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Background and purpose: Human and rodent P2X7 receptors exhibit differences in their sensitivity to antagonists. In this
study we have cloned and characterized the dog P2X7 receptor to determine if its antagonist sensitivity more closely resembles
the human or rodent orthologues.

Experimental approach: A cDNA encoding the dog P2X7 receptor was isolated from a dog heart cDNA library, expressed in
U-2 OS cells using the BacMam viral expression system and characterized in electrophysiological, ethidium accumulation and
radioligand binding studies. Native P2X7 receptors were examined by measuring ATP-stimulated interleukin-1f release in dog
and human whole blood.

Key results: The dog P2X7 receptor was 595 amino acids long and exhibited high homology (>70%) to the human and rodent
orthologues although it contained an additional threonine at position 284 and an amino acid deletion at position 538. ATP
possessed low millimolar potency at dog P2X7 receptors. 2’-&3’-O-(4benzoylbenzoyl) ATP had slightly higher potency but was
a partial agonist. Dog P2X7 receptors possessed relatively high affinity for a number of selective antagonists of the human P2X7
receptor although there were some differences in potency between the species. Compound affinities in human and dog blood
exhibited a similar rank order of potency as observed in studies on the recombinant receptor although absolute potency was
considerably lower.

Conclusions and implications: Dog recombinant and native P2X7 receptors display a number of pharmacological similarities
to the human P2X7 receptor. Thus, dog may be a suitable species for assessing target-related toxicity of antagonists intended
for evaluation in the clinic.
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Introduction industrial research. The intriguing and increasingly complex

biophysical and cell signalling properties of the receptor have
The P2X7 receptor for extracellular ATP is proving to be a  prompted extensive research into this receptor and shown
highly attractive target for both academic and pharmaceutical  that the receptor-associated ion channel appears to change its
permeability to cations during prolonged agonist exposure
either by channel dilation (Surprenant etal., 1996) or by
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shilina.2.roman@gsk.co.uk divergent number of intracellular signalling pathways
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From a therapeutic standpoint, the P2X7 receptor is a
particularly attractive target given its unique and pivotal role
in controlling the release of the inflammatory cytokine
interleukin-1p (IL-1B) (Ferrari et al., 2006). The attractiveness
of this target has been further enhanced by preclinical studies
in P2X7 knockout mice demonstrating that the receptor may
be involved in a number of inflammatory conditions such as
rheumatoid arthritis and pain (Chessell et al., 2005). This has
lead to the development of selective P2X7 receptor antago-
nists, several of which have proved effective in preclinical
animal studies (Honore et al., 2006; Carroll etal., 2007).
However, one of the major limitations of this target is that
there are considerable species differences in antagonist sensi-
tivity with many compounds displaying higher affinity for
human than for rodent receptors (Humphreys et al., 1998;
Stokes et al., 2006). This presents problems in the develop-
ment of antagonists for use in humans as their low affinity for
rodent receptors may preclude detecting target-related toxic-
ity in rodents, the most commonly used preclinical species.

In this study we have cloned and characterized the dog
P2X7 receptor and found that it possesses relatively high
homology to the human receptor and that its antagonist
sensitivity more closely resembles the human than the rodent
receptors making the dog a more suitable species than rodents
for determining the target-related toxicity of P2X7 receptor
antagonists. A recent publication has also highlighted the
close similarity in antagonist sensitivity of dog and human
P2X7 receptors (Sluyter et al., 2007).

Methods

Cloning of dog P2X7 receptor

The receptor nomenclature used here follows Alexander et al.
(2008). The dog P2X7 receptor was cloned from heart cDNA
template using standard methods. Briefly, the dog P2X7
receptor, including the 5’- and 3’-un-translated regions, was
amplified from dog heart cDNA by nested PCR using Pfu
Turbo HotStart (Stratagene, La Jolla, CA, USA). The dog P2X7
receptor coding sequence obtained was confirmed from four
templates (brain, heart and two different testis and ovary
cDNA templates). The 1792 basepair product was then cloned
into pENTR/D-TOPO (Invitrogen, LaJolla, CA, USA) to obtain
the plasmid pENTR/D-DogP2X7 used for expression of the
receptor.

Construction of pFastBac-Mam-1 expression plasmids and
BacMam-expression viruses

The dog P2X7 receptor cDNA was subcloned into the BacMam
baculovirus transfer vector, pFastBac-Mam-1, and BacMam
baculovirus stocks were generated. Briefly, dog P2X7 cDNA
was subcloned as a 1813 basepair Not1-to-Asc1 fragment from
pENTR/D-DogP2X7 into the Not1 and Ascl sites of pFastBac-
Mam-NotAsc, which is a derivative vector of pFastBac-Mam-1
in which the polylinker region has been replaced by unique
Notl and Ascl sites alone. The BacMam baculovirus transfer
vector pFastBac-Mam-1 has been previously described
(Condreay etal., 1999). The resulting plasmid, pFBM-NA/
DogP2X7, was then used to generate the BacMam baculovirus
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BacMam-DogP2X7. The BacMam baculovirus stocks were
generated from the transfer plasmid in Sf9 insect cells using
standard methods, described previously (Clay et al., 2003).

Generation of a stable cell line expressing dog P2X7 receptor
Stable cell lines expressing the dog P2X7 receptor were gen-
erated in human osteosarcoma U-2 OS cells or human embry-
onic kidney HEK293 cells (obtained from ATCC) using the
BacMam viral transduction method (Ames et al., 2004; Fonfria
et al., 2008) followed by clonal selection with G418 (Invitro-
gen, Paisley, UK) using standard procedures.

U-2 OS or HEK293 cells were maintained in adherent
culture conditions in the presence of Dulbecco’s modified
Eagle’s medium: nutrient mixture F-12 supplemented with
Glutamax (Invitrogen) and 10% foetal bovine serum (Invitro-
gen) at 37°C, 5% CO,. For ethidium accumulation studies,
cells were harvested from the culture flasks using 0.05%
trypsin/EDTA (Invitrogen) and resuspended at a concentra-
tion of ~750 x 10* cells-mL™ in culture media. Cells (70—
80 000) were plated into individual wells of poly-D-lysine
pretreated 96-well plates (Costar, High Wycombe, UK), and
the plates were incubated at 37°C, 5% CO, overnight.

In studies to measure antagonist effects in radioligand
binding studies, U-2 OS cells expressing the dog P2X7 recep-
tor were grown to confluence in T175 cm? flasks, harvested
using Versene (Invitrogen) and membranes prepared as
described previously (Michel et al., 2007).

Whole-cell patch-clamp electrophysiology

Electrophysiological studies were conducted according to pre-
viously described methods (Michel et al., 2006), using stan-
dard whole-cell patch-clamp methods (Hamill et al., 1981).
All recordings were performed on well-isolated, individual-
phase bright cells at room temperature (20-23°C) using an
Axopatch 200B amplifier controlled via the pClamp software
(Axon Instruments Inc., Union City, CA, USA). The recording
chamber was continuously perfused with an extracellular
solution consisting of (in mM) 135 NacCl, 2 KCl, 0.5 MgCl, 1
CaCl,, 10 HEPES and 12 glucose (pH 7.3 with NaOH; osmo-
larity 290-300 mOsm). Recording electrodes were fabricated
on a horizontal electrode puller (Sutter Instruments P87;
Sutter Instrument Company, Novato, CA, USA) from thick-
walled borosilicate glass (GC120F10; Harvard Apparatus, Hol-
liston, MA, USA) and filled with the following solution (in
mM) 150 NaCl, 10 BAPTA and 10 HEPES (pH 7.3 with NaOH,
osmolarity 320 mOsm). Electrode resistances using these solu-
tions were between 2 and 5 MQ. Once whole cell recording
had been established, cells were lifted up from the coverslips
to speed solution exchange. Data were only obtained from
cells with a residual series resistance of less than 20 MQ. In all
experiments, cells were voltage clamped at -60 mV. ATP and
2’- & 3’-O-(4benzoylbenzoyl) ATP (BzATP) were prepared as
100 mM stocks in buffer, and drug applications were con-
trolled using an automated fast-switching solution exchange
system (SF-77B; Warner Instruments, Hamden, CT, USA). Data
were acquired at 10 kHz and filtered at 2 kHz, and series
resistance compensation of up to 80% was used, where appro-
priate. Agonist concentration-response curves were obtained



by an individual cell being exposed to two concentrations of
agonist, one test concentration and one standard concentra-
tion. Responses were normalized to the standard concentra-
tion for each cell. For ATP the standard concentration was 3,
10 and 30 mM, respectively, for studies on rat, human and
dog receptors. For BZATP the standard concentration was 0.3,
1 and 3 mM, respectively, for studies on rat, human and dog
receptors. This approach was used to reduce the problems of
current growth that can occur with multiple agonist additions
during electrophysiological studies on the P2X7 receptor
(Hibell et al., 2001). For studies on the rat and human P2X7
receptors, agonists were applied for 2 s while for studies on
the dog P2X7 receptor a 4 s agonist application was used.

Cellular ethidium accumulation measurements
Studies were performed as described previously (Michel et al.,
2006; Fonfria etal., 2008) using assay buffers comprising
(in mM): 10 HEPES, 5 N-methyl-D-glucamine, 5.6 KCl, 10
D-glucose, 0.5 CaCl, (pH 7.4) and supplemented with either
280 mM sucrose (sucrose buffer) or 140 mM NaCl (NaCl
buffer). Before use, growth media was completely removed
from the cells and they were rinsed with 350 uL of the appro-
priate assay buffer that was also removed before performing
assay additions. All solutions were aspirated using 25-gauge
bevelled syringe needles to provide complete solution
removal. In all studies the final assay volume was 100 pL, and
studies were performed at room temperature of 19-21°C.
Cells were incubated with antagonist for 40 min before
addition of a mixture containing the agonists, ATP or BzATD,
and ethidium bromide (100 uM final assay concentration).
After agonist addition, incubations were continued until
approximately 10-30% of maximal agonist-stimulated dye
accumulation occurred. Reactions were rapidly terminated by
addition of 25 uL of 1.3 M sucrose assay buffer containing
5 mM reactive black 5, and cellular accumulation of ethidium
was determined by immediately measuring fluorescence (exci-
tation wavelength of 530 nm and emission wavelength of
620 nm) from below the plate with a 96-well plate fluores-
cence reader (FlexStation, Molecular Devices, Wokingham,
UK).

Radioligand binding studies

The radioligand binding studies using [*H]-GSK1271360 [2-(1-
adamantyl)-N-[2-({2-[bis(2 hydroxyethyl)amino]ethyl}amino)
quinolin-5-yllacetamide] were performed as described pre-
viously for [*H]-compound-17 [N-[2-({2-[(2-hydroxyethyl)
amino]ethyl}amino) - 5-quinolinyl]-2-tricyclo[3.3.1.1*7]dec-1-
ylacetamide] (Michel etal., 2007). GSK1271360 is a
close analogue of compound-17 (example 158 from
WO2003080579A1) and in its radiolabelled form has lower
levels of non-specific binding and was more suitable for the
present studies than [*H]-compound-17. Briefly, studies were
performed using membranes prepared from U-2 OS cells
stably transfected with the recombinant P2X7 dog receptors.
The radioligand, [*H]-GSK1271360, was used at a concentra-
tion of 2-3 nM. Incubations were for 60 min at room tem-
perature in a final assay volume of 200 uL of 50 mM Tris HCl
buffer containing 0.01% bovine serum albumin (pH 7.4 at
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room temperature) and were terminated by vacuum filtration.
Non-specific binding was defined using 10 uM compound-17.

IL-1p release studies

Blood was collected from healthy human volunteers or beagle
dogs into citrate buffer (15% v/v) following standard ethical
procedures and incubated for 80 min in the absence or pres-
ence of 1pug-mL™" lipopolysaccharide (LPS: Escherichia coli
serotype 7136, Sigma, St. Louis, MO) at 37°C. Thereafter,
50 uL aliquots of blood were added to each well of a 96-well
plate together with 30 pL of phosphate-buffered saline or
antagonist and the plates incubated for 40 min at 37°C before
adding 20 pL of ATP. The plates were mixed and the mixtures
incubated at 37°C for 30 min (antagonist studies) or
0-100 min (agonist time course studies). Reactions were ter-
minated by the addition of ice cold RPMI-1640 HEPES buffer
(Invitrogen). The 96-well plates were centrifuged at 250x g for
5 min, and the resulting supernatants were harvested, diluted
and their IL-1p content determined using a bioassay described
previously (Buell etal.,, 1998). None of the agonists and
antagonists appeared to cause lysis of red blood cells as evi-
denced by the absence of visible haemoglobin within the
plasma supernatants.

THP-1 IL-1P release studies were performed as described
previously (Michel et al., 2006). For these studies we measured
BzATP-stimulated IL-1B release from LPS-stimulated THP-1
cells and determined antagonist effects following a 40 min
antagonist pre-incubation and 30 min agonist incubation.

Data analysis

Data are the mean * SEM of three to six independent experi-
ments. Curve fitting and statistical analyses were performed
using GraphPad Prism 3 (GraphPad Software Inc., San Diego,
CA, USA). Individual concentration-effect or inhibition
curves from each experiment were fitted to a four-parameter
logistic function to determine the maximum and minimum
responses and to calculate the ECs, or ICs, values and the Hill
slope. For graphical purposes, most concentration—effect and
inhibition curves are presented as a percentage of the
maximal response obtained in the control group.

As the compounds produced non-competitive antagonist
effects in the Schild studies (e.g. see Figures 4 and 5), the data
from the Schild studies were also analysed to calculate antago-
nist pICso values at each agonist concentration, as this pro-
vided some quantitative estimate of antagonist potency.
Statistical comparisons were made using Student’s t-test or
one-way ANOVA followed by Tukey’s post hoc test. Differences
were assessed as significant when P < 0.05.

Materials

ATP, BzATP, ethidium bromide, 1-(N,O-bis-[5-isoquinoline-
sulphonyl]-N-methyl- -tyroyl)-4-phenyl-piperazine  (KN62),
brilliant blue G (BBG), pyridoxal phosphate-6-azophenyl-
2’,4’-disulphonic acid (PPADS), suramin, lipopolysaccharide
from Salmonella typhosa (LPS), para-nitrophenyl phosphate,
diethanolamine, N-methyl-D-glucamine and reactive black 5
were obtained from Sigma (Poole, UK). Human recombinant
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IL-1B was obtained from Calbiochem (Darmstadt, Germany).
A neutralizing antibody for human IL-1B, a pan caspase fmk
inhibitor (z-VAD) and an IL-1 receptor antagonist (IL-1ra)
were all purchased from R&D Systems, Abingdon, UK.

All culture media were obtained from Invitrogen while
other reagents were obtained from VWR (Loughborough,
UK). [*H]-GSK1271360 was from Tritec, Switzerland (specific
activity was 112 Ci-mmol™" and purity was >99% by HPLC).

GSK314181, GW791343, compound-17, GSK1271360,
GSK361390 and SB203580 were synthesized in the Chemistry
Department of GSK, Harlow, UK: GSK314181, 5-{[(3R)-3-
amino- 1-pyrrolidinylmethyl}-2-chloro-N-(tricyclo[3.3.1.1%7]
dec-1-ylmethyl)benzamide, is the single isomer form of ex-
ample 11 in WO0061569 (Alcaraz et al., 2000). GW791343 is
NZ2(3,4-difluorophenyl)-N'-[2-methyl-5-(1-piperazinylmethyl)
phenyl]glycinamide dihydrochloride (Michel et al., 2008).
Compound-17 is  N-[2-({2-[(2-hydroxyethyl)amino]ethyl}
amino)-5-quinolinyl] - 2-tricyclo[3.3.1.1*”]dec-1-ylacetamide
(Michel et al., 2007). GSK1271360 is 2-(1-adamantyl)-N-[2-
({2-[bis(2 hydroxyethyl)amino]ethyl}amino)quinolin-5-yl]
acetamide (Ford et al., 2003). GSK361390 is N-adamantan-1-
ylmethyl-2-chloro-5-(3,5-dioxo-4,5-dihydro-3H-[1,2,4]triazin-
2-yl)-benzamide (Duplantier, 2003).

Results

Cloning of the dog P2X7 receptor

The dog P2X7 receptor exhibited the highest homology to the
human receptor (85%) and slightly lower homology to the
rodent orthologues (73-76%, Table 1). The receptor was 595
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Figure 1

amino acids in length, similar to the human, rat and mouse
species orthologues (Figure 1), although the dog receptor con-
tained an additional threonine between asparagine 284 and
valine 285 and was missing valine 538. For all further com-
parisons between the dog and other orthologues, the amino
acid numbering for the human receptor is used. The guinea-
pig receptor has a missing amino acid at position 77 but this
was not the case with the dog receptor. A dog P2X7 receptor
exists in the NCBI/GenBank database (accession number
XM_534669), and the structure of this receptor is identical to
the one we have cloned (Figure 1).

In other respects the dog P2X7 receptor was similar to the
other species orthologues in containing the same conserved
cysteine residues at positions 119, 129, 135, 152, 162, 168,
216, 226, 260 and 269 in the extracellular domain. The dog
P2X7 receptor, like the other orthologues, has potential
N-linked glycosylation sites (N-X-S/T) on the conserved aspar-
agines at positions 187, 202, 213 and 241. Similar to the
human and guinea-pig P2X7 receptors, the dog receptor did

Table T Homology between P2X7 receptor orthologues

Human Rat Mouse Guinea-pig Dog
Human 100 80 80 77 85
Rat 100 84 74 76
Mouse 100 75 76
Guinea-pig 100 73
Dog 100

Percent similarity (homology) was determined from pair distances using the
ClustalW method (settings = slow/accurate, Gonnet).

1 595
: 595
: 595

Sequence alignment and comparison of the predicted protein sequence for human and dog P2X7 receptors, marked at every 10

amino acids. Residues that differ between the sequences are shaded in grey. Dog (EU) is the sequence from the present study (Accession
Number EU334661) while Dog (EX) is the sequence from Accession number XM_534669.
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not possess the potential glycosylation site at position 74 that
is present in rat and mouse receptors. It also did not possess
the glycosylation site at asparagine 284 that is present in the
human and rat P2X7 receptors, but not the mouse or guinea-
pig P2X7 receptors. However, it did have a potential N-linked
glycosylation site on asparagine 282.

Several single nucleotide polymorphisms (SNPs) of the
human P2X7 receptor have been identified. Mutation of his-
tidine 155 to tyrosine is a reported gain of function muta-
tion in human P2X7 receptors (Cabrini et al., 2005) and, in
the dog receptor, the corresponding residue was tyrosine as
in the rat, mouse and guinea-pig receptors (see Figure 1,
Young et al., 2007; Fonfria et al., 2008). The human SNPs
arginine 307 to glutamine (Gu et al., 2004), threonine 357
to serine (Shemon etal., 2006), glutamate 496 to alanine
(Gu etal., 2001), isoleucine 568 to asparagine (Wiley et al.,
2003) and arginine 574 to histidine (Fernando et al., 2005)
are reported to affect function of human P2X7 receptors
either by altering the trafficking to the plasma membrane or
producing defective pore formation. In dog, as in guinea-
pig, rat and mouse P2X7 receptors, the corresponding resi-
dues were arginine at position 307, threonine at position
357, glutamate at position 496, isoleucine at position 568
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BZATP
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D
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and arginine at position 574 (Figure 1 and see Young et al.,
2007).

Several splice variants were identified among the dog clones
analysed. An alternative splice site within exon 13 would
result in the deletion of residues 432-522 of the full-length
protein in one of the clones. These residues are believed to
form part of the long intracellular C-terminus that may be
involved in a signal transduction process unique to the P2X7
receptor (Liang and Schwiebert, 2005). Another clone was
missing exon 7. The deletion results in a frame-shift and
introduces a premature stop codon. This message may be
degraded by nonsense mediated decay. However, if translated,
the protein product would comprise a truncated P2X7 recep-
tor consisting of residues 1-205 plus an additional 13 residues
at the C-terminus that are unique to this variant and so would
retain the first transmembrane domain and part of the extra-
cellular loop.

Characterization of the dog P2X7 receptor in

electrophysiological studies

ATP and BzATP evoked inward currents in HEK293 cells stably
expressing the dog P2X7 receptor (Figure 2). The onset of

Human P2X7

C ——
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2nA
— 1mM —3mM
— 3mM — 10 mM
| 1 nA 1nA
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%% 51001 2s
S
< i
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€
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—
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@] [e]
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1E-4 1E-3 1E-2
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Figure 2 Electrophysiological characterization of agonist responses in HEK293 cells stably expressing dog, rat or human P2X7 receptors.
(A-C) Representative current traces from dog, rat or human P2X7 expressing HEK293 cells in response to a 2 (rat and human) or 4 (dog) second
application of 2’- & 3’-O-(4benzoylbenzoyl) ATP (BzATP). The clear bar denotes the duration of agonist application, and the response to the
standard concentration of agonist is shown by the black line and the response to a test concentration of agonist by the grey line. (Ai-Ci) Similar
studies performed using ATP as agonist. (D). Graph illustrating the mean concentration response curve to BzATP for dog, rat and human P2X7
receptors (n = 3-12). (E). Graph illustrating the mean concentration response curve to ATP for dog, rat and human P2X7 receptors (n=3-11).
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Table 2 Effect of ATP and 2’- & 3’-O-(4benzoylbenzoyl) ATP (BzATP) at rat, human and dog P2X7 receptors in electrophysiological studies

BzATP ATP
PECso Hill slope Max current (nA) pECso Hill slope Max current (nA)
Rat 4.4 £0.10 1.2x03 6.1*+15 3.1 =0.03 2.0+0.3 4.3+ 0.4
Human 3.4 = 0.04* 1.8 +0.3 3.6 0.6 2.6 = 0.03* 25+0.5 2.7 0.6
Dog 3.3 = 0.037 2.1 +0.2 3508 2.5 = 0.05% 0.8 = 0.1 25+15

The maximal currents for ATP and BzATP were determined at the standard concentration for each orthologue. For ATP this was 3, 10 and 30 mM, respectively, for
studies on rat, human and dog P2X7 receptors. For BZATP the standard concentration was 0.3, T and 3 mM, respectively, for studies on rat, human and dog P2X7

receptors.

*Significantly different (P < 0.05) from value at rat P2X7 receptor but not significantly different to value at dog P2X7 receptor.
FSignificantly different (P < 0.05) from value at rat P2X7 receptor. Data are mean = SEM, n = 3-11 experiments.

inward currents elicited by BzATP and ATP appeared to be
slower at the dog P2X7 receptor than at the human or rat
P2X7 receptors. This was particularly evident in the case of
ATP where inward currents had not reached a clear plateau
after a 2s agonist application, thereby necessitating a 4 s
agonist application for studies on the dog P2X7 receptor
(Figure 2Ai). The decline in inward currents after cessation of
agonist application also appeared slower with the dog P2X7
receptor than in studies of the human P2X7 receptor
(Figure 2A and Ai with Figure 2C and Ci) although further
more quantitative studies would be required to confirm this.

The ECs, values for ATP at the dog and human P2X7 recep-
tors were not significantly different from each other but were
fourfold lower than at the rat P2X7 receptor (Table 2). Simi-
larly, the ECso values for BZATP at the dog and human P2X7
receptors were not significantly different but were 10-15-fold
lower than at the rat P2X7 receptor. The maximal currents for
both ATP and BzATP did not differ at any of the species
orthologues (P > 0.05, Dunnett’s test) although we could not
directly compare maximal effects to ATP and BzATP in the
same cells due to the methods used.

Characterization of the dog P2X7 receptor in ethidium
accumulation studies

When the dog P2X7 receptor was transiently expressed in U-2
OS cells BZATP (Figure 3A) and ATP (data not shown) both
readily stimulated ethidium accumulation when measured in
a sucrose assay buffer. However, in NaCl buffer, no response to
BzATP could be detected and only a doubling of ethidium
accumulation occurred with ATP (data not shown).

In contrast, in both U-2 OS and HEK293 cell lines stably
expressing the dog P2X7 receptor, ATP stimulated appreciable
ethidium accumulation (>fourfold basal) in both sucrose and
NaCl buffer. In the HEK293 cell line, the response to ATP in
NaCl buffer was rapid in onset, and maximal responses were
obtained after 30 min (Figure 3B and C). Agonist potency did
not vary greatly with time with pECs, values of 2.89 = 0.02,
2.92 =0.01, 2.94 = 0.01, 2.94 = 0.01, 2.97 £ 0.01 and 3.00 =
0.01 at 2, 4, 8, 16, 32 and 64 min respectively (Figure 3B). The
PECs, values are similar to those obtained at the mouse (2.92
+ 0.05), human (3.06 = 0.04) and guinea-pig (3.22 = 0.10)
receptor but fourfold lower than at the rat receptor (3.66 =
0.02) as determined in a separate study conducted at the same
time as these studies on the dog P2X7 receptor (Fonfria et al.,
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2008). BzATP only produced a small response in NaCl buffer
(7.4 = 1.3% of the maximal response to ATP) and this repre-
sented only a 37.4% increase over basal levels of ethidium
accumulation (Figure 3D). The potency of BzATP at the dog
receptor (pECso = 4.67 = 0.04) was similar to its ECs, at the
human receptor (pECso = 4.43 = 0.05) but 4.3-fold lower than
at the rat receptor (pECso = 5.30 = 0.08) and 4.1-fold higher
than at the mouse receptor (pECso = 4.06 = 0.03) as deter-
mined in a separate study conducted at the same time as these
studies on the dog P2X7 receptor (Fonfria et al., 2008).

To confirm if BZATP was a true partial agonist of the dog
P2X7 receptor, responses to ATP were measured in the
absence and presence of varying concentrations of BzATP.
This resulted in a rightward shift in the ATP concentration—
effect curve although we could not test high enough concen-
trations of ATP to determine if this shift was competitive
(Figure 3E and F). However, the data were consistent with
BzATP being a partial agonist of the dog P2X7 receptor.

Antagonist sensitivity of the dog P2X7 receptor in ethidium
accumulation studies

As the dog receptor was functional in the NaCl buffer we
chose to characterize antagonist effects in this more physi-
ological buffer. KN62 and BBG were potent non-competitive
inhibitors of the dog P2X7 receptor reducing the maximal
response to ATP with little effect on the ECs, for ATP
(Figure 4). Compound-17 was a relatively potent non-
competitive antagonist of the dog receptor (Figure SA and
Table 3). GSK1271360 was of similar potency to
compound-17 at the dog P2X7 receptor and also blocked this
receptor in a non-competitive manner (data not shown and
Table 3). The MAP kinase inhibitor SB203580 is a low-affinity
non-competitive antagonist of the human P2X7 receptor but
has no effect at rat or mouse receptors (Michel et al., 2006).
SB203580 was a low-affinity non-competitive antagonist of
the dog receptor (Figure 5B) although it did not produce the
complete inhibition of responses observed in studies on the
human receptor (Michel et al., 2006).

Given the non-competitive nature of the antagonists,
which is also observed in studies on other species orthologues
(Hibell et al., 2001; Fonfria et al., 2008), we examined other
remaining antagonists against a single dose of ATP (2 mM,
dog and human rat P2X7 receptors or 0.5 mM, rat P2X7
receptor) that was close to the ECs, at each orthologue. PPADS
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Figure 3 Characterization of the dog P2X7 receptor in ethidium accumulation studies. Studies were performed using HEK293 cells expressing
the dog recombinant P2X7 receptor and measured agonist-stimulated cellular ethidium accumulation. (A) 2’- & 3’-O-(4benzoylbenzoyl) ATP
(BzATP) concentration—effect curve obtained in sucrose buffer at the indicated time points. (B) ATP concentration effect curve obtained in NaCl
buffer at the indicated time points. (C) Time course for ATP responses in NaCl buffer derived from the data in (B). (D) Comparison of the effects
of BzATP and ATP at the dog receptor measured after a 16 min agonist exposure. (E) Antagonism of ATP responses by BzATP. Cells were
pre-equilibrated with BzATP for 10 min prior to addition of ATP and ethidium, and ethidium accumulation was measured 16 min later. (F)
Transposition of the data in (E) to illustrate the interaction between ATP and BzATP. Basal ethidium accumulation in the absence of agonist is
indicated on the X-ordinate as C in (A and B). In (E) the response to the indicated concentrations of BZATP in the absence of ATP is shown as
C while in (F) the response to the indicated concentrations of ATP in the absence of BzATP is shown as C. The data are the mean = SEM of

3—4 separate experiments.

was a relatively potent antagonist, but suramin was a weak
antagonist (Figure 6). GW791343 is an antagonist of human
receptors but has no effect at mouse receptors and potentiates
responses at the rat receptor (Michel et al., 2008). At the dog
P2X7 receptor, GW791343 was an antagonist with similar
potency to that determined at the human receptor (Table 3).
GSK314181, an adamantyl antagonist of the human P2X7
receptor (Alcaraz et al., 2000), also blocked the dog P2X7
receptor with relatively high potency (Figure 6 and Table 3).
GSK361390, an adamantyl antagonist of the human P2X7
receptor (Duplantier, 2003), with very low affinity for the rat
receptor blocked the dog P2X7 receptor with relatively high
potency (Table 3). A human monoclonal antibody that effec-
tively blocks the human receptor had no effect at the dog
receptor at concentrations up to 1 ug-mL™" (data not shown).
In addition, the monoclonal antibody did not label the dog
receptor in immunohistochemical studies (S. Roman,
unpubl. obs.).

Radioligand binding studies

There was no detectable specific binding (defined using ATP
or compound-17) of [*H]-compound-17 or [*H]-GSK1271360
in membranes prepared from wild type U-2 OS or HEK293
cells nor in U-2 OS cells transiently transduced with the dog
P2X7 receptor. However, in membranes prepared from the

HEK293 cell line stably expressing the dog P2X7 receptor,
specific binding of both radioligands could be measured.
The ratio of specific to total binding was greatest with
[’'H]-GSK1271360 (data not shown), and so we chose to use
this radioligand for further characterization of the dog P2X7
receptor. We could not utilize high enough concentrations
of radioligand to measure the radioligand K, or receptor
density (data not shown). In competition studies, ATP and
compound-17 inhibited binding by 81.3 + 1.2% and 100%,
respectively, although low concentrations of compound-17
also increased binding (Figure 7). KN62 and BBG increased
binding up to 3.3 * 0.3 and 7.1 *= 0.4-fold, respectively,
although there were clear signs of a bell shaped curve in the
effect of BBG.

Characterization of native tissue P2X7 receptors in human
whole blood

To measure P2X7 function in a native tissue assay we mea-
sured ATP-stimulated IL-1B release from whole blood. For
assay development and comparative purposes we first evalu-
ated compound effects in human whole blood.

For these studies we used a previously described reporter
gene-based bioassay to measure IL-13 release (Buell etal.,
1998). To validate this assay for measuring IL-1p release in
whole blood we first confirmed that the reporter gene assay

British Journal of Pharmacology (2009) 158 1513-1526
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Figure 4 Antagonism of ATP-stimulated ethidium accumulation in cells expressing the dog P2X7 receptor. HEK293 cells expressing the dog
P2X7 receptor were pre-incubated for 40 min with antagonist before measuring ATP-induced ethidium accumulation. Studies were performed
in NaCl buffer. Antagonists were pre-incubated with cells for 40 min before measuring ATP responses. (A) The effect of 1-(N,O-bis-[5-
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effect of KN62 on responses to ATP. (C) The effect of brilliant blue G (BBG) on ATP responses. (D) Transposition of the data in (C) to illustrate
the effect of BBG on responses to ATP. Basal ethidium accumulation in the absence of agonist is indicated on the X-ordinate as C in (A and C).

The data are the mean * SEM of 3-4 separate experiments.

response from 0.25-8 mM ATP-stimulated human blood was
blocked by a neutralizing antibody for human IL-18 and an
IL-1 receptor antagonist (IL-1ra). The neutralizing antibody
(16 pg-mL™) and the IL-ra (0.05 pg-mL™) completely inhib-
ited the reporter gene responses. To provide further evidence
that the response to ATP measured in the reporter gene bio-
assay reflected release of IL-1p we examined the effect of the
caspase inhibitor z-VAD in the whole blood assay. The
response to ATP was inhibited in a non-competitive manner
by z-VAD (Figure 8A) with complete inhibition of responses to
8 mM ATP at a concentration of 30 uM (pICs, values were
5.41,5.87,5.60, 5.59 and 5.58 at ATP concentrations of 0.5, 1,
2, 4 and 8 mM respectively). Finally, absolute levels of IL-1
detected using the reporter gene bioassay were similar to
those determined using an ELISA kit (M. Lucas, pers. comm.).

In human whole blood, ATP stimulated IL-1f release with a
relatively rapid time course (Figure 9A and B). Maximal
release was achieved in 10-20 min and thereafter remained
relatively stable for 40 min although there was a slight
decrease in levels detected after 60 min. The pECs, values for
ATP were quite similar between 20 and 60 min although the
PECso was lower when measured after 10 min. For subsequent
studies we used an ATP exposure time of 30 min.

A number of P2X7 receptor antagonists including
GSK314181, GSK361390 and KN62 inhibited ATP-stimulated
IL-1B release in human whole blood but appeared to be
non-competitive antagonists (Figure 8B-D).

The potency of the antagonists in whole blood was substan-
tially lower than that measured in the ethidium accumulation

British Journal of Pharmacology (2009) 158 1513-1526

studies on the recombinant receptor (Table 3). The reduction
in potency may reflect loss of compounds due to binding to
blood cells or serum proteins as the potency of GSK361390
and GSK314181 were higher in whole blood diluted 10-fold
with phosphate-buffered saline (Figure 8E and F) than in
whole blood (Figures 8B and C). Furthermore, when similar
studies were performed using THP-1 cells in the absence of
serum, antagonist potency was higher than in whole blood or
diluted blood for both compounds (Figure 10).

Several other antagonists were evaluated in the whole blood
assay. These included BBG and GW791343, but neither com-
pound produced any antagonist effect at concentrations up to
10 uM (Table 3).

Characterization of native tissue P2X7 receptors in dog

whole blood

We could use the same reporter gene assay as used for the
studies on human blood to measure release of dog IL-1f in
dog blood as dog recombinant IL-1B activated the human
IL-1PB receptor in the A549 cells used, although with approxi-
mately 10-fold lower potency.

The time course of ATP-stimulated IL-1B release in dog
blood was similar to that in human blood with release detect-
able within 20 min of stimulation and release not differing
greatly between 20 and 90 min (Figure 9C and D). As in
human blood, the response to ATP was also inhibited by the
caspase inhibitor z-VAD (1-30 uM, data not shown) providing
further evidence that the response to ATP measured in the
reporter gene bioassay reflected release of IL-1f3.
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Figure 5 Antagonism of ATP-stimulated ethidium accumulation in cells expressing the dog P2X7 receptor. HEK293 cells expressing the dog
P2X7 receptor were pre-incubated for 40 min with antagonist before measuring agonist-induced ethidium accumulation. Studies were
performed in NaCl buffer. Antagonists were pre-incubated with cells for 40 min before measuring ATP responses. (A) The effect of N-[2-({2-
[(2-hydroxyethyl)amino]ethyl}amino)-5-quinolinyl]-2-tricyclo[3.3.1.137]dec-1-ylacetamide (compound-17) on ATP responses. (B) Transposi-
tion of the data in (A) to illustrate the effect of compound-17 on responses to ATP. (C) The effect of SB203580 on ATP responses. (D)
Transposition of the data in (C) to illustrate the effect of SB203580 on responses to ATP. Basal ethidium accumulation in the absence of agonist
is indicated on the X-ordinate as C in (A and C). The data are the mean = SEM of 3-4 separate experiments.

Table 3 Relative potencies (pICso) of P2X7 antagonists at the rat, human and dog native and recombinant P2X7 orthologues

Human ethidium Dog ethidium Rat ethidium Human blood Dog blood
KN62 7.64 = 0.10 7.98 = 0.1 <5* 5.75 = 0.10 6.76 = 0.1
GW791343 7.03 = 0.02 6.70 = 0.07 Potentiate <5 ND
BBG 6.49 = 0.1 7.31 £0.07 6.8 + 0.10* <5 <5
Compound-17 8.58 = 0.03 7.24 +£0.03 7.55 +0.13 6.28 = 0.08 5.63 = 0.18
GSK1271360 8.03 = 0.08 7.31 £0.13 7.70 = 0.10 ND ND
GSK314181 8.39 + 0.02 7.31 £0.10 7.06 = 0.02 6.39 +0.23 5.90 = 0.03
GSK361390 8.09 = 0.06 7.43 £0.12 5.52 = 0.03 5.99 = 0.15 6.09 = 0.35

Ethidium studies were performed in NaCl buffer at room temperature, and IL-1B release studies were in whole blood at 37°C using ATP as the agonist. Data are
mean = SEM, n = 3-4 experiments.

BBG, brilliant blue G; compound-17, N-[2-({2-[(2-hydroxyethyl)amino]ethyl}amino)-5-quinolinyl]-2-tricyclo[3.3.1.137]dec-1-ylacetamide; GSK1271360, 2-(1-
adamantyl)-N-[2-({2-[bis(2 hydroxyethyl)amino]ethyl}amino)quinolin-5-ylJacetamide; GSK314181, 5-{[(3R)-3-amino-1-pyrrolidinylJmethyl}-2-chloro-N-
(tricyclo[3.3.1.137]dec-1-ylmethyl)benzamide; GSK361390, N-adamantan-1-ylmethyl-2-chloro-5-(3,5-dioxo-4,5-dihydro-3H-[1,2,4]triazin-2-yl)-benzamide;
GW791343, N2-(3,4-difluorophenyl)-N'-[2-methyl-5-(1-piperazinylmethyl)phenyl]glycinamide dihydrochloride; IL-18, interleukin-1B; KN62, 1-(N,O-bis-[5-
isoquinoline-sulphonyl]-N-methyl--tyroyl)-4-phenyl-piperazine; ND, not determined.

*Data from Hibell et al. (2001).

The effects of ATP in dog blood were inhibited in a non-  the levels of IL-1B in diluted blood were below the level of
competitive manner by KN62 (Figure 11), and its potency was  detection of the reporter gene assay used to measure Il-1f.
slightly higher than in human whole blood (Table 3). We
evaluated other compounds (BBG, compound-17, GSK314181  Discussion
and GSK361390) against 2 mM ATP on dog and human
recombinant receptors and the corresponding native recep- In this study we have cloned and characterized the dog P2X7
tors in blood (Table 3). As in human blood, all of the com-  receptor and also characterized native human and dog recep-
pounds had lower affinity than in the ethidium accumulation  tors in whole blood. The main finding of this study is that the
studies on the recombinant receptor. We could not study  pharmacological properties of the dog P2X7 receptor more
IL-1B release in diluted dog blood to determine if this reflected  closely resemble those of the human receptor and differ con-
loss of compounds due to binding to cellular constituents as  siderably from rodent receptors in this respect.
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Figure 6 Antagonism of ATP-stimulated ethidium accumulation in
cells expressing the dog P2X7 receptor. HEK293 cells expressing the
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Figure 7 The effect of P2X7 receptor ligands on [*H]-GSK1271360
binding to membranes prepared from HEK293 cells stably expressing
the dog P2X7 receptor. The radioligand concentration was 2 nM, and
specific binding was defined with 10 uM compound-17. The data are
the mean * SEM of three separate experiments. BBG, brilliant blue
G; compound-17, N-[2-({2-[(2-hydroxyethyl)amino]ethyl}amino)-5-
quinolinyl]-2-tricyclo[3.3.1.1%>]dec-1-ylacetamide; ~ GSK1271360,
2-(1-adamantyl)-N-[2-({2-[bis(2  hydroxyethyl)amino]ethyl}amino)
quinolin-5-ylJacetamide; KN62, 1-(N,O-bis-[5-isoquinoline-
sulphonyl]-N-methyl- -tyroyl)-4-phenyl-piperazine.

The dog P2X7 receptor we cloned is identical to that already
described in the Genbank database (accession number
XM_534669). The dog P2X7 receptor was around 73-76%
homologous to the rodent receptors and 85% homologous to
the human receptor and possessed many of the common
structural features previously identified in this family.
However, the dog P2X7 receptor did possess two differences in
sequence from all other P2X7 receptor species orthologues, as
it had an additional threonine residue after asparagine at
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position 284 and an amino acid was deleted at position 538
(human numbering). The deletion at position 538 is in the
C-terminus where several residues have been identified as
being important in controlling expression of the receptor, but
position 538 is not close to any regions that have been pre-
viously shown to affect expression or function. Thus, the
residue is midway between residues at positions 460 (Ohlen-
dorff et al., 2007; McQuillin et al., 2008) and 496 (Gu et al.,
2001) and residues 551-582 (Smart et al., 2003), 568 (Wiley
etal., 2003) and 573-590 (Denlinger et al., 2003; Denlinger
et al., 2006) that have been identified as affecting agonist
responses. In contrast, the additional threonine inserted after
position 284 is close to a region important for agonist potency
and rat mouse species differences in agonist sensitivity (Young
et al., 2006; Young et al., 2007). Thus, the mouse P2X7 recep-
tor, unlike the rat receptor, does not possess a glycosylation
site at position 284, and mutational studies in which one was
introduced into the mouse receptor by replacing aspartate
284 with asparagine resulted in a threefold increase in BzATP
and sixfold to sevenfold increase in ATP potency at the mouse
receptor (Young et al., 2006). The exact reason for the changes
in agonist potency at the mouse P2X7 receptor was not deter-
mined, but it seemed plausible that it was due to an increase
in glycosylation status. In this respect the dog P2X7 receptor
did not possess the same glycosylation site as in the human
receptor at position 284 but did have a site at 282 resulting in
the same net number of five glycosylation sites as the human
and mouse receptors. Interestingly, ATP and BzATP potency
were quite similar at human, guinea-pig, mouse and dog
P2X7 receptors where there are four to five glycosylation sites
but lower than at the rat P2X7 receptor that possesses six
glycosylation sites.

The human receptor contains a considerable number of
SNPs. These do not appear to be present in other species with
the residue at the corresponding residues to the position of
the human SNP being conserved across mouse, rat, guinea-pig
and now dog P2X7 receptors. Obviously, the sequences for
the non-human species represent just a single animal or strain
so it remains to be definitively determined if the human SNPs
also exist across other species. The dog P2X7 receptor also
appears to exist as a number of splice variants. We did not
study this in any great detail, but the presence of splice vari-
ants has been noted before (Cheewatrakoolpong et al., 2005;
Feng et al., 2006) and in some cases they are expressed at high
levels and there is evidence that they can form hetero-
oligomers with the full-length protein and block P2X7
receptor-mediated apoptosis (Feng et al., 2006).

The agonist sensitivity of the dog P2X7 receptor was similar
to that at the other species in general terms of possessing very
low affinity for ATP (1 mM) and slightly higher affinity for
BzATP. We have previously found that the P2X7 receptor
species orthologues differ in their maximal responses to
BzATP in ethidium accumulation studies performed using
NaCl buffer (Fonfria et al., 2008). For rat P2X7 receptors, the
intrinsic activity of BzATP is greater than ATP while for the
human receptor the intrinsic activity of BzATP is slightly
lower than for ATP. At mouse P2X7 receptors BzZATP has much
lower intrinsic activity than ATP while at the guinea-pig
receptor BzATP has negligible intrinsic activity and acts as
an antagonist. In this respect the dog P2X7 receptor was
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Figure 8 Antagonism of ATP-stimulated IL-18 release from human whole and diluted blood. (A-D) Human whole blood or (E and F) human
blood diluted 10-fold with phosphate-buffered saline was stimulated with LPS (1 ug-mL™") for 80 min and then pre-incubated for 40 min with
antagonist before measuring ATP-induced IL-1f3 release over a 30 min period. Studies were conducted at 37°C. The figures show the effect of
(A) z-VAD, (B) GSK314181, (C) GSK361390 and (D) KN62 on ATP responses in whole blood. The effect of (E) GSK314181 or (F) GSK361390
is also shown in human blood diluted 10-fold with phosphate-buffered saline. Basal IL-1f3 release in the absence of antagonist is indicated on
the X-ordinate as C. The data are the mean = SEM of 3-6 separate experiments. GSK314181, 5-{[(3R)-3-amino-1-pyrrolidinylJmethyl}-
2-chloro-N-(tricyclo[3.3.1.137]dec-1-ylmethyl)benzamide;  GSK361390,  N-adamantan-1-ylmethyl-2-chloro-5-(3,5-dioxo-4,5-dihydro-3H-
[1,2,4]triazin-2-yl)-benzamide; IL-1p, interleukin-13; KN62, 1-(N,O-bis-[5-isoquinoline-sulphonyl]-N-methyl- -tyroyl)-4-phenyl-piperazine; LPS,

lipopolysaccharide.

intermediate between the mouse and guinea-pig receptors as
the intrinsic activity of BZATP was only 7-8% of ATP. This did
not appear to be an artefact of the methodology as BzATP
acted as an antagonist of ATP responses. The lower intrinsic
activity of BZATP may be partly related to the glycosylation
status of the receptors as the rat P2X7 receptor has six, the
human, dog and mouse P2X7 receptors have five, and the
guinea-pig P2X7 receptor has only four potential glycosyla-
tion sites. However, other features may also be responsible as
intracellular residues can affect expression and it has not been
clearly demonstrated that there is any relationship between
receptor expression and agonist potency. Furthermore, our
observations on the intrinsic activity of BzATP and ATP effi-
cacy differ from other studies where BzATP was identified as a
full agonist compared with ATP (Sluyter ef al., 2007). Simi-
larly, when we measured IL-1B release from human THP-1
cells, the intrinsic activity of BZATP was greater than ATP that
contrasts with observations on the recombinant receptor
measured using ethidium accumulation studies (Michel and
Fonfria, 2007). Furthermore, we did not observe significant
differences in maximal responses to ATP and BzATP in the
present electrophysiological studies, although these studies
were difficult to perform and interpret due to the problems
that arise when studying the P2X7 receptor using electro-
physiological studies (Hibell etal., 2001). Clearly, further
study will be required to resolve these discrepancies.

The antagonist sensitivity of the dog P2X7 receptor most
closely resembled that of the human receptor and was clearly
different to that observed at the rodent P2X7 receptors where
KN62 has much lower potency. Indeed, KN62 possessed even
higher potency at the dog than at the human P2X7 receptor.
The effect of GW791343 at the dog P2X7 receptor was also
similar to that observed at the human receptor. In contrast,
GW791343 had no effect at mouse or guinea-pig P2X7 recep-
tors and increased responses at the rat receptor. Finally,
SB203580 has no effect at rat, mouse or guinea-pig P2X7
receptors but blocked the dog receptor in a similar manner to
that observed at the human receptor. The dog P2X7 receptor
also possessed relatively high affinity for compound-17,
GSK1271360 and GSK314181 although the potency of these
compounds at the dog receptor was not as high as at the
human receptor. We have also found that AZ11645373
(Stokes et al., 2006), which is a highly selective antagonist of
human, as compared with rodent, P2X7 receptors also blocks
the dog P2X7 receptor and its affinity is similar to that at the
human receptor (A. D. Michel, unpubl. obs.).

We attempted to characterize the dog P2X7 receptor using
radioligand binding studies and, although it proved possible to
directly label the dog receptor, the binding properties were
complex. Thus, although binding was inhibited by ATP and
compound-17, other compounds such as KN62 and BBG
markedly increased binding at concentrations effective in
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Figure 9 The effect of ATP on interleukin-1f (IL-1B) release from human or dog whole blood. (A) Concentration—effect curve for the ability
of ATP to stimulate IL-1B release from lipopolysaccharide- (1 ug-mL™") stimulated human whole blood at the indicated time points. (B)
Transposition of the data from (A) to illustrate the time course for ATP-stimulated IL-1f release in human whole blood. (C) Concentration—effect
curve for the ability of ATP to stimulate IL-18 release from dog whole blood at the indicated time points. (D) Transposition of the data from
(C) to illustrate the time course for ATP-stimulated IL-1P release in dog whole blood. Basal IL-1f release in the absence of agonist is indicated
on the X-ordinate as C in (A and C). The data are the mean = SEM of 3-6 separate experiments.
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Figure 10 Antagonism of agonist-stimulated IL-18 release from human whole blood, human diluted blood and THP-1 cells. Human whole
blood or human blood diluted 10-fold with phosphate-buffered saline was stimulated with LPS (1 ug-mL™") for 80 min and then pre-incubated
for 40 min with antagonist before measuring ATP-induced IL-1 release over a 30 min period. THP-1 cells were stimulated overnight with LPS
(1 ug-mL™), harvested, pre-incubated for 40 min with antagonist before measuring BzATP-induced IL-1B release over a 30 min period. The
plCso of the antagonists was calculated at each concentration of agonist and is shown as a function of the agonist concentration. Agonist
concentration is expressed relative to agonist ECs, at each receptor such that log (Fold ECso) represents logarithm (agonist concentration/
agonist ECso). (A) The effect of GSK314181. (B) The effect of GSK361390. The data are the mean * SEM of 4-6 separate experiments.
BzATP, 2- & 3’-O-(4benzoylbenzoyl) ATP; GSK314181, 5-{[(3R)-3-amino-1-pyrrolidinyllmethyl}-2-chloro-N-(tricyclo[3.3.1.1%7]dec-1-
ylmethyl)benzamide; GSK361390, N-adamantan-1-ylmethyl-2-chloro-5-(3,5-dioxo-4,5-dihydro-3H-[1,2,4]triazin-2-yl)-benzamide; IL-18,
interleukin-1; LPS, lipopolysaccharide.

functional studies. We previously noted this behaviour in  technical reasons we could only use low concentrations of

studies on the human receptor when using low concentrations
of radioligand relative to the radioligand affinity and suggested
that this reflected an action at a distinct site on the receptor or
that binding of compounds to one subunit of the P2X7 mul-
timeric receptor resulted in a conformational change in the
other sites on adjacent subunits in the receptor complex and
an increase in radioligand affinity. In the present studies for
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radioligand relative to the ligand Kp due to its overall low
affinity for the receptor so the same situation may prevail at the
dog P2X7 receptor. Further study would be required to resolve
this, but the method did not prove suitable for comparing
antagonist potency between species orthologues.

Finally, we attempted to evaluate the pharmacological
properties of the native dog P2X7 receptor. For these studies
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Antagonism by KN62 of ATP-stimulated IL-1 release from dog whole blood. Dog blood was stimulated with LPS (Tug-mL™) for

80 min and then pre-incubated for 40 min with antagonist before measuring ATP-induced IL-1f release over a 30 min period. Studies were
conducted at 37°C. (A) The effect of KN62 on ATP responses. (B) Transposition of the data from (A) to further illustrate the effect of KN62 on
responses to ATP. Basal IL-1B release in the absence of antagonist is indicated on the X-ordinate as C. The data are the mean = SEM of
four separate experiments. KN62, 1-(N,O-bis-[5-isoquinoline-sulphonyl]-N-methyl--tyroyl)-4-phenyl-piperazine; IL-18, interleukin-1f3; LPS,

lipopolysaccharide.

we developed an assay in whole blood that enabled a com-
parison of dog and human receptors. For this assay we used
and further validated a bioassay for measuring IL-1f release in
human blood. We also found that this assay could be adapted
to dog blood that enabled the study of the native dog recep-
tor. This was an important finding as there is no available
immunoassay-based method for measuring dog IL-1p.

In agreement with previous studies, the response to ATP in
whole blood appeared to be P2X7 receptor-mediated due to
the low affinity of ATP although the stability of ATP in whole
blood is a clear issue. However, the P2X7 receptor is the only
member of the P2 receptor family that has been clearly shown
to simulate IL-1P release from immune cells, and the response
was sensitive to P2X7 receptor antagonists, providing confi-
dence that the response measured was mediated through the
P2X7 receptor. These studies provided some additional evi-
dence for similarities in the dog and human P2X7 receptors
although the potency estimates of antagonists were much
lower than at the recombinant receptor in both cases. For
studies on the human receptor, this may reflect degradation
of compounds by human blood or most likely binding of
compounds to blood cells or serum albumin as potency esti-
mates increased several fold when studies were conducted in
diluted blood and were even higher when effects on IL-18
release from THP-1 cells were measured in the absence of
serum.

Nevertheless, the native tissue data demonstrated that
KN62 potency in dog blood was slightly higher than in
human blood, in agreement with studies on the recombinant
receptor. Furthermore, the relative potencies of compound-17
and GSK314181 in dog and human blood were similar to their
potencies at dog and human P2X7 receptors in ethidium
accumulation studies. A recently study on P2X7 receptors in
dog erythrocytes (Sluyter et al., 2007) found that KN62 was a
relatively high-affinity antagonist providing additional evi-
dence that dog and human P2X7 receptors are pharmacologi-
cally similar.

Overall, there were some discrepancies in affinity estimates
between the dog and human P2X7 receptors, but these were
much less than observed between rodent and human P2X7

receptors and so dog is the closest species to human in terms
of its antagonist sensitivity. This should greatly facilitate the
development of P2X7 antagonists as dog should provide a
more appropriate species for detecting target-related toxico-
logical effects than rodents and increase the confidence of
safely progressing P2X7 antagonists into human clinical
trials.

In summary, these studies describe the further characteriza-
tion of an additional species analogue of the P2X7 receptor
family. The receptor has some structural differences to
other family members, but its homology and antagonist sen-
sitivity more closely resembles the human than the rodent
orthologues.
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