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• Infectious inflammation (sepsis/SIRS) and thrombosis (DIC)

• Chronic inflammatory and autoimmune diseases are associated with
high cumulative risk for atherosclerosis and thrombotic complications

• Metabolic syndrome and subclinical, low grade systemic inflammation

• Inflammatory process is considered to be one of the main steps leading
to fibrosis in several autoinflammatory/autoimmune diseases (end-
result of a chronic inflammatory process)

Inflammation is linked with thrombosis and fibrosis 
in common human diseases



inflammation hemostasis

wound healing

tissue 
repair

Homeostasis



inflammation thrombosis

fibrosis

tissue 
damage

Disease
immunothrombosis and/or immunofibrosis



Acute

Thromboinflammation (CVDs example)

Chronic

Immediate events 
immunothrombosis/infection

vascular thrombosis/atherothrombosis

Long-term
atherosclerosis

vascular fibrosis/remodeling

fibrous cap rupture



Different types of immune and non-immune cells

Modified from: Behzadi P, et al. J Immunol Res. 2021 
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Thrombin proteolytically cleaves and activates C5 and C3
Ex-vivo/In-vitro experimental and human studies



Bonaventura A et al Nat Rev Immunol 2021

Immunothrombosis: a conserved mechanism of host defence



Neutrophil/NETs: key player in inflammation



Neutrophils in systemic inflammation

Carnevale S, et al Front. Immunol. 2023



• the ability of cells to acquire a new function and adopt an alternative fate
when exposed to different environmental conditions

• heterogeneous subsets of immune cells have been described during
homeostatic/steady-state and inflammatory conditions

• mRNA as a molecular readout: bulk/single cell transcriptomics

• proteins as molecular readout: proteomics

• functional validation: in-vitro, ex-vivo assays

• In-vivo “validation”: genetic mutations of key immune pathways and
monoclonal antibodies that target cytokines (monogenic autoinflammatory
diseases as an excellent example)

Functional plasticity of immune cells 



Garratt LW. Cells 2021



Transition 
from organ-based 

to molecular-based 
classification

N Engl J Med 2021

Schett G et al. N Engl J Med 2021
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Figure 2. Plasticity of 
neutrophils can lead to 
functionally diverse NETs.

Skendros P et al. CYTONET Project 

Excess NET formation can drive a variety of severe pathologies



Mechanisms of neutrophil extracellular trap 
(NET) thrombogenicity

Stakos & Skendros. Thromb Haemost. 2020



Key interactions between platelets and neutrophils or macrophages

Martinod K, Deppermann C. Platelets. 2021



Support/induce 
NET formation

Influence the migratory 
properties of neutrophils

Clark SR, et al. Nat Med. 2007- Chrysanthopoulou A, et al. J Pathol 2017 - Sreeramkumar, V. et al. Science 2014



Neutrophils/NETs are key factors linking 
inflammation to immunothrombosis & immunofibrosis in 

various clinical models



PLoS One. 2012;7(9):e45427



nasal

renal BALF

Ann Rheum Dis 2014







PRESTIGE Investigators

https://www.ncbi.nlm.nih.gov/pubmed/?term=Prevention%20of%20Late%20Stent%20Thrombosis%20by%20an%20Interdisciplinary%20Global%20European%20Effort%20(PRESTIGE)%20Investigators%5bCorporate%20Author%5d




Neutrophil Extracellular Traps (NETs) are found in ipsilesional
brain tissue from ischemic stroke patients

Denorme F et al. J Clin Invest 2022



42 studies/8271 patients



COVID-19 2nd Wards, First Department of Internal 
Medicine, University Hospital of Alexandroupolis

• Male, 58 yrs
• 16th day of disease
• SpO2 = 97%, FiO2 35%
• No smoking, BMI 25 
• Well-controlled hypertension
• No history of CVD event

• Neutrophils: 12760 /μl
• Lymphocytes: 680  /μl
• CRP: 7.71 mg/dl
• LDH: 1057 U/L 
• D-Dimers: 976 ng/ml 

Severe thrombotic complication in a COVID-19 patient



Ackermann M, et al. N Engl J Med. 2020
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Skendros et al. Science Advances 2022

https://www.science.org/

✓ Thrombin and Kallikrein/kinin systems are strongly activated in severe COVID-19

✓ Linkage between the complement and coagulation systems may represent a new
pathway of complement activation



The biological processes during wound healing

Fan Yang, et al. Regenerative Medicine 2021 



NETs IL-17+ were 
identified in 

close proximity 
to α-SMA-positive 
fibrocytes in lung 
and skin biopsy 

specimens

Chrysanthopoulou A, Mitroulis I, et al. J Pathol. 2014 

Neutrophil extracellular traps promote differentiation
and function of fibroblasts

NSIP

scar tissue



• NETs are a source of citrullinated autoantigens 
and activate RA synovial fibroblast

• Synovial fibroblast-neutrophil interactions 
promote pathogenic adaptive immunity in RA

Khandpur R, et al. Sci Transl Med. 2013 - Carmona-Rivera C, et al. Sci Immunol. 2020



low expression levels of KLF2 in human lung fibroblasts is 
correlated with their fibrotic activity

Down-regulation of KLF2 in lung fibroblasts is linked with COVID-19 immunofibrosis and 
restored by combined inhibition of NETs, JAK-1/2 and IL-6 signaling

Chrysanthopoulou A*, Antoniadou C*, Natsi AM*, et al. Clin Immunol. 2023
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Chrysanthopoulou A*, Antoniadou C*, Natsi AM*, et al. Clin Immunol. 2023



Fig. 2

Neutrophil-fibroblast interaction in immunofibrosis of Crohn's disease 

Paper in preparation



Paper in preparation

Neutrophil-fibroblast interaction in immunofibrosis of Crohn's disease 





Induction of
Atherothrombosis/

Atherosclerosis

Protection from
Atherothrombosis/

Atherosclerosis

Chrysanthopoulou A, et al JCI Insight 2021

EH; Essential Hypertension
ANG II; Angiotensin II
ATR1; Angiotensin II receptor type 1
ARBs; Angiotensin II Receptor Blockers
ROS; Reactive Oxygen Species
TF; Tissue Factor

Angiotensin II activates neutrophils, linking thromboinflammation
with endothelial dysfunction and fibrosis in essential hypertension



Presence of NETotic neutrophils expressing TF 
in the fibrotic renal and aneurysmal aortic tissue of patients with essential hypertension



Stark K, Massberg S. Nat Rev Cardiol. 2021



EULAR recommendations for cardiovascular risk management 
in rheumatic and musculoskeletal diseases, including systemic 

lupus erythematosus and antiphospholipid syndrome

8. In patients with SLE, treatment with hydroxychloroquine
(which is recommended for all SLE patients, unless contraindicated)
should be considered to also reduce the risk of cardiovascular
events. (LoE: 2b, GoR: B)

Drosos GC, Vedder D, Houben E et al. Ann Rheum Dis. 2022 Feb



Stark K, Massberg S. Nat Rev Cardiol. 2021



✓ Dysregulated innate immunity leading to excessive 
inflammation is involved in the whole spectrum of cardiovascular 

pathology implicating immune and non-immune cells (tissue)

✓Inflammation emerges as a promising candidate therapeutic 
target in addition to optimizing risk factors and targeting 

platelets and the coagulation system



C. Antoniadou 

E. Gavriilidis

AM. Natsi

E. Pavlos

V. Tsironidou

Many thanks!

I. Mitroulis

A. Chrysanthopoulou

K. Kambas

A. Mitsios

A. Arampatzioglou

T. Konstantinidis

V. Papadopoulos

C. Papagoras

D. Stakos

G. Kouklakis

K. Ritis

D. Boumpas

E. Andreakos

G. Divolis

G. Germanidis

I. Kotsianidis

A. Giatromanolaki

M. Koffa

A. Lazaridis

E. Gkaliagkousi

P. Sideras

D. Yancopoulou

D. Mastellos

JD. Lambris

Collaborators

• CytoNET

• InTechThrace/AtheroNET



Dr. John D. Lambris


