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The vascular endothelium regulates the vascular tone
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The vascular endothelium is a physiological barrier
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Visualization of vascular permeability in vivo

Intravital microscopy

Skin Microvessels (Mouse ears)

Injection of a fluorescent tracer 
into the circulation (FITC-Dextran)
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Egawa et al. Sci Rep 2013
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Visualization of vascular permeability in vivo



Egawa et al. Sci Rep 2013

+ Histamine

FITC-Dextran
(70 kDa)

Blood

Tissue

Vascular permeability mainly due to 

disruption of inter-endothelial junctions

Visualization of vascular permeability in vivo



The vascular endothelium has a central role in inflammation

Leukocyte adhesion and 

recruitment is a physiological

response in the context of 

inflammation, if these processes 

are transient and self-limited
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Schnoor et al. J Exp Med 2012

Cremaster muscle 

microvessels (mouse)

Intravital microscopy

Venule

Arteriole

Mainly in the post-capillary venules in most organs

Leukocyte recruitment by an activated endothelium



The vascular endothelium can mount thrombotic responses
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Microfluidic model of a blood microvessel

Human endothelial cells cultured under flow

« Physiological » conditions

Endothelial cells acquire a quiescent phenotype

Blood compartment

De Ceunynck et al. PNAS 2018



Untreated microvessels

Whole blood perfusion

Staining of platelets in blood with Anti-CD41-PE

Blood compartment

Microfluidic model of a blood microvessel

De Ceunynck et al. PNAS 2018



Microvessels treated with TNF-⍺ (4 h)

Whole blood perfusion

Staining of platelets in blood with Anti-CD41-PE

TNF-⍺Blood compartment

Microfluidic model of a blood microvessel

De Ceunynck et al. PNAS 2018
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Thrombus formation on the endothelial surface
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Thrombus formation on the endothelial surface
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Thrombus formation on the endothelial surface

De Ceunynck et al. J Biol Chem 2011



Thrombus formation on the endothelial surface
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Thrombus formation on the endothelial surface
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Phosphatidylserine (PtdSer) exposition by activated ECs

PtdCholine : neutral phospholipid

PtdSerine : negatively charged phospholipid

Analogy with the exposition of PtdSer on the surface of apoptotic cells

Flip-flop Elsa Bianchini
TU04 - S1



Procoagulant effects of phosphatidylserine exposition
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Thrombus formation on the endothelial surface
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Thrombus formation on the endothelial surface
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Thrombus formation on the endothelial surface

Thrombin is a potent activator of 

platelets and endothelial cells, strongly 

fueling thrombo-inflammation 
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The activated endothelium is thrombogenic
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Endothelial activation is physiological… but can be pathological
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Strong reactivity of the vascular endothelium
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5 µm
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Endothelial activation
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Expression and maintenance

of inter-endothelial junctions
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The quiescent endothelium is naturally anti-inflammatory



The quiescent endothelium is naturally antithrombotic

Blood compatible
surface

Extracellular Matrix
(Ex: Collagen)

NO PGI2 Thrombomodulin
(TM)

PS
ATP ADP AMP

CD39 TFPI
Heparan sulfates 

(GAGs)PS TFPIPC

AT

Inhibition of 

coagulation

Inhibition of platelet adhesion 

and activation

Ectonucleotidase t-PA

Stimulation of

fibrinolysis



Impermeable

Anti-Inflammatory

Antithrombotic

« Quiescent » endothelium

Anticoagulant receptors 
and soluble molecules



These endothelial responses are modulated by the glycocalyx

Endothelial
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Chappell et al. Cardiovasc Res 2009
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The endothelial glycocalyx (eGCX)

Van Golen RF et al. Free Radic Biol Med 2012 ; Chappell et al. Cardiovasc Res 2009
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Physiological functions of the endothelial glycocalyx
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Endothelial glycocalyx degradation
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Cardinal features of endothelial activation
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How to maintain a quiescent endothelium ?
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VSMCs) Constitutive activation of 

endothelial Tie2 receptor

Damisah et al. Nat Neurosci 2017

One example of receptor/signaling

ensuring endothelial quiescence



Tie2 signaling and endothelial quiescence
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Dysregulation of Tie2 signaling by Ang-2
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Endothelial dysfunction in development of drugs & health products

Biomarkers Therapeutic 
Targets

Pathophysiology
of diseases



Pathophysiological role of endothelial dysfunction

Drives and aggravates
various diseases

Sepsis, Ischemic Stroke
Sickle Cell Disease

Atherosclerosis, Hypertension
COVID and Long COVID

+ Many others !



Tie2 activator

Pharmacological activation of endothelial Tie2 receptor 

To restore
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and homeostasis
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Questions and key messages

1) What are the cardinal features of endothelial activation ? Briefly describe how endothelial cells drive each of

these features.

2) Enumerate the so-called “endothelial adhesion molecules” and specify their role in endothelial functions.

3) What are the so-called Weibel-Palade bodies found in endothelial cells ? Enumerate some molecules

contained within these bodies. How is called the process resulting in the release of their content and what are

the effects of this release on the endothelial responses ?

4) What is the endothelial glycocalyx ? How does the endothelial glycocalyx modulate the physiological

functions of the vascular endothelium ?

5) Describe one endothelial receptor implicated in the maintenance of endothelial quiescence, and the resulting

functional effects of its activation on the vascular endothelium. Specify the nature and the cellular origin of its

agonistic and antagonistic ligands.


