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General framework

• Some evidences on the endothelial polymorphism

• Some formal data on endothelium and haemostasis
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Historical And Basic Facts
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• Endothelium:
– From the ancient Greek: 
  ἔνδον (say éndon: within) 
  and 
  θηλή (say thele: nipple). 
- «  A thin layer of epithelial cells  that lines blood vessels, 
lymph vessels,… »

- Term coined by the Swiss anatomist Wilhem His (1865)   
to distinguish between the inner layer of body cavities  
and the epithelium (outer layer);

 afterwards: reduced to just 
 the blood and lymphatic vascular system.

The cellular interface between blood and tissues.
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Wilhelm His, 1831-1904.



The early stages of describing the endothelium

• Endothelial cells                          
initially identified                                    
by classical microscopy;

• first half of the 20th century… 
 …« a sheet of nucleated cellophane ».
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Bone marrow biopsy

Sinusoid



The youth of endothelium description

• After the WWII: electron microscope
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Br Med J 1966; 2: 487-90

* Howard Walter Florey, 1998-1968: Nobel price in Physiology and Medicine 
with Ernst Chain and Sir Alexander Fleming for his role in the development of penicillin

Capillary from the pancreas

A junction Cardiac capillaries: caveolae intercellulares

Aortic endothelium:
« bodies similar to this

were described 
by Edward Weibel 

and George Palade, 1964 »



The youth of endothelium description

• After the WWII: electron microscope
 - initial focus on permeability

« Caveolae intercellulares: 
may facilitate the passage of substances through endothelium.

 
All endothelial cells so far examined 

seem to be able 
to take up particles of molecular size: 

behaviour of virus, of foreign particles? 
Initial phases of the development of atherosclerosis? »
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Br Med J 1966; 2: 487-90

* Howard Walter Florey, 1998-1968: Nobel price in Physiology and Medicine 
with Ernst Chain and Sir Alexander Fleming for his role in the development of penicillin

Capillary from the pancreas

A junction Cardiac capillaries: caveolae intercellulares

Aortic endothelium:
« bodies similar to this

were described 
by Edward Weibel 

and George Palade, 1964 »



Permeability
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• Structural components of the endocytic pathway               
(targets macromolecules to the lysosomal compartment for 
degradation; non-specific, fluid-phase process or via receptor-dependent pathways)

– Clathrin-coated pits
– Clathrin-coated vesicles
– Multivesicular bodies
– Lysosomes

• Transcytosis (governs the transcellular transfer of molecules 
across the endothelium; specialised structures)

– Caveolae, 70 nm, plasmalemmal protein-1 (PV-1) positive
– Vesiculo-vacuolar organelles

• Intercellular junctions
– Tight junctions (zona occludens)

• Apical regions of the intercellular clefts
• Barrier to paracellular transport; maintain cell polarity between luminal and abluminal sides

– Adherens junctions (zona adherens)
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Beginnings of modern vascular biology:
endothelial cell culture

From human umbilical cord veins;
long-term culture, periods up to 5 months

+
+

-

+
+
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Traditional calling card of endothelial cells 
(for naive people, TV presenters  and some politicians)

Average-size human:
60 trillions (i.e. 1012: billions of billions) cells
total weight: approx. 1 kg
total surface area: 4,000-7,000 m2

polygonal, elongated
length 25-50 µM, width 10-15 µm, thickness: 0.1-1 µm
flat, sometimes plump or cuboidal

Ontogeny:

Criminal record:
thrombosis, haemorrhage,
cancer progression, vascular malformations,…

Endothelial cells
www.vessel_intimacy.org



Endothelium: not a single homogeneous entity
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Endothelial heterogeneity:
    structural data
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Artery                                         Vein 
ECs: aligned, blood flow 
         (not at branch points)
         long and narrow

ECs: not aligned
         rectangular shape
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Capillary
Arterioles Post-capillary 

venules

Artery                                         Vein 
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ECs: not aligned
         rectangular shape
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Capillary
Arterioles Post-capillary 

venules

Intercellular
Cleft (1)

Caveolus opening
Into cleft

Vesiculo 
Vacuolar 
Organelle

(2)
Inflammation:
    paracellular route (1)
    transcellular route (2)
Leukocyte emigration

Artery                                         Vein 
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« There are many kinds of endothelial cells
which differ from one another substantially 

in structure, 
and to some extent in function »

HW Florey, 1967
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Endothelial heterogeneity:
    intra-organ variations



Mechanisms:
involve the effect

on 
cell cycle 
control
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Nat Rev Cardiol 2023; 20(3):197-210

Arterial or Venous differentiation?

Embryogenesis: blood vessels first arise de novo by vasculogenesis, 
i.e. rapid proliferation of ECs which form vascular tubes.
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Nat Rev Cardiol 2023; 20(3):197-210

ECs exit the cell cycle !

-
Increased VEGF-A:

VEGF-A-VEGFR2 signalling;
blood flow, shear stress induced

Notch signalling;
support

arterial specification

Embryogenesis: blood vessels first arise de novo by vasculogenesis, 
i.e. rapid proliferation of ECs which form vascular tubes.

Arterial or Venous differentiation?

Mechanisms:
involve the effect

on 
cell cycle 
control
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Embryogenesis: blood vessels first arise de novo by vasculogenesis, 
i.e. rapid proliferation of ECs which form vascular tubes.

Increased VEGF-A:
VEGF-A-VEGFR2 signalling;

blood flow, shear stress induced
Notch signalling;

support
arterial specification

COUP transcription factor 2 (Nr2f2)
 COUP-TFII signalling:

restricts arterial specification
(downregulates Notch signalling);

required for
venous specification

Actively cycling ECsECs exit the cell cycle !

- +

Nat Rev Cardiol 2023; 20(3):197-210

Arterial or Venous differentiation?

Mechanisms:
involve the effect

on 
cell cycle 
control



Nat Rev Cardiol 2023; 20(3):197-210
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Embryogenesis: blood vessels first arise de novo by vasculogenesis, 
i.e. rapid proliferation of ECs which form vascular tubes.

Increased VEGF-A:
VEGF-A-VEGFR2 signalling;

blood flow, shear stress induced
Notch signalling;

support
arterial specification

COUP transcription factor 2 (Nr2f2)
 COUP-TFII signalling:

restricts arterial specification
(downregulates Notch signalling);

required for
venous specification

Actively cycling ECsECs exit the cell cycle !
Arteries grow by recruiting ECs from veins and capillaries

that migrate against the direction of flow

- +

Nat Rev Cardiol 2023; 20(3):197-210

Mechanisms:
involve the effect

on 
cell cycle 
control

Arterial or Venous differentiation?
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Sprouting angiogenesis: hypoxia induces tissue resident cells release VEGF-A 
    to induce growth of blood vessels toward hypoxia region…
    differenciation of tip and stalk ECs: key process expanding the vascular network 

Tip cells
+++,

survival,
migration

Stalk cells
++

Repression of 
tip cell migration,

favours 
stalk cells identity.

Stalk cells

Tip cells

Repression of
stalk cells, 

favours
tip cells identity

Nat Rev Cardiol 2023; 20(3):197-210
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Nat Rev Cardiol 2023; 20(3):197-210

Molecular markers 
for arterial or venous ECs

Markers of ECs intra-organ diversity
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Endothelial heterogeneity:
    intra-organ variations
     localised additional modulations 
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For a given vessel type in a given organ: 
local modulation of the ECs phenotype

Blood 2009;114:1276-1279.

Great saphenous veins collected during coronary artery bypass grafting, n=9
Immunofluorescence; VWF, thrombomodulin THBD, Endothelial Protein C Receptor EPCR

Increased expression of THBD and EPCR in the valvular sinus ECs as opposed to the vein lumenal ECs,
the opposite for VWF:

valvular sinus ECs shifted to a more thromboresistant phenotype.
And remarkable inter-individual variations… impact of complex rheology around the valvular sinus?
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17 Valve-containing segments of competent human deep veins, above-knee amputation

EPCR labelling (green)

The valve cusp, 
vein wall within the valve cusp,

and vein wall beyond the valve cusp…

have substantial differences 
in expression of genes 

underlying function
in coagulation, fibrinolysis and inflammation.

J Vasc Surg Venous Lymphat Disord 2022; 10(1):241-7.
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J Clin Invest. 2019;129(12):5489–5500.

ECs surrounding the venous valves
express high levels

of the transcription factors FOXC2 and PROX1
that can be activated by oscillatory shear stress.

They induce
low levels of VWF, P-selectin and ICAM1,

high levels of THBD, EPCR and TFPI.

The loss of oscillatory flow
Inhibits FOXC2 and PROX1,

with a loss of the perivalvular
antithrombin phenotype

favouring valvular thrombogenesis.
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Uniaxial cyclic stretch regulates the thrombotic phenotype of confluent venous endothelial cells

Blood VTH 2025, accepted.

Arianna Giannetti, Elisabeth Génot, Antonia Perez Martin, Elsa Faure, Jean-Christophe Gris, Maïda Cardoso, Christophe Goze-Bac, Christine Benistant and Manouk Abkarian

Continuous uniaxial cyclic stretch at 10% increases the expression of Thrombomodulin on HUVECs
Interrupted cyclic strain increases the protein expression of VWF 

The modalities of cyclic stretch modulate the expression of antithrombotic / prothrombotic molecules

Mobility

Immobility
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Surgical reconstruction of Internal Jugular Vein IJV 
by autologous great Saphenous Vein SV:
microarray-based transcriptome analysis 

in wall and valve specimens.

IJV wall 
vs. 

SV wall

The IntJV and SV rely on differential expression of many hemostasis genes: 
to balance local hemostasis, differences in vulnerability to thrombosis?
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Endothelial cells
from white mater WM

and from grey mater GM
have differences

in molecular structure

Barrier properties
of ECS from WM

are superior
to the one 

of ECs from GM

Transendothelial electrical resiustance
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Grey mater
GM

White mater
WM

Basal level of EPCR expression (red):
heterogeneous in the WM compared to the GM

Deep WM

Basal ganglia

In vitro brain ECs culture:
oligodendrocyte (predominance: white mater) conditioned medium OCM

vs.
astrocyte (predominance: grey mater) conditioned medium ACM

Differences in EPCR expression
are influenced by cells adjacent to ECs 
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Endothelial heterogeneity:
    inter-organ variations
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One step beyond: ECs inter-organ diversity

The vasculature of each organ is adapted to meet the physiological functions of that tisssue.

Organ-specific specialisation of ECs: 
reflected in structure, function and molecular expression profiles of ECs,
as well as in the composition of perivascular cells and the surounding extracellular matrix
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iScience 2018;4:20-35.

* 3 months’ gestation

*

1- Organ-specific ECs 
     have distinct expression patterns of gene clusters 

2-ECs display distinct barriers properties, 
   angiogenic potential,
   metabolic rate,
   gene/RNA expression 
   and support specific organ functions. 
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Selecting 
marker genes for                               
human-specific,
organ-specific
vascular EC subtypes
is now possible…

Trimm E, Red-Horse K, Nat Rev Cardiol 2023;20(3):197-210.
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Haemostatic genes?

Organotypic expression of coagulation genes in mouse ECs.

Randi AM, Jones D, Peghaire C, Arachchillage DJ.
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Randi AM, Jones D, Peghaire C, Arachchillage DJ.

Haemostatic genes?

Organotypic expression of coagulation genes in mouse ECs.
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And even the glycocalyx!

Glycocalyx GCX, also known as the pericellular matrix and cell coat:
layer of glycoproteins and glycolipids which surround the cell membranes 
(epithelial cells, endothelial cells, bacteria).

Apical surface of ECs which line the lumen. 
Reservoir for a wide range of regulatory glycoproteins.

Normal GCX                   GCX at the blood-brain barrrier

Int J Mol Sci 2024;25(15):8404.
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Endothelium is a dreamed concept,
- Federal Europe?-

multiple endothelia are the underlying reality
(intra-organ and inter-organ diversities)…

- Europe of Nations!-

and their temporal dynamics 
at the cellular level

is the functional rule. 
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More:
ECs are in fact Input-Output Devices

that constantly sense their extracellular environment (mechanosensors, receptors,…) 
to produce a moving biological answer

Highly elaborate non-linear array of dynamic signal transduction pathways 
that couple signals at the membrane surface to cellular response or phenotype;

input varies even in a micro-scale.

Aird WC, J Thromb Haemost 2005; 3:1392-1406
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ECA
               ECB

Input 1          Input 2

Output 1        Output 2

Each color shade 
is an EC phenotype:

as input changes in time and space,
moving henotypic heterogeneity

is the rule.

Aird WC, J Thromb Haemost 2005; 3:1392-1406

ECs are in fact Input-Output Devices
that constantly sense their extracellular environment (mechanosensors, receptors,…) 

to produce a biological answer



• Biomechanical
– Circumferential stress and strain
– Longitudinal stress and strain
– Shear stress

• Biochemical
– Hypoxia, Glucose, Acid base balance
– Hyperthermia / hypothermia
– Pathogens
– Growth factors
– Extracellular matrix
– Sex hormones
– Serine proteases
– Chemokines, Cytokines
– Nucleosides
– Sphingolipids
– Lipoproteins
– Contact system
– Nitric oxide, autacoids
– Cell-cell interactions
– Microvesicles, exosomes

• Single cell level
– Cell shape
– Calcium flux
– Gene expression
– Protein translation
– Post-translational modifications
– Proliferation
– Migration
– Apoptosis

• Cell monolayer level
– Barrier function
– Leukocyte adhesion

• Blood vessel / organ / organism
– Vasomotor tone
– Angiogenesis
– Inflammation
– Activation of coagulation with fibrin deposition
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Input  Output



Endothelia and Haemostasis

49



50

EC

Glycocalyx

SMC

Basal 
membrane

Platelet Leukocyte:
Monocyte

Subendothelial space

Regulation (activation/inhibition):
 
Vascular tone (SMCs)
Primary haemostasis (platelets)
Coagulation
Fibrinolysis
Adhesion of leukocytes,…

SMC: smooth muscle cell; EC: endothelial cell

Intima

Media
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Vasoactive role of ECs

Agonists
of the synthesis
of ECS-derived

second messengers
Biomechanical Biochemical

ECs-dependent 
regulation

ECs-generated                   2nd messengers

Potential
effects
on platelets
and leukocytes

Contraction: vasoconstriction
Relaxation: vasodilation

Smooth muscle cells SMCs
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Vasoactive role of ECs

Agonists
of the synthesis
of ECS-derived

second messengers
Biomechanical Biochemical

ECs-dependent 
regulation

« ECs-independent » 
regulation

(direct agonists)

ECs-generated                   2nd messengers

Potential
effects
on platelets
and leukocytes

AT1 receptor

Angiotensin 2: vasoconstriction
(Action of the endothelial Angiotensin Converting Enzyme ACE  on Angiotensin 1) 

Contraction: vasoconstriction
Relaxation: vasodilation

Smooth muscle cells SMCs



Vasodilators Vasoconstrictors

Prostanoids

Acid Arachidonic derived (COX1, COX2 enzymes):                            
PGI2, prostacyclin.
PGI2 receptor on SMCs: IP; PTGIR gene.
Stimulates adenylate cyclase; increases cAMP.
Also inhibitits platelet activation and leukocyte adhesion.
Very short action.

Gases

L-arginine derived (eNOS enzyme,: NOS-3, constitutive): 
endogenous NO, nitric oxide (initially: EDRF):

Stimulates guanylate cyclase; increases cGMP.
Also inhibitits platelet activation and leukocyte adhesion.
Very short action, inhibited by free Hbα chains.

Peptides

21 amino acids: Endothelin 1, ET-1.
Strong and long-lasting vasoconstriction.
Prépro ET derived (ET converting enzyme).
Receptors: ETA, EDNRA gene. 
ETB found on ECs: results in vasodilation 
mediated by PGI2 and NO release.
Increase of intracellular Ca++ 
from the extravascular space.
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Main ECs-derived vasoactive compounds
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Agonists Thrombin

PAR

Pre Pro-ET1
Pro-ET1
Big-ET1

ECE

ET1: endothelin 1; CE: Endothelin converting enzyme; ETA, ETB: receptors to ET1, type A and B; AA: arachidonic acid; L-Arg: L-arginine,
eNOS: endothelial nitric oxide synthase (NOS-3); COX2: type 2 cyclooxygenase; IP: receptor to PGI2; sGC: receptor to NO; 

AC: adenylate cyclase; GC: guanylate cyclase; PLC: phospholipase C.

ET1

Regulation of endothelin production

SMCs

ECs
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Agonists Thrombin
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EC

Glycocalyx

SMC

Basal 
membrane

Platelet Leukocyte:
Monocyte

Subendothelial space

Regulation (activation/inhibition):
 
Vascular tone (SMCs)
Primary haemostasis (platelets)
Coagulation
Fibrinolysis

SMC: smooth muscle cell; EC: endothelial cell

Intima

Media



ECs and primary haemostasis
61

Activation Inhibition
• Von Willebrand factor, VWF

– Weibel-Palade bodies, WPb
• Rod-shaped storage granules, 0.5 to 5 µm in lenght

– Member of lysosome-related organelles
– Membrane CD63 tetraspanin

• Haemostatic cargo: vascular emergency kit
– High-molecular weight VWF, FVIII
– P-selectin
– t-PA

• Formation entirely driven                                 
by the expression of VWF

• Rapidly released                                       
following agonist-induced triggering                
of intracellular signalling pathways 
(exocytosis)

• PGI2 and NO (cf.)
– Inhibit platelet activation and leukocyte adhesion 

• Ectonucleoside triphosphate 
diphosphohydrolase-1 (ENTPD-1 / CD39)

– Membrane-bound enzyme
– Converts ATP and ADP, a potent agonist of platelet 

activation / aggregation, into AMP (CD73 > adenosine) 

– Limits the prothrombotic signals
– Gene: ENTPD1

• ADAMTS13
– Proteolytic cleavage of ultralarge VWF multimers

• Also down-regulation of inflammation, regulation of 
angiogenesis and degradation of extracellular matrix

– Can tether to the glycocalyx
– Gene: ADAMTS13

• Also synthetised by the megacaryocytes,                         by 
the hepatic stelate cells (perisinusoidal: Ito cells)



62

A central role for WPb exocytosis

Schillemans M. et al., J Thromb Haemost 2019; 17:6-18.

VWF secretion: 3 pathways;
 Constitutive secretion: low molecular weight VWF; mainly basolateral side of ECs
 Basal secretion
 Regulated secretion

Ultra-large 
VWF multimers;

VWF strings
on the apical side

of ECs

high molecular weight VWF from WPb; primarily towards apical surface
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A central role for WPb exocytosis

Hordijk S et al., J Thromb Haemost 2024; 22:1290-1303.

1- Activation of soluble factors 
 (RabGTPases)
2- Anchoring to the actin squeleton 
 (MyRIP)
3- Tethering to the plasma membrane 
 (AnxA2-S100A10)
4- Docking to the plasma membrane
 (Synaptogamin-like protein 4a – syntaxin)
5- Polarisation of the WPb
 (Condensation of Slp2-a)
6- Membrane fusion between WPb 
    and plasma membrane; expulsion of content
 (soluble NSF – synaptogamin 5)
7- Subset of events: actin ring formation.

Complex mechanism for WPb exocytosis…
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ADAMTS13

VWF
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ARTERY VEIN

Capillary

ECs: molecules

 VWF
 ADAMTS13

ECs: molecules

VWF
ADAMTS13

ECs: molecules

VWF
ADAMTS13

Adapted from Aird WC, Circ Res 2007; 100:158-73.  
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ECs-mediated regulation of platelet activation: something else?

High-shear, whole-blood, micro-engineered 
endothelialised microfluidic model:

microchannels co-coated with collagen and TF
and then overgrown by HUVEC until sub-confluence.
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ECs-mediated regulation of platelet activation: something else!

Partly confluent HUVEC (60%) 
strongly suppress platelet adhesion and activation  

via the collagen receptor GpVI
and the PAR receptors for thrombin;
and no major improvement of inhibition 

by prostacyclin or nitric oxide.
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ECs-mediated regulation of platelet activation: something else!

Similarly, under stasis,
HUVEC reduce platelet activation

by collagen-related peptide and thrombin.

CollagenTissue Factor

GpVI

PAR

PAR
PAR PAR

PAR
PAR

PAR
GpVI

GpVI
GpVI

GpVIGpVI

GpVI
PAR

GpVIPAR

GpVI

Partly confluent HUVEC (60%) 
strongly suppress platelet adhesion and activation  

via the collagen receptor GpVI
and the PAR receptors for thrombin;
and no major improvement of inhibition 

by prostacyclin or nitric oxide.
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ECs-mediated regulation of platelet activation: something else!

CollagenTissue Factor

GpVI

PAR

PAR
PAR PAR

PAR
PAR

PAR
GpVI

GpVI
GpVI

GpVIGpVI

GpVI

X

PAR

GpVIPAR

GpVI

Substrate analysis: major roles of some platelet protein kinase classes 
(MAPK, CDK, DYRK, STK, PKC members).

Similarly, under stasis,
HUVEC reduce platelet activation

by collagen-related peptide and thrombin .

Partly confluent HUVEC (60%) 
strongly suppress platelet adhesion and activation  

via the collagen receptor GpVI
and the PAR receptors for thrombin;
and no major improvement of inhibition 

by prostacyclin or nitric oxide.
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EC

Glycocalyx

SMC

Basal 
membrane

Platelet Leukocyte:
Monocyte

Subendothelial space

Regulation (activation/inhibition):
 
Vascular tone (SMCs)
Primary haemostasis (platelets)
Coagulation
Fibrinolysis

SMC: smooth muscle cell; EC: endothelial cell

Intima

Media



ECs and Coagulation
Activation
• Human ECs: Tissue Factor TF?

– HUVECs: not in basal conditions.
• Can only be induced after stimulation

– Coagulation or Inflammation?
• Paucity of evidence that shows                        

that TF is expressed by ECs in vivo…

• Phospholipid scramblases
– Phosphatidylserine externalisation

• Endothelial procoagulant activity
– TMEM16 (Transmembrane Member 16: 

also anoctamins; family members E and F)
– Schmaier AA et al., JCI 2023; 133:e163808

• Ca++ activated
• ANO genes

Inhibition
• Glycocalyx

– Antithrombin AT
• SERPINC1 gene

– Tissue Factor Pathway Inhibitor TFPI:
• TFPI gene
• One of the 2 alternatively spliced isoforms

– TFPIβ: endothelial surface, glycocalyx

• Receptors for the Protein C system
– Thrombomodulin THBD

• Thrombin
• THBD gene

– Endothelial Protein C Receptor EPCR
• Protein C
• PROCR gene
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N Engl J Med 2001;345(6):408-16.

Thrombosed dermal microvessels

Reduced immunostaining 
for

TM and EPCR

1- Homozygous PC deficiency
2- Homozygous PS deficiency

3- Heterozygous PC deficiency starting VKA treatment
4- aPL Abs inhibiting the PC system

Skin necrosis also seen in…Skin lesions in meningococcaemia:

The PC-PS-TM-EPCR system
is the dominant coagulation inhibiting system

in the microcirculation
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Capillary

ECs: molecules

 VWF
 ADAMTS13

TFPI

 TM
 EPCR

ECs: molecules

VWF
ADAMTS13

TFPI

 TM
 EPCR

ECs: molecules

VWF
ADAMTS13

 TFPI
 TM
EPCR

Adapted from Aird WC, Circ Res 2007; 100:158-73.  

TM: Highgly expressed in all vessel types,
 but low levels in ECs from brain vessels.
EPCR:   predominantly in large arteries and veins.
TFPI: the lowest level in the brain,
 the highest in placenta and lungs.

ARTERY VEIN
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Vessel-on-a-chip system 

with patches of HUVECs on thrombogenic surfaces; 

the coagulant activity under flow is regulated by: 

(a) the residual exposure of trigger (collagen / TF)

(b) the endothelial glycocalyx  

(c) to a lesser degree the endothelial thrombomodulin.
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HUVECs cultured in 96-well plates
for thrombin generation measurement

in whole-blood or plasma systems

Heparinase III

1- ECs strongly delay and suppress thrombin generation induced by low-dose TF
    (whole blood, platelet-risch plasma and platelet-poor plasma)

2- ECs’ anticoagulant activity is dependent of GAGs and of AT 
3- Inhibition of TFPI: revert the endothelial effect.

Additive anticoagulant mechanisms of HUVECs 
through surface-expressed 

heparin-like GAGs / AT and TFPI,
both contributing to thrombin inhibition. 
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Endothelial-dependent or platelet-dependent procoagulant activity?

The « Furie model of thrombosis »

Mice,
intravital video-microscopy of the cremaster muscle microcirculation,
dye-based pulsed nitrogen laser endothelium activation,
no endothelial lesion,
independent of the interaction of collagen with platelets
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Endothelial-dependent or platelet-dependent procoagulant activity?

The « Furie model of thrombosis »

Mice,
intravital video-microscopy of the cremaster muscle microcirculation,
dye-based pulsed nitrogen laser endothelium activation,
no endothelial lesion,
independent of the interaction of collagen with platelets

Platelets are not necessary 
for the activation of the coagulation cascade 

and the generation of fibrin in vivo.
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Endothelial-dependent or platelet-dependent procoagulant activity?

The « Furie model of thrombosis »

Mice,
intravital video-microscopy of the cremaster muscle microcirculation,
dye-based pulsed nitrogen laser endothelium activation,
no endothelial lesion,
independent of the interaction of collagen with platelets

The activated endothelium (IB4) 
is the catalytic surface rich in negative phospholipids 

on which the activation of the coagulation
cascade occurs
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Endothelial colony-forming cells
ECFCs
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Endothelial colony-forming cells
ECFCs

Autologous plasma + ECFCs
FVL pos plasma + ECFCs 
from VTE neg individuals:

 

lower thrombin generation and higher aPC generation
than

FVL pos plasma + ECFCs
from VTE pos patients.
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Cross-over experiments: 
increased aPC reponse rates

using ECFCs from VTE neg, FVL pos individuals,
regardless of the plasma component.

No difference on THBD and EPCR expression.

Endothelial colony-forming cells
ECFCs

Autologous plasma + ECFCs
FVL pos plasma + ECFCs 
from VTE neg individuals:

 

lower thrombin generation and higher aPC generation
than

FVL pos plasma + ECFCs
from VTE pos patients.
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Endothelial colony-forming cells
ECFCs

Evidence of an unidentified
disease-modulating role

of the endothelium
in FVL carriers

at the molecular levels

Cross-over experiments: 
increased aPC reponse rates

using ECFCs from VTE neg, FVL pos individuals,
regardless of the plasma component.

No difference on THBD and EPCR expression.

Autologous plasma + ECFCs:
FVL pos plasma + ECFCs 
from VTE neg individuals:

 

lower thrombin generation and higher aPC generation
than

FVL pos plasma + ECFCs
from VTE pos patients.
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ECs and Fibrinolysis
Activation
• Receptors

– Plasminogen receptors
• Heterogeneous; Annexin A2, αVβ3,…

– Receptors to Plasminogen activators 
• uPA receptors: uPARs, CD87 (PLAUR)

– Glycosylphosphoinositol GPI anchor

• tPA receptors
– Annexin A2; cerebral microvascular ECs >>>

• Plasminogen activators PAs
– Tissue-type: tPA

• ECs: WPbs and small storage 
– Gene: PLAT

– Urokinase-type: uPA
– Gene: PLAU

Inhibition
• THBD / sTHBD

– Thrombin-mediated activation of TAFI
• Removes C-terminal lysines from fibrin

– No plasminogen binding and activation

• Plasminogen activator inhibitors PAI
– PAI-1

• Gene: SERPINE1
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Capillary

ECs: molecules

 VWF
 ADAMTS13

TFPI

 TM
 EPCR

tPA

ECs: molecules

VWF
ADAMTS13

TFPI

 TM
 EPCR
 tPA ECs: molecules

VWF
ADAMTS13

 TFPI
 TM
EPCR

tPA
Adapted from Aird WC, Circ Res 2007; 100:158-73.  

TM: Highgly expressed in all vessel types,
 but low levels in ECs from brain vessels.
EPCR:   predominantly in large arteries and veins.
TFPI: the lowest level in the brain,
 the highest in placenta and lungs.

ARTERY VEIN



Blood 2021; 137:2221-2230

Adults with VTE vs. healthy controls

Annexin A2 expression and function 
on blood mononuclear cells
« as a surrogate of ECs »

ECs’ receptors for the fibrinolytic system… 

40% decrease in cell-surface t-PA dependent fibrinolytic capacity
Annexin A2 decreased in average by 70%



Any haemostatic role for the ECs-derived extracellular vesicles (EVs)? 
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ECs-derived extracellular vesicles (EVs) 

0.1-1 µm
Normal whole blood, ECs-derived EVs (PECAM-1 pos, αvβ3 pos): 
 10% of the total population; around 40,000 per µL
 (Combes V et al., J Clin Invest 1999;104:93-102)
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0.1-1 µm
Normal whole blood, ECs-derived EVs (PECAM-1 pos, αvβ3 pos): 
 10% of the total population; around 40,000 per µL
 (Combes V et al., J Clin Invest 1999;104:93-102)

Coagulation proteases (aPC, FVIIa, FXa, thrombin):
release EVs from ECs…in vitro;
induce specific signaling pathways
via activation of ECs’ protease-activated receptors PARs

ECs-derived extracellular vesicles (EVs) 
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J Thromb Haemost 2024;22:2976–2990

A complex interplay between activation of haemostasis and vascular protection;
FVIIa-induced EVs:

Participation to 
the endothelial procoagulant activity

Cytoprotective effects
via microRNA10a (miR10a)
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J Thromb Haemost 2024;22:2976–2990

A complex interplay between protease-dependent and protease-independent effects; 
aPC-induced EVs:

aPC-dependent effect aPC-independent effects
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More globally:
EVs originated from different blood cells can apparently impact on ECs and haemostasis /vascular biology

(platelets, monocytes, erythrocytes and endothelial cells).

Very complex…
relevant clinical situations need to be individually studied.

J Thromb Haemost 2024;22:2976–2990
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Aging 
is associated with progressively elevated

circulating levels of Endothelial MVs. 
Circulating Endothelial MVs may serve as a biomarker of, 

and potential contributor to, 
age-related endothelial dysfunction 

and vascular disease risk.

Foreharm blood flow:
response to acetylcholine

EVs from senescent endothelial cells
are enriched in bioactive molecules 

implicated in senescence-associated vascular dysfunction, 
blood–brain barrier impairment, 

and Alzheimer’s disease and related dementias.

Suggest involvement of EVs from senescent endothelial cells
in the pathogenesis of vascular dysfunction 

associated with Alzheimer’s disease and related dementias.

Primary human coronary artery endothelial cells 
derived from four donors;

Non-senescent vs. Senescent endothelail cells.



Role of endothelium-derived vascular thiol isomerases VTIs? 
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Vascular Thiol Isomerases (VTIs):
enzymes mainly localized within the endoplasmic reticulum;
 ECs: localized to vesicles distinct from WPbs.
Oxidoreductase, isomerase, and chaperone functions. 
Facilitate the formation of native disulfide bonds in newly synthesized proteins.

Vascular injury:
VTIs are released by ECs and platelets onto cell surfaces and into circulation;
significant influence on thrombus formation in animal models
by modulating the activities of vascular cell receptors, adhesive proteins and coagulation factors.
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One vascular thiol isomerase: Phosphodiesterase PDI
• directly modulates the activation of coagulation factors:

• Tissue factor (TF decryption), factor XI and factor V.
• Regulates platelet and endothelial cell-dependent coagulant activity, adhesive properties,…

TF: mostly in a non-coagulant or cryptic form;
acute events lead to local decryption of TF and FX activation.

(myeloid cells: activation of a purinergic receptor or complement system 
decrypt TF with the help of PDI) 

Prothrombotic targets of DPI
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Blood 2010;116:4665-74.

PDI: green
Fibrin: Red

Anti-PDI
mAb

Platelet inhibitor

Although both platelets and endothelial cells 
secrete PDI after laser-induced injury, 

PDI from endothelial cells 
is required 

for fibrin generation in vivo.
B. Furie, Exp Rev Hematol 2018; 11:437-48:

« We suggest 
that absence of extracellular

vascular thiol isomerases
in the circulation

suppresses thrombus formation »

« The thiol isomerase system provides the regulatory switch
by which the normal vasculature is protected under physiologic conditions

from generation of thrombi »



Conclusion
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Endothelial cells and Haemostasis
• A major component of haemostasis, usually told in a global, caricatured way.
• A still chaotic overall landscape
• The heterogeneity of the endothelial cells makes this relationship variable.
• The clinical impact of this variability in function is still difficult to assess.
• “Markers” tested in a peripheral venous blood sample cannot reflect                     

this intra-organ and inter-organ variability
• Standardised dynamic tests for stimulation/modulation of the 

endothelium/haemostasis link are lacking.
• Understanding and being able to explore localised, constitutional or acquired 

anomalies in the endothelium/haemostasis link                                                          
in relation to thrombotic risk and haemorrhagic risk                                                     
is the major clinical challenge of tomorrow.
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• A major component of haemostasis, usually told in a global, caricatured way.
• The heterogeneity of the endothelial cells makes this relationship variable.
• The clinical impact of this variability in function is still difficult to assess.
• “Markers” tested in a peripheral venous blood sample cannot easily reflect

this intra-organ and inter-organ variability
• Standardised dynamic tests for stimulation/modulation of the 

endothelium/haemostasis link are lacking.
• Understanding and being able to explore localised, constitutional or acquired 
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• Haematology
• UMR 1318 INSERM
• Gynaecology Obstetrics
• Oncology

The NOHA network • Intensive Care Unit
• Vascular Medicine
• Internal Medicine
• Clinical Research Unit
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