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P2X7: a receptor with a split personality that raises new hopes
for anti-cancer therapy
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In a recent paper, Valerie Vouret-Craviari and coworkers show
that controlled activation of the P2X7 receptor (P2X7R) inhibits
growth of non-small cell lung cancer (NSCLC), promotes tumor
regression in association with anti-PD-1 antibodies, and confers
long-lasting CD8+ lymphocyte-mediated immunity [1]. The
pathophysiological function of the P2X7 receptor (P2X7R) is
still a puzzle 25 years after its cloning [2] and even longer since
its role in immunity and cancer was first postulated [3] [4] [5].
For almost 3 decades, investigators’ attention focused on the
peculiar property of this receptor to trigger cytotoxicity, by ne-
crosis, apoptosis, or pyroptosis, depending on the given cell type
and the experimental conditions [6]. The (apparently) unavoid-
able association between P2X7R gating and cell death depends
on the peculiar ability of this receptor to open a non-selective

plasma membrane pathway (the so-called macropore, whether
intrinsic to the receptor or simply activated by the receptor is not
clear), allowing uncontrolled fluxes of aqueous solutes across
the plasma membrane [7]. However, it was clear from the very
beginning of the P2X7R saga that there was more to this recep-
tor than just “cytotoxicity” since anecdotal evidence suggested
that its controlled activation (i.e., under conditions that do not
trigger opening of the large conductance pore), far from causing
cell death was, on the contrary, “beneficial” and associated with
cytokine release [8], transcription factor stimulation [9], or even
proliferation [10]. Due to the consolidated finding that cancer
cells express high P2X7R levels [11], it was proposed that
targeting this receptor with suitable selective blockers could be
a viable approach for cancer therapy [12].

Tumors can evade the immune response by exploiting in-
hibitory immune check-points, such as the programmed cell
death-1 (PD-1)/programmed cell death ligand-1 (PD-L1) path-
way [13]. The introduction of immune check-point blockers in
cancer therapy has raised high hopes. However, these innova-
tive therapies are effective only in a small percentage of cases,
and even responsive patients often relapse after a few months
[13]. Thus, additional alternative approaches are urgently need-
ed. The P2X7R has enjoyed wide interest as a potential new
target for different and somehow opposite reasons. On one side,
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it has been proposed that its growth-promoting activity could be
exploited, and thus that we could take advantage of the multiple
and well-known highly selective P2X7R inhibitors developed
by pharma industry [14]. On the other, it was suggested that
P2X7R cytotoxic activity to kill tumors could be exploited,
presumably sparing healthy cells, thanks to their lower level
of P2X7R expression [15]. Overall, small molecule P2X7R
blockers have proven to be effective as in vivo anti-cancer
drugs [16], but results were not always very impressive, thus
generating the general feeling that there should be better and
more efficient ways to take advantage of the P2X7R for cancer
therapy. Previous studies showed that, besides tumor cell-
expressed P2X7R, immune cell-expressed P2X7R is also very
important in anti-tumor response [17]. Thus, in principle, it
should be possible to potentiate the anti-tumor immune re-
sponse via P2X7R stimulation. But, how?

The P2X7R of immune cells is needed for several immune-
related responses, such as chemotaxis, cytokine release, and
antigen presentation [18]. Thus, an issue was raised on the use
of P2X7R blockers as anti-cancer agents, which on one hand
might no doubt inhibit tumor growth but on the other might
also impair the anti-cancer immune response. This concern
seems to be ruled out by the recent demonstration by De
Marchi et al. that pharmacological manipulation of the
P2X7R may substantially change immune cell tumor infiltra-
tion to the host’s advantage, as administration of a P2X7R
blocker to wild-type mice promoted an increase in CD4+ ef-
fector cells, but left unaltered the number of CD8+ and Treg
cells [19]. Now, the key burning current question is whether it
is possible to combine P2X7R-targeting with procedures that
take advantage of the unique purinergic signature of the tumor
microenvironment (TME), i.e., the unusually high extracellu-
lar ATP (eATP) concentration.

The finding that eATP is an abundant constituent of the TME
[20] is perhaps one of the most important recent discoveries in
cancer biology, as it identified a highly selective biochemical
marker of the TME, only shared by highly inflamed tissues. The
demonstration of the therapeutic opportunities afforded by this
finding is provided by the recent development of therapeutic
antibodies that promote a striking activation of the immune sys-
tem only in the TME, thus causing an efficient anti-cancer re-
sponse in the absence of unwanted extra-tumor side effects [21]
[22]. The trick to achieving tumor selectivity was to engineer an
antibody that binds the cognate target (the CD137 receptor of
NK cells) only in the presence of near-millimolar eATP concen-
trations. Valerie Vouret-Craviari and her coworkers in their re-
cent paper took a further step forward by exploiting eATP in the
TME together with P2X7R pharmacology [1].

One of the distinct pharmacological features of the P2X7R is
its absolute ATP selectivity: this receptor is very faithful, since
no physiological ligands beside eATP are known [23].
However, several positive allosteric modulators, i.e., molecules
that activate the P2X7R only in the presence of eATP,

presumably acting at sites different from the nucleotide-
binding site, have been identified over the years [24] [25].
Thus, Vouret-Craviari and coworkers had the clever idea of
verifying whether a novel P2X7R-positive allosteric modulator
(HEI3090) might trigger a controlled activation of the P2X7R in
the high eATP TME and thus achieve tumor elimination [1]. To
set up a more thorough anti-cancer strategy, these authors com-
bined HEI3090 treatment with αPD-1 immune check-point an-
tibodies. Results were striking: 80% of mice (13 out of 16)
inoculated with Lewis lung carcinoma (LLC), followed by the
combined treatment (HEI3090 plusαPD-1), were tumor-free 20
days after tumor inoculation. On the contrary, only 6% (1 out of
16) was free of tumor in the cohort inoculated with αPD-1
alone. Even more strikingly, only the combined treatment
allowed long-lasting survival (340 d). The combined treatment
was also effective in reducing growth of B16-F10 melanomas
and KRAS-driven lung cancer.

As pointed out above, both immune and cancer cells express
the P2X7R at high levels; thus, the anti-cancer effect of
HEI3090 might be due to activation of immune cell P2X7R
(thus promoting release of immunostimulatory cytokines) or
cancer cell P2X7R (thus triggering a cytotoxic response).
However, experiments performed in p2rx7−/−mice clearly ruled
out an effect mediated by tumor-expressed P2X7R, since LLC
tumor growth was unaffected by HEI3090 treatment. Thus, the
relevant target of HEI3090 stimulation was immune cell
P2X7R. The authors went further in dissecting the underlying
mechanism by showing that controlled stimulation of dendritic
cell P2X7R triggered the release of IL-18 (but curiously not of
IL-1β) that in turn stimulated anti-tumor activity of NK and
CD4+ lymphocytes. Importantly, the combined HEI3090 and
αPD-1 treatment conferred a long-term anti-tumor memory im-
mune response that protected from rechallenge with a subse-
quent inoculum with LLC cells. Finally, analysis of data from
patients affected by NSCLC showed that high levels of P2RX7
expression correlated with a high immune response.

The P2X7R is a dual-function ion channel that allows trans-
membrane fluxes of mono- and di-valent cations, as well as the
unrestricted passage of aqueous solutes of molecular mass up to
900 Da [7]. While small cation flux is in principle associated
with the activation of trophic functions, unrestricted passage of
larger solutes dramatically upsets intracellular ion balance and
initiates a death (necrosis, apoptosis, or pyroptosis) pathway.
Indirect evidence suggests that the P2X7R might undergo a
“controlled” activation, leading to opening of the ion channel,
but not of the large conductance pore, but until the report of
Vouret-Craviari and coworkers [1], there was no in vivo evi-
dence that pharmacological treatment could achieve this goal.
Some hints of controlled P2X7R activation come from the dis-
covery of P2X7R-positive allosteric modulators [24] [25].
Several compounds, whether natural or synthesized, synergize
with eATP at the P2X7R in vitro. Many of these are drugs
already approved by regulatory agencies for the treatment of
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various diseases. Administration of P2X7R-positive allosteric
modulators might allow safe P2X7R gating only in those ana-
tomical sites where eATP is elevated, e.g., at sites of cancer or
strong inflammation, but not in healthy tissues.

Besides these exciting data providing the proof that the
P2X7R may undergo controlled activation in vivo, the study
byVouret-Craviari and coworkers raises an intriguing question:
why is the tumor itself not sensitive to the potentially cytotoxic
effect due to P2X7R activation? At least two educated guesses
are possible: (a) synergistic activation per se is not sufficient to
cause an uncontrolled opening of the “macropore” and thus
trigger cell death, and (b) cancer cell expresses a “non-function-
al” P2X7R.Whichever the case, these experiments suggest that
it is possible to selectively stimulate the P2X7R of immune
cells to potentiate the anti-tumor immune response in the ab-
sence of contextual stimulation of cancer P2X7R and of un-
wanted extra-tumor side effects.

Compliance with ethical standards

Conflicts of interest FDV is a member of the Scientific Advisory Board
of Biosceptre Ltd, a Biotech Company involved in the development of
P2X7-targeting antibodies.

Alba Clara Sarti declares that she has no conflict of interest.
Valentina Vultaggio-Poma declares that she has no conflict of interest.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Douguet L, Janho dit Hreich S, Benzaquen J, Seguin L, Juhel T,
Dezitter X, Duranton C, Ryffel B, Kanellopoulos J, Delarasse C,
Renault N, Furman C, Homerin G, Féral C, Cherfils-Vicini J,Millet
R, Adriouch S, Ghinet A, Hofman P, Vouret-Craviari V (2021) A
small-molecule P2RX7 activator promotes anti-tumor immune re-
sponses and sensitizes lung tumor to immunotherapy. Nat Commun
12(1):653. https://doi.org/10.1038/s41467-021-20912-2

2. Surprenant A, Rassendren F, Kawashima E, North RA, Buell G
(1996) The cytolytic P2Z receptor for extracellular ATP identified
as a P2X receptor (P2X7). Science 272(5262):735–738. https://doi.
org/10.1126/science.272.5262.735

3. Di Virgilio F, Bronte V, Collavo D, Zanovello P (1989) Responses
of mouse lymphocytes to extracellular adenosine 5'-triphosphate

(ATP). Lymphocytes with cytotoxic activity are resistant to the
permeabilizing effects of ATP. J Immunol 143(6):1955–1960

4. Wiley JS, Dubyak GR (1989) Extracellular adenosine triphosphate
increases cation permeability of chronic lymphocytic leukemic
lymphocytes. Blood 73(5):1316–1323

5. Spranzi E, Djeu JY, Hoffman SL, Epling-Burnette PK, Blanchard
DK (1993) Lysis of human monocytic leukemia cells by extracel-
lular adenosine triphosphate: mechanism and characterization of the
adenosine triphosphate receptor. Blood 82(5):1578–1585

6. Orioli E, De Marchi E, Giuliani AL, Adinolfi E (2017) P2X7 re-
ceptor orchestrates multiple signalling pathways triggering inflam-
mation, autophagy and metabolic/trophic responses. Curr Med
Chem 24(21 ) :2261–2275 . h t t p s : / / do i . o rg /10 .2174 /
0929867324666170303161659

7. Di Virgilio F, Schmalzing G, Markwardt F (2018) The elusive
P2X7 macropore. Trends Cell Biol 28(5):392–404. https://doi.org/
10.1016/j.tcb.2018.01.005

8. Solini A, Chiozzi P, Morelli A, Fellin R, Di Virgilio F (1999)
Human primary fibroblasts in vitro express a purinergic P2X7 re-
ceptor coupled to ion fluxes, microvesicle formation and IL-6 re-
lease. J Cell Sci 112(Pt 3):297–305

9. Ferrari D, Wesselborg S, Bauer MK, Schulze-Osthoff K (1997)
Extracellular ATP activates transcription factor NF-kappaB
through the P2Z purinoreceptor by selectively targeting NF-
kappaB p65. J Cell Biol 139(7):1635–1643. https://doi.org/10.
1083/jcb.139.7.1635

10. Baricordi OR, Ferrari D, Melchiorri L, Chiozzi P, Hanau S, Chiari
E, Rubini M, Di Virgilio F (1996) An ATP-activated channel is
involved in mitogenic stimulation of human T lymphocytes.
Blood 87(2):682–690

11. Di Virgilio F (2021) P2X7 is a cytotoxic receptor....maybe not:
implications for cancer. Purinergic Signal 17(1):55–61. https://doi.
org/10.1007/s11302-020-09735-w

12. Adinolfi E, Raffaghello L, Giuliani AL, Cavazzini L, Capece M,
Chiozzi P, Bianchi G, Kroemer G, Pistoia V, Di Virgilio F (2012)
Expression of P2X7 receptor increases in vivo tumor growth.
Cancer Res 72(12):2957–2969. https://doi.org/10.1158/0008-
5472.CAN-11-1947

13. Salas-Benito D, Pérez-Gracia JL, Ponz-Sarvisé M, Rodriguez-Ruiz
ME, Martínez-Forero I, Castañón E, López-Picazo JM, Sanmamed
MF, Melero I (2021) Paradigms on immunotherapy combinations
with chemotherapy. Cancer Discov. https://doi.org/10.1158/2159-
8290.CD-20-1312

14. Gelin CF, Bhattacharia A, Letavic MA (2020) P2X7 receptor an-
tagonists for the treatment of systemic inflammatory disorders. Prog
Med Chem 59:63–99. https://doi.org/10.1016/bs.pmch.2019.11.
002

15. Shabbir M, Thompson C, Jarmulowiczc M, Mikhailidis D,
Burnstock G (2008) Effect of extracellular ATP on the growth of
hormone-refractory prostate cancer in vivo. BJU Int 102(1):108–
112. https://doi.org/10.1111/j.1464-410X.2008.07578.x

16. Lara R, Adinolfi E, Harwood CA, Philpott M, Barden JA, Di
Virgilio F, McNulty S (2020) P2X7 in cancer: from molecular
mechanisms to therapeutics. Front Pharmacol 11:793. https://doi.
org/10.3389/fphar.2020.00793

17. Adinolfi E, Capece M, Franceschini A, Falzoni S, Giuliani AL,
Rotondo A, Sarti AC, Bonora M, Syberg S, Corigliano D, Pinton
P, Jorgensen NR, Abelli L, Emionite L, Raffaghello L, Pistoia V, Di
Virgilio F (2015) Accelerated tumor progression in mice lacking
the ATP receptor P2X7. Cancer Res 75(4):635–644. https://doi.org/
10.1158/0008-5472.CAN-14-1259

18. Di Virgilio F, Dal Ben D, Sarti AC, Giuliani AL, Falzoni S (2017)
The P2X7 receptor in infection and inflammation. Immunity 47(1):
15–31. https://doi.org/10.1016/j.immuni.2017.06.020

19. DeMarchi E, Orioli E, Pegoraro A, Sangalletti S, Portararo P, Curti
A, Colombo MP, Di Virgilio F, Adinolfi E (2019) The P2X7

177Purinergic Signalling (2021) 17:175–178

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41467-021-20912-2
https://doi.org/10.1126/science.272.5262.735
https://doi.org/10.1126/science.272.5262.735
https://doi.org/10.2174/0929867324666170303161659
https://doi.org/10.2174/0929867324666170303161659
https://doi.org/10.1016/j.tcb.2018.01.005
https://doi.org/10.1016/j.tcb.2018.01.005
https://doi.org/10.1083/jcb.139.7.1635
https://doi.org/10.1083/jcb.139.7.1635
https://doi.org/10.1007/s11302-020-09735-w
https://doi.org/10.1007/s11302-020-09735-w
https://doi.org/10.1158/0008-5472.CAN-11-1947
https://doi.org/10.1158/0008-5472.CAN-11-1947
https://doi.org/10.1158/2159CD-1312
https://doi.org/10.1158/2159CD-1312
https://doi.org/10.2174/0929867324666170303161659
https://doi.org/10.2174/0929867324666170303161659
https://doi.org/10.1111/j.1464-410X.2008.07578.x
https://doi.org/10.3389/fphar.2020.00793
https://doi.org/10.3389/fphar.2020.00793
https://doi.org/10.1158/0008-5472.CAN-14-1259
https://doi.org/10.1158/0008-5472.CAN-14-1259
https://doi.org/10.1016/j.immuni.2017.06.020


receptor modulates immune cells infiltration, ectonucleotidases ex-
pression and extracellular ATP levels in the tumor microenviron-
ment. Oncogene 38(19):3636–3650. https://doi.org/10.1038/
s41388-019-0684-y

20. Pellegatti P, Raffaghello L, Bianchi G, Piccardi F, Pistoia V, Di
Virgilio F (2008) Increased level of extracellular ATP at tumor
sites: in vivo imaging with plasma membrane luciferase. PLoS
One 3(7):e2599. https://doi.org/10.1371/journal.pone.0002599

21. Kamata-Sakurai M, Narita Y, Hori Y, Nemoto T, Uchikawa R,
Honda M, Hironiwa N, Taniguchi K, Shida-Kawazoe M, Metsugi
S, Miyazaki T,Wada NA, Ohte Y, Shimizu S, Mikami H, Tachibana
T, OnoN,Adachi K, Sakiyama T,Matsushita T, Kadono S, Komatsu
SI, Sakamoto A, Horikawa S, Hirako A, Hamada K, Naoi S, Savory
N, Satoh Y, Sato M, Noguchi Y, Shinozuka J, Kuroi H, Ito A,
Wakabayashi T, Kamimura M, Isomura F, Tomii Y, Sawada N,
Kato A, Ueda O, Nakanishi Y, Endo M, Jishage KI, Kawabe Y,
Kitazawa T, Igawa T (2020) Antibody to CD137 activated by extra-
cellular adenosine triphosphate is tumor selective and broadly effec-
tive in vivo without systemic immune activation. Cancer Discov 11:
158–175. https://doi.org/10.1158/2159-8290.CD-20-0328

22. Mimoto F, Tatsumi K, Shimizu S, Kadono S, Haraya K, Nagayasu
M, Suzuki Y, Fujii E, Kamimura M, Hayasaka A, Kawauchi H,
Ohara K, Matsushita M, Baba T, Susumu H, Sakashita T, Muraoka

T, Aso K, Katada H, Tanaka E, Nakagawa K, Hasegawa M, Ayabe
M, Yamamoto T, Tanba S, Ishiguro T, Kamikawa T, Nambu T,
Kibayashi T, AzumaY, Tomii Y, Kato A, Ozeki K,Murao N, Endo
M,Kikuta J, Kamata-Sakurai M, IshiiM, Hattori K, Igawa T (2020)
Exploitation of elevated extracellular ATP to specifically direct
antibody to tumor microenvironment. Cell Rep 33(12):108542.
https://doi.org/10.1016/j.celrep.2020.108542

23. Illes P, Müller CE, Jacobson KA, Grutter T, Nicke A, Fountain SJ,
Kennedy C, Schmalzing G, Jarvis MF, Stojilkovic SS, King BF, Di
Virgilio F (2021) Update of P2X receptor properties and their phar-
macology: IUPHAR Review 30. Br J Pharmacol 178(3):489–514.
https://doi.org/10.1111/bph.15299

24. Di Virgilio F, Giuliani AL, Vultaggio-Poma V, Falzoni S, Sarti AC
(2018) Non-nucleotide agonists triggering P2X7 receptor activation
and pore formation. Front Pharmacol 9:39. https://doi.org/10.3389/
fphar.2018.00039

25. Stokes L, Bidula S, Bibič L, Allum E (2020) To inhibit or enhance?
Is there a benefit to positive allosteric modulation of P2X receptors?
Front Pharmacol 11:627. https://doi.org/10.3389/fphar.2020.00627

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

178 Purinergic Signalling (2021) 17:175–178

https://doi.org/10.1038/s41388-019-0684-y
https://doi.org/10.1038/s41388-019-0684-y
https://doi.org/10.1371/journal.pone.0002599
https://doi.org/10.1158/2159-8290.CD-20-0328
https://doi.org/10.1016/j.celrep.2020.108542
https://doi.org/10.1111/bph.15299
https://doi.org/10.3389/fphar.2018.00039
https://doi.org/10.3389/fphar.2018.00039
https://doi.org/10.3389/fphar.2020.00627

	P2X7: a receptor with a split personality that raises new hopes for anti-cancer therapy
	References


