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signalling by recombinant human CXCR2 chemokine

receptors is potentiated by P2Y nucleotide receptors in HEK cells
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1 Human embryonic kidney (HEK)-293 cells expressing recombinant Gu;-coupled, human CXC
chemokine receptor 2 (CXCR?2) were used to study the elevation of the intracellular [Ca**] ([Ca®"];)
in response to interleukin-8 (IL-8) following pre-stimulation of endogenously expressed P2Y1 or
P2Y2 nucleotide receptors.

2 Pre-stimulation of cells with adenosine 5-triphosphate (ATP) revealed a substantial Ca**
signalling component mediated by IL-8 (E,.x=83+8% of maximal ATP response, pECs, of IL-8
response =9.7+0.1).

3 1 uM 2-methylthioadenosine 5'-diphosphate (2MeSADP; P2Y1 selective) and 100 uM uridine 5'-
triphosphate (UTP; P2Y2 selective) stimulated equivalent maximal increases in [Ca®"]; elevation.
However, UTP caused a sustained elevation, whilst following 2MeSADP [Ca>"]; rapidly returned to
basal levels.

4 Both UTP and 2MeSADP increased the potency and magnitude of IL-8-mediated [Ca®'];
elevation but the effects of UTP (E.x of IL-8 response increased to 50+1% of the maximal
response to ATP, pECs, increased to 9.8+0.1) were greater than those of 2MeSADP (E,.x
increased to 36 +2%, pECs, increased to 8.7+0.2).

5 The potentiation of IL-8-mediated Ca>* signalling by UTP was not dependent upon the time of
IL-8 addition following UTP but was dependent on the continued presence of UTP. Potentiated 1L-
8 Ca’* signalling was apparent in the absence of extracellular Ca?*, demonstrating the release of
Ca’* from intracellular stores.

6 Activation of P2Y1 and P2Y2 receptors also revealed Ca’* signalling by an endogenously
expressed, Gas-coupled f-adrenoceptor.

7 In conclusion, pre-stimulation of P2Y nucleotide receptors, particularly P2Y2, facilitates Ca**

signalling by either recombinant CXCR2 or endogenous f-adrenoceptors.
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Introduction

The CXC chemokine receptor 2 (CXCR2; also known as the
interleukin-8 receptor B) is a member of the super-family of
heptahelical G-protein-coupled receptors (GPCRs). Of the
more than 50 chemokines currently known, CXCR2 is
activated by the CXC chemokines interleukin-8 (IL-8),
epithelial-derived neutrophil-activating peptide-78, granulo-
cyte chemotactic protein, neutrophil-activating peptide 2,
lipopolysaccharide-induced CXC chemokine and growth-
related oncogene «, f and y. The expression and function
of CXCR2 have been -characterized predominantly in
polymorphonuclear cells of the immune system including
neutrophils, macrophages and eosinophils in which CXCR2
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activation mediates chemotaxis and activation during the
inflammatory process (for a full review of chemokine
classification, expression and function see Murphy et al.,
2000). The expression of CXCR2 is not restricted to cells of
the immune system and it has also been implicated in the
regulation of hematopoesis (Cacalano et al., 1994; Broxmeyer
et al., 1996), foetal CNS development (Dame & Juul, 2000),
communication between CNS neurons and glia (Horuk et al.,
1997; Coughlan et al., 2000) and trophic/pro-survival
signalling in adult neurons (Araujo & Cotman, 1993; Horuk
et al., 1997). Additionally, aberrant expression or activity of
either CXCR2 or its ligands has been implicated in
pathological conditions including the progression of athero-
sclerotic plaque (Boisvert et al., 1998), psoriasis (Kulke ef al.,
1998), Alzheimer’s disease (Xia et al., 1997; Xia & Hyman,
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1999) and the angiogenesis associated with solid tumour
formation and wound repair (Belperio et al., 2000; Addison
et al., 2000).

CXCR2, whether expressed endogenously in leukocytes or
as a recombinant protein in human embryonic kidney (HEK)-
293 cells, couples preferentially to pertussis toxin (PTX)-
sensitive G-proteins, particularly Go;, (Damaj et al., 1996).
Indeed, the functional consequences of CXCR2 activation in
neutrophils, including chemotaxis and degranulation, are
abolished by PTX pre-treatment (Addison et al., 2000; Hall
et al., 1999). Although the precise signal transduction events
underlying the functional responses to CXCR2 activation
remain to be defined, the elevation of intracellular [Ca’"]
([Ca®*]) is likely to play a central role in many of these
responses. Previous studies have shown that a number of
other Gaj-coupled GPCRs have markedly potentiated Ca**
signalling following prestimulation of co-expressed Gogii-
coupled receptors (Megson et al., 1995; Connor et al., 1997;
Dickenson & Hill, 1998; Yeo et al., 2001; Buckley et al., 2001).
Such potentiation has not yet been reported for chemokine
receptors, and may have important implications for the
physiological and pathological functions of these receptors.

A number of cell types that express CXCR?2, including
neutrophils and monocytes, also express P2Y nucleotide
receptors, most likely P2Y2, that couple via Gog, to the
activation of phospholipase C (PLC) (Boarder et al., 1995;
Jin et al., 1998). Thus, there is clear scope for a cross-talk
mechanism to exist in these cells. This has the potential for
cellular responses to chemokines that are active at CXCR2 to
be tailored according to the presence or absence of ATP.
Thus, responses to CXCR2 activation could differ in
inflammatory or non-traumatic lesions (where ATP release
will be low) compared to traumatic or necrotic lesions (where
ATP release from damaged cells will be high). In the present
study we used a HEK-293 cell line co-expressing recombinant
human CXCR2 receptors and endogenous P2Y nucleotide
receptors to determine whether this chemokine receptor is
subject to regulatory cross-talk, specifically whether activa-
tion of a PLC-coupled receptor potentiates CXCR2-mediated
Ca?* signalling. We also assessed the G-protein specificity of
any cross talk by determining the interaction between P2Y
nucleotide receptors and endogenously expressed Gog-coupled
(CTX-sensitive) adrenoceptors.

Methods
Materials

All cell culture reagents were obtained from Gibco BRL Life
Technologies (Paisley, U.K.) except foetal calf serum (PAA
Laboratories, Linz, Austria). Lipofectamine transfection
reagent also came from Gibco BRL. The expression plasmid,
pRc/CMV, was supplied by Invitrogen (Inchinnan, U.K.).
Fura-2 acetoxymethyl ester (fura-2-AM), apyrase (Grade III),
cholera toxin (CTX) and pertussis toxin (PTX) were obtained
from Sigma Aldrich (Poole, U.K.). Fluo-3 acetoxymethyl
ester (fluo-3-AM) was from TEF Labs (Austin, TX, U.S.A.)
and pluronic F-127 was from Molecular Probes Ltd (Leiden,
Holland). Cell culture plastics were obtained from Nalgene
(Europe) Ltd (Hereford, U.K.) and black poly-D-lysine-
coated 96-well plates for use in the fluorescent light imaging

plate reader (FLIPR) were from Becton Dickinson (Bedford,
MA, U.S.A). Adenosine 5'-triphosphate (ATP), 2-
methylthio-ATP  (2MeSATP), adenosine 5'-diphosphate
(ADP), 2-methylthio-ADP (2MeSADP), uridine 5'-tripho-
sphate (UTP), uridine 5'-diphosphate (UDP) and (#4)-
arterenol were from Sigma Aldrich (Poole, U.K.). IL-8 was
supplied by R&D Systems (Abingdon, U.K.). AR-C67085 (2-
propylthio-beta, gamma-dichloromethylene-D-ATP) was pro-
vided by the Medicinal Chemistry Department, AstraZeneca
R&D Charnwood. All other reagents were of analytical grade
and were obtained from Sigma Aldrich (Poole, U.K.) or
Fisher Scientific (Loughborough, U.K.).

Generation of cell line and cell culture

The coding sequence for CXCR2 was cloned into the
expression plasmid pRc/CMV and transfected into HEK-
293 cells using Lipofectamine in accordance with the
manufacturer’s instructions. Clones were selected using
geneticin and positive clones expressing CXCR2 identified
using ["*’I]-IL-8 binding. Expression of CXCR?2 in the clone
used for these studies was approximately 50,000 sites/cell
(data not shown). HEK-CXCR2 cells were maintained
routinely in Dulbecco’s Modified Eagle’s Medium (containing
25 mM D-glucose, 4 mM L-alanyl-L-glutamine and 1 mM
sodium pyruvate) and supplemented with 10% foetal calf
serum, 1% non-essential amino acids and geneticin
(0.4 mg ml~"). Cells were grown in 175 cm? tissue culture
flasks at 37°C in a 5% CO, humidified atmosphere.

[Ca’™ ]; measurement — Fluorescence Imaging Plate
Reader (FLIPR)

Cells were seeded at 50,000 cells per well in poly-D-lysine
coated 96-well plates and grown overnight to approximately
80% confluence. Preliminary experiments indicated that this
density was optimal for detection of agonist-induced changes
in fluorescence in subsequent FLIPR assays (data not
shown). Cells were incubated for 1 h at room temperature
in a balanced salts solution (BSS, composition (mm): NaCl,
130; KCI, 5.4; NaHCO;, 16; NaH,PO,4, 1.3; MgCl,, 0.8;
CaCl,, 1.8; HEPES, 10; D-glucose, 5.5; and bovine serum
albumin, 1%; pH 7.4) containing 5 uM fluo-3-AM and
0.044% pluronic F-127. Cells were washed once with BSS
at 37°C, 100 ul of BSS added to each well and the plate
transferred to a FLIPR (Molecular Devices Ltd, U.S.A.) for
assay at 37°C. Following the determination of basal
fluorescence for 10 s, an addition of a nucleotide receptor
agonist or its vehicle control (BSS) was made, followed by
addition of either IL-8 or the stable noradrenaline analogue,
(+)-arterenol. All additions were made in a 50 pl volume at a
rate of 40 ul s~'. Fluo-3-loaded cells were excited at 505 nm,
with emission recorded at 530 nm every 2 s.

The K, of fluo-3 is 450 nM at 37°C and the region of the
Ca?* binding curve that approximates to linearity (20—80%)
will, therefore, be within the magnitude of the [Ca®*];
responses in these cells. Furthermore we have shown that
in fluo-3-loaded HEK cells, ionomycin (by elevation of
[Ca?*];) causes an increase in fluorescence that is twice that
seen with a maximal concentration of UTP (data not shown).
Thus, agonists produce elevations of [Ca®*]; that are
considerably below dye saturation. Additionally, over the
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range of fluorescence values within our experiments, the
relationship between [fluo-3] and fluorescence in nominally
Ca?*-free BSS is linear as measured by FLIPR (data not
shown) indicating linearity of the fluorescence detection
system. Thus, we believe that fluo-3 fluorescence values will
be directly proportional to [Ca®*]; over the range encountered
in these experiments and allow direct determination of both
pPECso and E, .« values.

[Ca®" |; measurement — fluorimetry

HEK-CXCR?2 cells were grown to confluence, harvested with
trypsin and washed once with BSS. Viable cells (>95%) were
counted using trypan blue exclusion, re-suspended in BSS at
5x10° viable cells per ml and loaded with 5 um of fura-2-
AM in the presence of 0.044% pluronic F-127. Aliquots of
3.5 x 10° cells were taken, centrifuged at 7000 r.p.m. for 5s
and re-suspended in 2 ml BSS at 37°C in a cuvette. Following
a 5-10 min incubation at 37°C to enhance intracellular de-
esterification of fura-2-AM, cuvettes were transferred to a
Fluoromax I fluorimeter (Jobin-Yvon Ltd, Middlesex, U.K.)
in which the cell suspension was maintained at 37°C and
mixed continually using a magnetic follower. Cells were
alternately excited at wavelengths of 340 nm and 380 nm with
emission determined at 510 nm. Data are presented as a ratio
of the 340/380 values that were collected every 1.5 s.

Ca’" measurement - Confocal microscopy

Cells were seeded onto 22 mm diameter poly-D-lysine coated
glass coverslips and cultured for 48 h. Cells were then loaded
with fluo-3-AM (using the conditions described above for
FLIPR-based [Ca’"]; measurement) and the coverslips
mounted in a chamber on the stage of an Olympus IX70-
S1F inverted microscope. The chamber was perfused at a rate
of 5mlmin~' with BSS or drug solutions and the
temperature maintained at 37°C using a peltier unit. Using
an UltraVIEW confocal imaging system (PerkinElmer Life
Sciences, Cambridge, U.K.), cells were excited with a krypton/
argon laser at 488 nm and emitted light collected above
510 nm. Confocal images were captured by cooled CCD
camera at a rate of approximately one frame per second.

Data analysis

The response to all agonists was expressed as the initial peak
increase in fluorescence (fluo-3) or fluorescence ratio (fura-2)
that occurred following addition of agonist (see Figure 1).
These measurements provide an index of the increase in
[Ca?*); calculated as the difference between the lowest point
on the baseline in the 10 s preceding agonist addition and the
highest point of elevation in the 30 s following the addition.
Unless stated otherwise, data were normalized against the
response achieved by a maximal concentration of the pre-
stimulating P2Y nucleotide receptor agonist (=100 um for
ATP or UTP; >1 uMm for 2MeSADP). All data are expressed
as the mean of three or more experiments+s.e.mean. Where
representative data are shown these are also from experi-
ments performed to n>3. Concentration-response curves
were fitted using a four-parameter logistic equation with
equal weighting to all points using GraphPad Prism
(GraphPad Software, San Diego, CA, U.S.A.). The pECsq
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Figure 1 Potentiation of IL-8-mediated elevation of [Ca®*] in
HEK-CXCR2 cells following ATP pre-stimulation. Representative
traces from a FLIPR experiment showing fluo-3 fluorescence as an
index of [Ca®"];. Arrow A (10 s) indicates addition of 100 um ATP
(upper trace only) and arrow B (150 s) indicates addition of 30 nm
IL-8 (upper and lower traces). Data are raw FLIPR data expressed in
fluo-3 fluorescence units.

value (negative logarithm of the molar concentration of
agonist giving 50% of the maximal response to that agonist)
and E,.. values (the maximal response relative to the
maximal response achieved by the pre-stimulating agonist
unless otherwise stated) were determined from these curves
and the individual values from each experimental set used to
calculate mean values. Unless otherwise stated, statistical
analysis was by Student’s two-tailed, unpaired, -test. For all
tests, significance was accepted at P<0.05.

Results

Potentiation of IL-8- and arterenol-mediated Ca®*
signalling by ATP

Initial studies using the FLIPR demonstrated that challenge
of HEK-CXCR2 cells with 30 nm IL-8 alone was unable to
elevate [Ca?"]; (Figure 1). In contrast, challenge with the
same concentration of IL-8, 150 s following (and in the
continued presence of) 100 uM ATP resulted in a substantial
elevation of [Ca?"]; (Figure 1). The initial challenge with ATP
produced an increase in [Ca’>*]; consisting of a rapid,
transient peak followed by a slower declining phase such
that [Ca®"]; was still elevated at the point of IL-8 addition.
Similarly, challenge of endogenously expressed adrenoceptors
with (4)-arterenol did not elevate [Ca®"]; unless ATP was
present (data not shown).

Concentration-response curves were generated to IL-8 and
(+)-arterenol following either no addition, addition of 1 mMm
ATP or vehicle addition. In the absence of any pre-addition,
neither IL-8 nor (4 )-arterenol elevated [Ca>"]; (Figure 2a,b).
Following addition of 1 mM ATP, IL-8 evoked a concentra-
tion-dependent increase in [Ca®"]; with a pECsy of 9.7+0.1
and E..x 83+8% (Figure 2a; n=3), whilst (+)-arterenol
elevated [Ca®*]; with a pECsy of 6.840.1 and E.,, of
67+3% (Figure 2b; n=3). Addition of vehicle (BSS) alone
also revealed [Ca®*]; responses to IL-8 and (4 )-arterenol
although these were significantly less than the responses
observed in the presence of 1 mmM ATP (P<0.05 for both
pPECso and E..« values) (Figure 2a,b; n=3). Vehicle pre-
treatment caused IL-8 to elevate [Ca?"]; with a pECsy of
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Figure 2 Potentiation by ATP of IL-8-mediated (a) and (+)-
arterenol-mediated (b) [Ca®"]; responses in HEK-CXCR2 cells.
Using the FLIPR, cells were pre-stimulated at =10 s with either
I mMm ATP, buffer control or were not pre-stimulated, and at
t=150 s, either IL-8 (a) or (& )-arterenol (b) was added. Changes in
fluo-3 fluorescence were measured as an index of [Ca’®"];. Data are
expressed as the percentage of the response to 1 mm ATP and are the
mean +s.e.mean of three experiments, each performed in duplicate.

8.440.4 and E,.x 344+3% whilst arterenol elevated [Ca**];
with a pECsy of 6.24+0.1 and E,, of 11+1%.

It has been shown previously that Ca®*-signalling by o-
opioid receptors in stirred suspensions of SH-SYSY cells is
sensitive to apyrase (ATP diphosphohydrolase, which converts
nucleotide polyphosphates to nucleoside monophosphates
(Curdova et al., 1982)), suggesting that endogenous ATP
release may act as a potentiating factor (Yeo et al., 2001). We
therefore investigated the possibility that release of endogen-
ous nucleotides from the cell monolayer following addition of
buffer was responsible for the effects of vehicle pre-treatment.
In the absence of apyrase, the addition of vehicle revealed
responses to IL-8 or (+)-arterenol that were 28.4+1.4% and
26.9+2.0% (n=3), respectively, of the response to 1 mm ATP
(Figure 3). These responses were reduced to 10.4+0.2% and
5.540.6% (n=23), respectively, in the presence of 10 u ml~'
apyrase (Figure 3). Pre-addition of buffer did not reveal a
response to a subsequent addition of buffer in either the
presence or absence of apyrase (Figure 3). Because the
addition of buffer per se caused a small potentiation, responses
revealed by nucleotide pre-addition were always compared
with cells to which a pre-addition of buffer had been made.

Characterization of P2Y nucleotide receptor expression in
HEK-CXCR?2 cells

In order to further characterize the receptor type that
revealed IL-8- and arterenol-mediated [Ca®*]; responses, we

constructed concentration-response curves for a number of
P2Y receptor agonists. The rank order of potency was
determined as: 2MeSADP>2MeSATP>ADP>ATP=UTP
(Figure 4 and Table 1). UDP (10 nM—1 mM) did not elevate
[Ca*>*]; (data not shown). These data are consistent with
previous studies (Schachter et al., 1997) and demonstrate the
expression of P2Y1 and P2Y2 receptors in HEK cells. AR-
C67085, a potent P2Y11 agonist (Communi et al., 1999), did
not elevate [Ca**]; in our HEK-CXCR2 cell line confirming
the absence of P2Y11 receptor expression.

P2Y1 and P2Y?2 receptor activation evoke different
temporal patterns of [Ca’" ]; elevation and have
differential effects on Ca’" signalling by IL-8

and ( + )-arterenol

The profiles of [Ca’>*]; elevation following addition of the
P2Y receptor-selective agonists 2MeSADP (P2Y1 selective)
or UTP (P2Y2 selective) (Nicholas et al., 1996) were
markedly different. 2MeSADP caused a rapid, transient
elevation of [Ca®"]; followed by a rapid fall back to basal
levels (Figure 5; ty, value, for decay of Ca** elevation to 50%
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Figure 3 Effects of apyrase on buffer-induced potentiation of I1L-8-
and (+)-arterenol-mediated Ca®* signalling. Using the FLIPR, cells
were exposed to an addition of buffer (=10 s) followed (1= 150 s) by
either an addition of buffer, 10 nm IL-8 or 10 um (= )-arterenol.
Apyrase (10 u ml~', grade IIT) was either absent or present for the
duration of the experiment. Fluo-3 fluorescence was recorded as an
index of [Ca®"];. The elevation of [Ca®>"]; in response to the second
addition (1=150 s) is expressed as a percentage of the response to
100 um ATP. Data are meants.e.mean, n=3 and * denotes
P <0.001 versus controls not treated with apyrase.
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Figure 4 [Ca’>™"); elevation in HEK-CXCR2 cells challenged with
P2Y nucleotide receptor agonists. Using the FLIPR, changes in fluo-
3 fluorescence were recorded as an index of [Ca’*]; following the
addition of different P2Y nucleotide receptor agonists. The maximal
change was determined in the 30s following agonist addition and
expressed as a percentage of [Ca®"]; response to 100 um ATP. Data
are mean+s.e.mean, n=4.
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of maximum: 17+1 s after addition, n>10). In contrast,
UTP caused a rapid, transient elevation of [Ca**]; followed
by a much slower declining phase (t., value for decay of Ca**
elevation to 50% of maximum: 72 +4 s after addition, n>10)
such that the [Ca®*]; was still elevated above basal (26 +6%
of maximum, n>10) at the time at which the addition of
either IL-8 or (+)-arterenol was made (Figure 5). A second
addition of a maximal concentration of either 2MeSADP or
UTP following an initial maximal addition of the same
agonist did not cause a further elevation of [Ca®*]; (Figure 5).

Cells were exposed to a range of concentrations of either
2MeSADP (0.1 nMm—10 M) or UTP (I nM—1 mMm), before
being stimulated with a sub-maximal concentration of IL-8
(1 nM). The response to IL-8 was measured and expressed as a
percentage of the response to 100 gM UTP. This concentration
of UTP is maximal for [Ca®"]; elevation and gives a response
equivalent to that of 1 mm ATP (Figure 4). Compared to
addition of buffer, UTP significantly (P<0.001 by one-way
analysis of variance (ANOVA)) increased the [Ca®"]; response
to 1 nM IL-8 with a pECs, for the potentiation of 5.0+0.1
(Figure 6a). The E..x achieved by 1 nMm IL-8 following
stimulation with a maximal concentration of UTP (100 um)
was 73+ 3%. 2MeSADP also significantly (P <0.002, one-way
ANOVA) increased the response to 1 nM IL-8 (pECs, for the
potentiation=7.6+0.1, E,.x=22+1%, n=3) (Figure 6a).
Similarly, UTP and 2MeSADP both significantly (P <0.001,
one way ANOVA) potentiated the [Ca®"]; response to 10 uM
arterenol (pECsy values for the potentiation=5.5+0.1 and
7.84+0.1 (n=3), respectively; En.x 82+1% and 30+1%
(n=13), respectively) (Figure 6b).

Table 1 The pECs, slope and E., values for stimulation
of [Ca®"]; elevation by various P2Y receptor agonists

2MeSADP 2MeSATP ADP ATP urp

pECso (M) 7940.1 7.4+40.1 6.7+£0.1 5940.1 58+0.1
Slope 1.0+£0.2 0.7+0.1 0.84+0.1 1.0+0.2 1.0+0.1
Enmax (%) 97+4 9142 90+2 100 9742

Enax values are expressed as a percentage of the maximal
[Ca®"]; elevation by 100 um ATP. Data are mean +s.e.mean
of n=3.
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Figure 5 Comparison of [Ca®>*]; elevation profile for UTP and
2MeSADP. Cells were stimulated in the FLIPR at =10 s with either
100 um UTP or 1 um 2MeSADP and the change in fluo-3
fluorescence recorded as an index of [Ca®"]. The cells were then
re-stimulated with an identical concentration of the same agonist at
t=150 s. Each trace is the average of at least 10 traces from three
separate experiments.

To further investigate the relative abilities of P2Y1 and
P2Y2 receptors to potentiate [Ca**]; signalling by IL-8 and
(+)-arterenol, we used concentrations of either 2MeSADP
(1 um) or UTP (100 um) for the pre-stimulation that were
maximal and equi-effective in terms of the spike [Ca®"];
response (Figure 4). Both the potency and E,,,, of IL-8- and
(4 )-arterenol-mediated [Ca®*]; elevations were significantly
greater following prestimulation with 100 um UTP compared
to prestimulation with 1 um 2MeSADP (Figure 7a,b. See
tables accompanying Figure 7 for values).

We used a cuvette-based spectrofluorimeter to examine the
temporal characteristics of the potentiation and found that
the elevation of [Ca?*]; by IL-8 was potentiated irrespective
of the time of addition of IL-8 between 50 s and 270 s (the
longest time point used) after the addition of 100 um UTP
(Figure 8a).

Potentiation requires continued presence of nucleotide

In order to assess the requirement for continued presence of
the pre-stimulating agonist, we used a perfusion system and
confocal microscopy to analyse changes in [Ca®"];. In the
absence of a P2Y nucleotide receptor agonist, neither IL-8
(10 nM) nor (+)-arterenol (10 uM) elevated [Ca®"]; (data not
shown). In the presence of UTP (100 um), IL-8 (10 nm)
stimulated an [Ca’>"]; elevation (Figure 8b). However, if UTP
was washed out for 60 s before the addition of IL-8, no
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Figure 6 Ca’" signalling following CXCR2 or adrenoceptor
activation is potentiated by both P2Y2 and P2Y1 receptor activation.
Using the FLIPR, cells were exposed to 1 nm IL-8 (a) or 10 uM (+)-
arterenol (b) at r=150 s following pre-stimulation at t=10 s with
increasing concentrations of a subtype-selective P2Y receptor agonist
(P2Y2-selective: UTP; P2Y 1-selective: 2MeSADP). Changes in fluo-3
fluorescence were recorded as an index of [Ca®"]; in response to the
IL-8 or (+)-arterenol addition and expressed as a percentage of the
maximal Ca®>" response to 100 um ATP. All data are mean-+
s.e.mean, n=73.
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Figure 7 (a,b) Potentiation of IL-8- and (+)-arterenol-mediated
responses by concentrations of P2Y receptor subtype-selective ligands
that elicit equivalent maximal increases in [Ca®"];. Cells were pre-
stimulated with concentrations of UTP or 2MeSADP that gave
equivalent elevation of [Ca®*]; (100 uM and 1 um, respectively), or
with vehicle. Cells were subsequently stimulated with increasing
concentrations of IL-8 (a) or (+)-arterenol (b). Changes in [Ca®*]; in
response to IL-8 and (+)-arterenol were measured by increases in
fluo-3 fluorescence and are presented as a percentage of the maximal
Ca®" response to 100 um UTP. Data are mean+s.e.mean, n=3.

[Ca?*]; elevation was seen in response to IL-8 (Figure 8b).
Similar results were seen when (+)-arterenol rather than IL-8
was used (data not shown).

were pre-stimulated at 25 s with 100 yum UTP followed, after varying
time intervals, by 10 nm IL-8. Using a cuvette-based fluorimeter, cells
were excited alternately at 340 and 380 nm, with emission collected at
510 nm as an index of [Ca®>"];. Graph is a representative experiment
(n=3) showing changes in [Ca®>*]; expressed as the 340/380 ratio. In
each case the [Ca®"]; response to IL-8 occurred within 10 s of its
addition. (b) The potentiation of CXCR2-mediated Ca>" signalling
requires the continued activation of nucleotide receptors. Changes in
[Ca®*]; were determined in fluo-3-loaded HEK-CXCR2 cells on
22 mm coverslips by confocal microscopy. The solid line represents
an initial stimulation with 100 um UTP (10 s) followed by a second
stimulation (in the continued presence of UTP) with 10 nm IL-8
(150 s). The dashed line represents the same protocol except that
UTP was washed out between additions by perfusing with buffer in
the 90 s prior to the second addition (represented by solid bar). Data
shown are representative of at least three experiments.

Sensitivity of Ca’* signalling to pertussis and cholera
toxins

Treatment of cells for 20 h with 100 ng ml~' pertussis toxin
(PTX) (which ADP-ribosylates and inactivates Go;) had no
effect on [Ca®*]; responses to 100 um UTP (data not shown),
but abolished [Ca®"]; responses to 10 nM IL-8 following UTP
pre-stimulation (47+4% in the absence of PTX, 1+0.5% in
the presence of PTX; Figure 9a). In contrast, PTX had no
effect on the response to 10 uM (+)-arterenol in the presence
of 100 um UTP (Figure 9a). Treatment of cells for 20 h with
2 ug ml~' cholera toxin (CTX) (which ADP-ribosylates and,
with extended exposure, down-regulates Gog-mediated re-
sponses (Seidel er al., 1999)) had no effect on [Ca’"];
responses to 100 um UTP (data not shown), but reduced
the [Ca®"]; response to 10 uM (+)-arterenol in the presence
of 100 um UTP from 44+2% to 19+2% (Figure 9b). CTX
pre-treatment caused a small but significant increase in the
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response to 10 nM IL-8 in the presence of 100 um UTP
(15+1.0%; P<0.05).

Dependence of the potentiation effect and IL-8-mediated
Ca’* signalling on extracellular calcium

To determine if Ca?* flux across the plasma membrane was
required for the ability of P2Y receptor activation to
potentiate IL-8- or (+)-arterenol-mediated [Ca®*]; signalling,
experiments were performed in BSS without added Ca®*.
Under these conditions, the magnitude of the spike [Ca®*];
responses to either UTP or 2MeSADP were unaffected
(Figure 10a,b). However, the [Ca®"]; returned quickly to
basal levels following stimulation with either nucleotide
(Figure 10a,b). In the absence of extracellular Ca®*, the
addition of IL-8 following either UTP or 2MeSADP still
provoked an elevation of [Ca®*]; that was not significantly
decreased compared to that in the presence of added
extracellular Ca®" (Figure 10c). Similarly the absence of
extracellular Ca?* had no effect on the ability of UTP to
potentiate the [Ca*"]; response to (4 )-arterenol (Figure 10d).

Discussion
This study demonstrates that activation of endogenously

expressed, PLC-coupled nucleotide receptors in HEK-293
cells markedly potentiates Ca** signalling by recombinant,

a) PIX
80 - T
s 3 +PTX 100ng/ml
5 gw
§3
’;: g 30
O & 20
10
*¥
10nM IL-8 10uM Arterenol
b) CIX
1007 - CTX
* 3 +CTX 2ug/mi
§ 75_ P —
gE
£3
~8
L2
o=
~ *
251
o l |
10nM IL-8 10uM Arterenol

Figure 9 Effects of PTX and CTX on the potentiation of CXCR2-
and adrenoceptor-mediated Ca®* signalling by UTP. (a) HEK-
CXCR2 cells were cultured with or without 100 ng ml~' PTX for
20 h prior to FLIPR assay. The data represent [Ca®"]; responses to
either 10 nm IL-8 or 10 um (+)-arterenol following pre-stimulation
with 100 um UTP. (b) Identical experiment to that shown in (a) with
the exception that the cells were cultured with or without 2 ug ml™!
CTX for 20 h prior to FLIPR assay. Results are mean+s.c.mean
n=3. For *P<0.01 and **P<0.001 compared to the appropriate
controls not treated with toxin.

co-expressed human CXCR2 that signal through PTX-
sensitive G-proteins. P2Y receptor activation enhances both
the potency and magnitude of CXCR2-mediated signalling
consistent with an increased functional receptor reserve.
Similarly, P2Y receptor activation potentiates Ca>* signalling
by endogenously expressed receptors for (+)-arterenol that
signal through CTX-sensitive G-proteins. We also demon-
strate that the potentiation effect is greater following
activation of P2Y2 than P2Y1 nucleotide receptors, that
sustained P2Y receptor-mediated signalling is required, and
that influx of extracellular Ca*>* is not a pre-requisite for IL-
8- or (+)-arterenol-mediated signalling.

Although our HEK cell line expresses both endogenous
P2Y1 and P2Y2 nucleotide receptors, we show that
potentiation of CXCR2 and f-adrenoceptor Ca’* signalling
is mediated predominantly by P2Y2 receptors. The differ-
ential effect of P2Y1 and P2Y?2 receptors is unrelated to the
magnitude of the initial [Ca®*]; elevation as a concentration
of UTP that gives an equivalent spike response to 2MeSADP
causes greater potentiation of both the potency and E,,, of
the subsequent response to IL-8 or (+)-arterenol. A possible
explanation of this differential effect is that P2Y1 and P2Y?2
receptors desensitize to different extents over the time-frame
of these experiments. Thus, the relatively rapid return of
[Ca®"]; to basal levels following activation of P2Y1 receptors
with 2MeSADP indicates that, at least at this level of
signalling, this receptor fully desensitizes. In contrast, P2Y2
receptor activation results in a sustained [Ca®']; elevation.
Although differences in the cellular handling of Ca** during
P2Y1 and P2Y2 receptor stimulation could account for the
different profiles of [Ca®*]; elevation (for example, differential
coupling to the plasma membrane Ca>"-ATPase), these data
suggest that P2Y1 receptors may desensitize more fully than
P2Y?2 receptors over the time-frame of our experiments. The
consequence of these two different profiles of receptor
desensitization would be that at the point of IL-8 or (+)-
arterenol addition, the P2Y1 receptor would be fully
desensitized, whilst signalling via the P2Y2 receptor would
be maintained. This need for sustained receptor signalling is
in agreement with the finding that washout of UTP results in
a loss of potentiation of IL-8-mediated Ca?* signalling.
Furthermore, removal of extracellular Ca>* does not affect
the ability of P2Y receptor activation to potentiate Ca’*
signalling by CXCR?2 or f-adrenoceptors. This indicates both
that influx of extracellular Ca®>" is not required to mediate
the potentiation effect, and that activation of CXCR2 or f-
adrenoceptors, in the presence of P2Y receptor stimulation,
can mobilize Ca’* from an intracellular store.

The potentiating effect of P2Y receptor activation on
CXCR2-mediated Ca®" signalling is not a consequence of the
over-expression of a recombinant receptor as the level of
CXCR2 expression (approximately 50,000 sites per cell) is
similar to that in neutrophils (approximately 50—90,000 sites
per cell; Lee er al, 1992). Furthermore, signalling by
endogenously expressed f-adrenoceptors is also potentiated.
The Ca?* signalling evoked by (4)-arterenol in the presence
of P2Y receptor activation is inhibited by CTX but not PTX
whereas CXCR2 signalling is inhibited by PTX and not
CTX. Thus, (+)-arterenol signalling appears to be through a
Guog-coupled fS-adrenoceptor. This is consistent with evidence
demonstrating the expression of these but not other
adrenoceptor sub-types in HEK cells (Premont ez al., 1992).
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Further, our data are consistent with other reports (Hall et
al., 1999; Damaj et al., 1996) that CXCR2 is coupled via Go;.
Activation of Guagii-coupled receptors is, therefore, able to
potentiate Ca’?* signalling through both Go;- and Go-
coupled receptors.

Although UTP and 2MeSADP produce similar increases in
the initial peak Ca®" elevation, and their relative potencies
for this response are similar to those for their ability to
facilitate CXCR2- and B-adrenoceptor-mediated Ca** signal-
ling, the mechanism of potentiation appears to be indepen-
dent of the size of the initial [Ca>*]; ‘spike’. Concentrations of
the two nucleotide agonists that elevate [Ca®*]; to equivalent
levels are markedly different in terms of their ability to
potentiate CXCR2 signalling. In addition, removal of Ca**
from the extracellular milieu, which prevents sustained P2Y2
receptor-mediated Ca®" signalling, has no effect on the ability
of P2Y2 receptors to mediate potentiation of Ca** signalling
by CXCR2. This suggests that neither the initial peak Ca**
elevation nor the sustained plateau of Ca®" elevation are
required (or at least are not sufficient) for this potentiation of
CXCR?2 signalling. In support of this, Yeo ez al. (2001) show
that a similar type of crosstalk occurring between J-opioid
receptors and muscarinic m3 receptors in SH-SY5Y cells
cannot be mimicked by a lysophosphatidic acid-induced
elevation of [Ca®"]; via sphingosine kinase, indicating that
potentiation cannot be brought about simply by evoking an
intracellular Ca?* response.

The mechanism by which nucleotide receptors allow the
activation of CXCR2 or f-adrenoceptors to elevate [Ca®"]; is
unclear. Guoji-coupled receptors have been demonstrated to
cause the release of intracellular Ca?* through the release of
Gpfy-subunits from PTX-sensitive G-proteins and the sub-
sequent activation of fy-sensitive PLC isoforms (Lee et al.,
1993; Dickenson & Hill, 1998). This mechanism does not
explain the requirement for sustained Gog,-mediated
signalling shown in the present study. However, Gog,; can
cause a reversible conformational change in PLCp that
reveals an activation site for Gpy (Okajima et al., 1993;
Smrcka & Sternweis, 1993; Chan et al., 2000) and this could
account for the requirement of ongoing Goyg,-coupled
receptor activation for the potentiating effect. Such mechan-
isms presume that it is the Go;- or Gag-coupled receptor that
is directly responsible for the Ca?" signalling. Alternatively,
this Ca®* signalling could be directly dependent on the Gog;
signalling pathway with CXCR2 or f-adrenoceptor stimula-
tion enhancing signalling by the Goyg,;, pathway. Currently
we have no evidence of the level at which such interaction
may be occurring within the signalling pathway. A number of
potential sites have been suggested previously including the
increased supply of substrate (PtdIns(4,5)P,) for PLC by
PTX-sensitive G-proteins (Schmidt et al., 1996) and a Go,-
mediated shunting of Ca?" between intracellular stores that
allows Guog-coupled receptors to access an apparently larger
Ca?" store (Short & Taylor, 2000). Another possibility is that
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heterodimerization of receptors results in an alteration in the
functional properties of the receptors involved. Of particular
interest, recent work has shown heterodimerization between
Guos-coupled CCR2 and CCRS chemokine receptors and
demonstrated that this results in a gain of PTX-resistant
Ca’" signalling (Mellado et al., 2001).

Many chemokine receptors are activated by more than one
chemokine, whilst many ligands activate more than one type
of chemokine receptor. This suggests either redundancy or a
fine-tuning that would allow tailored responses to different
inflammatory stimuli. This fine-tuning may include not only
the selective expression of chemokines and their receptors
(Murphy et al., 2000) but also receptor ‘cross-talk’. For
example, inhibitory desensitization has been demonstrated
between CXCR1 and CXCR2 (Richardson et al., 1998). In
the current study we demonstrate cross-talk between a non-
chemokine receptor and CXCR2 that results in the
potentiation of at least the Ca’* signalling element of the
CXCR?2 transduction pathway. Although we show that this
effect is not restricted to chemokine receptors, the interaction
between P2Y receptors and CXCR2 could have a significant
impact in the inflammatory process. Thus, in cells such as
neutrophils and monocytes that co-express P2Y2 receptors
and CXCR2, the release of ATP from damaged cells and/or
activated platelets could potentiate CXCR2-mediated Ca**
signalling. In human neutrophils CXCR2 mediates a
substantial Ca®>" response (Schorr et al., 1999). However, it
should be noted that the protocols used to isolate neutrophils
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