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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway 
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and cross-
referenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions 
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by 
systems biologists building predictive models of normal and disease variant pathways.

The development of Reactome is supported by grants from the US National Institutes of Health (P41 
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and 
the European Molecular Biology Laboratory (EBI Industry program).
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Platelet activation, signaling and aggregation ↗

Stable identifier: R-HSA-76002

Platelet activation begins with the initial binding of adhesive ligands and of the excitatory platelet agon-
ists (released or generated at the sites of vascular trauma) to cognate receptors on the platelet membrane 
(Ruggeri 2002). Intracellular signaling reactions then enhance the adhesive and procoagulant properties 
of tethered platelets or of platelets circulating in the proximity. Once platelets have adhered they degran-
ulate, releasing stored secondary agents such as ADP, ATP, and synthesize thromboxane A2. These amp-
lify the response, activating and recruiting further platelets to the area and promoting platelet aggrega-
tion. These amplify the response, activating and recruiting further platelets to the area and promoting 
platelet aggregation. Adenosine nucleotides signal through P2 purinergic receptors on the platelet mem-
brane. ADP activates P2Y1 and P2Y12, which signal via  both the alpha and gamma:beta components of 
the heterotrimeric G-protein (Hirsch et al. 2001, 2006),

while ATP activates the ionotropic P2X1 receptor (Kunapuli et al. 2003). Activation of these receptors ini-
tiates a complex signaling cascade that ultimately results in platelet activation, aggregation and throm-
bus formation (Kahner et al. 2006).

Integrin AlphaIIbBeta3 is the most abundant platelet receptor, with 40 000 to 80 000 copies per resting 
platelet, acting as a major receptor for fibrinogen and other adhesive molecules (Wagner et al. 1996). Ac-
tivation of AlphaIIbBeta3 enhances adhesion and leads to platelet-platelet interactions, and thus aggrega-
tion (Philips et al. 1991). GP VI is the most potent collagen receptor initiating signal generation, an ability 
derived from its interaction with the FcRI gamma chain. This results in the phosphorylation of the 
gamma-chain by non-receptor tyrosine kinases of the Src family (1). The phosphotyrosine motif is recog-
nized by the SH2 domains of Syk, a tyrosine kinase. This association activates the Syk enzyme, leading to 
activation (by tyrosine phosphorylation) of PLC gamma2 (2). Thrombin is an important platelet agonist 
generated on the membrane of stimulated platelets. Thrombin acts via cell surface Protease Activated 
Receptors (PARs). PARs are G-protein coupled receptors activated by a proteolytic cleavage in an extra-
cellular loop (Vu, 1991) (3). Activated PARs signal via G alpha q (4) and via the beta:gamma component of 
the G-protein (5). Both stimulate PLC giving rise to PIP2 hydrolysis and consequent activation of PI3K (6). 
PLCgamma2 activation also gives rise to IP3 (7) which stimulates the IP3 receptor (8) leading to increased 

https://reactome.org
https://reactome.org/content/detail/R-HSA-76002


https://reactome.org Page 3

intracellular calcium. Platelet activation further results in the scramblase-mediated transport of negat-
ively-charged phospholipids to the platelet surface. These phospholipids provide a catalytic surface (with 
the charge provided by phosphatidylserine and phosphatidylethanolamine) for the tenase complex 
(formed by the activated forms of the blood coagulation factors factor VIII and factor I).
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GP1b-IX-V activation signalling ↗

Location: Platelet activation, signaling and aggregation

Stable identifier: R-HSA-430116

Compartments: plasma membrane

The platelet GPIb complex (GP1b-IX-V) together with GPVI are primarily responsible for regulating the 
initial adhesion of platelets to the damaged blood vessel and platelet activation. The importance of GPIb 
is demonstrated by the bleeding problems in patients with Bernard-Soulier syndrome where this recept-
or is either absent or defective. GP1b-IX-V binds von Willebrand Factor (vWF) to resting platelets, partic-
ularly under conditions of high shear stress. This transient interaction is the first stage of the vascular re-
pair process. Activation of GP1b-IX-V on exposure of the fibrous matrix following atherosclerotic plaque 
rupture, or in occluded arteries, is a major contributory factor leading to thrombus formation leading to 
heart attack or stroke.

GpIb also binds thrombin (Yamamoto et al. 1986), at a site distinct from the site of vWF binding, acting as 
a docking site for thrombin which then activates Proteinase Activated Receptors leading to enhanced 
platelet activation (Dormann et al. 2000).
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Signal amplification ↗

Location: Platelet activation, signaling and aggregation

Stable identifier: R-HSA-392518

In the initial response to injury, platelets adhere to damaged blood vessels, responding to the exposure of 
collagen from the vascular epithelium. Once adhered they degranulate, releasing stored secondary 
agents such as ADP and ATP, and synthesized thromboxane A2. These amplify the response, activating 
and recruiting further platelets to the area and promoting platelet aggregation. Adenosine nucleotides 
secreted following platelet activation signal through P2 purinergic receptors on the platelet membrane. 
ADP activates P2Y1 and P2Y12 while ATP activates the ionotropic P2X1 receptor (Kunapuli et al. 2003). 
Activation of these receptors initiates a complex signaling cascade that ultimately results in platelet activ-
ation and thrombus formation (Kahner et al. 2006). ADP stimulation of P2Y1 and P2Y12 involves signal-
ing via both the alpha and gamma:beta components of the heterotrimeric G-protein (Hirsch et al. 2001, 
2006).
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Thrombin signalling through proteinase activated receptors (PARs) ↗

Location: Platelet activation, signaling and aggregation

Stable identifier: R-HSA-456926

Compartments: plasma membrane

Thrombin activates proteinase activated receptors (PARs) that signal through heterotrimeric G proteins 
of the G12/13 and Gq families, thereby connecting to a host of intracellular signaling pathways. Throm-
bin activates PARs by cleaving an N-terminal peptide that then binds to the body of the receptor to effect 
transmembrane signaling. Intermolecular ligation of one PAR molecule by another can occur but is less 
efficient than self-ligation. A synthetic peptide of sequence SFLLRN, the first six amino acids of the new 
N-terminus generated when thrombin cleaves PAR1, can activate PAR1 independent of protease and re-
ceptor cleavage. PARs are key to platelet activation. Four PARs have been identified, of which PARs 1 ,3 
and 4 are substrates for thrombin. In humans PAR 1 is the predominant thrombin receptor followed by 
PAR4 which is less responsive to thrombin. PAR 3 is not considered important for human platelet re-
sponses as it is minimally expressed, though this is not the case for mouse. PAR2 is not expressed in 
platelets. In mouse platelets, Gq is necessary for platelet secretion and aggregation in response to throm-
bin but is not necessary for thrombin-triggered shape change. G13 appears to contribute to platelet ag-
gregation as well as shape change in response to low concentrations of thrombin but to be unnecessary 
at higher agonist concentrations; G12 appears to be dispensable for thrombin signaling in platelets. G al-
pha (q) activates phospholipase C beta thereby triggering phosphoinositide hydrolysis, calcium mobiliza-
tion and protein kinase C activation. This provides a path to calcium-regulated kinases and phosphatases, 
GEFs, MAP kinase cassettes and other proteins that mediate cellular responses ranging from granule se-
cretion, integrin activation, and aggregation in platelets. Gbeta:gamma subunits can activate phosphoin-
ositide-3 kinase and other lipid modifying enzymes, protein kinases, and channels. PAR1 activation indir-
ectly leads to activation of cell surface 'sheddases' that liberate ligands for receptor tyrosine kinases, 
providing a link between thrombin and receptor tyrosine kinases involved in cell growth and differenti-
ation. The pleiotrophic effects of PAR activation are consistent with many of thrombin's diverse actions 
on cells. 
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GPVI-mediated activation cascade ↗

Location: Platelet activation, signaling and aggregation

Stable identifier: R-HSA-114604

The GPVI receptor is a complex of the GPVI protein with Fc epsilon R1 gamma (FcR). The Src family 
kinases Fyn and Lyn constitutively associate with the GPVI-FcR complex in platelets and initiate platelet 
activation through phosphorylation of the immunoreceptor tyrosine-based activation motif (ITAM) in the 
FcR gamma chain, leading to binding and activation of the tyrosine kinase Syk. Downstream of Syk, a 
series of adapter molecules and effectors lead to platelet activation. 

The GPVI receptor signaling cascade is similar to that of T- and B-cell immune receptors, involving the 
formation of a signalosome composed of adapter and effector proteins. At the core of the T-cell receptor 
signalosome is the transmembrane adapter LAT and two cytosolic adapters SLP-76 and Gads. While LAT 
is essential for signalling to PLCgamma1 downstream of the T-cell receptor, the absence of LAT in plate-
lets only impairs the activation of PLCgamma2, the response to collagen and GPVI receptor ligands re-
mains sufficient to elicit a full aggregation response. In contrast, GPVI signalling is almost entirely abol-
ished in the absence of SLP-76.
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Platelet Aggregation (Plug Formation) ↗

Location: Platelet activation, signaling and aggregation

Stable identifier: R-HSA-76009

The tethering of platelets to the site of vascular injury is the first step in the formation of a platelet 
thrombus. Firm adhesion of these tethered platelets, as well as the additional recruitment of others onto 
their surface leads to the formation of large platelet aggregates. The formation of a thrombus is strictly 
dependent on the formation of interplatelet bonds.
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Effects of PIP2 hydrolysis ↗

Location: Platelet activation, signaling and aggregation

Stable identifier: R-HSA-114508

Hydrolysis of phosphatidyl inositol-bisphosphate (PIP2) by phospholipase C (PLC) produces diacylglycer-
ol (DAG) and inositol triphosphate (IP3). Both are potent second messengers. IP3 diffuses into the 
cytosol, but as DAG is a hydrophobic lipid it remains within the plasma membrane. IP3 stimulates the re-
lease of calcium ions from the smooth endoplasmic reticulum, while DAG activates the conventional and 
unconventional protein kinase C (PKC) isoforms, facilitating the translocation of PKC from the cytosol to 
the plasma membrane. The effects of DAG are mimicked by tumor-promoting phorbol esters. DAG is 
also a precursor for the biosynthesis of prostaglandins, the endocannabinoid 2-arachidonoylglycerol and 
an activator of a subfamily of TRP-C (Transient Receptor Potential Canonical) cation channels 3, 6, and 7.
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Response to elevated platelet cytosolic Ca2+ ↗

Location: Platelet activation, signaling and aggregation

Stable identifier: R-HSA-76005

Activation of phospholipase C enzymes results in the generation of second messengers of the phos-
phatidylinositol pathway. The events resulting from this pathway are a rise in intracellular calcium and 
activation of Protein Kinase C (PKC). Phospholipase C cleaves the phosphodiester bond in PIP2 to form 
1,2 Diacylglycerol (DAG) and 1,4,5-inositol trisphosphate (IP3). IP3 opens Ca2+ channels in the platelet 
dense tubular system, raising intracellular Ca2+ levels. DAG is a second messenger that regulates a fam-
ily of Ser/Thr kinases consisting of PKC isozymes (Nishizuka 1995). DAG achieves activation of PKC 
isozymes by increasing their affinity for phospholipid. Most PKC enzymes are also calcium-dependent, 
so their activation is in synergy with the rise in intracellular Ca2+. Platelets contain several PKC isoforms 
that can be activated by DAG and/or Ca2+ (Chang 1997).
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