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Platelet-neutrophil crosstalk and netosis
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Take home messages

� Platelets are involved in recruitment and activation of neutrophils in thrombosis and inflammation
� The interplay of platelets and neutrophils triggers neutrophil extracellular trap formation (NETs)
� NETs in turn provide a scaffold for platelets adhesion and induce sustained platelet activation
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Introduction

Neutrophils and platelets are among the most numerous cells in
the blood and their function is tightly interconnected. Both are
considered to be terminally differentiated effector cells with
specific tasks. However, over the recent years it is increasingly
recognized that both can only fulfill their functions in inflamma-
tion and thrombosis in a mutual, reinforcing interplay, where
platelet activation serves as the initial trigger for a vicious circle.
This review will focus on the interface between platelets and
neutrophils, which is now accepted as a central driving force of
immunothrombosis.1 Whereas thrombosis is defined as vessel
occlusion due to activation of platelets and the coagulation
system, immunothrombosis refers to thrombosis as an intrinsic
element of innate immunity.
Current state of the art

Neutrophils and platelets are both considered to be first
responders to pathogens and disruption of vascular integrity,
respectively. However, these processes are not only linked on a
pathophysiologic levels, but also on a cellular level. In the
setting of thrombosis, platelets are rapidly recruited to the
injured or activated endothelium. This relies on a multistep
mechanism involving platelet rolling, tethering, adhesion, and
aggregation. While contacting adhesive endothelial cells or
subendothelial matrix, platelets also interact with neutrophils. If
platelet recruitment to the endothelium is disrupted, also
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neutrophil accumulation is impaired underlining the functional
interdependence of these cell types.

∗2 On a molecular level, this
is mediated by P-Selectin and PSGL-1 (P-Selectin glycoprotein
ligand 1), which is not only involved in neutrophil rolling, but
also intravascular crawling. PSGL-1 clusters at the leading edge
of neutrophils actively scanning the environment for platelets
allowing simultaneous interaction with them and endothelial
cells.3 On the other hand, not only neutrophils have the capacity
to migrate inside the vasculature: Also, platelets are equipped
with the machinery to migrate and do that in an actomyosin-
dependent manner once they overcome the adhesive forces of
fibrinogen.

∗4 The pathophysiologic relevance of the process is
that migrating platelets bundle the adhesive substrate on
their surface, which enables them to also collect bacteria.
These platelet-bacteria bundles are then presented to
neutrophils within the blood stream, which are activated and
phagocytose these complexes. As a result, platelet migration
contributes to organ damage in sepsis through interactions with
neutrophils.
The physical interactions of neutrophils and platelets do not

remain without consequences: activated platelets are essential
triggers for neutrophil extracellular trap (NET) formation. These
consist of nuclear DNA, which is spilled out in a coordinated
process distinct from apoptotic and necrotic cell death.5 The
DNA-histone backbone is decorated with neutrophil granule
proteins and has strong bactericidal properties. In sepsis, platelets
sense inflammatory mediators through TLR4 (Toll-like receptor
4), resulting in their activation and binding to neutrophils. This
leads to NET formation allowing trapping of bacteria within the
microcirculation of the liver and lungs.

∗6 In addition, migrating
platelets loaded with gathered bacteria are strong inducers of
NETosis, contributing to their detrimental effects.

∗4 But also
during viral infections such as influenza and HIV, NETs are
present and involved in neutralization of viruses.7,8 However,
platelet-triggered NET formation not only contributes to the
defense against invading pathogens, but also to thrombosis: NETs
are present in both venous and arterial human thrombi, suggesting
a clinical relevance.9,10 In this setting, platelet-derived P-Selectin
induces NETosis through binding to PSGL-1 on neutrophils.11

Moreover, the prototypical danger associated molecular pattern
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HMGB1 (High-Mobility-Group-Protein B1) facilitates this thrombus formation can also be impaired through inhibition of
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Figure 1. Mutual activation of platelets and neutrophils. Left: Platelets induce neutrophil extracellular trap formation (NETosis) through HMGB1
binding to RAGE as well as P-Selectin-PSGL-1 interaction (Left). Right: NETs in turn promote platelet activation and coagulation by formation of activated
factor XII (FXIIa) and degradation of tissue factor pathway inhibitor (TFPI).
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process. Although platelets are an anucleated cell type, they
contain this DNA binding protein, which has chemotactic
and leukocyte activating properties.12,

∗13 Upon activation,
platelets release HMGB1, which triggers NET formation by
RAGE (receptor for advanced glycation end products) in vitro
as well as in vivo, thereby propagating obstructive clot
formation.12,

∗13

Even though the lifespan of netting neutrophils is limited, the
crosstalk with platelets does not end there: NETs provide a
platform for platelet activation and coagulation and thereby
markedly enhance their prothrombotic properties (Figure 1). This
makes them an essential interface between thrombosis and
inflammation in thrombosis.2 The exposed DNA strands bind
von-Willebrand factor and are an adhesive substrate for platelet
adhesion, resulting in their activation and aggregation.14,

∗15 This
is one mechanism, how NETs promote venous thrombosis in
vivo.2 In addition, they also have marked effects on coagulation:
neutrophil elastase – which is present on NETs - degrades tissue
factor pathway inhibitor. Through this, neutrophils disinhibit the
activation of the extrinsic coagulation pathway and increase
thrombin formation.16 In addition, NETs provide a negatively
charged surface and catalyse the binding and activation of factor
XII, which initiates the intrinsic coagulation cascade. Histones –
as the backbone of NETs – also directly activate platelets and
foster clot formation.17 Interestingly, it has recently been
recognized, that the prothrombotic and proinflammatory effects
of NETs are counteracted and limited by endogenous DNAses,
in particular DNase1 and DNase1-like 3.18 DNase is also
exploited therapeutically to disrupt NETs and NETosis and
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peptidylarginine deiminase 4.2,19 But also the well-known
anticoagulant heparin affects NETs through its high affinity
to histones, resulting in disruption of NETs. This anti-
inflammatory effect of heparin is beneficial in the setting of
thrombotic conditions.

∗15,20

Future perspectives

Targeting the detrimental side of platelet-neutrophil crosstalk
provides a promising approach in many inflammatory diseases
and thrombosis. However, this interaction is also essential to
safeguard vascular integrity and host defense, making a general
disruption of platelet-neutrophil communication potentially
harmful. Therefore, a better understanding of the disease-specific
mechanisms and mediators is mandatory to ensure beneficial
effects of targeted disruption of this crosstalk.
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