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The actions of catecholamines on adrenergic receptors (ARs)
induce sympathetic responses, and sustained activation of the
sympathetic nervous system results in disrupted circulatory
homeostasis. In cardiomyocytes, a1-ARs localize to flask-shaped
membrane microdomains known as “caveolae.” Caveolae require
both caveolin and cavin proteins for their biogenesis and func-
tion. However, the functional roles and molecular interactions of
caveolar components in cardiomyocytes are poorly understood.
Here, we showed that muscle-restricted coiled-coil protein
(MURC)/Cavin-4 regulated a1-AR-induced cardiomyocyte hyper-
trophy through enhancement of ERK1/2 activation in caveolae.
MURC/Cavin-4 was expressed in the caveolae and T tubules of car-
diomyocytes. MURC/Cavin-4 overexpression distended the caveolae,
whereas MURC/Cavin-4 was not essential for their formation.
MURC/Cavin-4 deficiency attenuated cardiac hypertrophy induced
by «1-AR stimulation in the presence of caveolae. Interestingly,
MURC/Cavin-4 bound to al1A- and «1B-ARs as well as ERK1/2
in caveolae, and spatiotemporally modulated MEK/ERK signaling
in response to a1-AR stimulation. Thus, MURC/Cavin-4 facilitates
ERK1/2 recruitment to caveolae and efficient o1-AR signaling me-
diated by caveolae in cardiomyocytes, which provides a unique
insight into the molecular mechanisms underlying caveola-mediated
signaling in cardiac hypertrophy.

caveola | signal transduction | heart | plasma membrane

aveolae are plasmalemmal invaginations enriched in cho-

lesterol, glycosphingolipids, and lipid-anchored proteins
relative to the bulk of the plasma membrane (1, 2). Owing to their
specific lipid composition, caveolae concentrate several signaling
molecules involved in cellular processes or trafficking events from
the cell surface; therefore, they are recognized as a platform for
preassembled complexes of receptors, signal components, and
their targets,.facilitating efficient and specific cellular responses
(3-5). Accumulating evidence has demonstrated that caveola
biogenesis and function depend on two distinct caveolar compo-
nents: caveolins and cavins (6, 7). Caveolin (Cav)-1 and Cav-2 are
expressed in most cell types, including adipocytes, endothelial cells,
fibroblasts, and smooth myocytes, whereas Cav-3 is expressed ex-
clusively in smooth, skeletal, and cardiac myocytes. Caveolin de-
ficiency leads to caveolar loss, which is accompanied by alterations
in signaling responses (8, 9). Cavins are also structural components
of caveolae and assume four isoforms, namely, polymerase I and
transcript release factor (PTRF)/Cavin-1, serum deprivation pro-
tein response (SDPR)/Cavin-2, SDR-related gene product that
binds to C kinase (SRBC)/Cavin-3, and muscle-related coiled-coil
protein (MURC) (6), which is also known as “Cavin-4” because of
its sequence homology with other cavins and localization to the
caveolae (10). Previously, we reported the association of MURC/
Cavin-4 with SDPR/Cavin-2 and identified MURC/Cavin-4 muta-
tions in dilated cardiomyopathy patients (11, 12). PTRF/Cavin-1

www.pnas.org/cgi/doi/10.1073/pnas. 1315359111

and SDPR/Cavin-2 are expressed in various cell types, including
myocytes (10, 11), and SRBC/Cavin-3 is expressed in many cell
types except for muscle cells (13), whereas MURC/Cavin-4 is
expressed exclusively in myocytes, similar to Cav-3 (11). Recent
studies have shown that cavins and caveolins form a complex,
called the “caveolin-cavin complex,” which modifies caveolar bio-
genesis and function (14, 15). PTRF/Cavin-1 and SDPR/Cavin-2
are required for caveolar invagination and SRBC/Cavin-3 for
caveolar budding to form caveolar vesicles (13, 16, 17). However,
the functional role of MURC/Cavin-4 in caveolar morphology is
not known.

Alpha-1 adrenergic receptors (x1-ARs) are members of the G
protein-coupled receptor (GPCR) family and have been demon-
strated to accumulate in caveolar fractions of the myocardiom (5).
GPCRs are well-known representatives of receptors concentrated in
caveolae and transduce several signals from substrates to down-
stream effectors in caveolae (18). Because disruption of the cav-
eolae affects the response to several GPCRs, caveolae are
considered important plasma membrane structures that co-
ordinate GPCRs and their downstream signaling components
(5). In our previous study, we showed that MURC/Cavin-4 knock-
down suppressed al-AR agonist-induced atrial natriuretic peptide
expression and myofibrillar organization in cardiomyocytes and that
transgenic mice overexpressing MURC/Cavin-4 in cardiac tissue
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