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Platelets: an unexploited data source in biomarker research

Biomarker assessment from blood samples is frequently
based on measurements in serum or plasma. By doing
so, the biomarker content of blood cells is neglected.
The potential importance of platelets in such studies is
exemplified by knowledge obtained from recent studies
on cancer. Circulating platelets contain vast amounts
of bioactive proteins in their granules, such as growth
factors, chemokines, cytokines, and proteases, which
they can secrete on activation.' These proteins are
either synthesised or taken up by the megakaryocytes
that produce the platelets, or selectively absorbed from
the blood by the circulating platelets themselves.>* As a
result, the concentration of these potential biomarkers
is much higher inside platelets than in plasma.**
In addition, platelets from—for example—patients
with cancer might have a higher growth factor content
than do platelets from healthy controls.®> Animal
studies have shown that platelets are able to sequester
angiogenesis regulatory proteins secreted from clinically
undetectable tumours (measuring <1 mm?), resulting
in higher concentrations of these proteins in platelets
without significant changes in plasma concentrations.?
In diseases other than cancer, platelet characteristics
and content are also potentially interesting biomarkers.®
Therefore, use of measurements exclusively from plasma
or serum may not be sufficient for the understanding of
underlying biological processes and could obscure the
presence of biomarkers.

The functional relevance of inclusion of platelet
content in the search for blood-based biomarkers in
cancer research is shown by the fact that platelets
can support and stimulate tumour angiogenesis and
growth.* They release their a-granule content into
the blood when they adhere to tumour endothelium
and become activated, resulting in a local increase in
concentration of pro-angiogenic and anti-angiogenic
regulatory proteins inside the tumour. The net effect
of this mix of stimulatory and inhibitory proteins is an
increase in angiogenesis and, hence, tumour growth.!
Beside endocytosis of angiogenesis regulators, platelets
also take up intravenously administered anti-angiogenic
medication, as shown for the monoclonal antibody
bevacizumab. Within the a-granules, this antibody
neutralises VEGF, which results in reduced platelet
angiogenic activity.
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predictor of poor prognosis in various types of
malignancies such as lung, breast, colorectal, renal cell,
and ovarian cancer.” The fact that altered platelet count
is frequently detected in patients with malignancy
emphasises the potential importance of platelets in
cancer biomarker research. In addition, high serum
VEGF concentrations in patients with cancer are
correlated with platelet count.? The question whether
high serum VEGF concentrations are an indication of
tumour burden or merely a reflection of platelet count
shows the potential confusion when platelet content is
ignored in biomarker research.

Notably, platelets are susceptible to manipulations
and can easily become activated during blood collection
and processing. Therefore, when biomarkers are
measured using stored platelets, the use of proper
anticoagulant and blood collection and processing
techniques is imperative to prevent platelet activation
and secretion.® However, even when all the appropriate
precautions have been taken into account, the number
of platelets can still affect growth factor concentration
in serum or plasma.” In addition, in patients with cancer
local and systemic platelet activation might occur in
vivo, potentially resulting in growth factor release into
the circulation.' Hence, measurement of growth factor
concentrations in only serum or plasma can cause
investigators to overlook the role of platelets and their
growth factor content.

Therefore, we suggest that platelet-derived growth
factors, chemokines, and cytokines should be measured
in both plasma and platelets. These measurements
should not be done in serum, because some or most
of the content of the a-granules from platelets will be
released during clotting.

Thus far, promising results have been shown in
different mouse models in which platelet angiogenic
content has been measured in the presence and
absence of different types of (human) tumours.
Concentrations of various pro-angiogenic growth
factors such as VEGF, basic fibroblast growth factor
(bFGR), and platelet-derived growth factor (PDGF)
were higher in platelets of tumour-bearing mice
than in non-tumour bearing controls. By contrast,
the plasma concentrations of these proteins did
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not change in the presence of a growing tumour.?
Furthermore, platelet-derived anti-angiogenic factors
might represent potential biomarkers of tumour
growth. Thrombospondin-1 (TSP-1) and platelet
factor 4 (PF-4), potent angiogenesis inhibitors, were
increased in platelets of tumour-bearing mice. Again,
TSP-1 and PF-4 concentrations were not increased in
plasma.>* The increase in TSP-1 in platelets seemed
to be solely due to increased TSP-1 packaging by
megakaryocytes in the presence of a tumour.?

Clinical studies of the biomarker content of platelets
are scarce. Platelet content was assessed in two
studies in human beings.** In the first study,* blood
was collected from 50 healthy individuals at single
and repetitive timepoints to determine the normal
concentrations of VEGF, bFGR, PDGF, TSP-1, endostatin,
and PF-4. As expected, the concentrations of these
angiogenesis regulatory proteins were much higher in
platelets than in platelet-poor plasma. The biovariability
of these proteins over a 5-week period was minimal.
In the second study,® growth factor levels in platelets
and platelet poor plasma were assessed in 35 patients
with colorectal cancer. Concentrations of VEGF, PDGF,
and PF-4 were higher in platelets of patients with
cancer than in platelets from healthy individuals.
Furthermore, the increase in angiogenesis regulatory
proteins correlated with cancer stage. VEGF, PDGF,
and PF-4 expression discriminated between patients
with cancer and healthy controls (area under the curve
0-893, 95% Cl 0-844-0-955; p<0-0001). At the same
time, concentrations of angiogenic factors in plasma did
not differ between groups. Beside this potential role as
biomarker source for tumour growth and cancer stage,
platelets might also function as important carriers of
information during the monitoring of residual disease
after therapeutic interventions.

In conclusion, we advise clinicians and researchers to
look beyond traditional fluid sources such as plasma

or serum in their search for biomarkers. Until now,
platelets have been a relatively unexploited source of
information, not only in patients with cancer but also
in, for example, cardiovascular and neurodegenerative
diseases. We recommend platelet counts as well as
their content should be taken into account. Such an
extended analysis of the whole blood content might
increase the chances for breakthroughs in biomarker
research.
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