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Incidence rate: 1 to 2 / 1000-person years

Risks:

- Recurrence rate: 5% to 40% at 5 years

- Mortality: 10% at 3 months if pulmonary 

embolism (2-fold higher than myocardial 

infarction; 3rd cardiovascular cause of death

- Sequelae: Chronic Thromboembolic 

pulmonary hypertension in 4% (median 

survival of 3 years)

In hospital cost: 240 Millions Euros/y in 

France

Venous thromboembolism – major public health issue
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Venous thromboembolism – major public health issue



Hallmarks of venous thromboembolism
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Coagulation, inflammation and fibrinolysis?
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Chronic disease

Epigenetic

Mitochondrial dysfunction 

Endothelial phenotype 

Immune system 

activation

Integrative hallmarks
Disease

Immunothrombosis

Vascular dysfunction

VTE recurrence

Endothelium, inflammation and fibrinolysis?

How the endothelium drives VTE and recurrent VTE ?



Welsh JD et al. J Clin Invest 2019; 129(12):5489–5500. 

Endothelial dysfunction drives VTE ? Control Reduction of vein flow



Homeostasis

Endothelium and inflammation in VTE 

Endothelial dysfunction
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Environmental cues inducing disruption of homeostasis

Wakefield TW et al. Arterioscler Thromb Vasc Biol 1995;15:258-268.



Endothelial cell and inflammation

Marion Pilard, Estelle Ollivier, Virginie Gourdou-Latyszenok, Francis Couturaud and Catherine A. Lemarié. Frontiers in CV April 2022.



Environmental cues : extracellular RNA

Adapted from Zernecke et al. Circulation Research 2016.
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Environmental cues : extracellular RNA
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Environmental cues : extracellular RNA

eRNA promote neutrophil recruitment
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CXCL5 expression 

Environmental cues : extracellular RNA
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Environmental cues : extracellular RNA Endothelial dysfunction

Maria Najem et al. In revision



Endothelium, inflammation and VTE occurrence
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Mechanisms of VTE recurrence
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Recurrence

Unprovoked 

disease 

No recurrence

70% 30%

Post-PE syndrome 
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Vasquez and Kahn Circulation. 2010;121:e217–e219.

Cate et al. Blood. 2021;137:2681–2693.

Inflammation ? Fibrosis ?

Residual vascular obstruction



PADIS-EP clinical study – Pr Francis Couturaud

Mechanisms involved in venous thromboembolism               Chronic disease
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Couturaud et al. JAMA 2015 2015 Jul 7;314(1):31-40.



PADIS-EP clinical study

Mechanisms involved in venous thromboembolism               Chronic disease
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PADIS-EP clinical study

Residual vascular obstruction (RVO)

- group 1 : RVO < 5% without recurrence

- group 2 : RVO < 5% with recurrence

- group 3 : RVO > 5% without recurrence

- group 4 : RVO > 5% with recurrence

Results

Markers of inflammation: higher 

with RVO > 5%.

Markers of endothelial 

dysfunction: higher with 

recurrence.

PAI-1 levels are associated with 

RVO > 5%.

Mechanisms involved in venous thromboembolism               Chronic disease

Marc Danguy des Déserts and Juliette Menguy et al. Unpublished results



Bochenek et al. 2019 Circ Res ; Fang et al. Front. Cell Dev. Biol., 07 October 2021.
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Thrombus size Fibrosis

Endothelial cell response : mechanisms, regulation ?

Transition endothélio-mésenchymateuse



Bochenek et al. Circ Res. 2020 126:162–181. 

Endothelial cell response : mechanisms, regulation ?



Marion Pilard, PhD student

Hypothesis: Epigenetic regulation of EndMT in VTE: role in recurrent events?
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Endothelial cell response : mechanisms, regulation ?
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Marion Pilard et al. Unpublished results



Li et al. FEBS Journal 280 (2013) 775–793

Mechanisms, regulation: HDACs?

TGFβ + Thrombin

TGFβ + Thrombin +20b
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Vascular remodeling, fibrosis, endothelial integrity and differentiation

HDAC6 controls numerous processes, impacting cell migration, proliferation and survival
Lanig Civi, M2 student
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TGFβ + Thrombin

TGFβ + Thrombin +20b
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Mechanisms of endothelial-to-mesenchymal transition ?
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Anti-endothelial dysfunction therapy ?
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