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Abstract
Rationale—We investigated the molecular mechanism(s) that play a role in leptin signaling during
the development of left ventricular hypertrophy (LVH) due to pressure overload. To this end, ob/
ob leptin deficient and C57BL/6J control mice were subjected transverse aortic constriction (TAC).

Methods—Control sham C57BL/6J and ob/ob mice, along with C57BL/6J and ob/ob leptin
deficient mice were subjected transverse aortic constriction (TAC) for 15 days and then evaluated
for morphological, physiological, and molecular changes associated with pressure overload
hypertrophy.

Results—Evaluation by echocardiography revealed a significant increase in left ventricular mass
(LVmass) and wall thickness in ob/ob mice subjected to transverse aortic constriction (TAC) as
compared to C57BL/6J. Analysis of the expression of molecular markers of LVH, such as atrial
natriuretic peptide (ANP), revealed a blunted increase in the level of ANP in ob/ob mice as compared
to C57BL/6J mice. We observed that leptin plays a role in modulating the transcriptional activity of
the promoter of the ANP gene. Leptin acts by regulating NFATc4, a member of the nuclear factor
activated T cell (NFAT) family of transcription factors in cardiomyocytes. Our in vivo studies
revealed that ob/ob mice subjected to TAC failed to activate the NFATc4 in the heart, however,
intraperitoneal injection of leptin in ob/ob mice restored the NFATc4 DNA-binding activity and
induced expression of the ANP gene.

Conclusion—This study establishes the role of leptin as an anti-hypertrophic agent during pressure
overload hypertrophy, and suggests that a key molecular event is the leptin mediated activation of
NFATc4 that regulates the transcriptional activation of the ANP gene promoter.
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1. Introduction
Left ventricular hypertrophy (LVH) and the ensuing heart failure (HF) are among the most
significant cardiovascular pathologies that account for a high percentage of morbidity and
mortality in western countries. The causes of LVH are diverse, obesity among them, is
increasingly becoming a significant contributor factor (de Simone, 2007). Several studies have
reported a direct correlation between obesity and the development of LVH, but efforts to
understand the precise role of obesity in LVH has been masked by the diverse clinical
pathologies associated with obesity. Human obesity is characterized by an increase in the
production of the adipocyte-derived, 16-kDa peptide, leptin (Zhang et al., 1994). Previous
reports have suggested a physiological effect of leptin in the human heart based on a direct
correlation between the plasma leptin levels and the degree of LVH, with an increase in wall
thickness and left ventricular mass (Paolisso et al., 1999; Perego et al., 2005). Other failed to
observe the correlation between leptin level and left ventricular remodeling (Pladevall et al.,
2003).

Sustained chronic stress to the heart induces structural and functional remodeling giving rise
to compensatory and non-compensatory hypertrophy (Swynghedauw, 2006; Ritter et al.,
2003). The compensatory response during LVH is mediated by the atrial natriuretic peptide
(ANP) and the brain natriuretic peptide (BNP) (Nishikimi et al., 2006; London, 2006). There
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is substantial information on the transcriptional control of the ANP encoding gene (Nppa)
during cardiac development but less is known about the transcriptional mechanisms of ANP
expression in the left ventricle during disease (Houweling et al., 2005).

The availability of an animal model of obesity, such as the leptin deficient mice (ob/ob),
provides a significant tool to decipher the role of obesity in LVH (Barouch et al., 2003). In this
report, we attempt to understand the role of obesity during the development of LVH, we
subjected the ob/ob mice to transverse aortic constriction (TAC), an established model of
pressure overload hypertrophy (Beckles et al., 2006). Based on M-mode echocardiography
measurements, we found a significant increase in LVmass and wall thickness in ob/ob hearts.
The expression of hypertrophic gene markers in the left ventricle, such as ANP was blunted in
ob/ob as compared with wild type mice. Interestingly, the ANP expression was restored in ob/
ob mice after chronic administration of leptin.

ANP is a direct moderator of cellular growth, and along with the natriuretic peptide receptor
A (NPRA), plays an important autocrine role in the heart as an inhibitor of cardiac hypertrophy
(Knowles et al., 2001; Oliver et al., 1997). Indeed, impaired expression or partial deficiency
of the atrial natriuretic peptide gene results in exaggerated cardiac hypertrophy (Franco et al.,
2004). These observations suggest that understanding the nature of the impaired ANP
expression in ob/ob mouse hearts may provide important insite into the increase incidence of
LVH among obese people. Several transcription factors have been associated with
transcriptional control of the ANP gene promoter, including members of the GATA family,
the myocyte enhancer factor (MEF2), Nkx2.5, members of the MADS box protein family,
serum response factors (SRF) (Temsah et al., 2005), and dHAND (Zang et al., 2004). The
activation of these transcription factors during LVH is the results of the induction of upstream
signal transduction pathways, include the Jak/Stat pathway, Ca++-calmodulin dependent
calcineurin pathway, the extracellular mitogen activated protein kinases (MAPK), p44/p42,
p38, and the stress-activated protein kinase c-jun N-terminal kinase (JNK) (Swynghedauw,
2006; Ritter et al., 2003; Beckles et al., 2006). Our analysis of the ANP promoter revealed a
conserved NFAT binding site. The NFAT family of transcription factors is Ca++-Calmodulin
dependent, and are members of a well characterized signal transduction pathway involved in
pathological hypertrophy (Wilkins et al., 2004). However, the genes targeted by this pathway
during the compensatory and non-compensatory phases of left ventricular hypertrophy, such
as in pressure overload hypertrophy are poorly understood (Clerk et al., 2007). Although most
of the signal transduction pathways associated with LVH are known be activated by leptin
(Yang et al., 2007), no reports have yet identified that Ca++-calmodulin dependent calcineurin
pathway is modulated by leptin in the heart. An initial report showed the activation of NFAT3
by the calcineurin-dependent pathway during hypertrophy and consequently resulting in the
transcriptional activation of the brain natriuretic peptide promoter (Molkentin et al., 1998). As
described earlier, both ANP and BNP play a role in the compensatory response during LVH.
Thus, the initial evidence of NFAT3 modulating the BNP promoter activity suggests a
compensatory role for the NFAT family of transcription factors during pressure overload
hypertrophy.

Here, we provide evidence suggesting that leptin plays a inhibitory role during the growth of
the left ventricular remodeling undergoing LVH by modulating the expression of the ANP
gene via activation of the NFAT transcription factors.

2. Methods
2.1 Animals

The investigation conforms to the Guide for the Care and Use of Laboratory Animals published
by the US National Institute of Health (NIH Publication No. 85-23, revised 1996). Male mice
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C57/BL6 and ob/ob of 7 to 8 weeks old from Jackson’s Laboratory matched for sex and age
were used in this study. Mice were subjected to TAC for 15 days as previously described
(Beckles et al., 2006). Some ob/ob mice subjected to TAC received daily intraperitoneal
injection with leptin (Sigma-Aldrich) in phosphate saline buffer (PBS) 0.3 mg/kg/day, based
on average body weight of 40 g.

2.1.2 Antibodies and Chemicals
Polyclonal antibodies against NFATc3, and NFATc4 were purchased from Santa Cruz
Biotechnology. Leptin was obtained from Sigma-Aldrich.

2.1.3 Histology
Myocyte cross-sectional areas and collagen staining were performed as previously described
(Beckles et al., 2006).

2.1.4 Hypertrophic gene marker analysis
The Northern blot was performed as described in Beckles et al., 2006. The ANF and β-actin
probes were obtained by RT—PCR using the following primers ANF (sense) 5′-
atgggctccttctccatcac-3′, ANF (antisense) 5′-tcttcggtaccggaagct-3′, and β-actin (sense) 5′-
ggtgacgaggcccagagcaagaga-3′ and β-actin (antisense) 5′-accgctcgttgccaatagtgatg-3′.

2.1.5 Echocardiographic measurement
M-mode and Two-dimensional echocardiography were performed as described earlier
(Beckles et al., 2006).

2.1.6 Transient Transfection and Luciferase Assay
The transfection assay was previously described (Mascareno et al., 2005) The rat atrial
natriuretic peptide promoter with the luciferase gene as reporter, and 10 ng of thymidine kinase
promoter-driven Renilla luciferase-thymidine kinase vector, which was used to normalize the
transfection efficiency. The promoter-less reporter vector, pGL2- Basic, was used as control.
Luciferase assays were performed with the dual luciferase assay kit (Promega, Madison, WI).
After 24 hr the transfected cells were maintained for 8 h in serum free medium, then leptin
(100 ng/ml) was added and the cells collected after 6 hr. Cell treated with KN93 inhibitor (1
μM ) and leptin were also harvested after 6 hr.

2.1.7 Immunohistochemistry
Rat cardiac cells (H9C2) were cultured for 48 hr, and then incubated in serum free medium for
12 hr, followed by leptin treatment (100 ng/ml) for 6 hr. Cells were fixed in 4%
paraformaldehyde in PBS for 15 min at room temperature. Cell were washed with PBS
containing 100 mM glycine, and permeabilized with 0.1% Triton X-100 in PBS for 5 min.
Blocking was performed with 1 % BSA, 1% horse serum in PBS for 1 hr at room temperature.
NFATc4 antibody was incubated in 1% BSA in PBS overnight at 4 °C. Cells were washed in
PBS followed by incubation with conjugated anti-rabbit Alexa fluor 594 for 1 hr at room
temperature. Cells washed in PBS were incubated with Alexa fluor phalloidin 488 according
to manufacturer (Invitrogen), followed by incubation with DAPI.

2.1.8 Preparation of Nuclear Extracts and Gel Mobility-Shift Assay (GMSA)
The gel shift assay was done essentially as previously described (Mascareno et al., 1998). The
NFAT-domain DNA probe for protein binding was a double-stranded oligonucleotide
containing the sequence 5′-cagggagaaggaatcctgaggc-3′ and complementary strand 5′-
gcctgaggattccttgtccctg-3′, respectively. The oligonucleotide sequences containing a mutation
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substitution of the NFAT-domain was 5′- cagggataactaatcctgaggc -3′ (top strand). Polyclonal
antibodies (4 μg) against NFATc3 and NFATc4 were added and incubated for 4 hr before
addition of the DNA probe.

2.1.9 Chromatin immunoprecipitation (ChIP) assay
ChIP was performed as described by the manufacturer (Upstate) with modifications. Left
ventricle from control or leptin treated ob/ob mice were harvested after 24 hr of treatment. To
amplify the region from nt –230 to –501 in the ANP promoter, PCR was performed with the
forward 5′-gcccttatttggagcccctgac-3′ and the reverse primer 5′-cacagcccctttgccttgagc-3′. As
internal control, we amplified a 320 bp fragment in the mouse GAPDH promoter, PCR was
performed with the forward primer 5′-cccggcatcgaaggtggaagagt-3′ and the reverse primer 5′-
ccctctggaaagctgtggcgtgat-3′.

2.1.10 Statistical Analysis
All results are presented as mean ± standard error of the mean (SEM). Multiple comparison
was performed by one-way ANOVA with the Tukey- Kramer exact probability test or the
Bonferroni test. P values < 0.05 were considered significant.

3. Results
3.1 Morphological and functional changes in the hearts in ob/ob mice subjected to TAC

Male C57BL/6J and ob/ob mice hearts were subjected to pressure overload (TAC), and
cardiovascular parameters were evaluated by echocardiography, the data from both group of
mice are shown in Table 1. M-mode echocardiography revealed a statistically significant
increase in the left ventricular mass, and in posterior wall thickness in wild type C57 BL/6J
and ob/ob mice hearts as compared with sham mice. Additionally, ob/ob mice showed a
significant increase in the left ventricular mass and in septal wall thickness as compared with
C57BL/6J subjected to TAC. The left ventricular space diameter in systole (LVESD) and
diastole (LVEDD) did not change significantly in either group subjected to TAC. Left
ventricular systolic function as determined by fractional shortening appears to be normal in
both animal models, suggesting that there is compensatory remodeling within the time-frame
of the experimental protocol. The onset of cardiac hypertrophy in mice subjected to TAC was
further evaluated by measuring myocyte cross sectional diameter and collagen deposition. The
bar graph summarizes the data from left ventricular sections and shows that mice subjected to
TAC have significantly enlarged myofibers as compared to sham in both, C57BL/6J and ob/
ob mice. Furthermore, a significant increase was observed in myocyte cross sectional area of
ob/ob mice subjected versus C57BL/6J mice to TAC (Figure 1A). A significant component of
the left ventricle undergoing pressure overload hypertrophy is the increase accumulation of
extracellular matrix. Masson Trichrome staining of left ventricular sections show more
collagen deposition in ob/ob mice subjected to TAC as compared with C57BL6/J under similar
stress (Figure 1B). These observations indicate that while cardiac hypertrophy occurred in TAC
control animals as expected, the hypertrophic response and remodeling seems to be greater in
ob/ob mice.

3.2 The expression of ANP is blunted during LVH in ob/ob mice
As a consequence of left ventricular remodeling, the expression of a well established set of
genes are increased such as the ANP and the skeletal α-actin genes. A Northern blot analysis
of total RNA obtained from the left ventricle of C57BL/6J sham or subjected to TAC shows
a prominent increase in ANP and skeletal α-actin expression in the hypertrophied heart, as
compared with sham C57BL/6J mice (Figure 2A). However, similar analysis in ob/ob mice
revealed that pressure overload hypertrophy had little effect on the expression of ANP, while
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there was still an increase in skeletal α-actin expression (Figure 2B). To test the potential role
of leptin as an inducer of ANP in vivo, we performed intraperitoneal injection of leptin (L) in
ob/ob mice subjected to TAC. This resulted in a significant increase in the level of ANP
expression in the heart of ob/ob mice, suggesting that leptin plays a significant role in the
transcriptional induction of the ANP gene during TAC.

3.3 Leptin triggers the transcriptional activation of NFATs
Our initial characterization of a leptin-NFAT signaling pathway was the observation that rat
cardiac cells (H9C2) treated with leptin induced expression of ANP. We observed significant
increase expression of ANP RNA after 6 hr of leptin treatment (Figure 3A). As mentioned
earlier, sequence analysis of the promoter of the rat ANP gene revealed a conserved NFAT
binding site located between nucleotides -314 to -300 (Seidman et al., 1988). A role for the
Ca2+-Calcineurin-NFAT signaling pathway in ANP promoter activity was obtained by
transient transfection of the rat ANP promoter into H9C2 cells. A significant increase in ANP-
Luciferase reporter activity was observed after 6 hr of leptin treatment, while addition of
KN-93, an inhibitor of calcineurin, decreased the leptin-mediated activation of the ANP
promoter (Figure 3B). Further evidence of leptin mediated activation of the NFAT signaling
pathway was obtained by immunofluorescence analysis. As seen in Figure 3C, leptin treatment
triggered nuclear translocation of NFATc4 in H9C2 cells. The morphology of the cardiac cell
was visualized by staining the actin filament and the nuclei.

Characterization of NFAT activation by leptin in the left ventricle was obtained by gel mobility
shift assay (GMSA). We use an oligonucleotide containing the conserved NFAT binding site
present in the promoter of the ANP gene (-317 to -295) and nuclear extracts from the left
ventricle of sham (S), and TAC (T) of both C57BL6/J and ob/ob mice. As seen in Figure 4A,
there was an increase in protein-DNA interaction (see open arrow) in nuclear extracts of wild
type mice subjected to TAC (lane 2) as compared with sham (lane 1). However, nuclear extracts
from left ventricle of ob/ob mice subjected to TAC showed no significant change in protein-
DNA interaction (lane 1 vs lane 3). Chronic treatment of ob/ob mice subjected to TAC with
leptin resulted in an increase in protein-DNA complex formation (lane 1 vs lane 4) similar to
those observed in extracts from wild type mice subjected to TAC (lane 2). Pre-incubation of
the nuclear extracts of C57BL6/J mice heart subjected to TAC with antibodies against NFATc3
and NFATc4 shows that wild type mice subjected to TAC activates primarily NFATc4, as a
decrease in protein-DNA complex was observed when the nuclear extracts were pre-incubated
with anti-NFATc4 (lane 6 vs. lane 2), as well as a supershift (see closed arrow). Similar extracts
pre-incubated with anti-NFATc3 antibodies did not alter the protein-DNA interaction (lane 5).
However, nuclear extracts from ob/ob mice subjected to TAC and chronically treated with
leptin revealed the presence of both NFATc3 and NFATc4 in the protein-DNA complexes, as
the antibodies appear to reduce the major complexes (compare lane 7 or 8 vs lane 4), and to
generate a supershift (closed arrow). In order to establish the transcriptional role of the NFATc4
on the ANP promoter in vivo, we performed chromatin immunoprecipitation (ChIP) assays
with tissue extracts from left ventricle of ob/ob mice control or treated with leptin. As observed
in Figure 4B, using primer specific for the promoter of the ANP gene, a PCR product was
observed in tissue extracts treated with leptin and immunoprecipitated with anti-NFATc4. As
an internal negative control we performed the immunoprecipitation with rabbit IgG which
failed to amplify the ANP promoter, and as positive control, we used input DNA from each
group to amplify a region encompassing the mouse GAPDH promoter.

4. Discussion
Several reports suggest a correlation between the circulating levels of leptin, LVmass and
myocardial wall thickness in non-obese hypertensive patients. Despite such a correlation, it is
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not clear whether an over-reactive or an impaired leptin signaling is involved. The data on mice
lacking leptin (ob/ob) suggest that leptin plays an anti-hypertrophic role because these mice
developed LVH readily and show an increase in LVmass and wall thickness. In vivo studies
in ob/ob hearts undergoing obesity mediated hypertrophy that may explain the anti-
hypertrophic role of leptin and the involvement of molecular signaling pathways have
identified a decreased catalytic activity (p110α) of the phosphoinositide 3-kinase (PI3K)
(Trivedi et al., 2008). Other reports showed depressed levels of β-adrenergic response, as well
as changes in the expression of Ca2++ dependent excitation-contraction coupled components,
such as SR Ca2++-ATPase and phosphorylation of phospholambam in ob/ob mice (Minhas et
al., 2005), and a decrease in diastolic dysfunction (Christoffersen et al., 2003). Here, we report
that ob/ob mice subjected to pressure overload hypertrophy developed a markedly enhanced
LVH. These observations seem to correlate with the increase in LVmass reported in obese
humans (Perego et al., 2005), and ob/ob mice (Barouch et al., 2003). Although our
echocardiography data revealed a significant left ventricular remodeling, the fractional
shortening remained unchanged suggesting a functional compensatory response during the
time frame of our study. Similar observations have been reported previously in which 6 month
old ob/ob mice hearts developed significant morphological changes while maintaining systolic
function as measured by fractional shortening (Barouch et al., 2003). Other studies, however,
reported a significant change in fractional shortening in ob/ob mice when subjected to acute
myocardial infarction (MacGaffin et al., 2008). The severity in the reduction of fractional
shortening during acute myocardial ischemia is likely due to the traumatic nature of the
ischemic stress. We have reported that subjecting mice to pressure overload hypertrophy for
2 weeks allow the remodeling to occur as well as the known hypertrophic compensatory
response to be established while maintaining normal systolic function (Beckles et al., 2006).
We observed additional remodeling in ob/ob mice subjected to TAC that included the increased
collagen deposition. Previous studies also described the increase in cardiac myocyte cross
sectional area but did not observe collagen deposition (Minhas et al., 2005). Perhaps because
that study used obesity as the stimulus for the trigger of LVH as compared with our study where
the hearts were subjected to pressure overload hypertrophy.

The significant increase in LVmass as well as in collagen deposition in ob/ob mice subjected
to TAC are also features observed in mice lacking ANP . Indeed, ANP null mice are
characterized as being hypertensive (John et al., 1995), having left ventricular hypertrophy
(Feng et al., 2003) and having increase extracellular matrix in the heart (Wang et al., 2003).
The specific observation that the enhanced LVmass and extracellular deposition identified in
ob/ob mice may share similar molecular pathways as the ANP null mice, was revealed by a
blunted ANP expression in ob/ob mice subjected to TAC. The induction of ANP was restored
in ob/ob mice subjected to TAC after intraperitoneal injection of leptin. Thus, it appeared that
the molecular pathways eliciting the anti-hypertrophic response via ANP up-regulation are
inhibited in ob/ob mice. The evidence in support of leptin as an inhibitor of left ventricular
growth in animal models comes from direct infusion of leptin into ob/ob mice during obesity
induced left ventricular hypertrophy that resulted in a decrease in LVmass (Minhas et al.,
2005), and reversal of remodeling due to coronary artery ligation (McGaffin et al., 2008).
Although both reports demonstrated the anti-hypertrophic role of leptin in vivo, neither reports
addressed the molecular pathways involved.

Here, we provide evidence that leptin activates the transcription of the ANP gene via the
NFATc4. Given the cardioprotective role of ANP during LVH, we suggest that the NFAT
pathway is not only involved in pathological hypertrophy (Wilkins et al., 2004), but also
compensatory hypertrophy. The lack of increase in NFATc4-DNA complex formation in ob/
ob mice undergoing LVH was restored after intraperitoneal injection of leptin. Further
supporting the transcriptional role of NFATc4 on the ANP promoter was the confirmation by
ChIP assay that NFATc4 is activated by leptin and binds to the conserved NFAT domain in
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the ANP promoter in left ventricular tissue of leptin-treated ob/ob mice (Figure 4B). Perhaps,
the NFAT transcription factors are induced in a temporal fashion during the transition from
compensatory to pathological LVH, and it appears that the role of each NFAT protein during
pressure overload hypertrophy is not interchangeable. Indeed, the essential role in the
development of concentric hypertrophy due to pressure overload hypertrophy for NFATc3 but
not NFATc4 was identified earlier, where the genetically modified mice lacking the NFATc4
gene developed LVH (Wilkins et al., 2002).

Other reports have suggested that leptin is pro-hypertrophic effect, and to activate well
established hypertrophic signal transduction pathways in culture ventricular cardiomyocytes,
however, this pro-hypertrophic role of leptin has been reported only in vitro (Rajapurohitam
et al., 2003; Xu et al., 2004; Abe et al., 2007).

Taken together, we proposed that in ob/ob mice the impaired leptin signaling is unable to
activate NFATc4 followed by a deficiency in up-regulation of the expression of natriuretic
peptide that will facilitate the development of LVH. Thus, the anti-hypertrophic role of leptin
in vivo requires the activation of NFATc4 followed by an increase in the expression of the
atrial natriuretic peptide gene.
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Fig. 1. Morphological changes in wild type and ob/ob mice hearts subjected to TAC
A, light microscopic analysis was used to determine the myocyte cross sectional area in mice
subjected to TAC as compared with those from sham animals in both groups. The increase in
myocyte cross sectional area was significant in C57BL/6J and ob/ob mice subjected to TAC.
Cross-sectional area was measured using the morphometric system NIH 1.63f. * P values <
0.05 versus sham C57BL6/J; **P < 0.01 versus TAC C57BL6/J (Magnification at 400x). B,
collagen deposition in wild type and ob/ob mice subjected to TAC was obtained by the Masson
trichrome stain in sections of the left ventricle (Magnification 200x).
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Fig. 2. Expression of molecular markers in the left ventricle of hearts subjected to pressure overload
hypertrophy
A, Northern blot hybridization of total RNA from the left ventricle of sham and TAC C57BL/
6J mice shows an increase in expression of atrial natriuretic peptide (ANP) and skeletal α actin
(Sk. α-actin). The bar graph shows the densitometric analysis of the relative ANP expression
versus β-actin. Although the Northen blot shows samples from each group in duplicate, the
relative values were obtained from experiments in triplicate, values are means ± s.e.m * p <
0.05 is statistical significant. B, as above, Northern blotting was done using the same DNA
probes in RNA samples from left ventricle of ob/ob mice of sham and TAC groups. A blunted
response of ANP expression during TAC is observed in ob/ob mice hearts. Chronic
intraperitoneal administration of leptin triggered the expression of ANP in ob/ob mice
subjected to TAC. Statistical analysis of the relative densitometric values for ANP expression
versus β-actin was performed as before. The values were obtained from triplicate experiments.
One way Anova and Bonferroni’s test were used. Values are means ± s.e.m * p < 0.05 is
statistically significant. S, sham; TAC, trans-aortic constriction, TAC + L, trans-aortic
constriction and intraperitoneal injection with leptin 0.3 mg/kg/ per day.
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Fig. 3. Leptin activates the rat Atrial natriuretic peptide promoter via the NFAT signaling pathway
A, the Northern blot shows the transcriptional induction of ANP in leptin-treated (100 ng/ml)
rat cardiac cell (H9C2). We determined the expression of β-actin as a loading control. B,
transient transfection of the rat ANP promoter using luciferase expression as a reporter in H9C2
cells. A significant increase in luciferase activity was obtained after 6 h of leptin treatment.
During leptin treatment, KN-93, an inhibitor of calcineurin activity shows a significant
decrease in the transcriptional activity of the ANP promoter. The bar graph shows the results
obtained from triplicate experiments. One way Anova and Bonferroni’s test were used. Values
are means ± s.e.m * p < 0.05 is statistical significant. C, immunofluorescence analysis using
rat H9C2 cell treated with leptin as before. Cardiomyocytes were fixed and incubated with
polyclonal anti-NFATc4. Nuclear staining and cell morphology were obtained by staining with
DAPI and Alexa fluor 488 phalloidin respectively.
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Fig. 4. NFATc4-DNA interaction on the ANP promoter is regulated by leptin
A, GMSA was done using the conserved NFAT-binding site and nuclear extracts obtained
from sham and TAC mice of C57BL/6J and ob/ob background. Transverse aortic constriction
(T) shows a significant increase in protein-DNA interaction in nuclear extracts from C57BL/
6J mice subjected to TAC (lane 2 vs lane 1). However, the increase in binding activity was
absent in nuclear extract of ob/ob mice subjected to TAC (Lane 3 vs lane 1). Increase in NFAT-
binding activity was restored after intraperitoneal administration of leptin in ob/ob mice (lane
4 vs lane 3). The identity of one of the proteins in the protein-DNA complexes was obtained
by preincubating the nuclear extracts with anti-NFATc3 or NFATc4 antibodies. Nuclear
extracts from wild type mice subjected to TAC shows NFATc4 binding (lane 6), while,
intraperitoneal injection in ob/ob TAC mice triggers NFATc3 and NFATc4 binding activities
(lane 7 and lane 8). B, ChIP assay revealed the PCR amplification of the ANP promoter region
after immunoprecipitation with anti-NFATc4 antibody of protein extracts from the left
ventricle of ob/ob mice treated with leptin. Equal input DNA was used to amplify the promoter
of the GAPDH gene as control for loading.
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Table 1
Ventricular parameters in wild type and ob/ob mice hearts subjected to TAC
Functional analysis obtained from M-mode echocardiograms. Measurement of the left ventricle, systolic (ESD) and
diastolic (EDD) dimensions, intraventricular septum, wall thickness in each group revealed the development of left
ventricular hypertrophy as determined by left ventricular mass (Lvmass) and posterior wall thickness (PWT). Values
are means ± s.e.m. Sham vs TAC group

C57BL/6J ob/ob

Sham
(n = 8)

TAC
(n = 9)

Sham
(n = 6)

TAC
(n = 6)

Body weight (g) 28.4 ±0.4 29.3 ±0.5 46.2 ±0.7 49.1 ±0.3

Heart rate (HR, beats/min) 549 ±17 560 ±26 535 ±11 545 ±14

Left Ventricular Mass (Lvmass, mg) 71 ±7 111 ±4 ‡ 85 ±3 139 ±8 ‡ #

Septal wall thickness diastole (mm) 0.81 ±0.05 0.99 ±0.05 0.73 ±0.02 1.20 ±0.07 ‡

Septal wall thickness systole (mm) 1.55 ±0.01 1.61 ±0.04 1.35 ±0.04 1.82 ±0.02 ‡

Posterior wall thickness diastole (mm) 0.75 ±0.03 0.95 ±0.05 ‡ 0.73 ±0.02 1.09 ±0.01 ‡

LVEDD, (mm) 3.20 ±0.06 3.10 ±0.04 3.55 ±0.04 3.46 ±0.06

LVESD, (mm) 1.56 ±0.04 1.61 ±0.03 1.75 ±0.01 1.56 ±0.01

Fractional Shortening (%) 53 ±3 48 ±5 50 ±2 54 ±3

*
P values < 0.05. ob/ob vs. C57BL/6J subjected to TAC

#
P values < 0.01 were considered statistically significant.
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