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Abstract
Adenosine receptors are a member of the large family of seven transmembrane spanning G protein
coupled receptors (GPCR). The four adenosine receptor subtypes – A1, A2a, A2b, A3 – exert their
effects via the activation of one or more heterotrimeric G proteins resulting in the modulation of
intracellular signaling. Numerous studies over the past decade have documented the complexity of
GPCR signaling at the level of protein-protein interactions as well as through signaling crosstalk.
With respect to adenosine receptors the activation of one receptor subtype can have profound
direct effects in one cell type, but little or no effect in other cells. There is significant evidence that
the compartmentation of subcellular signaling plays a physiological role in the fidelity of GPCR
signaling. This compartmentation is evident at the level of the plasma membrane in the form of
membrane microdomains such as caveolae and lipid rafts. This review will summarize and
critically assess our current understanding of the role of membrane microdomains in regulating
adenosine receptor signaling.
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1. Introduction
Adenosine, a purine nucleoside catabolite of ATP, exerts numerous effects in mammalian
organ systems. Adenosine can modulate cell metabolism via several mechanisms, with the
most direct being its rephosphorylation to AMP via adenosine kinase to help restore/
maintain ATP levels. Adenosine however is best known for regulating cell function via the
activation of four distinct purinergic P1 adenosine receptor (AR) subtypes – A1, A2a, A2b,
A3 – which are part of the large family of seven transmembrane spanning G protein coupled
receptors (GPCR) (1,2). The A1 and A2a subtypes are high-affinity receptors, whereas
A2bAR and A3AR are low affinity receptors. Thus adenosine can exert physiological effect
under basal conditions as well as conditions of stress and inflammation when extracellular
adenosine levels increase.

Adenosine receptors couple to multiple G proteins and activate various intracellular
signaling pathways (3,4). Many cell types express multiple adenosine receptor subtypes, but
in some cell types activation of these receptors exerts few effects, while in others the same
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receptors produce profound effects. For example A1AR activation decreases cAMP in
adipocytes [5] and increases intracellular calcium in smooth muscle cells [6,7], but in
cardiac ventricular myocytes A1AR appears to exert little, if any, direct effects on these
parameters [8,9]. Interestingly in cardiomyocytes A1AR significantly reduces these same
parameters during β1-adrenergic receptor stimulation resulting in the well known A1AR
anti-adrenergic effect [8,9]. There are also numerous reports that adenosine receptors can
heterodimerize to alter cell signaling [10–13]. These observations, as well as similar reports
on other receptors, indicate that GPCR signaling is very complex, and multiple mechanisms
appear to be capable of controlling the fidelity of signaling.

2. Membrane microdomains
One mechanism proposed for the regulation of subcellular signaling is compartmentation at
the level of cell membranes. These membrane microdomains, more commonly referred to as
lipid rafts, are highly enriched in glycosylphosphatidylinositol (GPI)-anchored proteins,
sphingolipids, and cholesterol imparting on them less fluidity as well as being relatively
resistant to solubilization by non-ionic detergents, such as Triton X-100, at cold
temperatures [14–18]. A specialized type of lipid raft is characterized by the structural
protein caveolin which imparts a flask-shaped invagination (50 –100 nm) of the membrane.
These microdomains are referred to as caveolae. There are three isoforms of caveolin,
referred to as caveolin-1, -2, and -3, which exhibit cell-specific expression patterns. For
example caveolin-1 is highly expressed in endothelial cells, but has little, if any expression
in cardiac ventricular myocytes, whereas the opposite expression profile is seen for
caveolin-3 [15,19].

In addition to directly binding cholesterol caveolin modulates signal transduction by serving
as a scaffold for numerous proteins, some of which possess caveolin binding motifs [20–25].
Numerous second messengers such as heterotrimeric G proteins, eNOS, extracellular
regulated mitogen activated protein kinase (ERK), PKC isoforms, and adenylyl cyclase have
been shown to be localized and/or concentrated in caveolae and lipid rafts. There have also
been numerous reports that several GPCR are present in caveolae [25–28]. The co-
localization of GPCR and second messengers in microdomains may permit the rapid and
selective activation or deactivation of intracellular signaling as well as controlling its
compartmentation.

Lipid rafts and caveolae can be isolated by various techniques. Due to their high
concentration of cholesterol and resistance to non-ionic detergents these membrane
microdomains can be isolated by differential centrifugation. The two most commonly cited
methods based on these principles are the techniques of Song et al [20] and Smart et al [29].
The former method relies on membrane solubilization with high pH (9.0) sodium carbonate;
the resulting homogenate is separated into multiple fractions (10–12) using discontinuous
sucrose gradient centrifugation. The method of Smart et al [29] utilizes Percoll gradient
centrifugation followed by Optiprep gradient separation of caveolae membranes from bulk
plasma membranes. A supplemental approach for verifying the localization of proteins in
caveolae is to perform co-immunoprecipitation studies in caveolin-enriched fractions.

3. Adenosine receptors and membrane microdomains
Over the past decade significant evidence has accumulated that adenosine receptor signaling
may be regulated via membrane microdomains. Such regulation may include localization of
adenosine receptors in caveolae or lipid rafts, modulation of signaling, and trafficking. The
initial evidence for this concept appears to be observations by Andersson-Forsman and
Gustafsson in 1985 that ecto-5'-nucleotidase (CD73) in various types of guinea-pig smooth
muscle was localized in caveolae [30]. Several subsequent studies have provided additional
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evidence for such a localization [31–33]. Ecto-5'-nucleotidase, a GPI-anchored protein
dephosphorylates extracellular AMP to adenosine, and since adenosine is rapidly
catabolized to inosine, close proximity of extracellular adenosine to adenosine receptors
would provide optimal receptor activation. Such a mechanism was proposed by Anderson in
1993 [14]. There are also reports that concentrative nucleoside transporters-1 and -3 are
located in lipid rafts/caveolae [34,35]. Finally it has been reported that all four human
adenosine receptor subtypes contain portions of the caveolin binding motif [36]. This review
will provide a critical analysis of the evidence for adenosine receptor subtype localization in
membrane microdomains in various cell types.

3.1 A1 adenosine receptors and membrane microdomains
The adenosine receptor subtype first reported to be localized in lipid rafts/caveolae, and for
which the most evidence exists for such a localization, is the A1 adenosine receptor (A1AR).
Our laboratory reported in 2000 that A1AR were concentrated in caveolae of adult rat
ventricular cardiomyocytes [37]. Using the caveolae isolation methods of Smart et al [29]
the caveolin-3 buoyant low-density fraction contained < 0.4% of the protein found in the
initial postnuclear supernatant, but was > 7-fold enriched in cholesterol compared to the
bulk plasma membrane (PM). As shown in Figure 1A the caveolae membranes (CM) were
enriched in caveolin-3 and eNOS, but were devoid of transferrin receptors (TR) and clathrin.
Figure 1B illustrates that under basal conditions (Buffer) the majority of the A1AR
immunoreactivity (using a rabbit polyclonal antibody raised against the third extracellular
domain of the rat A1AR receptor gene (amino acids 163–176)) was located in the caveolae
membranes. Cardiomyocytes were treated with adenosine deaminase (ADA) to exclude
possible stimulation of the A1 receptor by endogenous adenosine.

Treatment of myocytes with the A1 agonist 2-chloro-N6-cyclopentyadenosine (CCPA, 200
nM, 15 min) resulted in the loss of all A1AR immunoreactivity from caveolin-3 enriched
fractions to the bulk plasma membrane fraction, an effect that was prevented by prior
treatment of the myocytes with the A1AR antagonist 8-cyclopentyl-1,3-dipropylxanthine
(DPCPX, 200 nM). Adenosine A1AR were co-immunoprecipitated with caveolin-3 in
unstimulated cells but not after agonist exposure. Using immunofluorescence we have
observed similar staining patterns for caveolin-3 (Figure 2A) and A1AR (Figure 2B) in
unstimulated rat cardiomyocytes (unpublished observations).

Our observations regarding A1AR concentration in caveolin-3 enriched fractions were
subsequently reported by two other groups [38,39]. Cavalli et al [38], who solubilized rat
myocardial membranes with both the sodium carbonate method of Song et al [20] and also
Triton X-100, observed that A1AR co-immunoprecipitated with caveolin-3, and A1AR
immunofluorescence co-localized with caveolin-3 immunofluorescence in cardiomyocytes,
similar to our observations in Figure 2. Garg et al [39] reported that A1AR could be co-
immunoprecipitated with caveolin-3 in adult rat ventricular cardiomyocytes. Thus using all
two well-recognized techniques of isolating caveolae and lipid rafts, as well as co-
immunoprecipitation and immunofluorescence, myocardial A1AR appear to be concentrated
in caveolae under basal conditions.

Concurrent with our observations Murthy and Makhlouf [40] provided the initial evidence
that A1AR stimulation could modulate signaling in caveolae. These authors, using the
sodium carbonate method of Song et al [20] to isolate caveolae in rabbit intestinal smooth
muscle cells, reported that Gαq/11, Gαi1/2, and Gαi3 were present in caveolin-3 enriched
fractions as well as heavier fractions. The A1 agonist cyclopentyladenosine (CPA, 1μM, 10
min) selectively activated Gαi3 and resulted in a significant increase in the amount of Gαi3
(as well as Gβγ) that could be immunoprecipitaed with caveolin-3 in both whole cell lysates
and caveolin-enriched fractions. A1 agonist treatment in these cells was associated with
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increased PLC-β activity, and pretreatment with CPA or acetylcholine significantly blunted
the subsequent response to CPA. The authors concluded that this blunted response was due
to receptor desensitization as well as binding of Gαi3 to caveolin-3. Interestingly the authors
observed that CPA had no effect on phosphatidylinositol 4, 5-bisphosphate (PIP2) levels in
Triton X-100 soluble fractions but decreased by 34% in Triton X-100 insoluble fractions.
Since caveolin is relatively resistant to Triton solubilization, the authors concluded that
PLC-β activity was increased in caveolar fractions.

Despite the multiple observations that cardiac A1AR are localized in caveolae membranes,
the role that this specific localization plays in cardiac A1AR signaling remains unclear.
Adenosine A1 receptor activation in normal cardiomyocytes exerts no direct effects on
contractility, intracellular calcium, or cAMP [8,9]. Thus A1AR enrichment in cardiomyocyte
caveolae under basal conditions could provide highly localized A1AR signaling in these
cells. However in only one of the above studies was the localization of A1AR determined
after agonist exposure. We observed that A1AR immunoreactivity translocated from
caveolar to bulk plasma membranes, but not intracellular membranes, after A1 agonist
exposure (15 min) (37). This observation suggests that cardiomyocyte A1AR do not rapidly
internalize, but it is not clear what role this change in localization plays in A1AR signaling.
In normal myocardium A1AR stimulation exerts a potent inhibition of β1-adrenergic
contractile and biochemical responses (referred to as the A1 anti-adrenergic effect). β-
adrenergic receptors, adenylyl cyclase, as well as Gαs and Gαi, are localized, at least to some
extent, in caveolae in adult cardiomyocytes [41]. However the β2-adrenergic receptor is
localized in caveolae to a much greater extent than β1-adrenergic receptors, which are
distributed more widespread in the plasma membrane. The differential distributions of the β-
adrenergic receptor subtypes in adult cardiomyocytes is consistent with their different
functional effects. Activation of cardiac β2-adrenergic receptors is associated with little
increases in total intracellular calcium and cAMP levels and exerts only small increases in
contractility, whereas β1-adrenergic receptor stimulation produces significant increases in all
of these parameters [42]. Our observations indicate that the cardiomyocyte A1AR
translocates out of caveolae upon agonist exposure (37), but there have been no reports on
the localization of cardiac β1-adrenergic receptors after agonist exposure. Thus the role of
receptor localization in or movement out of membrane microdomains in the cardiac A1AR
anti-adrenergic effect remains uncertain.

Although our observations that A1AR move out of caveolae after agonist exposure appear to
be consistent with the A1AR anti-adrenergic effect, there is additional evidence that cardiac
A1AR may modulate signaling in caveolae membranes and/or detergent resistant
membranes. Garg et al [39] reported that A1AR and the pore-forming subunit of
sarcolemmal KATP channels, Kir6.2, could be co-immunoprecipitated with caveolin-3 in
cardiomyocytes. These authors also observed that the cholesterol reducing agent methyl-β-
cyclodextrin (MβCD) blunted A1AR agonist-mediated activation of KATP channels.
Interestingly MβCD had no effect on the KATP channel activation by the KATP channel
opener pinacidil. We reported that A1AR agonist treatment of adult rat cardiomyocytes
decreased phosphorylation of the mitogen activated protein kinases(MAPK) p38 and ERK in
Triton X-100 insoluble membranes, but had no effect on these kinases in Triton soluble
membranes [43]. Most recently Yang et al [44] reported that brief exposure of adult rat
cardiomyocytes to an A1 agonist increased translocation of PKC-ε and PKC-δ into
caveolin-3 enriched fractions. These observations suggest that although A1AR appear to
translocate out of cardiomyocyte caveolae after agonist stimulation, A1AR signaling still
occurs in these microdomains.

Finally there is evidence supporting an interaction between caveolin-3 and A1AR in
diseased myocardium. It has been reported that cardiomyocyte-specific constitutive A1AR
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overexpression results in hypertrophy and dilatation [45]. The results of a preliminary report
indicate that this cardiac pathology is associated with decreased expression of caveolin-3
and altered localization of caveolin [46]. Interestingly caveolin-3 KO mice also develop
heart failure [47]. The significance of these interactions between A1AR expression and
caveolin-3 levels in the observed cardiac pathology remains to be determined.

There are additional reports that A1AR may localize in and/or modulate signaling in lipid
rafts/caveolae. Ginés et al [48] reported in 2001 that exposure of a porcine kidney epithelial
cell line (LLC-PK1) to the A1 agonist N6-(R)-phenylisopropyl-adenosine (PIA, 100 nM, 30
min) was associated with the translocation of A1 receptors from high-density, caveolin-1
devoid fractions to lower density fractions, including caveolin-1 enriched fractions.
Fractions were isolated via the detergent-free sodium carbonate method of Song et al [20].
The authors concluded that this was the mechanism by which A1 receptors were internalized
in this cell type. Although the authors did not test whether the LLC-PK1 A1AR could be co-
immunoprecipitated with caveolin-1, they did show that a GST-fusion protein, containing
the C-terminal domain of the A1 receptor, could interact with caveolin-2. In addition the
authors stated that the C terminal cytoplasmic tail of the A1 receptor contains a sequence
similar to the caveolin binding domain. The primary question concerning these observations
is what role this redistribution into caveolin-1 enriched fractions plays in A1AR-mediated
effects on cAMP and inositol phosphate production as well as solute transport in renal
epithelial cells. Thus how these observations relate to epithelial cell function remain
unanswered.

The results of a subsequent study by this laboratory are consistent with the hypothesis that
A1AR in DDT1MF-2 cells internalize via caveolae [49]. Using immunogold staining it was
observed that under control conditions nearly all A1AR were in non-caveolin containing
membranes, but within 15 min exposure to 50 nM PIA ~ 90% of immunogold staining was
present in caveolin containing membranes. Continued exposure to PIA resulted in partial
loss of caveolin co-localization with A1AR increasing in intracellular vesicles, such that by
19 hours all A1AR immunogold staining was in intracellular vesicles. Treatment with filipin
and MβCD, but not hyperosmolar sucrose or acetic acid, blocked the internalization of
A1AR. Filipin and MβCD reduce membrane cholesterol levels which are concentrated in
lipid rafts and caveolae, whereas the latter two agents disrupt internalization via clathrin-
coated pits. These same investigators had previously reported that in the DDT1MF-2 smooth
muscle cell line the A1AR appeared to form clusters in specific locations in the plasma
membrane within 5 minutes after exposure to the A1 agonist PIA (50 nM) [50]. These
observations, in conjunction with the authors' previous observations regarding A1AR
trafficking, indicate that initial movement into caveolae plays a role in the internalization
and desensitization in DDT1MF-2 smooth muscle cells. However since there are varying
reports on the time-scale of A1AR internalization and desensitization [36,51] the role of
caveolae in A1AR trafficking may be cell-specific.

The above information indicates that there is significant evidence for localization and/or
translocation of A1AR into and out of caveolae in muscle cells as well as epithelial cells.
There is also evidence that A1AR signaling may occur in caveolin-enriched membranes.
However the specific role that these observations play in the physiological effects of A1AR
under normal conditions and in diseased tissue remains to be elucidated.

3.2 A2a adenosine receptors and membrane microdomains
Adenosine A2a receptors (A2aAR) couple primarily to Gαs, although there are some reports
that A2aAR signal via Gαs-independent mechanisms. One of the most recognized signaling
effects of A2aAR is the stimulation of adenylyl cyclase activity resulting in increased
intracellular cAMP levels. There are multiple reports in the literature that both Gαs and
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adenylyl cyclase are present or are concentrated in lipid rafts and/or caveolae in various cell
types [18,25,26]. In contrast there are a very limited number of reports indicating the
localization of A2aAR in lipid rafts or caveolae. In fact there appears to be only one study to
date providing evidence for A2aAR localization in these membrane microdomains.
Mojsilovic-Petrovic et al [52] reported that A2aAR were present in lipid rafts in embryonic
Sprague Dawley rat spinal cord neurons. This conclusion was based on the analysis of lipid
rafts generated using Triton X-100 and discontinuous sucrose gradient centrifugation. Light
fraction 2, which contained the lipid raft marker Thy-1, contained some immunoreactivity
for A2aAR based on co-immunoprecipitation with anti-tyrosine kinase B receptor (TrkB)
using a mouse monoclonal anti-A2aAR. However the complete distribution of A2aAR in the
10 collected fractions was not shown and co-immunoprecipitation of the A2aAR with a lipid
raft marker was not shown. In addition functional evidence of A2aAR localization in lipid
rafts was not provided. Given these limitatiqons it is not clear to what extent A2aAR are
actually localized in lipid rafts in these cells.

Assaife-Lopes et al [53] provided some functional evidence for A2aAR modulation of
signaling in lipid rafts in cultured rat embryonic cortical neurons. The A2aAR agonist
CGS21680 (20 nM, 30 min) increased the localization of TrkB in lipid rafts to a greater
extent than BDNF, an effect that was blocked by the A2aAR antagonist ZM24135. This
effect was not altered by the clathrin-dependent endocytosis inhibitor monodansyl-
cadaverine (MDC), but was blocked after treatment of cells with the cholesterol reducing
agent MβCD. Although the authors did not determine whether A2aAR themselves localized
in lipid rafts or translocated into/out of lipid rafts after activation, they did observe that
MβCD treatment had no effect on A2aAR density and Kd values.

The results of two additional studies suggest that disrupting lipid rafts or reducing
cholesterol itself can alter A2aAR signaling. Kamata et al [54] reported that a portion of Gαs
in human erythrocyte membranes was localized in detergent resistant lipid rafts, and this
localization was reversibly lost after brief lidocaine treatment. Lidocaine, which
disassembled lipid rafts in these membranes without reducing cholesterol levels, reversibly
blocked the effects of NECA on cAMP accumulation and phosphorylation of adducin (a
membrane protein). Lam et al [55] reported that cholesterol reduction with MβCD in mouse
colon epithelial cells potentiated A2aAR activation of a basolateral K+ channel thus
increasing the driving force for anion secretion. Interestingly, neither filipin, which also
decreases membrane cholesterol levels, nor sphingomyelinase, which disrupts lipid rafts via
degrading sphingomyelin, mimicked the effects of MβCD. In addition the potentiating
effects of A2aAR stimulation were absent in cells obtained from caveolin-1 knockout mice.
The authors concluded that membrane cholesterol, but not the presence of lipid rafts or
caveolae, modulated the A2aAR effect on basolateral anion secretion. The contrasting
conclusions from these two studies raise questions concerning the localization of A2aAR in
membrane microdomains and/or suggest that this may be cell-specific.

Thus in contrast to the significant evidence indicating that A1AR are linked to caveolae and/
or lipid rafts, the support for a similar localization of the A2aAR is equivocal. The consistent
finding with respect to A2aAR however is that membrane cholesterol levels do appear to
modulate A2aAR signaling. Charalambous et al [56] appear to have an explanation for how
this may occur. They provided evidence in PC12 cells (rat pheochromocytoma cell line),
embryonic rat striatal neurons, and HEK cells (expressing tagged receptors) that A2aAR
stimulation with agonist or antagonist for time periods up to 1.5 hours did not internalize.
Studies in HEK cells expressing yellow fluorescence protein (YFP)-tagged A2aAR utilizing
fluorescence recovery after photobleaching (FRAP) indicated that the receptor was restricted
in lateral mobility independent of agonist or antagonist binding, whereas A2aAR agonist
stimulation did reduce mobility of the D2-dopamine/A2aAR hetero-oligomer. The authors
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determined that this limited mobility of the A2aAR was due not to binding of the C-terminus
to cytoskeletal actin, but rather to membrane cholesterol levels (which were reduced by
filipin and MβCD). Cholesterol reduction did not alter A2aAR binding characteristics, as
recently reported by Assaife-Lopes et al [53], but it did reduce the ability of the receptor to
couple to Gs and thus to increase cAMP levels, without altering the ability of the A2aAR to
stimulate Gs-independent ERK phosphorylation. This elegant study, demonstrating the role
of cholesterol in regulation of A2aAR signaling, may help explain the inconclusive
observations regarding A2aAR and membrane microdomains. Consistent with these
observations Lyman et al [57] subsequently concluded that cholesterol stabilized helix II of
the apo configuration of the human A2aAR.

3.3 A2bAR and A3AR and membrane microdomains
To date there is one report supporting possible A2bAR localization in lipid rafts or caveolae
membrane microdomains, but there is no such evidence for A3AR. Sitaraman et al [58]
studied A2bAR trafficking in T84 epithelial cells and Caco2-BBE cells stably transfected
with GFP-A2bAR. Membranes were isolated by the methods of Smart et al [28]. In the T84
cell line under basal conditions the majority of the A2bAR signal was found in the
postnuclear supernatant with very little signal in the caveolar or plasma membrane fractions.
After stimulation with adenosine (100 μM, 5 min) there was a 2-fold increase in A2bAR in
caveolin-1 enriched fractions in both basolateral and apical membranes. However the
significance of this translocation was not addressed further, and the vast majority of the
A2bAR translocation (7–8 fold increase) occurred to the bulk plasma membrane. Since co-
immunoprecipitation studies with caveolin-1 and A2bAR were not performed, it is difficult
to determine whether A2bAR actually translocated to caveolae. In contrast to these
observations it has been reported that A2bAR in unstimulated transfected HEK293 cells
were localized primarily in the plasma membrane and rapidly (t1/2 < 4 min) internalized, an
effect that was blocked with arrestin antisense [59]. This early internalization appeared to be
occurring via endosomes. Although both of these studies were conducted in cells transfected
with A2bAR, these differences support the notion that adenosine receptor trafficking and
signaling appear to be cell-type specific.

Although there is no evidence for A3AR localization in caveolae or lipid rafts, there is a
report that these receptors may be organized in membrane microdomains. Cordeaux et al
[60] studied CHO cells transfected with human A3AR. Using fluorescence correlation
spectroscopy (FCS) they observed that following exposure (2.5 nM, 10 min, 22°C) to a
fluorescent A3 agonist, ABEA-X-BY630, there appeared to be two populations of agonist-
occupied receptors based on membrane diffusion coefficients. They speculated that the
population with the slowest mobility could have been A3 receptor-agonist complexes in
caveolae or clathrin coated pits. In fact there is evidence that A3AR may internalize via
clathrin-coated pits [61].

4. Concluding remarks
Adenosine receptors are ubiquitous, but their effects are often cell-specific. The localization
of adenosine receptors in membrane microdomains also appears to be cell- and receptor
subtype-specific. There appears to be significant evidence that A1AR are localized in
ventricular cardiomyocyte caveolae under basal conditions, and there are several reports that
A1AR modulates signaling in these microdomains. In contrast in renal epithelial cells and
smooth muscle cells A1AR appear to translocate into caveolae after agonist stimulation an
effect that could be related to A1AR internalization and desensitization. Although it appears
that cholesterol levels stabilize the apo-A2aAR and modulate receptor signaling, evidence
that this receptor localizes in caveolae or lipid rafts is not conclusive and in some cases is
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contradictory. There is little, if any, evidence to date that A2bAR and A3AR are located in
lipid rafts or caveolae.

Despite the evidence, or lack thereof, supporting the localization of the four adenosine
receptor subtypes in membrane microdomains, much work remains to be conducted to
understand the significance of these observations. For example, although there is little
support for A2bAR and A3AR in lipid rafts or caveolae, all four human receptors appear to
contain the caveolin binding motifs. Given the differences in expression levels of adenosine
receptor subtypes in various tissues, their localization in lipid rafts/caveolae may also be
cell-specific. Since receptors may move in and out of these microdomains only under certain
conditions their localization must be examined both in the presence and absence of agonists
and antagonists. Since ecto-5'-nucleotidase appears to be localized in lipid rafts the effects
that endogenous adenosine exerts on receptor localization must be recognized. In order to
better understand the physiological significance of adenosine receptor localization in lipid
rafts/caveolae the expression of receptors and their signaling must be examined in both these
membrane microdomains as well as non-rafts and other subcellular compartments.
Investigators must also recognize the limitations of the methods to isolate membrane
microdomains, as well as the limitations of commercially available adenosine receptor
antibodies. Finally, given the significant evidence that adenosine receptors modulate cellular
responses to stress, such as catecholamine stimulation, oxidative stress, and ischemia-
reperfusion, the role of membrane microdomains in modulating adenosine receptor signaling
must be examined under these conditions.
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Figure 1.
Cardiomyocyte A1AR localization in caveolae membranes (CM). Figure 1A illustrates that
caveolin-3 and eNOS in adult rat ventricular myocytes are enriched in CM compared to bulk
plasma membranes (PM). CM are devoid of transferrin receptors (TR) which are located in
intracellular membranes (IM) and clathrin. Figure 1B indicates that in unstimulated
myocytes (Buffer) the majority of A1AR immunoreactivity is in CM vs PM. After
stimulation with the A1 agonist CCPA (200 nM, 15 min) A1AR immunoreactivity was only
present in PM. Treatment with the A1AR antagonist DPCPX (200 nM) + CCPA blocked the
translocation of A1AR. PNS, postnuclear supernatant; CYTO, cytosol. This research was
originally published in Journal of Biological Chemistry, Lasley et al. Activated cardiac
adenosine A1 receptors translocate out of caveolae. 2000;275: 4417–4421. © the American
Society for Biochemistry and Molecular Biology.
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Figure 2.
Immunofluorescence evidence of colocalization of caveolin-3 (A) and A1AR (B) in adult rat
ventricular myocytes. Myocytes were fixed with paraformaldehyde, permeabilized and
incubated with either a mouse monoclonal antibody for caveolin-3 (A) or rabbit polyclonal
anti-A1AR (B) followed by the appropriate fluorescently labeled secondary antibody.
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