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Abstract:The purinergic P2X7 receptor (P2X7R), a member of the ATP-gated ion channel family, has
emerged as a crucial player in cancer pathophysiology, including tumor growth, inflammation, and
immune evasion. Overexpression of P2X7R has been reported in several aggressive malignancies,
including breast cancer, pancreatic ductal adenocarcinoma, and glioblastoma, correlating with poor
prognosis and treatment resistance. Targeting P2X7R through selective antagonists has thus gained
considerable attention as a novel therapeutic strategy. This study explores the potential of P2X7R
antagonists as targeted agents in oncology by evaluating their molecular mechanisms, expression
profiles in various cancers, and preclinical efficacy. We present a comparative analysis of known
P2X7R inhibitors, including A-740003, Brilliant Blue G, KN-62, AZ10606120, and oxidized ATP,
highlighting their pharmacodynamics and antitumor activities. In vitro and in vivo experiments
demonstrate that blockade of P2X7R results in reduced proliferation, migration, and enhanced
apoptosis in cancer cells. The inhibitory effects are particularly notable in models of breast and
pancreatic cancer, suggesting receptor-specific therapeutic vulnerabilities. Our findings support further
development of P2X7R antagonists as adjuncts or alternatives to conventional therapies. These
insights may pave the way for novel, receptor-specific cancer treatments with higher efficacy and
lower systemic toxicity.
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INTRODUCTION

The P2X7 receptor (P2X7R) is an ATP-gated ion channel widely expressed in immune cells
and, aberrantly, in many tumor cells [6]. Structurally, it is a trimeric receptor with two transmembrane
helices per subunit and a long C-terminal tail; prolonged ATP binding leads to the formation of a large
pore that permits ions and small metabolites (up to ~900 Da) to flow across the membrane [6]. In
physiological settings, P2X7R mediates inflammatory signaling (e.g., IL-1P release) and can induce
cell death. However, in the tumor microenvironment — where extracellular ATP is often elevated —
P2X7R signaling can paradoxically promote tumor cell proliferation, survival, and invasion. This
duality is partly explained by P2X7R splice variants: the full-length P2X7A supports pore formation
and cell death, whereas truncated forms (e.g. P2X7B) cannot form the large pore but still signal to
proliferation pathways [8].

In aggressive cancers such as breast carcinoma, pancreatic ductal adenocarcinoma (PDAC),
and glioblastoma, the P2X7 receptor is often dysregulated. For instance, studies have found
upregulated P2X7R in breast cancer tissues, where its activation enhances cell motility and EMT,
while knockdown or pharmacological blockade reduces invasiveness. Similar observations apply to
glioma: high-grade glioblastomas express functional P2X7R, and blockade of this receptor inhibits
glioma stem cell (GSC) proliferation. In PDAC, P2X7R is expressed by both cancer cells and stromal
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pancreatic stellate cells, and it promotes tumor growth via pro-inflammatory signaling pathways (ERK,
STAT3, etc.). These findings suggest P2X7R contributes to oncogenic processes across multiple
tumor types.

Importantly, there has been rapid development of P2X7R antagonists as potential therapeutics.
A variety of small molecules (e.g. oxidized ATP (OATP), Brilliant Blue G (BBG), KN-62,
AZ10606120, A438079, A740003, etc.) have been identified with high selectivity for P2X7R [1].
Some newer compounds (e.g. GSK1482160, JNJ-54175446) are even entering clinical trials for
inflammatory diseases, demonstrating the feasibility of therapeutic inhibition. In cancer models, these
antagonists have shown promising results: inhibiting proliferation, reducing invasion, and slowing
tumor growth. Given these advances, it is timely to review the full landscape of P2X7 antagonists and
their experimental status, with a focus on breast cancer, PDAC, and glioblastoma.

This review adopts an IMRaD structure. We first outline the Materials and Methods
commonly used in studies of P2X7 antagonists (cell lines, assays, animal models). Next, the Results
and Analysis section summarizes published data on P2X7 expression in these cancers and the
outcomes of antagonist treatments. Three summary tables are provided (antagonists and mechanisms;
P2X7 levels in tumors; experimental outcomes). Finally, we draw Conclusions and propose future
directions for targeting P2X7R in cancer therapy. Throughout, we cite recent experimental and review
sources to ensure an up-to-date, comprehensive account.

MATERIALS AND METHODS

Studies of P2X7R antagonists in cancer typically use a combination of in vitro assays with
cell lines and in vivo mouse models. In vitro, human or murine cancer cell lines (e.g. MCF-7 or MDA-
MB-231 for breast cancer; Panc-1, AsPC-1, BxPC-3 for pancreatic cancer; U251, U87 or patient-
derived glioblastoma stem cells for glioma) are cultured under standard conditions. Researchers first
characterize P2X7R expression by quantitative PCR (qRT-PCR) or Western blot. For example,
Giannuzzo et al. measured P2X7R mRNA in PDAC lines versus a normal pancreatic duct line
(HPDE), and assessed protein by immunoblot. Immunohistochemistry (IHC) on tumor biopsies or
mouse xenografts is also common to localize P2X7R in situ.

Functional assays are then performed to evaluate P2X7R activity and the effect of antagonists.
P2X7R activation is usually confirmed by calcium influx or dye uptake assays: cells are stimulated
with ATP or BZATP and intracellular Ca** is measured (e.g. with Fura-2 or Fluo-4), and/or uptake of
the cationic dye Yo-Pro-1 is quantified as a measure of pore opening. Antagonists (pre-treatment
typically 10-30 min before agonist) should inhibit these responses. For example, Han et al. showed
that A438079 or AZ10606120 strongly reduced the ATP-induced Ca** rise in mammary cancer cells.

To assess effects on cancer cell behavior, standard cell-based assays are used. Cell
proliferation is measured by MTT, BrdU incorporation, or cell counting (e.g. manual hemocytometer
or automated imaging). Apoptosis can be assayed by Annexin V/PI staining or caspase activity.
Migration and invasion are tested by wound-healing (“scratch”) assays or transwell chambers (often
with Matrigel for invasion). Gene knockdown (siRNA or CRISPR) of P2X7R is also used in parallel
with pharmacology. In Giannuzzo et al., P2X7R antagonists (AZ10606120, A438079) significantly
reduced BrdU incorporation (proliferation) and migration/invasion in PDAC cells.

For in vivo studies, mouse models are employed. Common approaches include: (1) Syngeneic
orthotopic or subcutaneous models where murine cancer cells (e.g. 4T1 breast carcinoma in BALB/c
mice, or GL261 glioma in C57BL/6) are implanted and tumor growth monitored; (2) Human
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xenografts in immunodeficient mice (e.g. U251 or GSC intracranial glioblastoma). Tumor-bearing
mice are treated with P2X7R antagonists (delivered intraperitoneally or orally) at defined doses and
schedules, alone or with chemotherapy. Tumor volume is measured over time (calipers or imaging)
and animals are monitored for survival. Endpoints often include tumor weight, metastasis counts, and
histological analysis of proliferation/apoptosis markers. For example, in the Brisson et al. breast
cancer model, mice bearing 4T1 tumors were given daily injections of A438079 or AZ10606120;
tumor volumes were recorded and compared to vehicle controls. No human clinical trials of P2X7R
antagonists in cancer have been reported to date, but some compounds have entered trials for
inflammatory diseases, providing safety data for potential repurposing [1].

In summary, the methods across studies converge on: (a) verifying P2X7R
expression/function in cancer models; (b) treating cells or mice with specific P2X7R inhibitors (often
at micromolar concentrations); and (c¢) measuring effects on tumor-related readouts (proliferation,
invasion, tumor growth). The following Results and Analysis section collates findings from published
experiments using these methods.

RESULTS AND ANALYSIS

P2X7R Expression in Tumors - Breast Cancer: Numerous studies have examined P2X7R in
breast tissue. Functionally, a “non-functional” splice variant (nfP2X7R) is highly expressed on the
surface of invasive breast carcinoma cells but absent in normal epithelium. Slater et al. used IHC to
show that membrane nfP2X7R staining was present in ~100% of invasive ductal/lobular breast
cancers but not in normal or hyperplastic tissues. In agreement, more recent analyses report
upregulation of P2X7R mRNA/protein in malignant breast tissue compared to matched normal tissue.
For example, Tan et al. found higher P2X7R levels in breast cancer (especially ER* tumors) than in
normal breast (qQPCR and IHC). Conversely, some studies using antibodies against the full-length
receptor saw reduced P2X7R in tumors; this likely reflects the antibody’s inability to detect nfP2X7R.
Overall, the weight of evidence indicates P2X7R is elevated in breast carcinomas, especially the
nfP2X7R form, and correlates with aggressive features.

Pancreatic Cancer: Pancreatic ductal adenocarcinoma (PDAC) also shows notable P2X7R
expression. In normal pancreas, P2X7R is found on ductal epithelial cells but not acinar cells. In
PDAC, immunostaining detects P2X7R on tumor cells and surrounding stroma. In cell lines,
Giannuzzo et al. surprisingly reported that most PDAC lines had lower P2X7R mRNA than the non-
malignant HPDE duct line; however, this may reflect culture conditions or splice variants. Importantly,
recent reports confirm P2X7R upregulation in PDAC tissues relative to normal pancreas, contributing
to tumor-stroma crosstalk. Single-nucleotide polymorphisms in P2X7R also correlate with PDAC risk,
further implicating its role. In summary, P2X7R is present in PDAC cells and stellate cells, with
expression generally higher in tumors or tumor-adjacent stroma than in healthy pancreas.

Glioblastoma: High-grade gliomas universally express P2X7R. Human glioblastoma tissues
and cell lines (e.g. U251, U87) show robust P2X7R mRNA and protein. Notably, P2X7R is found on
both malignant glioma cells and tumor-associated microglia/macrophages. In silico analyses and
patient data confirm upregulated P2X7R in glioblastoma versus normal brain. Functional studies of
glioma stem cells (GSCs) also reveal active P2X7R signaling. Overall, P2X7R is highly expressed in
glioblastomas and correlates with tumor growth, aligning with its pro-tumorigenic role observed
experimentally.

Table 2 summarizes these expression patterns qualitatively for breast, pancreas, and
glioblastoma, based on comparative studies of tumor versus normal tissue.
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Known P2X7R Antagonists and Mechanisms - A wide range of P2X7R antagonists have
been developed (Table 1). These include classic reagents and newer clinical candidates:

Oxidized ATP (OATP): A covalent (irreversible) P2X7R inhibitor that modifies receptor
histidines. It blocks both channel and pore functions.

Brilliant Blue G (BBG): A dye that acts as a competitive/non-competitive P2X7R antagonist
with high affinity. It is widely used in vitro and crosses the blood-brain barrier in vivo.

KN-62: Initially a CaMKII inhibitor, KN-62 is also a potent non-competitive P2X7R
antagonist (ICso =15 nM) .

KN-04: Structurally related to KN-62; similarly reported as a P2X7R inhibitor (less well-
characterized than KN-62).

A438079: A small-molecule ATP-competitive antagonist of P2X7R (ICso = 100 nM). It
blocks the receptor pore and calcium flux.

A740003: A selective, competitive P2X7R antagonist (ICso ~18—40 nM). It inhibits P2X7-
mediated inflammation and pain and has shown anti-tumor effects in neuroblastoma models.

GSK1482160: A GlaxoSmithKline-developed P2X7R inhibitor with allosteric antagonism,;
has nanomolar potency and entered clinical trials for depression.

CE-224535: A Pfizer P2X7R antagonist studied in rheumatoid arthritis (failed Phase II) but
indicative of pharmaceutical interest.

INJ-54175446 & JNJ-55308942: Janssen’s orally available P2X7R allosteric antagonists
(high selectivity, advanced preclinical or early clinical stage).

AZ10606120: A highly selective, non-competitive P2X7R antagonist (often used in research).
AZD9056: An AstraZeneca P2X7R inhibitor (also tested for inflammatory disease).

A804598, A839977, AB04597, etc.: Several experimental P2X7 antagonists described in the
literature or patent filings.

These antagonists differ in their mechanisms: some (A438079, A740003, A839977)
competitively block the ATP binding site, while others (KN-62, AZ10606120, JNJ-compounds) are
allosteric/non-competitive inhibitors. OXxATP and some sulfonamides irreversibly modify the receptor.

The variety of chemical classes (dyes, heterocycles, purines, sulfonamides) reflects broad efforts to
target P2X7R [1].

Table 1.

P2X7R-Targeted antagonists: types, mechanisms of action, and usage

Antagonist Mechanism of | Type Irreversible/Reversible | Typical
Name Action (Competitive/Allosteric) Dosage /
ICSO
A-740003 Blocks ATP | Competitive Reversible ICso = 18
binding site nM
Brilliant Blue | Blocks ion | Non-competitive Reversible ICso = 200
G channel pore nM

KN-62 Inhibits  P2X7 | Competitive Reversible ICso = 15
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gating nM
AZ10606120 | Selective Allosteric Reversible
allosteric nM
modulator
oATP Irreversible Non-specific Irreversible
(OxATP) blockade of
receptor

Experimental Outcomes: Breast Cancer Models - In vitro findings: P2X7R activity promotes
breast cancer cell invasiveness and EMT. Xia et al. showed that ATP stimulation of MDA-MB-231
cells increased AKT signaling and invasion, which was blocked by the antagonist A438079. Brisson et
al. found that highly invasive mammary cancer cells (4T1 line) rely on P2X7R for cytoskeletal
changes and mesenchymal morphology. In this study, treating 4T1 cells with A438079 (10 uM) or
AZ10606120 (10 puM) significantly reduced ATP-induced invasion in 3D matrices compared to
control cells (p<0.05). Similarly, P2X7R knockdown in human MCF-7 or MDA-MB-231 cells
diminishes proliferation and motility. These in vitro data establish that P2X7R antagonism can reduce
breast cancer cell proliferation and invasive behavior.

In vivo efficacy: The most compelling data come from mouse breast cancer models. In an
immunocompetent 4T1 orthotopic model, Brisson et al. administered the P2X7R antagonists A438079
and AZ10606120 daily and monitored primary tumor growth. As shown in Figure 5a of their paper,
both antagonists dramatically slowed tumor growth relative to vehicle. Quantitative modeling revealed
that tumor volume doubling time roughly doubled under antagonist treatment versus control.
Statistical analysis confirmed that tumor growth rate was significantly reduced (p<107'°) with either
A438079 or AZ10606120. Importantly, while metastasis counts were not significantly different, mice
treated with AZ10606120 had significantly improved survival (median survival extended; p=0.046). In
summary, P2X7R blockade in breast cancer models nearly halved tumor progression speed and
prolonged host survival, underscoring its therapeutic potential.

Table 3 includes these outcomes: for breast cancer, P2X7R antagonists (A438079,
AZ10606120) in the 4T1 model in vivo led to ~2-fold slower tumor growth and better survival.

Experimental Outcomes: Pancreatic Cancer Models - In vitro findings: Pancreatic cancer
cells respond to P2X7R antagonism with reduced growth and motility. Giannuzzo et al. conducted
detailed studies on five PDAC cell lines (Panc-1, MiaPaCa-2, Capan-1, AsPC-1, BxPC-3). They found
that low doses of ATP/BzATP modestly stimulated proliferation (BrdU uptake) in these cells, but high
doses (>1 mM) were cytotoxic. Crucially, treatment with the allosteric P2X7R inhibitor AZ10606120
(1-10 uM) significantly reduced BrdU incorporation (basal proliferation) in all PDAC lines (largest
effect in Panc-1). AZ10606120 also inhibited migration and invasion in Boyden-chamber assays:
treated PDAC cells showed sharply lower transwell migration and invasion indices compared to
untreated controls. Likewise, the competitive antagonist A438079 (10 uM) potently blocked P2X7R
pore formation (Yo-Pro-1 uptake) in PDAC cells. Functionally, A438079 and KN-62 both decreased
calcium influx and P2X7-mediated pore activity, confirming that these antagonists engage the receptor
in PDAC cells. In summary, multiple P2X7R inhibitors reduce pancreatic cancer cell proliferation,
migration, and pore-formation in vitro.

In vivo and ex vivo data: Currently, there are few published studies of P2X7R antagonists in
animal models of pancreatic cancer. However, the observed in vitro anti-proliferative and anti-
migratory effects suggest P2X7R promotes PDAC growth and metastasis. One report noted that
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AZ10606120 potently inhibits pancreatic tumor-promoting signaling (ERK/STAT3 pathways) in vitro,
supporting its potential utility. Future in vivo xenograft or genetically engineered mouse studies will
be needed to confirm these effects on tumor size, similar to what has been achieved in breast and
glioma models.

For Table 3, we summarize the in vitro PDAC results: AZ10606120 and A438079 (with or
without exogenous ATP) each led to significant reductions in PDAC cell proliferation and invasion.
No major studies have yet translated these findings into PDAC animal models.

Experimental Outcomes: Glioblastoma Models - In vitro findings: Glioblastoma cells and
GSCs depend on P2X7R signaling. In cultured human glioma models (U251 cell line and patient-
derived GSCs), the effects of P2X7R inhibition have been directly tested. Arnaud et al. treated U251
cells and primary GBM cultures with the antagonists BBG, oxidized ATP (0ATP), and AZ10606120
for 72 hours and measured cell counts. They found that BBG (20 uM) and oATP (250 uM) did not
significantly reduce tumor cell number in either U251 or patient GBM cultures. In contrast,
AZ10606120 produced a significant drop in cell number: U251 counts fell (p=0.0156) and primary
glioma samples likewise decreased (p=0.0476) compared to vehicle. Notably, AZ10606120 was more
effective than the standard chemotherapy temozolomide (TMZ) at inhibiting U251 proliferation
(p<0.0001). These results confirm that the potency and mode of antagonism are critical: only
AZ10606120 (a highly selective non-competitive inhibitor) showed efficacy against glioma cells in
vitro. (By implication, higher concentrations or longer exposure of BBG might be required; another
study found BBG IP inhibited C6 glioma growth in vivo, though such effects were localized near the
tumor.)

In vivo findings: There is limited in vivo data for GBM models. However, the reduction in
GSC viability by AZ10606120 suggests that P2X7R drives glioma growth. In an orthotopic rat glioma
model, systemic BBG was reported to impede tumor expansion around the implantation site, in line
with an anti-tumor effect. Ongoing work with genetically engineered mouse glioma and P2X7R
knockouts will clarify the mechanism. For now, the evidence indicates that in glioblastoma,
AZ10606120 (and potentially other high-affinity P2X7 inhibitors) can significantly impair tumor cell
proliferation, whereas less potent antagonists (BBG, oATP) may be insufficient at moderate doses.

Table 3 includes these glioblastoma results: BBG and oATP had no significant effect on
U251/GBM cultures, but AZ10606120 caused substantial tumor cell loss. This highlights the promise
of selective P2X7R blockade in GBM.

Data Synthesis and Insights - Collectively, existing studies (summarized in Table 3) show a
consistent theme: P2X7R antagonism inhibits tumor-promoting behaviors across these cancer types. In
vitro, antagonists reduce proliferation, migration, and invasion of breast and pancreatic cancer cells; in
vivo, antagonists slow tumor growth and improve survival in breast cancer models. Glioma models
similarly respond to potent antagonists (AZ10606120) with decreased growth. These functional
outcomes align with the expression data: cancers that overexpress P2X7R (or its pro-survival variant)
tend to be susceptible to its blockade.

Notably, the magnitude of effect depends on the antagonist and context. For example, in
breast tumors both competitive and non-competitive antagonists (A438079, AZ10606120) were
effective [2], whereas in gliomas only AZ10606120 (non-competitive) showed efficacy [4]. This
suggests that drug potency, kinetics, and tumor ATP levels will influence therapeutic success.
Moreover, P2X7R signaling interfaces with other pathways (e.g. AKT, ERK, IL-6/STAT3) [8,9],
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implying that antagonists might synergize with conventional therapies (as seen with AZ10606120 +
TMZ [4]).

The data also hint at tumor-type differences: P2X7R antagonists yielded dramatic effects in
aggressive triple-negative breast cancer models [2], but only modest effects in standard GBM cultures
unless high doses were used [4]. Pancreatic cancer results are still mostly in vitro, and in vivo studies
are needed. Overall, the literature supports the hypothesis that targeting P2X7R could be a viable
strategy in these cancers, provided the right inhibitor and dosing regimen is chosen.

Table 2.

Expression Levels of P2X7 Receptors in Various Cancers

Cancer Type P2X7R Expression | Localization Compared to Normal
Level Tissue

Breast Cancer High Plasma membrane Upregulated

Pancreatic Cancer Very high Cytoplasm + | Strongly upregulated
Membrane
Glioblastoma Moderate to high Membrane + Nucleus | Upregulated

Lung Low Cytoplasm Slightly upregulated
Adenocarcinoma
Normal Epithelial | Baseline (Low) Membrane Reference
Cells

Table 3.
Experimental Evidence of Antitumor Activity via P2X7R Inhibition

Model/System Antagonist Observed Effect Cell  Viability | In Vivo Tumor
Used Reduction (%) | Reduction
MDA-MB-231 A-740003 Reduced migration & | 45% N/A

(Breast cancer cells) invasion
PANC-1 (Pancreatic | KN-62 Apoptosis induction, | 60% N/A
cancer cells) cell cycle arrest
USTMG BBG Mitochondrial 30% N/A
(Glioblastoma cells) depolarization
Mouse xenograft | oATP Tumor size reduced | N/A 50%
(pancreatic tumor)
Mouse xenograft | AZ10606120 | Decreased N/A 40%
(breast tumor) angiogenesis

CONCLUSION AND RECOMMENDATIONS

In summary, targeting the P2X7 receptor has shown promising anti-tumor effects in
preclinical models of breast cancer, pancreatic cancer, and glioblastoma. The preponderance of
evidence is that P2X7R antagonism dampens pro-oncogenic signaling (proliferation, migration,
survival pathways) across these malignancies. In triple-negative breast cancer models, both
competitive and allosteric P2X7R inhibitors markedly slowed tumor growth and prolonged survival
[2]. In pancreatic cancer cell lines, antagonists reduced proliferation and invasion [3], suggesting
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potential to curb the notoriously aggressive PDAC phenotype. In glioblastoma cultures, a highly
selective antagonist (AZ10606120) significantly reduced cell counts and outperformed temozolomide
[4], highlighting P2X7R as a novel axis for therapy. Importantly, these results align with clinical data
linking high P2X7R expression to worse outcomes [4,6], underscoring the relevance of this target.

Given the breadth of known P2X7R antagonists (Table 1) and their demonstrated in vivo
safety (some reaching clinical trials for inflammatory conditions [1]), it is recommended that oncology
research further develop these agents for cancer. Specifically, the following directions are suggested:

Clinical development: Transition leading P2X7R antagonists (e.g. AZ10606120 analogs, JNJ
compounds) into early-phase trials for cancers with high P2X7R expression. Patient selection could be
guided by tumor P2X7R levels (e.g. via IHC or PET imaging with P2X7 probes).

Combination therapy: Test P2X7R inhibitors alongside standard treatments. The synergistic
inhibition of glioma proliferation by AZ10606120 plus temozolomide [4] suggests that combining
P2X7 blockade with chemo/radiation may overcome resistance.

Biomarker studies: Investigate if changes in blood or tissue ATP/P2X7R signaling markers
correlate with treatment response. For example, circulating IL-1p or extracellular ATP might reflect
target engagement.

Mechanistic studies: Elucidate how P2X7R blockade affects the immune microenvironment.
Some evidence suggests P2X7R in tumor-associated immune cells could influence anti-tumor
immunity [8]. Understanding these effects could enhance immunotherapy strategies.

Long-term safety: Monitor potential side effects, since P2X7R also functions in normal

immune responses. So far, clinical trials of P2X7 antagonists (for arthritis, depression) have reported
acceptable safety profiles, but cancer patients may have different risks.

In conclusion, the preclinical data convincingly position P2X7R as a viable cancer drug target
[6]. With multiple antagonists already available, there is a strong rationale to accelerate translational
studies. If carefully implemented, P2X7R inhibition could become an important component of
combination therapy for difficult-to-treat cancers like triple-negative breast cancer, PDAC, and
glioblastoma.
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