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Abstract
Cardiac tissues express constitutively an NADPH oxidase, which generates reactive oxygen
species (ROS) and is involved in redox signaling. Myocardial metabolism generates abundant
adenosine, which binds to its receptors and plays important roles in cardiac function. The
adenosine A2A receptor (A2AR) has been found to be expressed in cardiac myocytes and coronary
endothelial cells. However, the role of the A2AR in the regulation of cardiac ROS production
remains unknown. We found that knockout of A2AR significantly decreased (39±8%) NADPH-
dependent O2

•− production in mouse hearts compared to age (10 weeks)-matched wild-type
controls. This was accompanied by a significant decrease in Nox2 (a catalytic subunit of NADPH
oxidase) protein expression, and down-regulation of ERK1/2, p38MAPK, and JNK
phosphorylation (all P<0.05). In wild-type mice, intraperitoneal injection of the selective A2AR
antagonist SCH58261 (3–10 mg/kg body weight for 90 min) inhibited phosphorylation of p47phox

(a regulatory subunit of Nox2), which was accompanied by a down-regulated cardiac ROS
production (48±8%), and decreased JNK and ERK1/2 activation by 54±28% (all P<0.05). In
conclusion, A2AR through MAPK signaling regulates p47phox phosphorylation and cardiac ROS
production by NADPH oxidase. Modulation of A2AR activity may have potential therapeutic
applications in controlling ROS production by NADPH oxidase in the heart.
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Introduction
Adenosine, a metabolite of ATP abundantly produced by myocardial metabolism, is well
known for its important regulatory effects on cardiac function such as heart rate,
vasodilatation, and cardioprotection [1,36-38]. Adenosine exerts cardiovascular effects by
means of cell surface adenosine receptors, which belong to the G-protein-coupled receptor
superfamily. To date, four adenosine receptor (AR) subtypes, A1R, A2AR, A2BR, and A3R,
have been identified and all of them have been cloned [14,45]. Among these adenosine
receptors, the A2AR has been found to be expressed in vascular endothelial cells and is well
known for its roles in mediating coronary vasodilation [13,35]. The A2AR has also been
found to be expressed in the cardiac myocytes of several species (human, rat, and mouse),
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and to be involved in modulating spontaneous calcium release from the sarcoplasmic
reticulum [16,19,34,41]. Activation of A2AR enhances cardiac contraction, and knockout or
blocking the A2AR using selective antagonists increases the antiadrenergic effects of A1R
activation in the heart [21,42,44]. A2AR also plays a key role in adenosine-mediated
cardioprotection during ischemia–reperfusion or after myocardial infarction, although this is
achieved partially through its anti-inflammatory effect on neutrophils [20].

Cardiac generation of ROS also plays important roles in the regulation of cardiac function
including cellular development and remodelling. Several key proteins involved in myocyte
excitation–contraction coupling, such as sarcolemmal ion channels and exchangers and
sarcoplasmic reticulum calcium release channels, can undergo redox-sensitive alterations in
activity which contribute to myocardial contractile dysfunction [23,48]. On the other hand,
intracellular generation of ROS, in particular O2

•−, may trigger delayed preconditioning and
protect the heart from postischemic injury [3]. Although several enzymatic sources of ROS
generation are expressed in the heart, recently substantial evidence has suggested that an
O2

•− generating NADPH oxidase is involved in the redox signaling regulation of cardiac
function and development [48]. The NADPH oxidase comprises a cytochrome b, which can
be further divided into one catalytic subunit (a member of the Nox family) and one p22phox,
and at least 4 regulatory subunits (p47phox, p67phox, p40phox, and rac1). To date, 5 members
of the Nox family have been identified (Nox1–5), each encoded by separate genes, Nox2 of
which is gp91phox (the neutrophil isoform of Nox) [6].

A direct link between the A2AR and the NADPH oxidase can be found in neutrophils. For
example, adenosine acting through the A2AR inhibits O2

− production by NADPH oxidase in
neutrophils and thereby protects tissues from inflammation [12,37]. As cardiac NADPH
oxidase is an analogue of neutrophil NADPH oxidase, it is possible that the A2AR may also
modulate ROS production from cardiac NADPH oxidase and therefore be involved in the
regulation of cardiac function. In this study, we investigated the role of A2AR in the
regulation of cardiac ROS production from NADPH oxidase and the possible downstream
signaling pathways in wild-type and A2AR knockout mice. We also examined the
mechanisms and the effects of in vivo blockade of the A2AR using a selective antagonist
SCH58261 (7-(2-phenylethyl)-5-amino-2-(2-furyl)-pyrazole-[4,3-e]-1,2,4-mazolo[1,5-c]
pyrimidine) on the cardiac ROS production in wild-type mice.

Methods
Reagents

The polyclonal antibodies against p22phox, Nox2, Nox4, p40phox, p47phox, p67phox, rac1,
and cardiac-troponin I were from Santa Cruz Biotechnology; antibodies to phospho-
ERK1/2, phospho-p38 MAPK, and phospho-JNK were from Cell Signalling Technology.
SCH58261 and other chemicals were from Sigma unless stated otherwise.

A2AR KO mice and age-matched littermate wild-type controls
The A2AR knockout mice, generated on a CD1 background [22], and the wild-type mice
were bred in our institution from heterozygote mice and genotyped [17]. All studies were
performed in accordance with protocols approved by the Home Office under the Animals
(Scientific Procedures) Act 1986 UK. Cardiac tissues were harvested from male mice at 10–
12 weeks of age and 12–24 mice from each group were used for the study. Left ventricular
(LV) tissues from these mice were dissected out and used for measuring O2

− generation,
immunoblotting, and immunocytochemistry.
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Drug treatment of wild-type mice and cultured cardiac myocytes with SCH58261
Drug treatment using SCH58261 on wild-type CD1 mice was performed exactly as
described previously [17]. Briefly, SCH58261 was dissolved in DMSO and further diluted
using phosphate-buffered saline (PBS) to achieve a final concentration of 10% DMSO in the
drug injection solution. SCH58261 was injected intraperitoneally at a dose of 3 and 10 mg/
kg. Control mice were injected with vehicle (10% DMSO/PBS). Nine mice were used for
each group and all received either drug or vehicle control in an injection volume of 10 ml/
kg. Cardiac tissues were collected 90 min after drug treatment. For the experiments with
H9C2 cardiac myocytes (ATCC), cells were cultured in 5% FCS/DMEM medium with or
without SCH58261 (100 nM) for 30 and 60 min. Cells were then washed with PBS, frozen
immediately, and detached by scraping. The cell homogenates were used for ROS detection.

Protein extraction, immunoprecitation, and immunoblotting
Protein samples were prepared from LV tissues (200 mg/ml) as described previously [25].
Soluble protein concentrations were determined by using a Bio-Rad kit (Bio-Rad
Laboratories, UK). Immunoblotting (40 μg protein per sample) was performed as described
previously [25]. The protein extract from human phagocytic U937 cells after phorbol-12-
myristate-13-acetate (PMA 100 ng/ml) stimulation was used as the positive control for the
detection of NADPH oxidase subunits. Immunoprecipitation was performed as described
previously [28]. Briefly, protein samples (250 μg in a final volume of 750 μl) were diluted
in immunoprecipitation buffer containing Tris-HCl 0.05 M (pH 7.4), NaCl 0.25 M, Nonidet
P-40 0.1% (v/v), and a cocktail of proteinase inhibitors and phosphatase inhibitors (Sigma).
Proteins were immunoprecipitated down with antibodies to p47phox coupled to protein G
agarose beads (Sigma, UK) overnight at 4°C. Normal rabbit IgG-coupled protein G agarose
beads were used as negative controls. Immunocomplex-bound beads were washed 4 times
with immunoprecipitation buffer and resuspended in 25 μl of 2X Laemmli buffer. Samples
were boiled for 3 min, and proteins were separated by 10% SDS-PAGE for immunoblotting.

Immunofluorescence confocal microscopy
Sample preparation and confocal microscopy were performed as described previously [25].
Briefly, frozen sections were first treated with a Biotin Blocking kit (DAKO) according to
the manufacturer’s instructions. Primary antibodies were used at 1:250 dilution in PBS with
0.1% BSA for 30 min at room temperature. Biotin-conjugated anti-rabbit or anti-goat
(1:1000 dilution) were used as secondary antibodies. Specific binding was detected by
extravidin-FITC or streptavidin-Cy3. Normal rabbit or goat IgG (5 μg/ml) was used instead
of primary antibody as a negative control. Images were acquired on a Zeiss LS510 confocal
microscopy system. Optical sections were taken at 1-μm intervals, and images were
captured and stored digitally for analysis. Fluorescence intensity was quantified from at least
3 random fields (1024×1024 pixels; 269.7×269.2 μm) per slide, from 3 slides per
experimental condition and repeated 3 times using separate hearts.

Measurement of cardiac ROS production
O2

− production by LV tissue homogenate (n=9 hearts per group) was measured using
lucigenin (5 μM)-enhanced chemiluminescence (BMG Lumistar, Germany) as described
previously [25]. O2

− production was expressed as arbitrary mean light units (MLU/min)
over 20 min. The specificity of O2

− thus measured was confirmed either by adding
superoxide dismutase (SOD, 100 units/ml) or tiron (10 mM), a nonenzymatic scavenger of
O2

−, to quench the O2
− dependent chemiluminescence. Other enzymatic sources of O2

−

production were also identified by preincubation of cardiac homogenates with inhibitors
such as Nω-nitro-L-arginine methyl ester (L-NAME, 100 μM), rotenone (50 μM),
oxypurinol (100 μM), and diphenyleneiodonium (DPI, 20 μM). All studies were performed
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in triplicate. ROS generation within the cardiac tissues in situ was also measured using
dihydroethidium (DHE) fluorescence as described previously [30]. Fluorescence intensity
was quantified under confocal microscopy from at least 5 random fields (1024×1022 pixels;
269.7×269.2 μm) per slide, 3 slides per animal, and 6 animals per group.

Statistics
Data were presented as mean±SD of 6–24 mice per group. Comparisons were made by
unpaired Student’s t test, with Bonferonni correction for multiple testing. P<0.05 was
considered statistically significant.

Results
Differences in levels of ROS production and the expression of NADPH oxidase subunits
between wild-type and A2AR knockout hearts

To begin to investigate whether A2AR deficiency per se may cause changes in cardiac ROS
production, we isolated hearts from WT and A2AR knockout mice and examined the O2

•−

production in cardiac homogenate by lucigenin (5 μM)-chemiluminescence (Fig. 1A). We
found no significant difference in the basal (without adding NADPH) levels of ROS
production between wild-type and A2AR knockout mice. However, the tiron (an O2

•−

scavenger)-inhibitable, NADPH-dependent O2
•− production was significantly decreased in

the A2AR knockout hearts compared to WT controls (*P<0.03, n=12) (Figs. 1A and B). The
O2

− production thus measured could be significantly inhibited by apocynin (NADPH
oxidase inhibitor), DPI (flavoprotein inhibitor) and superoxide dismutase, but not by
rotenone (mitochondrial complex I enzyme inhibitor) or L-NAME (nitric oxidase synthase
inhibitor) (Fig. 1C). As an alternative approach, we also examined the in situ ROS
production by DHE fluorescence on cardiac sections to confirm the results obtained with
lucigenin-chemiluminescence. A basal level of DHE fluorescence was detected throughout
the sections of wild-type hearts (Fig. 2). Compared to wild-type controls, DHE fluorescence
was significantly reduced in the cardiac sections of A2AR knockout mice as seen by
fluorescence quantification (Fig. 2, left panel). The DHE fluorescence was significantly
inhibited by tiron in both groups, which confirmed that the ROS detected were mainly O2

•−.
These data suggested that deficiency of A2AR might down-regulate the activity of NADPH
oxidase and reduce the levels of ROS production in the knockout hearts.

We then examined the protein expression of NADPH oxidase subunits in the cardiac tissues
by Western blotting (Fig. 3). There was no significant difference in the protein levels of
Nox4, p67phox, p47phox, p40phox, p22phox, and rac1 expression between wild-type and A2AR
knockout hearts. However, the level of Nox2 (a major isoform of the Nox family) was
significantly decreased in A2AR knockout hearts compared to the wild-type controls (Figs.
3A and B). It is therefore possible that decreased Nox2 expression found in A2AR knockout
hearts may contribute to the lower level of cardiac ROS production in knockout mice.

Changes in MAPK activation and heart/body weight ratio in A2AR knockout mice
Mitogen-activated protein kinases (MAPKs) have been reported to be redox-sensitive and
involved in NADPH oxidase signaling [24,29]. MAPKs are also important downstream
signaling molecules of G-coupled proteins including A2AR [14,39]. Therefore, we
investigated possible changes in the levels of ERK1/2, p38MAPK, and JNK phosphorylation
using phospho-specific monoclonal antibodies. The results were normalised to the levels of
total protein expression of these molecules in the same samples (Fig. 4A). We found that
there was no significant difference in the protein levels of total ERK1/2, p38MAPK, and
JNK between the two groups. However, the levels of phosphorylated ERK1/2, p38MAPK,
and JNK were significantly reduced in A2AR knockout hearts compared to wild-type
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controls (Figs. 4A and B, P<0.05). Since MAPKs are important regulatory signaling
molecules involved in the development and differentiation of cardiac cells, we examined the
body weight, heart weight, and the heart/body weight ratio between wild-type and A2AR
knockout mice (Fig. 4C). There was no significant difference in the body and heart weights
at 10 weeks of age between the two groups. However, the heart/body weight ratio was
slightly but significantly smaller (3.7±0.3) for A2AR knockout mice compared to wild-type
controls (4.5±0.4, P<0.05) (Fig. 4C).

The effect of in vivo treatment of wild-type mice with a selective A2AR antagonist
(SCH58261) on cardiac ROS production and redox signaling

Our results obtained so far strongly suggested that the A2AR is involved in the regulation of
ROS production by NADPH oxidase, and the redox-sensitive MAPK signaling pathways in
heart. In order to investigate further the inhibitory role of the A2AR on the activity and
expression of NADPH oxidase in the heart, we injected intraperitoneally SCH58261 into
wild-type mice at doses of 3 and 10 mg/kg body weight. Ninety minutes after the injection,
hearts were harvested and the effect of pharmacological A2AR blockage on NADPH activity
was assessed by lucigenin-chemiluminescence (Fig. 5A). Compared to mice injected with
vehicle only, treatment with SCH58261 at 3 mg/kg body weight significantly inhibited O2

•−

production by NADPH oxidase (Fig. 5A). When SCH58261 was used at 10 mg/kg body
weight, it reduced levels of NADPH-dependent ROS production still further to 48±8% of
the control value (Fig. 5B, P<0.05). The specificity of the assay was confirmed by adding
apocynin (a NADPH oxidase inhibitor) and tiron (an O2

•− scavenger). In order to confirm
that the effect of SCH58261 on ROS production that we observed in the whole hearts was
indeed an effect on cardiac myocyte, we cultured H9C2 cardiac myocytes and incubated
these cells with SCH58261 (100 nM) for 30 and 60 min. We then examined the ROS
production by cell homogenates (Fig. 5C). Compared to control cells (without SCH58261),
30 min of incubation of H9C2 myocytes with SCH58261 significantly inhibited (20±3%)
the ROS production, and the inhibitory effect was further increased (39±7%) after 60 min of
incubation.

The mechanisms of SCH58261 inhibition of NADPH oxidase activity in the hearts were also
investigated. There was no significant change in cardiac expression of NADPH oxidase
subunits after 90 min of SCH58261 treatment (data not shown). However, we found that
SCH58261 treatment significantly decreased the levels of p47phox serine phosphorylation as
revealed by immunoprecipitation of p47phox followed by immunoblotting with a phospho-
serine-specific monoclonal antibody (Fig. 6A). The p47phox is a major regulatory subunit of
NADPH oxidase and p47phox serine phosphorylation is a pre-requisite for Nox2 oxidase
activation [26]. It is possible that A2AR activity and signaling are necessary for optimal
p47phox phosphorylation.

The effects of SCH58261 treatment on cardiac MAPK phosphorylation were also examined
in these mice (Figs. 6B and C). As expected, SCH58261 treatment significantly reduced the
levels of ERK1/2 and JNK phosphorylation to 54±28% of the levels found in vehicle-treated
controls (P<0.05). However, the levels of p38MAPK phosphorylation showed no significant
change after 90 min of SCH58261 treatment. It is possible that changes in p38MAPK
phosphorylation found in A2AR knockout hearts were due to long-term lack of A2AR
activation.

Cellular expression of NADPH oxidase in the heart
Although we showed changes in activity and expression of NADPH oxidase in mouse heart
deficiency of A2AR, we had no information on the expression of NADPH oxidase in cardiac
myocytes and coronary endothelial cells, where the A2AR was found to be expressed in the
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heart [13,16,19,34,35,41]. In order to investigate this, we examined the cellular expression
of NADPH oxidase using antibodies to p47phox (a major regulatory subunit of NADPH
oxidase) and Nox2 (catalytic subunit of NADPH oxidase) in cardiac sections of wild-type
mice by confocal microscopy (Fig. 7). We found that NADPH oxidase (labeled by p47phox)
was constitutively expressed in coronary endothelial cells, which were labeled by CD31, an
endothelial cell surface maker (red fluorescence). NADPH oxidase (labeled by Nox2) was
also detected in cardiomyocytes, which were outlined by laminin, a myocyte sarcolemmal
membrane component (green fluorescence). The yellow fluorescence in the superimposed
images (bottom panels) clearly indicated the expression of NADPH oxidase in both
coronary endothelial cells (left panel), and cardiomyocytes (right panel).

Discussion
Emerging evidence has revealed that adenosine through the A2AR plays important roles in
modulating cardiovascular function. A2AR is the dominant adenosine receptor found in
vascular endothelium and is involved in mediating coronary vessel dilatation [8,34,35,38].
Pharmacologically, the A2AR has been found in the myocardium and plays an important
protective role against cardiac “stress”-related injuries such as ischemia/reperfusion, or
pressure-overload-induced cardiac hypertrophy [3,15,20,42,47]. Activation of the A2AR
attenuates cardiac oxidative damage by inhibiting ROS release from neutrophil NADPH
oxidase [31,37,43]. As cardiac NADPH oxidase is an analogue of neutrophil NADPH
oxidase, it is possible that the A2AR may also modulate ROS production from cardiac
NADPH oxidase, and thereafter influence redox regulation of cardiac function. In this study,
using a murine model of A2AR knockout and by treating wild-type mice with a selective
A2AR antagonist (SCH58261), we provide direct evidence that A2AR is functionally
involved in the regulation of ROS production from NADPH oxidase, which is constitutively
expressed in the cardiac myocytes and coronary endothelial cells as shown in Fig. 6.

In contrast to what was reported for the role of A2AR in neutrophils [31,37,43], we found
that knockout or pharmacological blockage of A2AR actually reduced ROS production in the
heart. Although the mechanisms underlining these opposing roles of A2AR in the regulation
of cardiac and neutrophil ROS production are largely unknown, a clear possibility is that the
activation process (structural assembly) for the NADPH oxidase in the cardiovascular
system is different from that found in neutrophils. In neutrophils, the NADPH oxidase is
inactive in resting cells. In response to various stimuli, the cytosolic subunits (p47phox,
p67phox, p40phox, and rac) translocate to and associate with membrane-bound cytochrome
b558 (a heterodimer of p22phox and Nox2), a process that results in neutrophil oxidase
activation and the production of large amounts of O2

•− to kill invading bacteria [2].
However, in the cardiovascular system, the NADPH oxidase is preassembled even in the
absence of agonist stimulation. It is located intracellularly and produces continuously a low
basal level of O2

•− that serves as a signaling molecule involved in the regulation of
cardiovascular function [4,27].

Unlike the neutrophil NADPH oxidase, which contains only Nox2 (also called gp91phox),
nonphagocytic NADPH oxidase (Nox) has at least 5 isoforms namely Nox1 to 5 [4,6]. Nox2
activity is dependent on the phosphorylation of p47phox and requires the presence of other
cytosolic components [40], whereas Nox4 is constitutively active and its activity is not
regulated by rac or any other known cytosolic regulatory components [32]. Both Nox2 and
Nox4 have been found to be expressed in the heart [7]. With more than one Nox isoform
expressed simultaneously in the heart, it is possible that ROS generated from Nox2 and
Nox4 might be differently regulated and involved differently in cardiac function. We found
that the levels of tiron (O2

•− scavenger)-inhibitable NADPH-dependent (O2
•− production

from A2AR knockout hearts was significantly lower than from wild-type controls. Reduced
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levels of ROS production in A2AR knockout hearts were due to decreases in NADPH
oxidase activity and this was confirmed by our experiments using different enzyme
inhibitors. Moreover, we demonstrated by immunoblotting that A2AR deficiency actually
reduced the expression of Nox2 (but not Nox4) in the hearts, indicating that A2AR is
functionally involved in the regulation of Nox2 expression and activity.

The involvement of the A2AR in the regulation of cardiac ROS production was further
supported by our experiments using wild-type mice treated with SCH58261, which is a
highly selective A2AR antagonist [14,18]. Intraperitoneal injection of SCH58261
significantly reduced the levels of cardiac ROS production from NADPH oxidase. The
specificity of the assay was confirmed by adding apocynin (a NADPH oxidase inhibitor) and
tiron (an O2

•− scavenger). More importantly, using a combination of immunoprecipitation,
immunoblotting with phospho-serine-specific monoclonal antibody, we successfully showed
that SCH58261 inhibited both the p47phox phosphorylation and the cardiac ROS production.
The regulatory mechanisms of cardiac NADPH oxidase are complicated and far from clear.
Nevertheless, a key feature of nonphagocytic Nox2 oxidase activation is similar to the
neutrophil NADPH oxidase in that it requires p47phox phosphorylation [29]. It is important
to know that blocking A2AR affects p47phox phosphorylation and thereby reduce ROS
production from Nox2 oxidase in normal heart. In the brain, A2AR deficiency [9], the A2AR
antagonist SCH58261 [33], or selective inactivation of A2AR on bone marrow cells [46]
have all been shown to provide neuroprotection from ischemic injury. The mechanism
involved was suggested at least in part to be due to suppression of ROS generation
[9,33,46].

The MAPK family consists of the extracellular regulated kinases (ERK) such as ERK1/2
and the stress-activated protein kinases, such as p38MAPK and jun-N-terminal kinase
(JNK). These kinases have been shown to be activated by G-protein-coupled receptors, such
as A2AR, via Gs/cAMP-dependent [14] or -independent pathways [39]. In accordance with
these reports, we found reduced levels of MAPK phosphorylation in A2AR knockout hearts
and in hearts from wild-type mice treated with a selective A2AR antagonist. Interestingly,
both ERK and p38MAPK have been found to phosphorylate p47phox in vitro [10,11].
Therefore, reduced MAPK activity due to A2AR blockage might be responsible for
decreased p47phox phosphorylation. On the other hand, as MAPKs are redox sensitive and
have also been shown to be involved in Nox2 signaling [5,30], it is also possible that
reduced MAPK activation may result from reduced levels of ROS production caused by
A2AR blockage. Put together, our data strongly suggested that MAPKs might serve as a
bridge linking A2AR and ROS signaling from NADPH oxidase in the heart.

Oxidative stress has multiple effects on cell function, depending on the amount and
subcellular location of ROS generated. Increased cardiac generation of ROS is implicated in
the development of cellular hypertrophy and remodeling, at least in part through activation
of redox-sensitive protein kinases such as the MAPK superfamily [23,25,48]. A2AR, on the
other hand, has an important inotropic effect on the myocardium directly and indirectly by
facilitating a greater response to β-adrenergic stimulation in the murine heart [42]. Several
factors linked to A2AR deficiency such as decreased response to adrenergic stimulation, lack
of sufficient ROS production, and reduced MAPK signaling may all affect cardiac
development after birth. This was supported by our data that at 10 weeks of age, the body
weight was not significantly different, but the A2AR knockout mice had a slightly but
significantly smaller heart/body weight ratio than age-matched littermates. Although there
was no sign of cardiac dysfunction in A2AR knockout mice at that age, the long-term
consequences and significance after middle age needs further investigation. In a previous
study, the A2AR knockout mice were found to have higher body weights and heart weights
than their age-matched littermates [34]. The discrepancy between our results and the
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previous study may due to the age differences. The mice used in our study were 10–12
weeks of age, and in the previous study they were 16–18 weeks of age. Nevertheless,
absence of A2AR has been shown to promote body weight increase after 3 months of age in
an initial study of these mice [22].

In conclusion, we report for the first time that A2AR is functionally involved in the
regulation of cardiac ROS production under physiological conditions. Genetic knockout or
pharmacological blockade of the A2AR in vivo was associated with decreased levels of
p47phox phosphorylation, Nox2 expression, and MAPK activation in the heart. Fully
understanding the role of the A2AR may provide insight into the control of ROS production
by NADPH oxidase in the heart.
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A2AR adenosine 2A receptor

DMSO dimethyl sulfoxide

DPI diphenyleneiodonium

L-NAME Nω-nitro-L-arginine methyl ester

LV left ventricular

MAPK mitogen-activated protein kinase

PBS phosphate-buffered saline

ROS reactive oxygen species
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Fig. 1.
O2

•− production in wild-type and A2AR knockout heart homogenates detected by lucigenin
chemiluminescence. (A) Kinetic measurement of O2

•− at every minute for a total of 30 min.
NADPH was added after 15 min of measurement. (B) Difference in NADPH-dependent
O2

•− production between wild-type and A2AR knockout heart homogenates. MLU: mean
light unit of 15 measurements. (C) Effects of enzyme inhibitors on the level of O2

•−

production by wild-type heart homogenates. The results were presented as percentage of the
control (without inhibitor). *P<0.05 for indicated values versus the control value in the same
figure. n=12.
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Fig. 2.
Dihydroethidium (DHE) fluorescence detection of the ROS production in cardiac sections.
Cardiac sections from wild-type and A2AR were incubated with DHE in the presence or
absence of tiron (an O2

•− scavenger). The DHE fluorescence was visualised under confocal
microscopy and quantified. *P<0.05 for A2AR knockout versus wild-type controls. n=18
sections from 6 hearts/per group.
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Fig. 3.
Immunoblotting for the protein expression of NADPH oxidase subunits in wild-type and
A2AR knockout hearts. (A) A neutrophil membrane preparation was used as a positive
control for the detection of Nox2. Cardiac troponin I was used as a loading control. (B)
Protein bands were quantified densitometrically and normalised to the expression of cardiac
troponin I in the same sample. The results were expressed as arbitrary units. *P<0.05 for
A2AR knockout versus wild-type controls. n=12.
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Fig. 4.
Differences in cardiac MAPK activation and heart/body weight ratio between wild-type and
A2AR knockout mice. (A) Immunoblotting for the expression of total and phosphorylated
ERK1/2, p38MAPK, and JNK detected by phospho-specific monoclonal antibodies. (B)
Protein bands were quantified densitometrically and the levels of MAPK phosphorylation
were normalised to the total protein levels of these molecules in the same samples and
expressed as arbitrary units. n=12 hearts. (C) Body weights, heart weights, and heart/body
weight ratio of wild-type and A2AR knockout mice. n=24 mice. *P<0.05 for A2AR knockout
versus wild-type controls.
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Fig. 5.
The effect of SCH58261 on cardiac ROS production. (A) Kinetic measurement of NADPH-
dependent O2

•− production detected by lucigenin chemiluminescence in cardiac
homogenates from wild-type mice treated in vivo with vehicle or SCH58261 (3 mg/kg body
weight). Tiron (an O2

•− scavenger) and apocynin (an NADPH oxidase inhibitor) were used
to confirm the specificity of the assay. (B) Difference in NADPH-dependent O2

•−

production between heart homogenates from vehicle-treated (0 mg of SCH58261) and
SCH58261 (3 and 10 mg/kg body weight)-treated mice. n=12 animals/per group. (C) The
effect of SCH58261 on ROS production by cultured H9C2 cardiac myocytes. The cell
homogenate from 2×106 cells was used for each measurement. n=3 independent cell
cultures. MLU: mean light unit of 15 measurements. *P<0.05 for indicated values versus
control value (0 mg SCH58261).
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Fig. 6.
The effect of SCH58261 treatment on cardiac p47phox phosphorylation and MAPK
activation. (A) Top panel: p47phox was immunoprecipitated down and detected by a
phospho-serine-specific monoclonal antibody. Total p47phox was detected in parallel as
loading controls. (B) ERK1/2, p38MAPK, and JNK phosphorylation detected by phospho-
specific monoclonal antibodies. (C) Protein bands were quantified densitometrically and the
results were normalised to the total protein levels of these molecules in the same samples
and expressed as arbitrary units. n=12 hearts. *P<0.05 for indicated value versus vehicle
control.
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Fig. 7.
Confocal microscopy for the cellular expression of p47phox and Nox2 in cardiac sections.
Endothelial cells (left panel) were labeled by CD31 (red). Cardiac myocytes (right panel)
were outlined by laminin expressed in the sarcolemmal membrane (green). The yellow
fluorescence in the lower panels shows the expression of p47phox (green, left middle panel)
in endothelial cells, and the expression of Nox2 (red, right middle panel) in cardiac
myocytes.
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