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Introduction

A number of cellular and molecular mechanisms are 
involved in the development of cardiac hypertrophy (1). 
The alternation in the intracellular Ca2+ concentration is 
a primary stimulus for the cardiohypertrophic response 
(2, 3). Calmodulin is a widespread transducer of intra­
cellular Ca2+ signaling, which is considered to be influ­
enced by Ca2+ ions. The Ca2+-activated calmodulin  
has major signalling targets involved in the stimulation 
of hypertrophic gene transcription of the delta isoform of 
Ca2+/Calmodulin-dependent protein kinase II (CaMKIId) 
and the Ca2+/Calmodulin-activated serine/threonine 
phosphatase, calcineurin (CaN) (4, 5). The CaN-mediated 
hypertrophic response may lead to the heart failure 

(6 – 8). Pathological cardiac hypertrophy have been  
related to G-protein–coupled receptors, e.g., b1 receptors 
for epinephrine and norepinephrine, AT1 receptor for 
angiotensin II, and ET receptor for endothelin 1 (9, 10).

PEP-19, a 7.6-kDa polypeptide containing 61 amino 
acids, is selectively expressed in neurons (11 – 13), and 
PEP-19 mRNA expression distributes in human peri­
pheral organs such as kidney, prostate, uterus, and heart 
(14). PEP-19 plays a role in regulation of calmodulin, as 
do similar members of the IQ motif family of proteins 
such as neuromodulin (GAP-43), neurogranin (RC3), 
and CAP-19 (15, 16). Moreover, PEP-19 has been shown 
to inhibit apoptotic processes in PC12 cells and elicit a 
neuroprotective effect in neurodegenerative disorders 
(17 – 19). It is proposed that PEP-19 has neuroprotective 
properties, which might be mediated through calmodulin 
inhibition following excitotoxic insults by glutamate 
(20). However, its role during the pathological process  
of cardiac hypertrophy remains elusive.

In the present study, we firstly report that PEP-19 is 
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induced both in aortic banding-induced cardiac hyper­
trophy in vivo and angiotensin II–induced cardiomyocyte 
hypertrophy in vitro. The key finding of our study are 
that PEP-19 overexpression depresses angiotensin II– 
induced cardiomyocyte hypertrophy, along with decreased 
disturbance of CaMKII and CaN activation.

Materials and Methods

Experimental surgical procedure
Male Sprague-Dawley rats weighing 180 – 200 g 

(8 – 9 weeks of age) were subjected to the abdominal 
aortic banding procedure for induction of cardiac hyper­
trophy as described previously (21). Rats were anesthe­
tized, the abdominal aorta was exposed under sterile 
conditions through a midline abdominal incision, and a 
blunted 25-gauge needle (outside diameter, 0.5 mm) was 
placed between the right and left renal arteries. A ligature 
(6-0 silk) was snugly tied around both the renal artery 
and the needle. The needle was then removed, leaving 
the internal diameter of the aorta approximately equal to 
that of the needle. Sham-operated animals had an untied 
ligature placed in the same location. After surgery,  
animals were housed under controlled environmental 
conditions with food and water ad libitum.

Primary cardiomyocytes culture and transfection
The cardiomyocyte cultures were isolated by enzy­

matic disassociation of 1 – 3-day-old neonatal rat hearts 
has been detailed previously (3). In brief, cardiomyocytes 
were cultured in 35-mm dishes overnight in DMEM 
media supplemented with 10% fetal bovine serum,  
penicillin/streptomyocin (100 units/ml). The cells were 
transfected using 4 ml lipofectamine TM 2000 reagent 
(Invitrogen) and empty vector (pcDNA3.1) or active 
pcDNA3.1-PEP-19 vector. After transfection for 12 h, 
new serum-free DMEM was added to cells and supple­
mented with angiotensin II (100 nM) for another 48-h 
culture.

Immunocytochemistry
After transfection and angiotensin II stimulation, the 

cardiomyocytes were fixed in 4% formaldehyde for cell 
size measurement using immunocytochemistry as pre­
viously described (3). In brief, cells were incubated for 3 h 
at room temperature with rhodamine-conjugated Phal­
loidin (1:300; Molecular Probes, Eugene, OR, USA) in 
PBS containing 1% BSA. Cell images were taken by an 
Olympus fluorescence microscope, and the cell surface 
area of the cells was measured quantitatively using NIH 
Image program 1.63 software. All cells from randomly 
selected fields in 3 independent culture plates were  
examined for each condition (at least 100 myocytes  

per group). The cell surface area in control cells was  
expressed as 100%.

Western blot analysis
Cultured cells were washed with cold PBS and stored 

at −80°C until immunoblotting analysis was performed 
(3). Tissue samples were homogenized in 500 mL  
homogenizing buffer containing 50 mM Tris–HCl  
(pH 7.4), 0.5% Triton X-100, 4 mM EGTA, 10 mM 
EDTA, 1 mM Na3VO4, 30 mM sodium pyrophosphate, 
50 mM NaF, 100 nM calyculin A, 50 mg/mL leupeptin, 
25 mg/mL pepstatin A, 50 mg/mL trypsin inhibitor, and  
1 mM dithiothreitol (DTT). Insoluble material was  
removed by a 20-min centrifugation at 15,000 × g. After 
determining protein concentration in fractions using 
Bradford’s solution, samples containing equivalent 
amounts of protein were applied to 15% acrylamide  
denaturing gels (SDS-PAGE) (22). Equal amounts of 
proteins were separated on 10% – 15% SDS-PAGE gels 
and then transferred to an Immobilon PVDF transfer 
membrane for 2 h at 70 V. Membranes were blocked  
in 30 mM Tris-HCl (pH 7.4), 150 mM NaCl and 0.1% 
Tween 20 (TBS-T) containing 5% fat-free milk powder 
for 1 h at room temperature and incubated with anti-
PEP-19 (1:1000) or antibodies against CaMKII and 
phospho-CaMKIId (rabbit polyclonal antibodies, 1:2000 
dilution), calcineurin (rabbit polyclonal antibody, 1:2000), 
phospho-phospholamban (PLB, Thr-17; rabbit poly­
clonal antibody, 1:1000), phosphor-NFATc3 (Ser 265, 
rabbit polyclonal antibody; 1:200), or b-actin (mouse 
monoclonal antibody; 1:10,000) overnight at 4°C (23 – 25). 
After washing, membranes were incubated 60 min at 
room temperature with the appropriate horseradish per­
oxidase (HRP)-conjugated secondary antibody diluted  
in TBS-T. Immunoreactive proteins were visualized  
using the enhanced chemiluminescence detection system 
(Amersham Life Science, Buckinghamshire, UK).

Quantitative real-time RT–PCR
A quantitative analysis of atrial natriuretic peptide 

(ANP) and brain natriuretic peptide (BNP) mRNA  
expression in cultured cardiomyocytes was investigated 
by real-time polymerase chain reaction. Total RNA  
was extracted from cardiomyocytes by Trizol Reagent 
(Life Technologies, Inc., Carlsbad, CA, USA). Two  
micrograms of total RNA was reverse-transcribed using 
a Reverse Transcription System (Promega, Madison,  
WI, USA) according to manufacturer’s protocol. PCR 
amplification was performed using a CFX 96 Real-Time 
PCR Detection System (Bio-Rad, Hercules, CA, USA). 
All reactions were performed in triplicate. The following 
oligonucleotide primers were used: For ANP: 5′-TGG 
GCTCCTTCTCCATCACC-3′ and 5′-GCCAAAAGGC 
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CAGGAAGAGG-3′; BNP: 5′-CTTGGGCTGTGAC 
GGGCTGAG-3′ and 5′-GCTGGGGAAAGAAGAGCC 
GCA-3′; and b-actin: 5′-CGTCCACCCGCGAGTAC 
AAC-3′ and 5′-TCCTTCTGACCCATACCCAC-3′. All 
transcripts were normalized to those of b-actin.

Sarcoplasmic reticulum Ca2+ measurement using Fura-2
Sarcoplasmic reticulum calcium concentration was 

detected by using Fura-2 (3). In brief, neonatal ventri­
cular myocytes were cultured on glass coverslips and 
maintained in the growth medium. Briefly, after transfec­
tion with empty vector (pcDNA3.1) or active pcDNA3.1-
PEP-19 vector for 12 h and then treated with fresh 
DMEM supplement with angiotensin II (100 M) for  
another 48 h culture, myocytes were loaded with the 
Ca2+-sensitive dye Fura-2 acetoxymethyl ester (2.5 mM) 
for 30 min before measurement of Ca2+ levels in a  
chamber on the stage of an inverted microscope. When 
Ca2+ fluorescence levels came to steady state (2 min),  
10 mM caffeine was applied for 10 s by a picosptitzer. 
The amplitude of caffeine-induced Ca2+ transient was 
used as an index of sarcoplasmic reticulum Ca2+ content. 
Changes in caffeine-induced Ca2+ release from the  
sarcoplasmic reticulum were determined using a ratio  
of the fluorescence emission at 510 nm in response to 
excitation at 340 and 380 nm.

Cellular electrophysiology
Current clamp recordings for cultured cardiomycoyte 

were performed by using the patch clamp technique (27). 
In brief, cardiomyocytes were visualized with an infrared-
sensitive CCD camera with a × 40 water-immersion lens 
(Olympus). Action potentials were recorded with the  
use of a MultiClamp 700B amplifier Digidata 1440A 
analog-to-digital converter and pClamp 10.2 software 
(Axon Instruments/Molecular Devices, Sunnyvale, CA, 
USA). For current clamp recordings, patch pipettes 
(3 – 4 MW) filling solution consisted of 110 mM KCl, 5 
mM Na2ATP, 11 mM EGTA, 10 mM HEPES, 1 mM 
CaCl2, 1 mM MgCl2 (pH adjusted to 7.3 with KOH);  
and the bath solution consisted of 132 mM NaCl, 4.8 mM 
KCl, 10 mM HEPES, 1.2 mM CaCl2, 2 mM MgCl2  
(pH adjusted to 7.3 with NaOH).

Statistical analyses
The data were analysed with t-tests when the means 

between 2 groups were compared. For multi-group 
comparisons, statistical significance was determined  
using one-way ANOVA followed by a post hoc Tukey’s 
test. All data are expressed as the mean ± S.E.M. A value 
of P < 0.05 was considered to be significant.

Results

The cardiac hypertrophic response induced PEP-19 in 
vivo and in vitro

In the present study, subrenal banding of the abdominal 
aorta method was used to induce cardiac hypertrophy in 
the rats. Our results showed that after 4 weeks pressure 
overload treatment (PO 4W), the heart size was enlarged 
and the wall of ventricle also thickened (Fig. 1A). Here, 
we demonstrated that PEP-19 was undetectable in  
the neonatal and one month rat heart (Fig. 1B). However, 
the PEP-19 was detected at the 2nd and 4th week after 
abdominal aortic banding (PO 2W, 4W) (Fig. 1: B, C).  
It was reported that angiotensin II level markedly  
increased after 6 weeks of aortic banding surgery (28). 
Consistently, we also found the PEP-19 protein levels 
were induced after 24 h angiotensin II treatment in  
neonatal cardiomyocytes (Fig. 1D).

Effects of PEP-19 overexpression on angiotensin II– 
induced cardiomyocyte hypertrophy

We next investigate whether PEP-19 is a cause of 
cardiomyocyte hypertrophy or has an anti-hypertrophic 
function. Firstly, we examined morphological change  
of cardiomyocytes while transfected with empty vector 
or PEP-19 with or without angiotensin II treatment. Our 
results suggested that pcDNA3.1-PEP-19 transfection 
significantly attenuated angiotensin II–induced increase 
in surface area of cardiomyocytes (Fig. 2A), indicating  
it plays an inhibitory role on the cardiomyocyte hyper­
trophy. Moreover, ANP and BNP mRNA was significantly 
lower in cardiomyocytes expressing pcDNA3.1-PEP-19 
vs. empty vector–transfected cardiomyocytes in the  
presence of angiotensin II (Fig. 2B).

PEP-19 inhibits angiotensin II–induced CaMKII and 
CaN activation

In order to elucidate the mechanism of PEP-19 on 
cardiomyocyte hypertrophy, we examined its effect on 
the autophosphorylation of CaMKII and CaN level.  
We observed a significant increase in phosphorylated 
CaMKIIdB/C levels after exposure with angiotensin II  
occurred (Fig. 3). By contrast, our data demonstrated  
that PEP-19 transfection partially abolished the auto­
phosphorylation of CaMKIIdB/C in angiotensin II–treated 
cardiomyocytes (Fig. 3). In addition, CaN protein level 
was significantly elevated after angiotensin II stimula­
tion, whereas it was inhibited after PEP-19 transfection 
(Fig. 4A). We then measured the phosphorylation  
level of NFATc3 (Ser-256) to further confirm whether 
hypertrophy was stimulated through the CaN pathway. 
Consistently, the results showed that phospho-NFATc3 
(Ser-256) was decreased after PEP-19 transfection in 
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Fig. 1.  In vivo induction of PEP-19 by 
pressure overload and angiotensin II– 
induced myocardial hypertrophy in vitro. 
A) After abdominal aortic banding for 4 
weeks, Cross-sectional images of cardio­
myocytes were stained with hematoxylin 
and eosin. P.O., pressure overload. B) 
Representative immunoblots with anti­
body specific for PEP-19: the peptide was 
detected in neonatal and adult rat heart 
and brain. P.O., pressure overload. C) Bar 
graphs show densitometric analysis of 
western blot of PEP-19 protein in (B). 
The protein level of PEP-19 was normal­
ized to b-actin and expressed relative to 
the ratio in 1 d rats. The ratio obtained in 1 
d rats was assigned a value of 1. *P < 0.05, 
***P < 0.001 vs. 1 d rats. P.O., pressure 
overload. D) After stimulation with  
angiotensin (AT) for 24 h and 48 h, the 
cells were collected for immunoblots 
analysis. Immounreactive bands of PEP-19 
were detected as a 12 – 14 kDa doublet.

Fig. 2.  Overexpression of PEP-19 inhibits angiotensin II–
induced ANP and BNP mRNA expression. After transfec­
tion with empty vector (pcDNA3.1) or (pcDNA3.1-PEP-19) 
for 24 h, cardiomyocytes were incubated with or without 
angiotensin II (AT, 100 nM) for another 24 h. A) Cell size 
results are expressed as relative surface area standardized 
to the means surface areas of pcDNA in each experiment. 
**P < 0.01 vs. pcDNA, ##P < 0.01 vs. treatment with  
pcDNA + AT. pcDNA:pcDNA3.1. B) Quantification of 
ANP and BNP mRNA by real-time PCR. After transfec­
tion with empty vector (pcDNA3.1) or (pcDNA3.1-
PEP-19) for 24 h, cardiomyocytes were incubated with  
or without angiotensin II (AT, 100 nM) for another 24 h. 
The mRNA level of ANP and BNP were normalized to  
b-actin and expressed relative to the ratio in vector- 
transfected control cells. ***P < 0.001 vs. pcDNA, ##P < 0.01, 
###P < 0.001 vs. pcDNA + AT.
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angiotensin II–treated cardiomyocytes (Fig. 4B).

Effect of PEP-19 on sarcoplasmic reticulum calcium 
signaling

Sarcoplasmic reticulum Ca2+ signaling has been estab­
lished as being involved in the hypertrophic effects of 
angiotensin II as well as in the induction of cardiac  
hypertrophy (3). Here, greater phosphorylation of PLB  
at Thr-17 was observed in hypertrophic cardiomyocytes 
at 48 h with agonist treatment (Fig. 5A). By contrast, the 
increased phosphorylation of PLB upon angiotensin II 
treatment was blocked by PEP-19 overexpression  
(Fig. 5A). Moreover, we measured the Ca2+ content of 
the sarcoplasmic reticulum by assessing caffeine-induced 
Ca2+ release in cultured cardiomyocytes at 48 h. The 
Fura-2 ratio at 340/380 nm was not significantly  
different among the 4 groups in terms of the baseline. 

When Ca2+ release from the sarcoplasmic reticulum  
was triggered by the application of 10 mM caffeine,  
the transient Ca2+ elevation at 48 h increased 1.5-fold  
by angiotensin II treatment compared to the control cells 
(Fig. 5B). By contrast, the integrative volumes of the 
Ca2+ transient was significantly reduced by PEP-19 in 
comparison to angiotensin II–treated cardiomyocytes 
(Fig. 5B).

Effect of PEP-19 on membrane action potential
To determine whether angiotensin II stimulation can 

alter the cellular electrophysiology of cardiomyocytes, 
we performed current clamp studies on ventricular  
cardiomyocytes. The measure of membrane capacitance 
(Cm) and cardiac membrane input resistance (Rin) in 
cardiomyocytes is an index of their excitability, usually 
referred to as passive electrical properties and derived 
referring to an equivalent circuit. In the present study,  
we found that action potential morphologies from  
angiotensin II–stimulated cells reveal decreased cell  
excitability (Fig. 6A), whereas there were significant 
differences in the resting membrane potential (angio­
tensin II–treated cells, −31.38 ± 8.47 mV, P < 0.001 vs. 
control, −53.17 ± 6.03 mV); in Rin (angiotensin II–treated 
cells, 245.16 ± 17.58 MW, P < 0.01 vs. control, 576.49 ±  
54.96 MW); in Cm (angiotensin II–treated cells, 40.45 ±  
4.49 pF, P < 0.01 vs. control, 20.60 ± 2.20 pF). However, 
PEP-19 transfection significantly affect angiotensin II–
induced the changes in resting membrane potential 
(49.58 ± 1.48 mV, P < 0.05 vs. angiotensin II–treated 
cells), in Rin (388.46 ± 50.90 MW, P < 0.05 vs. angio­
tensin II–treated cells), and Cm (27.79 ± 2.92 pF, P < 0.05 
vs. angiotensin II–treated cells) (Fig. 6B).

Discussion

PEP-19 is firstly regarded as a neuronal expressed 
polypeptide that acts as an endogenous negative  
regulator of calmodulin by inhibiting the association of 
calmodulin with enzymes and other proteins. The altered 
expression in PEP-19 is associated with neurodegenera­
tive disease (15, 29). Until now, the role of PEP-19  
during the pathological process of hypertrophy remains 
largely unknown. In the present study, we documented 
that PEP-19 was inducible and detectable in the heart  
of animals under pressure overload. Moreover, we  
suggest that PEP-19 elicits antihypertrophic action 
through inhibition of CaMKII and CaN activation during 
development of cardiomyocyte hypertrophy.

Cardiac hypertrophy leading to heart failure is associated 
with abnormal intracellular Ca2+ regulation and impaired 
myocardial contractility (3). Calmodulin activity is 
modulated by both free Ca2+ levels and its binding to  

Fig. 3.  Transfection of active PEP-19 inhibits angiotensin II– 
induced auto-phosphorylation of CaMKII. After transfection with 
empty vector (pcDNA3.1) or (pcDNA3.1-PEP-19) for 24 h, cardio­
myocytes were incubated with or without angiotensin II (AT, 100 nM) 
for another 24 h. Extracts were prepared for blotting, and immuno­
blots performed with an anti-CaMKII antibody showed equal protein 
loading. Quantitative analysis of the 54/56 kDa autophosphorylated 
CaMKIIdB/C band was performed by densitometry. Data are means ±  
S.E.M. of 3 independent experiments performed in triplicate. *P < 0.05 
vs. pcDNA, #P < 0.05 vs. pcDNA + AT.
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IQ motif proteins (30 – 32). In the present study, we 
firstly found that pressure-overload induced the elevation 
of PEP-19 in the heart of rats, whereas the PEP-19  
is undetectable in the control animals. PEP-19 was  
originally described in the central nervous system (11), 
but PEP-19 is also inducible in lactating breast and  
during osteogenic differentiation of bone marrow stem 
cells, which require high Ca2+ levels (33, 34).

To determine whether PEP-19 induced by hyper­
trophic stress participates in the pathological process  
of cardiac hypertrophy, PEP-19 was transfected into  
rat neonatal cardiomyocytes and its effect on cardiac 
hypertrophy and related cell signaling were addressed  
in the intact cardiomyocytes. Recently we reported that  
a novel antagonist of calmodulin inhibits the various 
calmodulin-dependent enzymes in a competitive manner 
and exerts a powerful cardioprotective action during  

the process of cardiac hypertrophy (35, 36). On the  
other hand, PEP-19 inhibited apoptosis in PC-12 cells 
and protected HEK293T cells against death due to Ca2+ 
overload (19, 20). Here, we found that PEP-19 transfec­
tion effectively reduced cardiac hypertrophy, as assessed 
by measuring the angiotensin II–induced changes in the 
cell surface of cardiomyocytes. Consistently, PEP-19 
transfection also significantly reduced angiotensin II– 
induced elevation of ANP and BNP mRNA levels.

CaMKII and CaN are Ca2+-CaM binding proteins  
that play important roles in the development of cardiac 
hypertrophy. The present study indicated that PEP-19 
significantly decreased angiotensin II–induced auto­
phosphorylation of CaMKII and activity of CaN. We 
previously reported that involvement of calmodulin in 
the regulation of cellular growth is of particular interest 
because the disturbance of Ca2+/Calmodulin-dependent 

Fig. 4.  Transfection of active PEP-19 inhibits 
angiotensin II–induced CaN protein over­
expression and p-NFATc3 dephosphorylation. 
After transfection with pcDNA3.1-PEP-19 
and stimulation with angiotensin II, extracts 
were prepared for immunoblot analysis. A) 
Representative image of an immunoblot  
performed by using anti-calcineurin antibody. 
Data are means ± S.E.M. of 3 independent  
experiments performed in triplicate. *P < 0.05 
vs. pcDNA, #P < 0.05 vs. pcDNA+AT. B) 
Representative image of an immunoblot per­
formed by using anti-p-NFATc3 (ser-256)  
antibody. b-Actin was used as a loading control. 
Results are means ± S.E.M. of 3 independent 
experiments performed in triplicate. **P < 0.01 
vs. pcDNA, ##P < 0.01 vs. pcDNA + AT.
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intracellular signaling contributes to the pathological 
process of cardiac hypertrophy (3).

Although here we did not elucidate the precise  
mechanism of PEP-19 inhibition on the angiotensin II–
mediated activities of CaMKII and CaN, we speculate 
that priority of PEP-19 binding to CaM might contribute 
to its inhibition on CaMKII and CaN. Autophosphoryla­
tion at Thr 287 in the autoinhibitory domain of CaMKIId 
occurs once the enzyme is activated by Ca2+/Calmodulin 
binding and will generate autonomous activity of  
CaMKII (37 – 39). In addition, the dephosphorylation  
of NFATc3 as a CaN target protein was inhibited  
under PEP-19 transfection (40). We proposed that PEP-
19 inhibits calmodulin activity and in turn suppresses  
the activation of Ca2+/Calmodulin-dependent intra­

cellular signaling, such as CaMKII and CaN, eventually 
inhibiting the pathological process of cardiomyocyte 
hypertrophy. This notion is supported by the observation 
that angiotensin II causes the disturbance of Cm (pF), 
Rin (MW), and RMP (resting membrane potential, mv)  
in cardiomyocytes, whereas this effect was partially  
alleviated by PEP-19 treatment. PLB phosphorylation 
also contributes to the increased contraction by elevating 
the concentration of stored Ca2+ in the sarcoplasmic  
reticulum. Consistent with the change in CaMKII auto­
phosphorylation, treatment with 100 nM angiotensin II 
increased phospholamban Thr-17 phosphorylation at  
48 h, indicating that increased PLB is likely to be a 
compensatory response to hypertrophic stimulation. By 
contrast, the increased phosphorylation of PLB caused 

Fig. 5.  Overexpression of PEP-19 decreased 
angiotensin II–induced phosphorylation of PLB 
and sarcoplasmic reticular Ca2+ concentration. 
The same samples described above were  
used for analysis of p-PLB and SR calcium. 
A) Phosphorylation of PLB at Thr-17 was  
examined. b-Actin was used as a loading  
control. Data are means ± S.E.M. of 3 inde­
pendent experiments performed in triplicate. 
*P < 0.05 vs. pcDNA, #P < 0.05 vs. pcDNA +  
AT. B) Caffine-induced Ca2+ release was  
performed using Fura-2. Fura-2 fluorescence 
intensity was monitored at 340/380 nm. Fluo­
rescence intensity of pcDNA was arbitrarily 
defined as 1. Results are means ± S.E.M. of  
3 independent experiments performed in trip­
licate. **P < 0.01 vs. pcDNA, ##P < 0.01 vs. 
pcDNA + AT.
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by angiotensin II was blocked by PEP-19 overexpres­
sion. Nevertheless, there remains unresolved questions 
regarding the pathophysiological mechanisms of angio­
tensin II–mediated cardiovascular diseases. The cardiac 
angiotensin II type 1 receptor (AT1R) also plays a  
critical role in the molecular mechanism of cardio­
vascular hypertrophy, via activation of not only PLC but 
also a variety of intracellular signal transduction cascades 
(41, 42).

In conclusion, we suggested that the endogenous  
PEP-19 protein was inducible in heart suffering from 
hypertrophic stimulation. Upregulation of PEP-19 might 
be involved in an endogenous compensatory mechanism 
in the cardiomyocytes or heart to act against cardiac  
hypertrophy and failure. PEP-19 inhibits angiotensin II–
induced cardiac hypertrophy through inhibition of inte­
grated Ca2+ transient and in turn activation of CaMKII 

and CaN signaling. The further understanding of the 
function of PEP-19 during the pathological process of 
cardiac hypertrophy could have broad significance in the 
treatment of heart diseases.
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