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A disturbance in intracellular Ca2+ homeostasis has been well 
known to contribute to the cardiac dysfunction observed in 
chronic heart failure (CHF)[1].  Ca2+/calmodulin-dependent 

the heart[2] and is alternatively spliced to generate three sub-
types[3]

ligand binding calmodulin (Ca2+ [2]

[4].  The 

and intestine under physiological conditions .  Addition-

subtypes is altered during cardiomyocyte differentiation and 
maturation and in association with the development of CHF[3].

-
tion[6]

2+

[7].  Hyper-

the leak of Ca2+ -

2+ leak[8]

-
diac function[4]

both physiological and pathophysiological settings.
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Accelerating diastolic Ca2+ release from the sarcoplasmic 

dysfunction in CHF[9-12]

2+ leak .   

myocardial ischemia in failing hearts -
2+

2+ and lead 
-
-

tic for CHF
-

diomyocytes[20]

have been well investigated[21-23]

also critically involved in cardiac hypertrophy in both neona-
tal and adult models[24].

A better understanding of the molecular mechanisms under-
-

lular Ca2+ homeostasis might facilitate the identification of 
novel therapeutic targets to improve cardiac function in CHF.  

-
vation disturbs cytoplasmic Ca2+ homeostasis in cardiomyo-
cytes with CHF.

Animals and cardiomyocyte isolation
-

approved by the Nantong University Council on Animal Care 
and Use and complied with the Guide for the Care and Use of 
Laboratory Animals.  Animals were anesthetized by chloral 

the left anterior descending (LAD) coronary artery was ligated 
as we described previously .  Acute myocardial infarction 
was confirmed by the observation that the anterior wall of 
the left ventricle became cyanotic and through an elevation in 

-

echocardiography (data not shown here).  Rats were randomly 

CHF group (after 4 weeks of LAD artery ligation).  Ventricular 
cardiomyocytes from 1 to 2-day-old neonatal rat hearts were 
prepared by trypsin digestion as described previously[26].  

Hypoxic culture condition

which triggers a wide range of cellular responses[27].  There-
-
-

conditions were performed as previously described .  Cells 
2

2 2 ).  

same duration.

Intracellular Ca2+ imaging
Neonatal cardiomyocytes were plated in a 96-well plate.  Car-

CaCl2 2

-
fer and kept in this buffer until use.  Fluo-4 was used to moni-
tor cytosolic Ca2+ 2+ leak was mea-
sured by the tetracaine method as previously described .   

2 2

rapidly changed into 0 Na+ 2+ NT (NT with no added 
Ca2+

induced intracellular Ca2+

2+ leak
-

ground-corrected fluorescence emission (F/F0).  Data were 
-

Western blot analysis

-

Quantitative real-time PCR analysis

heart tissue from both groups of rats (n

-
titative real-time PCR was performed as we described[32].  

-
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-
nal standard[4]

-
-

GCUTT-3’[24]

-
-

manufacturer’s instructions.  The medium was replaced with 

Ultrasound cardiograph
Echocardiograms were obtained from animals (chloral 

-

The left ventricular internal diameter at the diastolic phase 

Chemicals

(dH2

Statistical analysis
-

post hoc 
test for multi-group comparisons.  P -

A total of 30 rats were randomly assigned to two groups of 
animals: 1) the sham-operated control rats (n=14); 2) rats with 

n=16).  A representative echocar-
diography is shown in Figure 1.  The ejection fraction (EF) was 

in the sham group (P

compared to those in the sham group (Table 1).  Left ventricu-
lar end diastolic dimension pressure (LVEDP) was signifi-
cantly increased in the CHF groups compared with that in the 

sham group (P p/dt
in the CHF group compared with that in the sham group 
(P

Table 1.

n n

*

*

*

*

dp/dt, mmHg·s *

n

*P vs
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and decreased dp/dt
dysfunction in the CHF group.  To investigate the alterna-

left ventricle 4 weeks after LAD artery ligation.  We observed 

of CHF rats compared to that in the LV of the sham controls 
(P -
natal cardiomyocytes compared to that in controls (P

P vs 
-

P vs 
control).

hypoxic cardiomyocytes
n P -

lated in the left ventricle of CHF rats compared to those in 
the sham controls (n=6) (Figure 3A).  These data indicated 
that P-RyR2 was activated in rats with CHF.  To determine 

 

P-RyR2 was significantly higher (n P

siRNA significantly (n P

-

-

2+ leak in cardiomyocytes 
with hypoxia

2+ leak in cardiomyocytes.  The present study 
2+

(n=12 cells in 3 cultures) was significantly greater than that 
in control cells (n=11 cells in 3 cultures) (P

n=16 cells in 3 cultures) 
2+ leak in cardiomyocytes (P

Ca2+

-
2+ leak via upregulation of P-RyR2 

-
nisms of cardiovascular function impairment in CHF.

*P vs
*P vs control; #P vs

*P
vs
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in vivo and in neonatal cardiomyocytes in vitro *P vs the 

*P vs control cardiomyocytes; #P vs

2+

2+

2+ leak 

2+ F/F
2+ leak in 

*P vs control cardiomyocytes; #P vs 
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n P
downregulated in the left ventricle of CHF rats compared to 
the levels in the left ventricle of the sham control animals (n=6) 

-

-
n=3 

P
n P

2+ uptake via the down-

dysfunction in CHF.

The major findings of this study were as follows: (1) the 

the left ventricle of rats with CHF and cardiomyocytes with 

-

-

cardiomyocytes.  These results suggest that inhibition of 
2+ leak elicited by 

-
emic myocardial injury and cardiac remodeling[34]

process of cardiac hypertrophy and remodeling after pressure 
overload

[36]

ventricular myocytes in rat hypertrophy[24]

constriction-induced hypertrophy in the rat heart[37] -

to contribute to the development of cardiac hypertrophy and 
heart failure[38]

in vivo 
and in neonatal cardiomyocytes in vitro

*P vs

*P vs control cardiomyocytes; #P vs
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may play an important role in the pathological process of 
myocardial ischemia.

in cardiac myocytes and plays an important role in regulat-
ing Ca2+ [39]

Ca2+ leak is regarded as an important pathological mechanism 
for the development of cardiac pump failure[40].  In the pres-

not only found in the LV of CHF animals in vivo but also in 
 in vitro

2+ leak from 

are consistent with previous reports showing that inhibition of 
2+ leak[41].

in vitro.  These results 

2+

P-RyR2 in the cardiomyocytes may contribute to the protective 
effect on cardiac function.

contributes to the Ca2+

heart failure 2+ back to the 
2+ levels are increased and provide the elec-

2+ release[44].  Restoration 
2+ release 

and the risk of RyR2-mediated diastolic leak

2+

Ca2+ load[46]

may be reasonably thought to be mediated through the 

-

2+ leak through the 
-

cytes with myocardial ischemia.

-
trophy and further worsening CHF[47].  Whether activation of 

remodeling through the activation of RyR2 and downregula-

-
function in CHF (Figure 6).  The data from the present study 

2+ leak through 
-

be a potential target for the prevention and treatment of the 
cardiac dysfunction associated with CHF in the future.
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