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Neuropeptide Y (NPY) has been shown to participate in the
cardiovascular response mediated by the sympathetic system. In
this report, we investigate the growth factor properties of NPY on
cardiac myocytes. Mitogen-activated protein kinases (MAPK) are
key signaling molecules in the transduction of trophic signals.
Therefore, the role of NPY in inducing MAPK activation was studied
in mouse neonatal cardiomyocytes. Exposure of neonatal cardio-
myocytes to either NPY, phenylephrine, or angiotensin II induces a
rapid phosphorylation of the extracellular responsive kinase, the
c-jun N-terminal kinase, and the p38 kinase as well as an activation
of protein kinase C (PKC). Moreover, NPY potentiates phenyleph-
rine-induced MAPK and PKC stimulation. In contrast, NPY has no
synergistic effect on angiotensin II-stimulated MAPK phosphory-
lation or PKC activity. NPY effects are pertussis toxin-sensitive and
calcium-independent and are mediated by NPY Y5 receptors. Taken
together, these results suggest that NPY, via Gi protein-coupled
NPY Y5 receptors, could participate in the development of cardiac
hypertrophy during chronic sympathetic stimulation by potentiat-
ing a-adrenergic signals.

Neuropeptide (NPY) is a 36-aa neurotransmitter that belongs to
a family of peptides containing peptide YY and the pancreatic

polypeptide. It was isolated originally from porcine brain (1) and
has been shown to be the most abundant neuropeptide in the
mammalian central nervous system (2). In the periphery, it is
colocalized with norepinephrine in some sympathetic nerve end-
ings (3). NPY has been implicated in various physiological re-
sponses including cardiovascular regulation (4) and the control of
food intake (5). NPY is thought to play a role in cardiovascular
homeostasis because it exerts a direct vasoconstrictive effect on
blood vessels and can potentiate the action of other vasoactive
substances such as a-adrenergic agonists and angiotensin II (6–8).

NPY acts on specific receptors, which are present in a wide
range of tissues. In the cardiovascular system, they are present on
cardiac, endothelial, as well as aortic and vascular smooth muscle
cells (9). These receptors first were characterized by their
capacity to bind substituted or truncated NPY peptides. At least
six distinct NPY receptors have been identified, namely Y1–Y6,
and described as members of the G protein-coupled receptor
family (10). The signal-transducing mechanism most frequently
associated with NPY receptors is the inhibition of adenylate
cyclase via an inhibitory G protein (Gi) (9, 11). In addition, NPY
receptors can activate phospholipase C (PLC) and then stimulate
the production of diacylglycerol and phosphatidylinositol
triphosphate (InsP3) (12). In turn, InsP3 regulates intracellular
calcium movements (11–13) and diacylglycerol activates protein
kinase C (PKC) (14).

Chronic stimulation of the sympathetic system can lead to cardiac
hypertrophy. Sustained activation of a- and b-adrenergic receptors
produces mitogenic signals that promote cardiac cell hypertrophy
and hyperplasia (15, 16). Mitogen-activated protein kinases
(MAPK) are thought to be key intracellular transducers of mito-
genic stimuli and have been implicated in the signaling pathways

leading to cardiac hypertrophy (17–19). These serineythreonine
kinases include the extracellular signal-regulated kinase (ERK), the
c-jun N-terminal kinase (JNK), and the p38 kinase (17). MAPK
activation results from phosphorylation cascades involving the
small GTP-binding proteins Ras and Rac. In addition, PKC also
could directly activate the different MAPK pathways. In particular,
the a1-adrenergic receptor agonist phenylephrine (PE) activates
PKC and, in turn, ERK phosphorylation (20, 21). Similarly, PE also
induces a rapid activation of p38 and JNK (22, 23). NPY also can
induce growth-promoting effects on different cells of the cardio-
vascular system including endothelial cells, smooth muscle cells, and
cardiac myocytes (14, 24–26). In this context, NPY was shown to
stimulate a PKC-dependent ERK activation in cultured cardiomy-
ocytes (14).

The purpose of this study was to investigate NPY-induced
activation of the different MAPK pathways in primary cardio-
myocytes, to determine whether NPY could potentiate the
growth factor effects of a-adrenergic agonists, and to identify the
NPY receptors involved.

Materials and Methods
Mice. C57BLy6 neonatal mice were used as sources of ventricular
cardiomyocytes. C57BLy6 mice lacking NPY Y1 receptor ex-
pression as well as 129yJ mice deficient for NPY Y5 expression
have been described (27, 28). Wild-type 129yJ mice were used as
controls in experiments using NPY Y5 knockouts.

Peptides. NPY and the semiselective agonists [Leu31Pro34]NPY,
NPY3–36, and NPY13–36 were obtained from Biomega (Stras-
bourg, France), Nova Biochem, and Bachem, respectively.

Cell Culture. Neonatal mouse ventricles were separated from atria
by dissection and digested three times at 37°C by using a mixture
of 0.45 mgyml collagenase (Worthington) and 1 mgyml pancre-
atin (GIBCO) in 116 mM NaCly1 mM NaH2PO4y5.4 mM
KCly0.8 mM MgSO4z7H2Oy5.5 mM glucosey20 mM Hepes, pH
7.4. Dissociated cells were washed by low-speed centrifugation in
medium consisting of a 3:1 mixture of DMEM and M199
(GIBCO) supplemented with 10% horse serum (Serotec), 5%
FBS (Serotec), 2 mM L-glutamine (GIBCO), 10 mgyml strep-
tomycin, and 100 unitsyml penicillin (GIBCO). Cardiomyocytes
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and nonmyocyte cells were separated by two rounds of differ-
ential plating of 45 min each and plated at a density of 0.1 3 106

cellsycm2 on gelatin-coated wells and noncoated wells, respec-
tively. After 24 hr in culture, cardiomyocytes were switched to
medium without serum. Cells were stimulated at 37°C by either
PE (Sigma) or angiotensin II (Ang II; Sigma) for 5 min (p38 and
ERK) or 10 min (JNK). For NPY, MAPK activation was
determined 10 min after agonist addition. After washing with
PBS, cells were lysed in RIPA buffer (150 mM NaCly0.25%
deoxycholic acidy1% NP-40y1 mM NaVO3y1 mM NaFy1 mg/ml
aprotininy1 mM PMSFy1 mg/ml pepstatin Ay1 mg/ml leupep-
tiny1 mM EDTAy50 mM Tris, pH 7.5). The lysates were either
heated at 95°C for 5 min in 23 SDSyPAGE loading buffer and
used for SDSyPAGE or kept frozen until used.

MAPK Activation. Protein concentrations were determined
according to Bradford. Soluble proteins (30 mg) were electro-
phoresed in SDSyPAGE and transferred onto nitrocellulose
membranes (enhanced chemiluminescence nitrocellulose; Am-
ersham Pharmacia). Phosphorylated MAPKs were detected by
overnight incubation at 4°C in Blotto (20 mM Tris, pH 7.6,

containing 0.1% Tween-20 and 5% dry milk), using specific
antibodies for the phosphorylated forms of p38, ERK, and JNK
(New England Biolabs). Primary antibodies were detected by
using anti-rabbit secondary antibodies conjugated to horseradish
peroxidase and a chemiluminescent detection system (Amer-
sham Pharmacia). Quantification was performed by laser-
scanning densitometry.

PKC Activity. PKC was immunoprecipitated from cell lysates
(anti-Pan PKC antibody; Biomol, Plymouth Meeting, PA), and
activity was quantified by measuring the amounts of g-32P
transferred to myelin basic protein. The phosphorylated sub-
strate was separated from the residual [g-32P]ATP by using P81
phosphocellulose paper and quantified by scintillation counting.

Reverse Transcription–PCR. Total RNAs were extracted by using
Tri-pure (Boehringer Mannheim). Reverse transcription–PCR
was carried out by using 1 mg of total RNA. First-strand cDNA
was synthesized by reverse transcription from DNase-treated
(Boehringer Mannheim) total RNA samples by using random
primers (Perkin–Elmer). The cDNA then was amplified with

Fig. 1. Concentration-dependent activation of MAPK by NPY, PE, and Ang II. Primary cultured cardiomyocytes were stimulated by either NPY (A), PE (B), or
Ang II (C). Activation was measured by detection of phosphorylated MAPKs by using Western blot analysis. Data were quantified by laser-scanning densitometry.
Results represent percent increase as compared with unstimulated control. Values are expressed as mean 6 SEM (n 5 3); *, P , 0.05 as compared with control.
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specific NPY receptor primers: Y1 primers, forward, 59-AAA
TGT GTC ACT TGC GGC GTT C and reverse, 59-AGT GTT
GAT TCG CTT GGT CTC ACT G (95°C for 1 min, 60°C for 1
min, 72°C for 1 min, 35 cycles); Y5 primers, TTT TGC TTC CCT
TCC ACC CTG AC and TTC GGC AGA CGC TGG TAT GAC
TTA C (95°C for 1 min, 60°C for 1 min, 72°C for 1 min, 35 cycles);
Y2 primers CTG AAA ATG GGT CCA ATA GGT GCA G and
GGA TCA CCA AGG AGT TGC CAA TTA C (95°C for 1 min,
58°C for 1 min, 72°C for 1 min, 40 cycles) using Taq polymerase

(Perkin–Elmer). PCR products (Y1, 335 bp; Y2, 230 bp; and Y5,
300 bp) were electrophoresed on a 2% Nu-Sieve gel (FMC).

Statistical Analysis. Data are expressed as means 6 SEM. Mean
values were compared with controls by ANOVA using a Stu-
dent’s–Newman–Keuls test. P , 0.05 was considered significant.

Results
MAPK Activation by NPY, PE, and Ang II. To investigate whether
NPY was able to induce p38, ERK, and JNK activation, cultured

Fig. 2. Effect of NPY pretreatment on PE- and Ang II-induced MAPK activation. (A and C) Detection of MAPK by Western blot analysis. (B and D) Quantification
of PE- and Ang II-mediated MAPK activation after NPY treatment. Primary cardiomyocytes were treated with NPY and then stimulated by various concentrations
of either PE (A and B) or Ang II (C and D). Phosphorylation of p38, ERK, and JNK was detected by using specific antibodies. Autoradiographic bands were quantified
by laser-scanning densitometry. Results represent percent increase as compared with unstimulated control. Values are expressed as mean 6 SEM (n 5 3); *, P ,
0.05 as compared with the indicate group. NS, not significant; #, P , 0.05 as compared with control.

Fig. 3. Identification of NPY receptor subtypes involved in NPY-mediated potentiation. Primary cultured cardiomyocytes were treated with 1 nM NPY or
semiselective agonists and then stimulated by 0.1 nM PE. Activation was measured by detection of phosphorylated MAPKs by using Western blot analysis. Data
were quantified by laser-scanning densitometry. Results represent percent increase as compared with unstimulated control. Values are expressed as mean 6 SEM
(n 5 3); *, P , 0.05 as compared with the indicate group. NS, not significant; #, P , 0.05 as compared with control.
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cardiomyocytes were incubated with increasing doses of NPY
(Fig. 1A). All three kinases were activated significantly by NPY
(Fig. 1 A), and the maximal effect was observed with the addition
of 100 nM peptide. The activation of p38 appeared rather modest
as compared with ERK and JNK. Time for optimal induction at
a 100-nM dose was found to be 10 min after agonist addition
(data not shown). PE and Ang II also stimulated p38, ERK, and
JNK in mouse cardiomyocytes in a concentration-dependent
manner (Fig. 1 B and C).

NPY Potentiates PE- But Not Ang II-Induced MAPK Activation in
Cardiomyocytes. To investigate whether NPY could potentiate
MAPK activation in cardiomyocytes, cultures were pretreated
with a suboptimal dose of NPY (1 nM) before PE or Ang II
addition at various concentrations. Pretreatment with NPY
potentiated PE-stimulated MAPK activation especially at low
doses of PE (Fig. 2 A and B). Phosphorylation of p38 appeared
particularly responsive to NPY sensitization. In contrast, NPY
failed to potentiate Ang II-induced MAPK activation in cardi-
omyocytes (Fig. 2 C and D).

NPY Induces MAPK Activation Through NPY Y5 Receptors. To deter-
mine which receptor subtype was implicated in the NPY-

mediated potentiation of PE-induced MAPK activation, semis-
elective NPY receptor agonists were used in stimulation exper-
iments (Fig. 3). [Leu31Pro34]NPY, which binds to NPY Y1 and
Y5 receptors, was as effective as NPY in potentiating MAPK
activation. The NPY Y5 and Y2 agonist, NPY3–36, was also able
to potentiate PE-induced MAPK phosphorylation. On the con-
trary, NPY13–36, which shows affinity for the NPY Y2 receptor
subtype but not for NPY Y5, failed to synergize with PE for
MAPK activation.

To investigate further which NPY receptor subtypes were
expressed on the surface of cardiac cells, RNA isolated from
either cardiomyocytes or nonmyocyte cells was analyzed for the
presence of NPY Y1, Y2, and Y5 mRNA by reverse transcrip-
tion–PCR (Fig. 4). In both cardiomyocytes and nonmyocyte
cells, NPY Y5 expression was readily detected. Although less
intense, the NPY Y2-specific fragment was also present in RNA
samples from cardiac myocytes and nonmyocyte cells. However,
both cell types lack NPY Y1 expression.

To confirm the importance of NPY Y5 receptors in mediating
the potentiating effect of NPY on MAPK activation, we used
cardiac cells isolated from mice deficient for either NPY Y1 or
Y5 receptor expression. Potentiation of PE-induced MAPK
activation by NPY was identical in wild-type cells and in cells
from NPY Y1 receptor-deficient animals. In contrast, NPY
failed to potentiate PE-mediated MAPK phosphorylation in
cardiomyocytes lacking NPY Y5 receptor expression (Fig. 5).

NPY-Mediated Potentiation of PE-Induced MAPK Activation Is Pertus-
sis Toxin (PTX)-Sensitive. To identify the type of G protein that was
important for mediating NPY-induced potentiation, cardiomyo-
cytes were treated with PTX to block Gi protein-coupled receptors.
At high doses of agonist, direct activation of MAPK by NPY was
completely abolished by PTX (Table 1). Interestingly, a-adrenergic
receptors also appeared to be coupled to Gi in these cells because
direct stimulation of MAPK activation by PE was blocked by PTX
treatment. Furthermore, NPY-induced potentiation of PE-
mediated activation of all three kinases also was completely inhib-
ited by PTX (Table 1). In contrast, PTX had no effect on Ang

Fig. 4. Expression of NPY Y1, Y2, and Y5 receptors. NPY receptor mRNAs
were detected in primary cultured cardiomyocytes (CM) and nonmyocyte cells
(non CM) by reverse transcription–PCR. Brain mRNA was used as positive
control. Samples without RNA were included as negative controls (not shown).

Fig. 5. NPY potentiates PE-induced MAPK activation through NPY Y5 receptors. Primary cultured cardiomyocytes isolated from mice deficient for either NPY
Y1 (Y1 2y2) (A) or Y5 (Y5 2y2) (B) receptor expression were treated with 1 nM NPY and then stimulated by 0.1 nM PE. 1y1, Cardiomyocytes from wild-type
mice. Activation was measured by detection of phosphorylated p38, ERK, and JNK by using Western blot analysis. Data were quantified by laser-scanning
densitometry. Results represent percent increase 6 SEM as compared with unstimulated control (n 5 3); *, P , 0.05 as compared with the indicate group; NS,
not significant; #, P , 0.05 as compared with control.
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II-mediated MAPK stimulation, suggesting that the AT-1 receptors
couple to a different GTP-binding protein.

PE-Induced PKC Activation Is Potentiated by NPY in Cardiomyocytes.
Because PKC can activate MAPK and it is activated by NPY
receptors, we measured PKC activity in cardiomyocytes stimu-
lated by high doses of NPY (Table 1). Direct activation of PKC
was observed in NPY-stimulated cardiomyocytes, and this acti-
vation was abolished by pretreatment with PTX. Similarly, high
doses of PE activate PKC in a PTX-sensitive manner. Moreover,
low doses of NPY potentiated PE-induced PKC activation. This
synergistic effect also was inhibited by PTX. On the contrary,
Ang II-mediated PKC stimulation in primary cardiomyocytes
was resistant to PTX treatment (Table 1).

NPY- and PE-Induced MAPK Activations Are PKC Dependent. To
investigate further the requirement for PKC in NPY-, PE-, and Ang
II-induced MAPK activation, we examined the effect of PKC
desensitization by a prolonged treatment with a nonspecific PKC
activator, PMA (phorbol 12-myristate 13-acetate). Direct MAPK
stimulation by either NPY or PE as well as NPY-mediated poten-
tiation of PE-activated MAPK phosphorylation were abolished by
PMA treatment (Table 1). In contrast, Ang II-induced MAPK
stimulation was insensitive to PKC desensitization.

NPY- and PE-Induced MAPK Activations Are Calcium Independent. To
determine whether the presence of calcium was a prerequisite
for NPY-, PE-, or Ang II-mediated MAPK activation, cardio-
myocytes were depleted of their intracellular calcium pools by
treatment with thapsigargin (TPG) and cultured in calcium-free
medium before agonist addition. Direct MAPK stimulation by
either NPY or PE as well as the NPY-induced synergistic effect
were insensitive to calcium removal (Table 2). Conversely, Ang

II-induced MAPK phosphorylation was completely abolished in
the absence of calcium (Table 2).

Discussion
Besides its hemodynamic effects on the vasculature, NPY appears
to demonstrate growth factor properties on different cell types (14,
24–26). In particular, recent data suggest that NPY stimulates ERK
in cultured adult ventricular cardiomyocytes (14). Here, we show
that NPY is able to directly activate p38, ERK, and JNK in primary
cardiomyocytes and, furthermore, can potentiate a-adrenergic-
stimulated MAPK activation. Interestingly, this effect appears
rather specific because NPY does not potentiate Ang II-induced
MAPK activation. NPY-induced potentiation is mediated by NPY
Y5 receptors coupled to PTX-sensitive Gi protein and does not
require the presence of calcium.

The sympathetic system plays an important role in cardiovascular
homeostasis. However, chronic sympathetic stimulation can con-
tribute to cardiovascular pathologies (29). For instance, it is ac-
cepted that sustained a- or b-adrenergic stimulation leads to the
development of cardiac hypertrophy (15, 16). This effect could be
partially caused by an activation of MAPK. Indeed, the activation
of MAPK by various trophic factors appears important in the
intracellular-signaling pathways leading to hypertrophy (17–19).
For instance, blocking ERK protein synthesis using antisense
oligodeoxynucleotides reduces transcriptional and morphological
responses to PE in rat cardiomyocytes (30). NPY has been shown
to potentiate the effects of various vasoactive substances including
a-receptor agonists (6, 8). NPY could potentiate the activation of
PLC, leading to increased IP3 accumulation (31, 32). Potentiation
is maintained largely in the absence of extracellular calcium,
arguing against a mechanism secondary to NPY-induced calcium
mobilization (12). In the present report, we show that NPY also
potentiates PE-induced p38, ERK, and JNK phosphorylation in
cardiac myocytes (Fig. 2B). This mechanism could be important to

Table 1. Effect of PTX or PMA on Ang II-, PE-, and NPY-mediated PKC and MAPK activation

Agonist, M PKC activity, % p38 activation, % ERK activation, % JNK activation, %

NPY PE Ang II Control PTX Control PTX PMA Control PTX PMA Control PTX PMA

1027 — — 27 6 3* 5 6 4 44 6 2* 5 6 4 5 6 2 74 6 2* 5 6 4 2 6 4 84 6 5* 7 6 2 4 6 3
1029 — — 3 6 2 ND 0 6 3 25 6 3 ND 6 6 5 5 6 3 ND 41 6 6* 3 6 5 ND
— 1027 — 25 6 4* 2 6 3 40 6 4* 1 6 2 2 6 4 68 6 3* 4 6 5 3 6 5 47 6 3* 22 6 4 2 6 3
— 10210 — 7 6 3 ND 15 6 3 2 6 1 ND 12 6 4 21 6 3 ND 10 6 7 5 6 3 ND
— — 1027 32 6 5* 27 6 5* 68 6 3* 64 6 3* 62 6 4* 97 6 2* 98 6 5* 99 6 3* 94 6 5* 102 6 4* 89 6 3*
— — 10210 24 6 5 ND 11 6 4 12 6 3 ND 32 6 4* 34 6 3* ND 21 6 2* 19 6 1* ND
1029 10210 — 39 6 6* 3 6 4 81 6 3* 7 6 4 5 6 3 62 6 4* 6 6 3 3 6 2 91 6 3* 7 6 4 3 6 1
1029 — 10210 5 6 1 4 6 3 9 6 2 11 6 5 ND 41 6 4* 27 6 5* ND 62 6 4* 24 6 3* ND

Cells were incubated with either 100 ng PTX for 6 h or 2 mM PMA for 36 h before agonist addition. Results represent percent increase as compared with
untreated control 6 SEM (n 5 3–6). ND, not done. *, P , 0.05 compared with control.

Table 2. Effect of TPG on Ang II-, PE-, and NPY-mediated MAPK activation

Agonist, M p38 activation, % ERK activation, % JNK activation, %

NPY PE Ang II Control TPG Control TPG Control TPG

1027 — — 44 6 5* 45 6 4* 77 6 9* 75 6 7* 85 6 9* 82 6 4*
1029 — — 1 6 3 3 6 4 5 6 2 6 6 3 39 6 4* 43 6 6*
— 1027 — 41 6 2* 41 6 4* 61 6 6* 64 6 5* 44 6 7* 42 6 5*
— 10210 — 12 6 5 12 6 3 9 6 4 10 6 3 8 6 5 5 6 2
— — 1027 70 6 5* 2 6 5 97 6 9* 8 6 4 93 6 5* 1 6 4
— — 10210 10 6 4 1 6 4 29 6 4* 2 6 4 19 6 3* 3 6 3
1029 10210 — 86 6 5* 87 6 6* 70 6 2* 67 6 4* 99 6 7* 97 6 5*

Cells were cultured in a calcium-free medium and treated with 100 mM TPG before agonist addition. Results
represent percent increase as compared with untreated control 6 SEM (n 5 3). ND, not done. *, P , 0.05 compared
with control.
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activate MAPK in situations of low sympathetic activity or during
adrenergic receptor desensitization. Similarly to what is observed
for NPY-mediated potentiation of vasoconstriction, NPY- and
PE-induced MAPK activation is calcium independent (Table 2).
Moreover, MAPK activation by either NPY or PE is abolished after
PMA-induced PKC desensitization (Table 1). Conversely, in ac-
cordance with previously published data (33), Ang II induces
MAPK phosphorylation via a calcium-sensitive pathway (Fig. 2C),
and PKC desensitization does not affect Ang II-mediated MAPK
activation (Table 1). Because NPY potentiates PE-induced MAPK
activation (Fig. 2B), but failed to synergize with Ang II (Fig. 2D),
it is likely that Ang II-mediated MAPK activation occurs through
different pathways than those activated by NPY and PE. This is in
contrast to what was observed for PE- and Ang II-stimulated
contractile responses, which both are potentiated by NPY (6–8). In
addition, the NPY effect on vasoconstriction appears to occur
through a PKC-dependent pathway (12).

The NPY-activated intracellular pathways in cardiomyocytes
are poorly described. NPY receptors appear to couple to at least
two types of G protein, namely, Gi and Gq, which is similar to
a-adrenergic receptors (34). Here, we show that NPY- and
PE-induced MAPK phosphorylation as well as NPY-mediated
potentiation of PE-stimulated MAPK activation are PTX-
sensitive (Table 1), suggesting that Gi proteins are implicated.
Interestingly, NPY was demonstrated to facilitate the interaction
of a1B-adrenoreceptor with a PTX-sensitive G protein (35).
This increased coupling could enhance the affinity for adrener-
gic agonists and might represent a way by which NPY could
amplify a-adrenergic responses.

Stimulation of G protein-coupled receptors causes the disso-
ciation of G protein a- and bg-subunits. This, in turn, results in
the activation of distinct Ga- and Gbg-mediated pathways
depending on the type of G protein. For instance, PLCb is
preferentially activated by Gaq after Gq-coupled receptor stim-
ulation whereas activation of Gi-coupled receptors stimulates
PLCb via the Gbg subunit (34). Furthermore, the Ga and Gbg
subunits activate distinct PLC isoforms. Specifically, Ga pref-
erentially activates PLCb1 over PLCb2 whereas the Gbg com-
plex stimulates predominantly PLCb2 over PLCb1 (36). There-
fore, NPY and a-adrenergic receptor in cardiomyocytes are

expected to stimulate PLCb2. Interestingly, the cAMP-
dependent protein kinase (PKA) has been shown to down-
regulate PLCb2 activity but not that of PLCb1 (36). In addition,
NPY is known to decrease the activity of adenylate cyclase (9,
11). Therefore, NPY through its negative effect on cAMP
accumulation could interfere with the PKA-dependent negative
feedback on PE-induced PLCb2 activation and, therefore, could
potentiate actions of PE on PLC. Indeed, NPY-treated cardio-
myocytes demonstrate a decrease in PKA activity (data not
shown). Activated PLC stimulates PKC activity via diacylglyc-
erol production, and NPY appears to potentiate PE-induced
PKC stimulation (Table 1). In addition, MAPK activation by
either NPY or PE appears to be PKC dependent whereas Ang
II stimulates MAPK phosphorylation through a different path-
way (Table 1). Therefore, NPY could fail to potentiate Ang
II-mediated MAPK activation because it implicates a PLC
isoform (PLCb1) that is insensitive to PKA-mediated feedback.
However, high doses of Ang II can directly activate MAPK, and
this activation probably occurs through a different pathway
involving adapter proteins such as Grb2 (37).

NPY is implicated in cardiovascular homeostasis because of its
vasoconstrictive actions on blood vessels (4, 6). Cardiac hypertrophy
is thought to represent an adaptive process in response to increased
workload. NPY then could contribute to the hypertrophic response
via its hemodynamic effects. However, NPY also can produce
growth factor effects on cardiomyocytes through the activation of
MAPK pathways. Interestingly, NPY produces an increase in blood
pressure through NPY Y1 receptors (27), and, here, we show that
NPY induces MAPK activation via NPY Y5 receptors (Figs. 3 and
5). NPY Y1 receptors appear to be expressed mainly on smooth
muscle cells in the periphery whereas this receptor subtype is absent
in cardiac tissues (Fig. 4). On the contrary, NPY Y5 receptors are
highly expressed in the heart (Fig. 4). Together, these observations
suggest that NPY could contribute to cardiac remodeling by
activating two different types of receptors, with each of these
receptors able to stimulate different intracellular pathways and to
produce differential effects.
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