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SUMMARY

P2X4 and P2X7 receptors have gained increasing significance as drug targets for
their involvement in neurotransmission, pain, cancer, inflammation and immunity.
To date, numerous P2X7 antagonists have been developed, yet relatively few P2X4
antagonists have been reported, and no data is available regarding their binding
sites on the receptor. Using in silico techniques, we attempted to identify novel
P2X4 and P2X7 modulators, and combined experimental and structural data to
explore allosteric pockets with future potential for drug design. Two virtual
screenings of commercially available drug-like compounds performed in the
human P2X4 homology model led to the selection, purchase and biological
evaluation via calcium influx assay of 42 compounds. While no compound with
significant antagonist activity at human P2X4 was found, multiple compounds
abolished ATP-induced YO-PRO dye uptake at human P2X7, including Compound 25
(ICso value of 8 pM). Further 27 structural analogues to Compound 25 were
purchased and assayed, expanding the number of active antagonists and offering
an insight in the structure-activity relationship. In parallel, a mutagenesis study of
human and rat P2X4 receptors based on (i) species-specific pharmacology and (ii)
the recently published panda P2X7 crystal structures led us to identify the
allosteric binding site for the P2X4-selective antagonist BX-430. The pocket was
then used to perform a new virtual screen, identifying 20 potential ‘hit’
candidates for future biological evaluation. Finally, we performed docking
simulations of the positive P2X4 allosteric modulator ivermectin and the partially
selective P2X7 agonist 2’(3’)-4-O-benzoylbenzoyl ATP (BzATP), with good
correlation between binding conformations and previously published
pharmacological data. In conclusion, although no novel human P2X4 antagonist has
been identified, this work led to (i) the discovery of an allosteric site not
previously described in human P2X4, (ii) the identification of a novel P2X7
antagonist with micromolar potency and (iii) and increased understanding of the
molecular basis for subtype-specific modulator potency at P2X4 and P2X7

receptors.
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acid

National Health Service

NOD-like receptor

inflammasome

N-methyl-D-aspartate

N-methyl-D-aspartate receptor

Nuclear magnetic resonance

Nitric oxide

Nitric Oxide Synthase

(5-[3-(5-thioxo-4H-[1,2,4]oxadiazol-3-yl)phenyl]-1H-
naphtho[1, 2-b][1,4]diazepine-2,4(3H,5H)-dione)

Nucleotiside Reverse Transcriptase Inhibitor
Nucleoside reverse transcriptase inhibitors
Non-steroidal anti-inflammatory drug
Probability value

kinase-like purinergic receptor found in green plants (also
refered as DORN1)
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P2RX1
P2RX2
P2RX3
P2RX4
P2RX7
p38
PCP
PDB
PECso
PET
pH
pICso
PLIF
PNP
PPADS
PPARa
PSB-12054
PSB-12062
0] )
RB-2
RMSD
RNA
ROS
rP2X4
rP2X7
RPE

rs208294

Gene coding for P2X1

Gene coding for P2X2

Gene coding for P2X3

Gene coding for P2X4

Gene coding for P2X7

P38 mitogen-activated protein kinases
Phencyclidine

Protein Data Bank

Negative decadic logarithm of EC50 value
Positron emission tomography

Negative decadic logarithm of H+ concentration
Negative decadic logarithm of IC50 value
Protein-Ligand Interaction Fingerprint
Purine nucleoside phosphorylase
Pyridoxalphosphate-6-azophenyl-2‘-4‘-disulfonic acid
Peroxisome proliferator-activated receptor a
N-(benzyloxycarbonyl)phenoxazine
N-(p-methylphenylsulfonyl)phenoxazine
Quantum Mechanics

Reactive Blue-2

Root Mean Square Deviation

Ribonucleic acid

Reactive oxygen species

Rat (Rattus norvegicus) P2X4

Rat (Rattus norvegicus) P2X7

Retinal pigment epithelial cells

Polymorphism responsible for gain-of-function mutation
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(Y155H) in human P2X7

rs25644 Missense single nucleotide polymorphism responsible for the
$242G mutation in human P2X4

rs3751143 Polymorphism responsible for loss-of-function mutation
(E496A) in human P2X7

rs7958311 Polymorphism responsible for hypo-function mutation (R270H)
in human P2X7

RT Room temperature

SchP2X Schistosoma mansoni P2X receptor

SDH Spinal dorsal horn

SEM Standard error of the mean

SH3 Src homology 3

siRNA Small (or short) interfering RNA

SNP Single nucleotide polymorphism

SP Standard Precision

STAT3 Signal transducer and activator of transcription 3

T Thymine

TCA Tricyclic antidepressant

THDOC Tetrahydrodeoxycorticosterone; 3a,21-dihydroxy-5a-pregnan-
20-one

TLR Toll-like receptors

™ Transmembrane domain

TNFR Tumor necrosis factor receptor

TNFR1 tumor necrosis factor receptor 1

TNFa Tumor necrosis factor alpha

TNP-ATP 2°-3¢-0-(2, 4,6-Trinitrophenyl)adenosine-5°-triphosphate

TRIS Tris(hydroxymethyl)aminomethane

TrkB Tropomyosin receptor kinase B

UDP Uridine 5‘-diphosphate
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UTP
VEGF
WB34
XP
zfP2X4

a,B-MeATP

Uridine 5‘-triphosphate

Vascular endothelial growth factor

Cell line expressing human P2X4 (also named G34)
Extra precision

Zebrafish P2X4 receptor

a,B-Methylene-adenosine 5¢-triphosphate
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AMINO ACID ABBREVIATIONS

Ala (A)
Asn (N)
Asp (D)
Arg (R)
Cys (C)
Glu (E)
Gln (Q)
Gly (G)
His (H)
e (1)
Leu (L)
Lys (K)
Met (M)
Phe (F)
Pro (P)
Ser (S)
Thr (T)
Trp (W)
Tyr (Y)

Val (V)

Alanine
Asparagine
Aspartic acid
Arginine
Cysteine
Glutamic acid
Glutamine
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline

Serine
Threonine
Tryptophan
Tyrosine

Valine
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