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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 researchers, and molecular biologists to interpret the
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining
knowledge from genomic studies, and by systems biologists building predictive models of hormal 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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Hemostasis 7

Stable identifier: R-HSA-109582
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Hemostasisis a physiological response that culminates in the arrest of bleeding from an injured vessel. Under normal
conditions the vascular endothelium supports vasodilation, inhibits platelet adhesion and activation, suppresses
coagulation, enhances fibrin cleavage and is anti-inflammatory in character. Under acute vascular trauma,
vasoconstrictor mechanisms predominate and the endothelium becomes prothrombotic, procoagulatory and
proinflammatory in nature. This is achieved by a reduction of endothelial dilating agents: adenosine, NO and
prostacyclin; and by the direct action of ADP, serotonin and thromboxane on vascular smooth muscle cells to elicit
their contraction (Becker et al. 2000). The chief trigger for the change in endothelial function that leads to the
formation of a haemostatic thrombus is the loss of the endothelial cell barrier between blood and extracellular matrix
components (Ruggeri 2002). Circulating platelets identify and discriminate areas of endothelial lesions; here, they
adhere to the exposed sub endothelium. Their interaction with the various thrombogenic substrates and locally
generated or released agonists results in platelet activation. This process is described as possessing two stages,
firstly, adhesion - the initial tethering to a surface, and secondly aggregation - the platel et-platelet cohesion (Savage
& Cattaneo et al. 2001). Three mechansism contribute to the loss of blood following vessel injury. The vessel
constricts, reducing the loss of blood. Platelets adhere to the site of injury, become activated and aggregate with
fibrinogen into a soft plug that limits blood loss, a process termed primary hemostasis. Proteins and small molecules
are released from granules by activated platelets, stimulating the plug formation process. Fibrinogen from plasma
forms bridges between activated platelets. These events initiate the clotting cascade (secondary hemostasis).
Negatively-charged phospholipids exposed at the site of injury and on activated platelets interact with tissue factor,
leading to a cascade of reactions that culminates with the formation of an insoluble fibrin clot.

Literature references
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Platelet homeostasis 7
Location: Hemostasis
Stable identifier: R-HSA-418346

Compartments: plasma membrane

Under normal conditions the vascular endothelium supports vasodilation, inhibits platelet adhesion and activation,
suppresses coagul ation, enhances fibrin cleavage and is anti-inflammatory in character. Under acute vascular trauma,
vasoconstrictor mechanisms predominate and the endothelium becomes prothrombotic, procoagulatory and
proinflammatory in nature. This is achieved by a reduction of endothelial dilating agents: adenosine, NO and
prostacyclin; and by the direct action of ADP, serotonin and thromboxane on vascular smooth muscle cells to elicit
their contraction (Becker et a. 2000). Cyclooxygenase-2 (COX-2) and endothelia nitric oxide synthase (eNOS) are
primarily expressed in endothelial cells. Both are important regulators of vascular function. Under normal
conditions, laminar flow induces vascular endothelial COX-2 expression and synthesis of Prostacyclin (PGI2) which
in turn stimulates endothelial Nitric Oxide Synthase (eNOS) activity. PGI2 and NO both oppose platelet activation
and aggregation, as does the CD39 ecto-ADPase, which decreases platelet activation and recruitment by
metabolizing platelet-released ADP.

Literature references
Heindl, B., Becker, BF., Kupatt, C., Zahler, S. (2000). Endothelial function and hemostasis. Z Kardiol, 89, 160-7. 7

Page, CP., Vermylen, J., Gresele, P., Fuster, V. (2002). Platelets in thrombotic and non-thrombotic disorders. Cam-
bridge University Press, 435-437.
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Platelet Adhesion to exposed collagen ~#
Location: Hemostasis

Stable identifier: R-HSA-75892
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Initiation of platelet adhesion is the first step in the formation of the platelet plug. Circulating platelets are arrested
and subsequently activated by exposed collagen and von Willebrand factor (VWEF). It is not entirely clear which type
of collagen is responsible for adhesion and activation; collagen types | and 111 are abundant in vascular epithelia but
several other typesincluding 1V are present (Farndale RW 2006). Several collagen binding proteins are expressed on
platelets, including integrin alpha2 betal (a231 or ITGA2:ITGB1), GPVI, and GPIV. ITGA2:1TGB1, known on
leukocytes as VLA-2, is the major platelet collagen receptor (Kunicki TJ et al., 1988). ITGA2:ITGB1 (a2pB1)
requires Mg2+ to interact with collagen. The activation of ITGA2:ITGB1 (a2[31) is modulated by the activation of
integrin alphal b beta3 (allbf3 or ITGA2B:ITGB3), which functions as a platelet receptor for fibrinogen and VWF
(van de Walle GR et a., 2007). The | domain of a2 (ITGA2) subunit binds a collagen motif with the sequence Gly-
Phe-Hyp-Gly-Glu-Arg (Emsley J et al., 2000). Binding of collagen to ITGA2:ITGB1 (a231) generates intracellular
signals that contribute to platelet activation. These interactions facilitate the engagement of the lower-affinity
collagen receptor, GPVI (Tsuji M et a., 1997), the key receptor involved in collagen-induced platelet activation. The
GPVI receptor is a complex of the GPVI protein with a dimer of Fc epsilon R1 gamma (FceRl gamma). The Src
family kinases Fyn and Lyn constitutively associate with the GPVI:FceRIgamma complex in platelets and initiate
platelet activation through phosphorylation of the immunoreceptor tyrosine-based activation motif (ITAM) in FceRI
gamma, leading to binding and activation of the tyrosine kinase Syk. Downstream of Syk, a series of adapter
molecules and effectors lead to platelet activation. VWF circulates in plasma as a multimeric molecule that senses
hydrodynamic shear forces in the bloodstream (Reininger AJ 2008; Mojzisch A & Brehm MA 2021). Upon vascular
injury, circulating VWF binds to subendothelial collagen, which becomes exposed to the flowing blood (Bergmeier
W & Hynes RO 2012; Colace TV & Diamond SL 2013). Upon binding to collagen, VWF becomes anchored to the
damaged surface. Shear forces then induce conformational changes to mechanosensitive VWF causing the bound
VWEF to stretch and unfold (Li F et al., 2004; Schneider SW et al., 2007; Fu H et a., 2017). VWF unfolding leads to
exposure of the A1 domain to allow binding to glycoprotein Ib a (GPIba, encoded by GP1BA), a subunit of the
platelet surface GPIb:1X:V complex (Dumas JJ et a., 2004; Ju L et al., 2013). Shear-induced aggregation is achieved
when VWEF interacts both with exposed collagen and platelets to initiate platelet adhesion to vascular injury sites.
The interaction between VWF and GPIb is regulated by shear force; an increase in the shear stress resultsin a
corresponding increase in the affinity of VWF for GPlb.

Literature references

Tsuji, M., Arai, M., Ezumi, Y., Takayama, H. (1997). A novel association of Fc receptor gamma-chain with glycopro-
tein VI and their co-expression as a collagen receptor in human platelets. J Biol Chem, 272, 23528-31. 7

Moroi, M., Miura, Y., Takahashi, T., Jung, SM. (2002). Analysis of the interaction of platelet collagen receptor gly-
coprotein VI (GPVI) with collagen. A dimeric form of GPVI, but not the monomeric form, shows affinity to
fibrous collagen. J Biol Chem, 277, 46197-204. 7

https://reactome.org Page 5


https://reactome.org/content/detail/R-HSA-75892
http://www.ncbi.nlm.nih.gov/pubmed/9295288
http://www.ncbi.nlm.nih.gov/pubmed/12356768
https://reactome.org

Editions

2004-08-13 Authored de Bono, B.
2022-12-27 Revised Shamovsky, V.
2023-11-07 Edited Shamovsky, V.
2023-11-09 Reviewed Gao, R.

https://reactome.org Page 6


https://reactome.org

Platelet activation, signaling and aggregation 7
Location: Hemostasis

Stable identifier: R-HSA-76002
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Platelet activation begins with the initial binding of adhesive ligands and of the excitatory platelet agonists (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 degranulate, releasing stored secondary
agents such as ADP, ATP, and synthesize thromboxane A2. These amplify the response, activating and recruiting
further platelets to the area and promoting platelet aggregation. 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 membrane. ADP activates P2Y 1 and P2Y 12, 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 initiates a complex signaling cascade
that ultimately results in platelet activation, aggregation and thrombus formation (Kahner et al. 2006). Integrin
AlphalIbBeta3 is the most abundant platelet receptor, with 40 000 to 80 000 copies per resting platelet, acting as a
magjor receptor for fibrinogen and other adhesive molecules (Wagner et al. 1996). Activation of AlphallbBeta3
enhances adhesion and |leads to platel et-platel et interactions, and thus aggregation (Philips et al. 1991). GP VI isthe
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 recognized by the SH2 domains of Syk, atyrosine kinase. This association
activates the Syk enzyme, leading to activation (by tyrosine phosphorylation) of PLC gamma2 (2). Thrombin is an
important platel et 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
extracellular loop (Vu, 1991) (3). Activated PARs signal via G apha g (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 I1P3 (7) which stimulates the IP3 receptor (8) leading to increased
intracellular calcium. Platelet activation further results in the scramblase-mediated transport of negatively-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 V111 and factor I).

Literature references
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Formation of Fibrin Clot (Clotting Cascade) ~#
Location: Hemostasis
Stable identifier: R-HSA-140877

Compartments: extracellular region
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The formation of afibrin clot at the site of an injury to the wall of a normal blood vessel is an essential part of the
process to stop blood loss after vascular injury. The reactions that lead to fibrin clot formation are commonly
described as a cascade, in which the product of each step is an enzyme or cofactor needed for following reactions to
proceed efficiently. The entire clotting cascade can be divided into three portions, the extrinsic pathway, the intrinsic
pathway, and the common pathway. The extrinsic pathway begins with the release of tissue factor at the site of
vascular injury and leads to the activation of factor X. The intrinsic pathway provides an aternative mechanism for
activation of factor X, starting from the activation of factor XIl. The common pathway consists of the steps linking
the activation of factor X to the formation of a multimeric, cross-linked fibrin clot. Each of these pathways includes
not only a cascade of events that generate the catalytic activities needed for clot formation, but also numerous
positive and negative regulatory events.

Literature references
Butenas, S., Mann, KG. (2003). The dynamics of thrombin formation. Arterioscler Thromb Vasc Biol, 23, 17-25. 7
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Dissolution of Fibrin Clot ~
Location: Hemostasis

Stable identifier: R-HSA-75205

The crosslinked fibrin multimers in a clot are broken down to soluble polypeptides by plasmin, a serine protease.
Plasmin can be generated from its inactive precursor plasminogen and recruited to the site of afibrin clot in two
ways, by interaction with tissue plasminogen activator at the surface of a fibrin clot, and by interaction with
urokinase plasminogen activator at a cell surface. The first mechanism appears to be the major one responsible for
the dissolution of clots within blood vessels. The second, although capable of mediating clot dissolution, may
normally play amajor role in tissue remodeling, cell migration, and inflammation (Chapman 1997; Lijnen 2001).
Clot dissolution is regulated in two ways. First, efficient plasmin activation and fibrinolysis occur only in complexes
formed at the clot surface or on a cell membrane - proteins free in the blood are inefficient catalysts and are rapidly
inactivated. Second, both plasminogen activators and plasmin itself are inactivated by specific serpins, proteins that
bind to serine proteases to form stable, enzymatically inactive complexes (Kohler and Grant 2000).

These events are outlined in the drawing: black arrows connect the substrates (inputs) and products (outputs) of
individual reactions, and blue lines connect output activated enzymes to the other reactions that they catalyze.

Literature references
Lijnen, HR. (2001). Elements of the fibrinolytic system. Ann N Y Acad Sci, 936, 226-36. 7

Kohler, HP., Grant, PJ. (2000). Plasminogen-activator inhibitor type 1 and coronary artery disease. N Engl J Med, 342,
1792-801. ~

Chapman, HA. (1997). Plasminogen activators, integrins, and the coordinated regulation of cell adhesion and migra-
tion. Curr Opin Cell Biol, 9, 714-24. 7

Editions

2008-01-11 Reviewed Rush, MG.
2024-03-06 Edited D'Eustachio, P.

https://reactome.org Page 10


https://reactome.org/content/detail/R-HSA-75205
http://www.ncbi.nlm.nih.gov/pubmed/11460480
http://www.ncbi.nlm.nih.gov/pubmed/10853003
http://www.ncbi.nlm.nih.gov/pubmed/9330876
https://reactome.org

Cell surface interactions at the vascular wall ~
Location: Hemostasis
Stable identifier: R-HSA-202733

Compartments: plasma membrane
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Leukocyte extravasation is arigorously controlled process that guides white cell movement from the vascular lumen
to sites of tissue inflammation. The powerful adhesive interactions that are required for leukocytes to withstand local
flow at the vessel wall is a multistep process mediated by different adhesion molecules. Platelets adhered to injured
vessel walls form strong adhesive substrates for leukocytes. For instance, the initial tethering and rolling of
leukocytes over the site of injury are mediated by reversible binding of selectins to their cognate cell-surface
glycoconjugates.

Endothelial cells are tightly connected through various proteins, which regulate the organization of the junctional
complex and bind to cytoskeletal proteins or cytoplasmic interaction partners that allow the transfer of intracellular
signals. An important role for these junctional proteins in governing the transendothelial migration of leukocytes
under normal or inflammatory conditions has been established.

This pathway describes some of the key interactions that assist in the process of platelet and leukocyte interaction
with the endothelium, in response to injury.

Literature references
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Weber, C., Schober, A. (2005). Mechanisms of monocyte recruitment in vascular repair after injury. Antioxid Redox
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Factors involved in megakaryocyte development and platelet production #
Location: Hemostasis

Stable identifier: R-HSA-983231

Megakaryocytes (MKs) give rise to circulating platelets (thrombocytes) through terminal differentiation of MKs
which release cytoplasmic fragments as circulating platelets. As MKs mature they undergo endoreduplication
(polyploidisation) and expansion of cytoplasmic mass to cell sizes larger than 50-100 microns, and ploidy ranges up
to 128 N. As MKs mature, the polyploid nucleus becomes horseshoe-shaped, the cytoplasm expands, and platelet
organelles and the demarcation membrane system are amplified. Proplatelet projections form which give rise to de
novo circulating platelets (Deutsch & Tomer 2006).

The processes of megakaryocytopoiesis and platelet production occur within a complex microenvironment where
chemokines, cytokines and adhesive interactions play major roles (Avecilla et a. 2004). Megakaryocytopoiesisis
regulated at several levels including proliferation, differentiation and platelet release (Kaushansky 2003).
Thrombopoietin (TPO/c-Mpl ligand) is the most potent cytokine stimulating proliferation and maturation of MK
progenitors (Kaushansky 2005) but many other growth factors are involved. MK development is controlled by the
action of multiple transcription factors. Many MK-specific genes are co-regulated by GATA and friend of GATA
(FOG), RUNX1 and ETS proteins. Nuclear factor erythroid 2 (NF-E2), which has an MK-erythroid specific 45-kDa
subunit, controls terminal MK maturation, proplatelet formation and platelet release (Schulze & Shivdasani 2004).
NF-E2 deficient mice have profound thrombocytopenia (Shiraga et al. 1999). MY B (c-myb) functions with EP300
(p300) as a negative regulator of thrombopoiesis (Metcalf et al. 2005). During MK maturation, internal membrane
systems, granules and organelles are assembled. Cytoplasmic fragmentation requires changes in the MK
cytoskeleton and formation of organelles and channels. Individual organelles migrate from the cell body to the
proplatelet ends, with approximately 30 percent of organelles/granules in motion at any given time (Richardson et al.
2005).
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