensin Ⅱ- 
induced cardiac hypertrophy and fibrosis18-20). In our 
previous studies, both ET-1 and angiotensin Ⅱ have 
been discovered to acutely stimulate adiponectin 
expression and significantly increase cell size in cul-
tured human cardiomyocytes (HCM)21, 22). As far as 
we know, no specific data concerning the functional 
relationship between fenofibrate, ET-1-induced adipo-
nectin expression, and cell hypertrophy have yet been 
reported.

Aim

In the current study, we focused on surveying the 
effects of fenofibrate, a PPARα activator, on cell hyper-
trophy and adiponectin expression in vitro and on 
amelioration of daunorubicin cardiotoxicity in a rat 
model. The Ethical Committee of Cheng Hsin Gen-
eral Hospital has approved the experiments. Through-
out the study, all animals were treated in accordance 
with the guidelines for animal experimentation of our 
institute.

Methods

Culture of HCM
HCM (Cat. No. 6200) were purchased from Sci-

enCell Research Laboratories (Carlsbad, CA) and 
grown in Cardiac Myocyte Medium (CMM, Cat. No. 
6201) supplemented with 5% of fetal bovine serum, 

1% of cardiac myocyte growth supplement (CMGS, 
Cat. No. 6252), and 1% of penicillin/streptomycin 
solution (P/S, Cat. No. 0503). Cells were grown on 
poly-L-lysine-coated culture dish in a humidified 
incubator with 5% CO2 at 37℃. The culture medium 
was renewed every 3 to 4 days. With no exception, 
primary cells were used for experiments.

Western Blot Analysis
The cell lysate was prepared using cell lysis buffer 

(Cell Signaling, Beverly, MA) and then Western blot 
analysis was performed. The cell lysate (25 to 40 µg) 
was subjected to 12% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and transferred to poly-
vinylidene difluoride membranes blotted beforehand. 
Having been blocked with 5% skim milk in Tween-
20/PBS, blots were incubated with various primary 
antibodies. Equal protein loading of the samples was 
verified by staining monoclonal α-tubulin or β-actin 
antibody (Chemicon, Temecula, CA). Blots were then 
incubated with the horseradish peroxidase-conjugated 
secondary antibodies. The signal was detected using 
Chemiluminescence Reagent Plus (NEN, Boston, 
MA). The intensity of each band was scanned and 
quantified using a densitometer linked to a computer 
software (ImageQuant, Amersham, UK).

Immunocytochemical Localization of β-Actin
Briefly, cells were cultured on glass coverslips 

coated with collagen Ⅳ (Sigma, Saint Louis, MO) and 
incubated with or without various agents. Cells were 
then washed with cold PBS and fixed with 4% para-
formaldehyde in PBS at 4℃ for 15 mins. The cells 
were treated with PBS containing 0.05% Triton X-100 
for 5 mins and, then, blocked with PBS containing 
5% BSA at room temperature for an hour. Mouse 
anti-human β-actin antibody (1:400; Santa Cruz Bio-
technology, Santa Cruz, CA) was added and incubated 
at 37℃ for 1.5 hrs. Having been rinsed with PBS, the 
cells were incubated with goat anti-mouse IgG anti-
body (1:400; Linex Technologies, Palm Beach Gar-
dens, FL) for one hour. After washing with PBS, the 
cells were mounted using Vectashield mounting 
medium (Vector Laboratories, Burlingame, CA) and 
examined with a Leica TCS SP2 confocal laser-scan-
ning microscope (Leica Microsystems, Wetzlar, Ger-
many).

Analysis of Cardiac Myocyte Hypertrophy23)

Phase contrast micrograph images of cardiac myo-
cytes were captured using a camera (Nikon Europe 
B.V., Lijnden, Netherlands) and cell outlines were 
traced and digital image analyses were performed 
using NIS-Elements Imaging Software (Nikon Imag-
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fibrate on cardiomyocyte hypertrophy and adiponec-
tin expression, the confluent HCM were pre-treated 
with the growth medium supplemented with 100 µM 
fenofibrate for 18 hrs, followed by ET-1 (150 nM) 
stimulation or control medium for 12 hrs at 37℃. The 
cardiomyocyte hypertrophy and the expression of adi-
ponectin were next confirmed by Confocal Immuno-
fluorescence study and Western blot, respectively. Since 
a daily dosage of 200 mg of fenofibrate produced 
plasma concentrations within the range of 5 –35 mg/l 
(14–100 µM) in 12 dyslipidaemic patients receiving 
the drug over a 3-month period, the doses we studied 
in this experiment were clinically relevant24).

In vivo Study25)

An in vivo study using a rat model of daunorubi-
cin (an anthracycline)-induced cardiomyopathy was 
designed to support the pathophysiological relevance 
between fenofibrate treatment, adiponectin, and heart 
failure. Briefly, four-week-old male Sprague-Dawley 
rats were treated with a cumulative dose of 9 mg/kg 
body weight daunorubicin (i.v.). These animals were 
then randomly assigned to fenofibrate-treated (100 
mg/kg/day, p.o., the fenofibrate group, n=6) or vehi-
cle-treated (the HF group, n=6) groups; age-matched 
normal rats were used as the control group (n=6). 
Fenofibrate treatment was continued for 12 weeks. 
Echocardiographic parameters, such as left ventricular 
(LV) diastolic and systolic dimensions, and % frac-
tional shortening (% FS) were measured at baseline 
and at the 4th, 6th, and 12th weeks. The rats were 

ing, Japan). Myocytes were identified by immunofluo-
rescence staining for β-actin. Cell surface areas calcu-
lated by planimetry were doubled to account for sur-
faces in contact with the plate. Cells were measured in 
each randomly selected field for cells treated under 
each condition. The identity of the samples was con-
cealed from the observer during image analyses.

Small Interfering RNA of PPARα
Small interfering ribonucleic acid (siRNA), a 

specific double-stranded 21-nucleotide RNA sequence 
homologous to the target gene, was used to silence 
PPARα expression. Respectively, siRNA for PPARα 
and Negative Control (NC) siRNA were purchased 
from Ambion (Austin, TX) and Santa Cruz Technol-
ogy (Santa Cruz, CA). Inhibition of PPARα protein 
expression was assessed by immunoblot analysis after 
transfection HCM with PPARα– siRNA. Briefly, cells 
were grown in 100-mm dishes and transiently trans-
fected with 20 nM siRNA using 8 ml of siPORT 
Amine (Ambion Inc., Austin, TX) in a total transfec-
tion volume of 0.5 ml of medium. After incubation at 
37℃ in 5% CO2 for 5 hours, 1.5 ml of normal 
growth medium was added and incubated with cells 
for 48 hours.

Pharmacological Treatments with Fenofibrate
Fenofibrate was obtained from Laboratories Fou-

rnier S.A. (Fontaine Les Dijon, France) as a gift and 
subsequently dissolved in dimethyl sulfoxide as a stock 
solution. To test the probable inhibitory effect of feno-

Fig.1. Induction of adiponectin on human cardiomyocytes (HCM) by endothelin-1 (ET-1). (A) 
ET-1 stimulation led to an increase, reaching a peak at 48 hrs, in adiponectin protein expres-
sion, compared to those incubated with control medium. (B) ET-1 at 100 nM (48 hrs) 
showed the maximal effect in enhancing adiponectin protein expression in HCM.

＊ denoted P＜0.05 vs. control. Results are representative of three independent experiments.
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Results

Induction of Adiponectin on HCM by ET-1
The ET-1-induced adiponectin protein expres-

sions were both time- and dose-dependent. ET-1 stim-
ulation led to an increase in adiponectin protein 
expression (reaching a peak at 48 hrs.), compared to 
those incubated with control medium (Fig.1A). 
Moreover, ET-1 at 100 nM showed the maximal effect 
in enhancing adiponectin protein expression in HCM; 
hence, the concentration of ET-1 used for the follow-
ing experiments was 100 nM for 48 hrs (Fig.1B).

Suppression of the Expression of PPARα on HCM 
by ET-1

Incubation of HCM with ET-1 dose-dependently 
suppressed the expression of PPARα compared to 
those incubated with control medium (Fig.2); how-
ever, incubation of HCM with ET-1 did not affect the 
expression of PPARβ/δ or PPARγ.

Enhancement of Adiponectin Expression by ET-1 
in HCM was Inhibited by Pre-Treatment with 
Fenofibrate

HCM were pre-treated with fenofibrate (a PPARα 
activator) at various indicated concentration levels, 30 
mins before the addition of control medium and with 
100 nM ET-1 for 48 hrs. The enhanced adiponectin 
protein expression in ET-1-stimulated HCM was sig-
nificantly reduced dose-dependently, after the HCM 
had been pretreated with the growth medium supple-
mented with fenofibrate (Fig.3A). Addition of siRNA 

sacrificed in the 12th week and their blood samples 
were immediately collected and processed. The plasma 
was separated by centrifugation and then frozen under 
－20℃ and stored at that temperature until analysis. 
Plasma concentrations of adiponectin were measured 
using commercial sandwich enzyme-linked immuno-
sorbent assays (R & D Systems, Inc., Minneapolis, 
MN).

The heart specimens were dissected from the left 
ventricle, and the rat myocardial tissues were fixed in 
4% buffered formalin solution overnight. They were 
then embedded in paraffin and sectioned in 5 µm 
thickness. The paraffin sections were de-paraffinized 
with xylene and stained with mouse anti-rat adiponec-
tin antibodies (R&D Systems, Inc. Minneapolis, MN) 
overnight. After being washed in PBS, the sections 
were incubated for 1 hour at room temperature with 
horseradish peroxidase-conjugated rabbit anti-mouse 
IgG. Next, 0.1% DAB was mixed in Tris HCl and 
H2O2, and the mixture was dropped onto the slides; 
after 3 –5 minutes, the stained tissues were observed 
with a microscope. Finally, the sections were washed 
with PBS again, counter-stained with Hematoxylin, 
mounted using mounting medium, and then exam-
ined with a microscope.

Statistics Analyses
All values were expressed as mean±SEM. Com-

parisons between multiple groups were determined by 
means of a one-way analysis of variance (ANOVA) 
followed by Dunnett’s test. A P value ＜0.05 was con-
sidered statistically significant.

Fig.2. Suppression of the expression of peroxisome proliferator-activated receptor α (PPARα) on human cardiomyocytes (HCM) 
by endothelin-1 (ET-1). Incubation of HCM with ET-1 dose-dependently suppressed the expression of PPARα compared 
to those incubated with control medium; however, incubation of HCM with ET-1 did not affect the expression of PPARβ/δ 
or PPARγ.

＊ denoted P＜0.05 vs. control. Results are representative of three independent experiments.
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fibrate treatment (as shown in Table 1), although the 
reduction did not reach statistical significance. Com-
pared with those of the control group, circulating lev-
els of adiponectin were significantly increased in HF 
group and fenofibrate group (P＜0.05). Moreover, 
they were significantly lower in fenofibrate group vs. 
HF group (P＜0.05).

Fig.5A and 5B show representative left ventricu-
lar (LV) M-mode echocardiographic recordings. Dau-
norubicin administration significantly increased LV 
dimensions and reduced % FS (P＜0.05), relative to 
the control group. With fenofibrate treatment, the 
increase in LV dimensions and reduction of % FS were 
not statistically significant (Table 1, Fig.5A and 5B).

To investigate whether adiponectin acts directly 
on cardiac tissues, we performed immunohistochemis-
try by staining heart sections with anti-adiponectin 
antibody. The presence of adiponectin proteins was 
observed in the representative rat myocardium speci-
mens through immunohistochemistry study (Fig.5C). 
The myocardial tissues obtained from the rats in the 
HF group expressed significantly higher amount of 
adiponectin, compared to the myocardium obtained 
from the rats in the fenofibrate group and normal 
controls.

of PPARα abolished the effects of fenofibrate (Fig.3B).

ET-1 Induced Hypertrophy of Cardiomyocytes in 
vitro; Whereas, Such Increase of Cell Size was 
Inhibited by Pre-Treatment with Fenofibrate (Fig.4)

To examine the effects of ET-1 in cardiomyocytes 
at the cellular level, we used in vitro cell culture study-
ing cardiomyocyte hypertrophy with HCM. To assess 
cellular hypertrophy, the cell size of cardiomyocytes 
was observed using confocal immunofluorescence 
study. All cells were pretreated with fenofibrate 100 
µM for 30 mins and, subsequently, stimulated with 
100 nM ET-1 for 48 hrs. ET-1 significantly increased 
the cell size of cardiomyocytes (upper right panel), 
compared to that of the control group (upper left 
panel); but fenofibrate inhibited ET-1-induced cellu-
lar hypertrophy (lower left panel). In addition, the 
small interfering RNA (siRNA) of peroxisome prolif-
erator-activated receptor α (PPARα), instead of the 
negative control (NC) siRNA, abolished the effects of 
fenofibrate (lower middle and right panels).

Results of the in vivo Study (Table 1 and Fig.5)
In the in vivo study, heart weight/body weight 

(HW/BW) was significantly increased in HF group 
(P＜0.05 vs. Control group) and was reduced by feno-

Fig.3. Enhancement of adiponectin expression by endothelin-1 (ET-1) in human cardiomyocytes 
(HCM) was inhibited by pre-treatment with fenofibrate. (A) Enhanced adiponectin protein 
expression in ET-1-stimulated HCM was significantly reduced dose-dependently, after the HCM 
had been pretreated with the growth medium supplemented with fenofibrate. (B) Addition of 
small interfering RNA (siRNA) of peroxisome proliferator-activated receptor α (PPARα) abol-
ished the effects of fenofibrate.

＊ denoted P＜0.05 vs. control. Results are representative of three independent experiments.
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notion that PPARα deficiency can lead to impaired 
functional capacity of the heart8). PPARα activator 
fenofibrate reduces cardiac hypertrophy, decreases 
cardiac fibrosis, attenuates cardiac dysfunction and 
improves survival, and causes suppression of proin-
flammatory, prohypertrophic, and profibrotic gene 
expression7-10, 13, 14). Animal study has clearly demon-
strated that myocardial fibrosis can be effectively 
inhibited by fenofibrate through suppression of AP-1-
mediated ET-1 gene augmentation8). Our data also 
confirm that ET-1-induced cell hypertrophy and the 
decrease in the PPARα level in cardiomyocytes can be 
improved by fenofibrate, which is consistent with pre-
vious reports.

Another important and intriguing finding of our 
study is that ET-1 time- and dose-dependently 
enhanced the expression of adiponectin; whereas, such 
an enhancement of adiponectin expression was inhib-
ited by pre-treatment with fenofibrate. Moreover, 
addition of siRNA of PPARα abolished the effects of 
fenofibrate. Recently, ET-1 has been shown as a regu-
latory factor in the secretion of different adipokines, 
including adiponectin27). Through the endothelin type 
A receptor, ET-1 stimulates adipocytes to secrete adi-
ponectin, suggesting that ET-1 may play a significant 
role in the regulation of adiponectin in adipose tis-
sue27). The reasons and detailed mechanisms as to why 

Discussion

The study demonstrated that in the cultured 
HCM, ET-1 caused a significant increase in cardio-
myocyte size, adiponectin protein expression, and 
down-regulation of PPARα; however, such increase of 
cell size and enhancement of adiponectin expression 
were reduced by pre-treatment with fenofibrate. The 
addition of siRNA of PPARα abolished the effects of 
fenofibrate, suggesting that the beneficial effects of 
fenofibrate on cardiomyocytes are exerted through 
PPARα modulation. Moreover, in a rat model of dau-
norubicin-induced cardiomyopathy, fenofibrate treat-
ment improved left ventricular contraction, reduced 
the elevated circulating adiponectin levels, and ame-
liorated adiponectin protein expression in the myocar-
dium.

ET-1 plays a critical role in the progression of 
myocyte hypertrophy2). The influence of ET-1 on the 
renin-angiotensin-aldosterone system also plays an 
important role in the structural, electrical, and neuro-
hormonal remodeling of myocardium26). Down-regu-
lation of PPARα is observed in diseased hearts, such 
as those with cardiac hypertrophy and failure3-6). ET-1 
caused a significant down-regulation of PPARα in 
cultured HCM as observed in our study, and this is a 
novel finding and provides a strong support to the 

Fig.4. Cell hypertrophy of cardiomyocytes induced by endothelin-1 (ET-1) was inhibited by pre-treat-
ment with fenofibrate. (A) To assess cellular hypertrophy, the cell size of cardiomyocytes was 
observed using Confocal Immunofluorescence study. ET-1 significantly increased the cell size of 
cardiomyocytes (upper right panel), compared to that of the control group (upper left panel); 
however, fenofibrate inhibited ET-1-induced cellular hypertrophy (lower left panel). In addi-
tion, the small interfering RNA (siRNA) of peroxisome proliferator-activated receptor α 
(PPARα), instead of Negative Contral (NC) siRNA, abolished the effects of fenofibrate (lower 
middle and right panels). (B) Quantitative results of the cell surface area of cardiomyocytes 
treated with fenofibrate, PPARα siRNA, or NC siRNA in response to ET-1 for 48 hours 
(n≧10 cells per experimental group). Results are representative of three independent experi-
ments.
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a physiological counter-regulating response to ET-1-
induced downregulation of PPARα. One recent study 
has demonstrated that adiponectin significantly 

adiponectin expression increases in response to ET-1 
stimulation in cultured HCM remain unclear. One 
possible explanation is that the elevated adiponectin is 

Table 1. Demographic, echocardiographic data and circulating biomarkers of the rats in the in vivo study

Parameters
Control group

(N=6)
HF group

(N=6)
FENO group

(N=6)

Body weight (g) 5 week/17 week
Heart weight (g)
HW/BW (%)
Adiponectin (ng/mL)
Baseline FS (%)
FS at 12-week (%)

160.5±0.5/280.3±21.6
0.76±0.25
0.27±0.07
3.36±2.5

62±3
59±3

156.5±1.5/331.7±17.5＊

1.01±0.10＊

0.30±0.02＊

11.3±7.8＊

59±3
52±3＊

158.5±0.7/352.0±16.5＊

0.98±0.11＊

0.28±0.03
6.11±5.5＊, ＊＊

61±2
57±2

＊P＜0.05 vs. Control group; ＊＊P＜0.05 vs. HF group; (N) is the number of animals used to calculate the mean±S.E.M. of the presented data in 
Control group (normal control rats), HF group (rats received daunorubicin followed by treatment with vehicle), and FENO group (rats received 
daunorubicin followed by treatment with fenofibrate).
HF, heart failure; FENO, fenofibrate; HW, heart weight; BW, body weight; FS, fractional shortening

Fig.5. In the rat model of daunorubicin-induced cardiomyopathy, panels A and B show representative 
left ventricular (LV) M-mode echocardiographic recordings at baseline and at 12th week, respec-
tively. Daunorubicin administration significantly increased LV dimensions (HF) and the increase 
in LV dimensions was not statistically significant with the treatment of fenofibrate. C. Immuno-
histochemistry study (IHC) demonstrates that the myocardial expression of adiponectin is signifi-
cantly higher in the HF group, compared to those in the myocardium obtained from the rats in 
the fenofibrate group and normal controls.
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ment of left ventricular ejection fraction in both acute 
and chronic heart failure patients35, 36). In our in vivo 
study, that also supports this hypothesis, we have dis-
covered that fenofibrate treatment is able to signifi-
cantly reduce circulating levels of adiponectin, improve 
the left ventricular function, and reverse the myocar-
dial expression of adiponectin. However, whether the 
use of fenofibrate really works in the prevention of 
cardiac hypertrophy or treatment of heart failure 
patients, still awaits confirmation via further clinical 
trials. Whether adipokines, such as adiponectin, may 
become potential targets for the treatment, also calls 
for further investigations.

Our study does not exclude a role for the effects 
of PPARα activators on the expression of other factors 
involved in cardiomyocyte hypertrophy and adiponec-
tin expression. Nor does it rule out the possibility that 
the molecules tested may act through unrelated mech-
anisms in addition to PPARα activation. For instance, 
fenofibrate can suppress ET-1-induced cardiac hyper-
trophy by down-regulation of AP-1 binding capability 
and inhibition of p38 signaling11, 12). In our previous 
study, we demonstrated that angiotensin Ⅱ-enhanced 
adiponectin expression in cultured HCM can be inhib-
ited by angiotensin receptor blocker through ERK, 
p38, and JNK pathways22). Therefore, it is reasonable 
to hypothesize that such a link may also exist between 
various mitogen-activated protein kinase signaling cas-
cades, PPARα, adiponectin, and cardiac hypertrophy. 
However, it is only fair to emphasize here that the 
present study was designed to merely study the possi-
ble physiologic protective role of fenofibrate; hence, 
the study results proffer some clues to the research of 
the mechanisms of adiponectin in the pathophysiol-
ogy of cardiac hypertrophy. No definite conclusion 
can be drawn regarding which mechanisms are more 
relevant from the present study. Further investigation 
into the pathophysiologic interaction among adipo-
nectin, adiponectin receptors, together with their inter-
play in signal transduction, so as to gain additional 
insight into the precise regulatory mechanisms for the 
myocardial expression of adiponectin in cardiomyo-
cyte hypertrophy and the complex interaction between 
ET-1, adiponectin, PPARα, and fenofibrate, will be 
most fascinating and has the potential to lead to the 
discovery of novel treatment strategies for cardiac 
hypertrophy and heart failure.

Conclusions

In conclusion, we have demonstrated that adipo-
nectin, ET-1, and PPARα are closely associated with 
one another and partly contribute to the pathogenesis 
of cardiac hypertrophy and heart failure, but the pre-

enhanced PPARα activity, and the adiponectin-depen-
dent PPARα activation played a protective role against 
angiotensin Ⅱ-induced cardiac fibrosis19). The other 
possible explanation is that acutely enhanced expres-
sion of adiponectin to ET-1 stimulation or accumula-
tion of adiponectin in injured heart tissues may repre-
sent a compensatory response, and probably acts as an 
endogenous anti-hypertrophic and anti-fibrotic agent, 
which leads to protection against the progression of 
myocardial injury through regulation of cardiac remod-
eling17, 18), much like natriuretic peptides. Through 
activation of AMP-activated protein kinase (AMPK) 
signaling, adiponectin inhibits hypertrophic signaling 
in the myocardium, including that induced by endo-
thelin stimulation17, 18, 20, 28). Moreover, supplementa-
tion of exogenous adiponectin may directly protect 
cardiomyocytes in adiponectin-deficient animals17, 18, 28).

However, adiponectin is best known to confer 
numerous cardioprotective effects, but it would be 
naive to assume that this has always been the case. 
Plasma adiponectin concentrations are increased in 
patients with overt heart failure and high adiponectin 
levels are independently predictive of clinical out-
comes in heart failure29, 30). In our previous study, the 
myocardial tissue expression of adiponectin was related 
to the severity of heart failure, suggesting that adipo-
nectin may play a role in the progression of heart fail-
ure and metabolism disturbance in advanced heart 
failure30). In fact, some of the effects of adiponectin 
may adversely affect the cardiovascular system or even 
the whole body while being chronically activated, such 
as in the case of chronic heart failure. For instance, 
adiponectin may activate NF-κB and AP-1, resulting 
in expression of proinflammatory genes and enhance-
ment of angiotensin Ⅱ– induced proliferation in car-
diac fibroblasts, which may in turn play a role in heart 
failure progression31, 32). Moreover, adiponectin can 
increase energy expenditure and decrease body weight, 
which may participate in the development of cardiac 
cachexia33, 34). Therefore, the increase in plasma adipo-
nectin in chronic heart failure can also represent short-
term beneficial adaptive responses on acute injury, 
which may eventually turn into harmful maladaptive 
signals on prolonged and chronic activation, like the 
sustained sympathetic hyperactivity in the advanced 
heart failure35). In actuality, greater cardiac disease 
severity can lead to greater salvage attempts; hence, a 
higher adiponectin concentration. If so, with success-
ful anti-failure therapy, the plasma adiponectin con-
centrations should return to baseline conditions with 
improvement of HF. Supporters of this hypothesis 
have recently published reports to demonstrate that 
anti-failure treatment was associated with reduced 
plasma adiponectin concentration and the improve-
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