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Ticagrelor breaks up the
tumor-platelet party

Annachiara Mitrugno and Owen J. T. McCarty OREGON HEALTH & SCIENCE UNIVERSITY

In this issue of Blood, Cho et al demonstrate that blocking adenosine 5'-diphosphate
(ADP) signaling to the P2Y12 receptor on platelets reduces the growth of ovarian
cancer cells, implicating the P2Y12 inhibitor ticagrelor as a potential therapeutic
option for primary and secondary prevention of ovarian cancer.’
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The central role of P2Y12 receptor in platelet-induced cancer cell proliferation. Cho et al demonstrate that
platelet-induced proliferation and growth of ovarian cancer cells requires platelet activation mediated by ADP-P2Y12
signaling. The use of the P2Y12 antagonist ticagrelor may be a useful therapeutic approach to limit ovarian cancer
growth. AC, adenylyl cyclase; Gi, inhibitory regulative G-protein; PI3K, phosphatidylinositol 3-kinase. Professional

illustration by Patrick Lane, SCEYEnce Studios.
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play a key role in facilitating cancer
metastasis, enabling cancer cells to
successfully progress from primary tumors
to secondary niches in distant tissues.
Moreover, proliferation and growth of cancer
cells has also been demonstrated to be driven,
in part, by activated platelets.>’ Indeed,
various studies have shown that upon
activation platelets release a number of factors
that stimulate cancer cell proliferation and
survival, including transforming growth
factor B1 and platelet-derived growth
factor.”* Accordingly, when cocultured in
vitro with tumor cells, platelets stimulate
cancer cell proliferation as measured by Ki67
levels in ovarian, colon, and pancreatic cancer
cells.>* In addition, platelet depletion
studies suggest that platelets are essential for
the growth of select tumors in vivo.” It
appears that platelets promote cancer
proliferation via both direct and indirect
routes through stimulation of oncoproteins
and tumor angiogenesis, respectively.®*®
The fact that cancer proliferation is in part
dependent on platelet-derived bioactive
molecules provides rationale for the use of
antiplatelet therapies to interdict or
prevent the signaling events that drive cancer
growth.

The ability of platelets to promote cancer
proliferation and metastasis is highly
dependent on the state of platelet activation.
Perhaps akin to a self-fulling prophecy,
cancer cells themselves can activate platelets
both via direct platelet—tumor cell
interactions’ and indirectly through the
release of soluble molecules such as ADP, as
elegantly shown by Cho et al. Their study
demonstrates that ovarian cancer cells
secrete ADP to induce platelet activation
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downstream of the platelet ADP receptor,
P2Y12 (see figure). In turn, activated platelets
promote ovarian tumor cell growth. In an
orthotopic mouse model, treatment with the
P2Y12 inhibitor ticagrelor suppressed the
growth of primary ovarian tumors. Similarly,
mice deficient in the platelet receptor P2Y12
exhibited an 85% reduction in ovarian tumor
growth relative to wild-type mice. To confirm
the role of P2Y12 in platelet-induced cancer
proliferation, the authors demonstrated

that tumor growth could be rescued in
irradiated P2Y12~/" mice by reconstituting
hematopoiesis. Collectively, these data
provide promising insights into the potential
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therapeutic benefit of ticagrelor in reducing
the ability of platelets to promote ovarian
cancer cell growth.

By identifying a central role for ADP in
platelet-induced cancer proliferation and
growth, this study then raises several new
questions: (1) What is the nature of the
molecular signals and underlying pathways
that induce cancer cells to release ADP? (2)
At what concentration is ADP released by
cancer cells sufficient to activate platelets
in the bloodstream? (3) What is the nature
of the bioactive cargo deriving from
ADP-P2Y12-activated platelets that drive
and sustain proliferation programs in
cancer cells?

Platelets have been shown to trigger an
epithelial-mesenchymal-like transition in
cancer cells while in the circulation.®'”
ADP is considered a weak platelet agonist
necessary for the amplification and positive
feedback required to form a stable platelet
clot. It is unclear what minimum number
of ovarian cancer cells is required to generate
sufficient concentrations of ADP to
activate platelets, or whether platelet
activation occurs systemically in the
circulation or locally at primary or
secondary sites of tumor growth. Along these
lines, it is unknown whether secretion of
ADP by either single circulating tumor
cells (CTCs) or CTC clusters is sufficient
to promote platelet activation and what effect
this might have on the survival and metastatic
success of CTCs. Perhaps the rate of ADP
secretion by CTCs may serve as a useful
biomarker for deciding which patients may
benefit from the use of P2Y12 inhibitors
as part of their cancer therapy. Alternatively,
uncovering the mechanisms underlying the
secretion of ADP from tumor cells may
help identify novel druggable targets to
prevent ADP-mediated platelet activation
by targeting the tumor cells rather than
systemically inhibiting platelet function,
which carries the inherent risk of causing
bleeding. In conclusion, the novel findings
presented by Cho et al provide rationale
for the development of new approaches
and therapies specifically designed to
prevent platelet-driven cancer
proliferation and highlight the key role
that platelets play in oncogenesis and
metastasis.
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Anemia and bleeding in
thrombocytopenic patients
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One might not have anticipated that lower hematocrit level is associated with
bleeding in patients with hypoproliferative thrombocytopenia as suggested in a
secondary analysis by Uhl et al in this issue of Blood.! However, patients with
hematocrit =25% were reported to have a fivefold higher risk of grade =3
bleeding (odds ratio [OR], 5.09; 95% confidence interval [CI], 2.65-9.79) and
a 1.2-fold higher risk of grade =2 bleeding (OR, 1.20; 95% CI, 1.03-1.39)
compared with patients with hematocrit =29%.

atients with hematologic malignancies

frequently become thrombocytopenic
and bleed as a result of their underlying
malignancy or treatments, including cytotoxic
chemotherapy and hematopoietic stem cell
transplantation (HSCT). Indeed, the
PLADO (Effects of Prophylactic Platelet Dose
on Transfusion Outcomes) trial and many
platelet transfusion trials? have reported overall
rates of clinically significant bleeding in 50% or
more of patients, irrespective of the nature of
the policy for prophylactic platelet transfusions
being evaluated. Several clinical and laboratory
factors have been reported to be associated with
an increased risk of bleeding, including the
number of days (duration) with a platelet
count <10 X 10°/L, liver disease, uremia, fever
and/or sepsis, and medications. A strength of

the PLLADO study, a randomized clinical
trial in which patients undergoing HSCT or
chemotherapy for malignancy were randomly
assigned to low-dose, medium-dose, or high-
dose platelet transfusion strategies when their
morning platelet count was <10 X 10°/L, is
the size of the trial. This allowed for factors
that might contribute to bleeding, including
anemia, to be explored for 16 320 patient-days
on or after their first platelet transfusion in
1077 adult patients.

Experimental and clinical data provide
additional evidence that the interaction of red
blood cells with platelets enhances platelet
function.® Studies that reduced hematocrit led
to areversible platelet dysfunction as measured
by an increase in bleeding time in rabbits*
and humans.>® One study showed that
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