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Abstract

The World Health Organisation reports there were 14.1 million new cancer cases and 8.2 million cancer deaths in
2012 demonstrating significant unmet medical needs exist. Modifications to cell death mechanisms that take place
during cancer and the significant proliferative and metastatic potential of cancer cells have focused medical research
onto targets and pathways that are known to control these critical functions. One such target is the P2X; receptor.
P2X; is a purinergic receptor that forms ATP-gated channels ultimately mediating proliferation or cell death,
depending on activation conditions. Recent preclinical studies have investigated the possibility that modulators of
the P2X7 channel may provide innovative cancer therapeutic approaches. The P2X; receptors expressed on cancer
cells are found in a non-functional conformation we define as nfP2X;. The nfP2X; receptor is unable to form the
large pore conformation of the channel that is associated with driving cell death. In the present study we utilise
antibodies that are specific to the nfP2X; form of P2X7 to confirm the expression of nfP2X; receptor in a panel of
human cancer tissues. We demonstrate that the nfP2X; is expressed ubiquitously on the surface of cancer cells and
thus has potential to provide a novel and broad therapeutic cancer target.

Keywords: Cancer; P2X7; Tumor search for a genuine target specific for cancer cells is, therefore, vitally
important, whether it is confined to a single tissue sub-indication or is
Introduction present on a wide variety of cancer types. Specificity for the target is

paramount, both for avoiding unwanted side effects and for
Cancer in humans constitutes a set of about a hundred different  minimising the required therapeutic dose that is otherwise lost
diseases characterised by the uncontrolled growth of the affected cells  through unwanted binding to normal (non-target) tissue.

often combined with the ability to spread, through metastasis, to
distant sites. In examining this set of common characteristics, one is ; e )
struck by the possibility that the inability of the affected cells to die at 3" mvestlgatlon was made 9f events centl:al t.O the failure Of_ cancer
their allotted time may suggest that a common factor or master cells to die on schedule via normal activation of apoptosis. One
mechanism is present. The search for one or more elusive magic pote.ntlaI. common target ) receptqr, PZX% 1 involved both in
bullets as proposed by the Nobel Laureate Paul Ehrlich and others over proliferation and in apoptosis. P2X; is a purinergic receptor that forms
a century ago [1] was always predicated on the hope of identifyinga 20 ATP-gf\tefi catl(?n—selectlve channel mediating cell death in
common target or pathway. Such a discovery would enable the haematopoietic and immune cells such as thymocytes [3], dendritic
apparent innate complexity in cancer to be greatly simplified. The Fells [4], lymphocytes [5,6], macrophages [7] and monoq_ftes [8_]' PZ_X7
current consensus view is that widely observed cancer cell population 13 also expressed on other cell types such as those possessing epithelial,
heterogeneity makes the targeting either of individual mutations on mesenchymal and neural lineages [9-12]. These receptors have two

cells or single signalling pathways too limited for such approaches to tran_srinembrane. domains separ.ating an_ extracellular domain that
be fully curative. exhibits extensive homology with other P2X subtypes. P2X; has a

short N-terminal intracellular segment and, unlike other P2X

The current complexity is best illustrated by a recent report [2] in  subtypes, a long intracellular C-terminal domain [13] that confers
which the authors highlighted the prodigious effort expended on  pore-forming properties on the homotrimeric, assembled channel in
developing and testing treatments for the multitude of different the plasma membrane [14]. Prolonged exposure of the assembled

human cancers for which there remains an enormous unmet need. A channel to ATP results in additional pore dilation [15]. A rapid influx
total of 981 were either in clinical trial or under review by the US FDA.  of calcium ensues, activating various proteases, such as caspases [16],

Of the 84 actively sought cancer targets in current development, the leading to apoptosis or programmed cell death [17].

top 8 are the focus of about 235 of the drugs that are now in advanced ) o

clinical development. These include VEGER, PI3K, HER2, EGFR,  Over 80% of human tumours arise from epithelial cells, most
PDGFR, c-Kit, cMet and mTor. Targeting of up-regulated receptors or fre.quently at mucosal surfaces. Earl)f studies p.rovidec.l prelliminary
pathway components present on normal cells is sub-optimal given the evidence that the onset of cancer in these tissues is universally

propensity for such procedures to generate unwanted side effects. The accompanied by P2X; receptor expression [9-12]. Importantly, these
cancer cell-expressed receptors are deployed in a non-functional

It should not be surprising that in searching for a common target,
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conformation [18], rendering them unable to form apoptotic pores
either through an inability to bind ATP to each of the separate sites on
the receptor or due to the inability of all three monomers to pack
appropriately in the cell membrane [19]. They are therefore unable to
initiate apoptosis, preventing cells expressing this receptor from
undergoing programmed cell death. However, while unable to form an
apoptotic pore, the deployed receptors on cancer cells, referred to as
nfP2X;, maintain residual calcium signalling activity as a result of one
of the ATP binding sites maintaining integrity [20]. Thus, not only is
nfP2X; expressed in increasing amounts in a failed attempt to clear the
aberrant cell, but the effect of an unwanted residual non-selective
Ca?*, Na* and K* channel on the plasma membrane of these cells
serves to eventually provide them with their undesirable metastatic
potential [20]. Residual channel activity leads to morphological
changes including membrane blebbing [17], a general rounding up of
the cell [21] and the shedding of various anchorage or adhesion
proteins otherwise capable of holding the cell within the primary
tissue. These include L-selectin, matrix metalloproteinase [15] and
cathepsins [22-24]. The most metastatic cells, those with the highest
invasion potential, appear to express more of the aberrant nfP2X; on
their surfaces.

The inability to undergo apoptotic pore formation once the
receptors are up-regulated on the target cell surfaces could result from
rare splice isoforms or single nucleotide polymorphisms [25].
Alternatively, one of the monomers in the assembled trimer may be
improperly packed due to problems with one or more of the eleven
intracellular accessory binding proteins. Irrespective of the causes, two
of the three ATP binding sites on the assembled receptor, formed only
through correct packing of the monomers at the intermonomer
interface, are exposed. This leaves just one site that is assembled and
functioning correctly to provide the measured residual channel
activity. The loss of the remaining two ATP sites through faulty
packing of one of the monomers prevents the binding of all three ATP
molecules required to activate pore formation. This provides a
selective target on nfP2X; that is unavailable on P2X; [19,26-28].
Selective targeting of an otherwise hidden epitope allows for exquisite
discrimination betweennormal cells and those expressing non-
functional receptors.

Here we initially catalogue the expression of nfP2X; receptor in a
panel of human cancer tissues and show this receptor is expressed
ubiquitously on the surface of cancer cells and thus has potential as an
entirely novel and broad therapeutic target.

Methods

Specimens

Tissues were obtained in large microarrays from Oncotest GmbH
(Freiburg) and the laboratories of contributing authors.

Tissue and cell labelling

Tissue sections (5 pm) were de-waxed and heat treated at 97°C for
50 minutes in Universal Decloaker solution (Biocare Medical), rinsed
in TBS Auto wash buffer (Biocare Medical) and mounted in a
Sequenza slide stainer (Thermo Electron Corp.). Sections were labelled
with the GMP-produced primary mouse monoclonal antibody of type
IgG2ah designated BPM09.1-002 [29] at a concentration of 500 ng/mL
in Da Vinci Green Antibody Diluent (Biocare Medical) for 1h at room
temp and rinsed twice in TBS Auto wash buffer. Slides were then

treated with the Mach 4 universal detection system (Biocare Medical)
consisting of 15 min in Mouse Probe followed by a rinse in TBS, then
25 min in HRP Polymer followed by two rinses in TBS. Slides were
incubated with DAB (Biocare Medical) for 5 minutes, rinsed for 10
min in TBS and counterstained by a brief dip in Meyer's Hematoxylin,
Lillie’s Modification (Dako, Carpintera, CA), rinsed for 5 min in TBS,
briefly rinsed in water, air dried and mounted in Entellan mounting
medium (Merck). Slides were photographed using a QImaging
Micropublisher 5.0 RTV camera mounted on an Olympus BX41
microscope using 20x objective. Slides were stored in a slide cabinet.
All normal control sections were negative for nfP2X;.

Results

Target receptor distribution was investigated through examining a
wide selection of cancer tissue types. Within several of the major
indications, a large number of individual cases were examined to
establish how ubiquitous the marker appears to be in the general
population. In excess of 100 different cases of prostate, skin and breast
cancers were examined. Figure 1 shows representative examples from
normal prostate (Figure la), normal breast (Figure 1c) and normal
skin (Figure le) versus corresponding examples of cancer tissue
including prostate cancer (Figure 1b), breast cancer (Figure 1d) and
melanoma (Figure 1f) all stained with a monoclonal antibody specific
for nfP2X; and adapted for use in paraffin-embedded fixed tissue
samples most easily accessible in tissue banks. Similarly, cancer cell
lines derived from these tissues were found to express nfP2X,.
Examples shown include prostate PC3 cells (Figure 1g) and breast
MCF7 (Figure 1h).

As described [9-11], in the most advanced stages of the cancer, the
nfP2X; receptors tend to be found on the plasma membrane with
correspondingly little residual cytoplasmic receptor. In contrast, lower
grade tumours exhibit a preponderance of cells in which a large
proportion of the receptors remain intracellular. Such a progressive
transport of non-functioning apoptotic receptors to the plasma
membrane as disease progresses predicts that cancer cell lines should
exhibit nfP2X; receptors on the plasma membrane rather than being
largely intracellular. Figures 1g and lh confirm that the receptors
appear in their terminal deployment on the plasma membrane. These
cells were non-permeabilised so only the epitope located in the
extracellular domain of the receptor on the plasma membrane was
labelled. The confocal images show that no stain penetrated the plasma
membrane.

Several other epithelial cell cancers are shown in Figure 2. They
include bowel adenocarcinoma (Figure 2a), ovarian serous tumour
(Figure 2b), cervical cancer (Figure 2c), endometrial carcinoma of the
uterus (Figure 2d), small cell lung cancer (Figure 2e), hepatocellular
carcinoma (Figure 2f), transitional cell carcinoma of the bladder
(Figure 2g) and Barrett’s mucosa with adenocarcinoma (Figure 2h).
These tissues were sampled in large numbers (n=20-100). All epithelial
cancer samples examined express nfP2X;.

Various breast cancer pathologies, including both invasive and in
situ lobular and ductal carcinomas were also examined for nfP2X;. All
types expressed non-functional receptors. In contrast, normal breast
epithelial tissue and numerous other normal tissues such as bowel,
bladder, ovarian, uterine, cervical, stomach and lung were found to be
devoid of nfP2X;. However, areas of apparently morphologically
normal tissue surrounding tumours in prostate also expressed the
receptors. This is in line with earlier reports of the field-effect in which
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tumour cells secrete growth factors that permeate surrounding normal
epithelium in connected ducts thereby alerting these cells to the
presence of an adjacent developing tumour. Initially, these cells begin
deploying receptor in an entirely intracellular location but eventually
they are deployed on the plasma membrane as well as on the basement
membrane prior to stromal invasion. While all cancer tissues
examined expressed nfP2X;, no normal epithelial tissue displayed
plasma membrane nfP2X; [11].

g h

Figure 1: Sections of: (a) normal prostate; (b) prostate cancer; (c)
normal breast; (d) invasive breast cancer; (e) normal skin; and (f)
melanoma stained with monoclonal anti-non-functional P2X7
antibody. Panels (g) prostate PC3 cancer cell and (h) breast MCF7
cancer cell stained with the antibody visualised with cyanine 3
labelled secondary antibody. Field widths 0.5 mm (a-f) and 15 um
(gh).

Figure 2: Sections of: (a) adenocarcinoma of the bowel; (b) serous
ovarian cancer; (c) squamous cell cancer of the cervix; (d)
endometrial cancer; (e) small cell lung cancer; (f) hepatocellular
carcinoma; (g) transitional cell carcinoma of the bladder; and (h)
Barrett’s mucosa with adenocarcinoma stained with monoclonal
anti-nfP2X; antibody. Field widths 0.5 mm.

Human cancers of non-epithelial cell origin were also found to
express the nfP2X; receptors. Figure 3 shows examples of
mesenchymal cancers gastrointestinal stromal tumour (Figure 3a) and
endometrial stromal tumour (Figure 3b). Equally, other tumours
derived from this cell origin such as Ewing’s sarcoma express the
receptors as do brain tumours such as oligodendrogliomas,
glioblastomas and astrocytomas. An example of a rare pituitary
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carcinoma is shown in Figure 3c. Mesothelioma, a cancer derived from
pleural cells, is shown in Figure 3d and a trophoblastic tumour of
placental origin is shown in Figure 3e. Solid tumours derived from
blood cells such as mantle cell lymphomas also express the receptors.
Examples shown include thyroid papillary (Figure 3f) and Hodgkin’s
lymphoma (Figure 3g).

Figure 4: Sections of: (a) colon adenocarcinoma; (b) head and neck
cancer; (c) testicular; (d) pancreatic; (e) gastric; (f) sarcoma
showing consistent stain on the plasma membrane for nfP2X;
receptors. Field widths 0.5 mm.

Figure 5: Sections of: (a) non small cell lung adenocarcinoma; (b)
non small cell lung epidermoid; (c) large cell lung cancer; (d) small
Figure 3: Sections of: (a) gastrointestinal stromal tumour; (b) cell lung cancer (d) showing consistent stain on the plasma

endometrial stromal tumour; (c) pituitary cancer; (d) membrane for nfP2X; receptors. Field widths 0.5 mm.
mesothelioma; (e) choriocarcinoma; (f) Hodgkin’s lymphoma; (g)

thyroid papillary; and (h) mouse B16/F10 melanoma stained with
monoclonal anti-nfP2X; antibody. Field widths 0.5 mm (a-g) and The deployment of nfP2X; receptor on the plasma membrane in
0.12 mm (h). immortal cell lines indicates the strong potential for a causal role for
nfP2X; in cancer whereby an apoptotic pathway activated by the cell
fails because the receptor channel cannot function as a pore. Figure 4
shows examples of tumours from a tissue microarray stained under
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identical conditions in which surface membrane receptor staining is
evident on all types whether colon adenocarcinoma (Figure 4a), head
and neck (Figure 4b), testicular (Figure 4c), pancreatic (Figure 4d),
gastric (Figure 4e) or sarcoma (Figure 4f). The overall stain intensity
and membranous pattern is clear regardless of cell size or type
indicating similar receptor density on the surface of these and other
cancer types. In Figure 5, four different subtypes of lung cancer are
shown. Non small cell adenocarcinoma (Figure 5a), non small cell
epidermoid (Figure 5b), large cell (Figure 5¢) or small cell (Figure 5d)
all show the average surface staining intensity is similar. The
consistent strong membranous distribution indicates advanced
cancers continue to deploy more nfP2X; potentially in a failed attempt
to activate apoptosis.

Discussion

The appearance of a novel and ubiquitous nfP2Xj; receptor at the
onset of human cancers of apparently all types indicates that the
antibody probe can be used as an important adjunct to current
diagnoses of cancer. There are indications that the receptor expression
varies with tumour grade, at least in prostate cancer [11], providing
the potential to differentiate between latent and aggressive forms of
cancer. Certainly, very slow growing low grade prostate cancers exhibit
a pattern of receptor expression that is almost entirely intracellular,
while cases of invasive prostate cancer exhibit more plasma membrane
and basal cell labelling together with a significantly elevated receptor
density [29].

The monoclonal antibody to nfP2X; receptor is highly specific and
does not bind on the surface of cells expressing only normal P2X;
receptor. This specific pan-cancer diagnostic target may also have
utility as a pan-cancer therapeutic target.
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