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Immunothrombosis & Thromboinflammation 

Arterial, Venous & Microvasculat 
Thrombosis

Excessive 
thromboinflammation

• Myocardial infaction
• Stroke, 
• Diabetes
• Deep vein thrombosis (DVT), 
• transfusion-related acute lung 

injury
• inflammatory bowel disease



Immune dysregulation in Thrombosis



interaction of neutrophils with endothelial cells is a critical step preceding platelet 
accumulation for initiating thrombosis in injured microvessels. 





Blood innate immune cells (neutrophils and monocytes) crawling along 
and adhering to the venous endothelium provide the initiating stimulus 
venous thrombosis.

         Von Brühl  ML et al. J ExpMed 2012



Thrombus on atherosclerotic coronary artery plaques



Thrombus composition – Dynamic evolution

� Isolated components

• In vitro
• Ex vivo 
• In vivo animal models

� Thrombosis models

EXPERIMENTAL MODELS

� Post mortem

� Atherectomy  specimens

� Thrombus aspiration by PCI

HUMAN SAMPLES

Innate Inmunity Cells -  platelet 
interplay

ischemic thrombus reperfusionthrombus formation

days or weeks

Age of occlusive thrombus or ischemia 
time

Vascular disease 
progression

Patient evolution



Ramaiola I,  Padro T, ......Badimon L et al. et al Eur Heart J. 2015



Immune cells in coronary thrombi of STEMI patients

Ramaiola I,  Padro T, ......Badimon L et al. et al Eur Heart J. 2015



Badimon L. et al  Eur Heart J IACC. 
2014

Platelet - Innate immune cell interaction in arterial thrombosis



Ramaiola I,  Padro T, ......Badimon L et al. et al Eur Heart J. 2015
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 extracellular DNA filaments  coated with 
histones and granule proteins 
(myeloperoxidase -MPO-, neutrophil elastase)

Chromatin decondensation
 peptidyl-arginine-deiminase 4 (PAD4)

• Histones citrullination (3HCit)
• Histones weaken DNA interaction
• Unfolding packed chromatin
• Nuclear membrane perforation
• Chromatin released into the cytoplasma

NETosis



  Venous thrombi form in valve pockets and contain NETs. 

Extracellular traps (NETs), released upon neutrophil 
activation, promote deep vein thrombosis induced by 
flow restriction, suggesting posible new targets for 
drug development.

       Brill A et al Atheroscler Thromb Vac Biol 2012



NETS are present in organizing thrombi in patients with VTE 

Savchenko AS et al. Thromb Haemost 2014



  Arterial thrombi contain NETs. 

� coronary thrombI from patients with ST-elevation acute coronary syndrome 
undergoing primary percutaneous coronary intervention

anti-DNA–histone antibody

Immunohistochemistry analysis

� deep vein thrombus (DVT)

NET-positive area in percent 
of total thrombus area



ST segment resolution

Infarct size

Correlation of NET burden with and infarction size ST-segment resolution 
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How do NETs induce thrombosis in the culprit plaque? 



� The concept that venous and arterial thrombosis are two different 
disease entities is currently under revision

Concocomitant activation of platelets and neutrophils occurs in a variety of 
inflammatory and atherosclerotic cardiovascular diseases.

The interplay platelet and neutrophils drives immunothrombosis limiting the 
spread of pathogens, 

In addition, 
✔ neutrophil-platelet interaction pathways have crucial effects on 

thromboembolism and chronic vascular disease.
✔ the platelet-neutrophil crosstalk elicits NETosis
✔ NETs exacerbates venous thrombosis and provides a scaffold for platelet 

activation and arterial thrombus formation   

 VTE and atherothrombosis shear several key etiologic                                
pathways for disease progression                          

Key take home messages 




