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Abstract

Heart failure represents a major cause of morbidity and mortality in the western society. Cardiac
myocyte loss due to apoptosis plays a significant role in the progression of heart failure. The
extracellular matrix (ECM) maintains the structural integrity of the heart and allows the
transmission of electrical and mechanical signals during cardiac contraction and relaxation.
Matricellular proteins, a class of non-structural ECM proteins, play a significant role in ECM
homeostasis and intracellular signaling via their interactions with cell surface receptors, structural
proteins, and/or soluble extracellular factors such as growth factors and cytokines. Osteopontin
(OPN), also called cytokine Eta-1, is a member of matricellular protein family. Normal heart
expresses low levels of OPN. However, OPN expression increases markedly under a variety of
pathophysiological conditions of the heart. Many human and transgenic mice studies provide
evidence that increased OPN expression, specifically in myocytes, associates with increased
myocyte apoptosis and myocardial dysfunction. This review summarizes OPN expression in the
heart, and its role in myocyte apoptosis and myocardial function.
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[. Introduction

Heart failure represents a major cause of morbidity and mortality in the western society,
affecting nearly 5 million Americans. In United States, an estimated 400,000 to 700,000 new
cases of heart failure are diagnosed each year. Heart failure, more common in people over
the age of 65 years, is a progressive disease in which the heart loses the ability to pump
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enough blood to meet the metabolic demand of the body. Myocytes, a major cell-type of the
heart, are responsible for the pumping ability of the heart. Adult cardiac myocytes are
generally considered as terminally differentiated (Cheng and Force, 2010). Myocyte loss,
either acute substantial loss or chronic low levels of apoptosis, is considered as a major
contributing factor towards the development of heart failure.

Myocyte loss can occur due to autophagy, necrosis and/or apoptosis. All these types of cell
death are observed in the heart during the progression of heart failure (Whelan et al., 2010).
Autophagy, activated during nutrient deprivation, is a highly conserved process for the
degradation of proteins and organelles. It involves the formation of double-membrane-
bounded structures known as autophagosomes which fuse with lysosomes to form
autophagolysosomes and their contents are then degraded by acidic lysosomal hydrolases
(Mizushima et al., 2002). Autophagy is a critical process for maintenance of cellular and
whole-body homeostasis. Increased autophagy is observed in a variety of pathologic
conditions of the heart including cardiac hypertrophy, ischemia/reperfusion (I/R) injury and
myocardial infarction (MI). Transgenic mice studies provide evidence that enhanced
autophagic flux may contribute to cardiac dysfunction (Whelan et al., 2010). Necrosis
occurs when cells are exposed to excessive stress or environmental conditions such as lack
of oxygen and essential nutrients during an ischemic event (e.g. Ml or stroke), elevated
temperature and mechanical strain (e.g. trauma). It can also occur as a result of an
incomplete execution of apoptosis (Formigli et al., 2000). Myocyte necrosis is a major
contributor of heart failure associated with several cardiac pathologies (Whelan et al., 2010;
Tavernarakis, 2007). Apoptosis is a highly regulated and energy-requiring process in which
activation of signaling cascades induces cell death (Orogo et al., 2013). Myocyte loss due to
apoptosis is recognized as an important determinant of structure and function of the heart,
and is suggested to play a significant role in the progression of heart failure. Myocyte
apoptosis occurs in the myocardium of patients during heart failure and in animal models of
myocardial hypertrophy and failure (Whelan et al., 2010; Tavernarakis, 2007; Orogo and
Gustafsson, 2013).

Extracellular matrix (ECM) modulates many cellular functions including cell adhesion,
migration, differentiation, and survival (Bowers et al., 2010). The components of ECM
include basic structural proteins such as collagen and elastin, and specialized proteins such
as fibronectin, proteoglycans and matricellular proteins. Matricellular proteins are a class of
non-structural ECM proteins exerting regulatory functions, most likely through their
interactions with cell surface receptors, the structural proteins, and soluble extracellular
factors such as growth factors and cytokines. Their expression is generally induced
following an injury (Frangogiannis, 2012). Osteopontin (OPN) is a member of matricellular
protein family. Heart expresses low basal levels of OPN. However, expression of OPN
increases markedly in the heart under a variety of pathophysiological conditions (Singh et
al., 2010a). Evidence has been provided that increased OPN expression, specifically in
myocytes, associates with increased myocyte apoptosis and myocardial dysfunction
(Subramanian et al., 2007; Renault et al., 2010; Dalal et al., 2014). While lack of OPN
associates with reduced fibrosis in different models of myocardial hypertrophy and failure
(Trueblood et al., 2001; Subramanian et al., 2007; Sam et al., 2004; Matsui et al., 2004), this
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review summarizes OPN expression in the heart, and its role in the induction of myocyte
apoptosis and myocardial dysfunction.

[I. OPN: a multifunctional protein

OPN (also called cytokine Eta-1) is a glycosylated phosphoprotein with a high acidic amino
acid content (Singh et al., 2010a; Wolk, 2014). While first isolated from mineralized bone
matrix in 1986 (Oldberg et al., 1986), OPN has since been shown to be synthesized by a
variety of tissues and cell-types and secreted into body fluids (Wang and Denhardt, 2008;
Singh et al., 2010a). OPN is a hydrophilic protein with isoelectric point of ~3.5. The
predicted molecular weight of human full-length OPN is ~35kDa. It consists of 314 amino
acid residues with 42 serine, 48 aspartic acid and 27 glutamic acid residues. 27 out of 42
serine residues can undergo phosphorylation. It has calcium and heparin binding domains,
and undergoes O-linked and N-linked glycosylation. Due to the presence of acidic amino
acid residues and extensive post-translational modifications, apparent molecular weight of
OPN on SDS-PAGE can range from 45-75 kDa. Although, OPN is generally described as a
cell-secreted protein, however, an alternative translation of a non-AUG site downstream of
the canonical AUG sequence is suggested to generate an intracellular isoform (iOPN)
(Wang and Denhardt, 2008). OPN has RGD (Arg-Gly-Asp) cell-binding sequence and
interacts with avpl, avp3, avp5 and a8B1 integrins in an RGD-dependent manner
(Kazanecki et al., 2007; Scatena et al., 2007). The SVVYGLR (Ser-Val-Val-Tyr-Gly-Leu-
Arg) sequence, which becomes accessible upon cleavage of OPN by thrombin, interacts
with a9B1 and a1B1 integrins. Variants of hyaluronan receptor, CD44, have also been
identified as a receptor for OPN.

OPN is described as a protein with diverse biological functions including bone resorption
and calcification, tumorigenesis, immune-modulation, wound healing, cell adhesion,
chemotaxis, cell survival and apoptosis etc. (Wang and Denhardt, 2008; Singh et al., 2010a;
Singh et al., 2010b; Kahles et al., 2014). Acting as a cytokine, OPN is shown to play a key
role in immune cell recruitment and type-1 (Th1) cytokine expression at the sites of
inflammation. With respect to cardiovascular disease, OPN is suggested to play a critical
role in atherosclerosis, valvular stenosis, hypertrophy, myocardial infarction (MI) and heart
failure (Singh et al., 2007; Scatena et al., 2007; Wolak et al., 2014). The diverse biological
functions of OPN can be attributable due to its structural features, post-translational
modifications, interaction with multiple receptors, and different isoforms. Matrix
metalloproteinses (MMP) cleave OPN, thereby affecting migratory and adhesive properties
of OPN (Scatena et al., 2007).

[1l. OPN: cell survival or death

In tumor cells, OPN is accepted as a pro-survival signal (Cao et al., 2012; Wai and Kuo,
2008). It is also shown to inhibit apoptosis in endothelial cells (Scatena et al., 1998) and
melanocytes (Geissinger et al., 2002). In addition, mice lacking OPN exhibit significantly
higher apoptosis in both tubular epithelium and interstitium during the injury phase of post-
ischemic acute renal failure (Persy et al., 2003). Most of the anti-apoptotic actions of OPN
are attributed to its interaction with a VB3 integrins and activation of NF-kB. In IL-3-
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dependent cells, the anti-apoptotic actions of OPN are demonstrated via its interaction with
CD44 receptor and activation of PI-3-kinase/Akt cascade (Lin and Yang-Yen, 2001). In
contrast, chondrocyte apoptosis was lower in mice lacking OPN in an experimental model of
rheumatoid arthritis (Yumoto et al., 2002). Mice lacking OPN also exhibited decreased
apoptosis in their spleen and thymus in response to hindlimb-unloading by tail suspension
(Wang et al., 2007). Cardiac fibroblasts isolated from the myocardium of mice lacking OPN
exhibited enhanced necrosis, but decreased apoptosis, in response to H,O, treatment when
compared to their wild-type (WT) counterparts (Zohar et al., 2004). In vascular smooth
muscle cells, treatment with OPN stimulated autophagy via the involvement of integrin and
CD44 pathways (Zheng et al., 2011). In a recent study, knockdown of OPN inhibited breast
cancer metastasis by regulating avp3 integrin expression and inducing autophagy (Zhang et
al., 2014). Collectively these studies suggest involvement of OPN in all three types of cell
death. However, the cell death or survival response appears to vary with different cell types
and tissues.

IV. OPN expression and myocardial dysfunction

The normal adult heart expresses only low levels of OPN. Cell types of the heart, i.e.
myocytes, fibroblasts and microvascular endothelial cells, express low basal levels of OPN.
Stimuli, such as angiotensin Il (Ang I1), glucocorticoid hormone and cytokines
(interleukin-1p+interferon-vy) increase OPN expression in different cell-types of the heart
(Singh et al., 2010a; Singh et al., 2010b). Cultured neonatal cardiac myocytes express OPN
where endothelin-1 and norepinephrine increased OPN expression (Graf et al., 1997). OPN
expression increases markedly in the heart under a variety of pathophysiological conditions
of the heart (Singh et al., 2010a; Singh et al., 2010b). OPN mRNA levels were readily
detectable in the hypertrophied ventricles of rats subjected to the clipping of the renal artery
(2K1C) for 6 weeks and aortic banding (AOB) for 4 weeks when compared to the normal
adult heart or ventricles of sham-operated animals (Graf et al., 1997). Here, OPN expression
correlated with the expression of ANP, a known marker of myocyte hypertrophy. In the
above two models of left ventricular (LV) hypertrophy, myocytes were identified as a major
source of OPN transcript and protein. Using spontaneously hypertensive rat (SHR) and AOB
rats as models of myocardial hypertrophy and heart failure, it was demonstrated that
increased OPN expression in the heart coincides with the development of heart failure. In
AOB model, OPN mRNA levels increased by ~1.9-fold during myocardial hypertrophy
phase. However, the increase in OPN mRNA levels was ~8-fold during heart failure (Singh
etal., 1999). In this study, treatment of SHR with captopril, angiotensin converting enzyme
inhibitor, before or after the onset of heart failure decreased OPN expression in the heart. In
situ hybridization and immunohistochemical staining localized OPN primarily in
nonmyocytes in the interstitial and perivascular space. In the Ml model, increased OPN
expression in the infarcted region peaked 3 days after MI, gradually decreasing over the next
28 days. In the remote LV, OPN expression was biphasic, with peaks at 3 and 28 days. In
situ hybridization and immunohistochemical analyses showed increased OPN mRNA and
protein primarily in the interstitium post-MI (Trueblood et al., 2001). Myocytes are
identified as source of increased OPN expression in mice during streptozotocin-induced
diabetic cardiomyopathy (Subramanian et al., 2007). Human myocardium with extensive
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fibrosis and myocyte hypertrophy from explanted hearts with either idiopathic or ischemic
cardiomyopathy demonstrated substantial immunoreactivity for OPN in myocytes. In situ
hybridization identified myocytes as the major source of OPN mRNA transcripts in the
human hearts (Graf et al., 1997). Collectively, these data suggest that autocrine or paracrine
neuroendocrine factors capable of inducing myocyte hypertrophy or apoptosis increase OPN
expression in myocytes and the heart.

Several clinical reports provide evidence that increased OPN expression in the heart,
specifically in myocytes, associates with myocardial dysfunction. In patients with severe
heart failure due to dilated cardiomyopathy (DCM), increased OPN immunoreactivity within
myocytes was observed in 13 out of 19 right ventricular biopsies. This increase in OPN
expression in cardiac myocytes correlated negatively with left- and right-ventricular ejection
fraction, and positively with LV end-systolic and end-diastolic volume index and LV end-
diastolic pressure. Interestingly, OPN immunoreactivity in non-myocyte cells did not
correlate with clinical data. Here, OPN expression also correlated with myocyte hypertrophy
(Stawowy et al., 2002). Likewise, in situ hybridization identified myocytes as source of
increased OPN expression in DCM patients and OPN mRNA levels correlated negatively
with LV ejection fraction (Satoh et al., 2005). There was also a week positive correlation
between OPN mRNA levels and LV end-diastolic diameter. In patients with MI, increased
OPN plasma concentration correlated negatively with LV ejection fraction (Suezawa et al.,
2005). Heart was identified as a source increased plasma OPN concentration since levels of
plasma OPN were higher in the coronary sinus when compared to the aortic root (Tamura et
al., 2003). A separate study quantified plasma OPN and OPN-expressing CD4+ T cells in 93
patients with heart disease (Soejima et al., 2007). Here, plasma OPN levels and the
frequencies of OPN-expressing CD4+ T cells increased in proportion to the severity of the
NYHA functional class. The frequencies of OPN-expressing CD4+ T cells were correlated
inversely with LV ejection fraction. Rosenberg et al (Rosenberg et al., 2008) analyzed
plasma levels in 420 patients with chronic heart failure. The patient cohort included 267
patients with DCM and 153 patients with ischemic heart failure. OPN plasma levels were
found to be significantly elevated in patients with heart failure when compared to the
healthy individual irrespective of heart failure origin (ischemic or DCM). OPN levels were
higher in patients with moderate to severe heart failure as compared to patients with no or
mild symptoms. Here, elevated plasma OPN levels correlated with the severity of heart
failure and risk of subsequent death. In a recent study, increased OPN expression in the
myocardium of heart failure patients correlated positively with lysol oxidase (an enzyme
involved in cross-linking of ECM proteins to form insoluble fibrils), insoluble collagen and
chamber stiffness, but inversely with LV ejection fraction (Lopez et al., 2013). Furthermore,
OPN treatment increased expression and activity of lysol oxidase in human dermal and
cardiac fibroblasts. This interesting observation suggests that the formation of insoluble
collagen (i.e. stiff and resistant to degradation) and the subsequent alteration in LV
mechanical properties and function in patients with heart failure might be facilitated by the
OPN-lysol oxidase axis. OPN plasma levels are also found to be increased in patients with
pulmonary hypertension (Rosenberg et al., 2012). In the setting of pulmonary hypertension,
increased plasma OPN levels correlated with adverse right ventricular remodeling and
dysfunction. Collectively, these studies provide strong evidence that increased OPN
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expression in the heart and/or plasma predicts adverse cardiac remodeling and dysfunction,
and OPN may serve as a biomarker to identify patients with greater risk of decompensation
and subsequent death.

V. OPN in myocyte apoptosis

Increased OPN expression associates with increased myocyte apoptosis in different models
of heart disease (Subramanian, et al., 2007; Sam et al., 2004; Matsui et al., 2004). In
streptozotocin-induced diabetic model, myocytes were identified as a source of OPN and
myocyte apoptosis was significantly lower in mice lacking OPN (Subramanian et al., 2007).
Likewise, cardiac myocyte-specific expression of OPN in the mouse heart during the first 11
weeks of life or in the adult heart led to increased myocyte apoptosis and myocardial
dysfunction (Renault et al., 2010; Dalal et al., 2014). Myocardium of DCM patients
associates with increased myocyte apoptosis (Di Napoli et al., 2003), where increased OPN
expression in myocytes correlates negatively with heart function (Stawowy, et al., 2002).
Recently, we provided evidence that treatment of adult rat cardiac myocytes with purified
OPN protein or adenoviral-mediated expression of OPN in induces apoptosis (Dalal et al.,
2014). However, the involvement of OPN in myocyte autophagy and necrosis requires
further investigations.

In cells of non-cardiac origin, OPN is known to signal via its interaction with various
integrins and CD44 receptor. Although, alternate translation of OPN generates intracellular
isoform capable of distinct biological activities in dendritic cells, most of the effects of OPN
are attributed via its interaction with the receptors on target cells. (Shinohara et al., 2008).
Adult cardiac myocytes express al, a3, ab, a6, a7, a7 and a10 integrin subunits (Ross,
2004). Myocytes predominantly express 1 subunit, although expression of B3 subunit has
also been identified in feline myocytes (Daniel et al., 2014). Adult cardiac myocytes also
express CD44 receptor. In adult rat cardiac myocytes, OPN co-immunoprecipitated with
CD44 receptors, not with B1 or B3 integrins. Proximity ligation assay, which identifies
interactions between two proteins in their native form, confirmed interaction of OPN with
CD44 receptors. Furthermore, neutralizing anti-CD44 antibodies inhibited OPN-stimulated
apoptosis (Dalal et al., 2014). Taken together, these data suggested that OPN, most likely
acting via CD44 receptor, induces apoptosis in myocyte.

Significant strides have been made to understand the apoptotic process in myocytes and the
heart. Organelles such as mitochondria and endoplasmic reticulum (ER; sarcoplasmic
reticulum in myocytes) are suggested to play a crucial role in determining cell fate (Chen
and Knowlton, 2010; Minamino and Kitakaze, 2010). Mitochondria play a central role in
cellular metabolism, energy production and Ca*™* handling. Mitochondria supply energy to
support the high ATP consumption of the beating heart (Chen and Knowlton, 2010). Heart
failure associates with diminished metabolism, calcium mishandling, oxidative stress and
apoptosis, indicating mitochondrial dysfunction in the failing heart. Translocation of Bax to
mitochondria and release of cytochrome c (i.e. increased levels of cytosolic cytochrome c)
are considered as major events of mitochondrial dysfunction, leading to apoptosis. In
isolated adult rat cardiac myocytes, activation of JINKs induces mitochondrial death pathway
in response to p-adrenergic receptor stimulation (Remondino et al., 2003). The ER regulates
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protein synthesis, protein folding and trafficking, cellular responses to stress and
intracellular Ca*™ levels (Szegezdi et al., 2003; Rutkowski and Kaufman, 2004). Alteration
in Ca** homeostasis and accumulation of misfolded proteins initiate an adaptive response in
the cell, termed the unfolded protein response (UPR, ER stress response). Prolonged ER
stress triggers apoptosis in various cell types and is suggested to play a role in myocyte
apoptosis and pathogenesis of heart failure (Szegezdi et al., 2003; Hamada et al., 2004;
Okada et al., 2004). Increased Gadd-153 is considered as a hallmark of ER stress-induced
apoptosis (Rao et al., 2004), while activation of caspase-12 plays a central role in ER-stress-
induced apoptosis (Rutkowski and Kaufman, 2004). In adult rat cardiac myocytes, p-
adrenergic receptor-stimulated induction of ER stress plays a pro-apoptotic role (Dalal et al.,
2012). OPN-stimulated apoptosis in adult rat cardiac myocytes associates with activation of
JNKSs, increased Bax expression, decreased Bcly/Bax ratio and increased levels of cytosolic
cytochrome c (Dalal et al., 2014). It also associates with increased Gadd153 expression and
activation of caspase-12. Furthermore, inhibition of INKs, alleviation of ER stress or
inhibition of caspase-12 inhibited OPN-stimulated apoptosis. These in vitro findings were
recapitulated in vivo in heart where myocyte-specific expression of OPN in the adult heart
led to the activation of mitochondrial death pathway and ER stress (Dalal et al., 2014). Thus,
OPN-stimulated myocyte apoptosis involves both mitochondrial death pathway and ER
stress (Figure). However, the molecular signals elicited by OPN-CDA44 receptor interaction
leading to the activation of mitochondrial death pathway and ER stress are not yet
understood. It may involve members of the ezrin/radixin/moesin (ERM) family of proteins.
Tumor suppressor protein merlin, a member of ERM family, regulates functions of the cell
surface receptors, including CD44 (Stamenkovic et al., 2010).

VI. Lessons learned from transgenic mice

Transgenic mice, i.e. mice lacking OPN and mice expressing OPN in a cardiac myocyte-
specific manner, have been used to understand the role of OPN in heart disease (Table). In
MI model, increased OPN expression mainly associated with interstitial and infiltrated cells.
Here, mice lacking OPN exhibited reduced cardiac fibrosis and enhanced LV dilation 28
days post-MI. However, no difference in cardiac cell apoptosis was observed between WT
and OPN-/- mice 28 days after MI (Trueblood et al., 2001). Of note, lack of CD44 also
associates with reduced fibrosis and enhanced LV dilation in ischemia/reperfusion (I/R)
model (Huebener et al., 2008). Ang Il and aldosterone infusion led to decreased cardiac
fibrosis, apoptosis and LV function in mice lacking OPN (Matsui et al., 2004; Sam et al.,
2004). These two later studies did not identify if apoptosis was particularly occurring in the
myocytes. However, increased OPN expression was associated with interstitial cells in
response to Ang Il (Matsui et al., 2004). Decreased fibrosis was also evident in mice lacking
OPN in DOX-induced model of cardiac fibrosis (Schunke et al., 2013). In I/R model, OPN
expression was found to be associated with cardiac myocytes. Mice lacking OPN exhibited
reduced LV function following I/R (Duerr et al., 2014). Although this study did not measure
apoptosis, however, mice lacking OPN exhibited reduced anterior wall thickness. No
difference in myocardial apoptosis or fibrosis between WT and OPN-/- mice was observed
in pressure overload model (Xie et al., 2004). However, compensatory hypertrophic
response was lower in mice lacking OPN one month after the induction of pressure
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overload. In streptozotocin-induced diabetic cardiomyopathy model, myocytes were
identified as source of OPN, and mice lacking OPN exhibited decreased cardiac fibrosis and
myocyte apoptosis, and improved LV function 30 days after the induction of diabetes
(Subramanian et al., 2007). Consistent with the diabetic model, expression of OPN in
myocyte-specific manner during the first 11 weeks of mouse life and in the adult mouse (~4
months of age) associated with increased myocyte apoptosis, myocardial fibrosis and
deterioration of heart function (Renault et al., 2010; Dalal et al., 2014). In general, these
transgenic mice studies provide strong evidence that OPN plays pro-fibrotic and pro-
apoptotic roles in the heart during myocardial remodeling, and establish a link between OPN
expression and cardiomyopathies. However, the data with respect to heart function appears
somewhat conflicting. Both lack of OPN and expression of OPN in myocyte-specific
manner associated with LV dysfunction. ECM (fibrosis) affects heart function and the
remodeling process of the heart. In normal heart, ECM provides a structural network for
transmitting force generated by individual myocytes into organized systolic contraction of
the heart. It also contributes to the passive stiffness in diastole and prevents overstretch,
myocyte slippage, and tissue deformation during ventricular filling. Excessive fibrosis
increases myocardial stiffness, thereby affecting mechanics of the heart and increasing the
risk towards LV dysfunction (Creemers et al., 2011). On the other hand, a marked decrease
in collagen 1 expression and fibrosis observed during OPN deficiency (Trueblood et al.,
2001) may cause myocyte slippage, leading LV dilation and dysfunction. It should be noted,
however, that increased OPN expression, specifically in myocytes, associates with LV
dysfunction. This finding is consistent with the data obtained from patients with heart failure
where increased OPN levels in the heart or plasma generally correlate negatively with heart
function.

Other transgenic mice studies also provide evidence for the deleterious role of increased
OPN expression in the heart. Integrin-linked kinase (ILK), a serine/threonine kinase, is
recruited to the cytoplasmic domain of 1 and 33 integrin upon activation. ILK is implicated
to play crucial roles in actin rearrangement, cell polarization, spreading, migration,
proliferation and survival (Legate et al., 2006). Cardiac myocyte-specific deletion of ILK
leads to spontaneous development of lethal dilated cardiomyopathy and heart failure with an
early increase in apoptosis, fibrosis and cardiac inflammation (White et al., 2006). This
Deletion of ILK associated with 47-fold increase in OPN expression in the heart.
Interestingly, blocking antibodies against OPN partially rescued decline in heart functional
in these mice (Dai et al., 2014). Desmin, an intermediate filament protein, is a target for
cardiomyopathy and heart failure (Li et al., 1996). Desmin deficiency is characterized by
increased expression of OPN in the heart (Mavroidis and Capetanaki, 2002). OPN appears to
be a major regulator of myocardial remodeling in mice lacking desmin since mice lacking
both desmin and OPN (des—/-OPN-/-) exhibit improved LV function and reduced
myocardial fibrosis (Psarras et al., 2012).

VIl. Conclusion and Future Directions

OPN expression increases in a variety of pathological conditions of the heart in human and
experimental models. In animal models, lack of OPN associated with decreased myocyte
apoptosis and improved heart function in a diabetic model. Expression of OPN in cardiac
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myocyte-specific manner led to increased myocyte apoptosis and LV dysfunction. In
contrast, lack of OPN correlates with increased LV dilation and dysfunction in several
experimental models, including Ml, I/R, and Ang Il- or aldosterone-infusion. In patients
with heart failure, increased OPN expression in the heart or plasma levels generally
correlated negatively with heart function. This shift in LV function in different experimental
models may relate to the model system, cell-type/s involved in the expression of OPN,
duration of OPN expression (transient vs chronic), time point at which heart function was
analyzed in the experimental model etc. It is also possible that OPN synthesized by cardiac
myocytes is different, with respect to post-translational modifications, from the OPN
synthesized by other cell-types of the heart, e.g., fibroblasts, endothelial cells, macrophages
etc? A better understanding of the stimuli involved in increased OPN expression,
specifically in cardiac myocytes, may provide new opportunities to modulate OPN
expression and myocyte apoptosis. OPN-mediated apoptosis in myocyte involves CD44
receptors, mitochondria and ER (Figure). However, future investigations aimed at
identifying the intracellular signaling events leading to mitochondria death pathway and ER
stress may provide new perspectives into the therapeutic strategies related to the role of
OPN in modulating myocyte apoptosis and heart function.
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Figure.
Schematic diagram illustrating signaling pathways involved in OPN-stimulated cardiac

myocyte apoptosis. ILK, integrin linked kinase; JNKs, c-Jun-N-terminal kinase; ER,
endoplasmic reticulum.
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