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Calcium-Sensing Receptor Induced Myocardial
Ischemia/Reperfusion Injury via the C-Jun
NH2-Terminal Protein Kinase Pathway
Chun-Ming Jiang,1 Chang-Qing Xu,2,3 Yan Mi,1 Hong-Zhu Li,2 Rui Wang2,4 and Wei-Min Li5

Objective: Calcium-sensing receptor (CaSR) belongs to the family C of G-protein coupled receptors. This study was
carried out to investigate the role of CaSR in a model of myocardial ischemia/reperfusion injury (MI/RI) in rats.
Methods: To produce an MI/RI in rats, a branch of the left anterior descending coronary artery was occluded for 30
min followed by a 6 h reperfusion. Then, we measured cardiac function, noted morphologic alterations of the
myocardium, and analyzed the the expression of caspase-3, Bcl-2, CaSR, and c-Jun NH2-terminal protein kinase
(JNK) by Western blotting, respectively.
Results: GdCl3, an activator of CaSR, further enhanced myocardial injury induced by ischemia/reperfusion,
resulting in an increase in JNK phosphorylation, down-regulation of Bcl-2 expression, and up-regulation of
caspase-3 expression. Inhibition of JNK activation with SP600125 partly converted the myocardial injury.
Conclusion: The results demonstrated that CaSR may induce MI/RI via the JNK pathway.
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INTRODUCTION

is expressed in all tissues related to systemic calcium homeostasis, including the parathyroid gland, thyroid Ccells, the kidney, bone, and the gastrointestinal tract.3
CaSR has also been cloned from tissues with apparently
no role in the maintenance of systemic calcium levels,
such as the breast, the pancreas, keratinocytes, a variety
of cells within the central nervous system, and lens epithelial cells.4 Multiple ligands regulate the activation of
CaSR, including divalent and trivalent cations, L-amino
acids, polymines, and changes in ionic strength and pH.5
Binding of extracellular Ca2+ or other CaSR agonists and
activation of the receptor trigger multiple intracellular
signaling events, such as activation of phospholipase C
(PLC), inhibition of adenylate cyclase (which suppresses
the intracellular concentration of cAMP), and activation
of the MEK [where MEK is MAPK (mitogen-activated
protein kinase)/ERK kinase]/extracellular signal-regulated kinase (ERK)1/2 pathway. 6,7 Utilizing these and
other pathways, CaSR can regulate such diverse processes as hormone secretion, gene expression, ion channel activity, proliferation, differentiation, and apoptosis.

The calcium-sensing receptor (CaSR) was first cloned
in 1993 from bovine parathyroid gland by Brown et al.1
CaSR belongs to family C of G-protein coupled receptors
and consists of a large extracellular domain in the N-terminal portion of the receptor, a seven-transmembrane region, and an intracellular carboxyl terminal tail.2 CaSR
is the molecular basis by which specialized cells detect
and respond to changes in the extracellular Ca2+. CaSR
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Ischemia/reperfusion procedure
A rat model of in situ regional MI/RI was used as
previously described.11 In brief, rats were intubated and
placed under mechanical ventilation after undergoing
general anesthesia with urethane (1.2-1.4 g/kg intrapercutaneously). A left parasternotomy was performed
to expose the heart, and a 6-0 silk suture was placed
around the left anterior descending (LAD) coronary artery. A snare was placed on the suture, and regional
myocardial ischemia was produced by tightening the
snare. After 30 minutes of ischemia, the occlusive snare
was released to initiate reperfusion for up to 6 h. The
animals were allowed to recover under a heating lamp.
Physiologic variables, including heart rate, core body
temperature, and ECG, were monitored (Adinstruments
Powerlab, Sydney, Australia). The rats were then randomly divided into five groups (8~13 rats per group):
(1) sham-operated control rats underwent the same surgical procedures, except that the snare was not tightened
(sham group); (2) after 30 min of ischemia, the occlusive
snare was released to initiate reperfusion up to 6 h (the
I/R group); (3) 8 mg/kg of GdCl3 (a specific activator of
CaSR) was injected into the rats at the beginning of
reperfusion (the GdCl3 group); (4) 0.5 mg/kg of SP600125
(a selective JNK inhibitor) was injected into the rats at
the beginning of reperfusion (the SP600125 group); and
(5) at the beginning of reperfusion, the rats were injected
with 0.5 mg/kg of SP600125 10 min prior to administration of 8 mg/kg of GdCl3 (the GdCl3 + SP600125 group).

Calcium handling is essential for the homeostatic
control of cardiovascular function, which may not be involved in systemic calcium homeostasis directly. In 2003,
Wang and Xu8 first reported that CaSR was expressed in
cardiac tissues, and demonstrated that activation of CaSR
resulted in intracellular calcium increase through PLC inositol, 4,5-triphosphate (IP3) pathway. Our group demonstrated that CaSR could induce apoptosis in isolated
adult rat hearts and in normal rat neonatal cardiomyocytes. 9,10 However, the specific roles of CaSR in the
heart under physiologic and pathophysiologic conditions
remain to be elucidated. To observe the function of
CaSR in cardiomyocytes from a more comprehensive
perspective, in this study, we selected myocardial ischemia/reperfusion injury (MI/RI) in rats as our model.
We analyzed the role of CaSR in myocardial injury induced by ischemia/reperfusion (I/R), then investigated
intracellular signaling pathways downstream of CaSR.

MATERIALS AND METHODS
Materials
GdCl3, SP600125, Evans blue, and 2,3,5-triphenyltetrazolium chloride were purchased from Sigma (St.
Louis, MO, USA); Trizolâ reagent was purchased from
Invitrogen (California, Carlsbad, USA); ExTaq TM was
purchased from TaKaRa Biotechnology Co. (TaKaRa,
Japan); anti-caspase-3 and Bcl-2 antibodies were purchased from Santa Cruz Biotechnology Inc. (Santa Cruz,
CA, USA); anti-c-Jun NH 2 -terminal protein kinase
(JNK) antibody and Reverse Transcription System were
purchased from Promega (Madison, WI, USA); and
anti-CaSR antibody was purchased from Alpha Diagnostic International Inc. (San Antonia, TX, USA).

Transmission electron microscopy
At the end of the 6 h period of reperfusion, heart
tissue was fixed with 3.0% glutaraldehyde and 1.5%
paraldehyde, washed in PBS, fixed in osmium tetroxide,
dehydrated in an ethanol series, embedded in epoxy
resin, then examined under a transmission electron microscope (JEM-2000EX, JEOL, Tokyo, Japan).

Animals
Wistar rats, 10-12 weeks old and weighing 200250 g, were placed in a temperature (21 ± 2 °C) and humidity (60 ± 5%) controlled room, in which a 12 h light
12 h dark cycle was maintained. The study was approved
by our Institutional Animal Research Committee, and all
animals received humane care in compliance with the
Guide for the Care and Use of Laboratory Animals, as
published by the National Institute of Health (NIH publication 86-23, revised 1986).

No-reflow area determination
No-reflow area analysis was performed as previously described. 12 At the end of the 6 h period of reperfusion, the LAD was re-ligated with 6-0 silk suture,
and 1.2 ml of 1.0% Evans blue was retrograde-injected
into the carotid artery catheter to delineate the in vivo
area at risk. At the end of the protocol, the heart was excised and fixed in 1.5% solution of SeaPlaque agarose
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pairs for CaSR: 5¢-ttcggcatcagctttgtg-3¢ (forward) and
5¢-tgaagatgatttcgtcttcc-3¢ (reverse), and for GAPDH:
5¢-ctcaactacatggtctacatg-3¢ (forward) and 5¢tggcatggactgtggtcatgag-3¢ (reverse). PCR amplification
consisted of 35 cycles of denaturation at 94 °C for 20 s,
annealing at 55 °C for 40 s, and polymerization at 72 °C
for 40 s. Aliquots (5 mL) of PCR reaction products were
analyzed by 1.2% agarose gels, the bands were visualized with ethidium bromide, scanned and then analyzed
with Bio-Rad analysis software.

gel (Cambrex, East Rutherford, USA). After the gel solidified, the heart was sectioned perpendicular to the
long axis in 1-mm portions with a McIlwain tissue chopper (Westbury, NY, USA). The 1-mm sections were
placed in individual wells of a six-well cell culture plate
with the basal side exposed. Each slice was counterstained with 3.0 ml of 1% 2,3,5-triphenyltetrazolium
chloride solution for 5 min at 37 °C. Each slice was
weighed and visualized under an Olympus SZ4045 dissecting microscope (Olympus Optical Co., Tokyo, Japan). The no-reflow area was determined by computer
planimetry using NIH IMAGE 1.57 software.

Western blot analysis for the expression of
CaSR, bcl-2, caspase-3, and JNK
Total proteins of the rat hearts were prepared according to the manufacturer’s instructions, as described
previously.14 Briefly, 0.2 g of frozen tissue was homogenized in ice-cold Tris-sucrose buffer, and the homogenate was centrifuged at 1,400 ´ g for 15 min at 4 °C.
The protein concentration of the supernatant was determined using a Bradford protein assay with bovine serum
albumin (BSA) as a standard. Total proteins (20 mg)
were electrophoresed through a standard 10% (sodium
dodecyl sulfate polyacrylamide gel electrophoresis)
SDS-PAGE in Tris-glycine electrophoresis buffer and
blotted onto nitrocellulose membranes in transferring
buffer at 100 V for 1 h in a water-cooled transfer apparatus. The membrane was blocked in a TBS-T buffer
(50 mM Tris.HCl, pH 7.4, 150 mM NaCl, 0.1% Tween
20) containing 5% skimmed milk at 37 °C for 1 h, and
then was incubated overnight at 4 °C with anti-CaSR
antibody (1:2500), anti-Bcl-2 (1:500), anti-caspase-3
(1:500), and anti-JNK (1:2500). Subsequently, the membrane was incubated with anti-IgG antibody conjugated
with alkaline phosphatase diluted to 1:1000 in TBS-T
for 1 h at room temperature after it was washed three
times in TBS-T. Antibody-antigen complexes were detected using Western Blueâ Stabilized Substrate for alkaline phosphatase. The volume of the protein bands were
quantified by a Bio-Rad Chemi DocTM EQ densitometer
and Bio-Rad Quantity One software (Bio-Rad Laboratories, Hercules, CA, USA).

Cardiac function measurement
Cardiac function analysis was performed as described
elsewhere.13 Cardiac function was evaluated based on left
ventricular developed pressure (LVDP), and positive and
negative maximum rate of left ventricular pressure development (differential quotient of pressure change against
time [±dp/dt]). LVDP was measured with a transducer inserted into the left ventricle through the right carotid, pulmonary vein, left atrium, and valva mitralis. Transducers
were connected to a PowerLab 8/SP TM data acquisition
system (Adinstruments Powerlab, Sydney, Australia) for
continuous recording of cardiac function.
Reverse transcription polymerase chain
reaction (RT-PCR) analysis of CaSR mRNA
transcription
Tissue RT-PCR analysis was performed as described
elsewhere.8 Total RNA was extracted from cardiac tissue
with Trizol Reagent and treated with RNase-free DNase
I. First-strand cDNA was made by reverse transcribing 5
mg of DNase I-treated total RNA with reverse transcription system in a total volume of 50 mL. The reverse transcription reaction was carried out at 70 °C for 10 min
followed by incubation at 42 °C for 1 h. Five microliters
of Reverse Transcription reaction mixture were used for
PCR amplification in a volume of 50 mL using a programmable thermal controller (MJ Research Inc,
Watertown, MA, USA) with gene-specific primers designed on reported sequences of rat CaSR (GenBank accession number U20289) and GAPDH (GenBank accession number Nm017008). GAPDH was used as the internal control for mRNA integrity and equal loading. Portions of the CaSR cDNA were amplified using the primer
Acta Cardiol Sin 2010;26:102-10

Measurement of intracellular calcium
Isolated single cardiomyocyte suspension was loaded
with the acetoxymethyl ester of fluo-3 (fluo-3/AM)(a
kind of calcium fluorescence probe) in 1% working so104
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lution containing 0.01% Pluronic F-127 at 37 °C for 1 h,
washed with Ca2+-free Phosphate Buffered Saline (PBS)
three times to remove the extracellular Fluo-3/AM, and
were diluted to the required concentration. The loaded
and diluted cells with bar-shape and clear striate were
used in the experiment. Excitation was set at 488 nm,
and emission was monitored at 530 nm. The fluorescence images reflecting intracellular calcium ([Ca2+]i)
were recorded using a Laser Confocal Scanning Microscope (Leica Corporation, Germany). These cells were
divided into three groups. (1) I/R group: The cells in
Tyrode’s solution were put into chamber and incubated
for 8 min. The cells were then incubated in simulated
ischemia solution (composition in mM): NaCl, 136; KCl,
5.4; NaH2PO4, 0.35; MgCl2, 1.0; and Hepes, 10 (pH adjusted to 6.8) for 30 min. At last, the cells were reperfused with Tyrode’s solution again for 15 min. (2)
NiCl2 + CdCl2 group: The protocol was similar to that of
the I/R group, except that 10 mM NiCl 2 and 0.2 mM
CdCl2 were added to Tyrode’s solution at the beginning
of reperfusion. (3) GdCl3 group: The protocol was the
same as for the NiCl2 + CdCl2 group. The final concentration of GdCl3 in the reperfusion solution was 0.3 mM.
Previous reports showed that 10 mM NiCl2 and 0.2 mM
CdCl 2 effectively inhibit the Na + /Ca 2+ exchanger and

L-type calcium channel activities, respectively. Moreover, 0.3 mM GdCl3 induces the activation of CaSR.

Statistical analysis
All data were obtained from at least three independent experiments, and replicated two to four times
for each condition. Data are expressed as the mean ±
SEM. Comparisons among the groups were performed
by using Kruskal-Wallis one-way analysis of variance
(ANOVA). A p value equal to 0.05 or less was considered significant.

RESULTS
GdCl3 caused ultrastructural deterioration and
injury to the myocardium
Ultrastructural injury was measured by transmission
electron microscopy. In the sham group, there was no
evident histopathologic changes, but in the I/R group,
nuclear chromatin margination, aggregation, and condensation was noted. Moreover, in the GdCl3 group, dissolution and disappearance of mitochondrial cristae was
detected. After treatment with SP600125, histopathologic injury was reduced (Figure 1).

A

C

B

D

E

Figure 1. Observation of morphologic changes in myocardium by transmission electron microscopy (8000´). (A) sham group; (B) ischemia/
reperfusion (I/R) group; (C) GdCl3 group; (D) SP600125 group; (E) GdCl3 + SP600125 group. Nuclear chromatin underwent no significant changes
in the sham group. In the I/R group, nuclear chromatin margination, aggregation, and condensation were apparent. Moreover, dissolution and disappearance of mitochondrial cristae was observed in the GdCl3 group. In the SP600125 and GdCl3 + SP600125 groups, injury of nuclear chromatin,
mitochondria, and nuclear membranes was clearly reduced.
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GdCl3 increased the no-reflow area
GdCl 3 increased the no-reflow area of the myocardium from 38.1 ± 4.2% in the I/R group to 50.2 ±
7.0% (p < 0.01 vs. the I/R group). However, SP600125
decreased the no-reflow area of the myocardium to
33.4 ± 3.5% (p < 0.05 vs. the I/R group). In GdCl3 +
SP600125 group, the no-reflow area of the myocardium
was 41.7 ± 5.4% (p < 0.05 vs. the GdCl3 group).

I/R caused an increase in CaSR protein expression
(p < 0.01 vs. the sham group) and this was further enhanced by GdCl3 (p < 0.01 vs. I/R group), in agreement
with the CaSR mRNA transcription described above
(Figure 3).

GdCl3 down-regulated anti-apoptotic Bcl-2
expression and up-regulated pro-apoptotic
caspase-3 expression
To investigate the pathway through which GdCl3 induced myocardial injury, we analyzed the expression of
anti-apoptotic Bcl-2 and pro-apoptotic caspase-3 by
Western blotting. The level of Bcl-2 protein was increased after I/R (p < 0.01 vs. the sham group), but
GdCl3 inhibited the expression of Bcl-2 (p < 0.01 vs. the
I/R group). On the contrary, GdCl3 elevated the expression of the proapoptotic protein, caspase-3 (p < 0.01 vs.
the I/R group). SP600125 had the converse effect on
Bcl-2 and caspase-3 expressions. In the GdCl3 + SP600125
group, the level of Bcl-2 protein was higher than in the
GdCl3 group (p < 0.05 vs. the GdCl3 group), however
the level of caspase-3 protein was lower than in the
GdCl3 group (p < 0.05 vs. the GdCl3 group) (Figure 4).

Cardiac function alteration
There were no significant differences in the baseline
values of the LVDP and ±dp/dtmax in the sham group. At
the end of reperfusion, the LVDP and ±dp/dtmax were depressed, respectively (p < 0.01 vs. sham group). GdCl3
further induced a decline in the LVDP and the ±dp/dtmax
(p < 0.01 vs. I/R group). Treatment with SP600125 before reperfusion significantly improved the recovery of
the LVDP and the ±dp/dtmax (p < 0.01 vs. I/R group).
SP600125 could relieve the decrease of cardiac function
induced by GdCl3 (Table 1).
I/R and GdCl3 enhanced CaSR mRNA
transcription and protein expression
To confirm the involvement of CaSR in I/R-induced
injury, CaSR mRNA transcription and protein expression
were examined by RT-PCR and Western blotting, respectively. CaSR mRNA transcription increased in response
to I/R (p < 0.01 vs. the sham group). After exposure to
GdCl3, the level of transcription of CaSR mRNA was further enhanced (p < 0.05 vs. the I/R group). SP600125 had
no effect on the transcription of CaSR mRNA (Figure 2).

GdCl3 increased [Ca2+]i during I/R
To identify the effect of CaSR on [Ca2+]i during I/R,
we examined the change of [Ca2+]i on exposure to GdCl3
by laser confocal scanning microscopy. The average
cytosolic Ca2+ concentration in a single cell was determined using the sensitive fluorescent Ca2+ probe fluo-3/
AM. The peak of fluorescence intensity was increased

Table 1. Comparison of LVSP and ±dp/dt max in different groups at the end of the experiment
Group
Sham
I/R
GdCl3
SP600125
Gd + SP

LVDP (mmHg)

+dp/dt max (mmHg/s)

-dp/dt max (mmHg/s)

96.3 ± 7.6
65.1 ± 4.9*
51.0 ± 6.7†
89.7 ± 6.9†
82.0 ± 6.1‡

3111.5 ± 34.5
2203.6 ± 53.8*
1524.6 ± 57.1†
2842.3 ± 71.2†
2748.4 ± 60.9‡

2037.6 ± 43.9
1560.3 ± 20.6*
1296.1 ± 39.1†
1971.4 ± 50.3†
1893.4 ± 88.6‡

*p < 0.01 vs. the sham group; †p < 0.01 vs. the I/R group; ‡p < 0.01 vs. the GdCl3 group.
Data are presented as the mean ± SE (n = 8 per group). The hearts were subjected to 30 min of ischemia and 6 h of reperfusion. The
hemodynamic parameters, left ventricular developed pressure (LVDP), left ventricular pressure development (+dp/dt), and left
ventricular pressure decay (-dp/dt) were measured throughout the experiment. At the end of reperfusion, the LVDP and the ±dp/dtmax
were depressed, respectively (p < 0.01 vs. the sham group). In the GdCl3 group, the hemodynamic parameters were further decreased
(p < 0.01 vs. the I/R group). On the contrary, SP600125 significantly improved the recovery of the LVDP, +dp/dtmax, and -dp/dtmax
induced by I/R or GdCl3 (p < 0.01 vs. the GdCl3 group).
Acta Cardiol Sin 2010;26:102-10
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Figure 2. Detection of CaSR mRNA transcription in myocardium by
RT-PCR (n = 8). Total mRNA of rat heart was extracted at 6 h of
reperfusion following 30 min ischemia. The upper part of the panel
shows representative ethidium bromide-stained gels for CaSR and
GAPDH reaction products, while the lower part displays the transcription of CaSR mRNA levels as a ratio to GAPDH. There was distinct
up-regulation of CaSR mRNA in the I/R group. GdCl3 further increased
CaSR mRNA transcription compared with the I/R group. *p < 0.01 vs.
sham group, †p < 0.05 vs. the I/R group.

A

Figure 3. Analysis of CaSR protein expression in myocardium by
Western blotting (n = 8). A basal level of CaSR was detected in the sham
group, and this served as a baseline for computing the fold increases in
the other groups. CaSR expression in the I/R group was higher than in
the sham group. GdCl3 further increased CaSR expression. Quantification of the Western blotting analysis for CaSR is shown in the lower
panel. The fold change values represent means ± SEM. *p < 0.01 vs. the
sham group; †p < 0.01 vs. the I/R group.

B

Figure 4. Detection of Bcl-2 and caspase-3 expression in myocardium by Western blotting (n = 8). (A) Western blotting assay for Bcl-2 expression
in the myocardium. (B) Western blotting assay for caspase-3 expression in the myocardium. I/R increased the Bcl-2 protein level. GdCl3 inhibited
Bcl-2 expression. The expression of caspase-3 was increased after I/R. GdCl3 elevated this increase. SP600125 down-regulated caspase-3 expression
and up-regulated Bcl-2 expression. The combination of GdCl3 and SP600125 increased Bcl-2 expression and decreased caspase-3 cleavage. Values
represent the means ± SEM. *p < 0.01 vs. the sham group; †p < 0.05, ‡p < 0.01 vs. the I/R group; #p < 0.05 vs. the GdCl3 group.
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DISCUSSION

during reperfusion (p < 0.01 vs. control). When NiCl2
and CdCl2 were pre-added to the reperfusion medium,
the peak did not decrease significantly, while GdCl3 induced a marked increase in [Ca 2+ ]i (p < 0.05 vs. I/R)
(Figure 5).

Ischemia and reperfusion injuries to the heart are
manifested by myocardial infarction, post-ischemic ventricular functional dysfunctions, arrhythmias, and cardiomyocyte apoptosis. The pathophysiologic mechanisms responsible for reperfusion injury have not been
clearly elucidated; however, it is widely acknowledged
that calcium overload might be involved in the injury of
myocardium upon reperfusion.15 Calcium is vital for the
functioning of the heart. Both intra- and extra-cellular
calcium play multiple roles in cardiac myocytes. CaSR
senses the extracellular calcium level and communicates
to the cell the exact level of calcium outside the cell. The
change in calcium levels will be transformed into activation of intracellular signaling pathways that will induce
downstream effects on the cell.16 Previous studies had
shown that the extracellular trivalent cation Gd 3+ is a
strong agonist of CaSR, so in the present work, we used
GdCl3 to examine whether CaSR plays a role in the injury induced in I/R.
Morphologic alterations were observed by transmission electron microscopy. CaSR mRNA transcription

GdCl3 induced JNK activation
To determine whether GdCl3 increased JNK activity
in the MI/RI model, the expression of total JNK (t-JNK)
and phosphorylated JNK (p-JNK) was analyzed by
Western blotting. The results showed that I/R and GdCl3
had no influence on total JNK expression and there was
only weak expression of p-JNK in the sham group.
When the myocardium was exposed to I/R or GdCl3, the
expression of p-JNK was up-regulated (p < 0.01 vs. the
sham group; and p < 0.01 vs. the I/R group, respectively). Pretreatment with SP600125, an inhibitor of JNK,
blocked the increased expression of p-JNK (Figure 6).

A

B
Figure 5. Measurement of intracellular calcium in cardiomyocytes.
(A) Fluorescent images show the same cardiomyocyte in the pre-perfusion, ischemia and reperfusion periods. (B) Changes of fluorescence
intensities of [Ca2+] i were recorded continuously with a laser scanning
confocal microscope under different treatments. [Ca2+] i was recorded
for 53 min in total, including 8 min in the pre-perfusion period, 30 min
in the ischemia period and 15 min in the reperfusion period. GdCl3 remarkably increased [Ca2+] i, and NiCl2 and CdCl2 had no effect on the
increase of [Ca2+] i (*p < 0.05 vs. I/R group).
Acta Cardiol Sin 2010;26:102-10

Figure 6. Determination of JNK protein expression in myocardium by
Western blotting (n = 8). The upper part of the panel shows the expression of total JNK (t-JNK) while the lower part reports the expression of
phosphorylated JNK (p-JNK). There was only weak expression of p-JNK
in the sham group. I/R or GdCl 3 up-regulated p-JNK expression.
SP600125 inhibited the increase in p-JNK expression. *p < 0.01 vs. the
sham group; †p < 0.01 vs. the I/R group; ‡p < 0.01 vs. the GdCl3 group.
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myocyte apoptosis through activation of cytochrome
c-caspase-3 signaling pathway.9 Caspases are a family of
proteases that cleave their target substrates at specific
peptide sequences. Caspase-3 has been considered a central component of the proteolytic cascade during apoptosis and has thus been shown to play a key role in this
family.18 Caspase-3 can be activated by stimuli of membrane (i.e., receptor-activated) or mitochondrial origin.
The other main pathway of apoptosis involves the Bcl-2
family. Bcl-2 prevents disruption of mitochondria and
the subsequent release of cytochrome c and caspase activation.19 To investigate through which pathway CaSR
induced cell injury, we analyzed the expression of
caspase-3 and Bcl-2 using Western blot analysis in different groups. Our study indicated that CaSR up-regulated pro-apoptotic gene expression and decreased antiapoptotic gene expression.
The binding of extracellular calcium or other CaSR
agonists to CaSR elicits complex intracellular signaling
pathways, including phospholipases C, A2, and D, adenylate cyclase, and mitogen-activated protein kinases
(MAPK).6,7 Three major MAPKs, namely extracellular
signal-regulated protein kinase (ERK), p38, and c-Jun
NH2-terminal protein kinase (JNK), play a pivotal role
in the transmission of signals from cell surface receptors
to the nucleus. The JNK families appear to be proapoptotic in many cell types. 20 Sun had shown that
GdCl3 increased the phosphorylation of JNK in rat neonatal ventricular cardiomyocytes.10 In the current study,
we used an in vivo model of MI/RI. It was demonstrated
that reperfusion induced JNK activation and stimulated
chromatin condensation and fragmentation. SP600125, a
specific JNK inhibitor, reversed the injury of myocardium induced by I/R, and caused a significant decrease in caspase-3 activation and an increase in bcl-2
activation, implicating the involvement of JNK in the
development of myocardial injury. GdCl3, an activator of
CaSR, up-regulated the expression of JNK and caused a
further deterioration in injury to the myocardium.

and protein expression were examined by RT-PCR and
Western blotting. CaSR proteins with a relative molecular mass between 130 and 150 kDa were detected in cardiac tissue. Biochemical analysis of CaSR-transfected
HEK293 cells has shown that the band at 130-140 kDa
corresponds to an immature form of the CaSR glycosylated with carbohydrates, while the band at 150-160
kDa is the mature form of the receptor glycosylated with
complex carbohydrates. 17 CaSR expressed on the cell
surface is the mature form, but it only represents a relatively small fraction of the total cellular immunoreactivity of the CaSR. The majority of CaSR is intracellular. Recent studies have reported that the transcription of CaSR mRNA and expression of CaSR protein
could be changed under a variety of circumstances, although the mechanism is unclear. Our results showed
that I/R resulted in the incremental transcription of CaSR
mRNA and expression of CaSR protein. GdCl3 treatment
resulted in a progressive upregulation of CaSR transcription and expression. Furthermore, transmission electron
microscopy showed that GdCl3 significantly deteriorated
morphologic damage and cardiac dysfunction, and at the
same time increased the no-reflow area. These results
suggest that CaSR activation is closely involved in myocardial injury during I/R.
To confirm that CaSR is involved in calcium overload during I/R, we used GdCl3 (0.3 mM), a specific activator of CaSR, NiCl2 (10 mM), Na+/Ca2+ exchanger inhibitor, and CdCl2 (0.2 mM), L-type calcium channel
blocker, in our I/R system. We found that the [Ca2+]i was
increased after I/R. When GdCl3 was added to the reperfusion medium, [Ca2+]i was further increased, but neither NiCl 2 nor CdCl 2 affected the increase in [Ca 2+ ] i .
This result indicated that GdCl3 activated CaSR, leading
to intracellular calcium release and increase of [Ca2+]i
during I/R. Moreover, this was not mediated by L-type
calcium channel opening or Na+/Ca2+ exchange. Wang
and Xu8 have reported that in isolated ventricular adult
cardiomyocytes, increased extracellular calcium or gadolinium induces a sustained, concentration-dependent increase of [Ca 2+ ]i through the CaSR-PLC-IP3 pathway.
Intracellular calcium is regarded as a trigger for cardiomyocyte apoptosis in I/R injury, thus we conclude
that CaSR could lead to cell injury through calcium
overload.
Zhang reported that CaSR could induce cardio-

CONCLUSION
The mechanism of myocardial ischemia/reperfusion
injury is complex. All of the signaling molecules fit together into a single coherent network. In addition to
109

Acta Cardiol Sin 2010;26:102-10

Chun-Ming Jiang et al.

GdCl 3 , many ligands can regulate the activation of
CaSR. Our study does not exclude a role for the effects
of other activitors on the expression of CaSR, nor does
it rule out the possibility that the molecules tested may
act through unrelated mechanisms in addition to JNK
activation. But from the results of the current study, we
infer that injury of rat myocardium induced by I/R
could be, at least in part, mediated by CaSR via the
JNK pathway.
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