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Abstract Calcineurin (CaN) has been reported as a critical mediator for cardiac hypertrophy and cardiac myocyte
apoptosis. In the present study,we investigated the activity and expression of CaNand the effect of calpain in rat heart after
ischemia and reperfusion. Rat ischemic heart showed significant increase in CaN activity.Western blot analysis of normal
rat heart extract with a polyclonal antibody raised against bovine CaN indicated a prominent immunoreactive band of
60 kDa (CaN A). In ischemic-reperfused hearts, the expression of CaN A was significantly low and immunoreactivity
was observed in proteolytic bands of 46 kDa. This may be due to the proteolytic degradation of CaNA in ischemic tissues
bym-calpain. We also noticed in vitro proteolysis of bovine cardiac CaN A bym-calpain. Immunohistochemical studies
showed strong staining of immunoreactivity in rat hearts that had gone under 30 min ischemia followed by 30 min
reperfusion similar to that found in human ischemic heart. Ischemia is associated with multiple alterations in the
extracellular and intracellular signaling of cardiomyocytes and may act as an inducer of apoptosis. The increase in CaN
activity and strong immunostaining observed in ischemic/perfused rat heart may be due to the calpain-mediated
proteolysis of this phosphatase. J. Cell. Biochem. 90: 987–997, 2003. � 2003 Wiley-Liss, Inc.
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Calcineurin (CaN) is known as calmodulin
(CaM) stimulated phosphatase [Stewart et al.,
1982] and protein phosphatase 2B [Ingebritsen
et al., 1983], which play a critical role in the
coupling of Ca2þ signals to cellular responses
[Klee et al., 1998; Rusnak and Mertz, 2000].
CaN has been characterized in numerous
tissues including brain, heart, kidney, liver,
muscle, eye, and T-lymphocytes [Clipstone and

Crabtree, 1992; Liu et al., 1992; Jiang et al.,
1997; Klee et al., 1998; Rusnak and Mertz, 2000;
Seitz et al., 2002]. CaN is a heterodimer consist-
ing of 19 and 57–59 kDa subunits referred to
as CaN B and CaN A, respectively [Klee and
Krinks, 1978; Sharma et al., 1979]. Three
mammalian CaN A genes have been identified
(a, b, g) that share 81% sequence homology
across a 350 amino acid stretch that constitutes
the catalytic domain. The CaN Aa and Ab gene
products are expressed in a relatively ubiqui-
tous and overlapping pattern throughout the
body. CaN Ag is expressed in a more restricted
pattern that includes the testis [Takaishi et al.,
1991; Muramatsu et al., 1992; Buttini et al.,
1995]. Both CaN Aa and Ab proteins, are pre-
sent in cardiomyocytes while CaN Ag is not
[Taigen et al., 2000]. The most clinically
significant feature of CaN is its inhibition by
the immunosupressant drug cyclosporin A
(CsA)-cyclophilin and tarcolimus A. The role of
CaN in T cell activation was discovered when
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these immunosuppressive compounds were
found to inhibit Ca2þ dependent activation of
T cells [Crabtree and Clipstone, 1994].

Recently CaN has attracted great attention
as a critical mediator for cardiac hypertrophy
[Molkentin, 2000; Wilkins and Molkentin,
2002]. In response to pressure-overload hyper-
trophy, CaN activity was increased 3.2 fold and
the immunosuppressive agent CsA was effec-
tive in blocking this process [Lim et al., 2000a].
Endothelin-1 (ET-1) stimulated hypertrophy of
cultured cardiomyocytes induced a three fold
increase in CaN activity [Zhu et al., 2000].
Pressure overload hypertrophy in aortic-banded
rats and exercise-induced cardiac hypertrophy
in the rat were each associated with increased
CaN activity in the heart [Eto et al., 2000].
These reports demonstrated that CaN activity
was upregulated in cardiac hypertrophic condi-
tions. In contrast, no change [Zhang et al., 1999]
or a decrease [Ding et al., 1999] in CaN activity
has been reported in response to pressure over-
load hypertrophy. Roles for CaN and nuclear
factor of activated T cells (NFAT) as regulators
of cardiac hypertrophy were recently identified
[Molkentin et al., 1998]. CaN was subsequently
shown to operate through NFAT3 in the heart
with transgenic mice constitutively expressing
a nuclear mutant of NFAT3 also demonstrated
in cardiac hypertrophy. The specificity of the
transgenes was demonstrated by the observa-
tion that CsA inhibited cardiac-hypertrophy in
CaN-transgenic mice, but not in NFAT3 trans-
genic mice [Molkentin et al., 1998; Lim et al.,
2000b]. Many contradictory reports are avail-
able related to CaN inhibitors and pressure
overload hypertrophy. Some studies concluded
that CaN inhibitors had no effect in blocking
cardiac hypertrophy [Luo et al., 1998; Müller
et al., 1998; Ding et al., 1999; Zhang et al., 1999].
Other studies reached the conclusion that CaN
inhibitors are effective agents for preventing
cardiac hypertrophy [Meguro et al., 1999;
Shimoyama et al., 1999; Hill et al., 2000; Lim
et al., 2000a]. The reasons behind these diver-
gent conclusions are uncertain.

Apoptotic cell death plays a critical role in a
variety of cardiovascular diseases including
myocardial infarction, heart failure, and ather-
osclerosis. An induction of apoptotic cell death
was observed in myocardial infarction and in
ischemic heart disease. CaN is a potential re-
gulator of stress responses and apoptosis in
cardiac myocyte [Molkentin, 2001]. Kakita et al.

[2001] identified an anti-apoptotic effect asso-
ciated with CaN activation in cardiomyocytes
and suggested that CaN activation normally
antagonized cardiomyocyte apoptosis in re-
sponse to H2O2 injury. This report was sup-
ported by the finding of De Windt et al. [2000a]
that transgenic mice expressing an activated
form of CaN in the heart were largely protected
from ischemia-reperfusion induced DNA lad-
dering. In addition, CsA reversed the protective
effects of a-adrenergic stimulation in the pre-
sence of 2-deoxyglucose treatment in vitro.
In contrast to these reports, Saito et al. [2000]
found that isoproterenol stimulation of cardiac
b-adrenergic receptors promoted myocyte apop-
tosis by stimulating CaN activity. Recently,
we observed that brain CaN is proteolysed by
m-calpain and, consequently, its phosphatase
activity increased nearly 50% (unpublished
data). Calpains are Ca2þ dependent cysteine
protease, which is one of the major mediators of
Ca2þ signals in many biological systems [Croall
and DeMartino, 1991; Sorimachi et al., 1994].
The involvement of calpains has been indicated
in myocardial ischemia/reperfusion injury, my-
ocardial stunning, and cardiac hypertrophy.
Ischemia is associated with multiple alterations
in the extracellular and intracellular milieu of
cardiomyocytes that may act as inducers of
apoptosis [Haunstetter and Izumo, 1998]. The
role of CaN in cardiac hypertrophy and apopto-
sis in cardiomyocyte is unclear. More knowledge
on the cellular signaling network of CaN is
needed to elucidate its exact role in cardiomyo-
cyte apoptosis.

In the present work, we examined CaN
activity and its protein expression in ischemia-
reperfusion damaged rat heart. In addition, the
protective effect of cell permeable calpain
inhibitor (ALLM, N-Ac-Leu-Leu-methoninal)
was assessed during reperfusion myocardial
injury. Its effect on CaN was studied to correlate
the expression of CaN in ischemia-reperfusion
by calpain mediated signaling mechanisms.

MATERIALS AND METHODS

Materials

Bovine heart CaN and bovine brain CaM were
purified asdescribed [Sharmaetal., 1983,1984].
Ca2þ activated neutral protease (m-calpain)
from bovine cardiac muscle was purified by the
method of Hara et al. [1983]. Nitrocellulose
membranes were obtained from BioRad Labora-
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tories Ltd. (Mississuaga, Canada). Erythrocyte
m-calpain cell permeable calpain inhibitor ALLM
was purchased from Calbiochem (San Diego,
CA). Anti-CaN was produced in New Zealand
white rabbits as described previously and was
demonstrated to be specific for CaN [Seitz et al.,
2002]. General laboratory reagents were
obtained from Sigma Chemical Co. (Toronto,
Canada) or BDH Inc. (Toronto, Canada) and
were of analytical grade.

Methods

All procedures for animal experimentation
were undertaken according to the guidelines of
the Canadian Council for Animal Care. Male
Sprague Dawley rats (250–275 g) were anaes-
thetized with sodium somnitol (0.1 ml/100 g
body weight) and heperinized (500 IU) intrave-
nously. The hearts were rapidly excised, washed
in ice-cold oxygenated Krebs–Henseleı́t (KH)
buffer solution (pH 7.4); containing (in mM),
NaCl 118, KCl 4.8, CaCl2 1.25, MgSO4 0.86,
KH2PO4 1.2, NaHCO3 2.54, glucose 11.1, EDTA
0.027, and L-ascorbic acid 0.057. The hearts
were then mounted on a Langendorff heart per-
fusion apparatus and perfused at a constant
pressure of 10 kPa (100 cm H2O) at 378C with
KH buffer. The KH buffer was filtered through
a 0.8 micron cellulose acetate membrane (to
remove particulate contaminants, which other-
wise block coronary circulation) and was con-
tinuously gassed with a mixture of 95% O2 and
5% CO2. Left ventricular pressure (LVP) was
monitored by a saline-filled latex balloon in-
serted into the left ventricle by way of the left
atrium and connected to a pressure transducer.
Epicardial electrogram (EPI-ECG) was record-
ed with one electrode positioned to the aorta and
another to the apex of the heart. The effluent of
the perfusate was collected for the determina-
tion of coronary flow (CF). Data acquisition and
analysis were done using a BioPac system
(BioPac system, Inc., Golato) including TC 100
amplifiers, acknowledge software (3.01), uni-
versal modules, and a Macintosh computer.

Experimental Protocol

Regional ischemia was induced according to
the procedure of Wang et al. [1999b] by occlud-
ing the left anterior descending artery with a
ligature positioned around and at a point close
to its origin. The ligature was first tied loosely
over a piece of plastic tubing and sustained

regional ischemia was achieved by tying the
ligature tightly around the tube. A successful
occlusion was confirmed by 40–50% reduction
in LVP and CF, compared to pre-ischemic
values. At the end of the ischemic period,
reperfusion was achieved by cutting the liga-
ture on the plastic tubing with a scalpel blade
and rhythmic disturbances were monitored
for the time indicated for the various groups.
After an initial 15–20 min of equilibration, the
cardiodynamic variables were continuously
monitored during the ischemia and reperfusion
protocol period. Five experimental groups were
studied.

Group 1 (control group): hearts were perfused
with KH buffer without interference of ischemia
or reperfusion (n¼ 5).

Groups 2 and 3: hearts underwent ischemia
for 5 or 30 min followed by 30 min reperfusion
(n¼ 4 for each group).

Group 4: hearts were perfused with calpain
inhibitor (100 mM dissolved in 0.1% DMSO) for
5 min before 15 min of ischemia and again
during 15 min of reperfusion (n¼ 5).

Group 5: hearts were perfused with 0.1%
DMSO alone as described in group 4 (n¼ 4).

After completion of the experiment for each
heart, a small piece of left ventricle tissue
sample was taken and stored in 10% buffered
formalin and embedded in paraffin for immu-
nohistochemical studies. The rest of the left
ventricle tissue sample was used for biochem-
ical studies and kept at �708C until use.

Tissue Homogenization

The left ventricle tissue samples were homo-
genized in 100 mM Tris-HCl, 1 mM EDTA,
10 mM 2-mercaptoethanol, 1 mM benzamidine,
and 0.2 mM phenyl methyl sulfonyl flouride,
pH 7.4 with a polytron homegenizer four times
each for 30 s at the maximum speed with cooling
intervals of 15 s. The homogenates were cen-
trifuged at 1,000g for 20 min. The supernatants
were further centrifuged at 100,000g for 60 min
the pellet was discarded and the supernatants
were used for various biochemical studies.

Human Tissue Samples

Human heart samples were collected from
the Royal University Hospital, Saskatoon, Sas-
katchewan at autopsy. To minimize the effect of
autolysis on post-mortem tissues, we collected
samples within 24 h after death, from bodies
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kept at 48C. The storage time for normal and
ischemic patient’s bodies was the same (within
24 h). The normal control myocardium was
taken from patients who had died of non-cardiac
causes. The ischemic group contained samples
from cases of recent myocardial infarction of
24–48 h clinical duration (age 60� 5 years).
Ischemic changes took place within 24–48 h
according to morphology and histology. Old
ischemic lesions were excluded from the study.
The heart was cut open from the anterior and
septal walls of the left ventricle according to the
method described in autopsy procedures. Tissue
specimens were a minimum of 2 cm in size and
were selected from the left ventricle of both
normal and severely affected areas. Normal
samples were also taken from the same region
of the left ventricle from control patients. The
samples were fixed in 10% buffered formalin
and embedded in paraffin wax for ultrastruc-
tural and immunohistochemical studies.

CaN Assay

CaN activity was assayed using p-nitrophe-
nylphosphate (pNPP) as a substrate [Pallen and
Wang, 1983]. The reaction mixture contained
50 mM Tris-HCl, pH 7.0, 1 mM Ni2þ, 5 mg CaM,
3.4 mM pNPP, and CaN in total volume of1.0 ml.
Ca2þ-independent activity of CaN was deter-
mined under identical conditions except 1 mM
Ni2þ was substituted for 5 mM EGTA. The
reaction was incubated at 308C for 30 min.
The reaction was initiated by the addition of
pNPP and terminated by the addition of 75 mM
K2HPO4. The pNPP hydrolysis was quantified
by the increase of absorbance at 405 nm. One
unit of phosphatase activity was defined as
the amount of dephosphorylation resulting in
an optical density of 0.1 at 308C after 30 min
incubation

Western Blot Analysis

The protein expression level of CaN in differ-
ent groups was determined by immunoblotting
[Towbin et al., 1979]. Equal amounts of proteins
from normal and ischemic heart supernatants
(100,000g) of different groups were separated on
10% SDS–PAGE electroblotted into nitrocellu-
lose membrane and probed with polyclonal
antibodies raised against bovine brain CaN
(1:1,000). The immunoreactive bands were
visualized by chemiluminescence reagent and
exposed to Kodak autoradiography film.

Immunohistochemistry

Immunohistochemistry studies were perfor-
med on human ischemic myocardium obtained
from autopsy materials and also on rat ischemic
samples from different groups. Approximately
5 mm thick sections of rat and human hearts
were cut and subjected to the avidin–biotin
complex method as described previously [Hsu
et al., 1981]. CaN polyclonal antibody was used
as the primary antibody at a dilution of 1:100.

In Vitro Proteolysis of Bovine Heart CaN

Purified bovine heart CaN (5 mg) was incu-
bated with 3.5 mg of purified heart m-calpain in
the presence of 1 mM Ca2þ for 30 min at 308C.
The reaction was stopped by the addition of
sample buffer and subjected to SDS–PAGE
followed by Western blotting using CaN anti-
body as described above.

Other Methods

Protein concentration was measured by the
method of Bradford [1976] using bovine serum
albumin as the standard.

RESULTS

To examine the role of CaN in ischemic and
reperfused rat heart, CaN activity was deter-
mined in supernatant of left ventricle tissue.
The experimental groups showed a slightly
greater increase in CaN activity than the
control group except in 5I, 30R (Fig. 1, lane 2).
The increase in CaN activity varied between
different groups. The enhancement of CaN
activity was nearly 165% in 30I, 30R (Fig. 1,
lane 3). In group 4 (5CI15I, 15RCI), the ALLM
(CI) increased the Ca2þ-dependence of CaN
activity, whereas Ca2þ-independent activity
was increased ffi2 fold (Fig. 1, lane 4). The
reason for the slightly increased activity in this
group was not clear. It was interesting to note
that rat hearts perfused with 0.1% DMSO alone
(Fig. 1, lane 5) had similar effects on CaN
activity. The polyclonal antibody against bovine
brain CaN was shown to cross-react with the
rat brain CaN (Fig. 2A). We examined levels of
protein expression in control and ischemia-
reperfusion heart tissue. Western blot analysis
of ischemic-reperfusion heart indicated the
formation of a 46 kDa immunoreactive frag-
ment from 60 kDa polypeptide of CaN A in
experimental groups compared to control
(Fig. 2B, lanes 2, 3, 4, 5 vs. lane 1). This suggests
that an antigenic epitope was present in 46 kDa
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fragment. Quantitative analysis of the 60 kDa
band showed significant decrease in experi-
mental groups compared to control (Fig. 2C).
We have not observed any significant change in
the expression of CaN B during the course of
ischemia-reperfusion (data not shown). Immu-
nohistochemical studies of normal rat cardiac
CaN showed weak to moderate staining of
myocardial fibers with CaN antibody (Fig. 3A).
However, ischemic and reperfused left ventricle
tissue (Fig. 3B; 30I, 30R) showed stronger stain-
ing with CaN antibody demonstrating higher
expression of CaN in ischemia and reper-
fusion than control cardiac tissue (Fig. 3A).
With calpain inhibitor treatment, CaN expres-
sion was not altered (Fig. 3C). In addition,
DMSO alone (0.1%) showed a similar staining
as in control (Fig. 3D vs. A). This increase in
CaN expression in ischemic tissue was further
confirmed in tissue specimens collected from
cardiac patients. The polyclonal antibody raised
against bovine CaN cross reacted with CaN
from human cardiac tissue (data not shown).
The normal human cardiac muscle showed
weak staining of myocardial cells with CaN
antibody (Fig. 3E), whereas strong staining was
observed in ischemic tissue (Fig. 3F).

To study the involvement of calpain in the
regulation of CaN activity in heart, purified
heart CaN was incubated with m-calpain.
Western blot analysis indicated that CaN A
was degraded by m-calpain. In the presence of
Ca2þ alone, a 46 kDa fragment was produced
(Fig. 4, lane 6). However, in the presence of
Ca2þ/CaM, 48 and 54 kDa fragments were
observed (Fig. 4, lane 5). In contrast, CaN B
was not affected bym-calpain. After proteolysis,
CaN activity increased to 40% in both cases
(data not shown).

DISCUSSION

The relationship between CaN activation
and heart failure has been investigated by
various investigators and different signaling
pathways were established. CaN is necessary
for the NFAT transcription factors which me-
diate changes in gene expression in response to
Ca2þ signaling from the T-cell receptor. NFAT3,
a member of the NFAT family, interacts with
cardiac restricted Zinc finger protein GATA4
[Molkentin et al., 1998]. CaN–GATA4 plays
a major role in the stimulation of ET-1 tran-
scription in cardiac myocytes. Upregulated
expression of ET-1 in cardiac myocytes has a

Fig. 1. CaN activity in experimental groups of rat hearts with
different ischemia-reperfusion. CaN activity was determined
using left ventricle tissue supernatant as described in Materials
andMethods.CaNactivitywas assayed in the presence of (a) 5mg
CaM and 1 mM Ni2þ (b) and 5 mM EGTA. Five ischemia-
reperfusion experimental groups were analyzed: & group 1,
control (no ischemia or reperfusion); group 2, 5 min ischemia
and 30 min reperfusion (5I, 30R); , group 3, 30 min ischemia

and 30 min reperfusion (30I, 30R); , group 4, hearts were
perfusedwith 100 mMcalpain inhibitor in 0.1%DMSO for 5min
before 15 min of ischemia and again during 15 min reperfusion
(5CI15I, 15RCI) (CI, calpain inhibitor (ALLM)) and &, group 5,
with 0.1% DMSO alone as described in group 4 (5DM15I,
15RDM) (DM, dimethyl sulfoxide). Values aremean� SDof four
samples from each group.
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critical role in the development of heart failure
[Morimoto et al., 2001]. Several lines of evidence
have suggested the existence of a cross-talk
between CaN and mitogen activated protein
kinase pathway (MAPK) [De Windt et al.,
2000b]. CaN has been reported to promote the
activity of c-jun NH2 terminal kinase (JNK), a
member of MAPK family [De Windt et al.,
2000b]. JNK activation has also been associated
with myocardial infarction and human heart
failure [Li et al., 1998; Cook et al., 1999].
Extracellular signal regulated kinase (ERKs)
have been involved in hypertrophic responses of
cardiomyocytes both in vitro [Glennon et al.,
1996] and in vivo [Izumi et al., 1998]. Isoproter-
enol-induced activation of ERKs was signifi-
cantly suppressed by CaN inhibitors in cultured
cardiomyocytes as well as in the heart of mice
[Zou et al., 2001].

Under normal physiological conditions, Ca2þ

has several important functions in the heart,
including driving the contraction of heart
muscle. Our understanding of the relationship
between changes in intracellular Ca2þ levels
and its role in heart disease and cell death is
still limited. In our present study, we observed
conflicting results on CaN activity and its
protein expression. In comparison to control,
heart CaN activity significantly increased in
ischemic-reperfused tissues, whereas the protein
expression of CaN A significantly decreased.
These contradictory results may be due to the
calpain mediated mechanism. It has been
observed that in vitro proteolytic cleavage of
CaN by m-calpain resulted in degradation of
CaN A and a simultaneous increase in CaN
activity. The weak expression of CaN A in is-
chemic tissue was due to its proteolysis of

Fig. 2. A: Immunological similarity of bovine brain CaN and
bovine heart CaN. Purified bovine brain CaN (10 mg , lane 1) and
normal rat brain supernatant (10 mg, lane 2) were subjected to
SDS–PAGE, transferred to nitrocellulosemembrane, and probed
with bovine brain CaN polyclonal antibody as described in
Materials andMethods. B: Immunoblot of CaN from normal and
ischemia-reperfusion injured rat heart tissues. Fifty micrograms
of protein was loaded on to each lane, subjected to SDS–PAGE,

transferred to nitrocellulose membrane, and blotted with
polyclonal antibody of CaN. Lane 1: group 1 (control); lane 2,
group 2 (5I, 30R); lane 3, group 3 (30I, 30R); lane 4, group 4
(5CI15I, 15RCI); lane 5, group 5 (5DM15I, 15 RDM). C:
Quantitative analysis of 60 kDa band of respective Western
blots was carried out using imaging software; (NIH at http://
rbs.info.nih.gov/nih-image/down-load.html). The data were
expressed as the mean� SD of three samples in each group.
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m-calpain, which was highly expressed in ische-
mia-reperfusion. This was confirmed by the
presence of immunoreactive proteolytic frag-
ments in experimental tissues.

During ischemia and reperfusion, there is
increased influx of Ca2þ into the cells, which can
activate Ca2þ dependent neutral proteases,
calpains [Iizuka et al., 1993; Yoshida et al.,

Fig. 3. Immunohistochemical localization of CaN in ischemia-reperfused rat cardiac and human cardiac
muscle. Cardiac muscle sections from control rat (A) and ischemic/reperfused rat (B-30I, 30R; C-5CI15I,
15RCI; D-5DM15I, 15RDM); human control cardiac tissue (E) and human ischemic cardiac tissue (F) hearts
were probed with CaN polyclonal antibody (magnification �20). Arrows indicate CaN staining.
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1995]. Previous studies from our laboratory
suggested that the expressions of m-calpain
and m-calpain were increased in ischemia-
reperfusion. Simultaneously, the expression of
a calpain inhibitor, a high molecular weight
CaM binding protein (HMWCaMBP), was sig-
nificantly decreased [Kakkar et al., 2001].
Calpastatin, another inhibitor of calpain, was
also down regulated after ischemia-reperfusion
[Sorimachi et al., 1997]. These inhibitors may
play important roles in the action of calpain on
its substrates in normal myocardium, but are
proteolysed during ischemia-reperfusion, leav-
ing calpain free to act on its substrates. The
involvement of the caspase family of proteases
in apoptosis has been clearly demonstrated in
various systems. It has also been reported that
calpastatin is fragmented by caspases during
apoptosis of neuronal cells, jurkat-T lympho-
cytes, and monocytic leukemic cells [Wang
et al., 1998]. Moreover, calpain has been linked
to the activation of caspase-12 in apoptosis
[Nakagawa and Yuan, 2000]. Induction of FasL
and TNF-a critically depends on caspase activa-
tion [Longthorne and Williams, 1997].

Ischemia is associated with multiple altera-
tions in the extracellular and intracellular mi-
lieu of cardiomyocytes that may act as inducers
of apoptosis [Gill et al., 2002]. In patients with
ischemic cardiomyopathy, 5–35% of cardiomyo-
cytes are affected by apoptosis [Haunstetter and
Izumo, 1998]. The mechanism by which CaN is
involved in apoptosis may be due to the depho-
sphorylation of Bad, which then translocates to
the mitochondria. In mitochondria, it forms a

complex with Bcl-2 and induces cytochrome c
release [Wang et al., 1999a]. This was supported
by the report of Saito et al. [2000] showing
that isoproterenol significantly induced the
release of cytochrome c from mitochondria to
the cytosol, and this isoproterenol induced
release was reduced by pretreatment with
CaN inhibitors.

Fas, also named Apo-1 or CD 95, a member of
the tumor necrosis factor (TNF) receptor family
of proteins, is markedly upregulated in cardio-
myocytes during ischemia and hypoxia, and
cardiomyocytes may thus become susceptible to
apoptotic cell death by interaction with FasL
[Haunstetter and Izumo, 1998]. The implication
of CaN in Fas ligand induction was demon-
strated by the partial inhibition of Fas ligand
induction with cyclosporin A [Anel et al., 1994].
Another mechanism suggesting the involve-
ment of CaN in FasL expression is through
Bcl-2. Bcl-2 binds to CaN and inhibits the
dephosphorylation of NFAT. Thus, NFAT is
unable to translocate to the nucleus and FasL
transcription does not occur [Srivastava et al.,
1999]. Earlier reports from our laboratory sug-
gested that Bcl-2 expression did not change in
ischemia-reperfusion [Kakkar et al., 2001].
However, Bcl-2 down regulation was observed
in the acute ischemia and prolonged reperfusion
[Maulik et al., 1999]. More studies will be
needed to elucidate the role of CaN and Fas
expression in ischemia and apoptosis.

In conclusion, CaN activation plays a sup-
porting role in inducing cardiomyocyte apopto-
sis in ischemia-reperfusion in rats. The increase
in CaN activity and expression observed in
ischemic and reperfused rat heart may be due to
the calpain mediated proteolysis of CaM-stimu-
lated phosphatase. Our present work in the rat
model may shed light on signaling of CaN in
cardiomyocyte apoptosis with the involvement
of Ca2þ regulated protease. Whether similar
and relevant results can be observed in vivo in
the whole animal heart may prove to be an
interesting and challenging issue. Therefore,
further studies are needed to confirm our ob-
servations in the whole animal heart. This
definitely merits further in-depth studies.
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