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Abstract We recently identified leptin as a downstream

factor mediating the hypertrophic effects of both angiotensin

II and endothelin-1 in cardiomyocytes, an effect dependent

on increased leptin biosynthesis, however, the mechanism

for such increased leptin production is not known. This study

was designed to elucidate the mechanisms underlying

angiotensin II- and endothelin-1-stimulated synthesis in

cultured ventricular myocytes. The hypertrophic effects of

both angiotensin II (100 nM) and endothelin-1 (10 nM)

were associated with increased leptin secretion and gene

expression by 40 and 50 %, and 86 and 68 %, respectively.

These effects were associated with significantly increased

nuclear factor kappa-light-chain-enhancer of activated B

cells (NF-jB) phosphorylation by 34 and 52 %, as well as

enhanced translocation of NF-jB into nuclei and also the

NF-jB-DNA binding activity by 35 and 31 % induced by

angiotensin II and endothelin-1, respectively. On their own,

24 h treatment with either angiotensin II or endothelin-1

increased cell surface area by 30 and 40 %, protein synthesis

by 30 % and the a-skeletal actin gene by 53 and 68 %,

respectively, indicating a robust hypertrophic effect whereas

this was completely prevented by NF-jB inhibition. In

addition, NF-jB inhibition significantly attenuated angio-

tensin II and endothelin-1-induced p38 MAPK activation

whereas inhibition of p38 MAPK blocked both angiotensin

II- and endothelin-1-induced increases in leptin secretion.

The ability of both angiotensin II- and endothelin-1 to

increase leptin production in cardiomyocytes and the

resultant hypertrophic response are mediated by NF-jB and

dependent on p38 MAPK activation.
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Introduction

The plasma concentrations of leptin, a 16 kDa peptide

which is a product of the obesity gene, are greatly elevated

in obesity and to a lesser extent in cardiovascular disease

including heart failure [1, 2], independently of obesity.

There still remains substantial uncertainty as to the role of

leptin in the heart failure process although both leptin and

its receptors are upregulated in the failing heart [3, 4] and

we and others have shown that inhibition of leptin

expression [3] or blocking of leptin receptors [5] attenuates

postinfarction ventricular dysfunction. Both angiotensin II

(Ang II) and endothelin-1 (ET-1) plasma concentrations

are also increased in patients with heart failure [6, 7]. We

have previously reported that both Ang II and ET-1 stim-

ulate leptin production in cultured rat ventricular myocytes

via de novo synthesis and that leptin likely mediates the

pro-hypertrophic effects of these compounds since leptin

receptor blockade inhibited the hypertrophic effects of both

Ang II and ET-1 [8]. However, the mechanisms underlying

the stimulation of leptin production and secretion in cardiac

cells are not known.
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A number of signaling pathways has been implicated in

the hypertrophic program initiated by Ang II and ET-1.

One pathway which has attracted substantial attention is

nuclear factor kappa-light-chain-enhancer of activated B

cells (NF-jB) which has been shown to participate in the

hypertrophic response to both Ang II and ET-1 [9–11] as

well as Ang II-induced left-ventricular remodeling [12].

Moreover, NF-jB inhibition has been shown to prevent

cardiac hypertrophy and heart failure [13]. However, it

appears that the hypertrophic response to Ang II and ET-1

is complex and also involves activation of mitogen-acti-

vated protein kinases (MAPKs) [14, 15]. Leptin also acti-

vates MAPKs in cardiomyocytes [16]. In view of the

apparent role of leptin in mediating the pro-hypertrophic

effect of both Ang II and ET-1, we hypothesized that

activation of NF-jB and MAPKs could be potential

mechanisms involved in the stimulation of leptin synthesis

induced by Ang II and ET-1. Accordingly, this study was

performed to determine the relative contributions of NF-jB

and MAPKs toward Ang II and ET-1-induced increase in

leptin production in cardiomyocytes and the relationship

between these effects and the hypertrophic responses to

both agonists.

Materials and methods

Materials

One-day old Sprague–Dawley neonatal rat pups were

purchased from Charles River (St. Constant, QC, Canada).

Trizol and superscript II RNase H-reverse transcriptase

were from Invitrogen (Carlsbad, CA, USA). ELISA assay

kit for leptin determination was purchased from assay

designs (Ann Arbor, MI, USA). Antibodies for Western

blotting were either from Cell Signaling Technology

(Beverly, MA, USA) (P-p38, P-ERK1/2, P-NF-jB, NF-jB,

and GAPDH) or Santa Cruz Biotechnology (Santa Cruz,

CA, USA) (p38, ERK1/2, and PCNA). Reagents for protein

assays were from Bio-Rad Laboratories (Mississauga, ON,

Canada). The NF-jB inhibitor 6-Amino-4-(4-phenox-

yphenylethylamino) quinazoline was purchased from EMD

Chemicals (Gibbstown, NJ, USA). The L-leucine [3,4,5-

3H] was purchased from MP Biomedicals (Solon, OH).

Penicillin and streptomycin used for culture medium were

purchased from Invitrogen Canada Inc. (Burlington, ON,

Canada). All other chemicals and drugs were purchased

from Sigma-Aldrich Canada (Oakville, ON, Canada).

Primary culture of cardiomyocytes

The procedures followed are in accordance with the

University of Western Ontario animal care guidelines,

which conform to the guidelines of the Canadian Council

on Animal Care (Ottawa, ON, Canada). Primary cultures

of cardiomyocytes were prepared from 1-day old Spra-

gue–Dawley neonatal rat heart ventricles as described

previously [17]. Rats were sacrificed by decapitation and

hearts were excised and rinsed in buffer containing 19

Hank’s balanced salt solution (HBSS), 20 mM HEPES,

and 1 % Penicillin Streptomycin. Ventricles were then

minced with a scalpel mounted with a surgical blade and

the minced tissue was transferred to a water-jacketed

Erlenmyer flask maintained at 37 �C. The tissue was

subjected to six sequential digestions using a solution

containing 0.4 % type 2 collagenase, 19 HBSS, 20 mM

HEPES, 100 U/ml penicillin, and 100 lg/ml streptomy-

cin. After each extraction, the supernatant was added to a

tube having an equal volume of 19 HBSS, 20 % fetal

bovine serum, and 1 % Penicillin Streptomycin to stop

collagenase activity. All extractions were then pooled,

filtered using a 70 lm cell strainer and centrifuged at

5009 g for 5 min at 4 �C. The pellet was resuspended in

cell culture medium containing Dulbecco’s-modified

Eagle’s medium and Ham’s F-12 supplemented with

10 % fetal bovine serum, 10 lg/ml transferrin, 10 lg/ml

insulin, 10 ng/ml selenium, 100 units/ml penicillin,

100 lg/ml streptomycin, 2 mg/ml bovine serum albumin

BSA), 5 lg/ml linoleic acid, 3 mM pyruvic acid, 1 %

minimum essential medium (MEM) non-essential amino

acids, 0.1 % MEM vitamin, 0.1 mM bromodeoxyuridine,

100 lM L-ascorbic acid, and 30 mM HEPES (pH 7.14)

and two 30 min periods of preplating were carried out to

enrich the cardiomyocyte population. Myocytes were then

plated on Primaria dishes and cultured for 48 h. The cells

were washed with phosphate-buffered saline (PBS) and

cultured for 24 h in cell culture medium devoid of fetal

bovine serum before starting treatment. Based on the

percentage of cells demonstrating myosin staining, there

was \5 % contamination by non-cardiomyocytes in our

preparation.

Cell surface area analysis of cardiomyocytes

Cells were cultured for 24 h in serum-containing medium

after which they were serum-starved for 24 h before

treatments. Cells were treated with vehicle (control), Ang

II (100 nM) or ET-1 (10 nM) in the presence or absence of

NF-jB activation inhibitor peptide (1 lM), p38 MAPK

inhibitor SB203580 (10 lM), or ERK1/2 MAPK inhibitor

PD 98059 (10 lM) for 24 h. Cell surface area was ana-

lyzed using a Leica inverted microscope equipped with an

infinity 1 camera at 2009 magnification. Cell area was

measured using SigmaScan Software (Systat, Richmond,

CA, USA).

288 Mol Cell Biochem (2012) 366:287–297

123



Leucine incorporation

Cardiomyocytes (5 9 105) were plated into 24-well pri-

maria culture plates and cultured for 48 h in serum-con-

taining media followed by incubation in serum-free media

for 24 h. Following the appropriate treatments, 2 lCi of

[3H] leucine was added to each well and incubated for

24 h. At the end of labeling, cells were washed three times

with ice-cold PBS and incubated with 5 % trichloroacetic

acid (TCA) on ice for 30 min. The cells were washed two

more times with ice-cold 5 % TCA and solubilized in

0.5 N sodium hydroxide. After neutralizing with 0.5 N

hydrochloric acid, the entire cell suspension was used to

determine the incorporated radioactivity by liquid scintil-

lation counting.

RNA isolation, reverse transcription, and real-time PCR

analysis for leptin, OBRb, and 18S rRNA

Following the treatments, total RNA from cells was

extracted using Trizol according to the manufacturer’s

instructions. Five microgram RNA were used to synthesize

first strand of cDNA using SuperScriptTM II RNase

H-reverse transcriptase according to the manufacturer’s

protocol and was used as template in the following PCR

reactions. The expression of the above genes was per-

formed in 10 ll reaction volumes using EvaGreen qPCR

Mastermix (Applied Biological Materials Inc., Richmond,

BC, Canada) and fluorescence was measured and quanti-

fied using DNA Engine Opticon 2 System (MJ Research,

Waltham, MA, USA). The primer sequences for leptin,

OBRb, and 18S rRNA and the PCR cycle conditions to

amplify the genes were as described previously [8]. 18S

rRNA gene expression was used as a control.

ELISA analysis for leptin content

Cardiomyocytes (2 9 106) were plated into six-well pri-

maria culture plates and cultured for 48 h in serum-con-

taining media followed by incubation in serum-free media

for 24 h. The cultures (cells in 0.5 ml of serum-free med-

ium) were treated with vehicle, Ang II (100 nM) or ET-1

(10 nM) in the presence or absence of p38 MAPK inhibitor

SB203580 (10 lM), ERK1/2 MAPK inhibitor PD 98059

(10 lM), or NF-jB activation inhibitor (1 lM) for 24 h.

A 300 ll aliquot of cell culture media was taken for

assaying leptin release using a Rat Leptin Enzyme Immu-

nometric Assay Kit (Enzo Life Sciences, Plymouth Meet-

ing, PA, USA) according to the manufacturer’s

instructions. The developed color was measured at 540 nm

in a Molecular Devices (Sunnyvale, CA, USA) Spectramax

M5 plate reader.

SDS-PAGE and Western blotting

Following the treatments, cells were washed twice with cold

PBS and protein lysates were prepared as described previ-

ously [8]. Protein (30 lg) was resolved on 10 % acrylamide

gels and transferred on to 0.45 lm nitrocellulose membrane.

After blocking the membranes with 5 % skim dry milk they

were probed with P-p38, P-ERK1/2, P-NF-jB, PCNA,

or glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

antibodies. Following incubation with horseradish peroxi-

dase-coupled to the secondary antibody, the signal was

detected with ECL Western blotting detection reagents.

Immunofluorescence microscopy

Cells were grown on round cover slips coated with colla-

gen. Cells were treated with Ang II (100 nM) or ET-1

(10 nM) for 3 h. After the treatment, myocytes were fixed

in ice-cold mixture of acetone and methanol (20:80) for 1 h

at 4 �C. Fixation was followed by permeabilization with

0.1 % Triton and blocking with 1 % BSA for 1 h. Cells

were incubated with an antibody against total NF-jB

(1:100 dilution) overnight at 4 �C. This was followed by

incubation in alexa fluor 594 goat anti-rabbit IgG

(1:250 dilution) for 1 h at room temperature in the dark.

The cells were mounted on a glass slide using Dako

cytomation fluorescent mounting medium and visualized

using a Zeiss Observer D1 microscope (Carl Zeiss,

Oberkochen, Germany).

Preparation of cytosolic and nuclear fractions

Following appropriate treatments myocytes were rinsed with

ice-cold PBS and scraped into 1 ml of PBS followed by

centrifugation at 800 9 g for 5 min. The cell pellet was

resuspended by gently vortexing in 200 ll of buffer A con-

taining 10 mM HEPES (pH 7.9), 1 mM EDTA, 1 mM

EGTA, 10 mM KCl, 1 mM DTT, 5 mM NaF, 1 mM Sodium

vanadate, and 0.5 % NP-40 supplemented with cocktail of

protease inhibitors followed by centrifugation at 8,0009 g for

15 min at 4 �C. The supernatant was used as a cytosolic

extract and the cell pellet is resuspended in 50 ll of buffer B

(buffer A supplemented with 20 % glycerol and 0.4 M KCl)

and incubated at 4 �C for 30 min. The nuclear suspension was

centrifuged at 13,0009 g for 15 min at 4 �C and the super-

natant was collected and used as the nuclear extract.

NF-jB transcription factor activity

Cells were treated with Ang II (100 nM) or ET-1 (10 nM)

in the presence or absence of NF-jB activation inhibitor

peptide (1 lM) for 3 h. Nuclear fractions from these cells

were prepared as noted above, and 10 lg of nuclear protein
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was used to measure the NF-jB transcription factor

activity using a NF-jB (p65) transcription factor assay

ELISA kit (Rockland Immunochemicals, Inc., Gilberts-

ville, PA, USA) according to manufacturer’s instructions.

The developed color was measured at 450 nm in a

Molecular Devices, Spectramax M5 plate reader.

Statistical analysis

The data were analysed with ANOVA and post ANOVA

analysis with Dunnets test. P values of \0.05 were con-

sidered as significant.

Results

Ang II and ET-1-induced NF-jB activation and nuclear

translocation

Our initial studies determined the activation of NF-jB by

either Ang II or ET-1. As shown in Fig. 1a, both Ang

II- and ET-1-treatment for 10 min induced the activation of

NF-jB by 34 and 52 %, respectively, compared to control.

We next determined the effect of Ang II or ET-1 on the

translocation of NF-jB from cytosol into the nucleus.

Treatment with either Ang II or ET-1 for 3 h resulted in

translocation of NF-jB from cytosol into nucleus as

determined by Western blotting (Fig. 1b), immunofluo-

rescence detection (Fig. 1c), and NF-jB-DNA binding

activity (Fig. 1d). The NF-jB activity stimulated by Ang II

or ET-1 was blocked by NF-jB inhibitor peptide, con-

firming the NF-jB inhibitor specificity.

NF-jB inhibition prevents Ang II and ET-1-induced

cardiomyocyte hypertrophy

Figure 2 summarizes results of experiments aimed at

determining the potential contribution of NF-jB to car-

diomyocyte hypertrophy. Treatment with either Ang II or

ET-1 for 24 h increased the cell surface area by *30 and

40 %, respectively (Fig. 2a, b), rate of protein synthesis by

30 % (Fig. 2c, d), and a-skeletal actin gene expression by

53 and 68 %, respectively (Fig. 2e, f). The hypertrophic

responses to both Ang II and ET-1 were completely

abrogated by the NF-jB inhibitor.

NF-jB inhibition prevents Ang II and ET-1-induced

elevations in leptin secretion and gene expression

but not OBRb upregulation

Based on results presented previously (see Discussion) and

those reported here suggesting that leptin and NF-jB mediate

Ang II- and ET-1-initiated hypertrophic signaling, we

hypothesized that these two factors may be linked, such that

NF-jB may be one of the potential signaling mechanisms

involved in leptin production. As expected, treatment of

myocytes with Ang II or ET-1 for 24 h resulted in increased

leptin secretion by 40 and 50 %, respectively (Fig. 3a, b).

Moreover, as shown in Fig. 3c, d these effects were associated

with significantly increased leptin gene expression by 86 and

68 % for Ang II and ET-1, respectively. The ability of both

agonists to increase secretion or expression of leptin was

completely prevented by NF-jB inhibition.

Both Ang II and ET-1 produced a nearly two-fold

increase in cardiomyocyte OBRb expression after 24 h

treatment. However, as shown in Fig. 3e, f, this response

was unaffected by NF-jB inhibition.

Effect of NF-jB inhibition on Ang

II- and ET-1-induced activation of P38

and ERK1/2 MAPKs

We next determined whether NF-jB inhibition can modify

the ability of either agonist to activate either p38 or ERK1/

2 MAPKs. As shown in Fig. 4a, b, both Ang II and ET-1

significantly increased p38 phosphorylation which was

completely prevented by NF-jB inhibition. Similarly,

ERK1/2 phosphorylation was significantly enhanced by

both agents (Fig. 4c, d). However, in contrast to the effect

seen with p38, NF-jB inhibition significantly attenuated

only the response to Ang II, although values in the presence

of the inhibitor were significantly higher from control,

whereas the nearly two-fold increase in ERK phosphory-

lation in response to ET-1 was unaffected.

P38 MAPK inhibition blunts Ang II and ET-1-induced

leptin secretion

We next determined the effect of p38 and ERK1/2 MAPKs

inhibition on Ang II- or ET-1-induced leptin secretion. As

shown in Fig. 5a, b, the p38 inhibitor SB203580 signifi-

cantly inhibited the stimulation in leptin secretion induced

by both hypertrophic factors although the effect was more

pronounced against ET-1. The ERK inhibitor PD98059

was without any significant effect. Moreover, the hyper-

trophic responses to either Ang II or ET-1 paralleled the

effects seen on leptin secretion in that the hypertrophic

response was abrogated by p38 inhibition with no effect

seen with the ERK inhibitor PD98059 (Fig. 5c, d).

Discussion

Although, the direct cardiac hypertrophic effects of leptin

have been extensively documented [16, 18–20] there is

also evidence that leptin mediates the effect of other
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pro-hypertrophic factors in a paracrine or autocrine man-

ner. In particular, work from our laboratory has shown that

both Ang II and ET-1 have the ability to potently increase

the release of leptin from cultured ventricular myocytes, a

phenomenon which we have previously shown reflects de

novo protein synthesis [8]. Moreover, blockade of leptin

receptors prevented the hypertrophic effect of both Ang II

and ET-1. When taken together, the data suggest the leptin

may serve as an endogenous paracrine or autocrine factor

in mediating the hypertrophic effect of Ang II and ET-1.

Since plasma levels of leptin [1, 2], as well as both Ang II

and ET-1 [6, 7] are elevated in patients with heart failure it

is important to understand the possible interaction between

these factors especially. Moreover, leptin has recently been

demonstrated to be closely associated with the develop-

ment of heart failure in obese men [21] and both ET-1 and

Ang II have been implicated in the increased cardiovas-

cular risk in obese individuals [22, 23].

We hypothesize that both Ang II and ET-1 represent

important endogenous stimulants for leptin secretion,

especially under pathological conditions. Accordingly, in

this study we sought to understand the mechanistic basis

for increased leptin production seen following Ang II or

ET-1 administration and to further show whether these

mechanisms underlie or contribute to the hypertrophic

effect of either Ang II or ET-1. Our study focussed pri-

marily on the transcriptional factor NF-jB which regulates

a large number of intracellular processes in the cardio-

vascular system associated with both physiology and

pathology [24, 25]. Moreover, NF-jB has been shown to

be involved in the development of cardiomyocyte hyper-

trophy [26, 27] and myocardial NF-jB has been shown to

be activated in patients with heart failure [28, 29]. Of

particular relevance to this report, NF-jB ablation has been

shown to prevent the hypertrophic effect of chronic

(4 week) Ang II infusion in mice [30] and NF-jB has been

reported to mediate a number of cardiovascular effects

produced by Ang II [31–33] and ET-1 [34]. When taken

together NF-jB emerges as an important mediator for the

effects produced by both Ang II and ET-1, however,
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ylation after treatment with Ang II or ET-1 for 10 min. b The

expression and quantification of total NF-jB in cytosol (Cyt) and

nuclear (Nuc) fractions isolated from myocytes treated with Ang II or

ET-1 for 3 h. GAPDH and PCNA were used as loading controls for

cytosol and nuclear fractions, respectively. c Immunofluorescent

images of NF-jB localization in cytosol in control (Ctrl) and in nuclei

in myocytes treated with Ang II or ET-1 for 3 h. d Quantification of

NF-jB-DNA binding activity in nuclear lysates of control (Ctrl) and

treated with Ang II or ET-1 for 3 h in the presence or absence of

NF-jB-activation inhibitor, 6-amino-4-(4-phenoxyphenylethylamino)
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whether this transcriptional factor contributes to the ability

of either agonist to upregulate the leptin system has not

been studied.

These results provide strong evidence for a key role of

NF-jB in mediating the ability of both Ang II and ET-1 to

stimulate leptin production resulting in the hypertrophic

response in cultured neonatal rat ventricular myocytes.

This is based on a number of lines of evidence. First, both

Ang II and ET-1 potently activated NF-jB as shown by

increased NF-jB phosphorylation and enhanced translo-

cation into nuclei coupled with elevated NF-jB transcrip-

tion factor activity. Second, inhibition of NF-jB activation

with 6-Amino-4-(4-phenoxyphenylethylamino) quinazo-

line completely abrogated the hypertrophic response to

both agonists. Third, these effects were associated with

prevention in the increased expression and production of

leptin. In view of the fact that the hypertrophic effect of

both Ang II and ET-1 can be prevented by a specific OBR

antagonist as well as an antibody directed against leptin

[8], it is reasonable to propose that NF-jB plays a critical

role in mediating the hypertrophic effect of Ang II and

ET-1 by preventing leptin upregulation. Interestingly,

NF-jB inhibition failed to exert any effect on the ability of

either Ang II or ET-1 to enhance OBRb expression, thus
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suggesting that with respect to the leptin system the role of

this transcriptional factor is restricted to the regulation of

leptin production. Our study implicating NF-jB as a key

regulator of the hypertrophic response to both Ang II and

ET-1 further supports the contention that NF-jB is a key

component of the hypertrophic program: indeed overex-

pression of NF-jB per se in the absence of other prohy-

pertrophic stimuli results in the hypertrophic phenotype in

cardiomyocytes [9]. Overall, those findings as well as those

reported here suggest some commonality with respect to

mechanisms underlying the effects of Ang II and ET-1

following activation of their respective receptors.

Previously, we have extensively demonstrated that the

hypertrophic effect of leptin is mediated by MAPK acti-

vation, or more specifically by phosphorylation followed

by selective translocation of p38 MAPK, but not ERK1/2,

into nuclei following cardiomyocyte stimulation with lep-

tin [35]. Interestingly, MAPK inhibition has been to shown

to attenuate the hypertrophic effect of both Ang II and

ET-1 [14, 15, 18]. The question then arises as to whether

MAPK is also involved in the NF-jB-dependent stimula-

tion of leptin production induced by either Ang II or ET-1

and whether this is related to the hypertrophic influence of

either agent. Our results suggest that this is a potentially

likely scenario as both agonists increased p38 as well as

ERK1/2 phosphorylation. Although NF-jB inhibition

effectively inhibited the increased p38 phosphorylation

induced by both And II as well as ET-1 diverse effects

were seen with respect to ERK1/2 phosphorylation. In this

regard, NF-jB inhibition only partially reduced the Ang

II-induced increased ERK1/2 phosphorylation whereas

ET-1-induced changes in ERK1/2 were unaffected. The
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induced leptin secretion and
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quantification of secretion

(a, b) and gene expression
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24 h. Values indicate
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reasons for these differences are not known but the results

suggest that NF-jB plays a less pivotal role in mediating

the activation of ERK1/2 by Ang II whereas the effect of

ET-1 on ERK1/2 is likely independent of NF-jB. The

robust ability of NF-jB inhibition to selectively prevent

p38 activation agrees with our finding that only p38 MAPK

inhibition significantly attenuated the ability of either Ang

II or ET-1 to augment leptin secretion. Based on the fact

that only p38 is translocated into nuclei following leptin

administration [35], our results, when taken together, sup-

port our contention that the hypertrophic effect of leptin is

dependent on p38 but not ERK1/2 MAPK activation.

Moreover, the hypertrophic effect of leptin is abrogated by

p38 but not by ERK1/2 inhibition [16]. It is interesting to

point out that Ang II-induced leptin production has also

been demonstrated in human adipocytes, however, in that

study this phenomenon was found to be ERK1/2-dependent

[36]. Thus, the results presented in this report may be

specific for the cardiac myocyte. Although p38 MAPK has

been suggested to be involved in NF-jB activation [37] we

are unaware of any study suggesting a NF-jB-dependent

p38 activation. It is, however, interesting that the

a1-adrenoceptor-induced increased production of interleu-

kin-6 by cardiomyocytes has also been shown to be both

NF-jB and p38 MAPK-dependent [38].

Summary and conclusion

Based on these results we propose that Ang II and ET-1 by

binding to their respective sarcolemmal receptors upregulate

the synthesis of leptin in cardiomyocytes through NF-jB-

dependent mechanisms which involves the translocation of

NF-jB into nuclei as well as the phosphorylation and
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translocation of p38 MAPK (Fig. 6). Although not illus-

trated in Fig. 6, it is important to point out that both Ang II

and ET-1 receptors have also been identified on nuclear

membranes in cardiac cells [39, 40] and thus, the role of these

receptors in the regulation of leptin production needs to be

determined with further studies. Irrespective of the nature of

the receptor involved, our hypothesis is that the increased

intracellular production of leptin and its subsequent efflux

from cardiomyocytes leads to OBR activation and the

resulting hypertrophic response. Moreover, Ang II and ET-1

likely induce hypertrophy via NF-jB and p38 activation

independently of leptin upregulation. Thus, administration

of an NF-jB inhibitor (NFI) or p38 inhibitor (SB) can

effectively abrogate both the elevation in leptin synthesis as

well as the hypertrophic response to both Ang II and ET-1.

The concept of Ang II and ET-1-dependent leptin upregu-

lation needs to be studied further especially under in vivo

conditions. However, given the fact that Ang II, ET-1, and
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leptin are all upregulated in obesity as well as heart failure,

our findings could be of importance in understanding the

mechanisms of regulation of leptin production in pathology

as well as its potential role in mediating the increased risk in

cardiovascular morbidity.
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