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Abstract

We would like to promote the fact that platelets are increasingly emerging as a rich source of potential biomarkers for cancer.
Blood platelets contain vast amounts of bioactive proteins, such as growth factors, chemokines, and cytokines. These proteins
are either synthesized by the megakaryocytes that produce the platelets or are sequestered by the circulating platelets from
the blood, in which case these proteins may originate from the tumor. Recent studies in patients have demonstrated that the
presence of cancer influences multiple platelet characteristics (e.g., platelet count, volume, activation status, proteins, and
RNA content). Interestingly, these changes happened already in early stages of the disease before metastasis had occurred.
Additionally, exploiting these platelet alterations enabled discrimination of patients with early-stage cancer from healthy
sex- and age-matched individuals. Therefore, we challenge clinicians and researchers to look beyond traditional fluid sources
such as plasma or serum, and to take platelets and their content into account as they may become the holy grail in cancer

blood biomarker research.
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There is a need for blood biomarkers of cancer that can assist
physicians in early detection and clinical decision-making
during therapy. Thus far, most cancer blood biomarker stud-
ies are performed in plasma or serum, while the potential
biomarker content of blood cells is overlooked. Especially
platelets appear to be an important source of information in
cancer blood biomarker research [1]. Platelets are the main
transporters of growth factors, chemokines and cytokines in
the circulation [2]. In addition, platelets have the capacity
to sequester various types of bioactive molecules from their
(micro)environment. This results in a distinct signature in
their proteome and mRNA profile, which could reflect the
presence of cancer [3, 4].
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Beside their role in hemostasis, platelets also play an
important role in cancer progression, as they are able to
secrete their rich content upon activation within the pro-
thrombotic tumor microenvironment [2]. Although platelets
contain both angiogenic and angiostatic proteins, their over-
all effect on cancer progression is stimulatory [2].

During the past years, platelets are emerging as a prom-
ising source of blood biomarkers for cancer. Platelets from
patients with cancer have been shown to be phenotypically
and functionally different compared to platelets from healthy
controls [5-7]. Pretreatment thrombocytosis, i.e., increased
platelet count, has long been recognized to be an independ-
ent predictor of poor prognosis in a variety of cancers such
as lung, mesothelioma, breast, gynecologic, colorectal, gas-
tric, and renal cancer [7]. In addition, recent studies also
show that platelet content is affected by cancer presence.
Peterson et al. [8] investigated several angiogenesis regula-
tory proteins in platelets of patients with colorectal cancer
and compared this to the platelet content of age-matched
healthy controls. They were able to demonstrate that the
median VEGF, PDGF, and PF4 concentrations were higher
in platelets of patients with colorectal cancer compared to
controls. Using a combination of these values, they were
able to discriminate patients with cancer from the control
group with a high accuracy [8]. Interestingly, these protein

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10456-018-9651-4&domain=pdf

Angiogenesis (2019) 22:1-2

concentrations were not affected in the plasma of patients,
suggesting that changes in platelet content precede altera-
tions in plasma concentrations of these angiogenesis regu-
latory proteins. In a prospective study, we recently identi-
fied changes in platelet count, volume, protein content, and
activation status of patients with lung or head of pancreas
cancer, when compared to platelets of healthy sex- and age-
matched controls [5]. Importantly, these changes occurred
already in the early stages of cancer. While some of the
changes were similar in both cancer groups, the precise
pattern of changes showed to be cancer type specific. Fur-
thermore, we were able to use a combination of changed
platelet features to discriminate patients with lung or head
of pancreas cancer from the healthy control group with a
high accuracy. Additionally, in a different study, we deter-
mined the platelet proteome of patients with early-stage can-
cer. We demonstrated that the platelet proteome of patients
with localized lung or head of pancreas cancer (stage I-1I)
is significantly different from that of healthy individuals of
matched sex and age [4]. Moreover, the platelet proteome
appeared to normalize after surgical resection of the malig-
nant tumor. Hence, the platelet proteome may be mined for
potential biomarkers of early-stage cancer [4].

Recently, Best et al. showed that the presence of cancer
also alters the spliced RNA profile within platelets [3]. In
this study, the platelet RNA of patients with non-small cell
lung cancer was sequenced and compared to controls. Next,
an algorithm was used to select a RNA biomarker panel
which could be used to discriminate patients from controls.
This platelet RNA panel was subsequently validated in an
independent cohort, which resulted in a highly accurate
discrimination of early- and late-stage cancer patients from
healthy controls [3]. Overall, this study showed that changes
in platelet RNA profile are a promising source for further
cancer biomarker research.

While the studies mentioned above are encouraging,
external validation of these results needs to be performed.
Is it important to realize that platelets and their protein/RNA
content are susceptible to manipulation and can easily be
influenced during blood collection and processing [3, 5].
Therefore, in future research, when measuring platelet-
stored biomarkers, it is imperative to use standardized blood
collection, sampling and preparation in order to minimize
ex vivo platelet activation. Also age and gender can signifi-
cantly influence platelet characteristics and should be con-
trolled for [3, 5]. Therefore, careful control group selection
is crucial. It is imperative that patients with cancer are com-
pared to a healthy sex- and age-matched control group. In
addition, the cancer group may also be compared to patients
who have a benign disease with similar clinical presentation
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as the cancer patient group. This could prove to be essential,
as in actual clinical settings, cancer biomarkers are desired
to distinguish patients with cancer from individuals with
similar clinical symptoms that are at risk of having cancer.
For example, to differentiate between patients with chronic
obstructive pulmonary disease (COPD) and patients with
COPD who have developed lung cancer.

In conclusion, during the past few years the assessment
of platelet characteristics, content, as well as proteome or
RNA profile has emerged as a new, promising and minimal
invasive approach to detect (early-stage) cancer. Although
further studies are needed to validate the above mentioned
results, platelets may become the holy grail in cancer blood
biomarker research.
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