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Abstract
Significant data linking genetic causes to heart muscle diseases has only arisen in the last several
decades, with hypertrophic cardiomyopathies being the subtype most extensively linked to single
gene defects. Recent studies have shown that all major forms of cardiomyopathies can have a genetic
basis. Lately enough scientific traction has arisen that clinical practice guidelines have been
formulated by the American Heart Association and Heart Failure Association of America on genetic
evaluation of cardiomyopathies. Mutations in genes from various classes have been identified as
causal of these diseases including ones encoding sarcomeric proteins, those important for muscle
metabolism or that lead to infiltrative diseases of the heart; ones critical for proper excitation-
contraction coupling of the myocyte, or that are present in the myocyte cytoskeleton, and also proteins
localized to the cardiac myocyte costamere. To illustrate these concepts, this review will focus on
two costameric/membrane-associated proteins, vinculin and talin. We will discuss their general
function, with emphasis on what is understood about their role in the cardiac myocyte and heart.
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Evidence linking genetic causes to heart muscle diseases has only arisen in the last several
decades, with hypertrophic cardiomyopathies being the subtype most extensively linked to
single gene defects (1–4). In more recent time all major forms of cardiomyopathies have been
shown to have a genetic basis, leading to enough scientific traction that clinical practice
guidelines have been formulated by the American Heart Association and Heart Failure
Association of America, on genetic evaluation of cardiomyopathies(5;6). Mutations in genes
from various classes have been identified as causal of these diseases including one encoding
sarcomeric proteins, those important for muscle metabolism or that can lead to infiltrative
diseases of the heart; ones critical for proper excitation-contraction coupling of the myocyte,
or that are present in myocyte cytoskeleton, and also in proteins localized to the cardiac
myocyte costamere. Our lab has sought the basic role of costameric proteins in cardiomyocyte
function and in this review focus on two of these proteins, vinculin and talin.

What is a costamere?
Costameres are sub-sarcolemmal structures in striated muscle that circumferentially align with
the Z-disk of the myofibrils. They function to allow muscle adhesion to the extracellular matrix
(ECM). These structures resemble focal adhesions (FAs) found in non-muscle cells, sharing
with them many protein components such as integrins, α-actinin, focal adhesion kinase (FAK),
integrin linked kinase (ILK), parvin, PINCH, vinculin, and talin (7).
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Beside their structural role in cell attachment costameres have been shown to be sites where
contractile forces generated by cardiomyocytes are transmitted to the ECM (“inside-out”) (8),
and where forces externally applied by the ECM are transmitted into the myocyte (“outside-
in”) (9). Therefore costameres are sites where mechanical information is transduced
bidirectionally across the cell membrane. Transmission using the “outside-in” mechanism may
allow for the hypertrophic response of myocytes subjected to hemodynamic load. Still, it must
be appreciated that myocyte mechanotransduction is not restricted to the costamere, but may
also occur at Z-disks and intercalated disks (ICDs) within the cell (10). Within the costamere
are two main protein complexes: the integrin complex and the dystrophin-glycoprotein
complex (DGC)(11). (Figure 1) Defects or mutations in proteins of both structures lead to
cardiomyopathies, indicating the importance of costameres in normal cardiac function and
myocardial remodeling (12).

The DGC is composed of several membrane-spanning and associated proteins. In muscle, the
DGC includes dystrophin, sarcoglycans (α, β, γ, δ, ε, and ζ), dystroglycans (α and β), α-
dystrobrevin, syntrophins (α1, β1 and β2), sarcospan, and NO synthase(11). Dystrophin is a
427-kDa protein that constitutes a core componentof the DGC. The DGC functions to anchor
the sarcolemma to the ECM and to the sarcomere. It stabilizes the sarcolemma against physical
forces during muscle contraction or stretch. Mutations in the many components of the DGC in
man and in animal models have been shown to cause a variety of forms of skeletal muscular
dystrophy as well as dilated cardiomyopathy (11;13;14). A comprehensive discussion of the
DGC proteins is outside the scope of this paper and the reader is referred to some excellent
recent reviews (11;15).

The other main complex in costameres is the integrin complex. (Figure 1) Integrins are
heterodimeric surface receptors composed of α and β subunits that bridge the cytoskeleton and
perhaps muscle sarcomere, with the ECM. They provide for cellular adhesion, and also act as
mechanotransducers, converting mechanical stimuli to biochemical ones (16). Adult heart
cardiac myocytes express α7β1 (a laminin receptor) as the main integrin, while α5β1 and
α6β1 are expressed highly in myocytes during heart development. The function of integrins in
cardiac myocytes has been analyzed by our own group and others, using both in vitro and in
vivo studies. β1 has been linked to a hypertrophic phenotype using a neonatal rat cardiac
myocytes model system(17). Transgenic and knockout (KO) mouse models have also shown
how integrin function within the myocyte is essential for preservation of normal heart function
(18–21). These data indicate that the connection of the ECM with cytoskeleton/sarcomere
provided by myocyte integrins, is essential for accommodation to the transmission of the
mechanical stress which occurs continuously in cardiac myocytes.

The connection of integrins with the actin filaments is indirect and occurs through several
structural proteins such as talin, vinculin, α-actinin, ILK, filamin and tensin (22). Beside these
structural connections, integrins also recruit signaling proteins that function in the transduction
of mechanical stimuli. Important integrin mediated signaling events occur through focal
adhesion kinase (FAK), melusin, paxillin, src, cas and PIPKI (23). For a discussion of integrin
function and signaling, particularly as it relates to the heart the reader is referred to recent
publications (24–26). This review will focus on two proteins that directly or indirectly connect
to integrins: vinculin and talin.

Vinculin: general structure and function
Vinculin (Vcl) is ubiquitously expressed, membrane-associated protein that links the actin
cytoskeleton to the sarcolemma. A splice-variant isoform of Vcl, termed metavinculin (MVcl),
exists in muscle and platelets. MVcl arises from a 68-amino acid insertion at residue 915 in
the 1066 Vcl sequence, thus producing this 1134 AA form(27). Some work indicates that Vcl
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and MVcl colocalize in cardiac myocytes(28). Their identical head regions interact with
membrane associated proteins but the unique tail regions of each isoform provide for varied
actin organization(28).

Because Vcl directly binds to the integrin associated protein talin and α-actinin, as well as to
the cadherin associated proteins α/β-catenin, it is found in cell-matrix and cell-cell contact sites
(29–33). In cardiac myocytes Vcl protein expression was first described in a transverse “rib-
like” pattern. Since the Latin term for rib is costa, the location of this cell-matrix adhesion site
of Vcl came to be defined as the costamere(34). Vcl binds indirectly to integrins through talin
(see below) and thus it functions as a multi-protein linker connecting cell-matrix adhesions to
the actin-based cytoskeleton(35;36). Cell-cell junctions in cardiac myocytes are called
intercalated discs (ICD). (Figure 1) The ICD connects myocytes end-to-end in a staggered
fashion and contains structures essential for both mechanical and electrical coupling. These
include actin binding adherens junctions, intermediate filament interacting desmosomes as well
as action potential conducting gap junctions(37). Vcl is highly expressed in ICDs as well as
the costamere. Costameres and ICDs anchor contractile filaments to the sarcolemma and can
be thought of as not only cellular junctions important for force transmission, but also as
potential areas of force generation.

Vcl’s crystal structure has revealed a globular head followed by a hinge region and a flexible
tail (38–40). Intramolecular head to tail association masks binding sites within Vcl, thereby
keeping the protein in an inactive state (41). Molecules such as acidic phospholipids (42;43),
talin (44) and α-actinin (45) were found to unmask Vcl’s binding sites, allowing for Vcl
activation(46). Once activated, Vcl interacts with multiple proteins including talin, paxillin,α/
β-catenin, Arp 2/3, VASP, vinexin, alpha-actinin, F-actin, alpha-synemin, PKCα, acidic
phospholipids and Raver1(46). The interaction of Vcl and Raver1 is unique, since Raver1
harbors RNA recognition motifs and regulates mRNA processing(47;48).

Studies of Vcl deficient embryonic carcinoma cells found that they had poor cell-substrate
adhesion and absent lamellipodia formation(49;50), suggesting that Vcl may stabilize matrix-
adhesion sites by transferring mechanical stress, which drive cytoskeletal remodeling(51).
More recently it was demonstrated that although Vcl-null embryonic fibroblasts still formed
focal adhesions, these adhesions were smaller, less stable and turned over more rapidly than
those in wild-type cells (52). Contractile arrest of neonatal cardiac myocytes led to depletion
of Vcl from the costameres, and mechanical stress increased Vcl expression at these focal
adhesion sites (53). Taken together, these data indicate that Vcl (and by extension MVcl)
mechanically couples the actin-based cytoskeleton to the sarcolemma and regulates focal
adhesion turnover.

To extend these cellular studies to the whole organism, the Vcl gene was globally ablated in
the mouse genome (54). With this, growth retardation of the embryo was evident from
embryonic day (E)8 and embryonic death occurred by E10. The most prominent defects in
these mice were lack of neural fold fusion, attenuation of cranial and spinal nerve development,
and importantly from our perspective, abnormal cardiogenesis with severely reduced
development of endocardial structures and an akinetic myocardium. Fibroblasts isolated from
mutant embryos showed reduced matrix adhesion as well as a two-fold higher migration rate
compared to wild-type cells, further amplifying the importance of Vcl in cell-matrix adhesion.
This study clearly showed that Vcl was crucial for normal embryonic development, likely due
to its role in the regulation of cell-matrix adhesion and cell locomotion.

Vinculin and the Heart: lessons from genetically manipulated mouse models
While homozygous global inactivation of the murine Vcl gene caused embryonic lethality
(54) with embryos displaying a thin-walled myocardium, hemizygous KO mice (Vcl+/−)
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developed normally and were indistinguishable from wild type (Vcl+/+). We hypothesized that
the reduced Vcl/MVcl expression in the Vcl+/− heart would lead to impaired cardiac function
(55). With cardiac Vcl/MVcl protein levels reduced to less than 50% of wild-type levels in
Vcl+/−, these Vcl+/− hearts were surprisingly histologically and functionally normal in the basal
state. Electrocardiograms (ECGs) showed no difference in heart rate or PR intervals from WT
controls, but displayed widened QRS complexes. Sub-cellular distribution of Vcl and its
associated proteins talin, integrin and cadherin in the heterozygous KO hearts revealed only
that the localization of cadherin was abnormal. Given these findings we evaluated the
expression pattern of the gap junctional protein connexin 43 (Cx43) in Vcl+/− myocardium.
Concordant with the abnormal cadherin expression we found widened and disturbed ICDs,
visualized by anti-Cx43 immunostaining. Electron microscopic analyses of Vcl+/− hearts
showed aberrant myofibril anchorage at the ICD and Z-lines. Since these findings were present
in physiologically normal hearts we tested how Vcl+/− mice would tolerate pressure loading
produced by transverse aortic constriction (TAC) (18;56). While all animals survived the
surgery, 33% of the Vcl+/− TAC mice died spontaneously during the first 3–6 hours
postoperatively. The surviving Vcl+/− mice showed appropriate hypertrophic responses, but
beginning at 6-weeks post-TAC developed progressive left ventricular dysfunction. While
100% of control mice survived up to 12-weeks post-TAC, only 30% of Vcl+/− TAC mice
survived. When Vcl+/− hearts were examined 4-weeks post TAC, when they were still
physiologically normal, abnormalities in Z-line structure was detected. This mouse model gave
further insight into the role of Vcl in maintaining function in the pressure loaded left ventricle.

To more specifically address if the cardiac phenotype in the global Vcl KO mice was caused
by primary loss of Vcl from myocytes, we next generated mice where the Vcl/MVcl gene could
be excised only in cardiac muscle cells (57). For this purpose we used a knock-in mouse line
that expresses Cre recombinase as driven by the native myosin light chain-2 ventricular
promoter (58). This Cre producing line leads to protein reduction only in the perinatal period
(18;59;60). Homozygous floxed Vcl mice that also express the cardiac specific-Cre
recombinase (termed cVclKO) were born with expected Mendelian distributions and
developed 70% reduction of MVcl protein. By 6 weeks of age sudden death was evident in the
cVclKO with less than 50% of these mice surviving till 12 weeks of age, despite preservation
of cardiac function. Ventricular tachycardia was shown to be the cause of this early death, and
the cVclKO hearts showed defective myocardial conduction. cVcl KO mice that survived
through the vulnerable period of sudden death all developed dilated cardiomyopathy and died
before 6 month of age. Reduced expression of cadherin and β1 integrin was seen in Vcl/MVcl
deficient cardiac myocytes. Cx43 expression that was found mainly at the ICD in control mice
was redistributed to the lateral cell membrane in the KO cells. Ultrastructural analysis of
cVclKO samples obtained from animals that had preserved ventricular function, showed highly
serrated ICD structures, with reduced electron-dense staining throughout the ICD, and
mitochondria that were loosely arranged and disorganized. These results showed that loss of
Vcl disturbs ICD structure, myofibrillar arrangement and mitochondria prior to the onset of
myocardial dysfunction. In the adult heart Cx43 usually localizes to the ICD forming a low
resistance pathway for propagation of the electrical impulse between cardiac myocytes. The
altered Cx43 distribution we found in cVclKO mice likely provided for an arrhythmogenic
substrate which predisposed to sudden death. The alteration of the ICD structure could also
have predisposed cVclKo mice toward later myocardial dysfunction. Contrasting the
approximate 2 year mouse lifespan with the 80-year life expectancy in humans, suggests the
phenotype in our cVclKO mice might be akin to one that would arise in a human teenager. The
findings in our mouse models emphasize the importance of maintaining normal Vcl expression
in the heart.
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Vinculin and Heart: lessons from man
Mutations in a large number of genes have now been associated with the development of
cardiomyopathies in man(5). Of this set of genes, MVcl was found essentially absent in one
patient with dilated cardiomyopathy(61). A more comprehensive study found multiple
mutations of MVcl associated with kindreds with both dilated and hypertrophic forms of human
cardiomyopathy (62;63). Interestingly a mutation in Vcl was also associated with a
predisposition towards only hypertrophic cardiomyopathy (64;65). These studies begin to show
the genetic and functional evidence for Vcl as a cardiomyopathy gene.

Gene profiling of patients with non-ischemic cardiomyopathy that required left ventricular
assist device (LVAD) support was performed and included analysis of changes in Vcl
transcripts(66). Of the group that recovered sufficiently to allow explantation of the device and
not go on to heart transplantation, Vcl transcripts decreased 1.7-fold from time of implantation
to explantation, and Vcl protein decreased 4.1-fold. In contrast, the hearts from patients that
could not be assisted with the LVAD and still required transplant showed 1.7-fold increased
Vcl transcript levels. It was suggested that accumulation of membrane associated proteins,
including Vcl, might be a compensatory mechanism typical for end stage heart failure
independent of the underlying disease(67).

Chagas cardiomyopathy caused by Trypanosoma cruzi infection, leads to severe cardiac
fibrosis, life threatening arrhythmias and cardiac dysfunction(68). In vivo and in vitro studies
showed that Trypanosoma infection disrupts Vcl’s localization at the costamere(69). At all
times of infection Vcl expression was reduced and Vcl was absent from the costameres of
infected specimens that also showed irregular alignment of ICDs. Recently, de Melo et al
(70) showed that in addition to Vcl downregulation in Chagas disease, a substantial reduction
of pan-cadherin and beta-catenin expression were also seen at the ICD. Combined, these data
suggest that the disruption of costameric Vcl, combined with abnormal cadherin based cell-to-
cell contact sites, may predispose to the impaired cardiac function and rhythm disturbances
found in Chagas’ disease.

Talin: Another Costameric Protein With Potential Importance in the Heart
Integrins are cell surface receptors that bind cells to ECM, signal and function as
mechanotransducers. They have been shown by our group and others to have an important role
in normal cardiac homeostasis as well as in pathological processes such as hypertrophy(24;
26). Integrins can bind directly or indirectly to many structural and signaling proteins through
their cytoplasmic domain. The function of some of these proteins has begun to be characterized
in the heart, (e.g. FAK, ILK, Melusin, and Vinculin(55;57;60;71–73)) but others, such as Talin,
have not. Talin is a large (270 KDa, 2540 amino acid) dimeric protein that connects integrins
with the actin cytoskeleton. (Figure 1) It is essential for the structural integrity of FAs and
therefore for the attachment of the cells to the ECM(74). In addition to its structural role, talin
modulates the ligand binding activity of integrins and functions in signal transduction,
recruiting signaling proteins like FAK and phosphatidylinositol(4) phosphate 5 kinase type I
(PIPKIγ) to FAs(75). Talin contains a globular N-terminal head domain (~50kDa) and a large
flexible C-terminal rod domain (> 200 kDa). The head contains a FERM domain ((F)4.1
protein, (E) ezrin, (R) radixin, and (M) moesin) with binding sites for β-integrin subunits, F-
actin, Wech, H-Ras, layilin, PIPkinase and FAK. The rod domain contains an additional
integrin binding site, 2 additional actin binding sites, multiple binding sites for Vcl and a
binding site for the muscle-specific protein α-synemin(75).

There are two vertebrate talin genes (Tln1 and Tln2), which generate proteins that are 74%
identical. To date, most studies of talin have not distinguished between the individual isoforms
talin1 and talin2. Talin1 is ubiquitously expressed while talin2 expression is more restricted,
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having dominant expression in heart, brain and skeletal muscle. Many in vitro and in vivo
studies, have analyzed the function of talin1. In vitro studies have shown that talin1 is required
for the assembly of FAs(74) and the regulation of integrin affinity for ECM ligands. Talin1
null mice have been created and display an embryonic lethal phenotype at E8.5-9, due to
gastrulation defects(76), indicating that talin1 is an essential gene and that talin2 cannot replace
its function in the entire embryo.

Recent studies using genetically manipulated mouse models have begun to analyze the in
vivo relevance of talin1 in specific organs and cell types. For example one study has
demonstrated that talin1 is required for the activation of integrins in platelets(77) while another
has shown that plasma membrane blebbing with loss of membrane association with the
cytoskeleton, occurs in megakaryocytes devoid of talin1(78). Like its ubiquitous localization
in FAs, talin is also found in muscle-specific integrin complexes such as costameres, ICDs and
myotendinous junctions (79–81;81). Given the similarities between FAs and costameres, talin
likely serves an essential function in muscles cells of all types. This has begun to be shown by
another mouse-based study where talin1 was ablated specifically in skeletal myocytes(82).
This work showed that within skeletal muscle, tln1 is mainly localized at myotendinous
junctions (MTJs). The importance of talin at this site was then appreciated in that the tln1
muscle specific KO mice showed defects in MTJs, but not in the assembly or localization of
costameric integrin complexes, containing β1 integrin, Vcl and α-actinin. These results
combined with the relatively high expression of tln2 in other areas of muscle, suggest that tln2
may in part compensate for loss of skeletal muscle tln1 in these mice.

To date, few studies have characterized the function of talin2. Studies in C2C12 skeletal muscle
cells have shown that expression levels of talin2 increase during myoblast differentiation into
myotubes, while talin1 expression remains constant (83). These authors also found that in rat
cardiac myofibrils, talin2 was localized in costameres and ICDs while talin1 was not. This
information suggests that talin1 and talin2 may have unique functions in skeletal and cardiac
muscle.

Further studies on talin have capitalized on a gene trap mouse model which disrupts the
talin2 gene(84). In this mouse, insertion of a beta-galactosidase transgene occurs in exon 28
of the talin2 gene, producing a chimeric talin2 protein which expresses AA 1–1295 of the 2540
total AA protein. With this, a large part of the talin2 rod domain is not produced but the mice
are viable and fertile, suggesting that talin2 is not an essential protein for normal development
or basal bodily functions, or that the talin2 chimeric protein contains the necessary domains or
structures to be completely functional.

To emphasize the importance of tln2, recent work has studied tln2 deficient mice. Like the tln1
skeletal muscle specific KO mice, the tln2 deficient mice also show abnormal MTJ structure
(82) although the defects were considerably more severe and at an earlier age with loss of tln2.
This is consistent with the tenet that talin2 is the major talin isoform in skeletal muscle(85). In
this same study, mice were also generated with loss of both tln1 and tln2 in skeletal muscle.
These mice phenocopied the skeletal muscle specific beta-1 integrin KO mice(86) in that they
showed disruption of skeletal muscle fiber cytoskeletal structure, had defects in both myoblast
fusion and sarcomere assembly, and died shortly after birth. This data suggests that talin1 and
2 are both required for intact integrin function during muscle development and growth.

Given these findings in skeletal muscle, we hypothesize that both talin isoforms likely play
essential roles in cardiac muscle development and remodeling and work is underway in our
group to directly test this hypothesis. Indeed, work recently published on the mechanosensory
protein cardiac ankyrin repeat protein (CARP), a Z-disc component known mostly for its
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interaction with titin and myopalladin, also suggested that some CARP mutants which lost
binding to tln1 could be linked to familial cardiomyopathy in man (87).

Conclusion and Future Perspectives
Recent advances have clearly linked alterations in a large number of genes to all forms of
cardiomyopathies(5;88;89). Amongst the range of causal genes are ones positioned within
mechanical sensors of the cardiac myocyte: the Z-disk and the costamere(10;12). Our hope in
this brief review was not to provide an exhaustive review of these proteins, but to specifically
focus on two proteins under study in our laboratory which are examples of these types of
proteins.

Mutations of Vcl and MVcl found in patients with cardiomyopathy; as well as the alteration
of Vcl expression and localization in Chagas’ disease and in the advanced heart failure patient,
all underscore the important role of Vcl in the human heart. Vcl KO mouse models as we have
studied, further emphasize the critical role of Vcl and MVcl in maintenance of cardiac function.
Heterozygous global Vcl KO mice showed no basal phenotype, but pressure overload of the
left ventricle caused premature heart failure and increased their mortality compared to control
animals. This model in mice has many parallels to the increased workload sensed by the heart
in patients with hypertension. Since Vcl and MVcl mutations which have been linked to
cardiomyopathy in man are heterozygous ones, we suggest that patients harboring these
mutations could be further predisposed to developing premature heart failure when they also
have other co-morbidities such as elevated blood pressure. The cardiac specific Vcl KO mouse
model emphasizes the critical role of Vcl and MVcl in the maintenance of cell-to-cell and cell
to matrix junctions in that they rapidly develop replacement fibrosis, arrhythmias and dilated
cardiomyopathy. The profound phenotype in cVclKo mice clearly shows that Vcl is a
fundamental structural protein in cardiac myocytes.

Still, despite these advances, there are many questions which remain to be answered about the
role of Vcl in heart and heart disease. For example, though in vitro studies have demonstrated
that the tails domain of Vcl and MVcl cause differential bundling of actin filaments(28),
extending this biochemical work to the intact organ must be done. Further, it is clear that Vcl
is highly expressed in the T-tubular system of the cardiac myocyte, but direct proof of Vcl’s
role in maintaining physiological ion-channel function is currently unavailable. Similarly, our
studies in the cVclKO myocardium suggest that Vcl/MVcl is instrumental in anchoring
contractile filaments to costameres and ICDs, and may also be critical for normal gap junction
function, perhaps through Vcl’s direct regulation of the ICD.

Less is even known about the function of talin in the heart and cardiac myocyte. Talin1 and
talin2 share high similarity in sequence and structure, yet much data about their distinct roles
in any cell, let alone ones in heart, is not currently available. Still, the few published studies
on talin function in muscle(82;83), have led us to hypothesize that talin1 and talin2 function
must clearly be distinct. Talin’s role as a mechanical linker and in force generation of non-
muscle cells(74) together with its localization at costameres in skeletal and cardiac muscle,
suggests that it could be an important mechanotransduction molecule in muscle As discussed
above, this role is supported by the recent study where CARP/tln1 binding mutants were linked
to dilated cardiomyopathy in human patients(87). Further studies will be necessary, and are
ongoing in our own group, to analyze talin function in the basal and stressed heart, and to clarify
the unique role of talin1 in contrast to talin2.

Clearly increased understanding of proteins like Vcl and talin will allow a greater
understanding of the molecular basis for cardiomyopathies, increase our ability to screen and
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identify patients at high risk for profound heart failure or sudden death, and could potentially
lead to novel new therapies.
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Figure 1. Costameric Proteins and the Intercalated Disk of two adjacent cardiac myocytes
Shown are some of the key structural elements of the costameric protein complex of the cardiac
myocyte, including ones linked to the integrin-talin-vinculin axis, as well as the dystrophic-
glycoprotein complex (DGC). The intercalated disk (ICD) structure providing mechanical and
electrical linkage of myocytes is also shown. The ICD mechanical linkages include the
desmosomes and the adherens (cadherin-containing) junctions, while electrical coupling of
cells occurs at gap junctions (gap j.) which contain connexins (Cx) such as Cx43. This diagram
is provided to orient the reader to the location of vinculin and talin (arrows) within the cell,
but is clearly a simplified version of costamere and ICD.
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